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Abstract 

Young drivers are over-represented in crashes when compared to other age group drivers. 

Distracted driving is one of the major causes of traffic crashes by young drivers. The objective of 

this study was to assess the hazards of distracted driving among teenage (15–20 year old) and 

young-adult (21–26 year old) drivers in Kansas. This study used five years of crash data from the 

Kansas Crash and Analysis Reporting System (KCARS) database from 2011 to 2015. A 

multinomial logit modeling was used to identify the odds that a driver with a certain type of 

distraction would be involved in one of the three most common crash types: rear-end, angular, 

and single-vehicle crashes. Furthermore, ordered logistic modeling was used to analyze the crash 

data to identify the odds of more severe injuries for teenage and young-adult distracted drivers 

and their passengers involved in crashes. Survey data was used to develop a structural equation 

model (SEM) to define the relationship among young drivers’ characteristics (e.g., participants’ 

socioeconomic and demographic status), attitudes, and behaviors associated with distracted 

driving and cell phone use while driving. 

Preliminary analysis showed that more than 12% of the total young drivers’ crashes were 

distraction-affected crashes. According to the multinomial logit model results, most distraction 

types for teenage and young-adult drivers are related to rear-end or angular collisions. However, 

when distracted by cell phones at night, teenage drivers had a greater probability of being 

involved in single-vehicle crashes. In addition, when teenage drivers drove with their peers as 

front-seat passengers and were distracted in/on vehicle or by other electronic devices, they were 

more likely to be involved in single-vehicle crashes. Young-adult drivers distracted in/on vehicle 

or by cell phones under different conditions such as while driving old or sport utility vehicles, on 

curved roads, or at intersections, they were more likely to be involved in single-vehicle or 

	



iii	
	

angular crashes. Whereas, when they were inattentive during the weekend, rear-end collisions 

were the most likely collision type. 

According to the results of the ordered logistic model,	teenage and young-adult drivers 

were more likely to be severely injured in cell phone-related crashes. More specifically, female 

teenage drivers had a greater probability of being severely injured	than male teenage drivers 

when they were distracted by a cell phone, inside the vehicle, or were inattentive.	Young-adult 

drivers that were distracted on road construction work zones by a cell phone or inside the 

vehicle, they and their passengers had a greater likelihood of sustaining a severe injury. 

The SEM results revealed that teenage drivers are more prone than young-adult drivers to 

drive while distracted and are less likely to support the Kansas laws that ban cell phone use while 

driving. Also, the model results showed that young drivers who have been involved in crashes or 

near-crashes during the previous year are more likely to drive while distracted. These results 

indicate that distractions create threats to the lives of young Kansas drivers, their passengers, and 

other road users. 
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were the most likely collision type. 
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vehicle, they and their passengers had a greater likelihood of sustaining a severe injury. 

The SEM results revealed that teenage drivers are more prone than young-adult drivers to 

drive while distracted and are less likely to support the Kansas laws that ban cell phone use while 

driving. Also, the model results showed that young drivers who have been involved in crashes or 

near-crashes during the previous year are more likely to drive while distracted. These results 
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Chapter 1 – Introduction 

1.1 Background 

Teenage and young-adult drivers are over-represented in motor vehicle crashes when compared 

to drivers in other age groups. In the United States, per 100,000 population, teenage and young-

adult drivers had the highest fatality rate and the highest injury rate as compared to middle-aged, 

and older drivers [1]. In 2014, more than 1,700 teenage drivers (15 to 20 years old) were killed in 

traffic crashes, an increase of 1.0% from about 1,690 in 2013 [1]. There were more than 214 

million licensed drivers in the United States in 2014. The number of licensed young drivers was 

26.1 million (12.2% of total licensed drivers), a 4% decrease from 27.1 million licensed young 

drivers in 2007 [2]. In Kansas, in 2016 young drivers represented only 15.6% of total Kansas 

licensed drivers [2], but they were involved in 43.5% of all traffic crashes [3]. Distracted driving 

is one of the major causes of traffic crashes involving teenage and young-adult drivers. 

Distracted driving has recently become a serious issue not only to the lives of young drivers and 

their passengers, but also for other road users. 

 

1.2 Definitions 

Distracted driving can be defined as driving while doing another activity, such as eating, 

drinking, talking to passengers, adjusting car radio, and using cell phone for calling or texting, 

that takes driver’s attention away from the road [4 and 5]. Another study defined distracted 

driving as secondary tasks that are unrelated to driving that occur either internal or external to the 

vehicle and that take the driver’s attention away from the primary tasks of driving and 

responding to critical events [6]. Previous studies have identified three elements of driver 

distraction: visual, cognitive and manual [7, 8, and 9]. Visual distraction is defined as anything 
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that draws a driver’s eyes off the primary tasks of driving; cognitive distraction is defined as 

anything that draws the driver’s mental attention off the primary tasks of driving; and manual 

distraction is defined as anything that draws the driver’s hands off the wheel. Most distractions 

often fit into more than one category. For instance, eating is visual and manual, whereas using 

cell phone for texting while driving is combination of all three categories of driver distraction.   

 

1.3 Problem Statement  

In 2014, distraction-affected crashes in the United States accounted for about 3,179 fatal crashes 

and 431,000 injury crashes [10]. According to the AAA Foundation for Traffic Safety (2013), 

67% of United State drivers indicated that distracted driving was a main safety concern in 2012 

compared to 2009, 2010, and 2011 [11]. Traffic safety facts from a five year period (2010 to 

2014) from the National Highway Traffic Safety Administration (NHTSA) showed an annual 

average of 5,624,600 crashes, 901,000 distraction-affected crashes, and 59,400 crashes involving 

cell phone use in the United States [10]. During that five year period, distraction-affected crashes 

accounted for 16.0% of overall crashes, and crashes involving cell phone use accounted for 6.6% 

of total distraction-affected crashes. As shown in Figures 1.1 and 1.2, the total number of 

crashes, the number of distraction-affected crashes, and crashes involving cell phone use have 

increased by 645,000 (10.7%), 67,000 (7.0%), and 22,000 (31.9%), respectively, making 

distracted driving a serious highway safety problem. 
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Figure 1.1 Overall Crashes and Distraction-Affected Crashes in the U.S. from 2010 to 2014 

[10] 

	
Figure 1.2 Distraction-Affected Crashes in the U.S. from 2010 to 2014 [10] 

In 2014, 15 to 29 year-old drivers were involved in 39% of total fatal distraction-affected 

crashes [10]. Figure 1.3 illustrates the percent distribution of total drivers, distracted drivers and 

cell phone users involved in fatal crashes and shows that drivers under 30 years old had the 

highest rate of fatal crashes when compared with other age groups. Further, for drivers who are 

under 30 years old, the main concerns are distracted driving and cell phone use while driving. 
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Figure 1.3 Percent Distribution of Total Drivers, Distracted Drivers, and Cell Phone Users 

Involved in Fatal Crashes in the U.S. in 2014 [10] 

In Kansas, in 2016, there were 633 crashes where cell phones were used while driving, 

218 crashes where other electronic devices were used, and 1,500 crashes where other distractions 

were present [12]. Using Kansas traffic accident facts for the five-year period (2010 to 2014) 

from the Kansas Department of Transportation (KDOT), it was seen that an average of 59,393 

crashes; 2,076 distraction-affected crashes; and 506 crashes involving cell phone use occurred 

annually in the state of Kansas [12]. During that five year period, distraction-affected crashes 

accounted for 3.5% of all crashes, and crashes involving cell phone use accounted for 24.4% of 

all distraction-affected crashes. Figure 1.4 and Figure 1.5 show that the total number of overall 

crashes decreased by 1,101 (1.9%) over that period, whereas the total number of distraction-

affected crashes and crashes involving cell phone use increased by 95 (4.5%) and 12 (2.3%), 

respectively. While overall crashes decreased, distraction-affected crashes and crashes involving 

cell phone use have increased.  
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Figure 1.4 Overall Crashes and Distraction-Affected Crashes in Kansas from 2010 to 2014 

[12] 

	
Figure 1.5 Distraction-Affected Crashes in Kansas from 2010 to 2014 [12] 

Figure 1.6, which shows distracted drivers by age group in Kansas, reveals that the 

highest number of distracted drivers were young drivers. Therefore, it is reasonable to assume 

that young drivers have a higher crash risk on the roadways than drivers in other age groups. 
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Figure 1.6 Distracted Drivers in Kansas by Age Group, 2016 [12] 

These data suggest the importance of conducting research to identify the major factors 

that contribute to increases in the likelihood of distracted driving crashes that involve teenage 

and young-adult drivers in Kansas.  

 

1.4 Research Objectives  

The main objectives of this dissertation are to: 

• Investigate how different distraction activities affect the most common crash types (i.e., 

rear-end, angular, and single-vehicle crashes) among teenage (15–20 year old) and 

young-adult (21–26 year old) drivers in Kansas. 

• Provide a broader view of the severity of crashes in Kansas related to teenage and young-

adult distracted drivers and their passengers. 

• Evaluate teenage and young-adult drivers’ attitudes and behaviors associated with 

distracted driving and cell phone use (e.g., talking or sending/reading text messages) 

while driving in Kansas. 
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1.5 Dissertation Organization   

This dissertation is organized into five chapters. Chapter one includes a general introduction 

about distracted driving, the problem statement, the research objectives, and the organization of 

the dissertation. Chapter two presents a review of the literature on distracted driving, and chapter 

three outlines the crash data obtained, methodologies, and results from analyzing the crash data. 

Chapter four presents a detailed discussion of the survey data, including the development of the 

survey form, survey data collection, modeling, and analysis, and presents survey and model 

results related to young distracted drivers and their passengers. Chapter five presents the 

conclusions, study limitations, and recommendations for improving teenage and young-adult 

drivers’ distraction safety.   
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Chapter 2 – Literature Review 

Several studies show that teenage and young-adult drivers and their passengers are at a higher 

risk for crashes when involved with engage in technology and non-technology distractions. This 

chapter reviews previous studies concerning characteristics of teenage and young-adult drivers 

involved crashes, distracted driver-involved crashes, survey on distracted driving, cell phone 

related studies of distracted driving and countermeasures to reduce distracted driving. 

 

2.1 Characteristics of Teenage and Young-Adult Driver Involved Crashes 

Factors of teenage (16 years old) newly licensed drivers who involved injury and property 

damage only (PDO) crashes in Connecticut were investigated using the police crash reports and 

telephone interview data between March 2005 and February 2006 [13]. The participants’ phone 

numbers were obtained using teenage drivers’ information such as names and addresses that 

provided on police crash reports. The main focus of this study was on interviewing at-fault 

teenage drivers who were involved in crashes that occurred within 8 months of licensure. In this 

study, several contributing factors such as speeding, distraction by secondary tasks, change lane 

more frequency, and fatigued or asleep were investigated by gender and crash type. There were 

893 serious injury and PDO crashes involving teenage drivers that occurred within study period, 

only 38% (260 drivers) of total teenage drivers were interviewed. The results indicated that 34% 

of teenage drivers involved in injury and PDO crashes were at fault, and a majority of the injury 

and PDO crashes of at-fault drivers were single-vehicle crashes or rear-end crashes. The major 

contributing factors to crashes of at-fault drivers were related to driver behavior included: failing 

to detect another vehicle or misunderstood traffic control devices, speeding, and losing control of 

the vehicle, or difficulty navigating slippery roads. In addition, the results showed that the main 
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reasons of failures to detect another vehicle and misunderstood traffic control devices were not 

looking thoroughly or looked in the wrong direction, distraction by secondary task, or 

inattention. 

Dissanayake and Amarasingha identified contributory factors that increase the injury 

severity of teenage and young-adult driver crashes compared to middle-aged drivers in Kansas 

from 2006 to 2009 by using ordered logistic regression models [14]. The preliminary analysis of 

this study indicated that teenage and young-adult drivers were more probable to be involved in 

crashes due to speeding, failing to yield right-of-way or stop at an intersection, turning or lane 

changing, inattention, or distraction compared to middle-aged drivers. The ordered logistic 

regression model results indicated that driving at high speeds, driving older vehicles, driving 

with a teenage passenger, alcohol involvement, ejection or trapping at the time of the crash, and 

run-off-the road were main contributory factors that increase the injury severity of teenage and 

young-adult driver crashes compared to middle-aged drivers. In general, teenage and young-

adult drivers in Kansas were more probable to be involved in injury severity crashes compared to 

middle-aged drivers. 

Contributory factors that increase the hazard of fatal crashes involving teenage drivers 

(16-19 years old) were also examined using Missouri state crash data from 2002 to 2011 [15]. 

Cross-tabulation method was used to compare the frequencies of contributory factors among 

teenage and other age group drivers. In addition, a multinomial logistic regression model was 

used in this study to predict the likelihood of fatal crashes involving teenage drivers under 

different contributory factors. Cross-tabulation method results showed that driving too fast for 

conditions, speeding, passenger and cell phone distractions, driving on the wrong side of the 

road, alcohol, and improper lane usage were the most frequent contributory factors leading to 
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teenage drivers' fatal crashes. Likewise, based on a multinomial logistic regression model results, 

driving too fast for conditions, speeding, cell phone and passenger-related distractions, and 

driving on the wrong side were the main contributory factors that increase the hazard of fatal 

crashes involving teenage drivers. 

Total distance, times, and trips driven within the two days survey period were examined 

among teenage drivers from 2004 to 2005, using Michigan Department of Transportation 

(MDOT) data from a state-wide self-reported survey. The sample included 1034 teenage drivers, 

only 56.4% of total teenage drivers reported driving a vehicle within the two days survey period. 

The results showed that teenage drove alone more distance, times, and trips during the day than 

at night. Teenage employees who lived in households with less than one licensed driver per 

vehicle drove more than those who unemployed and lived in households with one or more 

licensed driver per vehicle. Teenage drivers who lived in urban areas spent more times driving 

than those who lived in rural areas [16]. 

 

2.2 Distracted Driver Involved Crashes 

Ghazizadeh, Mahtab, and Boyle studied the Missouri distraction-related crash from 2001 to 2006 

[17]. During that period, distraction-affected crashes accounted for 1.17% of all crashes. A 

multinomial logistic regression model was developed to investigate how cell phone use, 

passengers, and other electronic devices use impact the likelihood that a driver will be involved 

in one of three most common collision types. These three collision types were rear-end, angular, 

and singular collisions represent 36.9%, 30.9%, and 13.5% of total crashes, respectively. Cell 

phone, passengers, and other electronic device distractions have accounted more than three-
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fourths of distraction-affected crashes. In addition, various variables related to distraction types 

such as driver’s age and gender, weather conditions, light conditions, and rural versus urban 

were included in the model, but the main focus was on three distraction types. The method that 

used for estimate the likelihood was by compare rear-end collisions with angular collisions, rear-

end collisions with singular crashes, and angular collisions with singular crashes.  

The model results of this study showed that drivers distracted by cell phones or 

passengers had a greater likelihood of being involved in angular crashes when compared to 

singular crashes and rear-end crashes [17]. However, drivers distracted by other electronic 

devices were more probable to be involved in singular crashes when compared to rear-end 

crashes and angular crashes. For other variables related to distraction types, the model results 

showed that drivers who drove on rural roadways or on dark had a greater likelihood of being 

involved in singular crashes when compared to rear-end crashes and angular crashes. In this 

study, future studies were recommended to be conducted across other states to clearly understand 

the type and severity of the crashes related to distracted drivers. 

Nationally, Neyens, David, and Boyle used also a multinomial logit modeling to examine 

cognitive, cell phone use, inside the vehicle, and passenger related teenage drivers (16–19) 

distractions that would impact in one of three most common crash types: rear-end, angular, and 

single-vehicle crashes by using General Estimates System (GES) dataset [18]. The three crash 

types accounted for about 84% of all teenage drivers’ crashes. Several variables related to 

distraction types such as speeding and alcohol use, road surface conditions, light conditions, 

urban versus rural, and intersection were also included in the model. Moreover, the interaction 

effects of these variables with distraction types were also examined in this study. According to 

multinomial logit modeling results, teenage drivers distracted by cell phones were more probable 
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to be involved in rear-end crashes when compared to single-vehicle crashes. The results of the 

analysis also revealed if teenage drivers distracted inside the vehicle, they were more probable to 

be involved in rear-end or single-vehicle crashes when compared to angular crashes. The 

research team found that teenage drivers who were distracted at intersections by passengers or 

cognitively were more likely to be involved in rear-end or angular crashes when compared to 

single-vehicle crashes. Additionally, they observed a similar trend in probability of a particular 

crash when teenage drivers drove in an urban roadway or during daylight. However, they found 

teenage drivers who drove on poor surface conditions or consumed alcohol were more probable 

to be involved in single-vehicle crashes than rear-end and angular crashes. 

Another national study of teenage distracted drivers used U.S. DOT–General Estimates 

System crash data from 2003 [19]. The ordered logit modeling was used in this study to predict 

the probabilities of more severe injuries sustained by occupants (i.e., passengers and drivers) 

involved in crashes. This study included four driver distraction types: driver inattention, inside 

the vehicle, passengers, and cell phones which represented 21.0%, 1.6%, 0.7%, and 0.4% of all 

crashes, respectively. The results of the model showed that teenage drivers who distracted by cell 

phones or passengers were more probable to be injured compared when they were distracted 

inside the vehicle, inattentive, or not distracted. Teenage female drivers appeared to have a 

significantly increased likelihood of sustaining a severe injury than teenage male drivers when 

they were distracted in one of the four distraction types. In terms of passengers of teenage 

drivers, the model showed that passengers had a higher likelihood of being severely injured 

when their drivers distracted by cell phones, passengers or in-vehicle devices while driving than 

when their drivers were inattentive. 
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The effect of different driver distraction types and driver’s age on the most common 

crash types (i.e., single-vehicle, angular, and rear-end) as well as injury severity sustained by 

drivers and their passengers involved in crashes were also examined by using the U.S. General 

Estimates System database from year 2003 to 2008 [20]. The distraction types in this study 

included: inattention, in-vehicle distraction, out of vehicle distraction, passenger related 

distraction, cell phones use, drowsiness, and no distraction. The preliminary analysis results 

showed that inattention accounted for 71% of all distraction-affected crashes.  

According to multinomial logit modeling results, young drivers distracted by cell phones 

or out of vehicle or were inattention were more likely to be involved in rear-end crashes when 

compared to both single-vehicle and angular crashes [20]. However, the model results showed 

that young drivers who distracted by passengers, inside the vehicle, or were drowsy had a greater 

likelihood of being involved in single-vehicle crashes when compared to rear-end crashes and 

had a greater likelihood of being involved in rear-end crashes when compared to angular crashes. 

In addition, ordered logit modeling was built to predict the probability of severe injuries 

sustained by drivers and their passengers involved in crashes. This model results also supported 

that young drivers who sending or reading text messages while driving had a higher likelihood of 

being severely injured. While, they had a decreased likelihood of being severely injured when 

they were distracted by other distraction types. 

Internationally, Lam used Traffic Accident Database System (TADS) from 1996 to 2000 

in New South Wales, Australia to examine the role of the drivers’ age in the relationship between 

distractions while driving, and the risk of crash injury by using a well-documented risk 

estimation method [21]. This study focused on four distraction categories: hand-held cell phone, 

other internal distraction, external distraction, and no distraction. There were 2,400 distraction-
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affected fatal and injury crashes reported within study period which represented 3.8% of total 

fatal and injure crashes. More specifically, there were 30 hand-held cell phone uses-related fatal 

and injury crashes. The model results showed that 25–29 year-old drivers who distracted by a 

hand-held cell phone while driving were more likely to be killed or injured compared to other 

age groups. Moreover, the odds of their involvement in an injury crash was 2.4 times higher than 

those not being distracted. In addition, the model results indicated that there was a positive 

relationship between inside the vehicle distraction and risk of injury crash for almost all drivers. 

However, there was a negative relationship amongst external distraction and risk of crash injury 

for all drivers. 

The relationship between distracted driving at highway-rail grade crossings (HRGCS) 

and driver, roadway, environment, and crossing characteristics were investigated using distracted 

driving data that was collected at five HRGCS in Lincoln, Nebraska and one HRGC in Fremont, 

Nebraska. Moreover, this study identified the relationship between driver distraction at the 

vicinity of highway-rail grade crossings and crash injury severity by using Nebraska crash 

database from 2008 to 2011 and Federal Railroad Administration Crossing Inventory data. A 

multinomial logit modeling was developed to investigate the correlation between distracted 

driving at HRGCS and driver, roadway, environment, and crossing characteristics. While 

ordered probit model was used to identify the association between driver distraction at the 

vicinity of HRGCS and crash injury severity. According to multinomial logit modeling results, 

nearby intersections and wet/icy road surface conditions were associated with increased external 

distractions. In addition, the results revealed that male drivers were less likely to eat/drink, cell 

phone use, smoke, or reach for an object while driving than female drivers. Drivers who drove 

with front-seat passengers were more often talk to passengers while driving. Based on ordered 
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probit model results, driver age, highway-rail grade crossings location, maximum train speed, 

five-year crash history, and nighttime tended to increase crash injury severity [22]. 

The 2010 Kentucky study [23] assessed the level of driver distraction in Kentucky. This 

assessment was accomplished through an analysis of 2008 Kentucky crash data and by 

conducting a survey of over 17,812 Kentucky drivers obtained at 21 survey locations. The survey 

form was built to determine the frequency of cell phone use while driving (e.g., cell phone use, 

hands-free cell use, and texting/dialing) and other distraction (e.g., eating, drinking, and 

grooming). The survey form is similar to the procedures and categories of the annual National 

Occupant Protection Use Survey observational study. According to crash data analysis, the 

research team found that total 962 crashes and 7 fatal crashes where cell phones were used while 

driving, total 4,819 crashes and 25 fatal crashes where other distractions were present and total 

47,442 crashes and 152 fatal crashes where inattention were present. In other words, distraction-

affected crashes has account for 43.1% of the total crashes and 24.5% of the fatal crashes in 

2008. The results from the observational survey instrument indicated that the percentages of 

hand-held cell phone use, hands-free cell phones use, reading/sending text messages and other 

distraction were 7.3%, 0.2%, 0.9% and 1.6%, respectively. These findings were agree with the 

findings of observational study by NHTSA in 2008. 

 

2.3 Survey on Distracted Driving 

Li, Wanjun, Gkritza, and Albrecht used Iowa public opinion survey to determine the main 

factors that contributed to distracted driving in the state of Iowa in 2011[24]. The study sample 

included 1088 volunteer drivers who were residents of the Iowa state. A structural equation 
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modeling was used to estimate the association between volunteer drivers’ socioeconomic and 

demographic status and attitudes and experiences on distracted driving. The preliminary analysis 

showed that there were highly correlated among participants’ attitudes, experiences, and 

behaviors. Moreover, volunteer drivers’ socioeconomic and demographic effect their attitudes 

and experiences on distracted driving. Also, the participants’ responses related to answer or 

make phone calls while driving were impacted their attitudes and experiences on distracted 

driving. Most drivers perceived using a hands-free cell phone while driving is safer than using a 

handheld cell phone. However, drivers who often involved in distracted driving did not believe 

that distracted driving is serious safety concern compared to other drivers. The model results 

indicated that distracted drivers tend to be male, younger, rich, and have more formal education. 

Furthermore, male drivers were more probable to use their cell phones while driving for work-

related reasons. In addition, the model results found that younger drivers (18 to 39 years old) 

were more exposed to engage in distracted driving. 

The National Highway Traffic Safety Administration conducted a second national survey 

report to assess attitudes and behaviors related to distracted driving and cell phone use such as 

talking or reading/sending text messages while driving from February to June 2012 [25]. The 

survey collected over 6,016 drivers (16 and older) in the United States. Based on the survey 

findings, 33% of total responses were categorized as distraction-prone drivers and 67% of total 

responses were categorized as distraction-averse drivers. Young drivers and drivers of higher 

education level and income tend to be involved in distracted driving compared to other age group 

drivers. Drivers who drove every day and drivers who drove a few day a year were more 

probable to be involved in distracted driving than those who drove a few days a week.  
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In addition, the NHTSA survey results showed that almost half of drivers would at least 

sometimes accept a phone call while driving [25]. 58% of them continue to drive while talking 

on their phones, 17% ask the callers to call them later, 14% ask their passenger to answer their 

phones, and 11% pull over to the side of the road to continue the conversation. However, 40% of 

total responses reported that they never accept phone calls while driving. Almost one in four 

drivers reported that they are at least sometimes willing to make phone calls while driving, while 

almost two in four drivers reported that they are never willing to make phone calls while driving. 

For texting while driving, 10% of drivers reported at least some of the time sending messages 

while driving. Around half of them reported that they wait until they reach stop lights to send the 

messages, almost 35% said that they continue to drive while sending messages, 8% ask their 

passenger to send the messages, 7% use a voice command feature to send a message, and 6% 

pull over to safe locations to send a message. 14% drivers reported at least some of the time 

reading messages while driving. Most passengers of distracted drivers would feel very unsafe 

when their drivers doing various activities while driving. 5% of total drivers’ crashes and near-

crashes involved cell phone uses such as talking or sending/reading text messages. 

A survey study conducted in New South Wales, Australia and Western, Australia 

investigated the frequency and effects of distraction while driving and evaluated the contribution 

of driver distraction to crashes by asking 1347 licensed drivers [26]. The results revealed that 

young drivers were more probable to drive with distractions including internal distractions, 

inattention, external distractions, and cell phones use while driving, and their weighted 

percentage were reported 80.8%, 75.7%, 72.5% and 11.0% of drivers, respectively. Male drivers 

were more probable to use their cell phones while driving than female drivers, while female 

drivers were more probable to talk to their passengers	while driving. The survey data analysis 
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showed that 21% of total crashes were distraction-affected crashes and the most common crash 

types were rear-end crashes, crashes while reversing, crashes due to drivers lost control of their 

car, and running red light or stop sign crashes. 

 

2.4 Cell Phone Related Studies of Distracted Driving  

The previous study tested the frequency of texting while driving of 91 (60 women and 31 

men) college students’ drivers of mean age 22.8 from the northeastern United States [27]. The 

survey was collected via an Internet data collection site in 2010. The result showed that most of 

the participants reported that they use their cell phones for texting while driving with passengers 

(adult and children). In addition, a large number of participants reported driving above the speed 

limit and changing traffic lanes more frequently while texting. However, these participants 

agreed that sending/reading text messages while driving is unsafe and should have laws banning 

it. The interesting result showed that 38.5% of respondents reported that they eat and text at the 

same time while driving. In addition, 6.6 % of respondents had experience of ran a stop sign 

because they were sending/reading text messages while driving.  

An international survey study assessed the factor that contribute in increasing cell phones 

use while driving in France [28]. This assessment was accomplished through interview 1,973 

French drivers by phone in 2003. According to logistics regressions model results, male, young 

(18–24 years old) and middle age (35–44 years old), high and middle incomes, and married 

drivers were more probable to use their cell phones while driving. In particular, male drivers 

were more probable to use their cell phones while driving for work-related reasons. However, the 
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results exhibited that	female drivers who drove long distances were more probable to use their 

cell phones while driving. 

A simulator-based study conducted in Alabama investigated the behavior of teenage (16–

18 years old) and young-adult (19–25 years old) who drove a STISIM simulator while distracted 

by cell phone. The results indicated that texting while driving lead to reduce driving speed, 

changed lanes more frequency, and increase crash occurrences. Furthermore, the results 

exhibited that the effects of cell phone use while driving was similar across both age groups 

(teenage and young-adult) [29]. 

 

2.5 Countermeasures to Reduce Distracted Driving 

The National Highway Transportation Safety Administration suggested several countermeasures 

to reduce or prevent distracted driving included: launch several campaigns to increase public 

awareness about the impact of distracted driving on traffic safety, strong laws coupled with 

tough enforcement to decrease or prevent cell phone use while driving, improve young drivers 

educating, and establish self-responsibility for road safety among young drivers as well as other 

age group drivers [30].		In this section, some countermeasures from a number of previous studies 

that can use to reduce or avoid distracted driving and related crashes were reviewed and are 

discussed in terms of the following major themes:	

• Cell phone use and texting while driving laws and high visibility enforcement, 

• Graduated driver licensing (GDL), and 

• Engineering, vehicular, and technology countermeasures. 
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2.5.1 Cell Phone and Texting While Driving Laws and High Visibility Enforcement 

Two previous studies have examined the effectiveness of cell phone use bans in reducing hand-

held cell phone use while driving in States with cell phone use bans that applied to all drivers 

(e.g., New York, Connecticut, and the District of Columbia). The first study found that cell 

phone use bans decreased hand-held cell phone use while driving by around 50% following 

enactment of cell phone bans [31], and a later study found these reductions in hand-held cell 

phone use while driving are maintained 3 to 7 years later [32]. Another investigation study 

conducted in 62 counties in New York State evaluated drivers’ distraction-affected injury and 

fatal crashes before and after implemented a hand-held cell phone law restriction [33]. They 

found 46 counties had a significant reduction in drivers’ distraction-affected injury crashes after 

implemented a hand-held cell phone law restriction, while 10 counties had a less significant 

reduction in drivers’ distraction-affected fatal crashes. Furthermore, the effectiveness of texting 

bans in reducing crashes and insurance collision claims were examined in two previous studies 

[34 and 35]. However, these two studies found increases in different crash types and insurance 

collision claims after texting bans took effect. One possible reason for that might be texting 

drivers attempt to avoid fines by hiding their phones from view, which may result in spent more 

time looking away from the roadway [36]. 

 

Good laws coupled with highly-visible police enforcement can help to reduce talking and 

texting using a hand-held cell phone while driving. Consequently, the National Highway Traffic 

Safety Administration initiated a high-visibility enforcement (HVE) program to reduce talking 

and texting using a hand-held cell phone while driving in some States. Chaudhary et al found 

that the NHTSA high-visibility enforcement (HVE) program helped to reduce hand-held cell 

phone use while driving by about 57% in Hartford,	Connecticut and 32% in Syracuse, New York 
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[37]. Another observational study observed similar reductions in cell phone use while driving 

after a HVE program took effect in California and Delaware [38]. 

 

Figure 2.1 and Figure 2.2 show the overall cell phone bans in the United States in 2012 

and 2017 [39 and 40]. In 2012, only 10 states and the District of Columbia had hand-held cell 

phone use bans for drivers of all ages as primary enforcement. However, in 2017, this number 

increased to 14 states and the District of Columbia. Furthermore, hand-held cell phone use while 

driving by drivers of all ages is partial banned (i.e., driving in school zones and highway work 

zones) in four states, including Texas, Louisiana, Arkansas, and Wisconsin. In addition, hand-

held cell phone use while driving by teenage drives (18-20 years old) is restricted in Arkansas as 

primary enforcement. The cell phone use such as talking or sending/reading text messages while 

driving by novice drivers is banned in 37 states and the District of Columbia. However, in 

Michigan, novice drivers whose involve in cell phone use-affected crashes or receive a ticket for 

using a cell phone may not use a cell phone while driving. Drivers of all ages are banned from 

sending/reading text messages in 46 states and the District of Columbia. 

 
Figure 2.1 Cell Phone Use Bans by State, 2012 

Source: [39] 
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Figure 2.2 Hand-Held Cell Phone Use Bans by State, March 2017 
Source: [40] 

In the state of Kansas sending/reading text messages is restricted for drivers of all ages as 

primary enforcement, whereas handheld cell phone use while driving isn’t banned for all drivers. 

However, Manhattan, Kansas where Kansas State University is located and Junction City, 

Kansas have enacted their own restriction on cell phone use (e.g., talking or sending/reading text 

messages) while driving. These two cities have hand-held cell phone use bans for drivers of all 

ages as primary enforcement [41]. 

 

2.5.2 Graduated Driver Licensing (GDL) 

Effective of graduated driver licensing (GDL) in reducing teenage drivers’ distraction-affected 

crashes have been investigated in previous studies. Several studies found a teenage passenger 

restriction contribute to a decrease teenage drivers’ distraction-affected crashes [42, 43, 44, 45, 

and 46], whereas two previous studies conducted in North Carolina and Michigan did not reach a 

conclusion on effective of cell phone restrictions in reducing teenage drivers’ distraction-affected 

crashes [47 and 48]. Conversely, according to a national study, Lim and Chi (2013) investigated 

the effective of cell phone bans in reducing teenage drivers (20 years old and younger) fatal 
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crashes by comparing states that had no cell phone bans, states that had cell phone bans that 

applied only to teenage drivers, and states that had cell phone bans that applied to all drivers 

[49]. They indicated that cell phone bans that applied to all drivers were contributed to decrease 

teenage drivers’ fatal crashes, whereas cell phone bans that only applied to teenage drivers had 

no significant effect in reducing teenage fatal crashes. 

 

2.5.3 Engineering, Vehicular, and Technology Countermeasures 

There are several engineering, vehicular, and technology countermeasures strategies to reduce 

distracted driving and distraction-affected crashes. Centerline and shoulder rumble strips are 

used to alert distracted drivers as well as prevent distraction-affected crashes if they leave their 

travel lane. Furthermore, other roadway countermeasures such as wide and visible edge lines, 

more easily visible road signs, and better lighting at night, have demonstrated their effectiveness 

in reducing distraction-affected crashes [36].  

Recently, several manufacturers have created several technology countermeasures can be 

implemented to reduce distracted driving. In-now vehicle technology such as crash avoidance 

technologies such as lane departure warning, crash-imminent braking, and forward crash 

warning hold promise can reduce distraction-affected crashes [50]. According to previous 

simulation study, 42 participants drove simulation vehicles while sending and reading text 

messages manually or using a voice command feature. This study found that both ways that 

participants used to send or read text messages while driving had no significant different in 

reaction times and participants spent more time looking away from the roadway [51]. According 

to the Governor Highway Safety Association [52], some driver safety apps can be installed onto 

the cell phone and block/filter phone cells or text messages (except emergency calls and pre-



24	
	

specified numbers) while driving. Accordingly, previous study evaluated the effect of driver 

safety apps on the frequency cell phone use such as talking or sending/reading text messages of 

44 participants [53]. This study found when the driver safety app was active, participants made 

and answered fewer calls while driving.  Moreover, some devices can be installed in the vehicle 

which can detect when the vehicle is in motion and then would disable incoming calls, texting, 

emailing, and web surfing from a cell phone until the vehicle has stopped moving [52]. These 

driver safety apps and devices are potentially applicable to all drivers, especially for teenage 

drivers. 
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Chapter 3 – Data, Methodologies and Results for the Effects of 
Distractions on Crash Type and Injury Severity Sustained by Young 

Drivers and their Passengers Involved in Crashes 

This chapter outlines crash data considered, methodologies, and results of the effects of 

distractions on crash type	and injury severity sustained by young drivers and their passengers 

involved in crashes. A multinomial logistic regression model was developed to investigate how 

different distraction types influence the most common crash types among teenage drivers (15–20 

year old) and young-adult drivers (21–26 year old). In addition, an ordered logistic regression 

model was used to identify the odds of more severe injuries for teenage and young-adult 

distracted drivers and their passengers.	Additionally, this chapter presents analysis of crashes 

involving cell phone use in city with hand-held cell phone use ban and city without hand-held 

cell phone use ban, so that a direct comparison could be done. 

 

3.1 Crash Database 

Crash data for this study were obtained from the Kansas Crash and Analysis Reporting System 

(KCARS) database and the considered data covered five years from 2011 to 2015. The KCARS 

database consists of details of all police-reported crashes on Kansas public roads and streets, 

above a reporting threshold. 

 

3.1.1 Organization Structure of the Crash Database 

The KCARS database includes several files such as ACCIDENTS, DRIVERS, OCCUPANTS, 

PEDESTRIANS, TRUCKS, VEHICLES, ACCIDENT_CANSYS, SPECIAL_CONDITIONS, 
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TRAFFIC_CONTROLS, IMPAIRMENT_TESTS, SUBSTANCE_ABUSE, CC_DRIVER, 

CC_ENVIRONMENT, CC_ROADWAY, and CC_VEHICLE. In this study, only records from 

eight files were needed to examine teenage and young-adult distracted drivers involved in 

crashes. Those are: ACCIDENTS, DRIVERS, OCCUPANTS, VEHICLE, CC_DRIVER, 

CC_ENVIRONMENT, CC_ROADWAY, and CC_VEHICLE files. These eight related files can 

be briefly described as follows: 

A. The “ACCIDENTS” file includes individual information for each crash such as crash 

location, light condition, weather condition, road surface type, road condition, road 

character, road class, urban/rural highways, road maintenance information, date of crash, 

time of crash, day of crash, accident class, collision type, and name of city, village, or 

township where the crash occurred, etc. 

B. The “DRIVER” file includes information for each driver who was involved in each crash 

such as license compliance, restriction compliances, and alcohol impairment, etc. 

C. The “OCCUPANT” file includes information for each occupant in the vehicle who was 

involved in each crash such as age, gender, injury severity, ejection, and use of safety 

equipment, etc. 

D. The “VEHICLE” file includes specific information for each vehicle such as vehicle 

model, vehicle year, registration year, direction of travel, vehicle maneuver, vehicle 

damage, and number of occupants, etc. 

E. The “CC_DRIVER” file contains driver-related contributing causes (i.e., driver condition 

at the time of crash, distracted driver, and driver actions at the time of crash). 

F. The “CC_ENVIRONMENT, CC_ROADWAY, and CC_VEHICLE” files contain 

environmental, road, and vehicle-related contributing causes, respectively. 
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3.1.2 Creating of Distracted Driver File 

Using the CC_DRIVER file, crashes that had driver distraction as a contributory cause (i.e., cell 

phone use, other electronic devices use, in/on vehicle distraction, external distraction and 

inattention) were isolated by querying and were sorted to a new file known as “DISTRACTED 

DRIVER”, which contained distracted-driver involved crashes only. In the DISTRACTED 

DRIVER file, at least one type of driver distraction should be recorded per driver. However, 

some drivers had primary and secondary contributing causes to distracted driving. Based on 

Kansas Motor Vehicle Accident Report Coding Manual, inattention should be used as a 

secondary contributing cause to distracted driving along with other type of driver distraction 

such as cell phone use and external distraction [54]. In this study, the majority of secondary 

contributing causes to distracted driving affected crashes were inattention.  

There were four scenarios of contributing causes to distracted driving	used in this study 

to create DISTRACTED DRIVER file. The first scenario, when one driver involved in a crash 

that she/he was involved in one type of distractions as shown in Figure 3.1(a), this type of record 

was included in DISTRACTED DRIVER file as it is. The second scenario, if one driver involved 

in a crash that she/he was involved in two types of distractions as shown in Figure 3.1(b), the 

secondary contributing cause to distracted driving was removed from the file and only primary 

contributing cause was kept as the cause of distracted driving. In cases of two drivers involved in 

one crash, DISTRACTED DRIVER file only includes information about the distracted drivers 

involved in the crash as shown in Figure 3.1(c) and (d). In other words, drivers involved in 

distraction-related crashes, but were not distracted were eliminated them from the 

DISTRACTED DRIVER file. 
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Figure 3.1 Contributing Causes to Distracted Driving Scenarios 

3.2 Effects of Distractions on Crash Type 

This section discusses the data description, methodologies, description of the selected variables, 

and results of the effects of distractions on crash type. 

3.2.1 Data Description 

3.2.1.1 Merging Data Files 

As discussed earlier, eight files in the KCARS database provided sufficient information to 

examine teenage and young-adult distracted drivers who were involved in crashes. These files 

are organized in a relational format with unique crash record numbers “Accident Key” compiled 

together by calendar year. To achieve the objectives of this study, the data used should be driver-

based instead of crash-based which mean each data record should correspond to a driver 
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involved in a crash. Therefore, Accident Key and Traffic Unit Number variables were used to 

combine the eight files together into one file. Accident Key is the most important variable 

contained in all files that links all data cases to their respective crash incidents. Traffic Unit 

Number is a variable contained in most files, which joins all people involved in crashes to their 

specific traffic unit number (i.e., motor vehicles in-transport). 

The eight files were merged together into a single file by using a one-to-one merging 

technique in Microsoft Access software. In the first step, Accident Key and Traffic Unit Number 

were used to join the “DISTRACTED DRIVER” and “DRIVERS” files together to form a one 

file known as “Query1” file. Second step, the “VEHICLE” file was merged with the “Query1” 

file by using Accident Key and Traffic Unit Number to create a joint “Query2” file. Third step, 

the “OCCUPANT” file was merged with the “Query2” file by using Accident Key and Traffic 

Unit Number to create a joint “Query3” file. Fourth step, Accident Key and Traffic Unit Number 

were used to join the “CC_VEHICLE” and “Query3” files together in one file known as 

“Query4” file. Hence, the “ACCIDENTS” file was merged with the “Query4” file by using only 

Accident Key to create a joint “Query5” file. Finally, in individual steps Accident Key was used 

to merge the “CC_ENVIRONMENT”, “CC_ROADWAY” and “Query5” files together in a new 

file known as “Final Query” file. Final Query file included only crash information for crashes 

that occurred when drivers were distracted. After sorting out the young distracted drivers, who 

were involved in crashes based on the driver‘s age, Final Query file ended up with 31,409 

records of young drivers’ distracted-affected crashes that occurred from 2011 to 2015. A 

flowchart showing the file merging process is schematically illustrated in Figure 3.2. 
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Figure 3.2 The Process of Creating a Joint Final Query File 

3.2.1.2 Crash Type Classification 

Table 3.1 shows the frequencies and percentages of different crash types in overall young 

drivers’ crashes and young drivers’ distraction-affected crashes. Based on crash type distribution, 

this study focused on the three most common types of crashes: rear-end collisions, angular 

collisions, and single-vehicle crashes. In fact, rear-end, angular, and single-vehicle crashes are 

the most common crash types for young and middle age drivers as well as older drivers [1]. In 

addition, these three crash types are also common crash types considered in some previous 

studies [17, 18, and 20]. During five-year period, rear-end, angular, and single-vehicle crashes 

accounted for 40%, 31%, and 8%, respectively of overall young driver crashes as shown in Table 

3.1. In other words, these three crash types accounted for about 79% of overall young drivers’ 

crashes. 

The frequency of young drivers’ distraction-affected crashes were counted as 31,409 

crashes as shown in Table 3.1. When the data were reduced to include only the three most 

common crash types, the observations were decreased to 25,033 crashes.	According to the data,	

the most common crash type is rear-end (46.5%), followed by single-vehicle (18%) and angle 

(15.1%). This is interesting since it exemplifies that the proportion of crashes based on crash 

types does not necessarily relate to the proportion of crashes observed based on distraction types.  
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Table 3.1 Frequency and Percentage of Young Drivers Involved crashes and Distraction-
Affected Crashes (2011-2015) 

Crash Type 
Overall Young Drivers’ 

Crashes  

Young Drivers’ 
Distraction-affected 

Crashes  
Frequency Percentage Frequency Percentage 

Rear-end 103,812 39.9% 14,617 46.5% 
Angle 79,530 30.6% 4,757 15.1% 
Single-vehicle 21,713 8.3% 5,659 18.0% 
Sideswipe: Same direction 17,060 6.6% 1,383 4.4% 
Head on 6,660 2.6% 525 1.7% 
Backed into 4,820 1.9% 426 1.4% 
Sideswipe: opposite direction 3,727 1.4% 346 1.1% 
Unknown/ other/blank 22,934 8.8% 3,696 11.8% 
Total 260,256 100.0% 31,409 100.0% 

 

Rear-end crashes occur between two vehicles that are both traveling in the same direction 

and are more likely occur due to improper braking or following too close. However, angular 

collisions occur when a vehicle comes into contact with a lead vehicle while traveling in the 

opposite direction. Single-vehicle crashes involve a collision between a vehicle and a fixed 

object on the road or on the side of the road, such as fences and buildings, trees, embankments, 

or any object implying immovable. Table 3.2 shows the frequency and proportions of the three 

most common crash types for both teenage and young-adult distracted drivers. 

Table 3.2 Crash Types for Teenage and Young-Adult Distracted drivers (2011-2015) 

Crash Types 
Teenage Drivers Young-adult Drivers 

Number % Number % 
Rear-end 8,048 57.7% 6,569 59.3% 
Single-vehicle 3,148 22.6% 2,511 22.7% 
Angle 2,753 19.7% 2,004 18.1% 
Total 13,949 100.0% 11,084 100.0% 

 



32	
	

3.2.2 Methodologies 

3.2.2.1 Introduction 

As mentioned previously, the main objective of this study was to investigate whether teenage 

and young-adult distracted drivers, or their interaction with other factors have significant effects 

on collision types. Moreover, this study tested the effects of other factors (e.g., driver, 

environmental, and crash characteristics) on collision types. Rear-end collisions, angular 

collisions, and single-vehicle crashes were the most common crash types in the young drivers’ 

distraction related crash data. Consequently, these three crash types were used as the dependent 

variable for model estimation. Because the dependent variable (crash types) in this study has 

multi-level unordered categories, multinomial logistic regression was selected as the model 

estimation. The multinomial logistic regression model is used for modeling unordered categories 

where the dependent variables are discrete in nature [55]. 

A multinomial logistic regression model is widely used in traffic safety studies. Several 

studies used multinomial logistic regression model to investigate how different distraction 

factors impact rear-end, angular, and single-vehicle crash types [17, 18, and 20]. Other previous 

studies used multinomial logit model to identify the correlation between distracted driving at 

highway-rail grade crossings and driver, roadway, environment, and crossing characteristics 

[22]. In addition, Xeudong, Yan, et al (2009) used multinomial logistic regression model to 

identify risk factors associated with truck-car, car-truck, and car-car angle collisions [56]. 

 

3.2.2.2 Multinomial Logistic Regression  

A multinomial logistic regression model is a simple extension of a binary logistic model, but a 

multinomial logistic regression model can treat more than two unordered categories of outcomes 
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[55]. In other words, multinomial regression is a preferable technique used in traffic safety 

studies to assess more than two unordered categories of the dependent variable [17]. A 

multinomial logistic regression model uses the method of the maximum likelihood estimation to 

assess the probability that the dependent variable will be in one category as compared to another 

category. In this study a multinomial logit modeling was used to identify the odds that a driver 

with a certain type of distraction or under different factor or condition would be involved in one 

of the three most common crash types: rear-end, angular, and single-vehicle crashes. These three 

categories can be represented in three binary logit equations. Thus, the binary logit equations are 

performed to compare: rear-end crashes versus single-vehicle crashes (eqn. 3.1); angular crashes 

versus single-vehicle crashes (eqn. 3.2); and rear-end crashes versus angular crashes (eqn. 3.3). 
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where, 

Pi1= probability of a rear-end crash for observation i , 

Pi2= probability of an angular crash for observation i , 

Pi3= probability of a single-vehicle crash for observation i , 

xi= explanatory variables for observation i , and 

sβ ' = parameter estimates. 
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Using properties of logarithms, 
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This implies that βββ 213 −= . Due to the sum of probabilities being one 
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3.2.2.3 Two-Way Interaction Model 

Adding 2-way interaction to a multinomial logistic regression model can help to understand the 

relationships among the distraction types and other independent variables. The main effects and 

2-way interaction is given by; 

( )
!"#$!$"#  n termInteractiomseffect terMain 

21322110 xxxxyE ββββ +++=                           (3.8) 

where, 

x1= driver distraction types, 

x2 =other explanatory variables,  
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xx 21 = 2-way interactions between driver distraction types and other explanatory 

variables, and 

β 3= interaction parameter estimates. 

The odds ratio estimates in the multinomial logistic regression model output show only 

the odds ratio and confident interval (CIs) estimates for those variables which are not involved in 

any interaction terms (for two explanatory variables). In this study, since the multinomial logistic 

regression model contains the interaction terms of teenage and young- adult drivers’ distraction 

with other explanatory variables, the odds ratio and confident interval (CIs) estimates for 

interaction variables and interaction terms were not computed in the model outcome directly. 

Consequently, before running the model, new independent variables were created which 

contained interactions between distraction types and other original independent variables. Hence, 

these new independent variables were included in the multinomial logistic regression model 

statement. This advanced step is widely used in statistical studies, because it is useful to compute 

the odds ratio and confident interval (CIs) for interaction variables and interaction terms in the 

model in addition to other statistical estimations [57]. 

 

3.2.2.4 Odds Ratio 

Logistic regression model can be employed in calculating odds ratio and 95% Confidence 

Intervals (CIs) to measure the association between two dichotomous variables. The odds ratio is 

a common tool that is extensively used in traffic safety studies because it is useful in comparing 

whether the probability of a certain event is the same for two groups [55]. The odds of an event 
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can be defined as the ratio of the probability that an event occurs to the probability that it does 

not occur [55]. The odds ratio can be calculated by; 
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where, 

).......,,.........,1( 21 xxxyP p= = probability of event occurring, and 

).......,,.........,0( 21 xxxyP p= = probability of event not occurring. 

 

Note that OR > 1.0 correspond to probabilities greater than 50%, while OR < 1.0 

correspond to probabilities less than 50%, when the value of one of the independent variables 

(!""#$ 		) is increased by 1.0 unit. 
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2
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Odds ratios are directly related to the parameters in the logistic regression model. 

( )β jOR exp=                                                                                   (3.11) 

where, 

β j= the parameter estimates of the j th independent variable of a logistic regression 

model. 

 

The 95% confident interval (CIs) is given by; 
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where, 

sβ =	the standard error of the coefficientβ . 

 

3.2.2.5 Likelihood Ratio (LR) 

The Likelihood Ratio (LR) Chi-Square is used to test the significance of the selected model. The 

LR test statistic can be calculated by; 
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where, 
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⎛ modelnullL = model with only the intercept term, and   

⎟
⎠
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⎜
⎝

⎛ modelfittedL = model with all specified variables (i.e., Intercept and Covariates). 

Log-likelihood value can be used to compare two models that have same sample size. 

Hence, the model with the largest value of log-likelihood is the preferred model. 

 

3.2.2.6 Akaike Information Criterion (AIC) 

AIC can be used to compare two models with the same sample size. The model with the smallest 

AIC value is suggested as a preferred model fit [55]. AIC is calculated as; 

( )( )skLAIC +−+−= 12log2                                             (3.14) 
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where, 

L = likelihood of the model, 

k = the number of levels of the explanatory variable, and 

s = the number of predictors in the model. 

 

3.2.2.7 Schwarz Criterion (SC) 

SC is calculated as; 

( )( ) ( )fskLSC i∑+−+−= log*1log2                              (3.15) 

where, 

L = likelihood of the model, 

k = the number of levels of the explanatory variable, 

s = the number of predictors in the model, and 

f i= the frequency values of the ith observation. 

Like AIC, the model with the smallest SC value is suggested as a good model fit. 

 

3.2.2.8 Significant Variables Selection 

The final models were built based on selected variables that are significantly related to the most 

common crash types at a confidence level of 95% by using a stepwise selection process. The 

stepwise selection process procedures can be done in two steps; the first step, fit all possible one-

variable models; 

( ) xyE iββ 10+=                                                          (3.16) 

where, 
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xi= explanatory variables for observation ( )ki ,....,1= . 

Hence, choose the best variable, which has the smallest and significant “p-value”. The 

second step, fit all possible two-variable models; 

( ) xxyE iβββ 2110 ++=                                                (3.17) 

where, 

x1= explanatory variable selected in the first step, and 

xi= options for the second explanatory variable for observation ( )ki ,....,2= . 

Hence, choose the best variable, which has the smallest and significant “p-value” among 

the remaining 1−k  explanatory variables; if none of variables is significant, the selected model 

in the previous step is considered as the final model. Note, before proceeding to the next step, 

stepwise selection process checks the significance of one-variable models; if is non-significant, 

then it will be replaced by the next best variable. These steps were repeated until the final model 

is finalized. 

 

3.2.2.9 Multicollinearity 

Multicollinearity occurs when two or more independent variables are highly correlated with each 

other. The collinearity can result in several problems when present in the logistic regression 

analysis, including [55 and 58]:  

• Standard errors and confidence intervals for the highly correlated explanatory variables 

may get large,  

• The logistic regression results may be confusing and misleading, 
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• Parameter estimates may have opposite signs from what is expected or implausible 

magnitudes, and  

• The logistic regression results may show that none of the highly correlated explanatory 

variables has a statistically significant influence on predicting the dependent variable 

when both of them are included in the model. 

In this study, a correlation matrix was developed to detect the correlation among all pairs 

of explanatory variables. One of the major solutions to solve the multicollinearity related issues 

is to remove one of the correlated variables from the model. This is because the explanatory 

variables are collinear, so the model fit would be affected if both correlated variables were 

removed from the model. There is no definite cut off value for the Correlation Coefficient, 

however the most common value is 0.6 or more which indicates that one explanatory variable is 

highly correlated with one another [59]. Therefore, one of the correlated variables that causes to 

increase AIC and SC values was removed from the model.  

 

3.2.3 Description of the Selected Variables 

This section presents the characteristics of distraction-affected crashes that occurred in Kansas 

between 2011 and 2015. These characteristics were divided into seven categories as depicted in 

Tables 3.3 through 3.9; which are distraction types for teenage and young-adult drivers, crash 

related characteristics, driver related characteristics,	roadway related characteristics, vehicle 

related characteristics, environmental related characteristics, and contributory causes, 

respectively. The seven tables include the crash frequencies and percentages for teenage and 

young-adult drivers	considered in the current study.	All these characteristics have been identified 
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in previous studies as having an influence on driver distractions, crash types, and young drivers 

[14, 17, 18, 19, and 20]. 

 

3.2.3.1 Teenage and Young-Adult Drivers’ Distraction Types 

The crash frequencies and percentages of five distraction types are shown in Table 3.3, which 

include: 

• Inattention in general sense and drowsiness, 

• Other in or on vehicle distraction (grooming, reading newspaper, talking to other 

passengers, adjusting radio, talking or interacting with children, eating, or drinking, etc.), 

• Cell phone use (e.g., calling, texting, use for driving directions, etc.), 

• External distraction (i.e., an item or action not in or on vehicle), and 

• Other electronic devices use (audio, video, GPS, computer, etc.) 

A majority of teenage and young-adult drivers’ distraction-affected crashes occurred 

when the drivers were inattentive. More than 1 in 10 teenage and young-adult drivers’ 

distraction-affected crashes occurred when they distracted in or on vehicle. Approximately 4% of 

teenage and young-adult drivers’ distraction-affected crashes occurred when they used cell 

phones while driving. 
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Table 3.3 Crash Frequencies and Percentages of Distraction Types by Teenage and Young-
Adult Drivers for Period of (2011-2015) 

Types of distraction 
Teenage Drivers Young-adult Drivers 

Number % Number % 
Inattention  11,275 80.8% 8,929 80.6% 
Other in or on vehicle distraction 1,413 10.1% 1,140 10.3% 
Cell phone use 541 3.9% 480 4.3% 
External distraction 403 2.9% 345 3.1% 
Other electronic devices use 317 2.3% 190 1.7% 
Total 13,949 100.0% 11,084 100.0% 

 

3.2.3.2 Crash-Related Characteristics 

According to Table 3.4, injury severity is coded into four categories, which include not injured, 

non-incapacitating injury/possible injury, fatal injury/incapacitating injury, and unknown/others. 

In addition, their frequencies of occurrences were analyzed and the data show that they were 

85.6%, 12.6%, 1.0%, and 0.9%, respectively of total teenage drivers’ distraction-affected 

crashes, while 84.4%, 12.9%, 1.3%, and 1.4%, respectively of total young-adult drivers’ 

distraction-affected crashes. In terms of vehicle damage,	it was recorded for both teenage and 

young-adult drivers that disabling damage made up of about 37%, functional damage 30%, 

minor damage 22%, destroyed 7% and no damage 1% of total distraction-affected crashes. 

Vehicle maneuver was coded with five category levels. The largest recorded category for both 

teenage and young-adult drivers was straight-following the road, which constituted more than 

three-fourths of total distraction-affected crashes, and the second largest	recorded category for 

both teenage and young-adult drivers was	turning or changing lanes	maneuver, which constituted 

more than 1 in 10 distraction-affected crashes. The other three categories include stopped	

vehicles, parking or backing, avoiding maneuver, and unknown/others had less crash frequencies 

of occurrence. 
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Table 3.4 Crash Frequencies and Percentages by Teenage and Young-Adult Distracted 
Drivers: Crash-Related Characteristics for Period of (2011-2015) 

Crash-Related Characteristics 
Teenage	Drivers Young-adult	Drivers 

Number % Number % 
Injury Severity 

 Not injured  11,935 85.6% 9,356 84.4% 
Non-incapacitating injury /possible 
injury  1,754 12.6% 1,432 12.9% 

Fatal injury/incapacitating injury 133 1.0% 140 1.3% 
Unknown/others 127 0.9% 156 1.4% 

Ejection 
Not ejected 13,713 98.3% 10,860 98.0% 
Trapped 74 0.5% 68 0.6% 
Ejected 61 0.4% 64 0.6% 
Unknown/others 101 0.7% 92 0.8% 

Vehicle Damage 
Disabling 5,286 37.9% 4,110 37.1% 
Functional 4,311 30.9% 3,317 29.9% 
Minor damage 3,039 21.8% 2,554 23.0% 
Destroyed 1,045 7.5% 829 7.5% 
No damage 188 1.3% 171 1.5% 
Unknown/others 80 0.6% 103 0.9% 

Vehicle Maneuver  
Straight-following 10,733 76.9% 8,413 75.9% 
Turn or changing lanes 1,865 13.4% 1,462 13.2% 
Stopped, parking or backing 878 6.3% 777 7.0% 
Avoiding maneuver  287 2.1% 278 2.5% 
Unknown/others 186 1.3% 154 1.4% 
Total 13,949 100% 11,084 100% 

 

3.2.3.3 Driver-Related Characteristics 

Table 3.5 summarizes the description of driver related characteristics. In terms of gender of 

teenage drivers, males were involved in more than half of total distraction-affected crashes, 

while females made up 46.4%. However, in terms of gender of young-adult drivers, there were 

slightly different in crash frequencies of occurrences, and the data revealed that males were 

involved in 6 out of 10 distraction-affected crashes, while females made up of 43.9%. Teenage 
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drivers with a valid license made up of 93.4% of all the teenage drivers involved in distraction-

affected crashes, while young-adult drivers with a valid license made up of only 89.2% of all the 

young-adult drivers who were involved in the distraction-affected crashes. Alcohol and drugs 

were involved in only 2.0% of all teenage driver distraction-affected crashes, while they were 

involved in 5.3%	of all young-adult driver distraction-affected crashes.  

Table 3.5 Crash Frequencies and Percentages by Teenage and Young-Adult Distracted 
Drivers: Driver-Related Characteristics for Period of (2011-2015) 

Driver-Related Characteristics 
Teenage	Drivers Young-adult	Drivers 

Number % Number % 
Gender 

Male  7,464 53.5% 6,211 56.0% 
Female  6,473 46.4% 4,863 43.9% 
Unknown/others 12 0.1% 10 0.1% 

License Compliance 
Valid licensed 13,034 93.4% 9,884 89.2% 
Not valid licensed 780 5.6% 1,074 9.7% 
Unknown/others 135 1.0% 126 1.1% 

Restriction Compliance 
No restrictions on driver license  9,760 70.0% 7,498 67.6% 
Restricted license  3,488 25.0% 2,975 26.8% 
Unknown/others 701 5.0% 611 5.5% 

Safety Equipment used 
Safety belt used 12,991 93.1% 10,088 91.0% 
Safety belt not used 475 3.4% 484 4.4% 
Unknown/others 483 3.5% 512 4.6% 

Alcohol/Drug Related 
Alcohol/drug not related 13,666 98.0% 10,502 94.7% 
Alcohol/drug related 283 2.0% 582 5.3% 
Total 13,949 100.0% 11,084 100.0% 

 

3.2.3.4 Roadway-Related Characteristics 

Roadway related characteristics of teenage and young-adult driver distraction-affected crashes 

are displayed in Table 3.6. The highest observations of teenage and young-adult drivers’ 
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distraction-related traffic crashes occurred at intersections, while about one-third of such crashes 

occurred on roadway and 15.0% occurred off-roadway. Furthermore, Table 3.6 shows that the 

most significant road surface type for both teenage and young-adult drivers is the black top, 

where nearly three-fourths of all distraction-affected crashes occurred, the second one is the 

concrete surface type with nearly one-fourth of all distraction-affected crashes, and 5.2% and 

3.6%, respectively of the observed distraction-affected crashes occurred in the gravel/brick or 

other surface types.	In terms of road surface conditions when teenage and young-adult drivers’ 

distraction-affected crashes took place, where a large majority of the crashes happened when the 

road surface conditions were dry, and about 13.0% occurred when the road surface conditions 

were either wet or with debris.  

In terms of the road surface character, the data reveal that 92.5% of total teenage drivers’ 

distraction-affected crashes occurred on straight roads and only 6.9% took place on curved	roads, 

while straight roads involved in 91.4% of total young-adult drivers’ distraction-affected crashes 

and only 8.0% took place on curved roads. As shown in Table 3.6, posted speed limit was 

divided into three category levels. The majority of teenage and young-adult drivers’ distraction-

affected crashes occurred on roads with posted speed limits of 35-60 mph, while one- fourth 

occurred on roads with posted speed limits less than 35 mph, and more than 10.0% took place	on 

roads with posted speed limits above 60 mph. Additionally, the data show that the highest 

number of teenage and young-adult drivers’ distraction-affected crashes occurred on multi-lane 

roadways. Likewise, data indicate that the highest number of teenage and young-adult drivers’ 

distraction-affected crashes occurred when there were no road construction or maintenance 

activities. 
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Table 3.6 Crash Frequencies and Percentages by Teenage and Young-Adult Distracted 
Drivers: Roadway-Related Characteristics for Period of (2011-2015) 

Road-Related Characteristics 
Teenage	Drivers Young-adult	Drivers 

Number % Number % 
Crash Location 

Intersection 7,133 51.1% 5,866 52.9% 
On roadway  4,630 33.2% 3,575 32.3% 
Off-roadway  2,155 15.4% 1,610 14.5% 
Unknown/others 31 0.2% 33 0.3% 

Road Surface Type 
Black top  9,795 70.2% 7,464 67.3% 
Concrete  3,410 24.4% 3,209 29.0% 
Gravel/brick or other  719 5.2% 401 3.6% 
Unknown 25 0.2% 10 0.1% 

Road Surface Condition 
Dry  12,089 86.7% 9,606 86.7% 
Wet/debris  1,798 12.9% 1,440 13.0% 
Unknown/others 62 0.4% 38 0.3% 

Road Surface Character 
Straight  12,909 92.5% 10,135 91.4% 
Curved  963 6.9% 888 8.0% 
Unknown/others 77 0.6% 61 0.6% 

Posted Speed Limit 
Less than 35 mph 4,112 29.5% 3,087 27.9% 
35-60 mph 8,258 59.2% 6,339 57.2% 
More than 60 mph 1,403 10.1% 1,513 13.7% 
Unknown/others 176 1.3% 145 1.3% 

Number of Lanes 
Multi lanes  13,490 96.7% 10,701 96.5% 
Single lane  363 2.6% 326 2.9% 
Unknown/others 96 0.7% 57 0.5% 

Construction/Maintenance Zone 
No work zone 13,498 96.8% 10,682 96.4% 
Work zone 402 2.9% 381 3.4% 
Unknown/others 49 0.4% 21 0.2% 
Total 13,949 100.0% 11,084 100.0% 
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3.2.3.5 Vehicle and Passenger Characteristics 

Vehicle and passenger characteristics of teenage and young-adult driver distraction-affected 

crashes are presented in Table 3.7. In terms of vehicle type, it was recorded that automobile 

made up about 66.0%, pickup-truck/ camper-rv 15.0%, sport utility vehicle 15.0%, and van 3.0% 

of total teenage and young-adult drivers’ distraction-affected crashes. As shown in Table 3.7, the 

majority of teenage drivers’ distraction-related crashes occurred when they drove old vehicles, 

while one-third took place when they drove vehicles aged 11-15 years, about 1.5 in 10 occurred 

while they drove vehicles age 6-10 years, and only 3.4% occurred when they drove new vehicles. 

However, in terms of young-adult drivers, there were different crash distributions, and the data 

reveal that the highest number of young-adult drivers’ distraction-related crashes occurred when 

they drove old vehicles or vehicles age 11-15 years, while about one-fourth occurred when they 

drove vehicles age 6-10 years, and 7.3% occurred when they drove new vehicles.  

Distraction-related crashes that happened when passengers were present at the time of the 

crash were more than one-fourth of the total teenage drivers’ distraction-affected crashes and 

only 21.7% of the total young-adult drivers’ distraction-affected crashes. In terms of gender of 

front-seat passengers, male passengers were involved in 12.7% of total teenage drivers’ 

distraction-affected crashes and only 8.0% of total young-adult drivers’ distraction-affected 

crashes. However, female passengers were involved in 11.5% of total teenage drivers’ 

distraction-affected crashes and only 7.7% of total young-adult drivers’ distraction-affected 

crashes.	The data show the interesting facts of crash frequency, when teenage (15–20 year old) 

front-seat passengers were present at the time of the crash, they made up 16.5%	of total teenage 

drivers’ distraction-affected crashes, but they only made up 3.4%	total young-adult drivers’ 

distraction-affected crashes.	 
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Table 3.7 Crash Frequencies and Percentages by Teenage and Young-Adult Distracted 
Drivers: Vehicle-Related Characteristics for Period of (2011-2015) 
Vehicle-Related 
Characteristics 

Teenage	Drivers Young-adult	Drivers 
Number % Number % 

Vehicle Type  
Automobile 9,293 66.6% 7,284 65.7% 
Pickup-truck/camper-rv  2,162 15.5% 1,740 15.7% 
Sport utility vehicle  2,148 15.4% 1,741 15.7% 
Van 341 2.4% 307 2.8% 
Unknown/others 5 0.0% 12 0.1% 

Vehicle Age 
Year 16 or older 6,808 48.8% 4,218 38.1% 
11-15 years 4,607 33.0% 3,673 33.1% 
6-10 years 2,008 14.4% 2,346 21.2% 
Year 5 or newer 481 3.4% 809 7.3% 
Unknown/others 45 0.3% 38 0.3% 

Occupants 
Only driver 10,227 73.3% 8,669 78.2% 
Driver and passengers  3,714 26.6% 2,403 21.7% 
Unknown/others 8 0.1% 12 0.1% 

Gender of Front-Seat Passengers 
Male  1,770 12.7% 887 8.0% 
Female  1,599 11.5% 852 7.7% 
Non-occupant/unknown 10,580 75.8% 9,345 84.3% 

Teenage Front-Seat Passengers 
Yes 2,303 16.5% 382 3.4% 
No 11,646 83.5% 10,702 96.6% 
Total 13,949 100.0% 11,084 100.0% 

 

3.2.3.6 Environmental-Related Characteristics 

Environmental-related characteristics	were also investigated using Kansas crash data. In terms of 

light condition, the data indicate that the highest number of total teenage and young-adult 

drivers’ distraction-related traffic crashes took place during daylight, and about one-fourth 

happened during nighttime on unlit (dark) roadways. Furthermore, Table 3.8 reveals that a large 

majority of teenage and young-adult drivers’ distraction-related traffic crashes occurred when the 
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weather was normal, and only about 9.0%	of total teenage and young-adult drivers’ distraction-

related traffic crashes took place during adverse weather conditions.		

Table 3.8 Crash Frequencies and Percentages by Teenage and Young-Adult Distracted 
Drivers: Environmental-Related Characteristics for Period of (2011-2015) 
Environmental-Related 
Characteristics 

Teenage	Drivers Young-adult	Drivers 
Number % Number % 

Light Conditions 
Daylight 10,728 76.9% 8,227 74.2% 
Dark  3,202 23.0% 2,841 25.6% 
Unknown/others 19 0.1% 16 0.1% 

Weather Conditions 
Normal conditions 12,582 90.2% 9,985 90.1% 
Adverse conditions 1,327 9.5% 1,070 9.7% 
Unknown/others 40 0.3% 29 0.3% 

Functional Class 
Urban roads 10,514 75.4% 8,753 79.0% 
Rural roads 2,944 21.1% 1,839 16.6% 
Unknown/others 491 3.5% 492 4.4% 

Time of Crash 
5.00-9.00-Morning 1,963 14.1% 1,643 14.8% 
9.00-13.00-Noon 2,315 16.6% 2,014 18.2% 
13.00-17.00-Afternoon 4,740 34.0% 3,348 30.2% 
17.00-21.00-Evening 3,268 23.4% 2,495 22.5% 
21.00-5.00-Night 1,636 11.7% 1,574 14.2% 
Unknown/others  27 0.2% 10 0.1% 

Day of Week 
Week days 10,877 78.0% 8,579 77.4% 
Weekend 3,071 22.0% 2,503 22.6% 
Unknown/others 1 0.0% 2 0.0% 
Total 13,949 100.0% 11,084 100.0% 

 

In terms of functional class, the data show that the highest observations of teenage and 

young-adult drivers’ distraction-related traffic crashes occurred on urban roads, while the rest of 

teenage and young-adult drivers’ distraction-related traffic crashes occurred on rural roads with 

21.1% and only 16.6%, respectively. Moreover, data show the time of the day when the teenage 
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and young-adult drivers’ distraction-affected crashes took place. The majority of distraction-

affected crashes occurred during afternoon or evening times. In terms of the day of week 

(categorized as either weekday or weekend), about three-fourths of total teenage and young-adult 

drivers’ distraction-affected crashes happened on weekdays, whereas about one-fourth of total 

teenage and young-adult drivers’ distraction-affected crashes happened during weekends. 

 

3.2.3.7 Contributory Causes  

Three contributory causes (i.e., environmental, vehicle, and road factors) are shown in Table 3.9. 

Environmental factors were coded into three categories (levels), which include animal, weather, 

and vision obstruction related factors, and their frequencies of occurrences were analyzed and the 

data show that they were 2.3%, 0.9%, and 0.2%, respectively of total teenage drivers’ 

distraction-affected crashes and 2.4%, 0.9%, and 0.2%, respectively of total young-adult drivers’ 

distraction-affected crashes. In terms of vehicle and road factors, only 0.7% of total teenage and 

young-adult drivers’ distraction-affected crashes occurred when the vehicle factors were related, 

and 3.5% of total teenage and young-adult drivers’ distraction-affected crashes took place when 

the road factors were related. 

Table 3.9 Crash Frequencies and Percentages by Teenage and Young-Adult Distracted 
Drivers: Environmental, Vehicle, and Road Factors for Period of (2011-2015) 

Contributory Causes 
Teenage	
Drivers 

Young-adult	
Drivers 

Number % Number % 
Animal 321 2.3% 261 2.4% 
Weather related 122 0.9% 97 0.9% 
Vision obstruction 22 0.2% 17 0.2% 
Total Crashes Occurred Due to Environmental Factors 465 3.3% 375 3.4% 
Total Crashes Occurred Due to Vehicle Factors 92 0.7% 77 0.7% 
Total Crashes Occurred Due to Road Factors 492 3.5% 388 3.5% 
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3.2.4 Results of Crash Type Models 

3.2.4.1 Collinearity Analysis for Teenage Drivers 

As the first step, a Correlation Matrix was developed to detect highly correlated explanatory 

variables	which is shown in Appendix A.1. By running twenty-two models one of the correlated 

variables that causes to increase AIC and SC values was removed from the model	one at a time 

while keeping everything else constant.	 

There were 11 highly correlated pairs in teenage drivers’ distraction-affected crash data 

set which included: non-incapacitating injury/possible injury and not injured, concrete and black 

top road surface type, wet/debris road surface condition and adverse weather conditions, speed 

limit less than 35 mph and speed limit 35-60 mph, if driven with passengers and if driven with 

teenage front-seat passengers, on roadway and at intersection crash, straight-following and turn 

or changing lanes maneuver, vehicle age (11-15 years) and older than 15 years, night and no 

daylight, automobile and pickup-truck/camper-rv, and automobile and sport utility vehicle. 

Among these highly correlated pairs, variables of not injured, concrete road surface type, 

wet/debris road surface condition, speed limit less than 35 mph, driving with teenage front-seat 

passengers, at intersection crash, changing lanes maneuver, vehicle age older than 15 years, no 

daylight,  pickup-truck/camper-rv, and sport utility vehicle, were included in the final model as 

shown in Table 3.10. 
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Table 3.10 Collinearity Analysis for Teenage Drivers’ Crash Type Model 

Variable 1 Variable 2 Correlation 
Coefficient 

Variables 
Considered to be 
Included in the 

Model 
Non-incapacitating 

injury /possible injury Not injured -0.923 Not injured 

Concrete road surface 
type 

Black top road surface	
type -0.873 Concrete road surface	

type 
Wet/debris road surface 

condition 
Adverse weather 

conditions 0.786 Wet/debris road 
surface condition 

Speed limit less than 35 
mph Speed limit 35-60 mph -0.778 Speed limit less than 

35 mph 
If driven with 

passengers 
If driven with teenage 
front-seat passengers 0.736 If drive with teenage 

front-seat passengers 
On roadway crash At intersection crash -0.721 At intersection crash 
Straight-following	

maneuver 
Turn or changing lanes 

maneuver -0.717 Turn or changing 
lanes maneuver 

Vehicle Age (11-15 
years) 

Vehicle age older than 15 
years -0.685 Vehicle age older than 

15 years 
Night No daylight 0.654 No daylight 

Automobile Pickup-truck, camper-rv -0.605 Pickup-truck, camper-
rv 

Automobile Sport utility vehicle -0.602 Sport utility vehicle 
 

3.2.4.2 Multinomial Logistic Regression Model Results for Teenage Drivers  

A multinomial logit model procedure in SAS software (version 9.4) was used to determine how 

different distraction types affect the most common crash types among teenage drivers (15–20 

year old). The total dataset contained 13,949 observations of teenage drivers’ distraction-affected 

crashes	that occurred between 2011 and 2015. In this model, crash type	was the dependent 

variable, which consisted of three crash types rear-end, angular, and single-vehicle crashes which 

were the most common types.	All variables that are depicted in Tables 3.3 through 3.9 and their 

interactions with distraction types were included in the model as predictor variables. All of these 

predictor variables were coded as dummy variables. However, predictor variables that have no 

significant differences in crash type were removed from the final teenage drivers’ model by 
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using stepwise selection model. The predictor variables of final teenage drivers’ model are 

presented in Tables 3.11 through 3.14. 

Each predictor variable has confidence estimate, standard error, Chi Square, and p-value 

as shown in Tables 3.11 and 3.13. The standard error for each predictor variable is used to 

calculate p-value of particular predictor variables. The smallest p-value means this predictor 

variables significantly improved the overall model fitting. Additionally, odds ratio and 

confidence interval estimates for each predictor variable are estimated in the model as shown in 

Tables 3.12 and 3.14. Moreover, the overall model fit statistics had a Likelihood Ratio of 14,286, 

whose p-value is < 0.0001. This means that teenage drivers’ model fits the data well.
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Table 3.11 Likelihood of Different Types of Crashes Based on Teenage Drivers Distraction for Distraction Types and their 
Interaction with Other Factors 

Variable 
Rear-End Crash Versus Single-Vehicle Crash Angular Crash Versus Single-Vehicle Crash Rear-End Crash Versus Angular Crash 

Estimate SD 
Error ChiSq Pr > 

ChiSq Estimate SD 
Error ChiSq Pr > 

ChiSq Estimate SD 
Error ChiSq Pr > 

ChiSq 

Intercept -2.25 0.34 43.30 <.0001 -4.20 0.41 105.13 <.0001 1.96 0.36 28.83 <.0001 

Cell phone  1.44 0.32 19.81 <.0001 1.06 0.48 4.79 0.0286 0.38 0.47 0.66 0.4161 

Other electronic devices  1.97 0.31 40.18 <.0001 1.77 0.40 19.18 <.0001 0.21 0.36 0.34 0.5611 

In/on-vehicle distraction 2.16 0.22 96.36 <.0001 1.46 0.32 21.23 <.0001 0.70 0.30 5.34 0.0209 

External distraction 3.67 0.45 66.39 <.0001 1.45 0.55 6.98 0.0082 2.21 0.42 27.75 <.0001 

Inattention  2.49 0.19 180.04 <.0001 2.61 0.28 87.63 <.0001 -0.13 0.28 0.20 0.6523 

Cell phone use*Speed Limit>60 mph 0.41 0.63 0.41 0.5196 1.62 0.67 5.90 0.0152 -1.22 0.57 4.60 0.0319 

Cell phone use*At Intersection 0.90 0.43 4.33 0.0374 1.53 0.51 8.86 0.0029 -0.63 0.41 2.41 0.1208 

Cell phone use*21.00-5.00-Night -1.46 0.49 8.91 0.0028 -1.30 0.55 5.54 0.0186 -0.16 0.50 0.10 0.7504 
Other Electronic Devices*	Teenage front-seat 
passengers -1.67 0.53 10.12 0.0015 -1.06 0.63 2.83 0.0927 -0.61 0.52 1.38 0.2397 

In/On-vehicle distraction*	Teenage front-seat 
passengers -0.58 0.26 4.97 0.0258 0.29 0.29 0.95 0.3303 -0.87 0.22 15.02 0.0001 

External distraction*Speed limit<35 mph -1.25 0.59 4.55 0.0328 0.53 0.63 0.70 0.4023 -1.78 0.44 16.12 <.0001 

External distraction*Rural roads -1.28 0.69 3.45 0.0634 0.89 0.69 1.67 0.1965 -2.17 0.60 12.97 0.0003 

Inattention*21.00-5.00-Night -0.66 0.25 6.77 0.0093 -1.12 0.29 15.15 <.0001 0.47 0.28 2.84 0.0919 
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Table 3.12 Odds Ratio Estimates of Occurrence of Different Types of Crashes Based on 
Teenage Driver Distraction for Distraction Types and their Interaction with Other Factors 

Variable 

Rear-End Crash Versus 
Single-Vehicle Crash 

Angular Crash Versus 
Single-Vehicle Crash 

Rear-End Crash Versus 
Angular Crash 

Point 
Estimate 

95% 
Confidence 

Limits 

Point 
Estimate 

95% 
Confidence 

Limits 

Point 
Estimate 

95% 
Confidence 

Limits 

Cell phone  4.21 2.24 7.92 2.87 1.12 7.40 n.s.; 1.46 0.58 3.67 

Other electronic devices  7.20 3.91 13.25 5.85 2.65 12.89 n.s.; 1.23 0.61 2.48 

In/on-vehicle distraction 8.71 5.65 13.42 4.32 2.32 8.06 2.02 1.11 3.65 

External distraction 39.08 16.18 94.37 4.27 1.46 12.54 9.15 4.02 20.85 

Inattention  12.04 8.37 17.32 13.65 7.90 23.60 n.s.; 0.88 0.51 1.52 

Cell phone use*Speed Limit>60 mph n.s.; 1.50 0.44 5.16 5.07 1.37 18.80 0.30 0.10 0.90 

Cell phone use*At Intersection 2.45 1.05 5.69 4.60 1.68 12.55 n.s.; 0.53 0.24 1.18 

Cell phone use*21.00-5.00-Night 0.23 0.09 0.61 0.27 0.09 0.81 n.s.; 0.85 0.32 2.28 
Other Electronic Devices*	Teenage front-seat 
passengers 0.19 0.07 0.53 n.s.; 0.35 0.10 1.19 n.s.; 0.54 0.20 1.50 

In/On-vehicle distraction*	Teenage front-seat 
passengers 0.56 0.33 0.93 n.s.; 1.33 0.75 2.37 0.42 0.27 0.65 

External distraction*Speed limit<35 mph 0.29 0.09 0.90 n.s.; 1.69 0.49 5.80 0.17 0.07 0.40 

External distraction*Rural roads n.s.; 0.28 0.07 1.07 n.s.; 2.44 0.63 9.42 0.12 0.04 0.37 

Inattention*21.00-5.00-Night 0.52 0.32 0.85 0.33 0.19 0.57 n.s.; 1.60 0.93 2.75 

Note: n.s. indicates no significance found at α= 0.05 level. 

The main purpose of this model was to evaluate whether different teenage driver 

distractions would affect the most common crash types. The model results showed that most 

teenage driver distractions were more likely to be involved in rear-end collisions or angular 

collisions when compared to single-vehicle crashes. However, the model results showed that no 

significant difference was observed between rear-end collisions and angular collisions for 

teenage drivers distracted by cell phones or other electronic devices, or who were inattentive. 

In regards to interaction terms, model results indicated that teenage drivers who were 

distracted by cell phones while driving on roads with speed limit more than 60 mph were more 

probable to be involved in an angular collision when compared to both a single-vehicle crash 

(OR=5.07) or a rear-end collision (OR=3.33). In contrast, if teenage drivers distracted by cell 

phones at intersections, they were more probable to be involved in a rear-end collision 

(OR=2.45) or an angular collision (OR=4.60) when compared to a single-vehicle crash. Opposite 
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trend in probability of a specific collision was also observed when teenage drivers drove at 

nighttime and distracted by cell phones. If teenage drivers drove with teenage front-seat 

passengers and distracted by other electronic devices, they were less likely to be involved in a 

rear-end collision when compared to a single-vehicle crash. Also, when these teenage drivers 

drove with their peers as front-seat passengers and distracted inside the vehicle, they were less 

likely to be involved in a rear-end collision when compared to both a single-vehicle crash 

(OR=0.56) or an angular crash (OR=0.42). Likewise, on roads with speed limit less than 35 mph, 

external distracted teenage drivers are more than five times more likely to be involved in an 

angular crash than a rear-end crash and more than three times more likely to be involved in a 

single-vehicle crash than a rear-end crash.	The model findings indicated that no significant 

effects were found for a rear-end collision and an angular collision when they are compared to a 

single-vehicle crash for teenage drivers distracted on rural roads by external distractions.	For 

these teenage drivers,	the odds of being involved in an angular collision was 8.33 times higher 

than that of a rear-end collision. Moreover, the model findings showed that when teenage drivers 

were inattentive at nighttime, the odds of a rear-end collision over a single- vehicle collision, and 

an angular collision over a single-vehicle crash are decreased (OR=0.52, 0.33, respectively).  
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Table 3.13 Likelihood of Different Types of Crashes Based on Teenage Driver Distraction for Other Factors 

Variable 
Rear-End Crash Versus Single-Vehicle Crash Angular Crash Versus Single-Vehicle Crash Rear-End Crash Versus Angular Crash 

Estimate SD 
Error ChiSq Pr > 

ChiSq Estimate SD 
Error ChiSq Pr > 

ChiSq Estimate SD Error ChiSq Pr > 
ChiSq 

Valid licensed  0.88 0.14 36.81 <.0001 0.49 0.15 10.38 0.0013 0.39 0.11 12.63 0.0004 

Vehicle age (Year 5 or newer) 0.75 0.25 9.00 0.0027 0.74 0.26 8.40 0.0038 0.01 0.15 0.01 0.9387 

Vehicle age (6-10 years) 0.24 0.12 3.87 0.0492 0.41 0.13 10.29 0.0013 -0.17 0.08 4.67 0.0306 

Sport utility vehicle 0.12 0.12 0.98 0.3213 -0.11 0.12 0.85 0.3561 0.23 0.08 8.27 0.004 

Turn/changing lanes maneuver -2.23 0.12 323.30 <.0001 1.22 0.11 119.73 <.0001 -3.45 0.08 1,738.60 <.0001 

Avoiding maneuver -0.96 0.24 16.74 <.0001 -0.50 0.27 3.45 0.0633 -0.46 0.21 4.75 0.0293 

Stopped/parking/backing maneuver 1.10 0.23 22.24 <.0001 0.60 0.25 5.72 0.0168 0.50 0.12 16.71 <.0001 

No damage  2.03 0.52 15.17 <.0001 0.01 0.61 0.00 0.9882 2.02 0.39 26.62 <.0001 

Minor damage 1.76 0.13 175.67 <.0001 1.08 0.14 60.78 <.0001 0.68 0.08 75.39 <.0001 

Functional damage 1.20 0.10 132.06 <.0001 0.96 0.11 77.12 <.0001 0.24 0.07 12.15 0.0005 

Destroyed damage -0.61 0.14 18.39 <.0001 -0.25 0.16 2.61 0.106 -0.36 0.14 6.79 0.0092 

Teenage front-seat passengers -0.13 0.10 1.83 0.1764 0.15 0.10 2.03 0.1546 -0.28 0.06 18.33 <.0001 

Female driver 0.16 0.08 3.55 0.0596 0.25 0.09 7.88 0.005 -0.09 0.06 2.54 0.1113 

Driver safety belt used 0.47 0.14 10.57 0.0011 0.66 0.16 17.68 <.0001 -0.20 0.13 2.30 0.1295 

Ejected -0.69 0.62 1.27 0.2607 0.92 0.51 3.32 0.0685 -1.62 0.56 8.46 0.0036 

Trapped -0.65 0.50 1.67 0.1963 0.78 0.45 2.92 0.0877 -1.43 0.48 8.66 0.0032 

Not injured 0.61 0.11 30.82 <.0001 0.12 0.12 0.99 0.3189 0.49 0.09 29.38 <.0001 

Speed limit<35 mph -0.95 0.09 103.10 <.0001 0.38 0.10 14.92 0.0001 -1.33 0.06 477.84 <.0001 

Speed limit>60 mph -0.05 0.13 0.15 0.7013 -0.60 0.16 14.47 0.0001 0.55 0.13 18.04 <.0001 

Concrete road surface type -0.25 0.10 6.57 0.0104 -0.33 0.10 10.23 0.0014 0.09 0.07 1.63 0.2012 

Gravel/brick road surface type -2.26 0.18 157.79 <.0001 -1.20 0.17 49.24 <.0001 -1.06 0.17 38.81 <.0001 

Curved road -2.04 0.14 211.15 <.0001 -1.91 0.17 132.48 <.0001 -0.13 0.15 0.78 0.3762 

Work zone related 0.89 0.28 9.89 0.0017 -0.33 0.34 0.97 0.3249 1.22 0.23 27.72 <.0001 

Multi-lanes road 0.58 0.20 8.54 0.0035 0.24 0.20 1.39 0.2388 0.34 0.16 4.72 0.0298 

5.00-9.00-Morning -0.23 0.12 3.74 0.0531 -0.33 0.13 6.22 0.0126 0.09 0.09 1.11 0.2924 
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Table 3.13 Likelihood of Different Types of Crashes Based on Teenage Driver Distraction for Other Factors (continued) 

Variable 
Rear-End Crash Versus Single-Vehicle Crash Angular Crash Versus Single-Vehicle Crash Rear-End Crash Versus Angular Crash 

Estimate SD 
Error ChiSq Pr > 

ChiSq Estimate SD 
Error ChiSq Pr > 

ChiSq Estimate SD Error ChiSq Pr > 
ChiSq 

13.00-17.00-Afternoon 0.69 0.10 44.04 <.0001 0.38 0.11 12.18 0.0005 0.31 0.06 24.00 <.0001 

21.00-5.00-Night -1.12 0.22 25.39 <.0001 -0.40 0.26 2.43 0.1188 -0.71 0.25 8.12 0.0044 

Weekend -0.78 0.09 72.13 <.0001 -0.41 0.10 17.78 <.0001 -0.37 0.07 27.06 <.0001 

At Intersection 1.06 0.09 135.63 <.0001 2.12 0.10 456.48 <.0001 -1.05 0.07 261.38 <.0001 

Off-roadway crash -5.54 0.20 789.80 <.0001 -3.07 0.16 376.20 <.0001 -2.48 0.23 115.08 <.0001 

Rural roads -1.27 0.10 154.62 <.0001 -0.22 0.11 4.22 0.04 -1.05 0.08 170.50 <.0001 

Vehicle factors -1.34 0.38 12.16 0.0005 -1.58 0.46 12.10 0.0005 0.24 0.37 0.43 0.5106 

Number of observations 13,949  

 

AIC 13,056.73  

SC 13,750.70  

-2 Log L 12,872.73  

Likelihood Ratio 14,286.97 <.0001 

Score 13,693.75 <.0001 
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Table 3.14 Odds Ratio Estimates of Occurrence of Different Types of Crashes Based on 
Teenage Driver Distraction for Other Factors 

Variable 

Rear-End Crash Versus Single-
Vehicle Crash 

Angular Crash Versus Single-
Vehicle Crash 

Rear-End Crash Versus 
Angular Crash 

Point 
Estimate 

95% 
Confidence 

Limits 

Point 
Estimate 

95% 
Confidence 

Limits 

Point 
Estimate 

95% 
Confidence 

Limits 

Valid licensed  2.41 1.81 3.20 1.63 1.21 2.19 1.48 1.19 1.84 

Vehicle age (Year 5 or newer) 2.13 1.30 3.48 2.10 1.27 3.47 n.s.; 1.01 0.75 1.37 

Vehicle age (6-10 years) 1.27 1.00 1.61 1.50 1.17 1.93 0.84 0.72 0.98 

Sport utility vehicle n.s.; 1.12 0.89 1.41 n.s.; 0.89 0.70 1.14 1.26 1.08 1.47 

Turn/changing lanes maneuver 0.11 0.09 0.14 3.39 2.72 4.21 0.03 0.03 0.04 

Avoiding maneuver 0.38 0.24 0.61 n.s.; 0.61 0.36 1.03 0.63 0.42 0.96 
Stopped/parking/backing 
maneuver 3.00 1.90 4.74 1.81 1.11 2.96 1.66 1.30 2.11 

No damage  7.63 2.74 21.20 n.s.; 1.01 0.31 3.31 7.56 3.51 16.30 

Minor damage 5.79 4.47 7.51 2.94 2.24 3.85 1.97 1.69 2.30 

Functional damage 3.31 2.70 4.06 2.62 2.11 3.24 1.27 1.11 1.44 

Destroyed damage 0.54 0.41 0.72 n.s.; 0.78 0.57 1.06 0.70 0.54 0.92 

Teenage front-seat passengers n.s.; 0.88 0.72 1.06 n.s.; 1.16 0.95 1.41 0.76 0.67 0.86 

Female driver n.s.; 1.17 0.99 1.37 1.28 1.08 1.52 n.s.; 0.91 0.82 1.02 

Driver safety belt used 1.59 1.20 2.11 1.94 1.42 2.64 n.s.; 0.82 0.64 1.06 

Ejected n.s.; 0.50 0.15 1.67 n.s.; 2.52 0.93 6.81 0.20 0.07 0.59 

Trapped n.s.; 0.52 0.19 1.40 n.s.; 2.17 0.89 5.30 0.24 0.09 0.62 

Not injured 1.85 1.49 2.29 n.s.; 1.13 0.89 1.42 1.64 1.37 1.96 

Speed limit<35 mph 0.39 0.32 0.46 1.46 1.20 1.76 0.26 0.24 0.30 

Speed limit>60 mph n.s.; 0.95 0.74 1.23 0.55 0.40 0.75 1.74 1.35 2.24 

Concrete road surface type 0.78 0.65 0.94 0.72 0.59 0.88 n.s.; 1.09 0.96 1.24 

Gravel/brick road surface type 0.10 0.07 0.15 0.30 0.22 0.42 0.35 0.25 0.48 

Curved road 0.13 0.10 0.17 0.15 0.11 0.21 n.s.; 0.88 0.65 1.18 

Work zone related 2.43 1.40 4.24 n.s.; 0.72 0.37 1.39 3.39 2.15 5.34 

Multi-lanes road 1.78 1.21 2.63 n.s.; 1.27 0.85 1.89 1.40 1.03 1.90 

5.00-9.00-Morning n.s.; 0.79 0.63 1.00 0.72 0.56 0.93 n.s.; 1.10 0.92 1.31 

13.00-17.00-Afternoon 1.99 1.62 2.43 1.46 1.18 1.81 1.36 1.20 1.54 

21.00-5.00-Night 0.33 0.21 0.51 n.s.; 0.67 0.40 1.11 0.49 0.30 0.80 

Weekend 0.46 0.38 0.55 0.66 0.55 0.80 0.69 0.60 0.80 

At Intersection 2.90 2.42 3.46 8.30 6.83 10.07 0.35 0.31 0.40 

Off roadway crash 0.00 0.00 0.01 0.05 0.03 0.06 0.08 0.05 0.13 

Rural roads 0.28 0.23 0.34 0.80 0.65 0.99 0.35 0.30 0.41 

Vehicle factors 0.26 0.12 0.56 0.21 0.08 0.50 n.s.; 1.28 0.62 2.63 

Note: n.s. indicates no significance found	at α= 0.05 level.
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Distracted teenage drivers’ model exhibited that valid licensed drivers, stopped/parking/ 

backing maneuver, afternoon driving, involving in minor vehicle damage crash, and involving in 

functional vehicle damage	crash, have similar effects on teenage drivers’ collision types. In 

particular, all these variables contributed to increase the odds of rear-end collisions or angular 

collisions when compared to single-vehicle crashes (OR=2.41 and 1.63 for valid licensed; 3.00 

and 1.81 for stopped/parking/backing maneuver; 1.99 and 1.46 for afternoon driving; 5.79 and 

2.94 for minor vehicle damage	crash; 3.31 and 2.62 for functional vehicle damage	crash). 

Additionally, they contributed to increase the odds of rear-end collisions when compared to 

angular collisions (OR=1.48; 1.66; 1.36; 1.97; 1.27, respectively).  Driving on gravel/brick road 

surface type, driving on weekend, off roadway crash, and driving on rural roads have also similar 

effects on teenage drivers’ collision types. However, they contributed to decreased the odds of 

rear-end collisions or angular collisions when compared to single-vehicle crashes (OR=0.11 and 

0.30 for gravel/brick road surface type; 0.46 and 0.66 for weekend; 0.00 and 0.05 for off 

roadway crash; 0.28 and 0.80 for rural roads). Also, those contributed to decreased the odds of 

rear-end collisions when compared to angular collisions (OR=0.35; 0.69; 0.08; 0.35, 

respectively).  

At an intersection, teenage drivers were more likely to be involved in both a rear-end 

crash or an angular crash when compared to a single-vehicle crash. However, they were less 

likely to be involved in a rear-end crash when compared to an angular crash. Similar trend in 

probability of a specific collision was also observed when teenage drivers drove vehicle age 

between 6 to 10 years old. The model findings showed that when teenage drivers turned or 

changed lanes maneuver or drove on roads with speed limit less than 35 mph were more likely to 

be involved in single-vehicle crashes or angular crashes when compared to rear-end crashes 
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(OR=9.09 and 33.33 for turned or changed lanes maneuver; 2.56 and 3.84 for speed limit less 

than 35 mph). Moreover, they were more likely to be involved in angular crashes when 

compared to single-vehicle crashes (OR=3.39 for turned or changed lanes maneuver; 1.46 for 

speed limit less than 35 mph). 

The model results showed that when teenage drivers avoided maneuver or drove at night 

were more likely to be involved in single-vehicle crashes or angular crashes when compared to 

rear-end crashes (OR=2.63 and 1.58 for avoiding maneuver; 3.03 and 2.04 for driving at night). 

Similar trend in probability of particular collisions was also detected when teenage drivers 

involved in destroyed vehicle damage	crash. However, when teenage drivers’ crashes work zone 

related, they were more likely to be involved in rear-end crashes when compared to both single-

vehicle crashes (OR = 2.43) or angular crashes (OR = 3.39). Also, similar trend in probability of 

particular collisions was also detected when teenage drivers involved in no damage vehicle 

crash, suffered not injured due to crash, and drove on multi-lanes road. Teenage drivers safety 

belt used were more likely to be involved in a rear-end collision or an angular collision when 

compared to a single-vehicle crash. Also, teenage drivers who drove new vehicles were more 

likely to be involved in a rear-end collision or an angular collision when compared to a single 

vehicle	collision. However, reverse trend in probability of a particular collision was observed 

when teenage drivers drove on concrete roads surface or on curved roads. Furthermore, when 

vehicle factors involved in teenage drivers’ crashes, the odds of a single-vehicle crash was 

almost 4 times higher than a rear-end crash and an angular crash. When teenage drivers drove on 

roads with speed limit more 60 mph, they were more likely to be involved in a single-vehicle 

crash (OR = 1.81) or a rear-end crash (OR = 1.74) when compared to an angular crash.  
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The model results showed that teenage female drivers were more likely to be involved in 

an angular crash when compared to a single-vehicle crash (OR=1.28). However, reverse trend in 

probability of a particular collision was detected when teenage drivers drove in the morning. 

Also, the results showed that when teenage drivers drove with their peers as front-seat 

passengers or were ejected or trapped due to crash, they were more likely to be involved in 

angular crashes when compared to rear-end crashes (OR=1.31; 5.00; 4.16, respectively). 

However, teenage drivers who drove sport utility vehicles were more likely to be involved in 

rear-end crashes when compared to angular crashes (OR=1.26). 

Teenage drivers’ model with and without 2-way interaction were compared using the 

AIC, SC, and -2 Log L values. Table 11 shows three different “Model Fit Statistics:” AIC, SC, 

and -2 Log L. Values of these fit statistics are displayed for two different models, a model with 

an intercept but no covariates (predictors), and a model that includes all the specified predictors 

(covariates). However, AIC, SC, and -2 Log L statistics of intercept and covariates are usually 

used to compare different models fit to the same data set. A small value of intercept and 

covariates indicates the best model compared to the other model. In this study, it clear to show 

that the teenage drivers’ model with 2-way interaction is the best model when compared to the 

teenage drivers’ model without 2-way interaction model because this model has the lowest value 

of AIC, SC, and -2 Log L (13,056.73; 13,750.70; 12,872.73, respectively). Based on this 

statistical evidence, it can be concluded that, in general, the interaction terms statistically 

improve the overall fit of the teenage driver’s model. 
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Table 3.15 Comparison of Statistically Models Fit of Teenage Drivers’ Crash Type Model 
with and without 2-Way Interaction  

Criterion 

Teenage Drivers’ Crash Type 
Model with 2-Way Interaction 

Teenage Drivers’ Crash Type 
Model without 2-Way Interaction 

Intercept Only Intercept and 
Covariates Intercept Only Intercept and 

Covariates 

AIC 27,163.70 13,056.73 27,163.70 13,132.06 

SC 27,178.79 13,750.70 27,178.79 13,916.54 

-2 Log L 27,159.70 12,872.73 27,159.70 12,924.06 

 

3.2.4.3 Collinearity Analysis for Young-Adult Drivers 

As shown in Table 3.16, there were 7 highly correlated pairs in young-adult drivers’ distraction 

data set which included: concrete road and black top road surface type,	injury - not incapacitating 

/possible injury and not injured, wet/debris surface condition and adverse weather conditions, on 

roadway and at intersection crash, speed limit less than 35 mph and speed limit 35-60 mph, 

straight-following maneuver and turn or changing lanes maneuver, and night and no daylight. 

Among these highly correlated pairs, variables of concrete road surface type, not injured, 

wet/debris road surface condition, at intersection crash, speed limit less than 35 mph, turn or 

changing lanes maneuver, and no daylight, were included in the final model.	The Correlation 

Matrix is provided in Appendix A.2. 
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Table 3.16 Collinearity Analysis Variables for Young-Adult Drivers’ Crash Type Model 

Variable 1 Variable 2 Correlation 
Coefficient 

Variables 
Considered to be 
Included in the 

Model 
Concrete road surface 

type 
Black top road surface	

type -0.916 Concrete road surface 
type 

Non-incapacitating 
injury/Possible injury Not injured -0.896 Not injured 

Wet/Debris surface 
condition 

Adverse weather 
conditions 0.782 Wet/debris road 

surface condition 
On roadway crash At intersection crash -0.731 At intersection crash 

Speed limit less than 35 
mph Speed limit 35-60 mph -0.718 Speed limit less than 

35 mph 
Straight-following	

maneuver 
Turn or changing lanes 

maneuver -0.691 Turn or changing 
lanes maneuver 

Night No daylight 0.673 No daylight 
 

3.2.4.4 Multinomial Logistic Regression Model Results for Young-Adult Drivers  

A multinomial logit model procedure in SAS software (version 9.4) was used to determine how 

different distraction types affect the most common crash types (rear-end, angular, and single-

vehicle crashes) among young-adult drivers (21–26 years old). The total dataset contained 

11,084 observations of young-adult drivers’ distraction-affected crashes that occurred between 

2011 and 2015. In this model, the crash type was the dependent variable. All variables that 

depicted in Tables 3.3 through 3.9 and their interactions with distraction types were included in 

the model as predictor variables. All of these predictor variables were coded as dummy variables. 

However, predictor variables that have no significant differences in crash type were removed 

from the final young-adult drivers’ model by using stepwise selection model. The predictor 

variables of final young-adult drivers’ model are presented in Tables 3.17 through 3.20. 

Each predictor variables has confidence estimate, standard error, Chi Square, and p-value 

as shown in Tables 3.17 and 3.19. The standard error value for each predictor variable is used to 
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calculate p-value of particular predictor variables. The smallest p-value means this predictor 

variables significantly improved the overall model fitting. Additionally, odds ratio and 

confidence interval estimates for each predictor variable are estimated in the model as shown in 

Tables 3.18 and 3.20. Moreover, the overall model fit statistics had a Likelihood Ratio of 10,525, 

whose p-value is < 0.0001,	indicating that young-adult drivers’ model fits the data well.  
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Table 3.17 Likelihood of Different Types of Crashes Based on Young-Adult Driver Distraction for Distraction Types and their 
Interaction with Other Factors 

Variable 
Rear-End Crash Versus Single-Vehicle Crash Angular Crash Versus Single-Vehicle Crash Rear-End Crash Versus Angular Crash 

Estimate SD 
Error ChiSq Pr > 

ChiSq Estimate SD 
Error ChiSq Pr > 

ChiSq Estimate SD 
Error ChiSq Pr > 

ChiSq 

Intercept -1.86 0.34 30.85 <.0001 -4.19 0.43 97.03 <.0001 2.33 0.37 39.65 <.0001 

Cell phone use 2.15 0.39 30.36 <.0001 1.67 0.56 8.94 0.0028 0.49 0.52 0.89 0.3458 

Other electronic devices  1.88 0.33 32.18 <.0001 1.85 0.43 18.59 <.0001 0.04 0.36 0.01 0.9192 

In/on-vehicle distraction 2.94 0.52 31.83 <.0001 2.54 0.61 17.29 <.0001 0.40 0.48 0.69 0.4068 

External distraction 3.57 0.40 78.39 <.0001 2.50 0.48 27.26 <.0001 1.08 0.34 9.84 0.0017 

Inattention  2.24 0.20 130.34 <.0001 2.55 0.29 76.30 <.0001 -0.32 0.28 1.30 0.254 

Cell phone use* vehicle age (Year 16 or older) -0.99 0.42 5.60 0.018 -0.09 0.45 0.04 0.8494 -0.90 0.31 8.35 0.0039 

Cell phone use*Sport utility vehicle -1.28 0.52 6.06 0.0138 -1.48 0.58 6.51 0.0107 0.20 0.43 0.20 0.6513 

Cell phone use*Turn/Changing lanes maneuver -1.95 0.84 5.43 0.0197 -1.78 0.68 6.88 0.0087 -0.17 0.72 0.06 0.8123 

Cell phone use*Curved road -2.15 0.83 6.63 0.01 0.03 0.79 0.00 0.973 -2.18 0.89 6.04 0.014 

Cell phone use*At intersection 0.83 0.44 3.58 0.0584 1.59 0.55 8.30 0.004 -0.75 0.46 2.74 0.098 

In/on-vehicle distraction*Valid licensed  -1.38 0.51 7.40 0.0065 -1.64 0.55 8.79 0.003 0.26 0.37 0.49 0.4837 
In/on-vehicle distraction*Concrete road surface 
type 0.48 0.32 2.18 0.1394 0.95 0.37 6.63 0.01 -0.47 0.23 4.00 0.0454 

In/On-vehicle distraction*Curved Road -1.40 0.47 8.68 0.0032 -0.07 0.64 0.01 0.918 -1.33 0.60 4.87 0.0274 

In/On-vehicle distraction*At intersection 0.44 0.30 2.15 0.1429 1.06 0.37 8.36 0.0038 -0.62 0.27 5.32 0.021 

Inattention*Speed limit>60 mph -0.84 0.25 11.17 0.0008 -0.81 0.35 5.38 0.0204 -0.04 0.30 0.02 0.9007 

Inattention*weekend 0.50 0.22 5.43 0.0198 0.07 0.25 0.07 0.7913 0.44 0.19 5.44 0.0197 
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Table 3.18 Odds Ratio Estimates of Occurrence of Different Types of Crashes Based on 
Young-Adult Driver Distraction for Distraction Types and their Interaction with Other 
Factors 

Variable 

Rear-End Crash Versus 
Single-Vehicle Crash 

Angular Crash Versus 
Single-Vehicle Crash 

Rear-End Crash Versus 
Angular Crash 

Point 
Estimate 

95% 
Confidence 

Limits 

Point 
Estimate 

95% 
Confidence 

Limits 

Point 
Estimate 

95% 
Confidence 

Limits 

Cell phone use 8.59 4.00 18.47 5.29 1.77 15.75 n.s.; 1.63 0.59 4.46 

Other electronic devices  6.58 3.43 12.63 6.35 2.74 14.70 n.s.; 1.04 0.51 2.11 

In/on-vehicle distraction 18.98 6.83 52.77 12.72 3.84 42.19 n.s.; 1.49 0.58 3.84 

External distraction 35.54 16.12 78.34 12.13 4.75 30.95 2.93 1.50 5.74 

Inattention  9.36 6.38 13.74 12.86 7.25 22.80 n.s.; 0.73 0.42 1.26 
Cell phone use* vehicle age (Year 16 or 
older) 0.37 0.16 0.84 n.s.; 0.92 0.38 2.24 0.41 0.22 0.75 

Cell phone use*Sport utility vehicle 0.28 0.10 0.77 0.23 0.07 0.71 n.s.; 1.22 0.52 2.85 
Cell phone use*Turn/Changing lanes 
maneuver 0.14 0.03 0.73 0.17 0.04 0.64 n.s.; 0.84 0.21 3.46 

Cell phone use*Curved road 0.12 0.02 0.60 n.s.; 1.03 0.22 4.85 0.11 0.02 0.64 

Cell phone use*At intersection n.s.; 2.30 0.97 5.46 4.90 1.66 14.44 n.s.; 0.47 0.19 1.15 

In/on-vehicle distraction*Valid licensed  0.25 0.09 0.68 0.19 0.07 0.57 n.s.; 1.30 0.63 2.67 
In/on-vehicle distraction*Concrete road 
surface type n.s.; 1.61 0.86 3.04 2.58 1.25 5.30 0.63 0.40 0.99 

In/On-vehicle distraction*Curved Road 0.25 0.10 0.63 n.s.; 0.94 0.27 3.30 0.26 0.08 0.86 

In/On-vehicle distraction*At intersection n.s.; 1.56 0.86 2.81 2.88 1.41 5.90 0.54 0.32 0.91 

Inattention*Speed limit>60 mph 0.43 0.26 0.71 0.45 0.23 0.88 n.s.; 0.96 0.54 1.73 

Inattention*weekend 1.66 1.08 2.53 n.s.; 1.07 0.65 1.75 1.55 1.07 2.24 

Note: n.s. indicates no significance found	at α= 0.05 level. 

The major purpose of young-adult drivers’ model was also to evaluate whether different 

distraction types would affect the crash types. It is clear that there is no considerable difference 

between this model and the previous model. This model results showed that most young-adult 

driver distractions were more likely to be involved in rear-end collisions or angular collisions 

when compared to single-vehicle crashes. However, the results showed that no significant 

difference was detected between rear-end collisions and angular collisions for young-adult 

drivers distracted by cell phones, other electronic devices, or in/on vehicle or who were 

inattentive. 

In regards to interaction terms, this model results indicated that no significant effects are 

found for a rear-end collision when it is compared to an angular collision for young-adult drivers 
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distracted by cell phones when they turned or changed lanes maneuver. For these young-adult 

drivers, the odds of being involved in a single-vehicle crash was almost six times greater than a 

rear-end collision and an angular collision. In addition, if young-adult drivers drove sport vehicle 

and distracted by cell phones, the odds of being involved in a single-vehicle crash was almost 

four times greater than a rear-end collision and an angular collision. Young-adult drivers held a 

valid license and distracted inside the vehicle, they were also more likely to be involved in a 

single-vehicle crash when compared to a rear-end crash (OR=4.00) or an angular crash 

(OR=5.26). Similar trend in probability of a specific collision was also detected when young-

adult drivers were inattentive on roads with speed limit more than 60 mph. Young-adult drivers 

that were distracted on curved roads by cell phones or inside the vehicle were less likely to be 

involved in a rear-end collision when compared to a single-vehicle crash or an angular collision 

(OR=0.12 and 0.11 for cell phones; 0.25 and 0.26 for inside the vehicle). Likewise, when young-

adult drivers drove old vehicles and distracted by cell phones, they were less likely to be 

involved in a rear-end collision when compared to a single-vehicle crash (OR=0.37) or an 

angular collision (OR=0.41). However, reverse trend in probability of a specific collision was 

observed when young-adult drivers were inattentive on the weekend.  

Young-adult drivers that were distracted at intersections by cell phone or inside the 

vehicle were more probable to be involved in angular crashes when compared to single-vehicle 

crashes (OR=4.90; 2.88, respectively). Moreover, when young-adult drivers distracted inside the 

vehicle at intersections, they were more likely to be involved in an angular crash when compared 

to a rear-end crash (OR=1.85). Also, the model findings showed that when young-adult drivers 

distracted on concrete roads surface by inside the vehicle, they were more probable to be 
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involved in an angular collision when compared to a single-vehicle crash (OR=2.58) or a rear-

end collision (OR=1.58).  
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Table 3.19 Likelihood of Different Types of Crashes Based on Young-Adult Driver Distraction for Other Factors 

Variable 
Rear-End Crash Versus Single-Vehicle Crash Angular Crash Versus Single-Vehicle Crash Rear-End Crash Versus Angular Crash 

Estimate SD Error ChiSq Pr > 
ChiSq Estimate SD Error ChiSq Pr > 

ChiSq Estimate SD 
Error ChiSq Pr > 

ChiSq 

Valid licensed  0.58 0.13 19.24 <.0001 0.50 0.15 11.97 0.0005 0.08 0.10 0.55 0.458 

Alcohol/drug related -0.82 0.18 21.77 <.0001 -1.41 0.23 38.11 <.0001 0.59 0.22 7.14 0.0076 

Pickup-truck/camper-rv -0.32 0.12 6.68 0.0098 -0.10 0.13 0.54 0.4618 -0.22 0.09 6.67 0.0098 

Turn/changing lanes maneuver -1.53 0.13 133.14 <.0001 1.33 0.13 108.19 <.0001 -2.86 0.08 1,163.38 <.0001 

Avoiding maneuver -1.08 0.23 21.78 <.0001 -0.29 0.27 1.16 0.2823 -0.79 0.20 15.13 0.0001 

Stopped/Parking/backing maneuver 0.78 0.22 12.21 0.0005 0.10 0.25 0.16 0.6938 0.68 0.15 21.92 <.0001 

No damage  0.96 0.40 5.75 0.0165 -0.62 0.47 1.74 0.1878 1.58 0.32 23.71 <.0001 

Minor damage 1.72 0.14 141.72 <.0001 0.99 0.15 40.72 <.0001 0.74 0.09 74.41 <.0001 

Functional damage 1.09 0.11 94.26 <.0001 0.81 0.12 44.75 <.0001 0.28 0.08 13.34 0.0003 

Destroyed damage -0.47 0.16 8.83 0.003 0.01 0.18 0.00 0.9619 -0.47 0.15 9.97 0.0016 

Driver with passengers -0.39 0.10 14.40 0.0001 0.00 0.11 0.00 0.998 -0.39 0.07 29.31 <.0001 

Driver safety belt used 0.53 0.14 14.06 0.0002 0.57 0.16 12.97 0.0003 -0.05 0.13 0.14 0.7128 

Ejected -1.38 0.50 7.64 0.0057 -1.13 0.59 3.69 0.0548 -0.25 0.56 0.19 0.6591 

Not injured 0.34 0.12 8.09 0.0044 -0.08 0.13 0.36 0.5506 0.42 0.10 18.55 <.0001 

Speed limit<35 mph -0.95 0.10 85.29 <.0001 0.39 0.11 12.76 0.0004 -1.33 0.07 399.71 <.0001 

Speed limit>60 mph 0.82 0.21 14.94 0.0001 -0.01 0.30 0.00 0.9685 0.83 0.27 9.68 0.0019 

Concrete road surface type -0.36 0.10 12.51 0.0004 -0.50 0.11 20.04 <.0001 0.14 0.07 3.89 0.0485 

Gravel/brick road surface type -3.07 0.26 143.29 <.0001 -1.54 0.23 45.99 <.0001 -1.53 0.24 39.26 <.0001 

Poor surface condition -0.38 0.13 8.90 0.0029 -0.33 0.14 5.62 0.0178 -0.05 0.10 0.25 0.6139 

Curved road -1.83 0.15 153.70 <.0001 -2.38 0.19 156.35 <.0001 0.56 0.17 10.83 0.001 

Work zone related 0.49 0.25 3.78 0.0519 -0.29 0.31 0.90 0.3423 0.79 0.21 13.77 0.0002 

Multi-lanes road 0.72 0.20 12.46 0.0004 0.51 0.22 5.20 0.0226 0.20 0.18 1.34 0.2475 

9.00-13.00-Noon 0.32 0.15 4.59 0.0322 0.45 0.16 7.36 0.0067 -0.13 0.11 1.39 0.2379 

13.00-17.00-Afternoon 0.91 0.14 40.83 <.0001 0.82 0.16 27.25 <.0001 0.09 0.10 0.82 0.365 

17.00-21.00-Evening 0.51 0.14 12.53 0.0004 0.38 0.16 5.55 0.0185 0.13 0.11 1.48 0.2238 
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Table 3.19 Likelihood of Different Types of Crashes Based on Young-Adult Driver Distraction for Other Factors (continued) 

Variable 
Rear-End Crash Versus Single-Vehicle Crash Angular Crash Versus Single-Vehicle Crash Rear-End Crash Versus Angular Crash 

Estimate SD Error ChiSq Pr > 
ChiSq Estimate SD Error ChiSq Pr > 

ChiSq Estimate SD 
Error ChiSq Pr > 

ChiSq 

21.00-5.00-Night -1.40 0.14 93.45 <.0001 -0.92 0.17 29.76 <.0001 -0.48 0.14 11.87 0.0006 

Weekend -0.93 0.18 25.98 <.0001 -0.33 0.22 2.28 0.1314 -0.60 0.17 12.87 0.0003 

At intersection 0.98 0.10 91.98 <.0001 1.85 0.11 266.12 <.0001 -0.87 0.07 136.82 <.0001 

Off roadway crash -5.39 0.23 559.75 <.0001 -3.49 0.23 232.32 <.0001 -1.90 0.30 39.39 <.0001 

Rural roads -0.76 0.12 39.85 <.0001 0.15 0.13 1.20 0.2724 -0.91 0.10 81.04 <.0001 

Animal factors 0.57 0.29 3.85 0.0496 0.90 0.31 8.45 0.0037 -0.33 0.20 2.65 0.1032 

Road factors -0.68 0.23 9.05 0.0026 -0.64 0.26 5.94 0.0148 -0.05 0.20 0.05 0.8194 

Number of observations 11,084  

 

AIC 10,854.97  

SC 11,571.67  

-2 Log L 10,658.97  

Likelihood Ratio 10,525.94 <.0001 

Score 10,102.58 <.0001 
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Table 3.20 Odds Ratio Estimates of Occurrence of Different Types of Crashes Based on 
Young-Adult Driver Distraction for Other Factors 

Variable 

Rear-End Crash Versus Single-
Vehicle Crash 

Angular Crash Versus Single-
Vehicle Crash 

Rear-End Crash Versus 
Angular Crash 

Point 
Estimate 

95% Confidence 
Limits 

Point 
Estimate 

95% Confidence 
Limits 

Point 
Estimate 

95% Confidence 
Limits 

Valid licensed  1.79 1.38 2.32 1.65 1.24 2.20 n.s.; 1.08 0.88 1.33 

Alcohol/drug related 0.44 0.31 0.62 0.24 0.16 0.38 1.81 1.17 2.79 

Pickup-truck/camper-rv 0.73 0.57 0.93 n.s.; 0.91 0.70 1.18 0.80 0.68 0.95 

Turn/changing lanes maneuver 0.22 0.17 0.28 3.78 2.94 4.86 0.06 0.05 0.07 

Avoiding maneuver 0.34 0.22 0.54 n.s.; 0.75 0.44 1.27 0.45 0.31 0.68 
Stopped/Parking/backing 
maneuver 2.19 1.41 3.40 n.s.; 1.11 0.67 1.82 1.98 1.49 2.64 

No damage  2.61 1.19 5.70 n.s.; 0.54 0.21 1.36 4.87 2.57 9.20 

Minor damage 5.60 4.22 7.44 2.68 1.98 3.63 2.09 1.77 2.47 

Functional damage 2.97 2.38 3.70 2.25 1.78 2.86 1.32 1.14 1.53 

Destroyed damage 0.63 0.46 0.85 n.s.; 1.01 0.71 1.43 0.62 0.46 0.84 

Driver with passengers 0.67 0.55 0.83 n.s.; 1.00 0.80 1.25 0.67 0.59 0.78 

Driver safety belt used 1.69 1.29 2.23 1.78 1.30 2.43 n.s.; 0.95 0.74 1.22 

Ejected 0.25 0.10 0.67 n.s.; 0.32 0.10 1.02 n.s.; 0.78 0.26 2.35 

Not injured 1.41 1.11 1.78 n.s.; 0.92 0.71 1.20 1.52 1.26 1.84 

Speed limit<35 mph 0.39 0.32 0.48 1.47 1.19 1.82 0.26 0.23 0.30 

Speed limit>60 mph 2.26 1.50 3.42 n.s.; 0.99 0.55 1.79 2.29 1.36 3.85 

Concrete road surface type 0.70 0.57 0.85 0.61 0.49 0.75 1.16 1.00 1.33 

Gravel/brick road surface type 0.05 0.03 0.08 0.22 0.14 0.34 0.22 0.13 0.35 

Poor surface condition 0.68 0.53 0.88 0.72 0.54 0.94 n.s.; 0.95 0.79 1.15 

Curved road 0.16 0.12 0.22 0.09 0.06 0.13 1.74 1.25 2.43 

Work zone related n.s.; 1.64 1.00 2.69 n.s.; 0.75 0.41 1.36 2.19 1.45 3.32 

Multi-lanes road 2.05 1.37 3.04 1.67 1.08 2.59 n.s.; 1.23 0.87 1.73 

9.00-13.00-Noon 1.38 1.03 1.85 1.56 1.13 2.16 n.s.; 0.88 0.71 1.09 

13.00-17.00-Afternoon 2.48 1.88 3.28 2.27 1.67 3.08 n.s.; 1.10 0.90 1.33 

17.00-21.00-Evening 1.66 1.26 2.21 1.46 1.07 2.01 n.s.; 1.14 0.92 1.40 

21.00-5.00-Night 0.25 0.19 0.33 0.40 0.29 0.56 0.62 0.47 0.81 

Weekend 0.40 0.28 0.56 n.s.; 0.72 0.47 1.10 0.55 0.40 0.76 

At intersection 2.66 2.18 3.25 6.36 5.09 7.94 0.42 0.36 0.49 

Off roadway crash 0.01 0.00 0.01 0.03 0.02 0.05 0.15 0.08 0.27 

Rural roads 0.47 0.37 0.59 n.s.; 1.16 0.89 1.51 0.40 0.33 0.49 

Animal factors 1.78 1.00 3.15 2.46 1.34 4.51 n.s.; 0.72 0.49 1.07 

Road factors 0.50 0.32 0.79 0.53 0.32 0.88 n.s.; 0.96 0.65 1.41 

Note: n.s. indicates no significance found	at α= 0.05 level. 

Distracted young-adult drivers’ model indicated that alcohol/drug related, driving on 

concrete roads surface, and driving on curved roads	have	similar effects on young-adult drivers’ 
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collision types. These three variables contributed to decrease the odds of occurrence of rear-end 

collisions or angular collisions when compared to single-vehicle crashes (OR=0.44 and 0.24 for 

alcohol/drug related; 0.70 and 0.61 for concrete roads surface; 0.16 and 0.09 for curved roads). 

However, they contributed to increase the odds of occurrence of rear-end collisions when 

compared to angular collisions (OR=1.81; 1.16; 1.74, respectively). Driving on gravel/brick 

roads surface,	night driving, and involved in off road crash	have a similar trend in probability of 

rear-end collisions and angular collisions when compared to single-vehicle crashes. However, 

they have a reverse trend in	rear-end collisions when compared to angular collisions.		

The model results showed that when young-adult drivers made turns or changed lanes 

they were more probable to be involved in a single-vehicle crash or an angular crash when 

compared to a rear-end crash. Additionally, they were more probable to be involved in an 

angular crash when compared to	a	single-vehicle crash.	Similar trend in probability of a specific 

collision was also observed when young-adult drove on roads with speed limit less than 35 mph.  

At an intersection, young-adult drivers were more likely to be involved in both a rear-end crash 

(OR = 2.66) or an angular crash (OR = 6.36) when compared to a single-vehicle crash. However, 

they were less likely to be involved in a rear-end crash (OR = 0.42) when compared to an 

angular crash.	The model results showed that young-adult drivers who involved in minor or 

functional vehicle damage crash were more likely to be involved in a rear-end crash or an 

angular crash when compared to a single-vehicle crash (OR=5.60 and 2.68 for minor vehicle 

damage	crash; 2.97 and 2.25 for functional vehicle damage	crash). Additionally, they were more 

likely to be involved in a rear-end crash when compared to an angular crash (OR=2.09; 1.32, 

respectively). 
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Distracted young-adult drivers’ model showed that when young-adult drivers stopped/ 

parked/backed maneuver, involved in no damage vehicle crash, suffered not injured due to crash, 

or drove on roads with speed limit more 60 mph, they were more likely to be involved in rear-

end crashes when compared to both single-vehicle crashes or angular crashes (OR=2.19 and 1.98 

for stopping/parking/backing maneuver; 2.61 and 4.87 for no damage vehicle	crash;1.41 and 

1.52 for not injured; 2.26 and 2.29 for speed limit more 60 mph). However, when young-adult 

drivers drove pickup truck, avoided maneuver, drove with passengers, drove on weekend, or 

drove on rural roads, they were more likely to be involved in single-vehicle crashes or angular 

crashes when compared to rear-end crashes (OR=1.36 and 1.25 for drove pickup truck; 2.94 and 

2.22 for avoided maneuver; 1.49 and 1.49 for drove with teenage passengers; 2.5 and 1.81 for 

drove on the weekend; 2.12 and 2.5 for drove on rural roads). Similar trend in probability of a 

particular collision was also detected when young-adult drivers involved in destroyed vehicle 

damage crash.  

The model findings showed that young-adult drivers who held a valid license, safety belt 

used, drove on multi lanes roads, noon driving, afternoon driving, or evening driving were more 

likely to be involved in rear-end collisions or angular collisions when compared to single-vehicle 

crashes (OR= 1.79 and 1.65 for held valid license; 1.69 and 1.78 for safety belt used; 2.05 and 

1.67 for multi lanes roads; 1.38 and 1.56 for noon driving; 2.48 and 2.27 for afternoon driving; 

1.66 and 1.46 for evening driving). Likewise, when animal factors involved in young-adult 

drivers’ crashes, the odds of a rear-end crash or an angular crash was almost two times greater 

than a single-vehicle crash. However, reverse trend in probability of a specific collision was 

observed when young-adult drivers drove on poor surface condition roads. Furthermore, when 

road factors involved in young-adult drivers’ crashes, the odds of a single-vehicle crash was 



75	
	

almost two times greater than a rear-end crash or an angular crash.	Moreover, the model results 

showed that young-adult drivers who	ejected due to the crash were four times more likely to be 

involved in a single-vehicle crash	than a rear-end crash. However, when young-adult drivers 

involved in crashes work zone related, they were more likely to be involved in a	rear-end crash 

than an angular crash (OR= 2.19). 

Young-adult drivers’ model with 2-way interaction and young-adult drivers’ model 

without 2-way interaction were compared using the AIC, SC, and -2 Log L values. In this study, 

it clear to show that the young-adult drivers’ model with 2-way interaction is the best model 

when compared to the young-adult drivers’ model without 2-way interaction model because this 

model has the lowest value of AIC, SC, and -2 Log L (13,056.73; 13,750.70; 12,872.73, 

respectively) as given in Table 3.21. Based on this statistic evidence, it can be concluded that, in 

general, the interaction terms statistically improves the overall fit of the young-adult driver’s 

model. 

Table 3.21 Comparison of Statistically Models Fit of Young-Adult Drivers’ Crash Type 
Model with and without 2-Way Interaction 

Criterion 

Young-adult Drivers’ Crash Type 
Model with 2-Way Interaction 

Young-adult Drivers’ Crash Type 
Model without 2-Way Interaction 

Intercept Only Intercept and 
Covariates Intercept Only Intercept and 

Covariates 

AIC 21,188.91 10,854.97 21,188.91 10,915.70 

SC 21,203.54 11,571.67 21,203.54 11,676.28 

-2 Log L 21,184.91 10,658.97 21,184.91 10,707.70 
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3.3 Effects of Distractions on Injury Severity Sustained by Young Drivers and their 
Passengers Involved in Crashes 

This section includes the data description, methodologies, and results of the effects of 

distractions on injury severity sustained by teenage and young-adult drivers and their passengers 

involved in crashes. 

 

3.3.1 Data Description 

The data used in this study were different from that used in the previous section which focused 

on crash type, because this analysis included the drivers and their passengers’ information. The 

models in this study were built using an observation for each teenage and young-adult distracted 

drivers and their passengers involved in crashes. Thus, the characteristics each teenage and 

young-adult distracted drivers were used as covariates for their passengers as well as other 

factors (e.g., driver, environmental, and crash characteristics). 

 

3.3.2 Methodologies 

3.3.2.1 Introduction 

The main objective of this study was to	predict the likelihood of a severe injury for teenage and 

young-adult distracted drivers and their passengers involved in crashes. In addition, this study 

evaluated the interactions between teenage and young-adult drivers’ distraction types and other 

factors (e.g., driver, passengers, environmental, and crash characteristics). The dependent 

variable was the injury severity of teenage and young-adult distracted drivers and their 

passengers. Due to the dependent variable has multi-level ordered categories and as previous	

crash injury severity studies [14, 19, 20, and 22], the ordered logistic regression was selected as 



77	
	

the model estimation. The ordered logistic regression model is used for modeling ordered 

categories where dependent variable has an inherent order [55]. 

 

3.3.2.2 Ordered Logistic Regression 

An ordered logistic regression model is a simple extension of a binary logistic model, however 

an ordered logistic regression model can treat more than two ordered categories of the dependent 

variable [55]. Like the multinomial logit modeling, an ordered logistic regression model also 

uses the method of maximum likelihood estimation to assess the probability that the dependent 

variable will be in one category as compared to another category. This modeling technique was 

used to identify the odds of more severe injuries for teenage and young-adult distracted drivers 

and their passengers. In particular, the odds of a severe injury for teenage and young-adult 

distracted drivers and their passengers was defined as the likelihood of a more severe injury 

divided by the likelihood of a less severe injury. One unit increase in value of odds indicates one 

unit increase in the likelihood of a more severe injury as going up on the ordinal scale. 

There are four levels of injury severity which are classified on an ordinal scale from no 

injuries, possible	injuries, injuries, and fatal/severe injuries. These four categories can be 

interpreted in three logit equations.  Thus, the logit equations are represented the log-odds of 

severe injuries for: “fatal/severe injuries” versus “injuries”, “possible injuries”, and “no injuries” 

(eqn. 3.18); “fatal/severe injuries” and “injuries” versus “possible injuries” and “no injuries” 

(eqn. 3.19); and “fatal/severe injuries”, “injuries”, and “possible injuries” versus “no injuries” 

(eqn. 3.20). 
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Where, 

=p1 probability of a fatal/severe injury for observation i, 

=p2  probability of an injury for observation i, 

=p3  probability of a possible injury for observation i, 

=xi  explanatory variables for observation i , and 

=s'β  parameter estimates. 

 

3.3.3 Results of Injury Severity Models  

3.3.3.1 Collinearity Analysis for Injury Severity Model of Teenage Drivers and their 
Passengers  

Before running ordered logistic regression model, a Correlation Matrix was developed to detect 

highly correlated observed variables which is shown in	Appendix A.3. Hence, sixteen models 

were ran, one of the correlated explanatory variables that causes to increase AIC and SC values 

was removed from the model one at a time while keeping everything else constant.  

There were 8 highly correlated pairs in teenage drivers and their passengers’ injury 

severity data set which included: concrete roads and black top roads, wet/debris roads and 
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adverse weather conditions, speed limit (less than 35 mph) and speed limit (35-60 mph), female 

occupants and male driver, on roadway crash and at intersection crash, straight-following 

maneuver and turn or changing lanes maneuver, 21.00-5.00-night and dark, and single-vehicle 

crash and off-roadway crash. among these highly correlated pairs, variables of concrete roads, 

adverse weather conditions, speed limit (35-60 mph), male driver, at intersection crashes, turn or 

changing lanes maneuver, dark, and off-roadway crash, were included in the final model. 

Table 3.22 Collinearity Analysis for Injury Severity Model of Teenage Drivers and their 
Passengers 

Variable 1 Variable 2 Correlation 
Coefficient 

Variables Considered to 
be Included in the Model 

Concrete roads Black top roads -0.833 Concrete roads 

Wet/debris roads Adverse weather 
conditions 0.775 Adverse weather conditions 

Speed limit (Less than 35 
mph) 

Speed limit (35-60 
mph) -0.770 Speed limit (35-60 mph) 

Female occupants Male driver -0.737 Male driver 

On roadway crashes At intersection 
crashes -0.719 At intersection crashes 

Straight-following 
maneuver 

Turn or changing 
lanes maneuver -0.709 Turn or changing lanes 

maneuver 
21.00-5.00-Night Dark  0.667 Dark 

Single-vehicle crash Off-roadway crash 0.639 Off-roadway crash 
 

3.3.3.2 Ordered Logistic Regression Model Results for Teenage Driver and their 
Passengers 

An ordered logit model procedure in SAS software (version 9.4) was used to determine how 

different distraction types and other factors affect on crash injury severities among teenage 

drivers (15–20 year old)	and their passengers. There were 24,084	observations of teenage 

distracted drivers and their passengers that included in the ordered logit model. In this model, 

injury severity was the dependent variable, which consisted of four levels of injury severity (no 

injuries, possible injuries, injuries, and fatal/severe injuries).	All variables that depicted in Tables 



80	
	

3.3 through 3.9 and their interactions with distraction types were included in the ordered logit 

model as predictor variables. All of these predictor variables were coded as dummy variables. 

However, predictor variables that have no significant differences at a confidence level of 95% 

were removed from the final model by using stepwise selection. The predictor variables of the 

final model are presented in Tables 3.23 and 3.24. 

Each predictor variable has confidence estimate, standard error, Chi Square statistic, odds 

ratio, confidence interval and p-value as shown in Tables 3.23 and 3.24. In this model, the 

overall model fit statistical presented a Likelihood Ratio of 5,133, whose p-value is < 0.0001, 

meaning that injury severity model of teenage distracted drivers and their passengers fits the data 

well. 
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Table 3.23 Maximum Likelihood of a Severe Injury in a Distraction-Affected Crash Based 
on Teenage Drivers Distraction and their Passengers for Distraction Types and their 
Interaction with Other Factors 

Variable Estimate 
SD 

Error ChiSq 
Odds 
Ratio 

95% Confidence 
Limits Pr > ChiSq 

Intercept (Fatal/severe injury) -4.89 0.13 1476.87 
   

<.0001 

Intercept (Injury) -2.67 0.11 568.03 
   

<.0001 

Intercept  (Possible injury) -1.74 0.11 249.51 
   

<.0001 

Cell phone related distraction 

Teenage driver distracted by cell phone* 0.72 0.15 21.81 2.05 1.52 2.77 <.0001 

Cell phone *Passenger** 0.47 0.22 4.54 1.60 1.04 2.46 0.0331 

Cell phone *Male driver* -0.93 0.22 18.51 0.39 0.26 0.60 <.0001 

Cell phone *Functional damage -2.17 0.40 28.62 0.12 0.05 0.25 <.0001 

Cell phone *Alcohol/drug related 0.92 0.29 10.11 2.52 1.42 4.44 0.0015 

Other electronic devices related distraction 
Teenage driver distracted by other electronic 
devices* 0.35 0.18 3.87 1.42 1.00 2.02 0.0492 

Other electronic devices *Functional damage -1.03 0.37 7.71 0.36 0.17 0.74 0.0055 
Other electronic devices *Vehicle age (11-15 
years) -0.64 0.31 4.15 0.53 0.29 0.98 0.0416 

In/on-vehicle related distraction 

Teenage driver distracted In/on-vehicle* 0.28 0.09 8.89 1.32 1.10 1.58 0.0029 

In/on-vehicle distraction*Passenger** 0.26 0.10 7.47 1.30 1.08 1.58 0.0063 

In/on-vehicle distraction*Male driver* -0.56 0.13 17.81 0.57 0.44 0.74 <.0001 

External distraction 

External distraction teenage driver* -0.35 0.17 4.26 0.70 0.50 0.98 0.039 

External distraction*Alcohol/drug related 1.82 0.58 9.86 6.15 1.98 19.09 0.0017 

External distraction*Destroyed damage 1.39 0.37 14.41 4.03 1.96 8.29 0.0001 

Inattention 

Inattention *Passenger** -0.32 0.06 26.73 0.72 0.64 0.82 <.0001 

Inattention *Destroyed damage 1.57 0.06 624.11 4.83 4.26 5.46 <.0001 

Inattention *Male driver* -0.61 0.06 115.36 0.55 0.49 0.61 <.0001 

Inattention *Week end -0.41 0.08 24.33 0.66 0.56 0.78 <.0001 

Inattention *Driver safety belt not used* 0.45 0.13 12.46 1.57 1.22 2.02 0.0004 
Base: *	Severe injury for only drivers, and 
Base: ** Severe injury for only passengers. 

 
As mentioned previously, the major purpose of this model was to predict the likelihood 

of a severe injury for teenage distracted drivers and their passengers involved in crashes. 

Consequently, the results of the distracted teenage drivers’ model are interpreted in terms of 

having a more severe injury.  In most teenage driver distraction categories in this model, teenage 

drivers were more likely to be injured. In particular, teenage drivers have a significantly 
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increased likelihood of being severely injured if they were distracted by a cell phone (OR= 2.05), 

by other electronic devices (OR= 1.42), or inside the vehicle (OR= 1.32) than if they were 

distracted by external distractions (OR= 0.70). However, this model results showed that no 

significant effect on crash injury severity was observed for inattentive teenage drivers. 

Passengers of distracted teenage drivers were also included in this model as predictor variable. 

Accordingly, passengers had a higher likelihood of being severely injured when their distracted 

teenage drivers were distracted by a cell phone or inside the vehicle than when their teenage 

drivers were inattentive. However, male teenage drivers were less probable to be injured than 

female teenage drivers when they were distracted by a cell phone, inside the vehicle, or were 

inattentive.  

The model results showed that when teenage drivers involved in destroyed vehicle 

damage crash while they were distracted by external distractions or were inattentive, the 

occupants (teenage drivers and their passengers) had a significantly increased likelihood of 

sustaining a severe injury (OR=4.03 and 4.83, respectively) than when teenage drivers involved 

in functional vehicle damage crash while they were distracted by a cell phone or by other 

electronic devices (OR=0.12 and 0.36, respectively). In addition, the model results showed that 

teenage drivers who consumed alcohol while they were distracted by a cell phone or external 

distractions, they and their passengers had a higher probability of being severely injured 

(OR=2.52 for cell phone distractions and OR=6.15 for external distractions). If teenage drivers 

drove vehicle aged between 11 to 15 years old and distracted by other electronic devices, the 

occupants were less likely to be injured. Similar trend in probability of injury severity was 

observed when teenage drivers were inattentive on the weekend. However, the model also 
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showed that inattentive teenage drivers who did not use seat belt at the time of the crash were 

more likely to be injured. 

Table 3.24 Maximum Likelihood of a Severe Injury in a Distraction-Affected Crash Based 
on Teenage Drivers Distraction and their Passengers for Other Factors 

Variable Estimate SD Error ChiSq 
Odds 
Ratio 

95% Confidence 
Limits 

Pr > 
ChiSq 

Valid licensed  -0.13 0.06 4.76 0.88 0.78 0.99 0.0291 

Vehicle age (Year 5 or newer) -0.44 0.13 11.29 0.64 0.50 0.83 0.0008 

Vehicle age (Year 16 or older) 0.09 0.04 5.02 1.10 1.01 1.19 0.0251 

No damage  -1.61 0.28 33.29 0.20 0.12 0.35 <.0001 

Minor damage -1.70 0.09 326.05 0.18 0.15 0.22 <.0001 

Van -0.28 0.12 5.59 0.75 0.60 0.95 0.0181 

Speed limit (more than 60 mph) 0.76 0.05 208.11 2.13 1.92 2.36 <.0001 

Adverse weather conditions  -0.14 0.07 3.87 0.87 0.76 1.00 0.049 

Week end 0.34 0.07 27.21 1.41 1.24 1.61 <.0001 

Head on 0.42 0.12 12.00 1.53 1.20 1.94 0.0005 

Rear end -0.72 0.06 150.29 0.49 0.44 0.55 <.0001 

Angle -0.29 0.07 19.16 0.75 0.66 0.85 <.0001 

Sideswipe: same direction -1.63 0.17 91.41 0.20 0.14 0.27 <.0001 

Backed into -2.09 0.50 17.30 0.12 0.05 0.33 <.0001 

Off roadway crash 0.16 0.06 7.76 1.17 1.05 1.31 0.0053 

Rural roads 0.44 0.04 95.48 1.55 1.42 1.69 <.0001 

No seatbelt use 1.21 0.08 233.43 3.36 2.88 3.93 <.0001 

Occupants ejection 2.55 0.16 250.42 12.75 9.30 17.47 <.0001 

Front-seat occupants 0.32 0.08 16.78 1.38 1.18 1.61 <.0001 

Number of observations 24,084 
 

AIC 22,201.06 
 

SC 22,532.72 
 

-2 Log L 22,119.06 
 

Likelihood Ratio 5,133.64 <.0001 

Score 5,515.38 <.0001 

 

Distracted teenage drivers’ model showed that in general valid licensed drivers, involving 

a crash with no vehicle damage, involving in minor vehicle damage crash, driving van vehicles, 

and adverse weather conditions decreased the odds of severe injuries for the occupants. In 

contrast, driving on roads with high speed limits, driving on weekend, and off roadway crash 
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increased the odds of severe injuries for the occupants. Furthermore, teenage drivers and their 

passengers were more likely to be injured on rural roads than on urban roads. As expected, new 

vehicles (OR = 0.64) resulted in decreased odds of injury severity for the occupants while old 

vehicles (OR = 1.10) resulted in increased the odds of being injury. In terms of crash types, the 

model showed that teenage drivers and their passengers were more likely to be injured when they 

involved in head on crash while they were less likely to be injured when they involved in rear 

end, angle, sideswipe same direction, and backed into crashes. 

The model results showed that teenage drivers and their front-seat occupants were more 

likely to be injured (OR= 1.38). In addition, the model results indicated that seat belt not usage at 

the time of the crash increased injury severity for the occupants. Likewise, the results showed 

that when teenage drivers and their passengers ejected due to crash, they had substantially higher 

probability of being severely injured (OR = 12.75). 

Injury severity model of teenage drivers’ distraction and their passengers with 2-way 

interaction and injury severity model of teenage drivers’ distraction and their passengers without 

2-way interaction were compared using the AIC, SC, and -2 Log L values. In this study, it clear 

to show that the model with 2-way interaction is the best model when compared to the model 

without 2-way interaction because this model has the lowest value of AIC, SC, and -2 Log L 

(22,201.05; 22,532.71; 22,119.05, respectively) as given in Table 3.25. Based on this statistic 

evidence, it can be concluded that, in general, the interaction terms statistically improves the 

overall fit of the injury severity model of teenage drivers’ distraction and their passengers. 
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Table 3.25 Comparison of Statistically Models Fit of Injury Severity Model of Teenage 
Drivers’ Distraction and their Passengers with and without 2-Way Interaction  

Criterion 

Injury Severity Model of Teenage 
Drivers’ Distraction and their 

Passengers with 2-Way Interaction 

Injury Severity Model of Teenage 
Drivers’ Distraction and their Passengers 

without 2-Way Interaction 

Intercept Only Intercept and 
Covariates Intercept Only Intercept and 

Covariates 

AIC 27,258.70 22,201.05 27,258.70 22,998.95 

SC 27,282.96 22,532.71 27,282.96 23,209.27 

-2 Log L 27,252.70 22,119.05 27,252.70 22,946.95 

 

3.3.3.3 Collinearity Analysis for Injury Severity Model of Young-Adult and their 
Passengers 

The highly correlated pairs and variables considered to be included in the final model are shown 

in Table 3.26. Also, The Correlation Matrix is presented in detail in Appendix A.4. 

Table 3.26 Collinearity Analysis for Injury Severity Model of Young-Adult and their 
Passengers 

Variable 1 Variable 2 Correlation 
Coefficient 

Variables 
Considered to be 
Included in the 

Model 
Concrete roads Black top roads -0.893 Concrete roads 

Female occupants Male driver -0.766 Female occupants 

Wet/debris roads Adverse weather 
conditions 0.762 Adverse weather 

conditions 
On roadway crash At intersection crash -0.739 At intersection crash 

Speed limit (Less than 
35 mph) Speed limit (35-60 mph) -0.716 Speed limit (Less than 

35 mph) 
21.00-5.00-Night Dark  0.692 Dark 
Straight-following	

maneuver 
Turn or changing lanes	

maneuver -0.673 Straight-following	
maneuver 

Single-vehicle crash Off-roadway crash 0.635 Off-roadway crash 
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3.3.3.4 Ordered Logistic Regression Model Results for Young-Adult Driver and their 
Passengers 

An ordered logit model procedure in SAS software (version 9.4) was used to determine how 

different distraction types and other factors affect on crash injury severities among young-adult 

drivers (21–26 year old) and their passengers. There were 18,223 observations of young-adult 

distracted drivers and their passengers that included in the ordered logit model. In this model, 

injury severity was the dependent variable, which consisted of four levels of injury severity (no 

injuries, possible injuries, injuries, and fatal/severe injuries).	All variables that depicted in Tables 

3.3 through 3.9 and their interactions with distraction types were included in the ordered logit 

model as predictor variables. All of these predictor variables were coded as dummy variables. 

However, predictor variables that have no significant differences at a confidence level of 95% 

were removed from the final model by using stepwise selection. The predictor variables of the 

final model are presented in Tables 3.27 and 3.28. Each predictor variable has confidence 

estimate, standard error, Chi Square statistic, odds ratio, confidence interval, and p-value. In this 

model, the overall model fit statistical presented a Likelihood Ratio of 4,703, whose p-value is < 

0.0001. This means that injury severity model for young-adult distracted drivers and their 

passengers fits the data well. 
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Table 3.27 Maximum Likelihood of a Severe Injury in a Distraction-Affected Crash Based 
on Young-Adult Drivers Distraction and their Passengers for Distraction Types and their 
Interaction with Other Factors 

Variable Estimate SD Error ChiSq 
Odds 
Ratio 95% Confidence Limits 

Pr > 
ChiSq 

Intercept (Fatal/severe injury) -6.01 0.12 2401.59 
   

<.0001 

Intercept (Injury) -3.82 0.10 1360.88 
   

<.0001 

Intercept  (Possible injury) -2.90 0.10 834.99 
   

<.0001 

Cell phone related distraction 

Young-adult driver distracted by cell phone* 0.29 0.12 5.61 1.34 1.05 1.71 0.0179 

Cell phone *Work zone related 1.01 0.50 4.09 2.75 1.03 7.31 0.0431 

Cell phone *Curved road 0.50 0.25 4.10 1.65 1.02 2.68 0.0429 

In/on-vehicle related distraction 

Young-adult driver distracted In/on-vehicle* -1.38 0.26 27.57 0.25 0.15 0.42 <.0001 

In/on-vehicle distraction*Alcohol/drug related 0.84 0.24 12.24 2.32 1.45 3.71 0.0005 

In/on-vehicle distraction*Work zone related 0.95 0.39 5.80 2.58 1.19 5.57 0.016 

In/on-vehicle distraction*Passenger** -1.16 0.19 38.85 0.31 0.22 0.45 <.0001 
In/on-vehicle distraction*Driver seatbelt not 
used* 0.77 0.26 8.74 2.15 1.30 3.57 0.0031 
In/on-vehicle distraction*Vehicle age (Year 16 or 
older) 0.66 0.14 22.44 1.93 1.47 2.53 <.0001 
In/on-vehicle distraction*Vehicle age (Year 5 or 
newer) 0.63 0.25 6.34 1.89 1.15 3.09 0.0118 

In/on-vehicle distraction*Front-seat occupants  1.10 0.24 21.39 3.00 1.88 4.78 <.0001 

External distraction 

External distraction young-adult driver* -1.49 0.48 9.59 0.23 0.09 0.58 0.002 
External distraction*Vehicle age (Year 16 or 
older) 1.57 0.52 9.07 4.80 1.73 13.33 0.0026 

External distraction*Vehicle age (11-15 years) 1.23 0.54 5.06 3.41 1.17 9.91 0.0244 

External distraction*Driver seatbelt not used* 2.05 0.60 11.56 7.74 2.38 25.17 0.0007 

External distraction*Passenger** -1.88 0.58 10.70 0.15 0.05 0.47 0.0011 

Inattention 

Inattentive young-adult driver* -0.23 0.08 7.52 0.80 0.68 0.94 0.0061 

Inattention *Front-seat occupants 0.18 0.09 3.91 1.20 1.00 1.43 0.0479 

Inattention *Driver seatbelt not used* 1.25 0.13 87.04 3.47 2.67 4.51 <.0001 
Base: *	Severe injury for only drivers, and 
Base: ** Severe injury for only passengers
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As mentioned previously, the major purpose of this model was to predict the probability 

of a severe injury for young-adult distracted drivers and their passengers involved in crashes. 

Consequently, the results of the distracted young-adult drivers’ model are interpreted in terms of 

having a more severe injury. In most young-adult driver distraction categories in this model, 

young-adult drivers were less likely to be injured. In particular, young-adult drivers had a 

decreased probability of being severely injured when they were distracted inside the vehicle 

(OR= 0.25), by external distractions (OR= 0.23), or were inattentive (OR= 0.80). In contrast, 

young-adult drivers had an increased probability of being severely injured when they were 

distracted by a cell phone (OR= 1.34). However, this model results showed that no significant 

effect on crash injury severity was observed for young-adult drivers distracted by other 

electronic devices. Passengers of distracted young-adult drivers were also included in this model 

as predictor variable. Accordingly, passengers were less likely to be injured when their distracted 

young-adult drivers were distracted inside the vehicle or by external distractions. However, 

young-adult drivers who did not use seat belt at the time of the crash had a significantly 

increased probability of being severely injured when they were distracted inside the vehicle 

(OR= 2.15), by external distractions (OR= 7.74), or were inattentive (OR=3.47). 

The model results showed that when young-adult drivers involved in work zone crash 

while they were distracted by a cell phone or inside the vehicle, the occupants (young-adult 

drivers and their passengers) had a significantly increased probability of sustaining a severe 

injury (OR=2.75 and 2.58, respectively). Likewise, young-adult drivers that were distracted on 

curved roads by cell phones, they and their passengers were more likely to be injured (OR = 

1.65). In addition, this model results indicated that young-adult drivers who have consumed 

alcohol while they were distracted inside the vehicle, they and their passengers had a higher 
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probability of being severely injured (OR=2.32). If young-adult drivers drove old vehicles and 

distracted inside the vehicle or by external distractions, they and their passengers were more 

likely to be injured (OR=1.93 and 4.80, respectively). Similar trend in probability of injury 

severity was also observed when young-adult drivers drove new vehicles and distracted inside 

the vehicle as well as when they drove vehicle age between 11 to 15 years old and distracted by 

external distractions. In addition, the model results showed that young-adult drivers and their 

front-seat passengers had a significantly increased probability of being severely injured when the 

drivers were distracted inside the vehicle or were inattentive. 
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Table 3.28 Maximum Likelihood of a Severe Injury in a Distraction-Affected Crash Based 
on Young-Adult Drivers Distraction and their Passengers for Other Factors 

Variable Estimate SD Error ChiSq 
Odds 
Ratio 95% Confidence Limits 

Pr > 
ChiSq 

Alcohol/drug related 0.34 0.08 17.00 1.40 1.19 1.65 <.0001 

No damage  -1.30 0.47 7.63 0.27 0.11 0.69 0.0057 

Minor damage -0.70 0.12 32.96 0.50 0.39 0.63 <.0001 

Disabling damage 1.54 0.07 456.00 4.67 4.05 5.38 <.0001 

Destroyed damage 2.88 0.09 1144.18 17.84 15.10 21.08 <.0001 

Speed limit (Less than 35 mph) -0.29 0.06 23.53 0.75 0.66 0.84 <.0001 

Speed limit (more than 60 mph) 0.36 0.06 36.40 1.44 1.28 1.62 <.0001 

Adverse weather conditions  -0.20 0.08 6.24 0.82 0.70 0.96 0.0125 

Head on 0.45 0.14 9.68 1.57 1.18 2.08 0.0019 

Rear end -0.43 0.06 58.92 0.65 0.58 0.72 <.0001 

Sideswipe: same direction -0.78 0.17 21.01 0.46 0.33 0.64 <.0001 

Backed into -1.91 0.72 7.04 0.15 0.04 0.61 0.008 

Dark  -0.12 0.05 5.29 0.89 0.80 0.98 0.0215 

No seatbelt use 0.55 0.08 43.09 1.74 1.47 2.05 <.0001 

Rural roads 0.19 0.06 11.31 1.21 1.08 1.35 0.0008 

Concrete roads -0.14 0.06 6.56 0.87 0.78 0.97 0.0104 

Female occupants  0.32 0.05 44.76 1.38 1.25 1.51 <.0001 

Occupants ejection 2.47 0.17 205.37 11.82 8.43 16.57 <.0001 

Number of observations 18,223 
 

AIC 16,243.18 
 

SC 16,555.60 
 

-2 Log L 16,163.18 
 

Likelihood Ratio 4,703.57 <.0001 

Score 5,029.13 <.0001 

 

Injury severity model of young-adult drivers and their passengers indicated that 

alcohol/drug related and driving on rural roads increased the odds of severe injuries for the 

occupants (young-adult drivers and their passengers). Whereas, adverse weather conditions, dark 

roadways, and driving on concrete roads surface decreased the odds of severe injuries for the 

occupants. In addition, the model results showed that young-adult drivers and their passengers 

who involved in no damage vehicle crash or minor vehicle damage crash were less likely to be 

injured (OR=0.27 and 0.50, respectively). In contrast, they had a significantly increased 



91	
	

probability of being severely injured when they involved in disabling or destroyed vehicle 

damage crash (OR=4.67 and 17.84, respectively). As expected, driving on roads with low speed 

limit (less than 35 mph) resulted in decreased odds of injury severity for the occupants (OR = 

0.75) while driving on roads with high speed limit (more than 60 mph) resulted in increased odds 

of injury severity (OR = 1.44). In terms of crash types, the model showed that the occupants 

were more likely to be injured when they involved in head on crash while they were less likely to 

be injured when they involved in rear end, sideswipe same direction, and backed into crashes. 

The model results indicated that seat belt not usage at the time of the crash increased 

injury severity for the occupants. Likewise, when young-adult drivers and their passengers 

ejected due to crash, they had substantially higher probability of being severely injured (OR = 

11.82). Also, the model results showed that female occupants were more likely to be injured 

(OR=1.38) than male occupants. 

Also, in this study, it clear to show that the injury severity model of young-adult drivers’ 

distraction and their passengers with 2-way interaction is the best model when compared to the 

injury severity model of young-adult drivers’ distraction and their passengers without 2-way 

interaction because this model has the lowest value of AIC, SC, and -2 Log L (16,243.18; 

16,555.59; 16,163.18, respectively) as given in Table 3.29. Based on this statistic evidence, it can 

be concluded that, in general, the interaction terms statistically improves the overall fit of the 

injury severity model of young-adult drivers’ distraction and their passengers. 
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Table 3.29 Comparison of Statistically Models Fit of Injury Severity Model of Young-Adult 
Drivers’ Distraction and their Passengers with and without 2-Way Interaction  

Criterion 

Injury Severity Model of Young-
adult Drivers’ Distraction and their 
Passengers with 2-Way Interaction 

Injury Severity Model of Young-adult 
Drivers’ Distraction and their 

Passengers without 2-Way Interaction 

Intercept Only Intercept and 
Covariates Intercept Only Intercept and 

Covariates 

AIC 20,872.74 16,243.18 20,872.74 16,429.01 

SC 20,896.17 16,555.59 20,896.17 16,624.27 

-2 Log L 20,866.74 16,163.18 20,866.74 16,379.01 

 

3.4 The Effectiveness of Hand-Held Cell Phone Bans in Reducing Young Drivers’ Crashes 
Involving Cell Phone Use Analysis 

As discussed in chapter 2, Manhattan, Kansas and Junction City, Kansas have enacted 

restrictions on hand-held cell phone use while driving. These two cities ban hand-held cell phone 

use for drivers of all ages as primary enforcement. Additionally, the Kansas Senate 

Transportation Committee recently opened public hearings on a state-wide ban on hand-held cell 

phone use while driving which include SB99-prohibiting the operation of a motor vehicle while 

using wireless communication device and SB144-prohibiting the use of a wireless 

communication device in a school zone or a road construction zone [60]. One of the most 

important questions that has been raised in that meeting was whether hand-held cell phone use 

bans helped to reduce cell phone-related crashes in Manhattan and Junction City. It is 

noteworthy to mention that the City of Manhattan prohibited the hand-held cell phone use within 

city limits on July 1, 2010 [61], while Junction City has only prohibited hand-held cell phone use 

since September 15th, 2014 [62]. Therefore, Junction City cannot be used to draw clear 

conclusions about the effectiveness of such law in reducing young drivers’ crashes involving cell 

phone use. 



93	
	

An investigation was conducted in Manhattan, Kansas to evaluate young drivers’ crashes 

involving cell phone use before and after implementing hand-held cell phone law restrictions. 

Three years of crash data before (pre-law) and after (post-law) implementing the hand-held cell 

phone law restrictions in this city were used it to accomplish this comparison. The pre-law time 

period runs from 2007 to 2009, and the post-law time period runs from 2011 to 2013. The 

measurement used in this analysis is the average rates over the three year pre-law and post-law 

periods of young drivers’ crashes involving cell phone use per 10,000 licensed young drivers per 

year in Manhattan as shown in Table 3.30. The results showed that a drop in the average rate of 

young drivers’ crashes involving cell phone use per 10,000 licensed young drivers has been 

observed from the pre-law time period (average rate=3.4) to the post-law time period (average 

rate=2.7) in Manhattan. 

Table 3.30 The Average Rate Over Three Years Periods (Pre-Law and Post-Law) of Young 
Drivers’ Crashes Involving Cell Phone Use  

Average Rate of Young Drivers’ Crashes 
Involving Cell Phone Use	per 10,000 Licensed 
Young Drivers per Year in Manhattan, Kansas 

Pre-Law  Post-Law 

3.4 2.7 

 

In addition, a statistical comparison was conducted for young drivers’ crashes involving 

cell phone use in a city with a hand-held cell phone use ban (i.e., Manhattan, Kansas) and a city 

without a hand-held cell phone use ban (i.e., Lawrence, Kansas) in order to identify the 

effectiveness of hand-held cell phone use bans in reducing young drivers’ crashes involving cell 

phone use. 

In this analysis, three years of crash data from 2011 to 2013, which is after implementing 

hand-held cell phone law restrictions in Manhattan, were used in this investigation. The 

measurement used in this analysis is the average rate over three years period of young drivers’ 
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crashes involving cell phone use per 10,000 licensed young drivers per year in both Manhattan 

and Lawrence as shown in Table 3.31. The analysis results presented that the average rate of 

young drivers’ crashes involving cell phone use in a city without a hand-held cell phone use ban 

(i.e., Lawrence, Kansas) was almost two times greater than the average rate of young drivers’ 

crashes involving cell phone use in a city with a hand-held cell phone use ban (i.e., Manhattan, 

Kansas). 

Table 3.31 Comparison for Average Rate Over Three Years Period of Young Drivers’ 
Crashes Involving Cell Phone in Cities with and without Hand-Held Cell Phone Use Bans  

Average Rate of Young Drivers’ Crashes Involving 
Cell Phone Use per 10,000 Licensed Young Drivers 
per Year in City with Hand-Held Cell Phone Use Bans 
and City without Hand-Held Cell Phone Use Bans  

Manhattan Lawrence 

2.7 6.0 

 

3.5 Discussion 

Preliminary analysis showed that more than 12% of the total young drivers’ crashes were 

distraction-affected crashes. This analysis also revealed the interesting facts that teenage front-

seat passengers were present at the time of the crash, they made up about 17% of all teenage 

driver distraction-affected crashes, but they only made up about 3% of all young-adult driver 

distraction-affected crashes. One possible explanation is that teenagers who drove with their 

peers as front-seat passengers were more likely to be involved in distraction-affected crashes. 

The crash proportions of teenage and young-adult drivers distracted by cell phones or other 

electronic devices were relatively small, but they had the highest probabilities of occurrence. 

Results of teenage and young-adult crash type models showed that distracted driving 

affected the probability of rear-end, angular, and single-vehicle crashes. In this study crashes 

involving most distraction types for both teenage and young-adult drivers were more likely to be 
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rear-end or angular collisions. In particular, when teenage and young-adult drivers were 

distracted by their cell phones or other electronic devices, there was an elevated likelihood of 

rear-end or angular collisions. This differs from results of a similar study in Missouri that 

reported that drivers who were distracted by their cell phones or other electronic devices were 

more likely to be involved in single-vehicle crashes [17]. However, national and other previous 

study findings agree with this current study that cell phone use while driving contributes to an 

increased likelihood of rear-end or angular crashes [18 and 63]. 

In interaction terms in crash type models, cell phone distractions at intersections appeared 

to increase the odds of teenage and young-adult drivers being involved in angular crashes. 

Likewise, distractions inside the vehicle at intersections showed an increase in the odds of 

young-adult drivers being involved in angular crashes, a result that is in line with a previous 

distracted driving-related study [18]. Moreover, cell phone and in-vehicle distractions under 

different conditions (e.g., driving old or sport utility vehicles, driving on curved roads or on 

concrete road surfaces, or at intersections) appeared to increase the probability of young-adult 

drivers being involved in angular or single-vehicle crashes. However, when young-adult drivers 

were inattentive during the weekend, rear-end collisions were the most likely. For teenage 

drivers the model showed that cell phone distractions on roads with speed limits >60 mph 

increased the chances for teenage drivers to be involved in angular crashes. In addition, when 

these teenage drivers drove with their peers as front-seat passengers and were distracted in/on the 

vehicle or by other electronic devices, they were more likely to be involved in single-vehicle 

crashes. Another study found that drivers who drove with front-seat passengers were more likely 

talk to passengers while driving [22]. 



96	
	

The results of crash type models showed that when teenage and young-adult drivers 

drove on rural or curved roadways or during the night time, single-vehicle crashes were the most 

probable crash type, a result that agrees with previous distracted-driving related studies [17, 18, 

and 20]. This may be because these roads lack lighting, have lower traffic flows, and have fewer 

warning signs, so teenage and young-adult drivers may use these signs and the directions of other 

vehicles as primary cues to determine the condition of the road. It is noteworthy to mention that 

Kansas has the second longest mileage of rural roads in the United States [64], which may 

contribute to the likelihood of single-vehicle crashes. Additional analysis indicated that at 

intersections teenage and young-adult drivers were more likely to be involved in rear-end or 

angular collisions. A previous study found that the main causes of rear-end or angular collisions 

are improper decision making and that drivers have difficulty maintaining their travel lane [18]. 

In other words, teenage and young-adult drivers who were distracted at intersections had a 

difficult time responding to critical events at the intersection because they were more focused on 

secondary tasks unrelated to driving, which means they may have made improper decisions that 

caused them to leave their travel lanes. However, this result is not consistent with another, 

similar study of collision estimates that reported that teenage drivers who were distracted at 

intersections were more probable to be involved in single-vehicle crashes [18]. Young-adult 

model results showed that young-adult drivers who were under the influence of alcohol or who 

drove with passengers or on poor surface condition roads were more likely to be associated with 

single-vehicle crashes. However, the teenage drivers model results indicated that angular 

collisions are more likely to occur when teenage drivers drove with their peers as front-seat 

passengers or when teenage females were driving. These findings of young-adult and teenage 

models agree with previous distracted driving related studies [17, 18, and 20]. According to the 
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results of teenage and young-adult driver models, it can be concluded that distractions could 

have varying effects on collision type. 

Overall, there were no considerable differences between the teenage and young-adult 

crash type models. However, some explanatory variables showed significant effects on the crash 

type in one model, but did not appear significant on the other. For instance, eight explanatory 

variables were significant in the teenage driver model that were not significant in the young-adult 

driver model. In the teenage driver model these variables are vehicle age (year 5 or newer); 

vehicle age (6–10 years); sport utility vehicle; teenage front-seat passengers; female driver; 

ejected or trapped in the crash; morning driving; and other vehicle factors. On the other hand, the 

young-adult driver model identified seven significant explanatory variables that were not 

significant in the teenage model (i.e., alcohol/drug related crashes; pickup-truck/camper-rv; poor 

surface conditions; noon time driving; evening driving; animal factors; and road factors). 

Additionally, old and sport utility vehicles alone didn’t significantly affect the crash types that 

involved the young-adult drivers. However, when young-adult drivers drove these vehicles and 

were distracted by their cell phones, they were more probable to be involved in single-vehicle or 

angular crashes. 

 Summaries of the results of the injury severity models indicate that distractions could 

have varying effects on crash-related injuries for both teenage and young-adult drivers and their 

passengers. In fact, teenage and young-adult drivers were more likely to be severely injured in 

cell phone-related crashes. These findings agree with previous distracted driving related studies 

[19, 65, and 66]. Male teenage drivers had a lower likelihood of sustaining severe injuries than 

female drivers when they were distracted by a cell phone, by a distraction inside the vehicle, or 

when they were inattentive. A previous distracted-driving-related study by Neyens & Boyle 
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(2007) also confirmed this finding [19]. Another study found that male drivers were less likely 

than female drivers to engage in distracting activities that occur inside the vehicle [22]. The 

results of the injury severity model for teenage drivers indicated that when teenage drivers were 

distracted by a cell phone or inside the vehicle at the time of the crash, their passengers were 

more likely to be injured, a result that is consistent with another similar study [19]. In addition, 

this model showed that distracted teenage drivers and their front-seat passengers were more 

probable to be injured, which is consistent with another study that also reported that, in general, 

distracted drivers and their front-seat passengers were more likely to be severely injured [20]. 

This is strong evidences to confirm that passengers of distracted teenage drivers are at risk for 

injuries in distraction-affected crashes. However, passengers of young-adult distracted drivers 

had decreased likelihood of being severely injured when their drivers were distracted inside the 

vehicle. 

The injury severity model results for young-adult drivers revealed that when young-adult 

drivers were distracted by cell phones in road construction zones or on curved roads, they and 

their passengers were more likely to be injured. Additionally, when both teenage and young-

adult drivers were distracted on rural roads, they and their passengers were also more likely to be 

severely injured. Other previous studies agree with these findings in that drivers who were 

distracted on curved roads or rural roads were more likely to be injured [20]. Interestingly when 

teenage and young-adult drivers were distracted while driving during adverse weather 

conditions, they and their passengers were less likely to be severely injured, a result that is in line 

with other previous distracted-driving-related studies [19 and 20]. 

In terms of the differences in results between the injury severity models for most 

distraction categories, teenage drivers were more probable to be injured, while young-adult 
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drivers were less probable to be injured. In addition, some explanatory variables appeared to 

have significant effects on crash injury severity in one model, but did not appear significant on 

the other. For instance, nine explanatory variables—distraction related to other electronic 

devices; a valid license; vehicle age (year 5 or newer); vehicle age (year 16 or newer); van; 

weekend driving; angle crash; off roadway crash; and front-seat occupants—were significant in 

the model for teenage drivers and their passengers but were not significant in the model for 

young-adult drivers and their passengers. On the other hand, the young-adult drivers and their 

passengers model identified eight significant explanatory variables that were not significant in 

the teenage drivers and their passengers model: inattention; alcohol/drug related crashes; 

disabling damage; destroyed damage; speed limit (< 35 mph); darkness; concrete roads; and 

female occupants.
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Chapter 4 – Teenage and Young-Adult Survey about Distracted 
Driving 

4.1 Introduction 

Teenage and young-adult drivers’ attitudes and behaviors associated with distracted driving and 

cell phone use while driving were studied by using survey questionnaires which can provide 

different perspective than using the crash database. The Kansas crash database does not provide 

more details related to the type of cell phone distraction such as making/receiving phone call or 

sending/reading text messages, and other distraction activities that drivers typically engage in 

while driving such as talking with passengers, eating/drinking, interacting with children in the 

back seat, doing personal grooming, changing radio stations or searching for CDs, and reading 

books or newspapers. These distracted driving activities were identified in previous studies as the 

most common activities that drivers typically engage in while driving [24, 25, and 26]. 

Consequently, more study using a survey of teenage and young-adult drivers was needed to 

understand the culture of distracted driving in the state of Kansas in more detail. This chapter 

provides detailed discussion of the methodology including survey form development used in this 

study and survey data collection as well as survey results and survey data analysis by using 

structural equation modeling (SEM). 

 

4.2 Survey Development 

A survey form was developed to provide all necessary information to understand the 

attitudes and behaviors associated with teenage and young-adult drivers’ distractions that is 

similar to the procedures and categories used in the National Survey on Distracted Driving 

Attitudes and Behaviors study that was conducted in 2012 by the National Highway Traffic 
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Safety Administration [25]. There were nine questions based on categories that included 

demographic details (i.e., age, gender, education level, and annual income); driving information 

(i.e., frequency of driving, vehicle type, past traffic validation, and exposure to crashes and 

distraction -related crashes); and electronic devices ownership. However, the survey form 

developed for this study did not contain questions related the participants’ name, date of birth, or 

any other personal identifiers. The survey form consisted of a total of 27 distracted driving 

related questions based on categories that included frequency of doing various distraction 

activities while driving and questions related to answering and making phone calls while driving, 

texting or e-mailing while driving, and distracted driving laws. Moreover, the survey form 

included five questions related to passengers’ opinions on safety associated with distracted 

driving. Also, the survey form allowed respondents to skip subsequent questions if their answer 

was “never” for the following questions: frequency of driving, frequency of answering and 

making phone calls while driving, frequency of texting or e-mailing while driving, and others. 

The survey form is presented in Appendix B. 

The survey form was pilot tested to evaluate the survey questions and to determine if any 

misunderstood questions and potential problems. Also, the other purpose of the pilot study was 

to identify the average time it would take to complete the survey. A pilot study was conducted 

with some graduate and undergraduate students at the Kansas State University. The results of the 

pilot study showed that the survey form was effective and only a few changes were necessary to 

be made. According to the results of the pilot study, questions about supporting Kansas law 

banning cell phone use while driving were included in the final survey form. Further, the results 

indicated that the survey takes an average about 10 to 12 minutes to complete.  

 



102	
	

4.3 Methodology and Data Collection 

Risk factors among teenage (15–20 year old) and young-adult (21–26 year old) distracted 

drivers were identified in this study by conducting a survey in representative samples of graduate 

and undergraduate students at Kansas State University, Fort Hays State University, and the 

University of Kansas as well as high school students at Manhattan High School. The survey was 

collected either via an Internet data collection site (i.e., Qualtrics Survey Software) or survey 

forms distributed to participants. The questionnaire, data collection, and analyses were approved 

by the Kansas State University IRB (#8103). The IRB approval letter is included in Appendix C. 

In terms of conducting a survey at Kansas State University, Fort Hays State University, 

and the University of Kansas, it was found that student organizations at these universities would 

be the best place to reach their students and collect the survey from them. The method of 

conducting the survey at these student organizations was by contacting the presidents/advisors of 

the student organizations via an e-mail and asking them first for permission to collect survey data 

from their organizations’ members. Then they were asked if they have either regular meetings 

with students or an e-mail list of the students. If they have regular meetings with students, the 

survey was conducted by personally visiting these organization’s meetings and distributing the 

printed survey forms to students. In case they have an e-mail list of the student members, the 

survey was conducted by sending a brief description of the study with the electronic link of the 

survey to the organizations’ presidents/advisors and asking them to forward it to the students. 

Some surveys were also conducted at Kansas State University’s Student Union. However, 

because most of the members of these student organizations are older than 17	years, these 

students may not represent a good blend of the entire teenage-driver population (15–20 year old), 

so a sample of Drivers Education students at Manhattan High School was considered as an 

alternative to reach this age group and eliminate possible biases. 
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Conducting a survey at Manhattan High School was challenging because they have very 

specific guidelines for conducting surveys with their students know as “USD 383’s Research 

Request Packet Guidelines”. In order to approve a request to conduct a survey with students, 

these guideline forms had to be filled out in their entirety as per instructions and some 

administration materials requirements had to be completed. After completing these guideline and 

administration materials requirements, the survey was reviewed by the Drivers Education 

teacher, the Principal, and USD383’s Director of Teaching and Learning prior to making a 

decision to approve the study. Conducting the survey was eventually approved and the survey at 

Manhattan High School was conducted during two semesters, fall 2016 and spring 2017.  

 

4.3.1 Subjects 

The sample size was calculated by using the following equation; 
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Where; 

n = sample size, 

N = the number of licensed young drivers in Kansas, 

e = margin of error, 

z = the number of standard deviations ( z =1.96 for 95% confidence level), and 

p = proportion of responses. 
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In 2014, the number of licensed young drivers was 318,691 in Kansas [64]. Based on 

number of licensed young drivers, 95% confidence level, and margin of error of 5%, the ideal 

sample size for this study is 384 or more. The sample size was calculated by using Qualtrics 

software. 

The survey data were collected during a one-year period from March 10, 2016 to March 

10, 2017. A total of 532 surveys were collected from throughout Kansas. However, data from 

those who were older than 26 years old (N=34); who completed only 25% of the survey 

questions (N=22); who reported never driving (N=20); and who didn’t answer questions related 

to their age or gender (N=5) were excluded from further analysis. Consequently, survey 

responses from 451 young drivers (289 teenage drivers and 162 young-adult drivers) were used 

for detailed analysis in this study. It should be noted that the numbers and percentages of 

response frequency for some questions presented in this study may exceed the grand total who 

responded to the primary questionnaire item because some questions allowed multiple responses. 

In contrast, numbers of response frequency for certain survey questions may be less than the 

grand total who responded to the primary questionnaire items because some participants skipped 

or refused to answer some questions. Figure 4.1 shows the geographical distribution of the 

locations where the teenage and young-adult drivers’ survey responses were collected. 
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Figure 4.1 The Geographical Distribution of the Locations Where the Survey Data Were 
Collected 

4.3.2 Likelihood of Occurrence 

Likert Scale is widely used in questionnaires to obtain participant’s attitudes and opinions to a 

specific question and combine into a single composite score known as “Likelihood of 

Occurrence” [67]. This could be accomplished by giving different weights to each participant's 

response to a certain question and assigned weights range from 0 to 100. Then, an average 

weighted value was calculated for each participant's response. Participants were asked to indicate 

their attitudes or opinions to a specific question by way of an ordinal scale. The first scale used 

in this study was a 5-point scale ranging from “never” on one end to “always” as shown in Table 

4.2, and the other scale shown in Table 4.6 also contained of 5-point scale ranging from “don't 

know/missing” on one end to “very unsafe”. For instance, the assigned weights are as follows: 0 

for “never”, 25 for “seldom”, 50 for “sometimes”, 75 for “almost always”, and 100 for “always”. 
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4.4 Survey Results 

4.4.1 Demographics of Respondents 

Table 4.1 shows frequencies and percentages for demographics characteristics, driving 

information, and electronic devices ownership for teenage and young-adult drivers who 

responded to the survey. About one-third of teenage participants drove few days a week, while 

the majority of young-adult participants drove every day or almost every day. In terms of the 

vehicle type the respondent recently drove, a large portion of teenage and young-adult drivers 

drove cars, whereas about 11% drove pickup trucks. Table 4.1 also shows that about one-fourth 

of teenage respondents’ household income was less than $25K, while 4 in 10 young-adult 

respondents’ household income was less than $25K. The most of the teenage and young-adult 

respondents owned cell phones or smartphones, or other electronic devices such as a portable 

music player and laptop computer. More than one-fourth of teenage and young-adult drivers 

have been involved in crashes or near-crashes during the last year. 19% of total teenage and 

young-adult drivers’ crashes and near-crashes involved cell phones (e.g., talking or 

sending/reading text messages) related distracted driving. 
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Table 4.1 Demographics Characteristics, Driving Information, and Electronic Devices 
Ownership for Teenage and Young-Adult Drivers 

Variable Description Teenage Response 
Frequency (%) 

Young-adult 
Response 

Frequency (%) 

Gender [1:male, 2:female] 1:	129 (44.6%) 
2:	160 (55.4%) 

1:	75 (46.3%) 
2:	87 (53.7%) 

Q1. How often do you drive a motor vehicle? 
[1:	never, 2:	few days a year, 3:	few days a 
month, 4: few days a week, 5:	almost every 
day, 6:	every day] 

1:	0 (0.0%) 
2:	13 (4.5%) 
3:	40 (13.8%) 
4:	93 (32.2%) 
5:	64 (22.1%) 
6:	79 (27.3%) 

1:	0 (0.0%) 
2:	3 (1.8%) 
3:	4 (2.5%) 
4:	27 (16.7%) 
5:	43 (26.5%) 
6:	85 (52.5%) 

Q2. What type of vehicle did you recently 
drive? [1:car, 2:van, 3:motorcycle, 4:pickup 
truck, 5:sport utility vehicle, 6:other] 
 
  

1:	217 (75.1%) 
2:	8 (2.8%) 
3:	0 (0.0%) 
4:	33 (11.4%) 
5:	24 (8.3%) 
6:	7 (2.4%) 

1:	124 (76.5%) 
2:	3 (1.9%) 
3:	2 (1.2%) 
4:	17 (10.5%) 
5:	14 (8.6%) 
6:	2 (1.2%) 

Q3. What is the highest level of education 
you have completed?	[1: some high school, 
2: some college, 3: some graduate school]. 

1:	90 (31.1%) 
2:	199 (68.9%) 
3:	0 (0.0%) 

1:	0 (0.0%) 
2:	148 (91.4%) 
3:	14 (8.6%) 

Q4. What is your approximate annual 
household income?	[1: less than $25K, 
2:$25K to less than $50K, 3: $50K to less 
than $100K, 4:	$100K or more, 5:don’t 
know] 

1:	66 (22.8%) 
2:	16 (5.5%) 
3:	37 (12.8%) 
4:	55 (19.0%) 
5:	115 (39.8%) 

1:	65 (40.1%) 
2:	9 (5.6%) 
3:	20 (12.3%) 
4:	33 (20.4%) 
5:	35 (21.6%) 

Q6.a. Do you currently own a cell phone or 
smartphone? [1:no, 2:yes] 

1: 6 (2.1%) 
2: 283 (97.9%) 

 

1:	1 (0.6%) 
2:	161 (99.4%) 

 
Q6.b. Do you currently own other electronic 
devices (e.g., portable music player and 
laptop computer)? [1:no, 2:yes] 

1: 22 (7.6%) 
2: 267 (92.4%) 

1:	7 (4.3%) 
2:	155 (95.7%) 

Q6.c. Do you currently own in-car 
navigation systems? [1:no, 2:yes] 

1: 237 (82.0%) 
2: 52 (18.0%) 

1:	139 (85.8%) 
2:	23 (14.2%) 

Q40. As a driver, have you been in a crash 
or near-crash during the last year? [1:	no, 
2:yes, crash, 3:	yes, near-crash, 4:	don’t 
know] 

1: 187 (73.0%) 
2: 28 (10.9%) 
3: 37 (14.5%) 
4: 4 (1.6%) 

1: 91 (65.0%) 
2: 13 (9.3%) 
3: 29 (20.7%) 
4: 7 (5.0%) 

Q41. As a driver, have you been in a crash 
or near-crash because of using a cell phone 
(e.g., talking or sending/reading text 
messages) during the last year? [1:no, 2:yes] 

1:	53 (81.5%) 
2:	12 (18.5%) 

1:	34 (81.0%) 
2:	8 (19.0%) 
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4.4.2 Teenage and Young-Adult Drivers Acceptability for Distracted Driving 

Twelve questions about the frequency of teenage and young-adult drivers’ acceptability for 

distracted driving are presented in Table 4.2. Moreover, Table 4.2 shows	the likelihood of 

occurrence of distracted driving. Most of the teenage and young-adult drivers would always or 

almost always talk to their passengers while driving. In other words, according to the likelihood 

of occurrence value, there was a 76% chance for a teenage driver and a 78% chance for a young-

adult	driver	to	talk to passengers while driving. Similarly, there was about a 70% chance of a 

teenage and young-adult drivers adjusting the car radio, changing CDs, or using a portable music 

player while driving. In the case of eating or drinking while driving, nearly three-fourths of the 

teenage and young-adult participants stated that they eat or drink at least some of the time when 

driving. Chances of eating or drinking while driving were 45% for a teenage driver and 50% for 

a young-adult driver. 

In addition, Table 4.2 shows that about 7 in 10 teenage respondents would at least 

sometimes accept phone calls while driving, whereas less than half of them would at least 

sometimes make phone calls while driving. Likewise, a majority of young-adult respondents 

would at least sometimes accept phone calls while driving, whereas only about 6 in 10 of them 

would at least sometimes make phone calls while driving. According to the likelihood of 

occurrence score, there was a 49% chance of a teenage driver accepting a phone call while 

driving,	whereas	in terms of making phone calls it came down to 36%. Similarity, there was a 

57% chance of a young-adult driver accepting phone calls while driving, while in terms of 

making phone calls it came down to 46%. 

In terms of reading or sending messages (text or e-mail) while driving, about 4 in 10 

teenage respondents said that they read or send messages at least some of the time while driving, 

while about one-third of them stated that they never do so. However, approximately half of the 
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young-adult respondents said that they read or send messages at least some of the time while 

driving, while a few of them mentioned that they never do so. In other words, there was about a 

30% chance of teenage drivers reading or sending messages while driving, whereas there was 

about a 40% chance that young-adult drivers did so. Analysis also revealed that there was more 

than a 50% chance that teenage and young-adult drivers used their smartphones for driving 

directions. 

The chances that a teenage driver would be interacting with children in the back seat 

were 28%; using a navigation system (26%); doing personal grooming (12%); and reading (4%) 

while driving. The chances that a young-adult driver would be interacting with children in the 

back seat were 24%; using a navigation system (29%); doing personal grooming (19%); and 

reading (8%) while driving. 
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Table 4.2 Teenage and Young-Adult Drivers Acceptability for Distracted Driving 

Q7. How often do you do 
the following activities 

Teenage Drivers Young-adult Drivers 

Response 
Frequency (%) 

Likelihood 
of 

Occurrence 

Response 
Frequency (%) 

Likelihood 
of 

Occurrence 

a. Talk to passengers 
while driving? [1:never, 
2:	seldom, 3:sometimes, 
4:	almost always, 
5:always] 

1: 3 (1.0%) 
2: 18 (6.2%) 
3: 55 (19.0%) 
4: 99 (34.3%) 
5: 114 (39.4%) 

76 

1: 1 (0.6%) 
2: 6 (3.7%) 

3: 30 (18.5%) 
4: 58 (35.8%) 
5:	67 (41.4%)  

78 

b. Change radio stations 
or searching for CDs 
while driving? [1:never, 
2: seldom, 3:sometimes, 
4: almost always, 
5:always] 

1: 19 (6.6%) 
2: 21 (7.3%) 
3: 58 (20.1%) 
4: 102 (35.3%) 
5: 89 (30.8%) 

69 

1: 5 (3.1%) 
2: 8 (4.9%) 

3: 48 (29.6%) 
4: 57 (35.2%) 
5: 44 (27.2%) 

70 

c. Accept phone calls	
while driving? [1:never, 
2: seldom, 3:sometimes, 
4: almost always, 
5:always] 

1: 74 (26.0%) 
2: 18 (6.3%) 
3: 95 (33.3%) 
4: 46 (16.1%) 
5: 52 (18.2%) 

49 

1: 13 (8.1%) 
2: 19 (11.8%) 
3: 67 (41.6%) 
4: 35 (21.7%) 
5: 27 (16.8%) 

57 

d. Use your cell phone 
for driving directions? 
[1:never, 2: seldom, 
3:sometimes, 4: almost 
always, 5:always] 

1: 43 (14.9%) 
2: 24 (8.3%) 

3:126 (43.6%) 
4: 64 (22.1%) 
5:	32 (11.1%) 

52 

1: 9 (5.6%) 
2: 18 (11.1%) 
3: 75 (46.3%) 
4: 38 (23.5%) 
5: 22 (13.6%) 

57 

e. Eat or drink	while 
driving? [1:never, 2: 
seldom, 3:sometimes, 4: 
almost always, 5:always] 

1:	44 (15.2%) 
2: 50 (17.3%) 
3: 134 (46.4%) 
4: 43 (14.9%) 
5: 18 (6.2%) 

45 1: 9 (5.6%) 
2: 33 (20.4%) 
3: 84 (51.9%) 
4: 21 (13.0%) 
5: 15 (9.3%) 

50 

f. Make phone calls 
while driving? [1:never, 
2: seldom, 3:sometimes, 
4: almost always, 
5:always] 

1: 73 (26.1%) 
2: 74 (26.4%) 
3: 84 (30.0%) 
4: 36 (12.9%) 
5: 13 (4.6%) 

36 1: 19 (11.9%) 
2: 47 (29.4%) 
3: 52 (32.5%) 
4: 27 (16.9%) 
5: 15 (9.4%) 

46 

g. Read messages while 
driving? [1:never, 2: 
seldom, 3:sometimes, 4: 
almost always, 5:always] 

1: 101 (35.8%) 
2: 60 (21.3%) 
3: 89 (31.6%) 
4: 26 (9.2%) 
5: 6 (2.1%) 

30 1: 21 (13.2%) 
2: 52 (32.7%) 
3: 61 (38.4%) 
4: 16 (10.1%) 
5: 9 (5.7%) 

41 
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Table 4.2 Teenage and Young-Adult Drivers Acceptability for Distracted Driving 
(continued) 

Q7. How often do you do 
the following activities 

Teenage Drivers Young-adult Drivers 

Response 
Frequency (%) 

Likelihood 
of 

Occurrence 

Response 
Frequency (%) 

Likelihood 
of 

Occurrence 

h. Send messages while 
driving? [1:never, 2: 
seldom, 3:sometimes, 4: 
almost always, 5:always] 

1: 92 (33.6%) 
2: 73 (26.6%) 
3: 75 (27.4%) 
4: 20 (7.3%) 
5: 14 (5.1%) 

31 

1: 28 (17.9%) 
2: 50 (32.1%) 
3: 57 (36.5%) 
4: 14 (9.0%) 
5: 7 (4.5%) 

38 

i. Use a navigation 
system while driving? 
[1:never, 2: seldom, 
3:sometimes, 4: almost 
always, 5:always] 

1: 135 (46.7%) 
2: 57 (19.5%) 
3: 61 (21.1%) 
4: 25 (8.7%) 
5: 11 (3.8%) 

26 

1: 67 (41.4%) 
2: 33 (20.4%) 
3: 37 (22.8%) 
4: 17 (10.5%) 

5:	8 (4.9%) 

29 

j. Talk or interact with 
children in the back seat	
while driving? [1:always, 
2:almost always, 
3:sometimes, 4:	seldom, 
5:never] 

1: 124 (43.1%) 
2: 58 (20.1%) 
3: 69 (24.0%) 
4: 23 (8.0%) 
5: 14 (4.9%) 

28 

1: 82 (50.9%) 
2: 31 (19.3%) 
3: 30 (18.6%) 
4: 10 (6.2%) 
5:	8 (5.0%) 

24 

k. Do personal grooming	
while driving? [1:never, 
2: seldom, 3:sometimes, 
4: almost always, 
5:always] 

1: 197 (69.1%) 
2: 56 (19.6%) 
3: 23 (8.1%) 
4: 6 (2.1%) 
5: 3 (1.1%) 

12 

1: 87 (54.4%) 
2: 39 (24.4%) 
3: 21 (13.1%) 
4: 9 (5.6%) 
5: 4 (2.5%) 

19 

l. Read a book or 
newspaper	while 
driving? [1:never, 2: 
seldom, 3:sometimes, 4: 
almost always, 5:always] 

1: 257 (89.2%) 
2: 20 (6.9%) 
3: 9 (3.1%) 
4: 0 (0.0%) 
5: 2 (0.7%) 

4 

1: 131 (81.4%) 
2: 15 (9.3%) 
3: 10 (6.2%) 
4: 2 (1.2%) 
5:	3 (1.9%) 

8 

 

4.4.3 Teenage and Young-Adult Drivers’ Behaviors after Accepting or Making Phone Calls 
While Driving 

Behaviors after answering or making phone calls of teenage and young-adult drivers who 

reported accepting or making phone calls while driving are shown in Table 4.3. Additionally, 
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Table 4.3 summarizes the reasons that make teenage and young-adult drivers more likely to 

accept or make phone calls while driving. A large majority of teenage and young-adult drivers 

said that they accept a phone call and continue to drive while maintaining a conversation with the 

caller (80.1% and 83.8, respectively). About one-fourth of teenage and young-adult drivers	ask 

their passenger to accept a phone call, and more than 12% accept and tell the caller they will call 

back later, whereas only a few of them pull over to a safe place after accepting the phone call or 

pull over to a safe place before accepting the phone call. In terms of method of accepting a phone 

call while driving, 70% of teenage and young-adult drivers accept phone calls and use a phone 

speaker system or other car features to stay hands-free while driving, while almost half of them 

stated that they use hand-held cell phones. Moreover, Table 4.3 shows that the major reason that 

makes teenage and young-adult drivers more likely to answer phone calls while driving is when 

they feel the call is important.	This was followed by no traffic congestion, the call is from 

someone they know, the accessibility of the phone, no adverse weather conditions, and driving 

on roads with low speed limits.  
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Table 4.3 Teenage and Young-Adult Drivers’ Behaviors after Accepting or Making Phone 
Calls While Driving 

Variable Description 
Teenage Drivers Young-adult Drivers 

Response 
Frequency % Response 

Frequency % 

Q10. When driving, do you usually… * 
Accept a phone call and complete the 
conversation while driving  164 77.7% 125 84.5% 

Ask your passenger to accept the phone 
call 59 28.0% 36 24.3% 

Accept a phone call and tell the caller you 
will call back later 26 12.3% 19 12.8% 

Accept a phone call and then pull over to 
a safe place	to complete the conversation 8 3.8% 6 4.1% 

Pull over to a safe place and then accept 
the phone call 7 3.3% 2 1.4% 

Q11. While driving, do you usually accept a phone call	using:	* 
Hands-free device 149 70.6% 105 70.9% 
Hand-held	device 96 45.5% 72 48.6% 
Other 27 12.8% 18 12.2% 

Q9. Under what situations do you accept a phone call while driving?	* 
Importance of the call 169 80.1% 124 83.8% 
No traffic congestion 90 42.7% 59 39.9% 
Known caller 84 39.8% 52 35.1% 
Accessibility of the phone 77 36.5% 48 32.4% 
No adverse weather conditions 73 34.6% 41 27.7% 
Driving on roads with low speed limits 68 32.2% 42 28.4% 
Work-related call 64 30.3% 34 23.0% 
Getting driving directions 63 29.9% 32 21.6% 
No visible police officers 45 21.3% 32 21.6% 
Other 149 70.6% 104 70.3% 

Q14. While driving, do you usually make a phone call using:	** 
Voice-dial 96 46.4% 58 41.1% 
Manual dialing 67 32.4% 44 31.2% 
Other (e.g., speed dial or favorites) 118 57.0% 87 61.7% 
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Table 4.3 Teenage and Young-Adult Drivers’ Behaviors after Accepting or Making Phone 
Calls While Driving (continued) 

Variable Description 
Teenage Drivers Young-adult Drivers 

Response 
Frequency % Response 

Frequency % 

Q13. Under what situations do you make a call while driving?	** 
Importance of the call 188 90.8% 120 85.1% 
Getting driving directions  82 39.6% 42 29.8% 
No traffic congestion 65 31.4% 47 33.3% 
Safe to make a call 63 30.4% 49 34.8% 
In an emergency 68 32.9% 30 21.3% 
No adverse weather conditions 54 26.1% 35 24.8% 
Accessibility of the phone 47 22.7% 32 22.7% 
No visible police officers 31 15.0% 32 22.7% 
Work-related call 44 21.3% 33 23.4% 
Driving on roads with low speed limits 47 22.7% 24 17.0% 
Other 110 53.1% 85 60.3% 
Q15. How do you think your driving is affected when you are accepting or making a phone 

call? *** 
No effects 82 42.5% 69 51.1% 
Drive at low speed 75 38.9% 41 30.4% 
Look in mirrors more frequently 50 25.9% 33 24.4% 
Increase gap distance from front vehicle 45 23.3% 34 25.2% 
Reduce changing travel lanes  37 19.2% 26 19.3% 
Avoid changing travel lanes  35 18.1% 14 10.4% 
Drift off the lane or road 18 9.3% 13 9.6% 
Use turn signal less frequently 11 5.7% 5 3.7% 
Other 45 23.3% 21 15.6% 

Q16. Under what circumstances you would never accept or make a phone call while 
driving?	*** 

Merging with traffic 114 59.1% 68 50.4% 
Adverse weather conditions 104 53.9% 81 60.0% 
Visible police officers 99 51.3% 62 45.9% 
Driving on roads with high speed limits 87 45.1% 55 40.7% 
Driving in unfamiliar roads 52 26.9% 41 30.4% 
Driving with a baby on board 56 29.0% 38 28.1% 
Driving on curved roads 57 29.5% 32 23.7% 
Driving in school zones 33 17.1% 26 19.3% 
Driving in work zones 33 17.1% 18 13.3% 
Driving at nighttime 27 14.0% 20 14.8% 
Driving with adult passengers  21 10.9% 14 10.4% 
Driving in neighborhoods or parking lots 13 6.7% 11 8.1% 
Other 58 30.1% 44 32.6% 

*Base: Accept phone call while driving at least seldom, 
**	Base: Make phone call while driving at least seldom, and 
***	Base: Accept and make phone call while driving at least seldom. 
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In the case of making a phone call while driving, about one in two teenage and young-

adult drivers said that they dial phone number by using voice dialing, while almost one-third of 

them stated that they dial the phone number manually. Moreover, Table 4.3 shows that the major 

reason that makes teenage and young-adult drivers more likely to make phone calls while driving 

is if they think it is important	to make phone call. The second and third reasons that make 

teenage drivers more probable to make phone calls while driving were if they need of driving 

directions and report a traffic crash or medical emergency. However, the second and third 

common reasons that make young-adult drivers more likely to make phone calls while driving 

were if they think it’s safe to call and if there are no traffic congestion. 22.7% of young-adult 

drivers mentioned that they are willing to make phone calls if there is no police officers in sight, 

while only 15.0% of teenage drivers are likely to do so. 

The effects on driving behavior when teenage and young-adult drivers are answering or 

making phone calls are also shown in Table 4.3. More than 2 in 5 teenage drivers said that there 

is no effects, about 2 in 5 teenage drivers said that	they drive slowly when they are answering or 

making phone calls, over 1 in 4 teenage drivers said that they look in their car mirrors more 

frequently, and almost 1 in 4 teenage drivers said that	they may	increase gap distance from front 

vehicle. In terms of young-adult drivers, more half of young-adult drivers mentioned that there is 

no effects, one-third of them mentioned that they drive slowly when they answer or make phone 

calls, about one-fourth of them mentioned that they may increase gap distance from front vehicle 

or look in their car mirrors more frequently. 

Table 4.3 also shows the different driving circumstances in which teenage and young-

adult drivers would never answer or make phone calls while driving.	The highest percentage 

noted of driving circumstance in which teenage drivers would never answer or make phone calls 
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while driving	include	merging with traffic with 59.1%, followed by driving in adverse weather 

conditions, when they see a police officer, driving on roads with high speed limits. However, 

only 17.1% of teenage drivers stated that they never accept or make phone calls while driving in 

school or work zones.	While, the highest percentage noted of driving circumstance in which 

young-adult drivers would never answer or make phone calls while driving include driving in 

adverse weather conditions with 60%, followed by merging with traffic, when they see a police 

officer, driving on roads with high speed limits. In addition, nearly 2 in 10 young-adult drivers 

stated that they never accept or make phone calls while driving in school zones, whereas only 

13.3% of them stated that they never accept or make phone calls while driving in work zones. 

 

4.4.4 Teenage and Young-Adult Drivers’ Behaviors after Texting or E-mailing While 
Driving 

Behaviors of teenage and young-adult drivers who reported sending messages (text or e-mail) 

while driving are shown in Table 4.4. Half of teenage and young-adult drivers stated that they 

continue to drive while sending messages. Over 2 in 5 teenage and young-adult (43.8%) drivers 

stated that they	send a message while stopping at a red light or stop sign, and about 2 out of 5 

teenage and young-adult drivers stated that they ask their passengers to send messages for them. 

More than one-fourth of teenage and young-adult drivers stated that they	use a voice command 

feature	to send messages, whereas only a few of them stated that they pull over to a safe place to 

send messages.  

Additionally, Table 4.4 summarizes the reasons that make teenage and young-adult 

drivers more probable to send messages while driving. Teenage and young-adult drivers 

mentioned that the major reason that makes them more likely to send messages while driving is 

if they think the message is important. This was followed by no traffic congestion, if they think 
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it’s safe to send a message, if they need driving directions, no adverse weather conditions, and 

driving on roads with low speed limits. In addition, over one-fourth of teenage and young-adult 

drivers mentioned that they are willing to send text messages or e-mails while driving if there is 

no visible police officers. 

Table 4.4 also shows the effects on driving behavior when teenage and young-adult 

drivers are sending messages while driving. A majority of teenage and young-adult drivers stated 

that they drive slowly when they are sending messages, and more than one-fourth of them stated 

that they may increase gap distance from front vehicle. More than 23% of teenage and young-

adult drivers stated that they	drift off the lane or road	when they are sending messages, while 

20.3% of them believe that there is no effects. 

Different driving circumstances in which teenage and young-adult drivers would never 

send messages while driving	are presented in Table 4.4. The most common driving circumstance 

in which teenage and young-adult drivers would never send messages while driving include 

merging with traffic, followed by driving in adverse weather conditions, when they see a police 

officer, and driving on roads with high speed limits.	However, only 28% of teenage drivers said 

that they never send messages while driving near schools or work zones.	In addition, about one-

third of young-adult drivers said that they never send messages while driving in school zones, 

whereas only 27.3% of them said that they never send messages while driving in work zones. 
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Table 4.4 Teenage and Young-Adult Drivers’ Behaviors after Texting While Driving 

Variable Description 
Teenage Drivers Young-adult 

Drivers 
Response 
Frequency % Response 

Frequency % 

Q19. When driving, do you usually… * 
Continue to drive while sending a message 101 55.5% 64 50.0% 
Send a message while stopping at a red light or 
stop sign  75 41.2% 56 43.8% 

Ask your passenger to send the message 71 39.0% 52 40.6% 
Use a voice command feature (speech 
dictation)	to send the message 50 27.5% 39 30.5% 

Pull over to a safe place and then send the 
message 19 10.4% 6 4.7% 

Q20. Under what situations do you send a message while driving? * 
Importance of the message 164 90.1% 114 89.1% 
No traffic congestion 61 33.5% 53 41.4% 
Safe to send a message 60 33.0% 43 33.6% 
Getting driving directions 54 29.7% 43 33.6% 
No adverse weather conditions 52 28.6% 39 30.5% 
Driving on roads with low speed limits 50 27.5% 35 27.3% 
No visible police officers 46 25.3% 33 25.8% 
Work-related 34 18.7% 27 21.1% 
In an emergency 28 15.4% 15 11.7% 
Other 71 39.0% 56 43.8% 

Q21. How do you think your driving is affected when you are sending messages? * 
Drive at low speed 110 60.4% 74 57.8% 
Increase gap distance from front vehicle 48 26.4% 33 25.8% 
Drift off the lane or road 42 23.1% 30 23.4% 
No effects 37 20.3% 26 20.3% 
Look in mirrors more frequently 36 19.8% 28 21.9% 
Avoid changing travel lanes 35 19.2% 24 18.8% 
Reduce changing travel lanes 35 19.2% 22 17.2% 
Apply the brakes suddenly 29 15.9% 16 12.5% 
Other 47 25.8% 28 21.9% 
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Table 4.4 Teenage and Young-Adult Drivers’ Behaviors after Texting While Driving 
(continued) 

Variable Description 
Teenage Drivers Young-adult 

Drivers 
Response 
Frequency % Response 

Frequency % 

Q22. Under what circumstances you would never send a message while driving? * 
Merging with traffic 123 67.6% 84 65.6% 
Adverse weather conditions 114 62.6% 76 59.4% 
Visible police officers 106 58.2% 74 57.8% 
Driving on roads with high speed limits 98 53.8% 67 52.3% 
Driving with a baby on board 84 46.2% 64 50.0% 
Driving in unfamiliar roads 74 40.7% 56 43.8% 
Driving on curved roads 76 41.8% 52 40.6% 
Driving in school zones 52 28.6% 43 33.6% 
Driving at nighttime 43 23.6% 37 28.9% 
Driving in work zones 51 28.0% 35 27.3% 
Driving with adult passengers 42 23.1% 25 19.5% 
Driving in neighborhoods or parking lots 29 15.9% 23 18.0% 
Other 41 22.5% 27 21.1% 

*Base: Send a message while driving at least seldom. 

  

4.4.5 Educational Messages and Laws to Reduce Distracted Driving 

Educational messages, and countermeasures of laws (i.e., enforcements and sanctions) that 

would help to reduce distracted driving are shown in Table 4.5. Overall, nearly three-fourths of 

teenage and young-adult drivers said that they had seen or heard educational messages that warn 

about the potential hazards of using a cell phone (e.g., talking or sending/reading text messages) 

while driving.	Regarding talking or sending/reading text message bans, more than half of teenage 

and young-adult drivers mentioned that they have a law in their areas banning talking on a hand-

held cell phone while driving, whereas more than 1 in 10 teenage drivers, and more than 1.5 in 

10 young-adult drivers reported that they don't know. Likewise, a majority of teenage and 

young-adult drivers mentioned that they have a law in their areas banning texting while driving, 

whereas about 1 in 10 teenage drivers and young-adult drivers said that they don't know. In terms 
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of support for Kansas law banning talking or sending/reading text messages, only 45% of 

teenage and young-adult drivers stated that they support a Kansas law banning talking on a hand-

held cell phone while driving that apply to some cities, while a high	majority of them stated that	

they support Kansas law banning sending/reading text messages while driving. Table 4.5 shows 

that most of teenage and young-adult drivers had a traffic violation because of speeding, whereas 

hand-held cell phone use such as talking or sending/reading text messages while driving had the 

second largest percentage. About three-fourths of teenage and young-adult drivers had a traffic 

violation that resulted in a ticket or warning because of using a handheld cell phone while 

driving. 

Further, the survey also evaluated whether the educational messages, and 

countermeasures of laws would help reduce teenage and young-adult drivers’ distracted driving 

behaviors. Almost one-third of teenage drivers said that their frequency of using cell phones 

(e.g., talking or sending/reading text messages) while driving is the same now as it was in the last 

year, while one-fourth of them did report a decrease. However, nearly half of young-adult drivers 

said that their frequency of using a cell phone (e.g., talking or sending/reading text messages) 

while driving has stayed the same, whereas about one-third of them did report a decrease. 

The reasons for the decrease in using a cell phone such as talking or sending/reading text 

messages while driving given by teenage and young-adult drivers who reported a decrease in 

using cell phones in the last year are also shown in Table 4.5. More than two-thirds of teenage 

drivers said that the reason for the decrease in talking on the cell phone while driving was a law 

that bans cell phone use, while 4 in 10 teenage drivers said that the reason was an increased 

awareness about the hazards of using a cell phone while driving. However, 59.1% of young-adult 

drivers mentioned that a law that bans cell phone use, and an increased awareness about the 
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hazards of using a cell phone while driving were the most reasons. In case of sending and 

reading messages while driving, approximately two-thirds of teenage and young-adult drivers 

said that the most reasons for the decrease in sending and reading messages while driving were a 

law that bans cell phone use, and an increased awareness about the hazards of using a cell phone 

while driving.	As a passenger, nearly two-thirds of the teenage and young-adult participants 

would at least sometimes do or say something to their distracted drivers to stop talking on hand-

held cell phones while driving. However, most of them as passengers would at least sometimes 

do or say something to their drivers to stop sending messages while driving. 
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Table 4.5 Educational Messages and Laws to Reduce Distracted Driving 

Variable Description Teenage Driver 
Frequency (%) 

Young-adult Driver 
Frequency (%) 

Q23. Recently, have you seen or heard 
educational messages that warn about the 
potential hazards of using a cell phone (e.g., 
talking or sending/reading text messages) while 
driving?  [1:	no, 2:	yes, 3:don’t know] 

1: 58 (21.3%) 
2: 191 (70.2%) 
3: 23 (8.5%) 

1:	24 (16.1%) 
2:	110 (73.8%) 
3:	15 (10.1%) 

Q34. Do you have a law in your area banning 
hand-held cell phone use while driving?	[1:	no, 2:	
yes, I think so, 3:	yes, 4:don’t know] 

1:	32 (12.4%) 
2:	59 (22.9%) 
3:	140 (54.3%) 
4:	27 (10.5%) 

1:	17 (12.0%) 
2:	18 (12.7%) 
3:	84 (59.2%) 
4:	23 (16.2%) 

Q35. Do you have a law in your area banning 
texting while driving?	[1:	no, 2:	yes, I think so, 3:	
yes, 4:don’t know] 

1:	6 (2.3%) 
2:	55 (21.5%) 
3:	172 (67.2%) 
4:	23 (9.0%) 

1:	6 (4.2%) 
2:	17 (12.0%) 
3:	104 (73.2%) 
4:	15 (10.6%) 

Q36. Do you support a Kansas law banning 
hand-held cell phone use while driving	that 
applied to some cities?	[1:no, 2:	yes, 3:don’t 
know] 

1:	77 (29.8%) 
2: 120 (46.5%) 
3:	61 (23.6%) 

1:	44 (31.0%) 
2:	65 (45.8%) 
3: 33 (23.2%) 

Q37. Do you support a Kansas law banning 
texting while driving?	[1:no, 2:	yes, 3:don’t 
know] 

1:	19 (7.4%) 
2:	206 (79.8%) 
3:	33 (12.8%) 

1:	13 (9.2%) 
2:	108 (76.1%) 
3:	21 (14.8%) 

Q38. As a driver, have you ever had a traffic 
violation because of? [1:speeding, 2: hand-held 
cell phone use (e.g., talking or sending/reading 
text messages), 3:other (e.g., seat belt violation, 
drunk driving, reckless driving, expired tags/ 
license, 4:never] 

1: 257 (88.9%) 
2: 15 (5.2%) 
3: 14 (4.8%) 
4: 3 (1.0%) 

 

1: 142 (87.7%) 
2: 12 (7.4%) 
3: 6 (3.7%) 
4: 2 (1.2%) 

 

Q39. As a driver, have you ever had a traffic 
violation that resulted in a ticket or warning 
because of using a handheld cell phone (e.g., 
talking or sending/reading text messages) while 
driving? [1: no, 2:yes]* 

1: 4 (26.7%) 
2: 11 (73.3%) 

 

1: 3 (25.0%) 
2: 9 (75.0%) 

 

Q30. In the last year, has your frequency of 
talking on cell phone while driving changed? 
[1:increased, 2:decreased, 3:no	change, 4:never 
talk on cell phone while driving, 5: don’t know] 

1: 34 (12.9%) 
2: 67 (25.5%) 
3: 89 (33.8%) 
4: 36 (13.7%) 
5: 37 (14.1%) 

1: 16 (11.1%) 
2: 44 (30.6%) 
3: 71 (49.3%) 
4: 1 (0.7%) 
5: 12 (8.3%) 

Q31. Is your frequency of talking on cell phone 
while driving decreased due to: [1:increased 
awareness about the hazards of using a cell phone 
while driving, 2: cell phone use while driving 
bans, 3:been in a crash, 4: other] [Multiple 
Record]** 

1: 27 (40.3%) 
2: 43 (64.2%) 
3: 9 (13.4%) 
4: 24 (35.8%) 

1: 26 (59.1%) 
2: 26 (59.1%) 
3: 5 (11.4%) 
4: 12 (27.3%) 
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Table 4.5 Educational Messages and Laws to Reduce Distracted Driving (continued) 

Variable Description Teenage Driver 
Frequency (%) 

Young-adult Driver 
Frequency (%) 

Q32. In the last year, has your frequency of 
texting while driving changed? [1:increased, 
2:decreased, 3:no change, 4:never texting while 
driving, 5: don’t know] 

1:	29 (11.6%) 
2:	66 (26.4%) 
3:	76 (30.4%) 
4:	43 (17.2%) 
5:	36 (14.4%) 

1:	9 (6.5%) 
2:	51 (36.7%) 
3:	67 (48.2%) 
4:	3 (2.2%) 
5:	9 (6.5%) 

Q33. Is your frequency of texting while driving 
decreased due to: [1:increased awareness about 
the hazards of using a cell phone while driving, 2: 
cell phone use while driving bans, 3:been in a 
crash, 4: other] [Multiple Record]*** 

1:	40 (60.6%) 
2:	43 (65.2%) 
3:	11 (16.7%) 
4:	21 (31.8%) 

1:	31 (60.8%) 
2:	35 (68.6%) 
3:	5 (9.8%) 
4:	11 (21.6%) 

Q26. As a passenger, how often do you do or say 
something to your distracted driver to stop 
talking on a hand-held cell phone while driving? 
[1:always, 2:almost always, 3:sometimes, 
4:seldom, 5:never, 6: don’t know] 

1: 32 (11.9%) 
2: 68 (25.4%) 
3: 64 (23.9%) 
4: 59 (22.0%) 
5: 30 (11.2%) 
6: 15 (5.6%) 

1: 11 (7.6%) 
2: 36 (25.0%) 
3: 46 (31.9%) 
4: 29 (20.1%) 
5: 15 (10.4%) 
6: 7 (4.9%) 

Q28. As a passenger, how often do you do or say 
something to your distracted driver to stop texting 
while driving? [1:always, 2:almost always, 
3:sometimes, 4:seldom, 5:never, 6: don’t know] 

1: 94 (35.3%) 
2: 86 (32.3%) 
3: 42 (15.8%) 
4: 26 (9.8%) 
5: 8 (3.0%) 
6: 10 (3.8%) 

1: 39 (27.3%) 
2: 49 (34.3%) 
3: 31 (21.7%) 
4: 13 (9.1%) 
5: 5 (3.5%) 
6: 6 (4.2%) 

*Base: Drivers who had a traffic violation because of using hand-held cell phones while driving, 
** Base: Drivers who reported a decrease in the frequency	of talking on cell phone while driving	in the last year, and 
*** Base: Drivers who reported a decrease in the frequency of texting while driving in the last year. 
 

4.4.6 Teenage and Young-Adult Passengers’ Opinions on Safety of Distracted driving 

As a passenger, teenage and young-adult respondents’ opinion on safety if their drivers were 

doing other activities while driving, were also solicited in the survey. A large majority of teenage 

and young-adult passengers said that they felt unsafe if their driver was using a laptop computer, 

watching a movie, or reading while driving. Additionally, about three-fourths of teenage 

passengers rated sending or reading messages, doing personal grooming, or using a music player 

as unsafe, while nearly two-thirds of young-adult passengers rated them as unsafe. 

Approximately one half of teenage and young-adult passengers said that they felt unsafe if their 

drivers were using a navigation system, talking on a hand-held cell phone, or dealing with 
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children in the back seat. Meanwhile, 44% of teenage passengers would feel unsafe if their 

drivers were eating or drinking while driving, whereas 41% of young-adult passengers would 

feel unsafe if their drivers were doing so. Moreover, approximately one-third of teenage and 

young-adult passengers stated that they felt unsafe if their drivers were distracted by vehicle 

items, talking on cell phones with hands-free devices, or talking to passengers. Driver singing 

along to a song on the radio ranked last with about one-fourth of teenage and young-adult 

passengers rating it as unsafe. In general, teenage passengers would feel unsafe more than 

young-adult passengers if their drivers were doing other activities while driving as listed in Table 

4.6. 
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Table 4.6 Teenage and Young-Adult Passengers’ Opinions on Safety of Distracted driving 
Q25. As a passenger, how safe 
you would feel when your driver 
was doing the following 
distracting activities? 

Teenage Passenger Young-adult Passenger 
Response 
Frequency 

(%) 

Likelihood 
of 

Occurrence 

Response 
Frequency 

(%) 

Likelihood 
of 

Occurrence 

l. Using a laptop computer 
[1:very unsafe, 2: unsafe, 3: 
safe, 4: very safe, 5: don't 
know/missing] 

1:214 (74.0%) 
2:28 (9.7%) 
3:16 (5.5%) 
4:6 (2.1%) 
5:25 (8.7%) 

85 

1:114 (70.4%) 
2:14 (8.6%) 
3:9 (5.6%) 
4:4 (2.5%0 

5:21 (13.0%) 

80 

o. Watching a movie [1:very 
unsafe, 2: unsafe, 3: safe, 4: very 
safe, 5: don't know/missing] 

1:216 (74.7%) 
2:24 (8.3%) 
3:15 (5.2%) 
4:9 (3.1%) 
5:25 (8.7%) 

84 

1:119 (73.5%) 
2:11 (6.8%) 
3:9 (5.6%) 
4:4 (2.5%) 

5:19 (11.7%) 

82 

e. Reading a book or newspaper 
[1:very unsafe, 2: unsafe, 3: 
safe, 4: very safe, 5: don't 
know/missing] 

1:212 (73.4%) 
2:30 (10.4%) 
3:11 (3.8%) 
4:10 (3.5%) 
5:26 (9.0%) 

84 

1:106 (65.4%) 
2:23 (14.2%) 
3:8 (4.9%) 
4:5 (3.1%) 

5:20 (12.3%) 

79 

g. Sending messages [1:very 
unsafe, 2: unsafe, 3: safe, 4: very 
safe, 5: don't know/missing] 

1:131 (45.3%) 
2:86 (29.8%) 
3:36 (12.5%) 
4:12 (4.2%) 
5:24 (8.3%) 

75 

1:57 (35.2%) 
2:56 (34.6%) 
3:21 (13.0%) 
4:7 (4.3%) 

5:21 (13.0%) 

69 

f. Reading messages [1:very 
unsafe, 2: unsafe, 3: safe, 4: very 
safe, 5: don't know/missing] 

1:124 (42.9%) 
2:90 (31.1%) 
3:37 (12.8%) 
4:12 (4.2%) 
5:26 (9.0%) 

74 

1:53 (32.7%) 
2:63 (38.9%) 
3:22 (13.6%) 
4:5 (3.1%) 

5:19 (11.7%) 

69 

i. Doing personal grooming 
[1:very unsafe, 2: unsafe, 3: 
safe, 4: very safe, 5: don't 
know/missing] 

1:127 (43.9%) 
2:85 (29.4%) 
3:38 (13.1%) 
4:12 (4.2%) 
5:27 (9.3%) 

74 

1:59 (36.4%) 
2:48 (29.6%) 
3:31 (19.1%) 
4:3 (1.9%) 

5:21 (13.0%) 

69 

m. Using a music player [1:very 
unsafe, 2: unsafe, 3: safe, 4: very 
safe, 5: don't know/missing] 

1:117 (40.5%) 
2:76 (26.3%) 
3:42 (14.5%) 
4:27 (9.3%) 
5:27 (9.3%) 

70 

1:58 (35.8%) 
2:48 (29.6%) 
3:23 (14.2%) 
4:12 (7.4%) 
5:21 (13.0%) 

67 

n. Using a navigation system 
[1:very unsafe, 2: unsafe, 3: 
safe, 4: very safe, 5: don't 
know/missing] 

1:38 (13.1%) 
2:77 (26.6%) 
3:106 (36.7%) 
4:41 (14.2%) 
5:27 (9.3%) 

55 

1:15 (9.3%) 
2:52 (32.1%) 
3:59 (36.4%) 
4:16 (9.9%) 
5:20 (12.3%) 

54 
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Table 4.6 Teenage and Young-Adult Passengers’ Opinions on Safety of Distracted driving 
(continued) 
Q25. As a passenger, how safe 
you would feel when your driver 
was doing the following 
distracting activities? 

Teenage Passenger Young-adult Passenger 
Response 
Frequency 

(%) 

Likelihood 
of 

Occurrence 

Response 
Frequency 

(%) 

Likelihood 
of 

Occurrence 

c. Talking on a hand-held cell 
phone [1:very unsafe, 2: unsafe, 
3: safe, 4: very safe, 5: don't 
know/missing] 

1:33 (11.4%) 
2:85 (29.4%) 
3:100 (34.6%) 
4:43 (14.9%) 
5:28 (9.7%) 

54 

1:14 (8.6%) 
2:38 (23.5%) 
3:55 (34.0%) 
4:33 (20.4%) 
5:22 (13.6%) 

48 

h. Dealing with children in the 
back seat [1:very unsafe, 2: 
unsafe, 3: safe, 4: very safe, 5: 
don't know/missing] 

1:26 (9.0%) 
2:47 (16.3%) 
3:114 (39.4%) 
4:76 (26.3%) 
5:26 (9.0%) 

47 

1:16 (9.9%) 
2:33 (20.4%) 
3:51 (31.5%) 
4:40 (24.7%0 
5:22 (13.6%) 

47 

b. Eating or drinking [1:very 
unsafe, 2: unsafe, 3: safe, 4: very 
safe, 5: don't know/missing] 

1:13 (4.5%) 
2:43 (14.9%) 
3:124 (42.9%) 
4:82 (28.4%) 
5:27 (9.3%) 

44 

1:6 (3.7%) 
2:19 (11.7%) 
3:67 (41.4%) 
4:51 (31.5%) 
5:19 (11.7%) 

41 

j. Distracting in the vehicle 
items (i.e., adjusting the car 
radio, tape, or CD player) 
[1:very unsafe, 2: unsafe, 3: 
safe, 4: very safe, 5: don't 
know/missing] 

1:17 (5.9%) 
2:23 (8.0%) 
3:85 (29.4%) 
4:141 (48.8%) 
5:23 (8.0%) 

39 

1:4 (2.5%) 
2:16 (9.9%) 
3:46 (28.4%) 
4:73 (45.1%) 
5:23 (14.2%) 

35 

d. Talking on the phone with a 
hands free device [1:very unsafe, 
2: unsafe, 3: safe, 4: very safe, 5: 
don't know/missing] 

1:11 (3.8%) 
2:23 (8.0%) 
3:74 (25.6%) 
4:155 (53.6%) 
5:26 (9.0%) 

36 

1:5 (3.1%) 
2:15 (9.3%) 
3:36 (22.2%) 
4:86 (53.1%) 
5:20 (12.3%) 

34 

a. Talking to passengers [1:very 
unsafe, 2: unsafe, 3: safe, 4: very 
safe, 5: don't know/missing] 

1:14 (4.8%) 
2:17 (5.9%) 
3:50 (17.3%) 
4:182 (63.0%) 
5:26 (9.0%) 

34 

1:6 (3.7%) 
2:12 (7.4%) 
3:21 (13.0%) 
4:105 (64.8%) 
5:18 (11.1%) 

32 

k. Singing [1:very unsafe, 2: 
unsafe, 3: safe, 4: very safe, 5: 
don't know/missing] 

1:15 (5.2%) 
2:9 (3.1%) 

3:36 (12.5%) 
4:197 (68.2%) 
5:32 (11.1%) 

31 

1:4 (2.5%) 
2:8 (4.9%) 
3:11 (6.8%) 

4:113 (69.8%) 
5:26 (16.0%) 

27 
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4.4.7 Descriptive Results  

The main purpose of the descriptive results of cell phone use and passengers-related distractions 

was to provide a better view of the characteristics of these distraction activities	as they relate 

with other factors.  

 

4.4.7.1 The Likelihood of Cell Phone Use While Driving  

Figure 4.2 illustrates the relationship between cell phone use while driving and gender of teenage 

and young-adult drivers, which shows that male teenage drivers have higher chance of using cell 

phone	while operating the vehicles than female teenage drivers. However, female young-adult 

drivers have higher chance of using their cell phones while driving than male young-adult 

drivers. Therefore, male teenage and female young-adult drivers are more engaged in their cell 

phones while driving than female teenage and male young-adult drivers. 

Figure 4.3 shows the relationship between cell phone use while driving and driving 

frequency. The results show in general that teenage and young-adult drivers who drove every 

day or almost every day and teenage and young-adult drivers who drove a few days a month or a 

few days a year are more likely to engage in cell phone use while driving than those who drove a 

few days a week. 
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Figure 4.2 The Likelihood of Cell Phone Use While Driving by Gender 

  

Figure 4.3 The Likelihood of Cell Phone Use While Driving by Driving Frequency 

4.4.7.2 The Likelihood of Talking to Passengers While Driving  

The relationship between talking to passengers while driving and gender of teenage and young-

adult drivers is shown in Figure 4.4.	The results reveal that	male teenage and female young-adult 

drivers	have the highest chance of talking to their passengers while operating the vehicles than 

female teenage and male young-adult drivers. Furthermore, Figure 4.5 displays the likelihood of 

talking to passengers while driving as it relate with driving frequency. These results clearly show 
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that the likelihood of talking to passengers while driving gradually increases as driving 

frequency increases. 

   

Figure 4.4 The Likelihood of Talking to Passengers While Driving by Gender 

   

Figure 4.5 The Likelihood of Talking to Passengers While Driving by Driving Frequency 
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4.5 Survey Data Analysis 

The survey data were analyzed using structural equation modeling (SEM) to identify the 

relationship between young (15–26 years old) drivers’ characteristics such as demographic and 

socioeconomic status, attitudes, and behaviors associated with distracted driving and cell phone 

use (e.g., talking or sending/reading text messages) while driving. 

 

4.5.1 Structural Equation Modeling (SEM) 

A structural equation modeling (SEM) is a comprehensive statistical analysis technique that is 

the combination of analysis of variance (ANOVA) and multiple regression analysis	[68]. In 

addition, SEM has three of the well-known analysis methods which include confirmatory factor 

analysis, latent variable modeling, and	path analysis [69]. A structural equation modeling (SEM) 

is widely used to analyze relationships among one or more exogenous (independent) variables 

and endogenous (dependent) variables as well as latent (unobserved) variables. Latent variables 

are opposed to observable variables which can’t be measured directly from the dataset. However, 

latent variables can be assessed by using one or multiple indicators (measured variables). 

A structural equation modeling (SEM) is broadly used in distracted driving and traffic 

safety studies. Li, Wanjun, Gkritza, and Albrecht used structural equation modeling to examine 

the association between volunteer drivers’ socioeconomic and demographic status and attitudes 

and experiences on distracted driving in the state of Iowa [24]. Another study used SEM to 

estimate the associations among perception of risk, emotionality of the call, and frequency and 

importance of accepting and making a phone call while driving [70]. Furthermore, Golob, and 

Hensher used SEM to test the influences of long distance truck drivers adhering to their 

schedules on drug use and speeding violations [71]. A study conducted in Canada to examine the 
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association between latent variables (demographic and socioeconomic characteristics), land use 

patterns, and travel behavior by using SEM [72]. 

 

4.5.1.1 Advantages of Using SEM and Differences of SEM from Traditional Statistical 
Models  

• SEM is an adequate and flexible methodology to model the complex relationships among 

observed variables and variables that can be hypothetical or unobserved (latent variables), 

• SEM has related equations to estimate all parameters in the model simultaneously, 

• Due to SEM using distinct latent constructs, problems of multicollinearity cannot occur, 

• SEM isn’t a default model which allows researchers to specify the model that is to be 

estimated and identify the types of relationships can be tested, and 

• SEM evaluates measurement error and thus the ability to obtain more valid parameters. 

 

4.5.1.2 Model Specification and Identification 

Structural equation modeling (SEM) has two components that include a measurement (sub) 

model and a structural (sub) model. SEM measurement model (confirmatory factor analysis) 

examines the relationship between observed variables and latent variables to analyze how 

various observed variables measure latent variables as linear functions (weighted averages). In 

addition, the measurement model reduces measurement errors of observed variables that affect 

the accuracy of coefficients and standard errors of latent variables by having several measures 

per latent variable. 

SEM measurement model is composed of two sets of simultaneous equations include 

SEM measurement model for latent endogenous variables (!		) and SEM measurement model for 

latent exogenous variables (!		); 
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!	 = 	$%		&	 + 	(		                                                                               (4.2) 

!	 = 	$%		&	 + 	(		                                                                               (4.3) 

Where, 

!		 = indicators of !		, 

!" 		 = factor loadings of !		 on	"		 (!" 		,	"# 		,………,	"## 		), 

!		 = measurement error for !		, 

!		 = indicators of !		, 

!" 		 = factor loadings of !		 on !			(!" 		,	"# 		, and	"# 		), and 

!		 = measurement error for !		. 

 

While SEM structural model (latent variable model) examines the relationship between 

latent variables to measure the causal influences or regression effects of latent variables upon one 

another [73]. SEM structural model is given by; 

! = 	$!	 + 	&'	 + 	(			                                                                      (4.4) 

Where, 

!		= latent endogenous variables, 

!		 = latent exogenous variables, 

!		 = vector of disturbances, 

!		 = coefficient for !		 on !		 effects, and 

!		 =coefficient for !		 on !		 effects. 
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It should be noted that !		 is on both sides of the equation, because dependent variables are 

a function of the endogenous regression effects on themselves in the SEM structural model plus 

the exogenous regression effects on the endogenous variable plus the measurement error. 

Another analysis method of structural equation modeling is the path analysis (graphical 

representation) by manipulating arrows in a path (flow) diagram as shown in Figure 4.6. There 

are direct effects and indirect effects relationship in a path diagram [74 and 69]. Direct effects 

represent the links between one variable to another by straight (single-headed) arrows. Indirect 

effects are defined as the effects along the paths among the two variables that involve 

intervening variables. Consequently, total effects are the sum of direct effects and indirect 

effects. In addition, curves with arrow-heads on both sides represent covariance between two 

latent variables or measurement error terms of observed variables. The symbols that are used to 

draw path diagram of structural equation modeling (SEM) include: 

 

Latent variables:  

Observed (measured, indicators) variables:  

Hypothesized predictive relationship (regression):  

Correlation between two variables:  

Measurement error: 
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Figure 4.6 Example Path Analysis Diagram of Structural Equation Modeling  

4.5.1.3 Model Evaluation (Goodness-of-Fit) 

A minimum sample size requirements to achieve an acceptable SEM is 200	observations [75] or 

five observations per parameter in the model [76], according to the literature. 

There are several indices which can be used to	evaluate	SEM model	fit. The most 

common fit indices are standardized root mean square residual (SRMR), comparative fit index 

(CFI), and root mean square error of approximation (RMSEA). 

 

4.5.1.3.1 Standardized Root Mean Square Residual (SRMR) 

SRMR is achieved by measuring the average difference between the observed covariance matrix 

and predicted covariance matrix. SRMR value less than or equal to 0.08 is suggested as a good 

fit model [77]. 

 

4.5.1.3.2 Comparative Fit Index (CFI) 

CFI compares the proposed model (current model) with the null model. The model with CFI 

value close to 0.90 or above is considered as a preferred model	fit [77]. 
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4.5.1.3.3 Root Mean Square Error of Approximation (RMSEA) 

RMSEA compares the saturated model in which all variables are correlated with each other with 

the proposed model. The model with RMSEA value less than or equal to 0.06 is considered as an 

acceptable fit model [77]. 

 

4.5.1.4 Development of Structure Equation Modeling 

In this study, there were three latent variables that include young drivers’ acceptability for 

distracted driving (YDAD), young passengers’ opinions on safety of distracted driving (YPOD), 

and young drivers supporting Kansas law banning cell phone use while driving (YDSKL). These 

latent variables cannot be measured directly from the survey data, so some distracted driving-

related questions in the survey form were used to measure these latent variables according to 

their hypothesis. More specifically, young drivers’ acceptability for distracted driving (YDAD) 

was measured by question 7 (i.e.,	Q7a, Q7b, Q7d, Q7e, Q7f, Q7g, Q7h, Q7i, Q7j, Q7k, and Q7l), 

young passengers’ opinions on safety of distracted driving (YPOD) was measured by question 

25 (i.e.,	Q25a, Q25b, Q25c, Q25d, Q25g, Q25h, Q25i, Q25j, Q25m, and Q25n), and young 

drivers supporting Kansas law banning cell phone use while driving (YDSKL) was measured by 

questions 36 and 37 as shown in Figure 4.7. Question 7 scale ranges from 1 “never” as minimum 

value to 5 “always” as maximum value as shown in Table 4.7. While, question 25 has 4-point 

scale ranging from 1 “very unsafe” as minimum value end to 4 “very safe” as maximum value, 

and questions 36 and 37 have 2-point scale ranging from 1 “no” as minimum value end to 2 

“yes” as maximum value as shown in Table 4.7. 
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Table 4.7 Means, Standard Deviations, Variable Scale, and Cases and Missing Values of 
Measured Variables 
Variable Mean S.D. Min/Max Cases (missing) 

Young Drivers’ Acceptability for Distracted Driving (YDAD) 
Q7a 4.08 0.94 1/5 451 (0) 
Q7b 3.77 1.10 1/5 451 (0) 
Q7d 3.14 1.11 1/5 451 (0) 
Q7e 2.87 1.04 1/5 451 (0) 
Q7f 2.58 1.15 1/5 440 (11) 
Q7g 2.36 1.09 1/5 441 (10) 
Q7h 2.33 1.11 1/5 430 (21) 
Q7i 2.08 1.19 1/5 451 (0) 
Q7j 2.06 1.19 1/5 449 (2) 
Q7k 1.58 0.91 1/5 445 (6) 
Q7l 1.22 0.65 1/5 449 (2) 

Young Passengers’ Opinions on Safety of Distracted Driving (YPOD) 
Q25a 3.54 0.83 1/4 407 (44) 
Q25b 3.08 0.81 1/4 405 (46) 
Q25c 2.65 0.92 1/4 401 (50) 
Q25d 3.42 0.82 1/4 405 (46) 
Q25g 1.77 0.86 1/4 406 (45) 
Q25h 2.88 0.94 1/4 403 (48) 
Q25i 1.78 0.86 1/4 403 (48) 
Q25j 3.33 0.85 1/4 405 (46) 
Q25m 1.92 0.99 1/4 403 (48) 
Q25n 2.56 0.89 1/4 404 (47) 

Young Drivers Supporting Kansas Law Banning Cell Phone Use While Driving 
(YDSKL) 

Q36 1.60 0.49 1/2 306 (145) 
Q37 1.91 0.29 1/2 346 (105) 

 

After measuring latent variables by using some distracted driving-related questions in the 

survey form, three major hypotheses path diagrams were used for constructing the SEM model, 

and the model results were discussed based on these hypotheses. The three major hypotheses 

among latent variables are: 

• Hypothesis 1: higher passengers’ opinions on distracted driving affecting traffic safety 

lead to higher acceptability of distracted driving (YPOD	have positive effects on	YDAD). 
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• Hypothesis 2: higher acceptability of distracted driving leads to lower supporting of 

Kansas laws banning cell phone use while driving (YDAD have negative effects on YDSKL). 

• Hypothesis 3: higher passengers’ opinions on distracted driving affecting traffic safety 

lead to lower supporting of Kansas laws banning cell phone use while driving (YPOD have 

negative effects on YDSKL). 

In addition, the model examined the relationship between latent variables and 

socioeconomic and demographic variables. Theses socioeconomic and demographic variables 

include gender, age, driving frequency, education, educational messages, and crashes/	near-

crashes as shown in Table 4.8. 

Table 4.8 Means, Standard Deviations, Variable Scale, and Cases and Missing Values of 
Socioeconomic and Demographic Variables 

Variable Variable Description Mean S.D. Min/
Max 

Cases 
(missing) 

Gender [1:male, 2:female] 1.55 0.50 1/2 451 
(0) 

Age [1:teenage, 2:young-adult] 1.36 0.48 1/2 451 
(0) 

Driving 
frequency 
 

How often do you drive a motor 
vehicle? [1: never, 2: few days a 
year, 3: few days a month, 4: few 
days a week, 5: almost every day, 
6: every day] 

3.80 1.14 1/6 451 
(0) 

Education 

What is the highest level of 
education you have completed? [1: 
some high school, 2: some college, 
3: some graduate school]. 

1.83 0.45 1/3 451 
(0) 

Educational 
messages 

Recently, have you seen or heard 
educational messages that warn 
about the potential hazards of 
using a cell phone (e.g., talking or 
sending/reading text messages) 
while driving? [1:no, 2:yes] 

1.79 0.41 1/2 383 
(68) 

Drivers’ 
crashes/near-
crashes 

As a driver, have you been in a 
crash or near-crash during the last 
year? [1:no, 2:yes] 

1.28 0.45 1/2 385 
(66) 
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Figure 4.7 Hypothetical Path Diagram 

4.5.2 Structural Equation Model Results  

A structural equation model with CALIS procedure in SAS software (version 9.4) was used to 

establish the relationship between young drivers’ characteristics such as demographic and 

socioeconomic status, attitudes, and behaviors associated with distracted driving and cell phone 

use (e.g., talking or sending/reading text messages) while driving. In this model, data from the 

respondents who didn’t answer or didn’t know the answer to the selected questions were 

excluded from analysis. Consequently, 234 observations of young drivers were used for 

structural equation model analysis.  

Each hypothesis path has coefficient estimates, standard error, t-value, and p-value as 

shown in Tables 4.9 and 4.10. The path coefficients represented the association among measured 

variables and latent variables as well as the loading that contributed to construct the latent 

variables by measured variables. A positive path coefficient indicates that a one-unit increase in 

the measured variable leads to an increase in the latent variable. However, a negative path 
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coefficient indicates that a one-unit increase in the measured variable leads to a decrease in the 

latent variable. In other words, the higher path coefficients	show	that these measured variables 

had	higher	contribution to measure latent variables, and the opposite is true as well. 

Table 4.9 Estimation Results of Hypothetical Path between Measured Variables and Latent 
Variables 
Hypothetical Path Coefficients 

Estimate 
Standard 

Error 
t-value p-value 

Young Drivers’ Acceptability for Distracted Driving (YDAD) 
YDAD          Q7a 0.41 0.05 7.75 <.0001 
YDAD          Q7b 0.64 0.06 11.03 <.0001 
YDAD          Q7d 0.66 0.06 10.83 <.0001 
YDAD          Q7e 0.65 0.06 11.83 <.0001 
YDAD          Q7f 0.66 0.06 10.92 <.0001 
YDAD          Q7g 0.70 0.06 12.28 <.0001 
YDAD          Q7h 0.67 0.06 11.50 <.0001 
YDAD          Q7i 0.27 0.07 3.85 0.0001 
YDAD          Q7j 0.25 0.07 3.73 0.0002 
YDAD          Q7k 0.30 0.05 6.26 <.0001 
YDAD          Q7l 0.18 0.04 4.88 <.0001 

Young Passengers’ Opinions on Safety of Distracted Driving (YPOD) 
YPOD          Q25a 0.47 0.05 9.29 <.0001 
YPOD          Q25b 0.56 0.05 11.90 <.0001 
YPOD          Q25c 0.59 0.06 10.60 <.0001 
YPOD          Q25d 0.52 0.05 10.72 <.0001 
YPOD          Q25g 0.30 0.05 5.53 <.0001 
YPOD          Q25h 0.54 0.06 8.88 <.0001 
YPOD          Q25i 0.25 0.05 4.74 <.0001 
YPOD          Q25j 0.48 0.05 9.67 <.0001 
YPOD          Q25m 0.19 0.07 2.82 0.0049 
YPOD          Q25n 0.34 0.06 6.01 <.0001 

Young Drivers Supporting Kansas Law Banning Cell Phone Use While Driving 
(YDSKL) 

YDSKL          Q36 0.28 0.05 5.92 <.0001 
YDSKL          Q37 0.13 0.02 5.95 <.0001 

Coefficients between Latent Variables 
YPOD          YDAD 0.57 0.07 8.21 <.0001 
YDAD          YDSKL -0.28 0.13 -2.07 0.0385 
YPOD          YDSKL -0.53 0.13 -4.06 <.0001 
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The model results showed that all measured variables for young drivers’ acceptability for 

distracted driving (YDAD), young passengers’ opinions on safety of distracted driving (YPOD), 

and young drivers supporting Kansas law banning cell phone use while driving (YDSKL) are 

significant at a confidence level of 95% and have positive path coefficient signs. 

The latent endogenous variable young drivers’ acceptability for distracted driving 

(YDAD) was constructed by eleven questions as shown in Table 4.9. Positive path coefficients 

show positive relationships between these eleven questions and latent variable (YDAD) which 

indicated that the latent variable YDAD was measured following the response sequence of 

observed variables (from never distracted to always distracted). More specifically, the 

relationships among these measured variables and latent variable (YDAD)	show that read 

messages while driving indicator widely explains young drivers’ acceptability for distracted 

driving (13.0% of the total weight), while read a book or newspaper while driving indicator 

explains a marginal part of young drivers’ acceptability for distracted driving latent construct 

(3.3%). 

In the same manner, the latent exogenous variable on young passengers’ opinions on 

safety of distracted driving (YPOD) was constructed by ten indicators. The relationships between 

latent variable YPOD and these ten indicators show that talking on a hand-held cell phone while 

driving indicator prevalently explains young passengers’ opinions on safety of distracted driving 

latent construct (13.9% of the total weight). Furthermore, Table 4.9 shows that two measured 

variables were used in constructing the latent endogenous variable young drivers supporting 

Kansas law banning cell phone use while driving (YDSKL). The relationships between latent 

variable YDSKL and Q36 and Q37 indicate that the latent variable young drivers supporting 
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Kansas law banning cell phone use while driving	is best explained by	supporting Kansas law 

banning talking on a hand-held cell phone while driving	indicator (68.3% of the total weight). 

The model results showed that all hypotheses in this study were verified to be true. More 

specifically, the estimated path coefficients between latent variable YPOD and latent variable 

YDAD is positive, which shows that the first hypothesis is true: young passengers who have 

higher feeling of being safe when their drivers distracted while driving are more likely to drive 

with distractions. Furthermore, the model results showed that young drivers with higher 

acceptability of distracted driving lead to lower supporting the Kansas laws banning cell phone 

use while driving, so the second hypothesis was tested to be true with a negative path. Likewise, 

the negative path between latent variable YPOD and latent variable YDSKL shows that young 

passengers who have higher feeling of safety when their drivers distracted while driving would 

decrease supporting the Kansas laws banning cell phone use while driving. 
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Table 4.10 Estimation Results of Hypothetical Path between Latent Variables, and 
Socioeconomic and Demographic Variables 
Hypothetical Path Coefficients 

Estimate 
Standard 

Error 
t-value p-value 

Gender          YDAD     -0.09 0.15 -0.57 0.5701 
Gender          YPOD     -0.11 0.15 -0.73 0.4671 
Gender          YDSKL     0.40 0.20 1.99 0.0465 
Age          YDAD     -0.31 0.17 -1.77 0.0773 
Age          YPOD     0.09 0.17 0.54 0.5915 
Age          YDSKL     0.42 0.23 1.82 0.0685 
Driving frequency          YDAD     0.30 0.08 3.81 0.0001 
Driving frequency          YPOD     0.01 0.07 0.11 0.9133 
Driving frequency          YDSKL     0.15 0.11 1.40 0.1615 
Education          YDAD     1.18 0.21 5.50 <.0001 
Education          YPOD     0.31 0.19 1.61 0.1081 
Education          YDSKL     0.05 0.31 0.18 0.8583 
Educational messages          YDAD     -0.31 0.19 -1.64 0.0969 
Educational messages          YPOD     0.26 0.19 1.38 0.1661 
Educational messages          YDSKL     0.03 0.25 -0.13 0.8971 
Crashes/near-crashes          YDAD     0.27 0.17 1.64 0.0968 
Crashes/near-crashes          YPOD     -0.12 0.17 -0.70 0.4855 
Crashes/near-crashes          YDSKL     -0.17 0.22 -0.78 0.4384 

  

In terms of socioeconomic and demographic variables, Table 4.10 shows the 

relationships among individual characteristic variables that include gender, age, driving 

frequency, education, educational messages, and crashes/near-crashes and latent variables 

(YDAD, YPOD, and YDSKL). SEM analysis showed that two path coefficients were 

statistically significant at a confidence level of 99.99%; one path coefficients were statistically 

significant at a confidence level of 95%; and four path coefficients were statistically significant 

at a confidence level of 90%. 

This SEM results indicated that female young drivers are more likely to support the 

Kansas laws banning cell phone use while driving than male young drivers. Furthermore, the 

results suggested that two age-related path coefficients were significant as an important structural 

factor of latent variable YDAD and latent variable YDSKL. Young-adult drivers are less prone 
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to distracted driving, and more likely to support the Kansas laws banning cell phone use while 

driving than teenage drivers.  

Model results found that with an increase in driving frequency, young drivers are more 

likely to drive with distractions. In the same manner, with an increase in education level, young 

drivers are more prone to distracted driving. In addition, the model results indicated that young 

drivers who had seen or heard educational messages that warn about the potential hazards of 

using a cell phone (e.g., talking or sending/reading text messages) while driving are less probable 

to drive while being distracted. However, young drivers who had been in a crash or near-crash 

during the previous year are more probable to drive while being distracted. 

Goodness of fit of the SEM was tested with SRMR, CFI, and RMSEA values. Table 4.11 

shows fit summaries of SRMR = 0.08; CFI = 0.81; and RMSEA = 0.06, which reveal that, in 

general, the SEM fits very well and represents the culture of distracted driving in Kansas. 

Table 4.11 Statistically Models Fit of SEM 
Goodness-of-Fit Indices Fit Summary 

Pr > Chi-Square <0.0001 

SRMR 0.08 

CFI 0.81 

RMSEA  0.06 
 

4.6 Discussion 

In general, the survey results indicate that young Kansas drivers would easily accept 

distracted driving behaviors. In other words, a majority of young drivers would at least 

sometimes engage in most distraction activities while driving. In particular, a large portion of the 

survey participants stated that they talk to their passengers or adjust car radio while driving. Half 

of teenage and young-adult drivers said that they use their cell phones for talking, texting, or for 
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getting driving directions while driving. A large majority of these drivers reported that they 

continue to drive while completing conversations, and most teenage and young-adult passengers 

said that they felt unsafe if their drivers engaged in secondary tasks while driving. Nearly one-

fourth of all young drivers’ crashes and near-crashes involved cell phone-related distracted 

driving. It is noteworthy to mention that the majority of the survey findings agree with findings 

of the National Survey on Distracted Driving study [25]. 

According to the preliminary analysis and structural equation model (SEM) results, 

young drivers’ characteristics affect their attitudes and behaviors associated with distracted 

driving and cell phone use (e.g., talking or sending/reading text messages) while driving. More 

specifically, preliminary analysis showed that male teenage (15–20 year old) and female young-

adult (21–26 year old) drivers are more inclined to use their cell phones or talk to their 

passengers while driving than female teenage and male young-adult drivers. Likewise, SEM 

results revealed that, in general, female young (15–26 year old) drivers are more likely than male 

young drivers to support the Kansas laws banning cell phone use while driving. Another 

previous distracted-driving-related study found that male drivers were engaged in more 

distracted driving than female drivers [24]. Furthermore, preliminary analysis of the survey 

results showed that teenage passengers would feel more unsafe than young-adult passengers if 

their drivers were doing other activities while driving. A previous study conducted in Kansas 

found that young drivers were prone to use their cell phone while driving even though they 

believe is unsafe [78]. SEM results from this study suggested that young-adult drivers are less 

prone to distracted driving and are more likely to support the Kansas laws banning cell phone use 

while driving than teenage drivers. One possible explanation is that young-adult drivers are more 

aware of the hazards of distracted driving to their lives than teenage drivers. In addition, previous 
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studies found that driving with distractions increases as drivers’ ages decrease [79, 80, 81, and 

24]. 

The preliminary analysis showed that, in general, young drivers who drove every day or 

almost every day and young drivers who drove a few days a month or a few days a year are more 

likely to engage in cell phone use while driving than those who drove a few days a week, a result 

that agrees with findings of the National Survey on Distracted Driving study [25]. Also, the SEM 

results showed that with an increase in driving frequency, young drivers are more prone to drive 

with distractions. Similarly, SEM results showed that more educated young drivers are more 

likely to engage in distracted driving, a result that is in line with a similar Iowa study [24]. 
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Chapter 5 – Conclusions and Recommendations 

Young drivers have the highest crash risk when compared with drivers in other age 

groups, and distracted driving is one of the major causes of traffic crashes involving young 

drivers. Although the overall number of traffic crashes decreased in Kansas during the five year 

period between 2010 to 2014, distraction-affected crashes and crashes involving cell phone use 

increased during that same period. The objectives of this study was to assess the hazards of 

distracted driving among teenage (15–20 year old) and young-adult (21–26 year old) drivers in 

Kansas. This study examined five years (2011 to 2015) of crash data from the Kansas Crash and 

Analysis Reporting System (KCARS) database. A multinomial logit modeling was used to 

identify the odds that a driver with a certain type of distraction would be involved in one of the 

three most common crash types: rear-end, angular, and single-vehicle crashes. In addition, an 

ordered logistic modeling was developed to predict the likelihood of severe injury for teenage 

and young-adult distracted drivers and their passengers involved in crashes. This study surveyed 

more than 532 teenage and young-adult and survey results were analyzed with structural 

equation modeling (SEM).  

According to analysis of crash types, young drivers were more probable to be involved in 

rear-end crashes when they drove in work zones. A severity model of crashes involving young-

adult drivers showed that young-adult drivers who were distracted by cell phones in road 

construction zones and their passengers were more likely to be injured. Moreover, the survey 

results revealed that a large portion of young drivers reported that they use their cell phones 

while driving in school or work zones. Hence, a ban of cell phone use while driving in school or 

work zones could be considered as a possible countermeasure to reduce or avoid distracted 

driving and related crashes that occur in school or work zones. This type of law has already been 
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implemented in some states (e.g., Texas, Louisiana, and Arkansas) as partial bans for drivers of 

all ages [40]. 

Hand-held cell phone use is banned in Kansas only for drivers who are under 17 years 

old. However, according to the results of crash type analysis, cell phone involved crashes and 

cell phone use under different conditions, such as on roads with speed limit more than 60 mph or 

at intersections could be significant factors for increased rear-end and angular crashes. Also, cell 

phone use at night is a significant factor for increases in teenage drivers’ single-vehicle crashes. 

In terms of a young-adult drivers’ crash type model, most single-vehicle crashes occurred when 

young-adult drivers were distracted by cell phones under different conditions. In addition, given 

the findings of injury severity models, teenage and young-adult drivers were more likely to be 

severely injured in cell phone-related crashes. Survey results revealed that nearly 50% of teenage 

and young-adult drivers would at least sometimes use a hand-held cell phone to accept calls 

while driving. A previous study indicated that hand-held cell phone bans that applied to all 

drivers contributed to decreases in fatal crashes involving teenage (20 years old and younger) 

drivers, while hand-held cell phone bans that only applied to teenage drivers had no significant 

effect in reducing teenage fatal crashes [48]. Consequently, implementation of hand-held cell 

phone bans for all drivers would be beneficial for reducing distraction-affected crashes, 

particularly for teenage and young-adult drivers. Further, improving young drivers’ education 

will help to understand how cell phone use while driving influences their driving risk. 

Accordingly, the findings of this study should be shared with the Kansas Department of Revenue 

and with Kansas education officials to guide the design of driver education courses at 

professional driving schools and at Kansas high schools to emphasize the hazards of using cell 
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phones while driving to the lives of teenage and young-adult Kansas drivers and their passengers 

as well as other road users. 

In addition, an investigation that compared young drivers crashes involving cell phone 

use in Manhattan, Kansas, a city with bans on hand-held cell phone and in Lawrence, Kansas, a 

city without hand-held cell phone use bans was conducted to identify the effectiveness of hand-

held cell phone use bans in reducing young drivers crashes involving cell phone use. The results 

of this investigation showed that bans on hand-held cell phone for drivers of all ages in 

Manhattan, Kansas, helped to reduce young drivers’ crashes involving cell phone use. This 

investigation is helpful in developing convincing arguments to support the proposed Kansas 

state-wide hand-held cell phone ban law. 

A majority of teenagers and young-adults reported that they never used their cell phones 

while driving when they saw police officers. As a result, good laws coupled with highly visible 

police presence and enforcement could help to reduce the use of hand-held cell phones while 

driving. Other studies have shown that high-visibility police enforcement helped to reduce hand-

held cell phone use while driving in Connecticut, New York, California, and Delaware [37 and 

38].  

The effectiveness of the Kansas Graduated Driver Licensing (GDL) system in reducing 

teenage drivers’ distraction-affected crashes was also investigated in the current study. The 

Kansas GDL system prohibits driving with front-seat passengers only for drivers who under 17 

years old. However, preliminary analysis of crash data for all teenage drivers showed that a large 

majority of their front-seat passengers were teenagers. Additionally, about 17% of total teenage 

drivers’ distraction-affected crashes occurred when teenage front-seat passengers were present at 

the time of the crash. These facts are also supported by crash-type model results for teenage 
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drivers: the presence of teenage front-seat passengers was a significant factor in teenage drivers’ 

model, although teenage front-seat passengers was not significant in the young-adult drivers 

model. In particular, if these teenage drivers drove with their peers as front-seat passengers and 

were distracted by other electronic devices or inside the vehicle, they were more probable to be 

involved in single-vehicle crashes or angular collisions.  

The results of the teenage drivers injury severity model showed that when teenage drivers 

drove with front-seat passengers and were distracted by secondary tasks at the time of a crash, 

they and their front-seat passengers were more probable to be injured. The survey results 

revealed that a large portion of teenage drivers stated that they talk to their passengers while 

operating vehicles, which means that teenage front-seat passengers contribute to increased 

teenage driver crashes. As a result, additional GDL passenger restrictions for all teenage drivers 

(15–20 year old) could help improve the safety of teenage drivers and their passengers. 

Moreover, several studies found a teenage passenger restriction contribute to decrease teenage 

drivers’ distraction-affected crashes [42, 43, 44, 45, and 46]. 

According to the crash data models developed in this study, curved roads, intersections, 

off roadway crashes, rural roads, multi-lanes roads, poor road surface conditions, roads with 

speed limits >60 mph, and nighttime are significant factors for increased teenage and young-

adult drivers distraction-affected crashes. Hence, roadway countermeasures such as centerline 

and shoulder rumble strips are needed in curved, rural, and multi lanes roadways to alert 

distracted drivers and help prevent distraction-affected crashes when drivers leave their travel 

lanes. Further, these findings suggest incorporating or continuing to incorporate verbal messages 

that encourage drivers not to become distracted while driving, particularly on rural or curved 

roads. Also other roadway countermeasures, such as wide and visible edge lines, more highly 
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visible road signs, and better lighting at night, have demonstrated their effectiveness in reducing 

distraction-affected crashes [36]. 

The Kansas crash database does not provide more specific details related to cell phone 

distraction, such as making/receiving phone calls or sending/reading text messages. The Kansas 

crash database also does not record passengers who are present at the time of a crash as a 

contributing factor in the distraction types. Therefore, The Kansas crash data collection should 

be improved to provide detailed distraction type categories like other states crash data collection 

efforts where such data are collected. 

Crash data coupled with survey data have not been previously used to investigate the 

current distracted driving culture in Kansas. Nationally, few research efforts using crash 

databases have been completed that identify major factors that contribute to increases in the 

likelihood of occurrences of distracted driving crashes involving teenage and young-adult 

drivers. In addition, only limited studies exist to evaluate driver attitudes and behaviors 

associated with distracted driving and cell phone use in teenage novice (15–17 year old) drivers. 

The results of this study can be used to develop comprehensive state-wide intervention 

approaches to deter distracted driving and improve teenage and young-adult safety culture in the 

future. 

 

5.1 Study Limitations  

This study has five limitations. The first two limitations of this study relate to the Kansas 

crash data, and the other three limitations relate to the survey data. As mentioned earlier, the 

Kansas crash database does not provide more details related to cell phone distraction (e.g., 

whether making/receiving phone call or sending/reading text messages) and does not record 

passengers who are present at the time of the crash as a contributing factor in the distraction 
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types. In addition, although crash databases are controversial due to challenges in knowing the 

precise contributory causes of crashes and how information about driver distractions are 

reported, these databases do suggest that teenage and young-adult drivers’ distraction-affected 

crashes may account for a very small percentage of total crashes.  

To address these crash database limitations, young drivers were surveyed to understand 

the culture of distracted driving in more detail. In terms of the limitations related to the survey 

data, surveys were only collected from students at Manhattan High School, a sample that may 

not represent all Kansas high school students. Furthermore, many young participants in this 

study may have wished to minimize the fact that they engage in distraction activities. As a result, 

the survey results may not accurately represent young drivers’ attitudes and behaviors associated 

with distracted driving and cell phone use while driving, since these were voluntary responses. 

Another limitation involves the structural equation model (SEM) where responses with missing 

values were excluded from analysis. Consequently, to achieve an acceptable SEM with good fit, 

only one model was developed for both teenage (15–20 year old) and young-adult (21–26 year 

old) drivers so the total dataset contained 234 observations of young drivers that were used for 

SEM analysis. 
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Appendix A – Correlation Matrix for Measured Variables 

Table A.1 Correlation Matrix for Crash Type Model of Teenage Drivers 
Variable 1 2 3 4 5 6 7 8 9 10 11 12 13 14 
               
1.Cell phone  1 -0.03063 -0.06744 -0.03465 -0.35156 -0.00377 -0.00024 0.06064 0.01495 0.019 -0.00606 -0.01266 0.00675 -0.01497 
2.Other electronic devices  -0.03063 1 -0.0512 -0.0263 -0.26689 0.0132 -0.00585 -0.00147 -0.00245 0.014 0.00338 -0.01128 0.00389 0.00078 
3.In/on vehicle distraction -0.06744 -0.0512 1 -0.05791 -0.5876 0.01218 -0.00731 -0.02135 0.00687 0.01 -0.01651 0.00635 0.00687 0.00532 
4.External distraction -0.03465 -0.0263 -0.05791 1 -0.30188 0.0094 0.01802 -0.01571 -0.00914 -0.01 -0.001 0.00968 0.00319 -0.00513 
5.Inattention  -0.35156 -0.26689 -0.5876 -0.30188 1 -0.01492 0.00055 -0.05354 -0.01425 -0.02 0.01516 0.00151 0.00004 -0.00008 
6.Valid licensed  -0.00377 0.0132 0.01218 0.0094 -0.01492 1 0.10819 -0.04814 0.02151 0.021 -0.00357 -0.01936 -0.00333 -0.01244 
7.Restricted license -0.00024 -0.00585 -0.00731 0.01802 0.00055 0.10819 1 -0.02086 0.00882 -0.01 0.00282 0.00087 0.0029 0.01686 
8.Alcohol/drug related 0.06064 -0.00147 -0.02135 -0.01571 -0.05354 -0.04814 -0.02086 1 0.00625 0.006 0.00274 -0.01131 -0.00921 -0.00961 
9.Vehicle age (Year 5 or newer) 0.01495 -0.00245 0.00687 -0.00914 -0.01425 0.02151 0.00882 0.00625 1 -0.08 -0.13271 -0.18452 0.05045 -0.01211 
10.Vehicle age (6-10 years) 0.01917 0.01421 0.00988 -0.00611 -0.01793 0.02121 -0.00712 0.00617 -0.0775 1 -0.28797 -0.4004 0.03259 -0.01599 
11.Vehicle age (11-15 years) -0.00606 0.00338 -0.01651 -0.001 0.01516 -0.00357 0.00282 0.00274 -0.13271 -0.29 1 -0.68568 -0.01689 0.02801 
12.Vehicle age (Year 16 or older) -0.01266 -0.01128 0.00635 0.00968 0.00151 -0.01936 0.00087 -0.01131 -0.18452 -0.4 -0.68568 1 -0.02481 -0.01061 
13.Automobile 0.00675 0.00389 0.00687 0.00319 0.00004 -0.00333 0.0029 -0.00921 0.05045 0.033 -0.01689 -0.02481 1 -0.22364 
14.Van -0.01497 0.00078 0.00532 -0.00513 -0.00008 -0.01244 0.01686 -0.00961 -0.01211 -0.02 0.02801 -0.01061 -0.22364 1 
15.Pickup truck camper-rv  0.00426 -0.02144 -0.01313 0.01246 -0.00594 0.01906 -0.00943 0.01705 -0.04945 -0.06 -0.05394 0.11445 -0.60506 -0.0678 
16.Sport utility vehicle -0.00752 0.01624 0.00225 -0.0143 0.00583 -0.0089 -0.00143 -0.00082 -0.01096 0.029 0.06443 -0.07802 -0.60274 -0.06754 
17.Straight following 0.03591 0.04121 0.06757 0.00906 -0.12704 0.02134 0.00007 0.00875 -0.01595 0.013 -0.00211 -0.00047 0.00705 0.00068 
18.Turn/changing lanes maneuver -0.032 -0.04153 -0.07116 0.00769 0.11785 -0.01673 0.01296 -0.02366 0.01927 -0.02 0.00539 -0.00094 -0.00334 -0.00354 
19.Avoiding maneuver -0.00557 0.00162 0.00155 0.00214 0.00426 -0.00443 -0.01489 0.02213 0.00305 0.004 -0.00622 0.00296 -0.00878 -0.00332 
20.Stopped/parking/backing maneuver -0.0276 -0.0217 -0.01364 -0.02179 0.0679 0.0019 -0.00855 -0.01636 0.00441 0.006 0.00315 -0.00798 -0.00684 0.00485 
21.No damage  -0.01704 -0.00948 0.01021 0.00582 0.01338 0.00837 -0.00001 -0.008 -0.00846 -0.02 -0.01731 0.03015 -0.04779 0.00968 
22.Minor damage -0.02776 -0.01872 -0.02754 -0.00083 0.08666 0.01708 -0.01801 -0.05008 0.00591 3E-04 -0.02389 0.02007 -0.10261 -0.01045 
23.Functional damage -0.01784 -0.01454 -0.03481 0.01709 0.07779 -0.00327 0.01147 -0.06543 -0.00396 0.007 0.00633 -0.00839 0.02565 -0.00039 
24.Disabling damage 0.02678 0.03061 0.03308 -0.00593 -0.08201 0.00164 0.00383 0.03748 0.00707 0.011 0.01513 -0.0251 0.07941 0.01223 
25.Destroyed damage 0.02746 0.00594 0.03804 -0.01657 -0.12569 -0.0247 -0.00019 0.12709 -0.00901 -0.02 0.01034 0.01034 -0.00762 -0.00978 
26.Driver with passengers -0.0538 -0.01785 0.0273 -0.0061 0.04671 -0.06838 -0.01375 0.01915 -0.01517 -0.02 0.00288 0.01503 -0.00939 0.03698 
27.Female driver -0.00302 -0.00299 0.02921 -0.00001 0.03206 0.0288 0.05623 -0.06049 0.03371 0.065 0.03733 -0.0944 0.14468 0.00071 
28.Driver safety belt used -0.04382 0.00527 0.00192 0.01807 0.02581 0.08491 0.02982 -0.1459 0.01714 0.017 0.00868 -0.0218 0.01817 0.01729 
29.Ejected -0.00769 -0.01011 -0.00785 -0.01143 0.00508 -0.01755 -0.00314 0.0367 -0.00657 -0.01 0.01352 -0.00602 -0.0153 0.00358 
30.Trapped 0.03133 -0.00451 0.00819 -0.0067 -0.04534 -0.00457 -0.00571 0.07349 0.00242 -0 0.00537 -0.00418 -0.01737 -0.00517 
31.Fatal injury/injury incapacitating 0.02232 -0.01001 0.01351 -0.00811 -0.03985 -0.0187 -0.01236 0.11669 -0.00237 -0 0.01266 -0.00873 -0.00408 0.00358 
32.Injury not incapacitating /possible injury 0.01117 0.01616 0.02675 -0.01507 -0.09503 -0.02266 -0.00729 0.09419 -0.01835 -0.01 -0.00152 0.01122 0.01809 -0.01523 
33.Not injured -0.0189 -0.0099 -0.02568 0.01484 0.0996 0.03451 0.01395 -0.12028 0.01839 0.006 0.00441 -0.01226 -0.01827 0.0122 
34.Teen passengers -0.04332 -0.01339 0.01901 -0.00523 0.03936 -0.02491 -0.01198 0.02229 -0.01102 -0.01 -0.00724 0.02124 0.01503 -0.00788 
35.Speed limit<35 mph -0.01016 -0.03318 -0.01226 -0.02891 0.08542 -0.0605 -0.03348 0.00176 0.00449 -0.02 -0.01374 0.02204 -0.01083 0.00456 
36.Speed limit_35-60 mph 0.0081 0.01794 0.0128 0.04913 -0.00901 0.04931 0.03202 -0.01194 -0.0102 0.016 -0.01036 0.0025 0.00693 -0.01027 
37.Speed limit>60 mph 0.00196 0.01778 -0.00168 -0.03633 -0.11715 0.01736 0.0012 0.0195 0.00473 -0 0.03782 -0.03565 0.0047 0.01189 
38.Concrete road surface type -0.01231 -0.00615 -0.01129 0.03135 0.00435 -0.01369 0.00706 -0.00022 -0.00145 -0.01 0.00772 0.00224 0.02979 -0.00687 
39.Black top road surface 0.01064 0.00989 0.00301 -0.01964 -0.00195 0.02502 -0.01313 -0.0286 0.00966 0.015 -0.00068 -0.01398 0.00946 0.00665 
40.Gravel/brick road surface type 0.00187 -0.00727 0.0163 -0.01892 -0.0038 -0.02598 0.01513 0.06074 -0.01562 -0.01 -0.01411 0.0234 -0.07701 -0.00541 
41.Wet/debris road surface condition -0.00414 -0.01703 -0.04193 -0.01398 0.05489 -0.0061 -0.00474 0.00079 -0.01055 -0.02 0.00553 0.01389 -0.00991 0.00145 
42.Curved road 0.01853 0.00212 0.00886 -0.02165 -0.04464 -0.01694 -0.00901 0.03101 0.02293 0.012 -0.01506 -0.00227 0.00626 -0.00649 
43.Work_zone_realeted -0.00797 0.00824 -0.00671 -0.00669 0.01088 0.0041 0.00047 -0.00047 0.00267 0.011 0.00659 -0.01475 0.01107 0.00325 
44.Multi lanes road -0.00874 0.00116 0.01265 0.01262 -0.01489 -0.00018 0.00165 -0.00481 0.00403 0.008 -0.00291 -0.00481 0.00494 -0.01244 
45.5.00-9.00-Morning -0.02043 -0.01606 -0.01288 -0.02303 -0.02388 0.01396 0.03815 -0.00998 0.00148 -0.01 0.00336 0.00492 -0.00952 0.00669 
46.9.00-13.00-Noon -0.01775 0.0005 0.00415 -0.00562 0.03836 -0.01257 -0.00573 -0.04779 -0.00827 0.014 0.00304 -0.0092 -0.01483 0.01548 
47.13.00-17.00-Afternoon -0.02731 -0.00378 -0.00258 0.00999 0.06696 0.0238 -0.00673 -0.08606 -0.00452 -0.01 -0.00982 0.01592 0.0023 -0.00478 
48.17.00-21.00-Evening 0.01074 0.00878 0.01568 0.02484 0.01308 0.02145 -0.00437 -0.02798 -0.00157 0.004 0.00744 -0.0088 0.01645 0.00012 
49.21.00-5.00-Night 0.06872 0.0102 -0.00718 -0.01499 -0.13364 -0.06091 -0.01805 0.22727 0.01781 0.002 -0.00252 -0.00645 0.00523 -0.0173 
50.Week end 0.02141 0.02114 0.01486 -0.00178 -0.10692 -0.02974 -0.01954 0.11253 0.00674 0.003 -0.0012 -0.00271 -0.00952 -0.00905 
51.On roadway -0.02332 0.0008 -0.02725 0.01021 0.05178 0.01028 -0.01257 -0.03448 -0.0139 -0.02 -0.0075 0.02384 0.01628 -0.01891 
52.At Intersection -0.01979 -0.02223 -0.02736 0.02391 0.1227 0.01326 0.00906 -0.07092 -0.00469 0.011 0.00614 -0.01273 0.0021 0.01265 
53.Off roadway crash 0.05899 0.02932 0.07146 -0.04649 -0.23468 -0.02775 0.00418 0.13687 0.02575 0.007 0.0018 -0.0142 -0.02384 0.00555 
54.Dark 0.06517 0.00255 -0.00585 -0.01477 -0.11079 -0.02958 -0.00892 0.18262 0.01269 0.007 0.00887 -0.01766 0.01438 -0.01355 
55.Adverse weather conditions 0.00447 -0.01665 -0.03435 -0.01362 0.04288 0.00103 0.0001 0.00013 -0.00905 -0.02 0.00609 0.01092 -0.00107 0.00089 
56.Rural roads 0.01166 0.00483 0.0418 -0.0504 -0.11112 0.03343 0.01657 0.06763 -0.01205 -0.01 -0.00386 0.01481 -0.07352 -0.00224 
57.Animal factors -0.02588 -0.01057 -0.01191 0.01064 0.02442 0.00397 0.01185 -0.00174 -0.01066 0.004 0.00506 -0.00351 -0.00391 0.01286 
58.Weather factors -0.01488 -0.00399 -0.01623 -0.00701 0.03043 -0.0031 -0.00268 -0.00259 -0.00509 -0.02 0.00607 0.00994 0.00771 -0.0049 
59.Vision obstruction factors 0.01073 -0.00606 0.00462 0.00393 -0.00665 0.00323 0.00625 -0.00572 -0.00751 -0.01 -0.00102 0.01179 -0.01401 0.00541 
60.Vehicle factors -0.00719 -0.01243 0.01374 -0.01405 0.01366 0.0037 -0.00001 -0.00544 -0.00569 -0.03 -0.01014 0.03207 0.00696 -0.00716 
61.Road factors -0.02432 -0.00047 -0.00623 -0.00282 0.02263 0.02712 -0.00272 0.00005 -0.00419 -0.02 0.01694 -0.00321 -0.00146 0.00496 

Note: The highlighted cell indicates correlation among pair of explanatory variables found at Correlation Coefficient= 0.6 level.	  
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Table A.1 (continued) 
Variable 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 
1.Cell phone  0.00426 -0.00752 0.03591 -0.032 -0.00557 -0.0276 -0.01704 -0.02776 -0.01784 0.027 0.02746 -0.0538 -0.00302 -0.04382 -0.00769 
2.Other electronic devices  -0.02144 0.01624 0.04121 -0.04153 0.00162 -0.0217 -0.00948 -0.01872 -0.01454 0.031 0.00594 -0.01785 -0.00299 0.00527 -0.01011 
3.In/on vehicle distraction -0.01313 0.00225 0.06757 -0.07116 0.00155 -0.01364 0.01021 -0.02754 -0.03481 0.033 0.03804 0.0273 0.02921 0.00192 -0.00785 
4.External distraction 0.01246 -0.0143 0.00906 0.00769 0.00214 -0.02179 0.00582 -0.00083 0.01709 -0.01 -0.01657 -0.0061 -0.00001 0.01807 -0.01143 
5.Inattention  -0.00594 0.00583 -0.12704 0.11785 0.00426 0.0679 0.01338 0.08666 0.07779 -0.08 -0.12569 0.04671 0.03206 0.02581 0.00508 
6.Valid licensed  0.01906 -0.0089 0.02134 -0.01673 -0.00443 0.0019 0.00837 0.01708 -0.00327 0.002 -0.0247 -0.06838 0.0288 0.08491 -0.01755 
7.Restricted license -0.00943 -0.00143 0.00007 0.01296 -0.01489 -0.00855 -0.00001 -0.01801 0.01147 0.004 -0.00019 -0.01375 0.05623 0.02982 -0.00314 
8.Alcohol/drug related 0.01705 -0.00082 0.00875 -0.02366 0.02213 -0.01636 -0.008 -0.05008 -0.06543 0.037 0.12709 0.01915 -0.06049 -0.1459 0.0367 
9.Vehicle age (Year 5 or newer) -0.04945 -0.01096 -0.01595 0.01927 0.00305 0.00441 -0.00846 0.00591 -0.00396 0.007 -0.00901 -0.01517 0.03371 0.01714 -0.00657 
10.Vehicle age (6-10 years) -0.06389 0.02874 0.01258 -0.01769 0.00386 0.0064 -0.02136 0.00026 0.00726 0.011 -0.02206 -0.01601 0.06478 0.01688 -0.00861 
11.Vehicle age (11-15 years) -0.05394 0.06443 -0.00211 0.00539 -0.00622 0.00315 -0.01731 -0.02389 0.00633 0.015 0.01034 0.00288 0.03733 0.00868 0.01352 
12.Vehicle age (Year 16 or older) 0.11445 -0.07802 -0.00047 -0.00094 0.00296 -0.00798 0.03015 0.02007 -0.00839 -0.03 0.01034 0.01503 -0.0944 -0.0218 -0.00602 
13.Automobile -0.60506 -0.60274 0.00705 -0.00334 -0.00878 -0.00684 -0.04779 -0.10261 0.02565 0.079 -0.00762 -0.00939 0.14468 0.01817 -0.0153 
14.Van -0.0678 -0.06754 0.00068 -0.00354 -0.00332 0.00485 0.00968 -0.01045 -0.00039 0.012 -0.00978 0.03698 0.00071 0.01729 0.00358 
15.Pickup truck camper-rv  1 -0.18272 0.00069 -0.00644 0.01886 -0.0017 0.03412 0.07485 -0.01765 -0.07 0.01959 -0.00387 -0.22731 -0.0474 0.02866 
16.Sport utility vehicle -0.18272 1 -0.00979 0.01273 -0.00587 0.00801 0.02248 0.06401 -0.01498 -0.04 -0.00522 0.00004 0.03872 0.01847 -0.01021 
17.Straight following 0.00069 -0.00979 1 -0.71769 -0.26478 -0.47347 -0.00835 -0.05127 -0.05196 0.064 0.06655 -0.03571 0.00934 -0.01203 0.01564 
18.Turn/changing lanes maneuver -0.00644 0.01273 -0.71769 1 -0.05694 -0.10182 -0.024 0.00953 0.04267 -0.02 -0.04858 0.03881 0.00234 0.01007 -0.01646 
19.Avoiding maneuver 0.01886 -0.00587 -0.26478 -0.05694 1 -0.03756 -0.01694 -0.02144 0.00689 0.016 0.00288 0.00524 -0.02854 -0.00657 0.02101 
20.Stopped/parking/backing maneuver -0.0017 0.00801 -0.47347 -0.10182 -0.03756 1 0.05419 0.09776 0.03619 -0.1 -0.06478 0.00683 0.00507 0.0342 -0.01718 
21.No damage  0.03412 0.02248 -0.00835 -0.024 -0.01694 0.05419 1 -0.06169 -0.07817 -0.09 -0.03326 -0.00571 -0.00903 -0.00268 0.00168 
22.Minor damage 0.07485 0.06401 -0.05127 0.00953 -0.02144 0.09776 -0.06169 1 -0.35298 -0.41 -0.15019 -0.02167 -0.00531 0.04169 -0.02445 
23.Functional damage -0.01765 -0.01498 -0.05196 0.04267 0.00689 0.03619 -0.07817 -0.35298 1 -0.52 -0.19032 -0.01258 0.01384 0.06507 -0.04197 
24.Disabling damage -0.06709 -0.04176 0.06375 -0.01769 0.01587 -0.09779 -0.0913 -0.41227 -0.52243 1 -0.22229 0.02594 0.0249 -0.02919 -0.00474 
25.Destroyed damage 0.01959 -0.00522 0.06655 -0.04858 0.00288 -0.06478 -0.03326 -0.15019 -0.19032 -0.22 1 0.01033 -0.05347 -0.12085 0.12146 
26.Driver with passengers -0.00387 0.00004 -0.03571 0.03881 0.00524 0.00683 -0.00571 -0.02167 -0.01258 0.026 0.01033 1 0.00635 -0.01663 -0.00551 
27.Female driver -0.22731 0.03872 0.00934 0.00234 -0.02854 0.00507 -0.00903 -0.00531 0.01384 0.025 -0.05347 0.00635 1 0.0617 -0.03335 
28.Driver safety belt used -0.0474 0.01847 -0.01203 0.01007 -0.00657 0.0342 -0.00268 0.04169 0.06507 -0.03 -0.12085 -0.01663 0.0617 1 -0.20539 
29.Ejected 0.02866 -0.01021 0.01564 -0.01646 0.02101 -0.01718 0.00168 -0.02445 -0.04197 -0 0.12146 -0.00551 -0.03335 -0.20539 1 
30.Trapped 0.0069 0.01806 0.00952 0.00031 0.00332 -0.01893 -0.00854 -0.03854 -0.04884 -0.01 0.16666 0.00959 0.01318 -0.06602 -0.00484 
31.Fatal injury/injury incapacitating 0.00894 -0.00507 0.02393 -0.01687 0.00657 -0.02239 -0.01147 -0.04642 -0.06083 -0.01 0.20747 0.01266 -0.00698 -0.12795 0.25064 
32.Injury not incapacitating /possible injury 0.00188 -0.01923 0.04538 -0.03654 0.02424 -0.05289 -0.04058 -0.16559 -0.17503 0.17 0.27153 -0.01028 0.05119 -0.14494 0.07972 
33.Not injured -0.00329 0.02212 -0.04617 0.03912 -0.02811 0.05775 0.04448 0.16987 0.18116 -0.15 -0.31698 0.00426 -0.04311 0.21266 -0.14279 
34.Teen passengers -0.00264 -0.01425 -0.02706 0.03296 0.00356 -0.00076 0.00161 -0.02607 -0.01369 0.022 0.02382 0.73647 -0.03783 -0.00903 -0.00606 
35.Speed limit<35 mph 0.00159 0.00993 -0.06942 0.07171 -0.02061 0.02472 0.01034 0.07776 0.0545 -0.07 -0.08902 0.01251 -0.00005 -0.01156 -0.03093 
36.Speed limit_35-60 mph -0.00683 0.00257 0.05989 -0.04762 -0.02251 -0.01669 0.00721 -0.0216 -0.01394 0.024 0.01294 -0.01014 0.01372 0.02143 0.00196 
37.Speed limit>60 mph 0.01353 -0.02446 0.02007 -0.03613 0.06403 -0.0219 -0.02668 -0.09046 -0.05705 0.076 0.11761 -0.00515 -0.02488 -0.01569 0.03563 
38.Concrete road surface type -0.02375 -0.01253 0.00206 0.00788 -0.01781 0.00025 0.00874 0.02226 0.01268 -0.01 -0.03768 0.00229 0.00488 0.03838 -0.02 
39.Black top road surface -0.02346 0.00898 -0.0159 0.00571 0.00714 0.01709 -0.00546 0.0076 0.0186 -0.01 -0.01715 -0.0273 0.00901 0.00912 -0.00436 
40.Gravel/brick road surface type 0.09457 0.00744 0.03061 -0.02966 0.02103 -0.03639 -0.00475 -0.05942 -0.06119 0.049 0.10732 0.05176 -0.02968 -0.09438 0.04843 
41.Wet/debris road surface condition 0.01497 -0.00289 -0.02157 -0.00213 0.00302 0.03597 -0.006 -0.00763 0.01357 -0 -0.00463 -0.00132 -0.00187 -0.0072 -0.0028 
42.Curved road -0.0002 -0.00493 0.01881 -0.01309 0.01232 -0.02167 -0.01957 -0.04782 -0.04199 0.053 0.05785 0.01893 -0.02658 -0.02109 0.00338 
43.Work_zone_realeted -0.0122 -0.00345 0.0068 -0.01605 -0.00384 0.01534 0.03189 -0.00787 0.01369 -0 -0.02623 -0.00682 -0.00047 0.0112 -0.01142 
44.Multi lanes road 0.00016 -0.00035 0.02784 -0.01137 -0.00157 -0.02335 -0.00632 -0.01363 -0.00099 0.016 0.00364 0.00292 0.00403 0.02141 -0.01214 
45.5.00-9.00-Morning 0.01467 -0.0053 0.00126 -0.01118 0.01251 0.00122 -0.01512 -0.0298 -0.00387 0.019 0.02266 -0.05861 -0.00658 0.01371 0.00442 
46.9.00-13.00-Noon 0.00063 0.01255 -0.00881 0.00707 -0.01172 0.01054 0.00969 0.01477 0.02399 -0.03 -0.01569 -0.03155 0.01883 0.01295 -0.00912 
47.13.00-17.00-Afternoon -0.01199 0.0101 0.01 -0.01723 -0.00163 0.02346 0.00672 0.04815 0.04752 -0.05 -0.0656 -0.00036 0.02714 0.04999 -0.01543 
48.17.00-21.00-Evening -0.00819 -0.01277 -0.02031 0.03087 -0.01221 0.00857 0.01608 0.02461 0.00074 -0.01 -0.03396 0.05356 0.01374 0.011 0.00182 
49.21.00-5.00-Night 0.0095 -0.0086 0.02179 -0.01096 0.0178 -0.06053 -0.02715 -0.08983 -0.09287 0.098 0.13579 0.02995 -0.07156 -0.11685 0.01974 
50.Week end 0.02009 -0.00379 0.02671 -0.00742 0.00099 -0.04367 -0.00209 -0.05409 -0.0577 0.055 0.08539 0.03418 -0.02674 -0.04726 0.02247 
51.On roadway -0.00278 -0.01053 0.03378 -0.03178 0.0083 -0.01845 -0.00977 -0.00321 0.03165 -0.01 -0.03519 -0.00818 -0.00658 -0.00061 -0.01211 
52.At Intersection -0.02598 0.01812 -0.05906 0.06503 -0.06341 0.07265 0.03466 0.10144 0.07061 -0.09 -0.12823 0.00091 0.04657 0.07876 -0.0352 
53.Off roadway crash 0.04165 -0.01256 0.03996 -0.05078 0.07638 -0.07567 -0.0362 -0.1343 -0.13608 0.132 0.21968 0.00818 -0.0545 -0.10353 0.06486 
54.Dark 0.00693 -0.0194 0.00778 0.01197 0.00975 -0.05794 -0.02093 -0.075 -0.08617 0.089 0.1134 0.04761 -0.06422 -0.09712 0.02324 
55.Adverse weather conditions 0.00089 -0.00023 -0.01918 0.00113 0.00636 0.02664 -0.00188 -0.00953 -0.00006 0.006 0.00054 0.00314 -0.00088 -0.0047 0.00073 
56.Rural roads 0.12753 -0.03132 0.02451 -0.02665 0.05746 -0.04797 -0.02693 -0.11508 -0.09765 0.081 0.21252 0.03702 -0.03282 -0.09712 0.06424 
57.Animal factors 0.01618 -0.01647 -0.01248 0.00012 0.02154 0.00747 -0.0055 -0.0173 -0.00953 0.018 0.01081 0.0168 -0.00475 0.00576 0.00432 
58.Weather factors 0.01083 -0.01874 -0.02353 0.01287 0.02978 0.01053 -0.0043 -0.00668 -0.02117 0.017 0.02006 0.00961 -0.01175 -0.00189 -0.00623 
59.Vision obstruction factors 0.00794 0.00807 -0.00398 0.00562 0.00697 -0.00286 -0.00465 -0.00785 0.01642 -0.01 0.00241 0.02102 -0.00438 -0.00349 0.02474 
60.Vehicle factors -0.01287 0.00695 -0.00376 0.00963 -0.01181 0.00076 -0.00184 -0.00653 -0.00083 0.008 -0.003 0.00903 -0.01189 0.00462 -0.0054 
61.Road factors 0.01261 -0.01374 -0.00514 -0.01802 0.01061 0.02725 -0.00213 -0.00959 -0.01603 0.019 0.00611 0.02726 -0.01037 0.00429 0.005 

Note: The highlighted cell indicates correlation among pair of explanatory variables found at Correlation Coefficient= 0.6 level. 
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Table A.1 (continued) 
Variable 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 
1.Cell phone  0.03133 0.02232 0.01117 -0.0189 -0.04332 -0.01016 0.0081 0.00196 -0.01231 0.011 0.00187 -0.00414 0.01853 -0.00797 -0.00874 
2.Other electronic devices  -0.00451 -0.01001 0.01616 -0.0099 -0.01339 -0.03318 0.01794 0.01778 -0.00615 0.01 -0.00727 -0.01703 0.00212 0.00824 0.00116 
3.In/on vehicle distraction 0.00819 0.01351 0.02675 -0.02568 0.01901 -0.01226 0.0128 -0.00168 -0.01129 0.003 0.0163 -0.04193 0.00886 -0.00671 0.01265 
4.External distraction -0.0067 -0.00811 -0.01507 0.01484 -0.00523 -0.02891 0.04913 -0.03633 0.03135 -0.02 -0.01892 -0.01398 -0.02165 -0.00669 0.01262 
5.Inattention  -0.04534 -0.03985 -0.09503 0.0996 0.03936 0.08542 -0.00901 -0.11715 0.00435 -0 -0.0038 0.05489 -0.04464 0.01088 -0.01489 
6.Valid licensed  -0.00457 -0.0187 -0.02266 0.03451 -0.02491 -0.0605 0.04931 0.01736 -0.01369 0.025 -0.02598 -0.0061 -0.01694 0.0041 -0.00018 
7.Restricted license -0.00571 -0.01236 -0.00729 0.01395 -0.01198 -0.03348 0.03202 0.0012 0.00706 -0.01 0.01513 -0.00474 -0.00901 0.00047 0.00165 
8.Alcohol/drug related 0.07349 0.11669 0.09419 -0.12028 0.02229 0.00176 -0.01194 0.0195 -0.00022 -0.03 0.06074 0.00079 0.03101 -0.00047 -0.00481 
9.Vehicle age (Year 5 or newer) 0.00242 -0.00237 -0.01835 0.01839 -0.01102 0.00449 -0.0102 0.00473 -0.00145 0.01 -0.01562 -0.01055 0.02293 0.00267 0.00403 
10.Vehicle age (6-10 years) -0.00465 -0.00451 -0.00523 0.00576 -0.01459 -0.01654 0.0163 -0.00133 -0.01135 0.015 -0.00785 -0.02123 0.01238 0.01115 0.0081 
11.Vehicle age (11-15 years) 0.00537 0.01266 -0.00152 0.00441 -0.00724 -0.01374 -0.01036 0.03782 0.00772 -0 -0.01411 0.00553 -0.01506 0.00659 -0.00291 
12.Vehicle age (Year 16 or older) -0.00418 -0.00873 0.01122 -0.01226 0.02124 0.02204 0.0025 -0.03565 0.00224 -0.01 0.0234 0.01389 -0.00227 -0.01475 -0.00481 
13.Automobile -0.01737 -0.00408 0.01809 -0.01827 0.01503 -0.01083 0.00693 0.0047 0.02979 0.009 -0.07701 -0.00991 0.00626 0.01107 0.00494 
14.Van -0.00517 0.00358 -0.01523 0.0122 -0.00788 0.00456 -0.01027 0.01189 -0.00687 0.007 -0.00541 0.00145 -0.00649 0.00325 -0.01244 
15.Pickup truck camper-rv  0.0069 0.00894 0.00188 -0.00329 -0.00264 0.00159 -0.00683 0.01353 -0.02375 -0.02 0.09457 0.01497 -0.0002 -0.0122 0.00016 
16.Sport utility vehicle 0.01806 -0.00507 -0.01923 0.02212 -0.01425 0.00993 0.00257 -0.02446 -0.01253 0.009 0.00744 -0.00289 -0.00493 -0.00345 -0.00035 
17.Straight following 0.00952 0.02393 0.04538 -0.04617 -0.02706 -0.06942 0.05989 0.02007 0.00206 -0.02 0.03061 -0.02157 0.01881 0.0068 0.02784 
18.Turn/changing lanes maneuver 0.00031 -0.01687 -0.03654 0.03912 0.03296 0.07171 -0.04762 -0.03613 0.00788 0.006 -0.02966 -0.00213 -0.01309 -0.01605 -0.01137 
19.Avoiding maneuver 0.00332 0.00657 0.02424 -0.02811 0.00356 -0.02061 -0.02251 0.06403 -0.01781 0.007 0.02103 0.00302 0.01232 -0.00384 -0.00157 
20.Stopped/parking/backing maneuver -0.01893 -0.02239 -0.05289 0.05775 -0.00076 0.02472 -0.01669 -0.0219 0.00025 0.017 -0.03639 0.03597 -0.02167 0.01534 -0.02335 
21.No damage  -0.00854 -0.01147 -0.04058 0.04448 0.00161 0.01034 0.00721 -0.02668 0.00874 -0.01 -0.00475 -0.006 -0.01957 0.03189 -0.00632 
22.Minor damage -0.03854 -0.04642 -0.16559 0.16987 -0.02607 0.07776 -0.0216 -0.09046 0.02226 0.008 -0.05942 -0.00763 -0.04782 -0.00787 -0.01363 
23.Functional damage -0.04884 -0.06083 -0.17503 0.18116 -0.01369 0.0545 -0.01394 -0.05705 0.01268 0.019 -0.06119 0.01357 -0.04199 0.01369 -0.00099 
24.Disabling damage -0.00822 -0.01125 0.16995 -0.15421 0.0216 -0.07398 0.02364 0.07632 -0.01108 -0.01 0.04915 -0.00368 0.0525 -0.0003 0.01569 
25.Destroyed damage 0.16666 0.20747 0.27153 -0.31698 0.02382 -0.08902 0.01294 0.11761 -0.03768 -0.02 0.10732 -0.00463 0.05785 -0.02623 0.00364 
26.Driver with passengers 0.00959 0.01266 -0.01028 0.00426 0.73647 0.01251 -0.01014 -0.00515 0.00229 -0.03 0.05176 -0.00132 0.01893 -0.00682 0.00292 
27.Female driver 0.01318 -0.00698 0.05119 -0.04311 -0.03783 -0.00005 0.01372 -0.02488 0.00488 0.009 -0.02968 -0.00187 -0.02658 -0.00047 0.00403 
28.Driver safety belt used -0.06602 -0.12795 -0.14494 0.21266 -0.00903 -0.01156 0.02143 -0.01569 0.03838 0.009 -0.09438 -0.0072 -0.02109 0.0112 0.02141 
29.Ejected -0.00484 0.25064 0.07972 -0.14279 -0.00606 -0.03093 0.00196 0.03563 -0.02 -0 0.04843 -0.0028 0.00338 -0.01142 -0.01214 
30.Trapped 1 0.30765 0.08541 -0.16374 0.00474 -0.03639 -0.01568 0.08058 -0.01399 -0 0.03207 -0.00453 0.02293 0.01102 0.00241 
31.Fatal injury/injury incapacitating 0.30765 1 -0.03721 -0.23884 0.01002 -0.04564 -0.01912 0.09964 -0.01976 0.009 0.01716 -0.01793 0.03148 -0.00367 0.00156 
32.Injury not incapacitating /possible injury 0.08541 -0.03721 1 -0.92322 -0.005 -0.09108 0.02139 0.1025 -0.02907 -0.02 0.09446 -0.01361 0.03489 -0.01493 -0.00156 
33.Not injured -0.16374 -0.23884 -0.92322 1 0.00028 0.08755 -0.00692 -0.11897 0.03339 0.016 -0.09519 0.01132 -0.04019 0.0159 0.00541 
34.Teen passengers 0.00474 0.01002 -0.005 0.00028 1 0.00513 0.00141 -0.01196 -0.01662 -0.01 0.05353 -0.00395 0.02133 -0.00735 -0.00348 
35.Speed limit<35 mph -0.03639 -0.04564 -0.09108 0.08755 0.00513 1 -0.77882 -0.21621 -0.04399 0.054 -0.0277 -0.0155 -0.00489 -0.04653 -0.07465 
36.Speed limit_35-60 mph -0.01568 -0.01912 0.02139 -0.00692 0.00141 -0.77882 1 -0.40283 -0.0135 -0.02 0.0662 0.01069 -0.05875 0.01919 0.09055 
37.Speed limit>60 mph 0.08058 0.09964 0.1025 -0.11897 -0.01196 -0.21621 -0.40283 1 0.09263 -0.05 -0.07149 0.00509 0.09697 0.03785 -0.01047 
38.Concrete road surface type -0.01399 -0.01976 -0.02907 0.03339 -0.01662 -0.04399 -0.0135 0.09263 1 -0.87 -0.13261 0.0062 0.00762 0.0446 -0.01757 
39.Black top road surface -0.00208 0.00905 -0.01875 0.01571 -0.01021 0.05383 -0.01875 -0.05222 -0.87347 1 -0.35798 -0.00868 -0.02982 -0.02744 0.07234 
40.Gravel/brick road surface type 0.03207 0.01716 0.09446 -0.09519 0.05353 -0.0277 0.0662 -0.07149 -0.13261 -0.36 1 0.00612 0.04523 -0.03434 -0.09513 
41.Wet/debris road surface condition -0.00453 -0.01793 -0.01361 0.01132 -0.00395 -0.0155 0.01069 0.00509 0.0062 -0.01 0.00612 1 0.01171 -0.02918 -0.007 
42.Curved road 0.02293 0.03148 0.03489 -0.04019 0.02133 -0.00489 -0.05875 0.09697 0.00762 -0.03 0.04523 0.01171 1 0.0038 -0.05915 
43.Work_zone_realeted 0.01102 -0.00367 -0.01493 0.0159 -0.00735 -0.04653 0.01919 0.03785 0.0446 -0.03 -0.03434 -0.02918 0.0038 1 -0.01627 
44.Multi lanes road 0.00241 0.00156 -0.00156 0.00541 -0.00348 -0.07465 0.09055 -0.01047 -0.01757 0.072 -0.09513 -0.007 -0.05915 -0.01627 1 
45.5.00-9.00-Morning 0.01302 0.01545 0.01129 -0.01911 -0.05836 -0.0306 -0.00592 0.0607 0.00725 0.004 -0.01975 0.06151 0.01584 -0.01919 -0.00163 
46.9.00-13.00-Noon 0.00456 -0.00213 -0.0018 0.00452 -0.03644 0.02813 -0.01157 -0.01848 -0.01028 0.023 -0.02643 0.00035 -0.0105 0.01645 0.00019 
47.13.00-17.00-Afternoon -0.01281 -0.02834 -0.05251 0.06303 -0.00105 0.04339 -0.00066 -0.06882 0.00326 0.018 -0.04266 -0.03251 -0.06522 0.01302 0.01525 
48.17.00-21.00-Evening -0.01477 0.00321 -0.02753 0.02737 0.04853 -0.03466 0.03454 -0.00377 0.00595 -0 -0.0103 -0.02588 -0.01109 -0.00524 -0.00329 
49.21.00-5.00-Night 0.01939 0.02155 0.10166 -0.11017 0.04374 -0.0187 -0.02382 0.06182 -0.00826 -0.05 0.12563 0.01471 0.10463 -0.00952 -0.01644 
50.Week end 0.01836 0.03689 0.06514 -0.06724 0.03307 -0.01946 -0.01622 0.05644 -0.0168 -0.01 0.06315 0.0006 0.04981 -0.02224 0.00684 
51.On roadway -0.01166 -0.02686 -0.03223 0.03876 -0.00632 0.00973 0.00526 -0.01756 -0.0003 0.008 -0.01215 -0.00581 -0.04122 0.06148 0.00969 
52.At Intersection -0.03127 -0.04577 -0.09556 0.10237 -0.00296 0.03626 0.04295 -0.11608 0.05648 0.015 -0.14248 0.00024 -0.11961 -0.02535 0.02711 
53.Off roadway crash 0.05889 0.09482 0.17051 -0.18785 0.0108 -0.06581 -0.06409 0.18482 -0.07699 -0.03 0.20806 0.00724 0.21847 -0.04637 -0.04346 
54.Dark 0.01646 0.02714 0.07628 -0.08715 0.05434 -0.04745 0.00186 0.06514 -0.00863 -0.05 0.11407 0.05762 0.08872 -0.0227 -0.01303 
55.Adverse weather conditions 0.00659 -0.0117 -0.008 0.00667 -0.00006 -0.02797 0.02307 0.0053 0.00773 -0 -0.01039 0.78604 0.01098 -0.01642 -0.00183 
56.Rural roads 0.0638 0.07761 0.17105 -0.17941 0.03594 -0.15099 0.03757 0.17225 -0.17198 -0.01 0.36253 -0.00077 0.06913 -0.04289 -0.02475 
57.Animal factors -0.00463 -0.0003 0.01101 -0.01041 0.02447 -0.01324 -0.00198 0.02339 -0.02278 0.009 0.02261 0.2249 0.0129 -0.00072 0.00687 
58.Weather factors 0.01434 -0.00922 0.0294 -0.02494 0.008 -0.01851 -0.00975 0.04538 -0.01043 0.004 0.01292 0.11552 -0.00736 -0.01158 -0.0172 
59.Vision obstruction factors -0.0029 0.01469 0.00672 -0.00937 0.00666 -0.00589 -0.00009 0.00473 -0.00579 0.002 0.00708 0.02784 0.00343 0.00395 0.00733 
60.Vehicle factors -0.00595 -0.00799 -0.00686 0.01079 0.00432 0.00754 0.00096 -0.01252 -0.00719 0.007 0.00103 0.02945 0.00227 0.01243 -0.00483 
61.Road factors 0.00209 -0.00676 0.01305 -0.01323 0.01651 -0.04606 -0.0018 0.06656 -0.00387 4E-04 0.0064 0.31498 0.01538 0.06695 -0.0083 

Note: The highlighted cell indicates correlation among pair of explanatory variables found at Correlation Coefficient= 0.6 level.  
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Table A.1 (continued) 
Variable 45 46 47 48 49 50 51 52 53 54 55 56 57 58 59 60 
1.Cell phone  -0.02043 -0.01775 -0.02731 0.01074 0.06872 0.02141 -0.02332 -0.01979 0.05899 0.06517 0.00447 0.01166 -0.02588 -0.01488 -0.00719 -0.02432 
2.Other electronic devices  -0.01606 0.0005 -0.00378 0.00878 0.0102 0.02114 0.0008 -0.02223 0.02932 0.00255 -0.01665 0.00483 -0.01057 -0.00399 -0.01243 -0.00047 
3.In/on vehicle distraction -0.01288 0.00415 -0.00258 0.01568 -0.00718 0.01486 -0.02725 -0.02736 0.07146 -0.00585 -0.03435 0.0418 -0.01191 -0.01623 0.01374 -0.00623 
4.External distraction -0.02303 -0.00562 0.00999 0.02484 -0.01499 -0.00178 0.01021 0.02391 -0.04649 -0.01477 -0.01362 -0.0504 0.01064 -0.00701 -0.01405 -0.00282 
5.Inattention  -0.02388 0.03836 0.06696 0.01308 -0.13364 -0.10692 0.05178 0.1227 -0.23468 -0.11079 0.04288 -0.11112 0.02442 0.03043 0.01366 0.02263 
6.Valid licensed  0.01396 -0.01257 0.0238 0.02145 -0.06091 -0.02974 0.01028 0.01326 -0.02775 -0.02958 0.00103 0.03343 0.00397 -0.0031 0.0037 0.02712 
7.Restricted license 0.03815 -0.00573 -0.00673 -0.00437 -0.01805 -0.01954 -0.01257 0.00906 0.00418 -0.00892 0.0001 0.01657 0.01185 -0.00268 -0.00001 -0.00272 
8.Alcohol/drug related -0.00998 -0.04779 -0.08606 -0.02798 0.22727 0.11253 -0.03448 -0.07092 0.13687 0.18262 0.00013 0.06763 -0.00174 -0.00259 -0.00544 0.00005 
9.Vehicle age (Year 5 or newer) 0.00148 -0.00827 -0.00452 -0.00157 0.01781 0.00674 -0.0139 -0.00469 0.02575 0.01269 -0.00905 -0.01205 -0.01066 -0.00509 -0.00569 -0.00419 
10.Vehicle age (6-10 years) -0.01091 0.01413 -0.00834 0.00413 0.00222 0.00341 -0.01756 0.01111 0.00722 0.00731 -0.01881 -0.00741 0.0038 -0.01878 -0.02837 -0.01752 
11.Vehicle age (11-15 years) 0.00336 0.00304 -0.00982 0.00744 -0.00252 -0.0012 -0.0075 0.00614 0.0018 0.00887 0.00609 -0.00386 0.00506 0.00607 -0.01014 0.01694 
12.Vehicle age (Year 16 or older) 0.00492 -0.0092 0.01592 -0.0088 -0.00645 -0.00271 0.02384 -0.01273 -0.0142 -0.01766 0.01092 0.01481 -0.00351 0.00994 0.03207 -0.00321 
13.Automobile -0.00952 -0.01483 0.0023 0.01645 0.00523 -0.00952 0.01628 0.0021 -0.02384 0.01438 -0.00107 -0.07352 -0.00391 0.00771 0.00696 -0.00146 
14.Van 0.00669 0.01548 -0.00478 0.00012 -0.0173 -0.00905 -0.01891 0.01265 0.00555 -0.01355 0.00089 -0.00224 0.01286 -0.0049 -0.00716 0.00496 
15.Pickup truck camper-rv  0.01467 0.00063 -0.01199 -0.00819 0.0095 0.02009 -0.00278 -0.02598 0.04165 0.00693 0.00089 0.12753 0.01618 0.01083 -0.01287 0.01261 
16.Sport utility vehicle -0.0053 0.01255 0.0101 -0.01277 -0.0086 -0.00379 -0.01053 0.01812 -0.01256 -0.0194 -0.00023 -0.03132 -0.01647 -0.01874 0.00695 -0.01374 
17.Straight following 0.00126 -0.00881 0.01 -0.02031 0.02179 0.02671 0.03378 -0.05906 0.03996 0.00778 -0.01918 0.02451 -0.01248 -0.02353 -0.00376 -0.00514 
18.Turn/changing lanes maneuver -0.01118 0.00707 -0.01723 0.03087 -0.01096 -0.00742 -0.03178 0.06503 -0.05078 0.01197 0.00113 -0.02665 0.00012 0.01287 0.00963 -0.01802 
19.Avoiding maneuver 0.01251 -0.01172 -0.00163 -0.01221 0.0178 0.00099 0.0083 -0.06341 0.07638 0.00975 0.00636 0.05746 0.02154 0.02978 -0.01181 0.01061 
20.Stopped/parking/backing maneuver 0.00122 0.01054 0.02346 0.00857 -0.06053 -0.04367 -0.01845 0.07265 -0.07567 -0.05794 0.02664 -0.04797 0.00747 0.01053 0.00076 0.02725 
21.No damage  -0.01512 0.00969 0.00672 0.01608 -0.02715 -0.00209 -0.00977 0.03466 -0.0362 -0.02093 -0.00188 -0.02693 -0.0055 -0.0043 -0.00184 -0.00213 
22.Minor damage -0.0298 0.01477 0.04815 0.02461 -0.08983 -0.05409 -0.00321 0.10144 -0.1343 -0.075 -0.00953 -0.11508 -0.0173 -0.00668 -0.00653 -0.00959 
23.Functional damage -0.00387 0.02399 0.04752 0.00074 -0.09287 -0.0577 0.03165 0.07061 -0.13608 -0.08617 -0.00006 -0.09765 -0.00953 -0.02117 -0.00083 -0.01603 
24.Disabling damage 0.01917 -0.0295 -0.05218 -0.00642 0.0983 0.05536 -0.00551 -0.09166 0.1318 0.08946 0.00561 0.08053 0.01809 0.01709 0.00755 0.01887 
25.Destroyed damage 0.02266 -0.01569 -0.0656 -0.03396 0.13579 0.08539 -0.03519 -0.12823 0.21968 0.1134 0.00054 0.21252 0.01081 0.02006 -0.003 0.00611 
26.Driver with passengers -0.05861 -0.03155 -0.00036 0.05356 0.02995 0.03418 -0.00818 0.00091 0.00818 0.04761 0.00314 0.03702 0.0168 0.00961 0.00903 0.02726 
27.Female driver -0.00658 0.01883 0.02714 0.01374 -0.07156 -0.02674 -0.00658 0.04657 -0.0545 -0.06422 -0.00088 -0.03282 -0.00475 -0.01175 -0.01189 -0.01037 
28.Driver safety belt used 0.01371 0.01295 0.04999 0.011 -0.11685 -0.04726 -0.00061 0.07876 -0.10353 -0.09712 -0.0047 -0.09712 0.00576 -0.00189 0.00462 0.00429 
29.Ejected 0.00442 -0.00912 -0.01543 0.00182 0.01974 0.02247 -0.01211 -0.0352 0.06486 0.02324 0.00073 0.06424 0.00432 -0.00623 -0.0054 0.005 
30.Trapped 0.01302 0.00456 -0.01281 -0.01477 0.01939 0.01836 -0.01166 -0.03127 0.05889 0.01646 0.00659 0.0638 -0.00463 0.01434 -0.00595 0.00209 
31.Fatal injury/injury incapacitating 0.01545 -0.00213 -0.02834 0.00321 0.02155 0.03689 -0.02686 -0.04577 0.09482 0.02714 -0.0117 0.07761 -0.0003 -0.00922 -0.00799 -0.00676 
32.Injury not incapacitating /possible injury 0.01129 -0.0018 -0.05251 -0.02753 0.10166 0.06514 -0.03223 -0.09556 0.17051 0.07628 -0.008 0.17105 0.01101 0.0294 -0.00686 0.01305 
33.Not injured -0.01911 0.00452 0.06303 0.02737 -0.11017 -0.06724 0.03876 0.10237 -0.18785 -0.08715 0.00667 -0.17941 -0.01041 -0.02494 0.01079 -0.01323 
34.Teen passengers -0.05836 -0.03644 -0.00105 0.04853 0.04374 0.03307 -0.00632 -0.00296 0.0108 0.05434 -0.00006 0.03594 0.02447 0.008 0.00432 0.01651 
35.Speed limit<35 mph -0.0306 0.02813 0.04339 -0.03466 -0.0187 -0.01946 0.00973 0.03626 -0.06581 -0.04745 -0.02797 -0.15099 -0.01324 -0.01851 0.00754 -0.04606 
36.Speed limit_35-60 mph -0.00592 -0.01157 -0.00066 0.03454 -0.02382 -0.01622 0.00526 0.04295 -0.06409 0.00186 0.02307 0.03757 -0.00198 -0.00975 0.00096 -0.0018 
37.Speed limit>60 mph 0.0607 -0.01848 -0.06882 -0.00377 0.06182 0.05644 -0.01756 -0.11608 0.18482 0.06514 0.0053 0.17225 0.02339 0.04538 -0.01252 0.06656 
38.Concrete road surface type 0.00725 -0.01028 0.00326 0.00595 -0.00826 -0.0168 -0.0003 0.05648 -0.07699 -0.00863 0.00773 -0.17198 -0.02278 -0.01043 -0.00719 -0.00387 
39.Black top road surface 0.00387 0.02292 0.01839 -0.00214 -0.05399 -0.01417 0.00759 0.01512 -0.02873 -0.04863 -0.00258 -0.01394 0.00898 0.00393 0.00658 0.00044 
40.Gravel/brick road surface type -0.01975 -0.02643 -0.04266 -0.0103 0.12563 0.06315 -0.01215 -0.14248 0.20806 0.11407 -0.01039 0.36253 0.02261 0.01292 0.00103 0.0064 
41.Wet/debris road surface condition 0.06151 0.00035 -0.03251 -0.02588 0.01471 0.0006 -0.00581 0.00024 0.00724 0.05762 0.78604 -0.00077 0.2249 0.11552 0.02945 0.31498 
42.Curved road 0.01584 -0.0105 -0.06522 -0.01109 0.10463 0.04981 -0.04122 -0.11961 0.21847 0.08872 0.01098 0.06913 0.0129 -0.00736 0.00227 0.01538 
43.Work_zone_realeted -0.01919 0.01645 0.01302 -0.00524 -0.00952 -0.02224 0.06148 -0.02535 -0.04637 -0.0227 -0.01642 -0.04289 -0.00072 -0.01158 0.01243 0.06695 
44.Multi lanes road -0.00163 0.00019 0.01525 -0.00329 -0.01644 0.00684 0.00969 0.02711 -0.04346 -0.01303 -0.00183 -0.02475 0.00687 -0.0172 -0.00483 -0.0083 
45.5.00-9.00-Morning 1 -0.18052 -0.29034 -0.22385 -0.14751 -0.08865 0.02077 -0.04364 0.03464 -0.1356 0.04093 0.04178 0.05613 0.04834 0.01796 0.03103 
46.9.00-13.00-Noon -0.18052 1 -0.32003 -0.24674 -0.1626 0.05642 -0.00139 0.02513 -0.0318 -0.23845 -0.00672 -0.039 -0.00421 -0.01086 0.01364 0.0129 
47.13.00-17.00-Afternoon -0.29034 -0.32003 1 -0.39684 -0.26151 -0.0623 0.0224 0.06272 -0.11445 -0.36965 -0.02266 -0.05912 -0.03036 -0.02025 -0.00797 -0.02887 
48.17.00-21.00-Evening -0.22385 -0.24674 -0.39684 1 -0.20163 -0.04595 -0.00421 0.05447 -0.0716 0.23458 -0.00801 -0.03266 -0.00362 -0.00651 -0.00325 -0.01126 
49.21.00-5.00-Night -0.14751 -0.1626 -0.26151 -0.20163 1 0.1795 -0.0478 -0.1429 0.25784 0.65455 0.00711 0.12761 -0.00542 -0.00074 -0.01869 0.0076 
50.Week end -0.08865 0.05642 -0.0623 -0.04595 0.1795 1 -0.03907 -0.07109 0.1458 0.15142 -0.00068 0.07541 0.00038 -0.00717 -0.00482 0.01377 
51.On roadway 0.02077 -0.00139 0.0224 -0.00421 -0.0478 -0.03907 1 -0.72107 -0.3013 -0.05279 -0.00283 -0.02133 0.00554 -0.00081 -0.01041 0.01955 
52.At Intersection -0.04364 0.02513 0.06272 0.05447 -0.1429 -0.07109 -0.72107 1 -0.43728 -0.09937 0.00216 -0.23423 -0.01066 -0.00676 0.00523 -0.03389 
53.Off roadway crash 0.03464 -0.0318 -0.11445 -0.0716 0.25784 0.1458 -0.3013 -0.43728 1 0.2025 -0.00001 0.34959 0.00715 0.00885 0.00683 0.0215 
54.Dark -0.1356 -0.23845 -0.36965 0.23458 0.65455 0.15142 -0.05279 -0.09937 0.2025 1 0.05368 0.11455 0.01968 0.00182 -0.0192 0.02778 
55.Adverse weather conditions 0.04093 -0.00672 -0.02266 -0.00801 0.00711 -0.00068 -0.00283 0.00216 -0.00001 0.05368 1 0.00116 0.27615 0.14799 0.03093 0.25458 
56.Rural roads 0.04178 -0.039 -0.05912 -0.03266 0.12761 0.07541 -0.02133 -0.23423 0.34959 0.11455 0.00116 1 0.05068 0.025 0.00127 0.02682 
57.Animal factors 0.05613 -0.00421 -0.03036 -0.00362 -0.00542 0.00038 0.00554 -0.01066 0.00715 0.01968 0.27615 0.05068 1 -0.01442 0.04656 0.21948 
58.Weather factors 0.04834 -0.01086 -0.02025 -0.00651 -0.00074 -0.00717 -0.00081 -0.00676 0.00885 0.00182 0.14799 0.025 -0.01442 1 0.00186 0.13647 
59.Vision obstruction factors 0.02548 0.00169 -0.02089 0.00787 -0.00887 0.00504 0.00268 -0.00452 0.00301 0.00408 0.04869 0.01043 -0.0061 -0.00373 0.0414 0.06096 
60.Vehicle factors 0.01796 0.01364 -0.00797 -0.00325 -0.01869 -0.00482 -0.01041 0.00523 0.00683 -0.0192 0.03093 0.00127 0.04656 0.00186 1 0.03723 
61.Road factors 0.03103 0.0129 -0.02887 -0.01126 0.0076 0.01377 0.01955 -0.03389 0.0215 0.02778 0.25458 0.02682 0.21948 0.13647 0.03723 1 

Note: The highlighted cell indicates correlation among pair of explanatory variables found at Correlation Coefficient= 0.6 level. 
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Table A.2 Correlation Matrix for Crash Type Model of Young-Adult Drivers 
Variable 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 
1.Cell phone  1 -0.0281 -0.07204 -0.03813 -0.36087 0.00851 0.01117 0.08902 -0.00517 0.00695 0.00842 -0.00973 0.0136 -0.017 -0.0053 
2.Other electronic devices  -0.0281 1 -0.04472 -0.02367 -0.224 0.02812 0.00471 -0.00616 0.0057 0.02516 0.00301 -0.0262 0.00167 -0.01382 -0.00922 
3.In/on vehicle distraction -0.07204 -0.04472 1 -0.06069 -0.57429 0.02239 0.01208 -0.03044 0.01232 0.01361 -0.01879 0.00133 0.00803 -0.00466 -0.00977 
4.External distraction -0.03813 -0.02367 -0.06069 1 -0.30401 0.01898 0.01337 -0.03754 0.00963 -0.00511 0.00516 -0.00673 -0.00407 0.00457 -0.00451 
5.Inattention  -0.36087 -0.224 -0.57429 -0.30401 1 -0.03154 -0.0217 -0.04612 -0.02325 -0.02417 0.01551 0.01529 0.0034 0.01155 -0.00691 
6.Valid licensed  0.00851 0.02812 0.02239 0.01898 -0.03154 1 0.13635 -0.0794 0.052 0.0796 -0.00145 -0.09171 0.02239 -0.03143 0.01547 
7.Restricted license 0.01117 0.00471 0.01208 0.01337 -0.0217 0.13635 1 -0.03397 0.00772 0.02658 -0.00426 -0.02102 0.03 -0.0005 -0.04087 
8.Alcohol/drug related 0.08902 -0.00616 -0.03044 -0.03754 -0.04612 -0.0794 -0.03397 1 -0.00541 -0.01306 -0.00504 0.01959 -0.01318 -0.02001 0.0374 
9.Vehicle age (Year 5 or newer) -0.00517 0.0057 0.01232 0.00963 -0.02325 0.052 0.00772 -0.00541 1 -0.14539 -0.19754 -0.21993 0.00026 -0.01143 -0.01907 
10.Vehicle age (6-10 years) 0.00695 0.02516 0.01361 -0.00511 -0.02417 0.0796 0.02658 -0.01306 -0.14539 1 -0.36478 -0.40612 0.02526 -0.02689 -0.03053 
11.Vehicle age (11-15 years) 0.00842 0.00301 -0.01879 0.00516 0.01551 -0.00145 -0.00426 -0.00504 -0.19754 -0.36478 1 -0.55179 -0.0209 0.019 -0.03351 
12.Vehicle age (Year 16 or older) -0.00973 -0.0262 0.00133 -0.00673 0.01529 -0.09171 -0.02102 0.01959 -0.21993 -0.40612 -0.55179 1 -0.00036 0.00925 0.06786 
13.Automobile 0.0136 0.00167 0.00803 -0.00407 0.0034 0.02239 0.03 -0.01318 0.00026 0.02526 -0.0209 -0.00036 1 -0.23368 -0.59745 
14.Van -0.017 -0.01382 -0.00466 0.00457 0.01155 -0.03143 -0.0005 -0.02001 -0.01143 -0.02689 0.019 0.00925 -0.23368 1 -0.07283 
15.Pickup truck camper-rv  -0.0053 -0.00922 -0.00977 -0.00451 -0.00691 0.01547 -0.04087 0.0374 -0.01907 -0.03053 -0.03351 0.06786 -0.59745 -0.07283 1 
16.Sport utility vehicle -0.00414 0.01367 -0.00005 0.0083 -0.00223 -0.03073 0.00263 -0.01047 0.02281 0.00941 0.05271 -0.06973 -0.59765 -0.07286 -0.18628 
17.Straight following 0.05251 0.02891 0.06161 -0.01927 -0.11377 0.00463 0.00234 0.03996 -0.01058 -0.01325 -0.00757 0.02496 0.01657 -0.00902 -0.00272 
18.Turn/changing lanes maneuver -0.04626 -0.02067 -0.06879 0.033 0.10245 -0.01435 -0.00446 -0.02243 0.02182 0.02321 -0.00197 -0.0304 -0.0156 0.00895 -0.00404 
19.Avoiding maneuver -0.00578 -0.0034 0.00647 -0.00217 0.00093 -0.00168 -0.00731 -0.0093 -0.00508 -0.01249 0.02804 -0.01283 0.00645 -0.00246 0.01484 
20.Stopped/parking/backing maneuver -0.01849 -0.0172 -0.01502 -0.00852 0.06253 0.02743 0.01551 -0.04879 -0.00368 0.00999 -0.01237 0.00532 -0.00195 0.00103 -0.00483 
21.No damage  -0.00865 0.00039 -0.00865 0.00707 0.02361 0.02241 0.01834 -0.0229 0.00427 -0.00572 -0.0197 0.01647 -0.04068 -0.00328 0.04257 
22.Minor damage -0.03432 -0.01614 -0.02023 0.01173 0.08461 0.02104 -0.00605 -0.08847 0.0046 0.00809 -0.00653 -0.0035 -0.09136 0.02253 0.05775 
23.Functional damage -0.04128 -0.01648 -0.01567 0.01334 0.07772 0.01529 -0.00636 -0.09024 -0.00462 -0.01257 0.0129 0.00273 0.02747 0.00015 -0.03288 
24.Disabling damage 0.04865 0.02381 0.02415 -0.0096 -0.08875 -0.01264 0.01764 0.06967 0.00432 0.02245 -0.0103 -0.01079 0.07086 -0.01347 -0.0458 
25.Destroyed damage 0.04398 0.0153 0.01777 -0.02331 -0.12556 -0.03118 -0.01123 0.18063 -0.0099 -0.0239 0.0177 0.00955 -0.01358 -0.00828 0.03287 
26.Driver with passengers -0.06461 -0.03575 0.07774 -0.01235 0.00492 -0.07388 -0.03013 0.01946 -0.01548 -0.02016 0.01428 0.01242 -0.01068 0.02994 -0.01819 
27.Female driver 0.01823 -0.01171 0.03043 -0.00352 0.02384 0.05236 0.09467 -0.08668 0.02381 0.08978 0.03496 -0.12118 0.12916 -0.01074 -0.26358 
28.Driver safety belt used -0.01684 0.00261 0.02019 0.02362 0.00584 0.12912 0.04224 -0.19901 0.02995 0.03306 0.00741 -0.04612 0.01963 0.01843 -0.03958 
29.Ejected 0.01304 -0.01006 -0.01404 -0.0068 0.00955 -0.05009 -0.01123 0.07815 -0.01223 0.01007 -0.01065 0.00158 -0.00767 -0.01286 0.02276 
30.Trapped 0.01734 -0.01038 0.00763 -0.01408 -0.04347 0.00506 0.00717 0.10065 -0.00428 -0.01242 -0.01358 0.02647 -0.00167 0.00082 0.01056 
31.Fatal injury/injury incapacitating 0.04341 -0.00249 -0.00106 -0.02027 -0.04781 -0.00739 0.00442 0.12188 -0.00689 -0.00916 0.00447 0.00453 -0.01362 0.0006 0.03558 
32.Injury not incapacitating /possible injury 0.04623 0.00923 0.01835 -0.02567 -0.09261 -0.0346 -0.00811 0.10468 -0.00467 -0.02377 -0.01059 0.03327 0.01073 0.00219 -0.00946 
33.Not injured -0.05275 -0.00264 -0.0166 0.0355 0.09282 0.05597 0.01448 -0.13187 0.00872 0.03089 0.00984 -0.03812 -0.00336 -0.00779 0.00087 
34.Teen passengers -0.03048 -0.01733 -0.00373 -0.01393 0.02999 -0.0249 -0.01064 0.00431 -0.00358 -0.02283 0.00359 0.01898 0.01038 -0.01079 0.00276 
35.Speed limit<35 mph -0.01452 -0.03243 -0.00762 -0.01633 0.08431 -0.04261 -0.03069 -0.00008 -0.01881 -0.00413 -0.00725 0.01917 -0.01427 0.01042 -0.00753 
36.Speed limit_35-60 mph 0.01656 0.02576 0.00302 0.03958 0.01212 0.02364 0.00477 -0.00887 0.00584 -0.01593 0.00209 0.01003 0.00931 -0.01064 -0.00758 
37.Speed limit>60 mph -0.00067 0.00215 0.00379 -0.03343 -0.12658 0.02267 0.03552 0.01244 0.01977 0.02944 0.00537 -0.04101 0.00759 -0.00145 0.01985 
38.Concrete road surface type -0.00681 -0.01074 -0.01378 0.02877 0.01079 -0.01894 0.00794 -0.02363 -0.01011 -0.00205 0.01251 -0.00663 0.00216 0.0159 -0.00807 
39.Black top road surface 0.00451 0.0149 0.02174 -0.02695 -0.01132 0.0211 -0.00711 -0.00079 0.00682 0.00857 -0.0063 -0.00333 0.02591 -0.01024 -0.02577 
40.Gravel/brick road surface type 0.00625 -0.0107 -0.01947 -0.00412 0.00269 -0.00091 0.0004 0.05836 0.00879 -0.01878 -0.0122 0.02329 -0.06975 -0.01209 0.08241 
41.Wet/debris road surface condition -0.02025 -0.01175 -0.03278 -0.02445 0.06344 -0.01131 -0.00697 -0.00555 -0.02177 -0.02154 0.00274 0.02819 0.00208 -0.00308 0.00217 
42.Curved road 0.01558 -0.01081 -0.01459 -0.02036 -0.02275 -0.01269 -0.01151 0.04525 -0.00104 0.0098 0.00334 -0.01296 0.00171 -0.00526 0.01516 
43.Work_zone_realeted -0.00608 0.00179 -0.01498 0.00896 0.01616 0.03546 0.01535 -0.01333 0.00036 0.00771 0.01656 -0.02447 0.00482 -0.00469 -0.00655 
44.Multi lanes road 0.00385 0.00976 0.0169 0.01115 -0.02686 0.01834 0.01538 0.01796 0.00941 -0.01081 0.01146 -0.00636 0.01945 -0.00419 -0.01612 
45.5.00-9.00-Morning -0.01765 -0.01401 -0.02757 -0.00459 -0.0361 0.00562 -0.00171 -0.04015 0.00789 0.03123 -0.00834 -0.02366 -0.00252 0.0085 0.00005 
46.9.00-13.00-Noon -0.02439 0.00266 0.00374 0.01794 0.03609 0.03166 0.02716 -0.0931 -0.0009 0.0176 -0.0002 -0.01563 -0.01751 0.01742 0.00954 
47.13.00-17.00-Afternoon -0.03184 -0.0127 0.01789 0.00995 0.0564 0.00725 0.00416 -0.12492 -0.01916 -0.02531 0.00524 0.02789 -0.00256 0.02068 -0.00463 
48.17.00-21.00-Evening -0.01809 0.02701 0.03014 0.01038 0.02151 0.0126 0.00796 -0.05424 0.01237 -0.00956 0.00056 0.00024 0.01792 -0.0133 -0.0295 
49.21.00-5.00-Night 0.109 -0.00594 -0.03564 -0.04017 -0.1028 -0.06538 -0.04402 0.37122 0.00409 -0.00516 -0.00032 0.00427 0.00524 -0.04031 0.02978 
50.Week end 0.02714 0.02509 -0.00457 -0.00858 -0.06627 -0.04237 -0.02718 0.15534 -0.00887 0.02178 -0.01258 -0.00156 0.00687 -0.01226 0.00479 
51.On roadway -0.03491 0.00404 -0.0087 0.0097 0.04506 0.01121 -0.00459 -0.03004 -0.03186 -0.00693 0.01161 0.01134 0.02303 -0.0012 -0.01603 
52.At Intersection -0.00536 0.00201 -0.00138 0.0098 0.09918 0.01808 0.0149 -0.12399 0.00407 0.0055 -0.00916 0.00175 -0.00302 0.00388 -0.02279 
53.Off roadway crash 0.05318 -0.0071 0.01468 -0.02671 -0.19999 -0.03683 -0.01452 0.20831 0.03493 0.00077 -0.00137 -0.01671 -0.02483 -0.00561 0.05438 
54.Dark 0.08322 0.00844 -0.02122 -0.03145 -0.09786 -0.06346 -0.03056 0.29537 0.02593 0.00186 -0.00415 -0.01027 0.00958 -0.03487 0.0108 
55.Adverse weather conditions -0.01101 -0.01022 -0.03726 -0.01285 0.04888 -0.01294 -0.00013 -0.00025 -0.01068 -0.0183 0.00092 0.0219 -0.00139 -0.01049 0.01178 
56.Rural roads 0.01711 0.00276 0.01825 -0.03525 -0.1273 0.0274 0.01226 0.08855 0.02217 -0.01083 0.00958 -0.0109 -0.08764 -0.02355 0.14221 
57.Animal factors -0.01842 0.00241 -0.02712 0.01328 0.03172 0.01198 -0.00276 -0.02055 -0.01384 -0.00035 -0.00188 0.00941 -0.00065 -0.01171 0.00659 
58.Weather factors -0.01523 -0.00495 -0.02225 -0.00011 0.03104 0.00156 0.00429 -0.00909 0.02577 -0.01074 0.00588 -0.0098 -0.01376 0.00185 0.02336 
59.Vision obstruction factors 0.00299 0.01259 -0.01327 0.00625 0.0073 -0.0086 0.00227 -0.00923 -0.00213 0.01356 -0.0129 0.00252 -0.01055 -0.00661 0.02111 
60.Vehicle factors -0.00712 -0.01105 0.00386 -0.01499 0.01455 -0.00931 -0.01389 -0.01969 -0.01094 -0.01941 -0.01273 0.03288 0.00778 -0.00088 0.01467 
61.Road factors -0.01399 0.0051 -0.00793 -0.00022 0.02029 -0.00631 -0.00791 -0.01843 0.00506 -0.00856 0.00461 -0.00167 -0.00722 0.00375 0.00957 

Note: The highlighted cell indicates correlation among pair of explanatory variables found at Correlation Coefficient= 0.6 level. 
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Table A.2 (continued) 
Variable 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 
1.Cell phone  -0.00414 0.05251 -0.04626 -0.00578 -0.01849 -0.00865 -0.03432 -0.04128 0.04865 0.04398 -0.06461 0.01823 -0.01684 0.01304 0.01734 
2.Other electronic devices  0.01367 0.02891 -0.02067 -0.0034 -0.0172 0.00039 -0.01614 -0.01648 0.02381 0.0153 -0.03575 -0.01171 0.00261 -0.01006 -0.01038 
3.In/on vehicle distraction -0.00005 0.06161 -0.06879 0.00647 -0.01502 -0.00865 -0.02023 -0.01567 0.02415 0.01777 0.07774 0.03043 0.02019 -0.01404 0.00763 
4.External distraction 0.0083 -0.01927 0.033 -0.00217 -0.00852 0.00707 0.01173 0.01334 -0.0096 -0.02331 -0.01235 -0.00352 0.02362 -0.0068 -0.01408 
5.Inattention  -0.00223 -0.11377 0.10245 0.00093 0.06253 0.02361 0.08461 0.07772 -0.08875 -0.12556 0.00492 0.02384 0.00584 0.00955 -0.04347 
6.Valid licensed  -0.03073 0.00463 -0.01435 -0.00168 0.02743 0.02241 0.02104 0.01529 -0.01264 -0.03118 -0.07388 0.05236 0.12912 -0.05009 0.00506 
7.Restricted license 0.00263 0.00234 -0.00446 -0.00731 0.01551 0.01834 -0.00605 -0.00636 0.01764 -0.01123 -0.03013 0.09467 0.04224 -0.01123 0.00717 
8.Alcohol/drug related -0.01047 0.03996 -0.02243 -0.0093 -0.04879 -0.0229 -0.08847 -0.09024 0.06967 0.18063 0.01946 -0.08668 -0.19901 0.07815 0.10065 
9.Vehicle age (Year 5 or newer) 0.02281 -0.01058 0.02182 -0.00508 -0.00368 0.00427 0.0046 -0.00462 0.00432 -0.0099 -0.01548 0.02381 0.02995 -0.01223 -0.00428 
10.Vehicle age (6-10 years) 0.00941 -0.01325 0.02321 -0.01249 0.00999 -0.00572 0.00809 -0.01257 0.02245 -0.0239 -0.02016 0.08978 0.03306 0.01007 -0.01242 
11.Vehicle age (11-15 years) 0.05271 -0.00757 -0.00197 0.02804 -0.01237 -0.0197 -0.00653 0.0129 -0.0103 0.0177 0.01428 0.03496 0.00741 -0.01065 -0.01358 
12.Vehicle age (Year 16 or older) -0.06973 0.02496 -0.0304 -0.01283 0.00532 0.01647 -0.0035 0.00273 -0.01079 0.00955 0.01242 -0.12118 -0.04612 0.00158 0.02647 
13.Automobile -0.59765 0.01657 -0.0156 0.00645 -0.00195 -0.04068 -0.09136 0.02747 0.07086 -0.01358 -0.01068 0.12916 0.01963 -0.00767 -0.00167 
14.Van -0.07286 -0.00902 0.00895 -0.00246 0.00103 -0.00328 0.02253 0.00015 -0.01347 -0.00828 0.02994 -0.01074 0.01843 -0.01286 0.00082 
15.Pickup truck camper-rv  -0.18628 -0.00272 -0.00404 0.01484 -0.00483 0.04257 0.05775 -0.03288 -0.0458 0.03287 -0.01819 -0.26358 -0.03958 0.02276 0.01056 
16.Sport utility vehicle 1 -0.01418 0.02078 -0.02167 0.00578 0.01034 0.05054 -0.00217 -0.03931 -0.01151 0.01959 0.10151 0.00819 -0.00999 -0.00851 
17.Straight following -0.01418 1 -0.6918 -0.28466 -0.48728 -0.02019 -0.07091 -0.0496 0.08622 0.05836 -0.02761 0.00462 -0.01403 0.02345 0.01455 
18.Turn/changing lanes maneuver 0.02078 -0.6918 1 -0.06252 -0.10703 -0.01634 0.0311 0.04686 -0.03926 -0.04292 0.03561 -0.0083 0.01713 -0.01915 -0.00672 
19.Avoiding maneuver -0.02167 -0.28466 -0.06252 1 -0.04404 -0.01072 -0.03707 0.00479 0.0214 0.018 0.01362 -0.01159 -0.00609 -0.00461 -0.00521 
20.Stopped/parking/backing maneuver 0.00578 -0.48728 -0.10703 -0.04404 1 0.06311 0.10486 0.02969 -0.10324 -0.06732 -0.00553 0.02143 0.0282 -0.00693 -0.02157 
21.No damage  0.01034 -0.02019 -0.01634 -0.01072 0.06311 1 -0.0685 -0.0818 -0.0961 -0.03559 -0.01434 -0.01479 0.01374 -0.00954 -0.00983 
22.Minor damage 0.05054 -0.07091 0.0311 -0.03707 0.10486 -0.0685 1 -0.35759 -0.42006 -0.15558 -0.02688 -0.00067 0.08428 -0.02756 -0.04299 
23.Functional damage -0.00217 -0.0496 0.04686 0.00479 0.02969 -0.0818 -0.35759 1 -0.50168 -0.1858 0.01189 0.03045 0.06756 -0.0394 -0.05134 
24.Disabling damage -0.03931 0.08622 -0.03926 0.0214 -0.10324 -0.0961 -0.42006 -0.50168 1 -0.21827 -0.00455 0.00669 -0.05008 0.00559 -0.01487 
25.Destroyed damage -0.01151 0.05836 -0.04292 0.018 -0.06732 -0.03559 -0.15558 -0.1858 -0.21827 1 0.03685 -0.05648 -0.14212 0.1096 0.19288 
26.Driver with passengers 0.01959 -0.02761 0.03561 0.01362 -0.00553 -0.01434 -0.02688 0.01189 -0.00455 0.03685 1 0.06252 0.01143 -0.00542 0.00353 
27.Female driver 0.10151 0.00462 -0.0083 -0.01159 0.02143 -0.01479 -0.00067 0.03045 0.00669 -0.05648 0.06252 1 0.08009 -0.03618 -0.0066 
28.Driver safety belt used 0.00819 -0.01403 0.01713 -0.00609 0.0282 0.01374 0.08428 0.06756 -0.05008 -0.14212 0.01143 0.08009 1 -0.22171 -0.07228 
29.Ejected -0.00999 0.02345 -0.01915 -0.00461 -0.00693 -0.00954 -0.02756 -0.0394 0.00559 0.1096 -0.00542 -0.03618 -0.22171 1 -0.00599 
30.Trapped -0.00851 0.01455 -0.00672 -0.00521 -0.02157 -0.00983 -0.04299 -0.05134 -0.01487 0.19288 0.00353 -0.0066 -0.07228 -0.00599 1 
31.Fatal injury/injury incapacitating -0.02218 0.02217 -0.01305 -0.00264 -0.02156 -0.01416 -0.05613 -0.06862 -0.00654 0.22889 -0.00461 -0.01534 -0.15091 0.32192 0.3015 
32.Injury not incapacitating /possible injury -0.00438 0.06169 -0.0317 0.00014 -0.06572 -0.04822 -0.17691 -0.16889 0.1743 0.2862 0.00166 0.01394 -0.16302 0.07715 0.07997 
33.Not injured 0.00781 -0.06188 0.03228 -0.00105 0.07221 0.04976 0.18201 0.1782 -0.15511 -0.33635 -0.00083 0.00158 0.27283 -0.17076 -0.16371 
34.Teen passengers -0.01088 -0.02075 0.01405 0.02347 -0.00151 -0.0076 -0.01294 0.00398 0.00036 0.01961 0.35909 -0.06438 0.00056 -0.00134 -0.00851 
35.Speed limit<35 mph 0.02053 -0.04664 0.07008 -0.04431 -0.00032 0.02184 0.06246 0.06425 -0.08237 -0.07336 0.0243 0.00795 -0.02858 -0.00485 -0.03593 
36.Speed limit_35-60 mph 0.00166 0.05225 -0.04856 -0.0373 0.01116 -0.00118 0.00318 -0.01036 0.0183 -0.0181 -0.02623 0.02345 0.03674 -0.01107 -0.01142 
37.Speed limit>60 mph -0.02864 -0.00823 -0.02374 0.11268 -0.02271 -0.03271 -0.09275 -0.06931 0.08594 0.12871 0.00892 -0.04015 -0.01842 0.02519 0.06636 
38.Concrete road surface type -0.00276 0.00805 0.00572 0.00065 -0.01555 -0.00243 0.00641 0.00637 0.01116 -0.03404 0.00111 -0.00959 0.04198 -0.01189 -0.02468 
39.Black top road surface -0.00232 -0.0096 0.00028 -0.01133 0.01791 -0.00024 0.01194 0.00392 -0.01859 0.00347 -0.01036 0.02529 -0.00827 -0.00533 0.02269 
40.Gravel/brick road surface type 0.0133 0.0041 -0.01555 0.02763 -0.00589 0.00711 -0.0452 -0.02533 0.02231 0.07165 0.02235 -0.04083 -0.07935 0.04263 0.00334 
41.Wet/debris road surface condition -0.00382 -0.01317 0.00401 -0.00363 0.02003 -0.00918 -0.01899 0.03696 -0.0022 -0.02826 0.02006 -0.01178 0.01632 -0.00466 -0.02005 
42.Curved road -0.01505 -0.00933 0.01559 0.01642 -0.02115 -0.02616 -0.04231 -0.04263 0.0294 0.09675 0.0141 -0.03389 -0.04324 0.0433 0.00661 
43.Work_zone_realeted 0.00157 -0.00369 -0.0194 0.00141 0.03936 -0.01156 -0.00328 0.00971 0.00997 -0.01976 0.0137 -0.00715 0.01599 -0.00784 -0.00214 
44.Multi lanes road -0.00793 0.03546 -0.02406 0.01455 -0.03705 -0.03644 -0.01378 -0.01336 0.01945 0.02187 0.00723 0.01895 0.0131 0.00138 0.00221 
45.5.00-9.00-Morning -0.00214 0.00055 0.00547 -0.00846 0.00181 -0.01102 -0.02085 0.00128 0.01828 0.00976 -0.07591 -0.00299 0.02365 -0.01504 0.0095 
46.9.00-13.00-Noon 0.00492 -0.01131 0.00923 -0.00975 0.01724 0.01126 0.0283 0.02876 -0.03526 -0.03792 -0.00831 0.05063 0.04743 -0.01121 -0.01006 
47.13.00-17.00-Afternoon -0.00102 -0.01112 0.00603 -0.00499 0.0264 0.01809 0.06651 0.04037 -0.0608 -0.07425 0.02344 0.0333 0.05555 -0.01901 -0.00639 
48.17.00-21.00-Evening 0.01312 -0.00796 -0.00453 0.02269 0.0077 0.0079 0.02211 0.01573 -0.01349 -0.03827 0.02311 0.01103 0.0145 -0.00401 -0.03128 
49.21.00-5.00-Night -0.01792 0.03584 -0.01804 -0.00079 -0.06412 -0.03415 -0.12256 -0.10557 0.11684 0.1732 0.02745 -0.1102 -0.1659 0.05769 0.04748 
50.Week end -0.00839 0.01573 -0.0103 -0.00521 -0.02913 -0.01508 -0.05419 -0.04431 0.04372 0.08678 0.09444 -0.04443 -0.06646 0.02149 0.02112 
51.On roadway -0.01514 0.00519 -0.01571 0.01276 0.01239 -0.00337 -0.00493 0.01608 0.00454 -0.01789 -0.01736 0.00564 0.00692 -0.00418 -0.01714 
52.At Intersection 0.02613 -0.03948 0.05142 -0.05332 0.05011 0.03593 0.12377 0.076 -0.11269 -0.14411 0.00538 0.0544 0.09361 -0.04502 -0.03701 
53.Off roadway crash -0.01892 0.04848 -0.05097 0.05832 -0.08711 -0.04745 -0.16781 -0.12961 0.1532 0.22833 0.01551 -0.08275 -0.1337 0.06997 0.07582 
54.Dark -0.00752 0.02446 -0.01877 0.00891 -0.04788 -0.02989 -0.10336 -0.09575 0.10548 0.14966 0.02812 -0.10013 -0.12118 0.03435 0.03327 
55.Adverse weather conditions -0.00509 -0.00582 -0.00012 -0.00945 0.01315 -0.00374 -0.02869 0.02521 0.00901 -0.01397 0.01559 -0.02121 0.01511 -0.01281 -0.01003 
56.Rural roads -0.01723 0.03355 -0.04126 0.05874 -0.04457 -0.03025 -0.12829 -0.09021 0.08841 0.21524 0.0302 -0.0615 -0.1024 0.07484 0.06435 
57.Animal factors 0.00001 -0.0071 0.00277 0.03217 -0.00768 -0.00496 -0.0228 -0.00534 0.02737 0.00335 -0.00518 -0.0162 0.01551 -0.00398 -0.00458 
58.Weather factors -0.00595 0.00085 -0.01086 0.0159 0.00076 -0.0039 -0.01231 -0.00852 0.0121 0.01379 0.00698 -0.00499 0.0092 -0.00716 -0.00738 
59.Vision obstruction factors -0.00425 0.00052 -0.01528 0.00846 0.01633 -0.00491 -0.00502 -0.00547 -0.00145 0.01515 0.00735 -0.00678 -0.00381 -0.00299 -0.00308 
60.Vehicle factors -0.02416 -0.00621 0.00271 -0.00647 0.00682 -0.01047 -0.01481 -0.00722 0.0235 0.001 0.00608 -0.01704 0.00729 -0.00637 -0.00657 
61.Road factors -0.00262 -0.01205 -0.01622 0.0134 0.03038 -0.00393 -0.0098 -0.01406 0.02249 -0.00004 0.00701 -0.01606 0.01007 -0.00804 0.0039 

Note: The highlighted cell indicates correlation among pair of explanatory variables found at Correlation Coefficient= 0.6 level. 
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Table A.2 (continued) 
Variable 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 
1.Cell phone  0.04341 0.04623 -0.05275 -0.03048 -0.01452 0.01656 -0.00067 -0.00681 0.00451 0.00625 -0.02025 0.01558 -0.00608 0.00385 -0.01765 
2.Other electronic devices  -0.00249 0.00923 -0.00264 -0.01733 -0.03243 0.02576 0.00215 -0.01074 0.0149 -0.0107 -0.01175 -0.01081 0.00179 0.00976 -0.01401 
3.In/on vehicle distraction -0.00106 0.01835 -0.0166 -0.00373 -0.00762 0.00302 0.00379 -0.01378 0.02174 -0.01947 -0.03278 -0.01459 -0.01498 0.0169 -0.02757 
4.External distraction -0.02027 -0.02567 0.0355 -0.01393 -0.01633 0.03958 -0.03343 0.02877 -0.02695 -0.00412 -0.02445 -0.02036 0.00896 0.01115 -0.00459 
5.Inattention  -0.04781 -0.09261 0.09282 0.02999 0.08431 0.01212 -0.12658 0.01079 -0.01132 0.00269 0.06344 -0.02275 0.01616 -0.02686 -0.0361 
6.Valid licensed  -0.00739 -0.0346 0.05597 -0.0249 -0.04261 0.02364 0.02267 -0.01894 0.0211 -0.00091 -0.01131 -0.01269 0.03546 0.01834 0.00562 
7.Restricted license 0.00442 -0.00811 0.01448 -0.01064 -0.03069 0.00477 0.03552 0.00794 -0.00711 0.0004 -0.00697 -0.01151 0.01535 0.01538 -0.00171 
8.Alcohol/drug related 0.12188 0.10468 -0.13187 0.00431 -0.00008 -0.00887 0.01244 -0.02363 -0.00079 0.05836 -0.00555 0.04525 -0.01333 0.01796 -0.04015 
9.Vehicle age (Year 5 or newer) -0.00689 -0.00467 0.00872 -0.00358 -0.01881 0.00584 0.01977 -0.01011 0.00682 0.00879 -0.02177 -0.00104 0.00036 0.00941 0.00789 
10.Vehicle age (6-10 years) -0.00916 -0.02377 0.03089 -0.02283 -0.00413 -0.01593 0.02944 -0.00205 0.00857 -0.01878 -0.02154 0.0098 0.00771 -0.01081 0.03123 
11.Vehicle age (11-15 years) 0.00447 -0.01059 0.00984 0.00359 -0.00725 0.00209 0.00537 0.01251 -0.0063 -0.0122 0.00274 0.00334 0.01656 0.01146 -0.00834 
12.Vehicle age (Year 16 or older) 0.00453 0.03327 -0.03812 0.01898 0.01917 0.01003 -0.04101 -0.00663 -0.00333 0.02329 0.02819 -0.01296 -0.02447 -0.00636 -0.02366 
13.Automobile -0.01362 0.01073 -0.00336 0.01038 -0.01427 0.00931 0.00759 0.00216 0.02591 -0.06975 0.00208 0.00171 0.00482 0.01945 -0.00252 
14.Van 0.0006 0.00219 -0.00779 -0.01079 0.01042 -0.01064 -0.00145 0.0159 -0.01024 -0.01209 -0.00308 -0.00526 -0.00469 -0.00419 0.0085 
15.Pickup truck camper-rv  0.03558 -0.00946 0.00087 0.00276 -0.00753 -0.00758 0.01985 -0.00807 -0.02577 0.08241 0.00217 0.01516 -0.00655 -0.01612 0.00005 
16.Sport utility vehicle -0.02218 -0.00438 0.00781 -0.01088 0.02053 0.00166 -0.02864 -0.00276 -0.00232 0.0133 -0.00382 -0.01505 0.00157 -0.00793 -0.00214 
17.Straight following 0.02217 0.06169 -0.06188 -0.02075 -0.04664 0.05225 -0.00823 0.00805 -0.0096 0.0041 -0.01317 -0.00933 -0.00369 0.03546 0.00055 
18.Turn/changing lanes maneuver -0.01305 -0.0317 0.03228 0.01405 0.07008 -0.04856 -0.02374 0.00572 0.00028 -0.01555 0.00401 0.01559 -0.0194 -0.02406 0.00547 
19.Avoiding maneuver -0.00264 0.00014 -0.00105 0.02347 -0.04431 -0.0373 0.11268 0.00065 -0.01133 0.02763 -0.00363 0.01642 0.00141 0.01455 -0.00846 
20.Stopped/parking/backing maneuver -0.02156 -0.06572 0.07221 -0.00151 -0.00032 0.01116 -0.02271 -0.01555 0.01791 -0.00589 0.02003 -0.02115 0.03936 -0.03705 0.00181 
21.No damage  -0.01416 -0.04822 0.04976 -0.0076 0.02184 -0.00118 -0.03271 -0.00243 -0.00024 0.00711 -0.00918 -0.02616 -0.01156 -0.03644 -0.01102 
22.Minor damage -0.05613 -0.17691 0.18201 -0.01294 0.06246 0.00318 -0.09275 0.00641 0.01194 -0.0452 -0.01899 -0.04231 -0.00328 -0.01378 -0.02085 
23.Functional damage -0.06862 -0.16889 0.1782 0.00398 0.06425 -0.01036 -0.06931 0.00637 0.00392 -0.02533 0.03696 -0.04263 0.00971 -0.01336 0.00128 
24.Disabling damage -0.00654 0.1743 -0.15511 0.00036 -0.08237 0.0183 0.08594 0.01116 -0.01859 0.02231 -0.0022 0.0294 0.00997 0.01945 0.01828 
25.Destroyed damage 0.22889 0.2862 -0.33635 0.01961 -0.07336 -0.0181 0.12871 -0.03404 0.00347 0.07165 -0.02826 0.09675 -0.01976 0.02187 0.00976 
26.Driver with passengers -0.00461 0.00166 -0.00083 0.35909 0.0243 -0.02623 0.00892 0.00111 -0.01036 0.02235 0.02006 0.0141 0.0137 0.00723 -0.07591 
27.Female driver -0.01534 0.01394 0.00158 -0.06438 0.00795 0.02345 -0.04015 -0.00959 0.02529 -0.04083 -0.01178 -0.03389 -0.00715 0.01895 -0.00299 
28.Driver safety belt used -0.15091 -0.16302 0.27283 0.00056 -0.02858 0.03674 -0.01842 0.04198 -0.00827 -0.07935 0.01632 -0.04324 0.01599 0.0131 0.02365 
29.Ejected 0.32192 0.07715 -0.17076 -0.00134 -0.00485 -0.01107 0.02519 -0.01189 -0.00533 0.04263 -0.00466 0.0433 -0.00784 0.00138 -0.01504 
30.Trapped 0.3015 0.07997 -0.16371 -0.00851 -0.03593 -0.01142 0.06636 -0.02468 0.02269 0.00334 -0.02005 0.00661 -0.00214 0.00221 0.0095 
31.Fatal injury/injury incapacitating 1 -0.04357 -0.26318 -0.00808 -0.04144 -0.02297 0.08916 -0.03123 0.0202 0.02568 -0.02448 0.04102 0.00083 0.0037 0.01875 
32.Injury not incapacitating /possible injury -0.04357 1 -0.89626 -0.01084 -0.0665 0.00219 0.08659 -0.03415 0.00957 0.05646 -0.02163 0.05477 -0.00328 0.01838 0.00964 
33.Not injured -0.26318 -0.89626 1 0.00757 0.06118 0.01118 -0.10006 0.04348 -0.01663 -0.06058 0.027 -0.06373 0.00191 -0.01322 -0.0132 
34.Teen passengers -0.00808 -0.01084 0.00757 1 0.01612 -0.00746 -0.00885 0.00262 -0.00869 0.01637 0.01673 0.00619 -0.0085 0.00054 -0.04123 
35.Speed limit<35 mph -0.04144 -0.0665 0.06118 0.01612 1 -0.71812 -0.24703 -0.07222 0.06833 0.0025 0.01972 -0.0462 -0.05094 -0.04775 -0.05301 
36.Speed limit_35-60 mph -0.02297 0.00219 0.01118 -0.00746 -0.71812 1 -0.45955 0.00272 -0.01971 0.04361 -0.0285 -0.03416 0.02813 0.07591 -0.02342 
37.Speed limit>60 mph 0.08916 0.08659 -0.10006 -0.00885 -0.24703 -0.45955 1 0.09095 -0.05932 -0.0714 0.01675 0.10337 0.02307 -0.01254 0.10629 
38.Concrete road surface type -0.03123 -0.03415 0.04348 0.00262 -0.07222 0.00272 0.09095 1 -0.91662 -0.12368 -0.01237 -0.00373 0.05863 -0.02082 0.03489 
39.Black top road surface 0.0202 0.00957 -0.01663 -0.00869 0.06833 -0.01971 -0.05932 -0.91662 1 -0.2782 0.00818 -0.01062 -0.04495 0.05363 -0.02999 
40.Gravel/brick road surface type 0.02568 0.05646 -0.06058 0.01637 0.0025 0.04361 -0.0714 -0.12368 -0.2782 1 0.01136 0.03537 -0.0286 -0.07709 -0.01012 
41.Wet/debris road surface condition -0.02448 -0.02163 0.027 0.01673 0.01972 -0.0285 0.01675 -0.01237 0.00818 0.01136 1 0.00063 -0.02577 -0.00329 0.03742 
42.Curved road 0.04102 0.05477 -0.06373 0.00619 -0.0462 -0.03416 0.10337 -0.00373 -0.01062 0.03537 0.00063 1 0.00816 -0.09337 0.03776 
43.Work_zone_realeted 0.00083 -0.00328 0.00191 -0.0085 -0.05094 0.02813 0.02307 0.05863 -0.04495 -0.0286 -0.02577 0.00816 1 -0.0348 0.00491 
44.Multi lanes road 0.0037 0.01838 -0.01322 0.00054 -0.04775 0.07591 -0.01254 -0.02082 0.05363 -0.07709 -0.00329 -0.09337 -0.0348 1 -0.02117 
45.5.00-9.00-Morning 0.01875 0.00964 -0.0132 -0.04123 -0.05301 -0.02342 0.10629 0.03489 -0.02999 -0.01012 0.03742 0.03776 0.00491 -0.02117 1 
46.9.00-13.00-Noon -0.01768 -0.02176 0.02514 -0.01207 0.0324 0.00954 -0.04969 -0.00572 0.01236 -0.01486 0.00581 -0.02271 0.02796 0.01229 -0.19658 
47.13.00-17.00-Afternoon -0.01986 -0.04953 0.05631 0.01036 0.03706 0.01083 -0.06468 -0.0088 0.02239 -0.03591 -0.03913 -0.05879 -0.00764 -0.00787 -0.27444 
48.17.00-21.00-Evening -0.02614 -0.02341 0.03512 0.01778 -0.02838 0.03366 -0.01483 0.0127 0.0004 -0.03038 -0.02322 -0.03413 -0.00446 0.02154 -0.22484 
49.21.00-5.00-Night 0.05814 0.10607 -0.1294 0.0209 0.00382 -0.04188 0.0498 -0.03402 -0.01154 0.10943 0.03345 0.10368 -0.02001 -0.00794 -0.16972 
50.Week end 0.02779 0.04415 -0.05578 0.06238 -0.0092 -0.01852 0.03478 -0.03742 0.01402 0.05598 0.0262 0.03137 -0.03202 0.01948 -0.08685 
51.On roadway -0.01409 -0.01777 0.02359 -0.0034 0.0221 -0.00217 -0.02192 -0.00043 0.00312 -0.00448 -0.01174 -0.06357 0.04567 0.01007 -0.00757 
52.At Intersection -0.06004 -0.09423 0.10738 -0.0071 0.02954 0.07167 -0.13674 0.05288 0.00224 -0.13476 -0.00919 -0.07587 -0.01849 0.01157 -0.01705 
53.Off roadway crash 0.1047 0.15954 -0.18563 0.01616 -0.07848 -0.09406 0.22615 -0.07064 -0.0061 0.18477 0.025 0.18676 -0.0328 -0.01874 0.03484 
54.Dark 0.04092 0.07822 -0.09632 0.02615 -0.02593 -0.01829 0.05308 -0.03031 -0.00579 0.08877 0.05649 0.09088 -0.03591 0.00132 -0.11871 
55.Adverse weather conditions -0.02056 -0.01297 0.01753 0.01528 0.0034 -0.02219 0.02931 -0.0012 0.00877 -0.02079 0.78233 0.00144 -0.02981 -0.00339 0.01581 
56.Rural roads 0.09072 0.14925 -0.164 0.01412 -0.15375 -0.00673 0.21614 -0.14781 0.02307 0.30322 0.01377 0.09887 -0.03623 -0.01255 0.02758 
57.Animal factors -0.00691 0.01291 -0.00379 0.01306 -0.01286 -0.01114 0.03357 -0.01779 0.01046 0.01771 0.2196 0.02211 -0.01297 -0.00971 0.04238 
58.Weather factors -0.00195 0.0129 -0.01035 -0.00182 0.00645 -0.04204 0.05293 0.01904 -0.02338 0.01292 0.15097 0.01152 -0.01773 -0.00344 0.00987 
59.Vision obstruction factors -0.00443 -0.00822 0.01049 0.00523 0.01165 -0.01268 0.00456 0.00548 -0.0022 -0.00759 0.074 0.01391 -0.00739 -0.01783 0.0096 
60.Vehicle factors -0.00946 0.00341 0.00001 0.00206 -0.00108 -0.00447 0.00788 0.01367 -0.01124 -0.00457 0.01291 -0.00068 0.01403 -0.01391 0.02013 
61.Road factors -0.01275 0.00274 -0.00475 0.00438 -0.04497 -0.00684 0.07297 0.01588 -0.02018 0.01305 0.32353 0.02516 0.07453 0.00378 0.04626 

Note: The highlighted cell indicates correlation among pair of explanatory variables found at Correlation Coefficient= 0.6 level. 
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Table A.2 (continued) 
Variable 46 47 48 49 50 51 52 53 54 55 56 57 58 59 60 61 
1.Cell phone  -0.02439 -0.03184 -0.01809 0.109 0.02714 -0.03491 -0.00536 0.05318 0.08322 -0.01101 0.01711 -0.01842 -0.01523 0.00299 -0.00712 -0.01399 
2.Other electronic devices  0.00266 -0.0127 0.02701 -0.00594 0.02509 0.00404 0.00201 -0.0071 0.00844 -0.01022 0.00276 0.00241 -0.00495 0.01259 -0.01105 0.0051 
3.In/on vehicle distraction 0.00374 0.01789 0.03014 -0.03564 -0.00457 -0.0087 -0.00138 0.01468 -0.02122 -0.03726 0.01825 -0.02712 -0.02225 -0.01327 0.00386 -0.00793 
4.External distraction 0.01794 0.00995 0.01038 -0.04017 -0.00858 0.0097 0.0098 -0.02671 -0.03145 -0.01285 -0.03525 0.01328 -0.00011 0.00625 -0.01499 -0.00022 
5.Inattention  0.03609 0.0564 0.02151 -0.1028 -0.06627 0.04506 0.09918 -0.19999 -0.09786 0.04888 -0.1273 0.03172 0.03104 0.0073 0.01455 0.02029 
6.Valid licensed  0.03166 0.00725 0.0126 -0.06538 -0.04237 0.01121 0.01808 -0.03683 -0.06346 -0.01294 0.0274 0.01198 0.00156 -0.0086 -0.00931 -0.00631 
7.Restricted license 0.02716 0.00416 0.00796 -0.04402 -0.02718 -0.00459 0.0149 -0.01452 -0.03056 -0.00013 0.01226 -0.00276 0.00429 0.00227 -0.01389 -0.00791 
8.Alcohol/drug related -0.0931 -0.12492 -0.05424 0.37122 0.15534 -0.03004 -0.12399 0.20831 0.29537 -0.00025 0.08855 -0.02055 -0.00909 -0.00923 -0.01969 -0.01843 
9.Vehicle age (Year 5 or newer) -0.0009 -0.01916 0.01237 0.00409 -0.00887 -0.03186 0.00407 0.03493 0.02593 -0.01068 0.02217 -0.01384 0.02577 -0.00213 -0.01094 0.00506 
10.Vehicle age (6-10 years) 0.0176 -0.02531 -0.00956 -0.00516 0.02178 -0.00693 0.0055 0.00077 0.00186 -0.0183 -0.01083 -0.00035 -0.01074 0.01356 -0.01941 -0.00856 
11.Vehicle age (11-15 years) -0.0002 0.00524 0.00056 -0.00032 -0.01258 0.01161 -0.00916 -0.00137 -0.00415 0.00092 0.00958 -0.00188 0.00588 -0.0129 -0.01273 0.00461 
12.Vehicle age (Year 16 or older) -0.01563 0.02789 0.00024 0.00427 -0.00156 0.01134 0.00175 -0.01671 -0.01027 0.0219 -0.0109 0.00941 -0.0098 0.00252 0.03288 -0.00167 
13.Automobile -0.01751 -0.00256 0.01792 0.00524 0.00687 0.02303 -0.00302 -0.02483 0.00958 -0.00139 -0.08764 -0.00065 -0.01376 -0.01055 0.00778 -0.00722 
14.Van 0.01742 0.02068 -0.0133 -0.04031 -0.01226 -0.0012 0.00388 -0.00561 -0.03487 -0.01049 -0.02355 -0.01171 0.00185 -0.00661 -0.00088 0.00375 
15.Pickup truck camper-rv  0.00954 -0.00463 -0.0295 0.02978 0.00479 -0.01603 -0.02279 0.05438 0.0108 0.01178 0.14221 0.00659 0.02336 0.02111 0.01467 0.00957 
16.Sport utility vehicle 0.00492 -0.00102 0.01312 -0.01792 -0.00839 -0.01514 0.02613 -0.01892 -0.00752 -0.00509 -0.01723 0.00001 -0.00595 -0.00425 -0.02416 -0.00262 
17.Straight following -0.01131 -0.01112 -0.00796 0.03584 0.01573 0.00519 -0.03948 0.04848 0.02446 -0.00582 0.03355 -0.0071 0.00085 0.00052 -0.00621 -0.01205 
18.Turn/changing lanes maneuver 0.00923 0.00603 -0.00453 -0.01804 -0.0103 -0.01571 0.05142 -0.05097 -0.01877 -0.00012 -0.04126 0.00277 -0.01086 -0.01528 0.00271 -0.01622 
19.Avoiding maneuver -0.00975 -0.00499 0.02269 -0.00079 -0.00521 0.01276 -0.05332 0.05832 0.00891 -0.00945 0.05874 0.03217 0.0159 0.00846 -0.00647 0.0134 
20.Stopped/parking/backing maneuver 0.01724 0.0264 0.0077 -0.06412 -0.02913 0.01239 0.05011 -0.08711 -0.04788 0.01315 -0.04457 -0.00768 0.00076 0.01633 0.00682 0.03038 
21.No damage  0.01126 0.01809 0.0079 -0.03415 -0.01508 -0.00337 0.03593 -0.04745 -0.02989 -0.00374 -0.03025 -0.00496 -0.0039 -0.00491 -0.01047 -0.00393 
22.Minor damage 0.0283 0.06651 0.02211 -0.12256 -0.05419 -0.00493 0.12377 -0.16781 -0.10336 -0.02869 -0.12829 -0.0228 -0.01231 -0.00502 -0.01481 -0.0098 
23.Functional damage 0.02876 0.04037 0.01573 -0.10557 -0.04431 0.01608 0.076 -0.12961 -0.09575 0.02521 -0.09021 -0.00534 -0.00852 -0.00547 -0.00722 -0.01406 
24.Disabling damage -0.03526 -0.0608 -0.01349 0.11684 0.04372 0.00454 -0.11269 0.1532 0.10548 0.00901 0.08841 0.02737 0.0121 -0.00145 0.0235 0.02249 
25.Destroyed damage -0.03792 -0.07425 -0.03827 0.1732 0.08678 -0.01789 -0.14411 0.22833 0.14966 -0.01397 0.21524 0.00335 0.01379 0.01515 0.001 -0.00004 
26.Driver with passengers -0.00831 0.02344 0.02311 0.02745 0.09444 -0.01736 0.00538 0.01551 0.02812 0.01559 0.0302 -0.00518 0.00698 0.00735 0.00608 0.00701 
27.Female driver 0.05063 0.0333 0.01103 -0.1102 -0.04443 0.00564 0.0544 -0.08275 -0.10013 -0.02121 -0.0615 -0.0162 -0.00499 -0.00678 -0.01704 -0.01606 
28.Driver safety belt used 0.04743 0.05555 0.0145 -0.1659 -0.06646 0.00692 0.09361 -0.1337 -0.12118 0.01511 -0.1024 0.01551 0.0092 -0.00381 0.00729 0.01007 
29.Ejected -0.01121 -0.01901 -0.00401 0.05769 0.02149 -0.00418 -0.04502 0.06997 0.03435 -0.01281 0.07484 -0.00398 -0.00716 -0.00299 -0.00637 -0.00804 
30.Trapped -0.01006 -0.00639 -0.03128 0.04748 0.02112 -0.01714 -0.03701 0.07582 0.03327 -0.01003 0.06435 -0.00458 -0.00738 -0.00308 -0.00657 0.0039 
31.Fatal injury/injury incapacitating -0.01768 -0.01986 -0.02614 0.05814 0.02779 -0.01409 -0.06004 0.1047 0.04092 -0.02056 0.09072 -0.00691 -0.00195 -0.00443 -0.00946 -0.01275 
32.Injury not incapacitating /possible injury -0.02176 -0.04953 -0.02341 0.10607 0.04415 -0.01777 -0.09423 0.15954 0.07822 -0.01297 0.14925 0.01291 0.0129 -0.00822 0.00341 0.00274 
33.Not injured 0.02514 0.05631 0.03512 -0.1294 -0.05578 0.02359 0.10738 -0.18563 -0.09632 0.01753 -0.164 -0.00379 -0.01035 0.01049 0.00001 -0.00475 
34.Teen passengers -0.01207 0.01036 0.01778 0.0209 0.06238 -0.0034 -0.0071 0.01616 0.02615 0.01528 0.01412 0.01306 -0.00182 0.00523 0.00206 0.00438 
35.Speed limit<35 mph 0.0324 0.03706 -0.02838 0.00382 -0.0092 0.0221 0.02954 -0.07848 -0.02593 0.0034 -0.15375 -0.01286 0.00645 0.01165 -0.00108 -0.04497 
36.Speed limit_35-60 mph 0.00954 0.01083 0.03366 -0.04188 -0.01852 -0.00217 0.07167 -0.09406 -0.01829 -0.02219 -0.00673 -0.01114 -0.04204 -0.01268 -0.00447 -0.00684 
37.Speed limit>60 mph -0.04969 -0.06468 -0.01483 0.0498 0.03478 -0.02192 -0.13674 0.22615 0.05308 0.02931 0.21614 0.03357 0.05293 0.00456 0.00788 0.07297 
38.Concrete road surface type -0.00572 -0.0088 0.0127 -0.03402 -0.03742 -0.00043 0.05288 -0.07064 -0.03031 -0.0012 -0.14781 -0.01779 0.01904 0.00548 0.01367 0.01588 
39.Black top road surface 0.01236 0.02239 0.0004 -0.01154 0.01402 0.00312 0.00224 -0.0061 -0.00579 0.00877 0.02307 0.01046 -0.02338 -0.0022 -0.01124 -0.02018 
40.Gravel/brick road surface type -0.01486 -0.03591 -0.03038 0.10943 0.05598 -0.00448 -0.13476 0.18477 0.08877 -0.02079 0.30322 0.01771 0.01292 -0.00759 -0.00457 0.01305 
41.Wet/debris road surface condition 0.00581 -0.03913 -0.02322 0.03345 0.0262 -0.01174 -0.00919 0.025 0.05649 0.78233 0.01377 0.2196 0.15097 0.074 0.01291 0.32353 
42.Curved road -0.02271 -0.05879 -0.03413 0.10368 0.03137 -0.06357 -0.07587 0.18676 0.09088 0.00144 0.09887 0.02211 0.01152 0.01391 -0.00068 0.02516 
43.Work_zone_realeted 0.02796 -0.00764 -0.00446 -0.02001 -0.03202 0.04567 -0.01849 -0.0328 -0.03591 -0.02981 -0.03623 -0.01297 -0.01773 -0.00739 0.01403 0.07453 
44.Multi lanes road 0.01229 -0.00787 0.02154 -0.00794 0.01948 0.01007 0.01157 -0.01874 0.00132 -0.00339 -0.01255 -0.00971 -0.00344 -0.01783 -0.01391 0.00378 
45.5.00-9.00-Morning -0.19658 -0.27444 -0.22484 -0.16972 -0.08685 -0.00757 -0.01705 0.03484 -0.11871 0.01581 0.02758 0.04238 0.00987 0.0096 0.02013 0.04626 
46.9.00-13.00-Noon 1 -0.31 -0.25397 -0.19171 -0.00045 -0.0058 0.05256 -0.0661 -0.26914 0.00046 -0.04286 -0.02071 0.01099 0.01143 0.01693 0.00573 
47.13.00-17.00-Afternoon -0.31 1 -0.35457 -0.26764 -0.04702 0.02696 0.07012 -0.13122 -0.35696 -0.03872 -0.0647 -0.03348 -0.00696 -0.00068 -0.01481 -0.01625 
48.17.00-21.00-Evening -0.25397 -0.35457 1 -0.21927 -0.04672 0.01399 0.04266 -0.07934 0.17738 -0.01087 -0.04469 0.01175 -0.01585 -0.00456 -0.00347 -0.02155 
49.21.00-5.00-Night -0.19171 -0.26764 -0.21927 1 0.20558 -0.03687 -0.18383 0.30322 0.67344 0.04731 0.15484 0.01012 0.00618 -0.01594 -0.01536 -0.00858 
50.Week end -0.00045 -0.04702 -0.04672 0.20558 1 -0.03107 -0.08156 0.15213 0.16479 0.0295 0.0851 0.00151 0.01412 0.0064 -0.0088 0.01101 
51.On roadway -0.0058 0.02696 0.01399 -0.03687 -0.03107 1 -0.73159 -0.28444 -0.028 -0.00857 -0.03121 -0.01169 -0.0151 -0.00238 -0.00426 -0.02535 
52.At Intersection 0.05256 0.07012 0.04266 -0.18383 -0.08156 -0.73159 1 -0.43708 -0.15299 -0.01486 -0.23966 -0.01207 -0.01424 -0.00922 0.00707 -0.02 
53.Off roadway crash -0.0661 -0.13122 -0.07934 0.30322 0.15213 -0.28444 -0.43708 1 0.24885 0.03171 0.37435 0.03392 0.03824 0.01656 -0.00365 0.06358 
54.Dark -0.26914 -0.35696 0.17738 0.67344 0.16479 -0.028 -0.15299 0.24885 1 0.07189 0.132 0.01922 0.00918 -0.01245 -0.01178 -0.005 
55.Adverse weather conditions 0.00046 -0.03872 -0.01087 0.04731 0.0295 -0.00857 -0.01486 0.03171 0.07189 1 0.02256 0.2736 0.19561 0.09648 0.01312 0.25854 
56.Rural roads -0.04286 -0.0647 -0.04469 0.15484 0.0851 -0.03121 -0.23966 0.37435 0.132 0.02256 1 0.05709 0.04663 0.00731 0.01234 0.04569 
57.Animal factors -0.02071 -0.03348 0.01175 0.01012 0.00151 -0.01169 -0.01207 0.03392 0.01922 0.2736 0.05709 1 -0.01459 -0.00609 0.00134 0.20027 
58.Weather factors 0.01099 -0.00696 -0.01585 0.00618 0.01412 -0.0151 -0.01424 0.03824 0.00918 0.19561 0.04663 -0.01459 1 -0.00368 -0.00786 0.18765 
59.Vision obstruction factors 0.01143 -0.00068 -0.00456 -0.01594 0.0064 -0.00238 -0.00922 0.01656 -0.01245 0.09648 0.00731 -0.00609 -0.00368 1 -0.00328 0.11797 
60.Vehicle factors 0.01693 -0.01481 -0.00347 -0.01536 -0.0088 -0.00426 0.00707 -0.00365 -0.01178 0.01312 0.01234 0.00134 -0.00786 -0.00328 1 0.02544 
61.Road factors 0.00573 -0.01625 -0.02155 -0.00858 0.01101 -0.02535 -0.02 0.06358 -0.005 0.25854 0.04569 0.20027 0.18765 0.11797 0.02544 1 

Note: The highlighted cell indicates correlation among pair of explanatory variables found at Correlation Coefficient= 0.6 level. 
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Table A.3	Collinearity Matrix for Injury Severity Model of Teenage Drivers and their Passengers 
Variable 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 
1.Teenage distracted by cell phone 1.00000 -0.02125 -0.04779 -0.02407 -0.18435 0.00237 0.00286 0.04837 0.00893 0.01799 -0.00442 -0.01113 0.00998 -0.01445 0.00091 -0.00597 0.04356 
2.Teenage distracted by other electronic devices -0.02125 1.00000 -0.03528 -0.01777 -0.13608 0.01328 -0.00371 -0.00504 0.00097 0.00822 0.00310 -0.00828 0.01086 -0.00304 -0.01825 0.00714 0.04183 
3.Teenage distracted In/on-vehicle -0.04779 -0.03528 1.00000 -0.03995 -0.30599 0.01820 -0.00162 -0.01979 0.00143 0.00557 -0.01072 0.00568 0.01502 -0.00371 -0.01400 -0.00278 0.07288 
4.External distraction teenage  -0.02407 -0.01777 -0.03995 1.00000 -0.15410 0.01576 0.01349 -0.01132 -0.00487 -0.00689 -0.00104 0.00774 0.00756 -0.00477 0.00485 -0.01432 0.01318 
5.Inattentive teenage -0.18435 -0.13608 -0.30599 -0.15410 1.00000 0.03991 0.00397 -0.04873 0.00027 -0.00002 0.00098 -0.00238 0.00228 -0.02999 0.00483 0.00113 -0.07261 
6.Valid licensed  0.00237 0.01328 0.01820 0.01576 0.03991 1.00000 -0.02012 -0.03719 0.01591 0.03063 0.00863 -0.03527 0.01791 -0.02461 0.01149 -0.02046 0.03435 
7.Restricted license 0.00286 -0.00371 -0.00162 0.01349 0.00397 -0.02012 1.00000 -0.02139 0.01413 0.00258 0.00764 -0.01255 0.00810 0.01394 -0.01348 -0.00215 0.00110 
8.Alchohol/drug related 0.04837 -0.00504 -0.01979 -0.01132 -0.04873 -0.03719 -0.02139 1.00000 -0.00044 -0.00105 0.00141 -0.00112 -0.01363 -0.00736 0.02125 0.00014 0.03484 
9.Vehicle age (Year 5 or newer) 0.00893 0.00097 0.00143 -0.00487 0.00027 0.01591 0.01413 -0.00044 1.00000 -0.07553 -0.13069 -0.18363 0.04512 -0.02142 -0.04149 -0.01117 -0.02391 
10.Vehicle age (6-10 years) 0.01799 0.00822 0.00557 -0.00689 -0.00002 0.03063 0.00258 -0.00105 -0.07553 1.00000 -0.28434 -0.39952 0.04239 -0.02110 -0.06215 0.01554 0.00060 
11.Vehicle age (11-15 years) -0.00442 0.00310 -0.01072 -0.00104 0.00098 0.00863 0.00764 0.00141 -0.13069 -0.28434 1.00000 -0.59131 -0.01592 0.03155 -0.06005 0.06669 -0.00087 
12.Vehicle age (Year 16 or older) -0.01113 -0.00828 0.00568 0.00774 -0.00238 -0.03527 -0.01255 -0.00112 -0.18363 -0.39952 -0.59131 1.00000 -0.02997 -0.00720 0.11585 -0.07118 0.00963 
13.Automobile 0.00998 0.01086 0.01502 0.00756 0.00228 0.01791 0.00810 -0.01363 0.04512 0.04239 -0.01592 -0.02997 1.00000 -0.24094 -0.59603 -0.57972 0.02410 
14.Van -0.01445 -0.00304 -0.00371 -0.00477 -0.02999 -0.02461 0.01394 -0.00736 -0.02142 -0.02110 0.03155 -0.00720 -0.24094 1.00000 -0.07940 -0.07723 -0.01002 
15.Pickup-truck, camper-rv 0.00091 -0.01825 -0.01400 0.00485 0.00483 0.01149 -0.01348 0.02125 -0.04149 -0.06215 -0.06005 0.11585 -0.59603 -0.07940 1.00000 -0.19105 -0.01896 
16.Sport vehicle -0.00597 0.00714 -0.00278 -0.01432 0.00113 -0.02046 -0.00215 0.00014 -0.01117 0.01554 0.06669 -0.07118 -0.57972 -0.07723 -0.19105 1.00000 -0.00770 
17.Straight-following maneuver 0.04356 0.04183 0.07288 0.01318 -0.07261 0.03435 0.00110 0.03484 -0.02391 0.00060 -0.00087 0.00963 0.02410 -0.01002 -0.01896 -0.00770 1.00000 
18.Turn/changing lanes maneuver -0.03773 -0.03863 -0.07125 -0.00279 0.05401 -0.01899 0.01075 -0.03928 0.02462 -0.00893 0.00092 -0.00450 0.00402 0.00450 -0.01409 0.00680 -0.70960 
19.Avoiding maneuver -0.00242 0.00415 0.00382 0.00847 0.00277 -0.00542 -0.01422 0.01066 0.00185 0.00299 -0.00585 0.00257 -0.01364 0.00570 0.02054 -0.00761 -0.24870 
20.Stopped/parking/backing maneuver -0.03245 -0.02579 -0.02683 -0.01985 0.05579 -0.01343 -0.00391 -0.02097 0.01043 0.01395 0.00354 -0.01575 -0.03903 0.00353 0.03977 0.01124 -0.46349 
21.No damage  -0.01860 -0.01141 0.00917 0.00417 0.00214 -0.00421 -0.00405 -0.01718 -0.01404 -0.01885 -0.01687 0.02841 -0.06080 -0.00902 0.06621 0.01577 -0.04389 
22.Minor damage -0.02920 -0.01982 -0.02959 -0.00193 0.07952 0.03183 -0.01429 -0.06097 0.00912 0.00242 -0.02328 0.01658 -0.09533 -0.01161 0.07139 0.05918 -0.12600 
23.Functional damage -0.01491 -0.00850 -0.02078 0.01469 0.05288 -0.00071 0.00916 -0.06858 0.00738 0.01213 0.00504 -0.01432 0.04820 0.00959 -0.04350 -0.02240 -0.05897 
24.Disabling damage 0.03003 0.02659 0.02929 -0.00150 -0.06490 0.00192 0.00438 0.03553 0.00610 0.00948 0.01179 -0.01977 0.07710 0.00802 -0.06555 -0.03964 0.12261 
25.Destroyed damage 0.02204 0.00574 0.02306 -0.01921 -0.09177 -0.03978 0.00028 0.14537 -0.02671 -0.03218 0.01746 0.01621 -0.03742 -0.00986 0.04197 0.01232 0.09681 
26.Speed limit<35 mph -0.01117 -0.02835 -0.00160 -0.02315 0.05047 -0.07613 -0.02164 0.00860 0.00325 -0.00625 -0.01560 0.01715 -0.00702 0.01346 -0.00344 0.00564 -0.10390 
27.Speed limit 35-60 mph 0.00643 0.02165 0.00595 0.03815 0.00537 0.05622 0.01883 -0.01926 -0.01447 0.00360 -0.01254 0.01442 0.01131 -0.02187 -0.00208 -0.00172 0.09493 
28.Speed limit>60 mph 0.00792 0.00653 -0.00344 -0.02793 -0.08643 0.02723 0.00802 0.01732 0.00965 0.00419 0.04153 -0.04452 -0.00374 0.01956 0.01287 -0.01615 0.02000 
29.Concrete roads -0.00981 -0.00569 -0.00876 0.02034 0.00315 0.00094 0.00171 -0.01932 -0.00312 -0.00089 0.01578 -0.01245 0.03626 -0.01044 -0.02527 -0.01768 -0.01892 
30.Black top roads 0.01121 0.00818 0.00693 -0.00744 0.01848 0.02294 -0.00806 -0.02457 0.01469 0.01628 -0.00607 -0.01096 0.02339 0.01088 -0.04069 0.00456 -0.00412 
31.Gravel/brick roads -0.00396 -0.00461 0.00236 -0.02073 -0.03838 -0.04426 0.01224 0.07720 -0.02026 -0.02749 -0.01517 0.03969 -0.10234 -0.00595 0.11549 0.02261 0.03890 
32.Wet/debris roads -0.00718 -0.01588 -0.03023 -0.01279 0.03851 0.01116 -0.01280 0.00170 -0.00613 -0.02848 0.01317 0.01049 -0.00358 -0.01351 0.00650 0.00662 -0.00854 
33.Curved road 0.01125 0.00345 0.00407 -0.01480 -0.04421 -0.01548 -0.00609 0.03692 0.03041 0.00702 -0.01879 0.00224 -0.00774 0.00989 0.01134 -0.00961 0.04801 
34.Work zone related -0.00873 0.00282 -0.00801 -0.00816 0.00739 0.00818 -0.00067 -0.00288 -0.00290 0.00499 0.00365 -0.00546 0.02119 0.00531 -0.02168 -0.00725 0.00550 
35.Multi lanes road -0.00583 0.00468 0.01080 0.00696 -0.01778 0.01401 -0.00066 -0.03232 0.00928 0.00911 -0.00681 -0.00217 0.01124 -0.01223 -0.00738 -0.00058 0.03120 
36.5.00-9.00-morning -0.01062 -0.00960 0.00664 -0.01044 0.02292 0.00674 0.03103 -0.01691 0.00055 -0.01219 0.00017 0.00830 -0.00826 0.00383 0.01142 -0.00103 0.02970 
37.9.00-13.00-noon -0.01247 0.00044 0.00329 -0.00060 0.04138 0.00330 -0.00761 -0.05114 -0.00894 0.00762 -0.00036 -0.00091 -0.01118 0.01785 0.00214 0.00353 -0.01894 
38.13.00-17.00-afternoon -0.02121 -0.00369 0.00496 0.00912 0.04128 0.01987 -0.00509 -0.08777 -0.01433 -0.00761 0.00314 0.00753 0.00416 0.00362 -0.01115 0.00317 0.00117 
39.17.00-21.00-evening 0.00070 0.00230 0.00331 0.00931 -0.01882 0.01917 0.00639 -0.04594 0.00751 0.01792 -0.00253 -0.01264 0.00724 -0.00352 -0.01026 0.00240 -0.02232 
40.21.00-5.00-night 0.05111 0.01051 -0.02025 -0.01256 -0.09747 -0.05913 -0.02188 0.24466 0.01973 -0.00742 -0.00092 -0.00214 0.00758 -0.02206 0.01116 -0.01026 0.01741 
41.Weekend 0.01353 0.01409 0.00258 -0.00639 -0.08949 -0.03310 -0.02128 0.09690 0.00929 -0.00265 0.00165 -0.00274 -0.01799 -0.00570 0.03225 -0.00778 0.01840 
42.Head On crash -0.00919 -0.01414 0.00857 -0.00069 0.00324 0.00668 -0.00072 0.00288 -0.00198 -0.00493 -0.00999 0.01430 -0.00007 0.00348 -0.00267 0.00177 -0.07244 
43.Rear end crash -0.02763 0.01236 0.00931 0.06289 0.09618 0.10258 -0.00060 -0.10307 -0.01247 0.00590 0.01786 -0.01705 0.04084 -0.02154 -0.04993 0.01091 0.27113 
44.Angle crash -0.01839 -0.02570 -0.06080 -0.02760 0.05543 -0.01060 0.00465 -0.04128 0.00672 0.01630 -0.02003 0.00467 0.02255 0.00034 -0.01594 -0.01296 -0.21862 
45.Opposite direction crash -0.00650 0.00859 -0.00203 0.00710 -0.01481 -0.01508 0.00173 -0.00487 -0.00063 -0.01241 -0.00029 0.00741 -0.00681 0.00759 0.01737 -0.01222 -0.04222 
46.Same direction crash -0.01450 -0.01472 -0.03297 -0.01734 0.01206 0.00346 0.00187 -0.03673 0.01995 0.02190 -0.00083 -0.02227 0.00022 0.02502 -0.00705 -0.00459 -0.25441 
47.Backed into crash -0.01479 -0.01423 -0.02066 -0.00813 0.02882 -0.00212 0.00465 -0.01824 0.01583 0.01454 -0.00334 -0.01204 -0.03068 -0.00756 0.03357 0.01109 -0.16623 
48.Single-vehicle crash 0.05209 0.02661 0.04601 -0.03791 -0.16119 -0.07209 -0.00911 0.13796 0.00924 -0.01645 0.00560 0.00428 -0.00776 0.00036 0.01958 -0.01100 0.09724 
49.On roadway crash -0.00823 -0.00178 -0.00911 0.00453 0.03640 -0.00088 -0.00870 -0.00878 -0.01799 -0.01199 -0.01170 0.02539 -0.00719 -0.00103 0.01134 -0.00369 -0.01890 
50.At intersection crash -0.02009 -0.01223 -0.02460 0.02502 0.07215 0.03261 0.00825 -0.07612 0.00887 0.01187 0.00627 -0.01843 0.04149 -0.00595 -0.04951 0.00095 -0.03715 
51.Off roadway crash 0.03940 0.01891 0.04485 -0.03984 -0.14411 -0.03639 0.00200 0.10890 0.01318 -0.00030 0.00685 -0.00897 -0.04504 0.00807 0.05336 0.00099 0.07743 
52.Dark  0.04768 0.00378 -0.01679 -0.01685 -0.09210 -0.04240 -0.00907 0.18472 0.02281 0.01063 0.00939 -0.02491 0.01683 -0.01829 0.00119 -0.01353 0.00946 
53.Adverse conditions  -0.00328 -0.01644 -0.02548 -0.01504 0.02924 0.00964 -0.00811 -0.00041 -0.00883 -0.02583 0.01139 0.01109 0.00805 -0.01131 -0.00557 0.00204 -0.00460 
54.Rural roads 0.00999 -0.00196 0.02203 -0.04145 -0.08639 0.00653 0.02234 0.07533 -0.00890 -0.02248 -0.00701 0.02731 -0.10326 0.01047 0.14110 -0.01201 0.02708 
55.Animall factors -0.02187 -0.01101 -0.01240 0.01060 0.01099 0.01415 0.00631 -0.00120 -0.00693 0.00576 0.01152 -0.01254 0.00129 0.00125 0.01526 -0.01682 -0.00195 
56.Weatherl factors -0.00846 -0.00151 -0.01385 0.00819 0.01205 0.00003 -0.00338 -0.00715 -0.00591 -0.01539 0.00258 0.01009 0.00004 -0.00977 0.00651 -0.00214 -0.01244 
57.Vision obstruction 0.00521 -0.00517 -0.00005 0.00139 -0.00040 -0.00507 0.01112 -0.00663 -0.00769 -0.01385 -0.00326 0.01571 -0.00085 -0.00160 0.00345 -0.00118 0.00628 
58.Vehicle factors -0.00634 -0.01105 0.00969 -0.01251 0.00315 0.00019 -0.01029 -0.01113 0.00200 -0.02078 -0.01345 0.02690 0.01805 -0.01034 -0.01477 -0.00280 0.00905 
59.Road factors -0.01748 -0.00209 -0.01167 -0.00450 0.00510 0.01526 -0.00687 0.00808 0.00431 -0.01428 0.01788 -0.00869 -0.00235 0.00069 0.00321 -0.00146 0.00468 
60.Passenger -0.10635 -0.07851 -0.17653 -0.08891 -0.58096 -0.07187 -0.00939 0.02792 -0.00815 -0.00999 0.00587 0.00496 -0.01279 0.04239 -0.00704 0.00800 -0.03256 
61.Male driver 0.05138 0.04052 0.06208 0.04269 0.32190 0.01324 -0.03046 0.02408 -0.02061 -0.04014 -0.03352 0.06747 -0.10791 -0.01848 0.17242 -0.03294 0.01288 
62.Driver seatbelt not used 0.04260 0.00792 0.03089 -0.00362 0.04539 -0.02690 -0.01536 0.10168 -0.01001 -0.01234 -0.00703 0.01517 -0.04666 -0.01389 0.03642 -0.01339 0.02967 
63.Seatbelt do not wear 0.00539 -0.01208 -0.01825 -0.02229 -0.12075 -0.04755 -0.02024 0.11482 -0.01644 -0.02658 -0.00103 0.02335 -0.04716 0.01660 0.03293 -0.01146 0.03623 
64.Occupants Ejection -0.00621 -0.01099 -0.00644 -0.00559 -0.02451 -0.01242 0.00454 0.06210 -0.00046 -0.01502 0.00236 0.00604 -0.06223 -0.00473 0.05895 -0.01421 0.02744 
65.Occupants Front Seat 0.05620 0.04149 0.09329 0.04698 0.35985 0.05569 0.01054 -0.02239 -0.00086 0.00241 -0.01031 0.00785 -0.00254 -0.05365 0.04728 -0.01986 0.01053 
66.Female occupants  0.00052 -0.00178 0.02437 0.00050 0.01211 0.02075 0.04041 -0.05968 0.02831 0.05066 0.03520 -0.07934 0.13140 0.00404 -0.19277 0.02698 0.00051 

Note: The highlighted cell indicates correlation among pair of explanatory variables found at Correlation Coefficient= 0.6 level. 
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Table A.3 (continued) 
Variable 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 
1.Teenage distracted by cell phone -0.03773 -0.00242 -0.03245 -0.01860 -0.02920 -0.01491 0.03003 0.02204 -0.01117 0.00643 0.00792 -0.00981 0.01121 -0.00396 -0.00718 0.01125 
2.Teenage distracted by other electronic devices -0.03863 0.00415 -0.02579 -0.01141 -0.01982 -0.00850 0.02659 0.00574 -0.02835 0.02165 0.00653 -0.00569 0.00818 -0.00461 -0.01588 0.00345 
3.Teenage distracted In/on-vehicle -0.07125 0.00382 -0.02683 0.00917 -0.02959 -0.02078 0.02929 0.02306 -0.00160 0.00595 -0.00344 -0.00876 0.00693 0.00236 -0.03023 0.00407 
4.External distraction teenage  -0.00279 0.00847 -0.01985 0.00417 -0.00193 0.01469 -0.00150 -0.01921 -0.02315 0.03815 -0.02793 0.02034 -0.00744 -0.02073 -0.01279 -0.01480 
5.Inattentive teenage 0.05401 0.00277 0.05579 0.00214 0.07952 0.05288 -0.06490 -0.09177 0.05047 0.00537 -0.08643 0.00315 0.01848 -0.03838 0.03851 -0.04421 
6.Valid licensed  -0.01899 -0.00542 -0.01343 -0.00421 0.03183 -0.00071 0.00192 -0.03978 -0.07613 0.05622 0.02723 0.00094 0.02294 -0.04426 0.01116 -0.01548 
7.Restricted license 0.01075 -0.01422 -0.00391 -0.00405 -0.01429 0.00916 0.00438 0.00028 -0.02164 0.01883 0.00802 0.00171 -0.00806 0.01224 -0.01280 -0.00609 
8.Alchohol/drug related -0.03928 0.01066 -0.02097 -0.01718 -0.06097 -0.06858 0.03553 0.14537 0.00860 -0.01926 0.01732 -0.01932 -0.02457 0.07720 0.00170 0.03692 
9.Vehicle age (Year 5 or newer) 0.02462 0.00185 0.01043 -0.01404 0.00912 0.00738 0.00610 -0.02671 0.00325 -0.01447 0.00965 -0.00312 0.01469 -0.02026 -0.00613 0.03041 
10.Vehicle age (6-10 years) -0.00893 0.00299 0.01395 -0.01885 0.00242 0.01213 0.00948 -0.03218 -0.00625 0.00360 0.00419 -0.00089 0.01628 -0.02749 -0.02848 0.00702 
11.Vehicle age (11-15 years) 0.00092 -0.00585 0.00354 -0.01687 -0.02328 0.00504 0.01179 0.01746 -0.01560 -0.01254 0.04153 0.01578 -0.00607 -0.01517 0.01317 -0.01879 
12.Vehicle age (Year 16 or older) -0.00450 0.00257 -0.01575 0.02841 0.01658 -0.01432 -0.01977 0.01621 0.01715 0.01442 -0.04452 -0.01245 -0.01096 0.03969 0.01049 0.00224 
13.Automobile 0.00402 -0.01364 -0.03903 -0.06080 -0.09533 0.04820 0.07710 -0.03742 -0.00702 0.01131 -0.00374 0.03626 0.02339 -0.10234 -0.00358 -0.00774 
14.Van 0.00450 0.00570 0.00353 -0.00902 -0.01161 0.00959 0.00802 -0.00986 0.01346 -0.02187 0.01956 -0.01044 0.01088 -0.00595 -0.01351 0.00989 
15.Pickup-truck, camper-rv -0.01409 0.02054 0.03977 0.06621 0.07139 -0.04350 -0.06555 0.04197 -0.00344 -0.00208 0.01287 -0.02527 -0.04069 0.11549 0.00650 0.01134 
16.Sport vehicle 0.00680 -0.00761 0.01124 0.01577 0.05918 -0.02240 -0.03964 0.01232 0.00564 -0.00172 -0.01615 -0.01768 0.00456 0.02261 0.00662 -0.00961 
17.Straight-following maneuver -0.70960 -0.24870 -0.46349 -0.04389 -0.12600 -0.05897 0.12261 0.09681 -0.10390 0.09493 0.02000 -0.01892 -0.00412 0.03890 -0.00854 0.04801 
18.Turn/changing lanes maneuver 1.00000 -0.07153 -0.13330 -0.01049 0.03953 0.06685 -0.05355 -0.06982 0.04635 -0.03530 -0.01809 0.02852 0.00376 -0.05506 -0.00258 -0.03612 
19.Avoiding maneuver -0.07153 1.00000 -0.04672 -0.01890 -0.02918 0.00842 0.01912 0.00898 -0.03764 -0.00894 0.06803 -0.01842 -0.00169 0.03448 -0.00324 0.01569 
20.Stopped/parking/backing maneuver -0.13330 -0.04672 1.00000 0.09376 0.18352 0.00650 -0.14194 -0.08531 0.12495 -0.09751 -0.04949 0.00587 0.00260 -0.01398 0.01932 -0.03900 
21.No damage  -0.01049 -0.01890 0.09376 1.00000 -0.07127 -0.08667 -0.09995 -0.04141 0.03886 -0.01860 -0.03025 0.00035 0.00255 -0.00445 -0.00750 -0.03156 
22.Minor damage 0.03953 -0.02918 0.18352 -0.07127 1.00000 -0.35229 -0.40630 -0.16834 0.10408 -0.04487 -0.09833 0.02832 0.00811 -0.06329 -0.01181 -0.05517 
23.Functional damage 0.06685 0.00842 0.00650 -0.08667 -0.35229 1.00000 -0.49406 -0.20471 0.05854 -0.00987 -0.06711 0.02753 0.01885 -0.07851 0.01015 -0.04806 
24.Disabling damage -0.05355 0.01912 -0.14194 -0.09995 -0.40630 -0.49406 1.00000 -0.23609 -0.08253 0.04489 0.05604 -0.02054 -0.01339 0.05865 0.00741 0.05162 
25.Destroyed damage -0.06982 0.00898 -0.08531 -0.04141 -0.16834 -0.20471 -0.23609 1.00000 -0.12936 0.01623 0.17506 -0.04836 -0.02336 0.12235 -0.01164 0.08466 
26.Speed limit<35 mph 0.04635 -0.03764 0.12495 0.03886 0.10408 0.05854 -0.08253 -0.12936 1.00000 -0.77077 -0.25140 -0.04190 0.06555 -0.05007 -0.02498 -0.02033 
27.Speed limit 35-60 mph -0.03530 -0.00894 -0.09751 -0.01860 -0.04487 -0.00987 0.04489 0.01623 -0.77077 1.00000 -0.37905 -0.01591 -0.04209 0.10296 0.02281 -0.03481 
28.Speed limit>60 mph -0.01809 0.06803 -0.04949 -0.03025 -0.09833 -0.06711 0.05604 0.17506 -0.25140 -0.37905 1.00000 0.08964 -0.03057 -0.09278 -0.00231 0.07727 
29.Concrete roads 0.02852 -0.01842 0.00587 0.00035 0.02832 0.02753 -0.02054 -0.04836 -0.04190 -0.01591 0.08964 1.00000 -0.83305 -0.15562 0.00042 0.00217 
30.Black top roads 0.00376 -0.00169 0.00260 0.00255 0.00811 0.01885 -0.01339 -0.02336 0.06555 -0.04209 -0.03057 -0.83305 1.00000 -0.41092 -0.00261 -0.04473 
31.Gravel/brick roads -0.05506 0.03448 -0.01398 -0.00445 -0.06329 -0.07851 0.05865 0.12235 -0.05007 0.10296 -0.09278 -0.15562 -0.41092 1.00000 0.00407 0.07678 
32.Wet/debris roads -0.00258 -0.00324 0.01932 -0.00750 -0.01181 0.01015 0.00741 -0.01164 -0.02498 0.02281 -0.00231 0.00042 -0.00261 0.00407 1.00000 0.00978 
33.Curved road -0.03612 0.01569 -0.03900 -0.03156 -0.05517 -0.04806 0.05162 0.08466 -0.02033 -0.03481 0.07727 0.00217 -0.04473 0.07678 0.00978 1.00000 
34.Work zone related -0.00633 -0.00221 0.00275 0.01246 0.00086 0.01495 -0.00718 -0.01995 -0.05227 0.01964 0.04930 0.04881 -0.02497 -0.03918 -0.02587 0.00077 
35.Multi lanes road 0.01493 -0.00351 -0.06799 -0.01499 -0.01754 0.00204 0.01876 0.00194 -0.07198 0.08097 0.00914 -0.00918 0.07571 -0.10675 -0.00431 -0.04993 
36.5.00-9.00-morning -0.02598 0.00304 -0.01759 -0.02199 -0.04142 -0.00503 0.03013 0.02791 -0.01986 -0.01430 0.06024 0.00970 0.01432 -0.04027 0.05214 0.00750 
37.9.00-13.00-noon 0.01575 -0.00344 0.01156 0.01114 0.00980 0.02555 -0.03233 -0.00665 0.01115 -0.01065 0.00477 0.00382 0.01505 -0.03285 0.00771 -0.00924 
38.13.00-17.00-afternoon -0.00881 0.00240 0.01887 0.01284 0.04293 0.05295 -0.04935 -0.07211 0.01890 0.01909 -0.06653 0.00769 0.01666 -0.04206 -0.03600 -0.05085 
39.17.00-21.00-evening 0.02868 -0.00919 0.00980 0.01353 0.04108 -0.00828 -0.01008 -0.03346 -0.03012 0.03175 -0.00301 -0.00098 -0.00110 0.00153 -0.01823 -0.00874 
40.21.00-5.00-night -0.01414 0.00884 -0.03413 -0.02499 -0.08097 -0.08189 0.08411 0.11925 0.01811 -0.03960 0.03112 -0.02238 -0.04968 0.12606 0.01332 0.08113 
41.Weekend -0.00377 0.00244 -0.02986 -0.01301 -0.04479 -0.06114 0.04626 0.09120 -0.01595 -0.02652 0.06442 -0.01404 -0.01887 0.05816 0.00775 0.06134 
42.Head On crash 0.11286 -0.00881 -0.03352 -0.00549 -0.02852 -0.01263 0.01001 0.04947 0.02316 -0.02687 -0.00033 -0.00591 0.00313 0.00491 0.00636 -0.00717 
43.Rear end crash -0.31658 -0.06000 0.04823 0.02774 0.10713 0.10122 -0.08255 -0.19144 -0.16473 0.22055 -0.09234 0.07611 0.04883 -0.21293 0.01148 -0.15699 
44.Angle crash 0.33887 -0.02905 -0.08533 -0.04593 -0.02086 0.05333 0.01023 -0.05018 0.12987 -0.07381 -0.08040 -0.02074 0.04726 -0.05438 0.00548 -0.07237 
45.Opposite direction crash 0.05299 0.02830 -0.02609 0.00666 0.01472 0.00674 -0.01259 -0.01187 0.00189 -0.01319 0.01185 -0.00769 -0.00708 0.02611 -0.00694 0.02203 
46.Same direction crash 0.32117 0.05774 -0.05555 -0.00828 0.08919 0.07032 -0.10797 -0.05547 -0.03199 -0.01376 0.06968 0.05219 -0.02373 -0.04335 -0.02528 -0.00012 
47.Backed into crash -0.04936 -0.01559 0.35918 0.02762 0.11622 -0.00652 -0.08269 -0.03424 0.11668 -0.10097 -0.02931 0.00379 -0.01601 0.02318 -0.01978 -0.01531 
48.Single-vehicle crash -0.07871 0.05481 -0.11085 -0.05267 -0.17868 -0.15633 0.18985 0.21663 -0.08940 -0.01018 0.15025 -0.05125 -0.07478 0.21948 0.01967 0.22541 
49.On roadway crash -0.02734 0.00557 0.06129 0.01880 0.03765 0.02823 -0.03268 -0.05173 0.10888 -0.06884 -0.05087 -0.01113 0.00557 0.01050 -0.00504 -0.02839 
50.At intersection crash 0.08940 -0.05919 -0.00717 0.01066 0.07389 0.07983 -0.05867 -0.14321 -0.01849 0.09166 -0.10193 0.06843 0.02635 -0.16289 -0.00057 -0.11667 
51.Off roadway crash -0.08671 0.07331 -0.07062 -0.04031 -0.14750 -0.14290 0.12011 0.25946 -0.12129 -0.03199 0.20815 -0.07634 -0.03978 0.19853 0.00764 0.19694 
52.Dark  0.00268 0.00605 -0.04098 -0.01910 -0.06101 -0.08089 0.07692 0.09879 -0.01392 -0.00908 0.03077 -0.01977 -0.04395 0.11004 0.06375 0.07404 
53.Adverse conditions  0.00113 -0.00463 0.01126 -0.00446 -0.01543 0.00223 0.01404 -0.00841 -0.03394 0.02475 0.00789 -0.00111 0.01141 -0.01921 0.77542 0.00777 
54.Rural roads -0.06192 0.06623 -0.00509 -0.02154 -0.10553 -0.11450 0.06667 0.23572 -0.17303 0.06479 0.15936 -0.17863 -0.05280 0.39200 -0.00701 0.07821 
55.Animall factors -0.00442 0.02740 -0.00880 -0.00638 -0.02159 0.00033 0.01776 0.00272 -0.01590 -0.00078 0.02468 -0.02798 0.01561 0.01708 0.21047 0.01405 
56.Weatherl factors 0.00391 0.02973 0.00195 -0.00943 -0.01027 -0.01572 0.02297 0.00796 -0.01754 -0.00290 0.02856 -0.00940 0.00317 0.01042 0.11925 0.00089 
57.Vision obstruction -0.00523 0.00650 -0.00476 -0.00547 -0.01016 0.01254 -0.00185 0.00123 -0.00611 0.00396 -0.00165 -0.00904 0.00829 0.00030 0.02458 0.01414 
58.Vehicle factors 0.00060 -0.01090 -0.00681 -0.00804 -0.00998 0.00540 0.01133 -0.00928 0.01311 -0.00663 -0.00677 -0.00734 0.01139 -0.00785 0.01779 -0.00109 
59.Road factors -0.01573 0.00755 0.00484 -0.00806 -0.01841 -0.02220 0.03185 0.00645 -0.04937 0.00839 0.05632 -0.00637 -0.00244 0.01427 0.31595 0.01597 
60.Passenger 0.03976 -0.00366 0.00303 0.01060 -0.02032 -0.01073 0.01118 0.02290 0.00217 -0.01169 0.01314 0.00256 -0.03264 0.05512 -0.00586 0.02471 
61.Male driver -0.02159 0.02341 -0.00834 0.00914 0.01380 -0.00613 -0.02222 0.01981 -0.00513 0.00147 0.00889 -0.00627 0.00862 -0.00407 0.00659 0.00931 
62.Driver seatbelt not used -0.02480 0.01634 -0.02787 -0.00262 -0.05969 -0.06245 0.04087 0.12192 -0.03262 0.01549 0.02328 -0.02494 -0.01503 0.06938 -0.00652 0.02961 
63.Seatbelt do not wear -0.03182 0.01607 -0.03013 0.00378 -0.07802 -0.06080 0.03968 0.14642 -0.03684 0.00374 0.04905 -0.02134 -0.03129 0.09250 -0.01672 0.04858 
64.Occupants Ejection -0.02311 0.01389 -0.02589 0.01037 -0.03809 -0.04910 -0.00772 0.14496 -0.03955 -0.01425 0.07277 0.00097 -0.02623 0.04611 -0.00506 0.02753 
65.Occupants Front Seat -0.01982 0.00651 0.00600 -0.01173 0.02461 0.00488 -0.01063 -0.01994 0.00071 0.01751 -0.02668 -0.00716 0.02727 -0.03852 0.00758 -0.01957 
66.Female occupants  0.01013 -0.02791 0.00184 -0.01118 -0.00980 0.01353 0.02123 -0.03541 0.00090 0.00658 -0.01162 0.00801 0.00932 -0.03179 -0.01027 -0.03231 

Note: The highlighted cell indicates correlation among pair of explanatory variables found at Correlation Coefficient= 0.6 level. 
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Table A.3 (continued) 
Variable 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 
1.Teenage distracted by cell phone -0.00873 -0.00583 -0.01062 -0.01247 -0.02121 0.00070 0.05111 0.01353 -0.00919 -0.02763 -0.01839 -0.00650 -0.01450 -0.01479 0.05209 -0.00823 
2.Teenage distracted by other electronic devices 0.00282 0.00468 -0.00960 0.00044 -0.00369 0.00230 0.01051 0.01409 -0.01414 0.01236 -0.02570 0.00859 -0.01472 -0.01423 0.02661 -0.00178 
3.Teenage distracted In/on-vehicle -0.00801 0.01080 0.00664 0.00329 0.00496 0.00331 -0.02025 0.00258 0.00857 0.00931 -0.06080 -0.00203 -0.03297 -0.02066 0.04601 -0.00911 
4.External distraction teenage  -0.00816 0.00696 -0.01044 -0.00060 0.00912 0.00931 -0.01256 -0.00639 -0.00069 0.06289 -0.02760 0.00710 -0.01734 -0.00813 -0.03791 0.00453 
5.Inattentive teenage 0.00739 -0.01778 0.02292 0.04138 0.04128 -0.01882 -0.09747 -0.08949 0.00324 0.09618 0.05543 -0.01481 0.01206 0.02882 -0.16119 0.03640 
6.Valid licensed  0.00818 0.01401 0.00674 0.00330 0.01987 0.01917 -0.05913 -0.03310 0.00668 0.10258 -0.01060 -0.01508 0.00346 -0.00212 -0.07209 -0.00088 
7.Restricted license -0.00067 -0.00066 0.03103 -0.00761 -0.00509 0.00639 -0.02188 -0.02128 -0.00072 -0.00060 0.00465 0.00173 0.00187 0.00465 -0.00911 -0.00870 
8.Alchohol/drug related -0.00288 -0.03232 -0.01691 -0.05114 -0.08777 -0.04594 0.24466 0.09690 0.00288 -0.10307 -0.04128 -0.00487 -0.03673 -0.01824 0.13796 -0.00878 
9.Vehicle age (Year 5 or newer) -0.00290 0.00928 0.00055 -0.00894 -0.01433 0.00751 0.01973 0.00929 -0.00198 -0.01247 0.00672 -0.00063 0.01995 0.01583 0.00924 -0.01799 
10.Vehicle age (6-10 years) 0.00499 0.00911 -0.01219 0.00762 -0.00761 0.01792 -0.00742 -0.00265 -0.00493 0.00590 0.01630 -0.01241 0.02190 0.01454 -0.01645 -0.01199 
11.Vehicle age (11-15 years) 0.00365 -0.00681 0.00017 -0.00036 0.00314 -0.00253 -0.00092 0.00165 -0.00999 0.01786 -0.02003 -0.00029 -0.00083 -0.00334 0.00560 -0.01170 
12.Vehicle age (Year 16 or older) -0.00546 -0.00217 0.00830 -0.00091 0.00753 -0.01264 -0.00214 -0.00274 0.01430 -0.01705 0.00467 0.00741 -0.02227 -0.01204 0.00428 0.02539 
13.Automobile 0.02119 0.01124 -0.00826 -0.01118 0.00416 0.00724 0.00758 -0.01799 -0.00007 0.04084 0.02255 -0.00681 0.00022 -0.03068 -0.00776 -0.00719 
14.Van 0.00531 -0.01223 0.00383 0.01785 0.00362 -0.00352 -0.02206 -0.00570 0.00348 -0.02154 0.00034 0.00759 0.02502 -0.00756 0.00036 -0.00103 
15.Pickup-truck, camper-rv -0.02168 -0.00738 0.01142 0.00214 -0.01115 -0.01026 0.01116 0.03225 -0.00267 -0.04993 -0.01594 0.01737 -0.00705 0.03357 0.01958 0.01134 
16.Sport vehicle -0.00725 -0.00058 -0.00103 0.00353 0.00317 0.00240 -0.01026 -0.00778 0.00177 0.01091 -0.01296 -0.01222 -0.00459 0.01109 -0.01100 -0.00369 
17.Straight-following maneuver 0.00550 0.03120 0.02970 -0.01894 0.00117 -0.02232 0.01741 0.01840 -0.07244 0.27113 -0.21862 -0.04222 -0.25441 -0.16623 0.09724 -0.01890 
18.Turn/changing lanes maneuver -0.00633 0.01493 -0.02598 0.01575 -0.00881 0.02868 -0.01414 -0.00377 0.11286 -0.31658 0.33887 0.05299 0.32117 -0.04936 -0.07871 -0.02734 
19.Avoiding maneuver -0.00221 -0.00351 0.00304 -0.00344 0.00240 -0.00919 0.00884 0.00244 -0.00881 -0.06000 -0.02905 0.02830 0.05774 -0.01559 0.05481 0.00557 
20.Stopped/parking/backing maneuver 0.00275 -0.06799 -0.01759 0.01156 0.01887 0.00980 -0.03413 -0.02986 -0.03352 0.04823 -0.08533 -0.02609 -0.05555 0.35918 -0.11085 0.06129 
21.No damage  0.01246 -0.01499 -0.02199 0.01114 0.01284 0.01353 -0.02499 -0.01301 -0.00549 0.02774 -0.04593 0.00666 -0.00828 0.02762 -0.05267 0.01880 
22.Minor damage 0.00086 -0.01754 -0.04142 0.00980 0.04293 0.04108 -0.08097 -0.04479 -0.02852 0.10713 -0.02086 0.01472 0.08919 0.11622 -0.17868 0.03765 
23.Functional damage 0.01495 0.00204 -0.00503 0.02555 0.05295 -0.00828 -0.08189 -0.06114 -0.01263 0.10122 0.05333 0.00674 0.07032 -0.00652 -0.15633 0.02823 
24.Disabling damage -0.00718 0.01876 0.03013 -0.03233 -0.04935 -0.01008 0.08411 0.04626 0.01001 -0.08255 0.01023 -0.01259 -0.10797 -0.08269 0.18985 -0.03268 
25.Destroyed damage -0.01995 0.00194 0.02791 -0.00665 -0.07211 -0.03346 0.11925 0.09120 0.04947 -0.19144 -0.05018 -0.01187 -0.05547 -0.03424 0.21663 -0.05173 
26.Speed limit<35 mph -0.05227 -0.07198 -0.01986 0.01115 0.01890 -0.03012 0.01811 -0.01595 0.02316 -0.16473 0.12987 0.00189 -0.03199 0.11668 -0.08940 0.10888 
27.Speed limit 35-60 mph 0.01964 0.08097 -0.01430 -0.01065 0.01909 0.03175 -0.03960 -0.02652 -0.02687 0.22055 -0.07381 -0.01319 -0.01376 -0.10097 -0.01018 -0.06884 
28.Speed limit>60 mph 0.04930 0.00914 0.06024 0.00477 -0.06653 -0.00301 0.03112 0.06442 -0.00033 -0.09234 -0.08040 0.01185 0.06968 -0.02931 0.15025 -0.05087 
29.Concrete roads 0.04881 -0.00918 0.00970 0.00382 0.00769 -0.00098 -0.02238 -0.01404 -0.00591 0.07611 -0.02074 -0.00769 0.05219 0.00379 -0.05125 -0.01113 
30.Black top roads -0.02497 0.07571 0.01432 0.01505 0.01666 -0.00110 -0.04968 -0.01887 0.00313 0.04883 0.04726 -0.00708 -0.02373 -0.01601 -0.07478 0.00557 
31.Gravel/brick roads -0.03918 -0.10675 -0.04027 -0.03285 -0.04206 0.00153 0.12606 0.05816 0.00491 -0.21293 -0.05438 0.02611 -0.04335 0.02318 0.21948 0.01050 
32.Wet/debris roads -0.02587 -0.00431 0.05214 0.00771 -0.03600 -0.01823 0.01332 0.00775 0.00636 0.01148 0.00548 -0.00694 -0.02528 -0.01978 0.01967 -0.00504 
33.Curved road 0.00077 -0.04993 0.00750 -0.00924 -0.05085 -0.00874 0.08113 0.06134 -0.00717 -0.15699 -0.07237 0.02203 -0.00012 -0.01531 0.22541 -0.02839 
34.Work zone related 1.00000 -0.01404 -0.01482 0.02259 0.01122 -0.00479 -0.01787 -0.02073 -0.00984 0.08655 -0.04163 -0.00538 0.01904 -0.00926 -0.03589 0.02072 
35.Multi lanes road -0.01404 1.00000 0.00366 0.00826 0.01458 0.00257 -0.03533 0.00336 0.01418 0.06020 0.00609 -0.01424 0.03339 -0.04292 -0.03467 -0.01253 
36.5.00-9.00-morning -0.01482 0.00366 1.00000 -0.16534 -0.26591 -0.21943 -0.15453 -0.08870 0.00307 -0.01011 -0.01443 -0.00277 -0.02861 -0.01687 0.03434 0.01749 
37.9.00-13.00-noon 0.02259 0.00826 -0.16534 1.00000 -0.30026 -0.24778 -0.17449 0.04962 -0.00281 0.01488 0.03425 -0.01452 0.02440 0.01088 -0.03055 -0.01276 
38.13.00-17.00-afternoon 0.01122 0.01458 -0.26591 -0.30026 1.00000 -0.39850 -0.28063 -0.07580 0.00669 0.13989 0.00673 0.01063 0.01095 0.02371 -0.13656 0.00053 
39.17.00-21.00-evening -0.00479 0.00257 -0.21943 -0.24778 -0.39850 1.00000 -0.23158 -0.03829 0.00500 0.03027 0.02245 0.00582 0.01130 0.00088 -0.06511 -0.00302 
40.21.00-5.00-night -0.01787 -0.03533 -0.15453 -0.17449 -0.28063 -0.23158 1.00000 0.18105 -0.01463 -0.23056 -0.05887 -0.00319 -0.02584 -0.02777 0.26067 -0.00084 
41.Weekend -0.02073 0.00336 -0.08870 0.04962 -0.07580 -0.03829 0.18105 1.00000 -0.01179 -0.15685 -0.01594 0.01108 0.01729 -0.00784 0.15169 -0.01266 
42.Head On crash -0.00984 0.01418 0.00307 -0.00281 0.00669 0.00500 -0.01463 -0.01179 1.00000 -0.11893 -0.05926 -0.01439 -0.03052 -0.01516 -0.06379 0.00935 
43.Rear end crash 0.08655 0.06020 -0.01011 0.01488 0.13989 0.03027 -0.23056 -0.15685 -0.11893 1.00000 -0.39613 -0.09618 -0.20400 -0.10132 -0.42642 0.02236 
44.Angle crash -0.04163 0.00609 -0.01443 0.03425 0.00673 0.02245 -0.05887 -0.01594 -0.05926 -0.39613 1.00000 -0.04792 -0.10165 -0.05048 -0.21247 -0.14806 
45.Opposite direction crash -0.00538 -0.01424 -0.00277 -0.01452 0.01063 0.00582 -0.00319 0.01108 -0.01439 -0.09618 -0.04792 1.00000 -0.02468 -0.01226 -0.05159 0.05380 
46.Same direction crash 0.01904 0.03339 -0.02861 0.02440 0.01095 0.01130 -0.02584 0.01729 -0.03052 -0.20400 -0.10165 -0.02468 1.00000 -0.02600 -0.10942 0.09889 
47.Backed into crash -0.00926 -0.04292 -0.01687 0.01088 0.02371 0.00088 -0.02777 -0.00784 -0.01516 -0.10132 -0.05048 -0.01226 -0.02600 1.00000 -0.05434 0.06962 
48.Single-vehicle crash -0.03589 -0.03467 0.03434 -0.03055 -0.13656 -0.06511 0.26067 0.15169 -0.06379 -0.42642 -0.21247 -0.05159 -0.10942 -0.05434 1.00000 -0.14013 
49.On roadway crash 0.02072 -0.01253 0.01749 -0.01276 0.00053 -0.00302 -0.00084 -0.01266 0.00935 0.02236 -0.14806 0.05380 0.09889 0.06962 -0.14013 1.00000 
50.At intersection crash 0.00937 0.04876 -0.03562 0.03150 0.06462 0.04747 -0.14295 -0.08468 0.02480 0.25804 0.27022 -0.02615 -0.02458 -0.05720 -0.34107 -0.71987 
51.Off roadway crash -0.04273 -0.04484 0.02671 -0.02404 -0.08605 -0.06146 0.19016 0.12809 -0.04518 -0.37461 -0.16682 -0.03534 -0.09663 -0.01418 0.63971 -0.34763 
52.Dark  -0.02844 -0.02650 -0.14681 -0.24978 -0.38743 0.20652 0.66737 0.15581 -0.00778 -0.19753 -0.04358 -0.00850 -0.01416 -0.04592 0.21570 -0.00423 
53.Adverse conditions  -0.01571 0.00439 0.03412 0.00189 -0.03216 -0.00105 0.01017 0.01308 0.01254 0.00855 0.00085 -0.00322 -0.01309 -0.01300 0.01486 -0.00494 
54.Rural roads -0.04640 -0.03128 0.02803 -0.03422 -0.05741 -0.01500 0.10325 0.06948 0.00338 -0.29262 -0.03516 0.02778 -0.05895 0.04772 0.30070 -0.01867 
55.Animall factors 0.00474 0.00057 0.05599 -0.00447 -0.03137 -0.00861 0.00464 0.00306 -0.00047 -0.01906 0.01350 0.00069 -0.00509 -0.00831 0.00839 0.01640 
56.Weatherl factors -0.00756 -0.00666 0.04640 -0.00826 -0.02067 -0.00598 -0.00016 0.00474 0.00040 -0.00991 0.01101 -0.00633 -0.00608 -0.00709 0.00187 0.00510 
57.Vision obstruction 0.00591 0.00805 0.03248 0.00152 -0.01580 0.00199 -0.01378 0.00461 0.00218 -0.00843 0.00066 -0.00445 -0.00482 -0.00469 0.01130 0.00840 
58.Vehicle factors 0.02136 -0.00555 0.03729 -0.00034 -0.01475 0.00436 -0.02060 -0.00166 0.00995 -0.00800 -0.01363 -0.00062 -0.01364 -0.01002 0.01630 -0.00028 
59.Road factors 0.08040 -0.01063 0.01975 0.02169 -0.03270 -0.00865 0.01339 0.01873 -0.00665 0.00457 -0.01896 -0.01221 -0.01172 -0.01373 0.03270 0.01027 
60.Passenger 0.00025 0.00712 -0.05988 -0.02704 -0.00653 0.04489 0.03893 0.04382 0.00229 -0.06161 0.03040 0.00854 0.03145 0.00198 0.02716 -0.01439 
61.Male driver -0.00103 -0.00323 0.03506 -0.00312 -0.01937 -0.02919 0.03105 -0.00405 0.00431 0.00147 -0.03895 0.00840 -0.01250 -0.01074 0.02919 0.01307 
62.Driver seatbelt not used -0.01457 -0.01347 -0.00003 -0.00596 -0.03657 -0.00757 0.06509 0.03675 0.00291 -0.07201 -0.02366 -0.00613 -0.01843 -0.01677 0.07821 0.00432 
63.Seatbelt do not wear -0.00544 -0.01812 -0.00709 -0.00566 -0.04372 -0.00022 0.07221 0.05405 0.00327 -0.09213 -0.03274 -0.00294 -0.02214 -0.01027 0.10504 -0.00064 
64.Occupants Ejection -0.01433 -0.02609 0.01786 -0.01565 -0.01213 -0.01496 0.03186 0.04214 -0.00806 -0.07152 -0.02227 -0.00499 -0.01349 -0.00997 0.06218 -0.02006 
65.Occupants Front Seat -0.00622 -0.00230 0.04297 0.01092 0.01080 -0.01927 -0.04373 -0.03544 0.00491 0.03853 -0.01182 0.00311 -0.01380 -0.00081 -0.02673 0.02208 
66.Female occupants  0.00637 0.00288 -0.01228 0.02100 0.03063 0.01277 -0.06599 -0.02703 0.00493 0.03327 0.03217 -0.01078 0.00700 0.00695 -0.05615 -0.00420 

Note: The highlighted cell indicates correlation among pair of explanatory variables found at Correlation Coefficient= 0.6 level. 
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Table A.3 (continued) 
Variable 50 51 52 53 54 55 56 57 58 59 60 61 62 63 64 65 66 
1.Teenage distracted by cell phone -0.02009 0.03940 0.04768 -0.00328 0.00999 -0.02187 -0.00846 0.00521 -0.00634 -0.01748 -0.10635 0.05138 0.04260 0.00539 -0.00621 0.05620 0.00052 
2.Teenage distracted by other electronic devices -0.01223 0.01891 0.00378 -0.01644 -0.00196 -0.01101 -0.00151 -0.00517 -0.01105 -0.00209 -0.07851 0.04052 0.00792 -0.01208 -0.01099 0.04149 -0.00178 
3.Teenage distracted In/on-vehicle -0.02460 0.04485 -0.01679 -0.02548 0.02203 -0.01240 -0.01385 -0.00005 0.00969 -0.01167 -0.17653 0.06208 0.03089 -0.01825 -0.00644 0.09329 0.02437 
4.External distraction teenage  0.02502 -0.03984 -0.01685 -0.01504 -0.04145 0.01060 0.00819 0.00139 -0.01251 -0.00450 -0.08891 0.04269 -0.00362 -0.02229 -0.00559 0.04698 0.00050 
5.Inattentive teenage 0.07215 -0.14411 -0.09210 0.02924 -0.08639 0.01099 0.01205 -0.00040 0.00315 0.00510 -0.58096 0.32190 0.04539 -0.12075 -0.02451 0.35985 0.01211 
6.Valid licensed  0.03261 -0.03639 -0.04240 0.00964 0.00653 0.01415 0.00003 -0.00507 0.00019 0.01526 -0.07187 0.01324 -0.02690 -0.04755 -0.01242 0.05569 0.02075 
7.Restricted license 0.00825 0.00200 -0.00907 -0.00811 0.02234 0.00631 -0.00338 0.01112 -0.01029 -0.00687 -0.00939 -0.03046 -0.01536 -0.02024 0.00454 0.01054 0.04041 
8.Alchohol/drug related -0.07612 0.10890 0.18472 -0.00041 0.07533 -0.00120 -0.00715 -0.00663 -0.01113 0.00808 0.02792 0.02408 0.10168 0.11482 0.06210 -0.02239 -0.05968 
9.Vehicle age (Year 5 or newer) 0.00887 0.01318 0.02281 -0.00883 -0.00890 -0.00693 -0.00591 -0.00769 0.00200 0.00431 -0.00815 -0.02061 -0.01001 -0.01644 -0.00046 -0.00086 0.02831 
10.Vehicle age (6-10 years) 0.01187 -0.00030 0.01063 -0.02583 -0.02248 0.00576 -0.01539 -0.01385 -0.02078 -0.01428 -0.00999 -0.04014 -0.01234 -0.02658 -0.01502 0.00241 0.05066 
11.Vehicle age (11-15 years) 0.00627 0.00685 0.00939 0.01139 -0.00701 0.01152 0.00258 -0.00326 -0.01345 0.01788 0.00587 -0.03352 -0.00703 -0.00103 0.00236 -0.01031 0.03520 
12.Vehicle age (Year 16 or older) -0.01843 -0.00897 -0.02491 0.01109 0.02731 -0.01254 0.01009 0.01571 0.02690 -0.00869 0.00496 0.06747 0.01517 0.02335 0.00604 0.00785 -0.07934 
13.Automobile 0.04149 -0.04504 0.01683 0.00805 -0.10326 0.00129 0.00004 -0.00085 0.01805 -0.00235 -0.01279 -0.10791 -0.04666 -0.04716 -0.06223 -0.00254 0.13140 
14.Van -0.00595 0.00807 -0.01829 -0.01131 0.01047 0.00125 -0.00977 -0.00160 -0.01034 0.00069 0.04239 -0.01848 -0.01389 0.01660 -0.00473 -0.05365 0.00404 
15.Pickup-truck, camper-rv -0.04951 0.05336 0.00119 -0.00557 0.14110 0.01526 0.00651 0.00345 -0.01477 0.00321 -0.00704 0.17242 0.03642 0.03293 0.05895 0.04728 -0.19277 
16.Sport vehicle 0.00095 0.00099 -0.01353 0.00204 -0.01201 -0.01682 -0.00214 -0.00118 -0.00280 -0.00146 0.00800 -0.03294 -0.01339 -0.01146 -0.01421 -0.01986 0.02698 
17.Straight-following maneuver -0.03715 0.07743 0.00946 -0.00460 0.02708 -0.00195 -0.01244 0.00628 0.00905 0.00468 -0.03256 0.01288 0.02967 0.03623 0.02744 0.01053 0.00051 
18.Turn/changing lanes maneuver 0.08940 -0.08671 0.00268 0.00113 -0.06192 -0.00442 0.00391 -0.00523 0.00060 -0.01573 0.03976 -0.02159 -0.02480 -0.03182 -0.02311 -0.01982 0.01013 
19.Avoiding maneuver -0.05919 0.07331 0.00605 -0.00463 0.06623 0.02740 0.02973 0.00650 -0.01090 0.00755 -0.00366 0.02341 0.01634 0.01607 0.01389 0.00651 -0.02791 
20.Stopped/parking/backing maneuver -0.00717 -0.07062 -0.04098 0.01126 -0.00509 -0.00880 0.00195 -0.00476 -0.00681 0.00484 0.00303 -0.00834 -0.02787 -0.03013 -0.02589 0.00600 0.00184 
21.No damage  0.01066 -0.04031 -0.01910 -0.00446 -0.02154 -0.00638 -0.00943 -0.00547 -0.00804 -0.00806 0.01060 0.00914 -0.00262 0.00378 0.01037 -0.01173 -0.01118 
22.Minor damage 0.07389 -0.14750 -0.06101 -0.01543 -0.10553 -0.02159 -0.01027 -0.01016 -0.00998 -0.01841 -0.02032 0.01380 -0.05969 -0.07802 -0.03809 0.02461 -0.00980 
23.Functional damage 0.07983 -0.14290 -0.08089 0.00223 -0.11450 0.00033 -0.01572 0.01254 0.00540 -0.02220 -0.01073 -0.00613 -0.06245 -0.06080 -0.04910 0.00488 0.01353 
24.Disabling damage -0.05867 0.12011 0.07692 0.01404 0.06667 0.01776 0.02297 -0.00185 0.01133 0.03185 0.01118 -0.02222 0.04087 0.03968 -0.00772 -0.01063 0.02123 
25.Destroyed damage -0.14321 0.25946 0.09879 -0.00841 0.23572 0.00272 0.00796 0.00123 -0.00928 0.00645 0.02290 0.01981 0.12192 0.14642 0.14496 -0.01994 -0.03541 
26.Speed limit<35 mph -0.01849 -0.12129 -0.01392 -0.03394 -0.17303 -0.01590 -0.01754 -0.00611 0.01311 -0.04937 0.00217 -0.00513 -0.03262 -0.03684 -0.03955 0.00071 0.00090 
27.Speed limit 35-60 mph 0.09166 -0.03199 -0.00908 0.02475 0.06479 -0.00078 -0.00290 0.00396 -0.00663 0.00839 -0.01169 0.00147 0.01549 0.00374 -0.01425 0.01751 0.00658 
28.Speed limit>60 mph -0.10193 0.20815 0.03077 0.00789 0.15936 0.02468 0.02856 -0.00165 -0.00677 0.05632 0.01314 0.00889 0.02328 0.04905 0.07277 -0.02668 -0.01162 
29.Concrete roads 0.06843 -0.07634 -0.01977 -0.00111 -0.17863 -0.02798 -0.00940 -0.00904 -0.00734 -0.00637 0.00256 -0.00627 -0.02494 -0.02134 0.00097 -0.00716 0.00801 
30.Black top roads 0.02635 -0.03978 -0.04395 0.01141 -0.05280 0.01561 0.00317 0.00829 0.01139 -0.00244 -0.03264 0.00862 -0.01503 -0.03129 -0.02623 0.02727 0.00932 
31.Gravel/brick roads -0.16289 0.19853 0.11004 -0.01921 0.39200 0.01708 0.01042 0.00030 -0.00785 0.01427 0.05512 -0.00407 0.06938 0.09250 0.04611 -0.03852 -0.03179 
32.Wet/debris roads -0.00057 0.00764 0.06375 0.77542 -0.00701 0.21047 0.11925 0.02458 0.01779 0.31595 -0.00586 0.00659 -0.00652 -0.01672 -0.00506 0.00758 -0.01027 
33.Curved road -0.11667 0.19694 0.07404 0.00777 0.07821 0.01405 0.00089 0.01414 -0.00109 0.01597 0.02471 0.00931 0.02961 0.04858 0.02753 -0.01957 -0.03231 
34.Work zone related 0.00937 -0.04273 -0.02844 -0.01571 -0.04640 0.00474 -0.00756 0.00591 0.02136 0.08040 0.00025 -0.00103 -0.01457 -0.00544 -0.01433 -0.00622 0.00637 
35.Multi lanes road 0.04876 -0.04484 -0.02650 0.00439 -0.03128 0.00057 -0.00666 0.00805 -0.00555 -0.01063 0.00712 -0.00323 -0.01347 -0.01812 -0.02609 -0.00230 0.00288 
36.5.00-9.00-morning -0.03562 0.02671 -0.14681 0.03412 0.02803 0.05599 0.04640 0.03248 0.03729 0.01975 -0.05988 0.03506 -0.00003 -0.00709 0.01786 0.04297 -0.01228 
37.9.00-13.00-noon 0.03150 -0.02404 -0.24978 0.00189 -0.03422 -0.00447 -0.00826 0.00152 -0.00034 0.02169 -0.02704 -0.00312 -0.00596 -0.00566 -0.01565 0.01092 0.02100 
38.13.00-17.00-afternoon 0.06462 -0.08605 -0.38743 -0.03216 -0.05741 -0.03137 -0.02067 -0.01580 -0.01475 -0.03270 -0.00653 -0.01937 -0.03657 -0.04372 -0.01213 0.01080 0.03063 
39.17.00-21.00-evening 0.04747 -0.06146 0.20652 -0.00105 -0.01500 -0.00861 -0.00598 0.00199 0.00436 -0.00865 0.04489 -0.02919 -0.00757 -0.00022 -0.01496 -0.01927 0.01277 
40.21.00-5.00-night -0.14295 0.19016 0.66737 0.01017 0.10325 0.00464 -0.00016 -0.01378 -0.02060 0.01339 0.03893 0.03105 0.06509 0.07221 0.03186 -0.04373 -0.06599 
41.Weekend -0.08468 0.12809 0.15581 0.01308 0.06948 0.00306 0.00474 0.00461 -0.00166 0.01873 0.04382 -0.00405 0.03675 0.05405 0.04214 -0.03544 -0.02703 
42.Head On crash 0.02480 -0.04518 -0.00778 0.01254 0.00338 -0.00047 0.00040 0.00218 0.00995 -0.00665 0.00229 0.00431 0.00291 0.00327 -0.00806 0.00491 0.00493 
43.Rear end crash 0.25804 -0.37461 -0.19753 0.00855 -0.29262 -0.01906 -0.00991 -0.00843 -0.00800 0.00457 -0.06161 0.00147 -0.07201 -0.09213 -0.07152 0.03853 0.03327 
44.Angle crash 0.27022 -0.16682 -0.04358 0.00085 -0.03516 0.01350 0.01101 0.00066 -0.01363 -0.01896 0.03040 -0.03895 -0.02366 -0.03274 -0.02227 -0.01182 0.03217 
45.Opposite direction crash -0.02615 -0.03534 -0.00850 -0.00322 0.02778 0.00069 -0.00633 -0.00445 -0.00062 -0.01221 0.00854 0.00840 -0.00613 -0.00294 -0.00499 0.00311 -0.01078 
46.Same direction crash -0.02458 -0.09663 -0.01416 -0.01309 -0.05895 -0.00509 -0.00608 -0.00482 -0.01364 -0.01172 0.03145 -0.01250 -0.01843 -0.02214 -0.01349 -0.01380 0.00700 
47.Backed into crash -0.05720 -0.01418 -0.04592 -0.01300 0.04772 -0.00831 -0.00709 -0.00469 -0.01002 -0.01373 0.00198 -0.01074 -0.01677 -0.01027 -0.00997 -0.00081 0.00695 
48.Single-vehicle crash -0.34107 0.63971 0.21570 0.01486 0.30070 0.00839 0.00187 0.01130 0.01630 0.03270 0.02716 0.02919 0.07821 0.10504 0.06218 -0.02673 -0.05615 
49.On roadway crash -0.71987 -0.34763 -0.00423 -0.00494 -0.01867 0.01640 0.00510 0.00840 -0.00028 0.01027 -0.01439 0.01307 0.00432 -0.00064 -0.02006 0.02208 -0.00420 
50.At intersection crash 1.00000 -0.39366 -0.10829 0.00314 -0.23721 -0.01720 -0.01197 -0.00894 -0.00241 -0.02811 -0.00310 -0.03070 -0.06580 -0.07593 -0.05142 0.00148 0.03879 
51.Off roadway crash -0.39366 1.00000 0.14638 0.00136 0.34316 0.00115 0.00894 0.00124 0.00426 0.01969 0.02164 0.02375 0.08266 0.10095 0.09581 -0.02912 -0.04614 
52.Dark  -0.10829 0.14638 1.00000 0.06475 0.09034 0.03198 0.00462 0.00094 -0.01630 0.03555 0.04666 0.02256 0.05298 0.06383 0.02012 -0.03845 -0.05562 
53.Adverse conditions  0.00314 0.00136 0.06475 1.00000 -0.00634 0.26773 0.14556 0.04623 0.01801 0.25803 -0.00240 0.00282 -0.00203 -0.00777 0.00023 0.00877 -0.00643 
54.Rural roads -0.23721 0.34316 0.09034 -0.00634 1.00000 0.04946 0.01721 0.00241 0.00083 0.02829 0.03579 0.01179 0.09613 0.11131 0.06250 -0.01905 -0.03519 
55.Animall factors -0.01720 0.00115 0.03198 0.26773 0.04946 1.00000 -0.01522 -0.00652 0.03538 0.21815 0.00599 0.00110 -0.00990 -0.01185 -0.00145 0.00618 -0.00536 
56.Weatherl factors -0.01197 0.00894 0.00462 0.14556 0.01721 -0.01522 1.00000 -0.00398 0.00142 0.12509 0.00134 0.00433 -0.00550 -0.00995 -0.00846 0.00575 -0.00386 
57.Vision obstruction -0.00894 0.00124 0.00094 0.04623 0.00241 -0.00652 -0.00398 1.00000 0.04238 0.05756 0.00098 0.00432 0.00544 0.00216 0.01951 0.01368 -0.00387 
58.Vehicle factors -0.00241 0.00426 -0.01630 0.01801 0.00083 0.03538 0.00142 0.04238 1.00000 0.02679 0.00689 0.00761 0.00267 0.00142 -0.00774 -0.00892 -0.01029 
59.Road factors -0.02811 0.01969 0.03555 0.25803 0.02829 0.21815 0.12509 0.05756 0.02679 1.00000 0.01198 0.00404 -0.00172 0.00224 0.00904 0.00085 -0.01202 
60.Passenger -0.00310 0.02164 0.04666 -0.00240 0.03579 0.00599 0.00134 0.00098 0.00689 0.01198 1.00000 -0.49913 -0.10505 0.15110 0.03084 -0.52844 0.00811 
61.Male driver -0.03070 0.02375 0.02256 0.00282 0.01179 0.00110 0.00433 0.00432 0.00761 0.00404 -0.49913 1.00000 0.09495 -0.04639 0.00939 0.26376 -0.73703 
62.Driver seatbelt not used -0.06580 0.08266 0.05298 -0.00203 0.09613 -0.00990 -0.00550 0.00544 0.00267 -0.00172 -0.10505 0.09495 1.00000 0.55950 0.24271 0.05551 -0.04271 
63.Seatbelt do not wear -0.07593 0.10095 0.06383 -0.00777 0.11131 -0.01185 -0.00995 0.00216 0.00142 0.00224 0.15110 -0.04639 0.55950 1.00000 0.28734 -0.24742 -0.02515 
64.Occupants Ejection -0.05142 0.09581 0.02012 0.00023 0.06250 -0.00145 -0.00846 0.01951 -0.00774 0.00904 0.03084 0.00939 0.24271 0.28734 1.00000 -0.05881 -0.02573 
65.Occupants Front Seat 0.00148 -0.02912 -0.03845 0.00877 -0.01905 0.00618 0.00575 0.01368 -0.00892 0.00085 -0.52844 0.26376 0.05551 -0.24742 -0.05881 1.00000 0.00853 
66.Female occupants  0.03879 -0.04614 -0.05562 -0.00643 -0.03519 -0.00536 -0.00386 -0.00387 -0.01029 -0.01202 0.00811 -0.73703 -0.04271 -0.02515 -0.02573 0.00853 1.00000 

Note: The highlighted cell indicates correlation among pair of explanatory variables found at Correlation Coefficient= 0.6 level. 

 



170	
	

Table A.4 Collinearity Matrix for Injury Severity Model of Young-Adult and their Passengers 
Variable 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 
1.Young-adult distracted by cell phone 1 -0.02091 -0.05278 -0.02812 -0.20853 0.00578 0.00977 0.08366 -0.00679 -0.00029 0.00925 -0.00401 0.01982 -0.02098 -0.01494 0.00301 0.05629 
2.Young-adult distracted by other electronic devices -0.02091 1 -0.03198 -0.01703 -0.12634 0.01917 0.00761 -0.0082 0.00193 0.01899 0.00548 -0.02148 0.00412 -0.00839 -0.01103 0.01033 0.03029 
3.Young-adult distracted In/on-vehicle -0.05278 -0.03198 1 -0.04299 -0.31888 0.02156 0.00922 -0.02914 0.01101 0.00519 -0.01731 0.00722 0.01706 -0.01539 -0.01171 -0.00249 0.07222 
4.External distraction Young-adult  -0.02812 -0.01703 -0.04299 1 -0.16986 0.01309 0.01098 -0.03405 0.01505 -0.00348 0.00129 -0.00683 -0.00232 -0.00119 -0.00461 0.00434 -0.00594 
5.Inattentive Young-adult -0.20853 -0.12634 -0.31888 -0.16986 1 0.0279 0.01142 -0.03235 -0.00347 0.00524 -0.00611 0.00117 0.01295 -0.01872 0.00347 -0.02366 -0.08637 
6.Valid licensed  0.00578 0.01917 0.02156 0.01309 0.0279 1 0.08208 -0.08043 0.06668 0.08182 0.00389 -0.10563 0.01688 -0.01986 0.02056 -0.02504 0.00053 
7.Restricted license 0.00977 0.00761 0.00922 0.01098 0.01142 0.08208 1 -0.03937 0.01551 0.02798 -0.00903 -0.02105 0.02837 -0.00297 -0.04136 0.01225 -0.01202 
8.Alchohol/drug related 0.08366 -0.0082 -0.02914 -0.03405 -0.03235 -0.08043 -0.03937 1 -0.00131 -0.01882 -0.00164 0.01868 -0.01372 -0.03324 0.0305 0.00204 0.06442 
9.Vehicle age (Year 5 or newer) -0.00679 0.00193 0.01101 0.01505 -0.00347 0.06668 0.01551 -0.00131 1 -0.14074 -0.19573 -0.2161 0.01049 -0.01476 -0.01619 0.00987 -0.02365 
10.Vehicle age (6-10 years) -0.00029 0.01899 0.00519 -0.00348 0.00524 0.08182 0.02798 -0.01882 -0.14074 1 -0.36494 -0.40293 0.02386 -0.02733 -0.01964 -0.0044 -0.01934 
11.Vehicle age (11-15 years) 0.00925 0.00548 -0.01731 0.00129 -0.00611 0.00389 -0.00903 -0.00164 -0.19573 -0.36494 1 -0.56035 -0.03516 0.02157 -0.02924 0.06263 -0.0032 
12.Vehicle age (Year 16 or older) -0.00401 -0.02148 0.00722 -0.00683 0.00117 -0.10563 -0.02105 0.01868 -0.2161 -0.40293 -0.56035 1 0.01036 0.00961 0.05136 -0.06115 0.03266 
13.Automobile 0.01982 0.00412 0.01706 -0.00232 0.01295 0.01688 0.02837 -0.01372 0.01049 0.02386 -0.03516 0.01036 1 -0.24743 -0.5777 -0.5677 0.03532 
14.Van -0.02098 -0.00839 -0.01539 -0.00119 -0.01872 -0.01986 -0.00297 -0.03324 -0.01476 -0.02733 0.02157 0.00961 -0.24743 1 -0.08664 -0.08514 -0.03706 
15.Pickup-truck, camper-rv -0.01494 -0.01103 -0.01171 -0.00461 0.00347 0.02056 -0.04136 0.0305 -0.01619 -0.01964 -0.02924 0.05136 -0.5777 -0.08664 1 -0.19878 -0.01074 
16.Sport vehicle 0.00301 0.01033 -0.00249 0.00434 -0.02366 -0.02504 0.01225 0.00204 0.00987 -0.0044 0.06263 -0.06115 -0.5677 -0.08514 -0.19878 1 -0.01198 
17.Straight-following maneuver 0.05629 0.03029 0.07222 -0.00594 -0.08637 0.00053 -0.01202 0.06442 -0.02365 -0.01934 -0.0032 0.03266 0.03532 -0.03706 -0.01074 -0.01198 1 
18.Turn/changing lanes maneuver -0.04431 -0.0197 -0.06432 0.01796 0.05704 -0.0059 0.00505 -0.04346 0.03503 0.02011 -0.00644 -0.02935 -0.00484 0.01109 -0.00762 0.00937 -0.67377 
19.Avoiding maneuver -0.00477 -0.00767 -0.00054 0.00261 -0.00089 0.00177 0.00806 -0.0169 -0.01544 -0.0127 0.03617 -0.01535 -0.00185 0.00371 0.00452 -0.01087 -0.27121 
20.Stopped/parking/backing maneuver -0.03061 -0.01984 -0.03309 -0.01384 0.06715 0.01735 0.01548 -0.05396 0.00453 0.02152 -0.01561 -0.00634 -0.04269 0.04069 0.02124 0.01054 -0.49342 
21.No damage  -0.014 0.00302 -0.0077 0.00144 0.03361 0.01711 0.01699 -0.01789 0.00089 -0.00951 -0.00818 0.01123 -0.05229 -0.0065 0.06759 0.00157 -0.05021 
22.Minor damage -0.03724 -0.01779 -0.02716 0.00761 0.07086 0.01958 0.00302 -0.09634 0.01518 0.01111 -0.03065 0.01264 -0.09503 0.03368 0.06718 0.04288 -0.13454 
23.Functional damage -0.03685 -0.01161 -0.00925 0.01357 0.04713 0.02493 -0.00143 -0.09704 -0.00291 -0.00867 0.01997 -0.00907 0.04002 0.01121 -0.05286 0.00026 -0.05418 
24.Disabling damage 0.05106 0.0241 0.0286 -0.00415 -0.05871 -0.0208 0.00336 0.06814 0.00248 0.01778 -0.00497 -0.01065 0.08689 -0.02636 -0.05605 -0.05015 0.13514 
25.Destroyed damage 0.0379 0.00666 0.01 -0.02494 -0.10492 -0.03583 -0.00655 0.18933 -0.02734 -0.02623 0.0312 0.00552 -0.03814 -0.01735 0.03967 0.01859 0.09264 
26.Speed limit<35 mph -0.00177 -0.02479 -0.01266 -0.01289 0.04375 -0.04108 -0.01913 0.01218 -0.00837 0.00093 -0.01738 0.01995 -0.01235 0.03619 -0.00786 0.00283 -0.07747 
27.Speed limit 35-60 mph 0.00842 0.02177 0.00869 0.03227 0.02768 0.01805 0.00471 -0.01857 -0.00751 -0.01854 -0.00074 0.02116 0.01553 -0.02695 -0.01183 0.00636 0.07114 
28.Speed limit>60 mph -0.005 -0.00041 0.00193 -0.02687 -0.09995 0.02794 0.02146 0.01279 0.02569 0.02331 0.01978 -0.05279 -0.00378 -0.01356 0.02671 -0.01255 0.01336 
29.Concrete roads -0.00469 -0.00878 -0.00875 0.03266 0.01268 -0.01038 0.00301 -0.02233 -0.01495 0.00097 0.01305 -0.00578 0.01104 -0.00859 -0.00639 -0.0047 0.01542 
30.Black top roads 0.00554 0.01339 0.01688 -0.02708 -0.00897 0.01495 -0.00851 -0.01306 0.0176 0.00756 -0.01202 -0.00294 0.02944 0.01118 -0.04083 -0.00274 -0.01671 
31.Gravel/brick roads -0.003 -0.01064 -0.01772 -0.01031 -0.00624 -0.006 0.01341 0.07564 -0.00617 -0.0218 0.00159 0.01806 -0.08991 -0.00576 0.10453 0.01667 0.00618 
32.Wet/debris roads -0.02161 -0.0096 -0.03125 -0.01971 0.02742 0.00343 0.00588 -0.0053 -0.01768 -0.01876 -0.00087 0.02724 0.00796 -0.00039 0.00521 -0.01002 -0.00538 
33.Curved road 0.01584 -0.00997 -0.00774 -0.01215 -0.03162 -0.00121 -0.00288 0.03303 0.00051 0.003 0.02596 -0.0293 -0.01563 -0.01815 0.02326 -0.00523 0.0197 
34.Work zone related -0.00834 0.00154 -0.01696 0.0035 0.00578 0.02159 0.00169 -0.02124 -0.00817 0.01013 0.01352 -0.01869 0.00671 -0.00048 -0.00999 0.00231 -0.00701 
35.Multi lanes road 0.00272 0.00993 0.01412 0.01134 -0.02661 0.00332 0.01082 0.01372 0.01099 -0.00503 0.00502 -0.00539 0.0384 -0.00543 -0.02074 -0.02208 0.03241 
36.5.00-9.00-morning -0.01147 -0.00677 -0.01109 0.00446 0.01556 0.01105 -0.00078 -0.04318 0.00309 0.03143 -0.00017 -0.02819 -0.00486 0.00283 0.00535 0.00274 0.01442 
37.9.00-13.00-noon -0.02391 0.00384 0.00988 0.01302 0.02964 0.03755 0.00872 -0.09936 0.00644 0.00633 -0.00498 -0.00536 -0.02421 0.03534 0.00717 0.00782 -0.0234 
38.13.00-17.00-afternoon -0.03304 -0.01235 0.00652 0.00282 0.01939 0.00201 0.01261 -0.13805 -0.01643 -0.02285 0.01084 0.01861 -0.01852 0.03301 0.00747 0.00219 -0.02902 
39.17.00-21.00-evening -0.01256 0.01703 0.01888 0.0128 0.00977 0.00447 0.01292 -0.04643 0.01179 -0.00542 -0.01205 0.00935 0.02696 -0.02194 -0.03537 0.00582 -0.01413 
40.21.00-5.00-night 0.0902 -0.00253 -0.02876 -0.03471 -0.07928 -0.05625 -0.03942 0.36243 -0.00154 0.00042 0.00372 -0.00215 0.02264 -0.05508 0.01781 -0.02039 0.06194 
41.Weekend 0.01053 0.01529 -0.0182 -0.01669 -0.08062 -0.02888 -0.03223 0.14518 0.00096 0.02305 -0.00174 -0.01848 0.01189 -0.02113 0.0002 -0.00878 0.02215 
42.Head On crash 0.00306 -0.01043 -0.01631 -0.00454 0.00371 -0.00178 -0.00685 0.01108 0.00087 -0.00721 0.00249 0.00305 0.00829 0.00365 -0.00366 -0.00912 -0.07787 
43.Rear end crash -0.02959 0.01987 0.03413 0.06626 0.09159 0.0585 0.01282 -0.15462 -0.00698 -0.00032 -0.00287 0.00663 0.05925 -0.01441 -0.07598 0.01762 0.20861 
44.Angle crash -0.01519 -0.01349 -0.03303 -0.03127 0.03654 0.00414 0.00717 -0.07551 0.00275 0.01477 -0.01848 0.00437 0.00964 0.00114 0.00269 -0.01071 -0.1685 
45.Opposite direction crash -0.00525 0.0021 -0.00444 -0.002 -0.01126 0.00767 0.00475 -0.00112 -0.00065 -0.00309 0.0147 -0.01178 -0.01938 -0.00365 0.02604 0.00376 -0.03238 
46.Same direction crash -0.02746 -0.0057 -0.02914 -0.01355 0.0165 0.01477 0.00469 -0.03291 0.02841 -0.0045 -0.01285 -0.00054 -0.00381 0.01307 0.00423 -0.00424 -0.21403 
47.Backed into crash -0.01864 -0.01031 -0.02763 -0.01025 0.02697 -0.00898 0.00719 -0.0214 0.00308 0.024 -0.02045 -0.00188 -0.05203 0.03718 0.05239 -0.00246 -0.17857 
48.Single-vehicle crash 0.0479 -0.00098 0.01171 -0.03619 -0.13735 -0.04923 -0.01531 0.20704 0.00595 -0.00555 0.01478 -0.01279 -0.00243 -0.03241 0.0339 -0.01477 0.08432 
49.On roadway crash -0.01283 -0.0003 -0.00174 0.00457 0.02605 -0.00157 -0.00223 -0.00045 -0.02703 -0.00692 0.00314 0.01617 -0.00321 0.02517 -0.00522 -0.00861 -0.02273 
50.At intersection crash -0.01235 0.00514 -0.00486 0.0109 0.06765 0.02483 0.01244 -0.12603 0.00794 0.01195 -0.00982 -0.00393 0.02849 -0.01456 -0.03556 0.011 -0.03628 
51.Off roadway crash 0.03587 -0.0073 0.00929 -0.02149 -0.13219 -0.03116 -0.0152 0.17443 0.02475 -0.00648 0.00927 -0.01625 -0.03307 -0.01507 0.05626 -0.00584 0.08349 
52.Dark  0.07544 0.00536 -0.02032 -0.02866 -0.07325 -0.05664 -0.02551 0.30394 0.02164 0.00592 -0.0063 -0.01 0.03376 -0.05544 0.0035 -0.018 0.04338 
53.Adverse conditions  -0.0109 -0.00828 -0.03256 -0.0104 0.01842 -0.00441 0.01241 0.00728 -0.00736 -0.02183 0.00374 0.01976 0.00765 -0.01077 0.00243 -0.00183 0.00049 
54.Rural roads 0.00578 -0.00554 0.01092 -0.03139 -0.10352 0.03139 0.01076 0.07278 0.01882 -0.01719 0.02409 -0.01927 -0.1199 -0.02095 0.15678 0.00582 0.03702 
55.Animall factors -0.01597 -0.00215 -0.01863 0.01865 0.01765 0.02603 0.00806 -0.02179 -0.01497 0.00315 0.00235 0.00252 -0.00267 0.00902 -0.00601 0.00743 -0.00853 
56.Weatherl factors -0.0144 -0.00021 -0.02034 0.00926 0.01541 -0.0042 0.00618 -0.00972 0.01725 -0.00701 0.00139 -0.00396 0.00663 -0.00575 0.01024 -0.01362 0.00648 
57.Vision obstruction -0.00025 0.00733 -0.00666 0.00275 0.00461 -0.00354 0.00591 -0.01055 -0.00613 0.01167 -0.00968 0.00316 -0.00357 -0.00795 0.01347 -0.00384 0.0116 
58.Vehicle factors -0.00757 -0.00916 0.00268 -0.01232 0.00697 -0.01428 -0.0142 -0.02081 -0.0144 -0.02164 -0.01062 0.03509 -0.0038 0.00258 0.02142 -0.01947 0.00244 
59.Road factors -0.01369 0.00818 -0.01081 -0.00048 0.00568 0.00098 -0.00495 -0.00252 0.00159 0.00132 -0.00007 -0.0019 -0.00739 0.00683 0.00559 -0.00156 -0.00558 
60.Passenger -0.10667 -0.06463 -0.16312 -0.08689 -0.54444 -0.05908 -0.03128 0.0052 -0.01348 -0.01696 0.01881 0.00397 -0.02622 0.04745 -0.00549 0.02738 -0.02192 
61.Male driver 0.03564 0.04169 0.05679 0.04499 0.30075 -0.01119 -0.05552 0.06019 -0.01324 -0.05156 -0.03981 0.08802 -0.09454 -0.02334 0.20447 -0.09396 0.01835 
62.Driver seatbelt not used 0.04069 0.00059 0.02566 -0.00134 0.04148 -0.03983 -0.00855 0.13911 -0.02256 -0.01527 -0.00423 0.02588 -0.07797 -0.02317 0.04733 -0.0313 0.03483 
63.Seatbelt do not wear -0.02395 -0.02861 -0.05804 -0.03971 -0.2644 -0.05958 -0.01526 0.07004 -0.03154 -0.01303 0.0187 0.00786 -0.08539 0.02776 0.02284 0.02076 0.04885 
64.Occupants Ejection 0.0016 -0.01076 -0.00732 -0.01055 0.00118 -0.0328 -0.00644 0.08903 -0.01266 0.00243 0.01281 -0.012 -0.08095 -0.01841 0.03134 0.00319 0.0302 
65.Occupants Front Seat 0.06936 0.04202 0.10606 0.0565 0.41901 0.04806 0.01573 0.02635 0.01537 0.00427 -0.02324 0.01101 0.02827 -0.06334 0.03628 -0.04789 -0.00491 
66.Female occupants  0.01404 -0.0115 0.01878 -0.00446 -0.00223 0.03851 0.07244 -0.06685 0.01205 0.05833 0.03459 -0.08852 0.11477 0.00143 -0.2149 0.08412 -0.01154 

Note: The highlighted cell indicates correlation among pair of explanatory variables found at Correlation Coefficient= 0.6 level. 
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Table A.4 (continued) 
Variable 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 
1.Young-adult distracted by cell phone -0.04431 -0.00477 -0.03061 -0.014 -0.03724 -0.03685 0.05106 0.0379 -0.00177 0.00842 -0.005 -0.00469 0.00554 -0.003 -0.02161 0.01584 
2.Young-adult distracted by other electronic devices -0.0197 -0.00767 -0.01984 0.00302 -0.01779 -0.01161 0.0241 0.00666 -0.02479 0.02177 -0.00041 -0.00878 0.01339 -0.01064 -0.0096 -0.00997 
3.Young-adult distracted In/on-vehicle -0.06432 -0.00054 -0.03309 -0.0077 -0.02716 -0.00925 0.0286 0.01 -0.01266 0.00869 0.00193 -0.00875 0.01688 -0.01772 -0.03125 -0.00774 
4.External distraction Young-adult  0.01796 0.00261 -0.01384 0.00144 0.00761 0.01357 -0.00415 -0.02494 -0.01289 0.03227 -0.02687 0.03266 -0.02708 -0.01031 -0.01971 -0.01215 
5.Inattentive Young-adult 0.05704 -0.00089 0.06715 0.03361 0.07086 0.04713 -0.05871 -0.10492 0.04375 0.02768 -0.09995 0.01268 -0.00897 -0.00624 0.02742 -0.03162 
6.Valid licensed  -0.0059 0.00177 0.01735 0.01711 0.01958 0.02493 -0.0208 -0.03583 -0.04108 0.01805 0.02794 -0.01038 0.01495 -0.006 0.00343 -0.00121 
7.Restricted license 0.00505 0.00806 0.01548 0.01699 0.00302 -0.00143 0.00336 -0.00655 -0.01913 0.00471 0.02146 0.00301 -0.00851 0.01341 0.00588 -0.00288 
8.Alchohol/drug related -0.04346 -0.0169 -0.05396 -0.01789 -0.09634 -0.09704 0.06814 0.18933 0.01218 -0.01857 0.01279 -0.02233 -0.01306 0.07564 -0.0053 0.03303 
9.Vehicle age (Year 5 or newer) 0.03503 -0.01544 0.00453 0.00089 0.01518 -0.00291 0.00248 -0.02734 -0.00837 -0.00751 0.02569 -0.01495 0.0176 -0.00617 -0.01768 0.00051 
10.Vehicle age (6-10 years) 0.02011 -0.0127 0.02152 -0.00951 0.01111 -0.00867 0.01778 -0.02623 0.00093 -0.01854 0.02331 0.00097 0.00756 -0.0218 -0.01876 0.003 
11.Vehicle age (11-15 years) -0.00644 0.03617 -0.01561 -0.00818 -0.03065 0.01997 -0.00497 0.0312 -0.01738 -0.00074 0.01978 0.01305 -0.01202 0.00159 -0.00087 0.02596 
12.Vehicle age (Year 16 or older) -0.02935 -0.01535 -0.00634 0.01123 0.01264 -0.00907 -0.01065 0.00552 0.01995 0.02116 -0.05279 -0.00578 -0.00294 0.01806 0.02724 -0.0293 
13.Automobile -0.00484 -0.00185 -0.04269 -0.05229 -0.09503 0.04002 0.08689 -0.03814 -0.01235 0.01553 -0.00378 0.01104 0.02944 -0.08991 0.00796 -0.01563 
14.Van 0.01109 0.00371 0.04069 -0.0065 0.03368 0.01121 -0.02636 -0.01735 0.03619 -0.02695 -0.01356 -0.00859 0.01118 -0.00576 -0.00039 -0.01815 
15.Pickup-truck, camper-rv -0.00762 0.00452 0.02124 0.06759 0.06718 -0.05286 -0.05605 0.03967 -0.00786 -0.01183 0.02671 -0.00639 -0.04083 0.10453 0.00521 0.02326 
16.Sport vehicle 0.00937 -0.01087 0.01054 0.00157 0.04288 0.00026 -0.05015 0.01859 0.00283 0.00636 -0.01255 -0.0047 -0.00274 0.01667 -0.01002 -0.00523 
17.Straight-following maneuver -0.67377 -0.27121 -0.49342 -0.05021 -0.13454 -0.05418 0.13514 0.09264 -0.07747 0.07114 0.01336 0.01542 -0.01671 0.00618 -0.00538 0.0197 
18.Turn/changing lanes maneuver 1 -0.07413 -0.13486 -0.00445 0.0492 0.06089 -0.05815 -0.06649 0.03786 -0.02524 -0.01579 0.01341 0.00157 -0.03521 0.00811 -0.00079 
19.Avoiding maneuver -0.07413 1 -0.05429 -0.01873 -0.03905 0.00614 0.01998 0.02684 -0.05849 -0.0154 0.09904 -0.00935 -0.00376 0.02905 -0.00037 0.00519 
20.Stopped/parking/backing maneuver -0.13486 -0.05429 1 0.0958 0.17945 0.01004 -0.15067 -0.08439 0.10331 -0.06028 -0.06421 -0.03185 0.02311 0.01683 -0.00579 -0.03984 
21.No damage  -0.00445 -0.01873 0.0958 1 -0.07644 -0.08787 -0.1011 -0.04257 0.041 -0.02117 -0.03565 0.00164 -0.00181 0.00114 -0.0125 -0.01867 
22.Minor damage 0.0492 -0.03905 0.17945 -0.07644 1 -0.35976 -0.41395 -0.17428 0.08527 -0.00111 -0.11646 0.00597 0.01069 -0.03712 -0.00981 -0.05584 
23.Functional damage 0.06089 0.00614 0.01004 -0.08787 -0.35976 1 -0.4758 -0.20032 0.06771 -0.00514 -0.08179 0.01031 0.00717 -0.03796 0.02824 -0.04764 
24.Disabling damage -0.05815 0.01998 -0.15067 -0.1011 -0.41395 -0.4758 1 -0.2305 -0.08726 0.01449 0.09931 0.00747 -0.00971 0.00682 -0.00168 0.03223 
25.Destroyed damage -0.06649 0.02684 -0.08439 -0.04257 -0.17428 -0.20032 -0.2305 1 -0.1091 -0.00226 0.15575 -0.03849 -0.00994 0.10372 -0.02404 0.11009 
26.Speed limit<35 mph 0.03786 -0.05849 0.10331 0.041 0.08527 0.06771 -0.08726 -0.1091 1 -0.71684 -0.29138 -0.06991 0.07347 -0.01723 -0.00139 -0.06125 
27.Speed limit 35-60 mph -0.02524 -0.0154 -0.06028 -0.02117 -0.00111 -0.00514 0.01449 -0.00226 -0.71684 1 -0.42068 0.01112 -0.0434 0.07444 -0.00368 -0.01271 
28.Speed limit>60 mph -0.01579 0.09904 -0.06421 -0.03565 -0.11646 -0.08179 0.09931 0.15575 -0.29138 -0.42068 1 0.07833 -0.03591 -0.08577 0.00851 0.09434 
29.Concrete roads 0.01341 -0.00935 -0.03185 0.00164 0.00597 0.01031 0.00747 -0.03849 -0.06991 0.01112 0.07833 1 -0.89372 -0.13584 -0.00934 -0.01137 
30.Black top roads 0.00157 -0.00376 0.02311 -0.00181 0.01069 0.00717 -0.00971 -0.00994 0.07347 -0.0434 -0.03591 -0.89372 1 -0.31833 0.00303 -0.00752 
31.Gravel/brick roads -0.03521 0.02905 0.01683 0.00114 -0.03712 -0.03796 0.00682 0.10372 -0.01723 0.07444 -0.08577 -0.13584 -0.31833 1 0.01487 0.04141 
32.Wet/debris roads 0.00811 -0.00037 -0.00579 -0.0125 -0.00981 0.02824 -0.00168 -0.02404 -0.00139 -0.00368 0.00851 -0.00934 0.00303 0.01487 1 0.00199 
33.Curved road -0.00079 0.00519 -0.03984 -0.01867 -0.05584 -0.04764 0.03223 0.11009 -0.06125 -0.01271 0.09434 -0.01137 -0.00752 0.04141 0.00199 1 
34.Work zone related -0.01068 0.02165 0.01459 -0.00208 -0.00858 0.01421 0.00355 -0.01048 -0.07765 0.05521 0.02458 0.06198 -0.04405 -0.03305 -0.01936 -0.00256 
35.Multi lanes road -0.00268 0.01622 -0.0536 -0.05909 -0.01564 0.00561 0.01988 0.00389 -0.06206 0.07687 0.00387 -0.00235 0.05286 -0.10426 0.00344 -0.09354 
36.5.00-9.00-morning -0.00725 -0.00963 -0.0081 -0.01671 -0.02812 -0.00329 0.01901 0.0278 -0.05277 -0.02125 0.10198 0.02808 -0.02049 -0.01469 0.02416 0.03407 
37.9.00-13.00-noon 0.02402 -0.01609 0.01985 0.02726 0.03154 0.0231 -0.03653 -0.0361 0.01786 0.01371 -0.03646 -0.00273 0.01361 -0.02247 0.00712 -0.02571 
38.13.00-17.00-afternoon 0.01123 0.00461 0.04024 0.01937 0.06788 0.05163 -0.06357 -0.08434 0.01716 0.02946 -0.06443 -0.00233 0.01673 -0.03226 -0.0391 -0.04479 
39.17.00-21.00-evening 0.0074 0.01864 0.0051 -0.00415 0.0303 0.01581 -0.01283 -0.04703 -0.02562 0.03399 -0.02103 0.00566 0.00465 -0.0213 -0.01548 -0.03822 
40.21.00-5.00-night -0.03954 -0.0007 -0.0682 -0.03135 -0.1229 -0.10283 0.11345 0.16607 0.03685 -0.0684 0.04697 -0.02819 -0.01854 0.09846 0.03494 0.09272 
41.Weekend -0.02319 -0.00257 -0.02378 -0.02311 -0.05727 -0.04346 0.04242 0.08874 -0.0058 -0.02944 0.0475 -0.03103 0.00684 0.05228 0.0141 0.04198 
42.Head On crash 0.10804 0.01183 -0.02635 -0.01744 -0.03447 -0.01289 0.0308 0.03258 0.02332 -0.01006 -0.01688 -0.01429 0.01249 -0.00099 -0.01147 0.01216 
43.Rear end crash -0.24997 -0.05435 0.04358 0.0203 0.12342 0.09742 -0.09807 -0.18159 -0.20118 0.2504 -0.07966 0.08184 0.00145 -0.17564 -0.02004 -0.14237 
44.Angle crash 0.29759 -0.02334 -0.08706 -0.03983 -0.01276 0.05417 0.00353 -0.0501 0.14977 -0.0552 -0.11988 -0.02068 0.03219 -0.03016 0.01883 -0.06908 
45.Opposite direction crash 0.03925 0.0065 -0.01703 -0.00287 0.00902 -0.01454 0.00527 -0.00376 -0.00076 -0.02165 0.0269 -0.01437 0.00103 0.0288 0.01799 0.04905 
46.Same direction crash 0.27683 0.06409 -0.04944 -0.01225 0.09543 0.04022 -0.09256 -0.04499 -0.01286 -0.03058 0.06291 0.01488 0.00105 -0.03308 0.00881 -0.0232 
47.Backed into crash -0.04952 -0.02189 0.36169 0.07125 0.09536 -0.00024 -0.0864 -0.03948 0.13779 -0.09547 -0.0524 -0.02019 0.00101 0.04133 -0.02529 -0.0311 
48.Single-vehicle crash -0.05994 0.04676 -0.11708 -0.04778 -0.19135 -0.13456 0.18012 0.21719 -0.09294 -0.04332 0.18142 -0.03254 -0.0468 0.17374 0.03621 0.2259 
49.On roadway crash -0.03745 0.0017 0.08258 -0.00869 0.02452 0.01796 -0.01193 -0.03382 0.13246 -0.09399 -0.03908 -0.01595 0.01266 0.00769 -0.01675 -0.05367 
50.At intersection crash 0.09467 -0.03807 -0.02199 0.02789 0.09426 0.08102 -0.07432 -0.15969 -0.03923 0.13732 -0.13521 0.06306 0.00282 -0.14228 0.00287 -0.07625 
51.Off roadway crash -0.07979 0.05107 -0.08628 -0.03092 -0.16752 -0.1394 0.12222 0.27341 -0.1321 -0.06045 0.24856 -0.06402 -0.01796 0.17605 0.01814 0.17893 
52.Dark  -0.02392 -0.00036 -0.05789 -0.03907 -0.10418 -0.09773 0.10667 0.14771 -0.00139 -0.03943 0.05241 -0.02291 -0.01508 0.0823 0.06735 0.08255 
53.Adverse conditions  0.00114 -0.00202 -0.00954 -0.00714 -0.03193 0.01713 0.01536 -0.00207 -0.02369 -0.00188 0.03576 0.00156 0.0063 -0.01769 0.76242 0.00974 
54.Rural roads -0.05176 0.05871 -0.03258 -0.02489 -0.11695 -0.10965 0.07456 0.23601 -0.19637 0.01676 0.24334 -0.14335 -0.00359 0.31565 0.00412 0.09848 
55.Animall factors 0.00621 0.03536 -0.017 0.00178 -0.01589 0.00169 0.01574 -0.00144 -0.03038 -0.00063 0.04457 -0.01838 0.00882 0.02022 0.21203 0.03365 
56.Weatherl factors -0.01343 0.01486 -0.0054 -0.00429 -0.01485 -0.01241 0.02113 0.00735 0.00609 -0.03719 0.04654 0.01955 -0.02159 0.00688 0.13694 0.00403 
57.Vision obstruction -0.01771 0.00875 0.00099 -0.00564 -0.01059 -0.01191 0.00845 0.01997 0.00768 -0.0127 0.00933 0.00429 0.00005 -0.00908 0.05943 0.01103 
58.Vehicle factors -0.00498 -0.00193 0.00288 -0.01112 -0.0153 -0.00463 0.01922 0.00092 0.00027 -0.00683 0.00668 0.0165 -0.01338 -0.00497 0.01305 -0.0081 
59.Road factors -0.01313 0.02598 0.00923 -0.00369 -0.01306 -0.01384 0.02126 0.00815 -0.05843 0.01288 0.06531 0.0083 -0.02076 0.02943 0.31225 0.02677 
60.Passenger 0.02959 0.00689 -0.00138 -0.01498 -0.00149 0.00567 -0.01472 0.0279 0.01917 -0.02689 0.01593 -0.0163 0.0049 0.02331 0.01964 0.01641 
61.Male driver -0.01644 -0.00012 -0.0173 0.03023 -0.00773 -0.02698 0.0045 0.0295 -0.01923 -0.00017 0.02203 0.01199 -0.01978 0.01868 -0.00612 0.02314 
62.Driver seatbelt not used -0.03781 0.01308 -0.02495 -0.00606 -0.07306 -0.07343 0.05192 0.14368 -0.02883 0.00655 0.03122 -0.03289 0.00826 0.05256 -0.02361 0.04322 
63.Seatbelt do not wear -0.03798 0.00309 -0.03 -0.01627 -0.0451 -0.04713 0.02745 0.10879 -0.00823 0.00025 0.01605 -0.03904 0.01818 0.04271 -0.03141 0.03201 
64.Occupants Ejection -0.02024 -0.01306 -0.01586 -0.00442 -0.04124 -0.04746 -0.00045 0.14364 -0.0329 0.00589 0.03922 -0.02275 0.0004 0.048 -0.00926 0.05317 
65.Occupants Front Seat 0.00307 0.00058 -0.00096 0.0123 -0.0089 -0.00697 0.01772 -0.01523 -0.01937 0.0173 -0.00214 0.02 -0.01659 -0.00489 -0.00316 -0.00878 
66.Female occupants  0.00608 -0.0052 0.01951 -0.02334 0.00387 0.03536 0.00446 -0.05489 0.01107 0.01746 -0.03904 -0.00152 0.01597 -0.03316 0.001 -0.04031 

Note: The highlighted cell indicates correlation among pair of explanatory variables found at Correlation Coefficient= 0.6 level. 
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Table A.4 (continued) 
Variable 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 
1.Young-adult distracted by cell phone -0.00834 0.00272 -0.01147 -0.02391 -0.03304 -0.01256 0.0902 0.01053 0.00306 -0.02959 -0.01519 -0.00525 -0.02746 -0.01864 0.0479 -0.01283 
2.Young-adult distracted by other electronic devices 0.00154 0.00993 -0.00677 0.00384 -0.01235 0.01703 -0.00253 0.01529 -0.01043 0.01987 -0.01349 0.0021 -0.0057 -0.01031 -0.00098 -0.0003 
3.Young-adult distracted In/on-vehicle -0.01696 0.01412 -0.01109 0.00988 0.00652 0.01888 -0.02876 -0.0182 -0.01631 0.03413 -0.03303 -0.00444 -0.02914 -0.02763 0.01171 -0.00174 
4.External distraction Young-adult  0.0035 0.01134 0.00446 0.01302 0.00282 0.0128 -0.03471 -0.01669 -0.00454 0.06626 -0.03127 -0.002 -0.01355 -0.01025 -0.03619 0.00457 
5.Inattentive Young-adult 0.00578 -0.02661 0.01556 0.02964 0.01939 0.00977 -0.07928 -0.08062 0.00371 0.09159 0.03654 -0.01126 0.0165 0.02697 -0.13735 0.02605 
6.Valid licensed  0.02159 0.00332 0.01105 0.03755 0.00201 0.00447 -0.05625 -0.02888 -0.00178 0.0585 0.00414 0.00767 0.01477 -0.00898 -0.04923 -0.00157 
7.Restricted license 0.00169 0.01082 -0.00078 0.00872 0.01261 0.01292 -0.03942 -0.03223 -0.00685 0.01282 0.00717 0.00475 0.00469 0.00719 -0.01531 -0.00223 
8.Alchohol/drug related -0.02124 0.01372 -0.04318 -0.09936 -0.13805 -0.04643 0.36243 0.14518 0.01108 -0.15462 -0.07551 -0.00112 -0.03291 -0.0214 0.20704 -0.00045 
9.Vehicle age (Year 5 or newer) -0.00817 0.01099 0.00309 0.00644 -0.01643 0.01179 -0.00154 0.00096 0.00087 -0.00698 0.00275 -0.00065 0.02841 0.00308 0.00595 -0.02703 
10.Vehicle age (6-10 years) 0.01013 -0.00503 0.03143 0.00633 -0.02285 -0.00542 0.00042 0.02305 -0.00721 -0.00032 0.01477 -0.00309 -0.0045 0.024 -0.00555 -0.00692 
11.Vehicle age (11-15 years) 0.01352 0.00502 -0.00017 -0.00498 0.01084 -0.01205 0.00372 -0.00174 0.00249 -0.00287 -0.01848 0.0147 -0.01285 -0.02045 0.01478 0.00314 
12.Vehicle age (Year 16 or older) -0.01869 -0.00539 -0.02819 -0.00536 0.01861 0.00935 -0.00215 -0.01848 0.00305 0.00663 0.00437 -0.01178 -0.00054 -0.00188 -0.01279 0.01617 
13.Automobile 0.00671 0.0384 -0.00486 -0.02421 -0.01852 0.02696 0.02264 0.01189 0.00829 0.05925 0.00964 -0.01938 -0.00381 -0.05203 -0.00243 -0.00321 
14.Van -0.00048 -0.00543 0.00283 0.03534 0.03301 -0.02194 -0.05508 -0.02113 0.00365 -0.01441 0.00114 -0.00365 0.01307 0.03718 -0.03241 0.02517 
15.Pickup-truck, camper-rv -0.00999 -0.02074 0.00535 0.00717 0.00747 -0.03537 0.01781 0.0002 -0.00366 -0.07598 0.00269 0.02604 0.00423 0.05239 0.0339 -0.00522 
16.Sport vehicle 0.00231 -0.02208 0.00274 0.00782 0.00219 0.00582 -0.02039 -0.00878 -0.00912 0.01762 -0.01071 0.00376 -0.00424 -0.00246 -0.01477 -0.00861 
17.Straight-following maneuver -0.00701 0.03241 0.01442 -0.0234 -0.02902 -0.01413 0.06194 0.02215 -0.07787 0.20861 -0.1685 -0.03238 -0.21403 -0.17857 0.08432 -0.02273 
18.Turn/changing lanes maneuver -0.01068 -0.00268 -0.00725 0.02402 0.01123 0.0074 -0.03954 -0.02319 0.10804 -0.24997 0.29759 0.03925 0.27683 -0.04952 -0.05994 -0.03745 
19.Avoiding maneuver 0.02165 0.01622 -0.00963 -0.01609 0.00461 0.01864 -0.0007 -0.00257 0.01183 -0.05435 -0.02334 0.0065 0.06409 -0.02189 0.04676 0.0017 
20.Stopped/parking/backing maneuver 0.01459 -0.0536 -0.0081 0.01985 0.04024 0.0051 -0.0682 -0.02378 -0.02635 0.04358 -0.08706 -0.01703 -0.04944 0.36169 -0.11708 0.08258 
21.No damage  -0.00208 -0.05909 -0.01671 0.02726 0.01937 -0.00415 -0.03135 -0.02311 -0.01744 0.0203 -0.03983 -0.00287 -0.01225 0.07125 -0.04778 -0.00869 
22.Minor damage -0.00858 -0.01564 -0.02812 0.03154 0.06788 0.0303 -0.1229 -0.05727 -0.03447 0.12342 -0.01276 0.00902 0.09543 0.09536 -0.19135 0.02452 
23.Functional damage 0.01421 0.00561 -0.00329 0.0231 0.05163 0.01581 -0.10283 -0.04346 -0.01289 0.09742 0.05417 -0.01454 0.04022 -0.00024 -0.13456 0.01796 
24.Disabling damage 0.00355 0.01988 0.01901 -0.03653 -0.06357 -0.01283 0.11345 0.04242 0.0308 -0.09807 0.00353 0.00527 -0.09256 -0.0864 0.18012 -0.01193 
25.Destroyed damage -0.01048 0.00389 0.0278 -0.0361 -0.08434 -0.04703 0.16607 0.08874 0.03258 -0.18159 -0.0501 -0.00376 -0.04499 -0.03948 0.21719 -0.03382 
26.Speed limit<35 mph -0.07765 -0.06206 -0.05277 0.01786 0.01716 -0.02562 0.03685 -0.0058 0.02332 -0.20118 0.14977 -0.00076 -0.01286 0.13779 -0.09294 0.13246 
27.Speed limit 35-60 mph 0.05521 0.07687 -0.02125 0.01371 0.02946 0.03399 -0.0684 -0.02944 -0.01006 0.2504 -0.0552 -0.02165 -0.03058 -0.09547 -0.04332 -0.09399 
28.Speed limit>60 mph 0.02458 0.00387 0.10198 -0.03646 -0.06443 -0.02103 0.04697 0.0475 -0.01688 -0.07966 -0.11988 0.0269 0.06291 -0.0524 0.18142 -0.03908 
29.Concrete roads 0.06198 -0.00235 0.02808 -0.00273 -0.00233 0.00566 -0.02819 -0.03103 -0.01429 0.08184 -0.02068 -0.01437 0.01488 -0.02019 -0.03254 -0.01595 
30.Black top roads -0.04405 0.05286 -0.02049 0.01361 0.01673 0.00465 -0.01854 0.00684 0.01249 0.00145 0.03219 0.00103 0.00105 0.00101 -0.0468 0.01266 
31.Gravel/brick roads -0.03305 -0.10426 -0.01469 -0.02247 -0.03226 -0.0213 0.09846 0.05228 -0.00099 -0.17564 -0.03016 0.0288 -0.03308 0.04133 0.17374 0.00769 
32.Wet/debris roads -0.01936 0.00344 0.02416 0.00712 -0.0391 -0.01548 0.03494 0.0141 -0.01147 -0.02004 0.01883 0.01799 0.00881 -0.02529 0.03621 -0.01675 
33.Curved road -0.00256 -0.09354 0.03407 -0.02571 -0.04479 -0.03822 0.09272 0.04198 0.01216 -0.14237 -0.06908 0.04905 -0.0232 -0.0311 0.2259 -0.05367 
34.Work zone related 1 -0.01879 0.0099 0.02477 -0.00247 -0.01055 -0.01902 -0.03791 -0.01115 0.06987 -0.03768 -0.01661 0.01898 -0.01833 -0.02474 0.01748 
35.Multi lanes road -0.01879 1 -0.01938 0.01926 0.0034 0.02248 -0.0318 0.00932 0.0054 0.06099 0.01624 0.01336 0.01692 -0.03355 -0.03792 -0.00737 
36.5.00-9.00-morning 0.0099 -0.01938 1 -0.18198 -0.2583 -0.21075 -0.17609 -0.08835 -0.0119 -0.02002 -0.01368 0.01154 -0.01922 -0.00742 0.04234 -0.00712 
37.9.00-13.00-noon 0.02477 0.01926 -0.18198 1 -0.30234 -0.24667 -0.20611 -0.01412 -0.00032 0.03762 0.03653 0.00161 0.01513 0.01206 -0.06382 0.00082 
38.13.00-17.00-afternoon -0.00247 0.0034 -0.2583 -0.30234 1 -0.35013 -0.29255 -0.06072 0.00221 0.12186 0.0426 0.00881 0.02476 0.03889 -0.14804 0.00318 
39.17.00-21.00-evening -0.01055 0.02248 -0.21075 -0.24667 -0.35013 1 -0.23869 -0.03039 -0.00934 0.08794 0.01043 -0.01547 0.00198 -0.01269 -0.08555 -0.01003 
40.21.00-5.00-night -0.01902 -0.0318 -0.17609 -0.20611 -0.29255 -0.23869 1 0.20346 0.01931 -0.26679 -0.08927 -0.00549 -0.02989 -0.04005 0.30253 0.0141 
41.Weekend -0.03791 0.00932 -0.08835 -0.01412 -0.06072 -0.03039 0.20346 1 -0.0079 -0.13704 -0.02936 0.01036 -0.00566 -0.00793 0.14061 -0.00079 
42.Head On crash -0.01115 0.0054 -0.0119 -0.00032 0.00221 -0.00934 0.01931 -0.0079 1 -0.11683 -0.05419 -0.01358 -0.02791 -0.01617 -0.06043 0.01249 
43.Rear end crash 0.06987 0.06099 -0.02002 0.03762 0.12186 0.08794 -0.26679 -0.13704 -0.11683 1 -0.38875 -0.09741 -0.20024 -0.11601 -0.43353 -0.00197 
44.Angle crash -0.03768 0.01624 -0.01368 0.03653 0.0426 0.01043 -0.08927 -0.02936 -0.05419 -0.38875 1 -0.04518 -0.09288 -0.05381 -0.20109 -0.15003 
45.Opposite direction crash -0.01661 0.01336 0.01154 0.00161 0.00881 -0.01547 -0.00549 0.01036 -0.01358 -0.09741 -0.04518 1 -0.02327 -0.01348 -0.05039 0.06424 
46.Same direction crash 0.01898 0.01692 -0.01922 0.01513 0.02476 0.00198 -0.02989 -0.00566 -0.02791 -0.20024 -0.09288 -0.02327 1 -0.02772 -0.10358 0.07545 
47.Backed into crash -0.01833 -0.03355 -0.00742 0.01206 0.03889 -0.01269 -0.04005 -0.00793 -0.01617 -0.11601 -0.05381 -0.01348 -0.02772 1 -0.06001 0.0781 
48.Single-vehicle crash -0.02474 -0.03792 0.04234 -0.06382 -0.14804 -0.08555 0.30253 0.14061 -0.06043 -0.43353 -0.20109 -0.05039 -0.10358 -0.06001 1 -0.13737 
49.On roadway crash 0.01748 -0.00737 -0.00712 0.00082 0.00318 -0.01003 0.0141 -0.00079 0.01249 -0.00197 -0.15003 0.06424 0.07545 0.0781 -0.13737 1 
50.At intersection crash -0.00008 0.03862 -0.0232 0.04365 0.08463 0.05239 -0.18624 -0.09326 0.01971 0.26665 0.26486 -0.03835 -0.01166 -0.05881 -0.3229 -0.73979 
51.Off roadway crash -0.02248 -0.03085 0.04319 -0.06264 -0.1219 -0.06096 0.24128 0.13073 -0.04527 -0.36745 -0.16369 -0.03507 -0.08735 -0.02864 0.63521 -0.3283 
52.Dark  -0.03251 -0.02524 -0.11145 -0.27971 -0.38395 0.14981 0.69229 0.17622 0.0271 -0.22516 -0.07734 0.00189 -0.02338 -0.04404 0.25944 0.00734 
53.Adverse conditions  -0.02122 0.00234 0.01144 -0.00049 -0.04168 -0.01375 0.05615 0.0205 -0.00905 -0.03054 0.0176 0.01479 0.00973 -0.02494 0.03882 -0.01461 
54.Rural roads -0.03428 -0.02605 0.03696 -0.04396 -0.05458 -0.03806 0.11883 0.08278 0.01664 -0.25298 -0.06609 0.05298 -0.01471 0.02206 0.27553 -0.02091 
55.Animall factors -0.01352 -0.02052 0.04634 -0.01455 -0.03712 0.00349 0.01372 0.00287 0.00484 -0.03323 0.00846 0.00642 -0.00966 -0.01743 0.01442 0.00664 
56.Weatherl factors -0.01745 -0.00193 0.01719 0.01436 -0.019 -0.00872 0.00297 0.01227 -0.01212 -0.0308 0.00988 0.01759 -0.0124 -0.01204 0.03487 -0.00852 
57.Vision obstruction -0.00758 -0.02607 0.01104 0.00895 -0.00961 0.00677 -0.01486 0.0032 0.00534 -0.01105 -0.00272 0.00826 -0.00903 -0.00523 0.01143 -0.00821 
58.Vehicle factors 0.00795 -0.01163 0.00766 0.02127 -0.01041 0.00871 -0.02543 -0.00742 -0.01039 0.0181 -0.00629 -0.00866 -0.00481 -0.01032 0.00179 -0.00623 
59.Road factors 0.08451 0.01516 0.03717 0.01282 -0.02021 -0.01461 -0.00783 0.00265 -0.00522 -0.02401 -0.02258 0.01103 0.00281 -0.0217 0.05218 -0.02473 
60.Passenger 0.00893 0.00478 -0.06887 -0.0058 0.03419 0.01288 0.01221 0.06378 0.00264 -0.06227 0.04231 0.00293 0.02662 0.01487 0.01623 -0.00982 
61.Male driver 0.00452 -0.01304 0.03162 -0.02997 -0.04594 -0.01278 0.07263 0.00396 0.00571 -0.01799 -0.05069 0.00632 -0.01746 -0.00786 0.05661 0.00256 
62.Driver seatbelt not used -0.00464 -0.01864 -0.00111 -0.02182 -0.04513 -0.00738 0.08694 0.03019 0.01765 -0.09661 -0.03497 -0.00501 -0.02461 -0.01391 0.09338 0.00031 
63.Seatbelt do not wear -0.00671 -0.00311 -0.01538 0.00687 0.01545 -0.01797 0.00743 0.01625 0.0028 -0.06656 -0.00242 -0.00012 -0.02824 -0.00724 0.05776 -0.00873 
64.Occupants Ejection -0.01104 -0.00467 -0.01223 -0.01366 -0.01712 -0.00789 0.05534 0.03805 -0.00297 -0.07239 -0.02771 -0.00466 -0.01536 -0.01211 0.04759 -0.01296 
65.Occupants Front Seat -0.00304 -0.00776 0.03432 -0.00818 -0.05103 0.00373 0.03582 -0.02005 -0.00438 0.02197 -0.02768 0.00152 -0.005 -0.00641 0.00879 -0.00371 
66.Female occupants  -0.01396 0.01405 -0.00957 0.03442 0.04011 0.01675 -0.09455 -0.03003 -0.00246 0.05569 0.03103 -0.01049 0.00265 0.00529 -0.06782 0.00118 

Note: The highlighted cell indicates correlation among pair of explanatory variables found at Correlation Coefficient= 0.6 level. 

 



173	
	

Table A.4 (continued) 
Variable 50 51 52 53 54 55 56 57 58 59 60 61 62 63 64 65 66 
1.Young-adult distracted by cell phone -0.01235 0.03587 0.07544 -0.0109 0.00578 -0.01597 -0.0144 -0.00025 -0.00757 -0.01369 -0.10667 0.03564 0.04069 -0.02395 0.0016 0.06936 0.01404 
2.Young-adult distracted by other electronic devices 0.00514 -0.0073 0.00536 -0.00828 -0.00554 -0.00215 -0.00021 0.00733 -0.00916 0.00818 -0.06463 0.04169 0.00059 -0.02861 -0.01076 0.04202 -0.0115 
3.Young-adult distracted In/on-vehicle -0.00486 0.00929 -0.02032 -0.03256 0.01092 -0.01863 -0.02034 -0.00666 0.00268 -0.01081 -0.16312 0.05679 0.02566 -0.05804 -0.00732 0.10606 0.01878 
4.External distraction Young-adult  0.0109 -0.02149 -0.02866 -0.0104 -0.03139 0.01865 0.00926 0.00275 -0.01232 -0.00048 -0.08689 0.04499 -0.00134 -0.03971 -0.01055 0.0565 -0.00446 
5.Inattentive Young-adult 0.06765 -0.13219 -0.07325 0.01842 -0.10352 0.01765 0.01541 0.00461 0.00697 0.00568 -0.54444 0.30075 0.04148 -0.2644 0.00118 0.41901 -0.00223 
6.Valid licensed  0.02483 -0.03116 -0.05664 -0.00441 0.03139 0.02603 -0.0042 -0.00354 -0.01428 0.00098 -0.05908 -0.01119 -0.03983 -0.05958 -0.0328 0.04806 0.03851 
7.Restricted license 0.01244 -0.0152 -0.02551 0.01241 0.01076 0.00806 0.00618 0.00591 -0.0142 -0.00495 -0.03128 -0.05552 -0.00855 -0.01526 -0.00644 0.01573 0.07244 
8.Alchohol/drug related -0.12603 0.17443 0.30394 0.00728 0.07278 -0.02179 -0.00972 -0.01055 -0.02081 -0.00252 0.0052 0.06019 0.13911 0.07004 0.08903 0.02635 -0.06685 
9.Vehicle age (Year 5 or newer) 0.00794 0.02475 0.02164 -0.00736 0.01882 -0.01497 0.01725 -0.00613 -0.0144 0.00159 -0.01348 -0.01324 -0.02256 -0.03154 -0.01266 0.01537 0.01205 
10.Vehicle age (6-10 years) 0.01195 -0.00648 0.00592 -0.02183 -0.01719 0.00315 -0.00701 0.01167 -0.02164 0.00132 -0.01696 -0.05156 -0.01527 -0.01303 0.00243 0.00427 0.05833 
11.Vehicle age (11-15 years) -0.00982 0.00927 -0.0063 0.00374 0.02409 0.00235 0.00139 -0.00968 -0.01062 -0.00007 0.01881 -0.03981 -0.00423 0.0187 0.01281 -0.02324 0.03459 
12.Vehicle age (Year 16 or older) -0.00393 -0.01625 -0.01 0.01976 -0.01927 0.00252 -0.00396 0.00316 0.03509 -0.0019 0.00397 0.08802 0.02588 0.00786 -0.012 0.01101 -0.08852 
13.Automobile 0.02849 -0.03307 0.03376 0.00765 -0.1199 -0.00267 0.00663 -0.00357 -0.0038 -0.00739 -0.02622 -0.09454 -0.07797 -0.08539 -0.08095 0.02827 0.11477 
14.Van -0.01456 -0.01507 -0.05544 -0.01077 -0.02095 0.00902 -0.00575 -0.00795 0.00258 0.00683 0.04745 -0.02334 -0.02317 0.02776 -0.01841 -0.06334 0.00143 
15.Pickup-truck, camper-rv -0.03556 0.05626 0.0035 0.00243 0.15678 -0.00601 0.01024 0.01347 0.02142 0.00559 -0.00549 0.20447 0.04733 0.02284 0.03134 0.03628 -0.2149 
16.Sport vehicle 0.011 -0.00584 -0.018 -0.00183 0.00582 0.00743 -0.01362 -0.00384 -0.01947 -0.00156 0.02738 -0.09396 -0.0313 0.02076 0.00319 -0.04789 0.08412 
17.Straight-following maneuver -0.03628 0.08349 0.04338 0.00049 0.03702 -0.00853 0.00648 0.0116 0.00244 -0.00558 -0.02192 0.01835 0.03483 0.04885 0.0302 -0.00491 -0.01154 
18.Turn/changing lanes maneuver 0.09467 -0.07979 -0.02392 0.00114 -0.05176 0.00621 -0.01343 -0.01771 -0.00498 -0.01313 0.02959 -0.01644 -0.03781 -0.03798 -0.02024 0.00307 0.00608 
19.Avoiding maneuver -0.03807 0.05107 -0.00036 -0.00202 0.05871 0.03536 0.01486 0.00875 -0.00193 0.02598 0.00689 -0.00012 0.01308 0.00309 -0.01306 0.00058 -0.0052 
20.Stopped/parking/backing maneuver -0.02199 -0.08628 -0.05789 -0.00954 -0.03258 -0.017 -0.0054 0.00099 0.00288 0.00923 -0.00138 -0.0173 -0.02495 -0.03 -0.01586 -0.00096 0.01951 
21.No damage  0.02789 -0.03092 -0.03907 -0.00714 -0.02489 0.00178 -0.00429 -0.00564 -0.01112 -0.00369 -0.01498 0.03023 -0.00606 -0.01627 -0.00442 0.0123 -0.02334 
22.Minor damage 0.09426 -0.16752 -0.10418 -0.03193 -0.11695 -0.01589 -0.01485 -0.01059 -0.0153 -0.01306 -0.00149 -0.00773 -0.07306 -0.0451 -0.04124 -0.0089 0.00387 
23.Functional damage 0.08102 -0.1394 -0.09773 0.01713 -0.10965 0.00169 -0.01241 -0.01191 -0.00463 -0.01384 0.00567 -0.02698 -0.07343 -0.04713 -0.04746 -0.00697 0.03536 
24.Disabling damage -0.07432 0.12222 0.10667 0.01536 0.07456 0.01574 0.02113 0.00845 0.01922 0.02126 -0.01472 0.0045 0.05192 0.02745 -0.00045 0.01772 0.00446 
25.Destroyed damage -0.15969 0.27341 0.14771 -0.00207 0.23601 -0.00144 0.00735 0.01997 0.00092 0.00815 0.0279 0.0295 0.14368 0.10879 0.14364 -0.01523 -0.05489 
26.Speed limit<35 mph -0.03923 -0.1321 -0.00139 -0.02369 -0.19637 -0.03038 0.00609 0.00768 0.00027 -0.05843 0.01917 -0.01923 -0.02883 -0.00823 -0.0329 -0.01937 0.01107 
27.Speed limit 35-60 mph 0.13732 -0.06045 -0.03943 -0.00188 0.01676 -0.00063 -0.03719 -0.0127 -0.00683 0.01288 -0.02689 -0.00017 0.00655 0.00025 0.00589 0.0173 0.01746 
28.Speed limit>60 mph -0.13521 0.24856 0.05241 0.03576 0.24334 0.04457 0.04654 0.00933 0.00668 0.06531 0.01593 0.02203 0.03122 0.01605 0.03922 -0.00214 -0.03904 
29.Concrete roads 0.06306 -0.06402 -0.02291 0.00156 -0.14335 -0.01838 0.01955 0.00429 0.0165 0.0083 -0.0163 0.01199 -0.03289 -0.03904 -0.02275 0.02 -0.00152 
30.Black top roads 0.00282 -0.01796 -0.01508 0.0063 -0.00359 0.00882 -0.02159 0.00005 -0.01338 -0.02076 0.0049 -0.01978 0.00826 0.01818 0.0004 -0.01659 0.01597 
31.Gravel/brick roads -0.14228 0.17605 0.0823 -0.01769 0.31565 0.02022 0.00688 -0.00908 -0.00497 0.02943 0.02331 0.01868 0.05256 0.04271 0.048 -0.00489 -0.03316 
32.Wet/debris roads 0.00287 0.01814 0.06735 0.76242 0.00412 0.21203 0.13694 0.05943 0.01305 0.31225 0.01964 -0.00612 -0.02361 -0.03141 -0.00926 -0.00316 0.001 
33.Curved road -0.07625 0.17893 0.08255 0.00974 0.09848 0.03365 0.00403 0.01103 -0.0081 0.02677 0.01641 0.02314 0.04322 0.03201 0.05317 -0.00878 -0.04031 
34.Work zone related -0.00008 -0.02248 -0.03251 -0.02122 -0.03428 -0.01352 -0.01745 -0.00758 0.00795 0.08451 0.00893 0.00452 -0.00464 -0.00671 -0.01104 -0.00304 -0.01396 
35.Multi lanes road 0.03862 -0.03085 -0.02524 0.00234 -0.02605 -0.02052 -0.00193 -0.02607 -0.01163 0.01516 0.00478 -0.01304 -0.01864 -0.00311 -0.00467 -0.00776 0.01405 
36.5.00-9.00-morning -0.0232 0.04319 -0.11145 0.01144 0.03696 0.04634 0.01719 0.01104 0.00766 0.03717 -0.06887 0.03162 -0.00111 -0.01538 -0.01223 0.03432 -0.00957 
37.9.00-13.00-noon 0.04365 -0.06264 -0.27971 -0.00049 -0.04396 -0.01455 0.01436 0.00895 0.02127 0.01282 -0.0058 -0.02997 -0.02182 0.00687 -0.01366 -0.00818 0.03442 
38.13.00-17.00-afternoon 0.08463 -0.1219 -0.38395 -0.04168 -0.05458 -0.03712 -0.019 -0.00961 -0.01041 -0.02021 0.03419 -0.04594 -0.04513 0.01545 -0.01712 -0.05103 0.04011 
39.17.00-21.00-evening 0.05239 -0.06096 0.14981 -0.01375 -0.03806 0.00349 -0.00872 0.00677 0.00871 -0.01461 0.01288 -0.01278 -0.00738 -0.01797 -0.00789 0.00373 0.01675 
40.21.00-5.00-night -0.18624 0.24128 0.69229 0.05615 0.11883 0.01372 0.00297 -0.01486 -0.02543 -0.00783 0.01221 0.07263 0.08694 0.00743 0.05534 0.03582 -0.09455 
41.Weekend -0.09326 0.13073 0.17622 0.0205 0.08278 0.00287 0.01227 0.0032 -0.00742 0.00265 0.06378 0.00396 0.03019 0.01625 0.03805 -0.02005 -0.03003 
42.Head On crash 0.01971 -0.04527 0.0271 -0.00905 0.01664 0.00484 -0.01212 0.00534 -0.01039 -0.00522 0.00264 0.00571 0.01765 0.0028 -0.00297 -0.00438 -0.00246 
43.Rear end crash 0.26665 -0.36745 -0.22516 -0.03054 -0.25298 -0.03323 -0.0308 -0.01105 0.0181 -0.02401 -0.06227 -0.01799 -0.09661 -0.06656 -0.07239 0.02197 0.05569 
44.Angle crash 0.26486 -0.16369 -0.07734 0.0176 -0.06609 0.00846 0.00988 -0.00272 -0.00629 -0.02258 0.04231 -0.05069 -0.03497 -0.00242 -0.02771 -0.02768 0.03103 
45.Opposite direction crash -0.03835 -0.03507 0.00189 0.01479 0.05298 0.00642 0.01759 0.00826 -0.00866 0.01103 0.00293 0.00632 -0.00501 -0.00012 -0.00466 0.00152 -0.01049 
46.Same direction crash -0.01166 -0.08735 -0.02338 0.00973 -0.01471 -0.00966 -0.0124 -0.00903 -0.00481 0.00281 0.02662 -0.01746 -0.02461 -0.02824 -0.01536 -0.005 0.00265 
47.Backed into crash -0.05881 -0.02864 -0.04404 -0.02494 0.02206 -0.01743 -0.01204 -0.00523 -0.01032 -0.0217 0.01487 -0.00786 -0.01391 -0.00724 -0.01211 -0.00641 0.00529 
48.Single-vehicle crash -0.3229 0.63521 0.25944 0.03882 0.27553 0.01442 0.03487 0.01143 0.00179 0.05218 0.01623 0.05661 0.09338 0.05776 0.04759 0.00879 -0.06782 
49.On roadway crash -0.73979 -0.3283 0.00734 -0.01461 -0.02091 0.00664 -0.00852 -0.00821 -0.00623 -0.02473 -0.00982 0.00256 0.00031 -0.00873 -0.01296 -0.00371 0.00118 
50.At intersection crash 1 -0.3843 -0.15894 -0.0097 -0.23539 -0.02238 -0.01244 -0.00637 0.0045 -0.01628 -0.00044 -0.03935 -0.07685 -0.03671 -0.05526 -0.00388 0.04581 
51.Off roadway crash -0.3843 1 0.21218 0.03452 0.35554 0.02381 0.0285 0.0207 0.00292 0.05876 0.01504 0.05147 0.10503 0.06141 0.09682 0.00938 -0.06488 
52.Dark  -0.15894 0.21218 1 0.0843 0.11186 0.03001 0.00798 -0.00509 -0.01169 0.00607 0.00943 0.06841 0.06147 -0.01523 0.03685 0.04279 -0.07954 
53.Adverse conditions  -0.0097 0.03452 0.0843 1 0.02119 0.27731 0.18044 0.08586 0.01484 0.23397 0.01169 0.00599 -0.01497 -0.03944 -0.0037 0.0094 -0.01224 
54.Rural roads -0.23539 0.35554 0.11186 0.02119 1 0.07155 0.02976 0.01666 0.00447 0.04833 0.03829 0.02523 0.10542 0.10142 0.09482 -0.02601 -0.05629 
55.Animall factors -0.02238 0.02381 0.03001 0.27731 0.07155 1 -0.01519 -0.0066 -0.00431 0.18063 -0.00453 0.01165 -0.00085 -0.0148 -0.00785 0.00702 -0.01011 
56.Weatherl factors -0.01244 0.0285 0.00798 0.18044 0.02976 -0.01519 1 -0.00392 -0.00773 0.16613 0.00484 0.00057 -0.00385 -0.00361 -0.00908 -0.00545 0.00129 
57.Vision obstruction -0.00637 0.0207 -0.00509 0.08586 0.01666 -0.0066 -0.00392 1 -0.00336 0.07922 0.00097 0.0021 -0.00133 -0.00734 -0.00395 0.00728 -0.00449 
58.Vehicle factors 0.0045 0.00292 -0.01169 0.01484 0.00447 -0.00431 -0.00773 -0.00336 1 0.01409 0.0051 0.00936 -0.00217 0.00052 0.00654 0.00347 -0.00947 
59.Road factors -0.01628 0.05876 0.00607 0.23397 0.04833 0.18063 0.16613 0.07922 0.01409 1 0.01061 0.00469 0.00394 0.00803 0.00708 -0.01114 -0.00935 
60.Passenger -0.00044 0.01504 0.00943 0.01169 0.03829 -0.00453 0.00484 0.00097 0.0051 0.01061 1 -0.49513 -0.11484 0.38071 0.00683 -0.55019 0.03126 
61.Male driver -0.03935 0.05147 0.06841 0.00599 0.02523 0.01165 0.00057 0.0021 0.00936 0.00469 -0.49513 1 0.12636 -0.14779 0.03119 0.32193 -0.76609 
62.Driver seatbelt not used -0.07685 0.10503 0.06147 -0.01497 0.10542 -0.00085 -0.00385 -0.00133 -0.00217 0.00394 -0.11484 0.12636 1 0.53428 0.30319 0.07467 -0.07425 
63.Seatbelt do not wear -0.03671 0.06141 -0.01523 -0.03944 0.10142 -0.0148 -0.00361 -0.00734 0.00052 0.00803 0.38071 -0.14779 0.53428 1 0.22887 -0.54374 -0.02189 
64.Occupants Ejection -0.05526 0.09682 0.03685 -0.0037 0.09482 -0.00785 -0.00908 -0.00395 0.00654 0.00708 0.00683 0.03119 0.30319 0.22887 1 -0.01736 -0.03475 
65.Occupants Front Seat -0.00388 0.00938 0.04279 0.0094 -0.02601 0.00702 -0.00545 0.00728 0.00347 -0.01114 -0.55019 0.32193 0.07467 -0.54374 -0.01736 1 -0.01073 
66.Female occupants  0.04581 -0.06488 -0.07954 -0.01224 -0.05629 -0.01011 0.00129 -0.00449 -0.00947 -0.00935 0.03126 -0.76609 -0.07425 -0.02189 -0.03475 -0.01073 1 

Note: The highlighted cell indicates correlation among pair of explanatory variables found at Correlation Coefficient= 0.6 level. 
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Appendix B – Survey Form 
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Appendix C – IRB Approval Letter 

	


