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ABSTRACT 

Wrong-way driving (WWD) has been problematic on United States highways for decades despite 

its rare occurrence.  Since WWD crashes are rare, recent researchers have studied WWD non-crash 

events such as WWD 911 calls and WWD citations to understand the overall nature and trend of 

WWD.  This paper demonstrates the regional nature of the WWD problem and proposes regional 

transportation systems management and operations (Regional TSM&O) solutions to combat this 

problem.  Specifically, it was found that 11% of all WWD multi-data events (e.g., multiple 911 

calls for the same WWD event) traveled from one county to another.  Additionally, 30% of all 

WWD single-data and multi-data events occurred at or near interchanges between two limited 

access highways in counties with multiple operating agencies.  This indicates that a significant 

proportion of WWD events could potentially travel from one limited access facility to another.  

Moreover, 28% of WWD events occurred on limited access facilities shared by multiple agencies.  

To emphasize the regional nature of WWD, this paper determined the vulnerable demographic 

groups in different regions of Florida by developing WWD crash and citation prediction models.  

The modelsô findings indicate that certain demographic groups (such as elderly or Hispanic) 

increase WWD risk.  The modelsô results can be used to improve driver education and increase 

law enforcement presence in high risk WWD locations.  Regional TSM&O solutions, such as 

coordination and communication among agencies and regional traffic management centers 

(RTMCs), law enforcement co-location with RTMCs, and strengthening statewide TSM&O 

programs to manage WWD events are also proposed. 
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CHAPTER ONE:  INTRODUCTION  

1.1 Background 

 Limited access roadways (such as interstates and toll roads) are designed to provide high 

speed mobility and safe traveling by eliminating potential crashes.  Despite modern design 

standards and introduction of Intelligent Transportation Systems (ITS) technologies, limited 

access roadways still experience safety challenges; one such challenge is wrong-way driving 

(WWD).  Wrong-way driving (WWD) is hazardous result of driverôs driving in wrong direction 

on the wrong side of roadway. WWD occurs when a driver intentionally or unintentionally (due 

to confusion, intoxication, or other reasons) drives on the wrong side of divided highways against 

the direction of mainline traffic flow.  It is especially dangerous on limited access facilities due to 

high posted speed limit.  On such roadways, a right way driver on the mainline do not get much 

time to take evasive action to avoid a wrong-way vehicle, since the approach rates of both vehicles 

combine for an excessive rate of speed.  

WWD causes only about 3% of crashes on high-speed divided highways, but these crashes 

are often more severe and catastrophic due to the head-on nature of the crash, resulting in fatalities 

or serious injuries (1).  Even though they are small in number, WWD crashes draw more media 

attention due to high fatality rates and can worry road users (2).  A recent United States (US) study 

found that, from 2004 to 2013, there were approximately 1.34 fatalities per fatal WWD crash 

compared to 1.10 fatalities in all other fatal crashes (3).  There is an average of 300 to 400 fatalities 

caused by WWD crashes every year in the United States (4). 

 Since WWD crashes are rare, it can be difficult to understand WWD by analyzing WWD 

crashes alone.  Previous studies conducted by the University of Central Florida (UCF) on limited 

access highways in Florida showed that other WWD non-crash events, such as WWD citations 
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and WWD 911 calls, can be used as surrogate measures for WWD crashes due to their more 

frequent occurrence than WWD crashes (2, 5-7).  As crashes are rare in nature, it is not always 

recommended to wait until crashes happen before introducing countermeasures.  Study findings 

by UCF using other non-crash WWD data have been adopted by transportation agencies to 

implement WWD countermeasures in South Florida and Central Florida. 

1.2 Research Goal and Objectives  

This study investigates the regional aspects of WWD in the state of Florida.  A wrong-way 

driver can cross county boundary line and travel from one county to another. A wrong-way driver 

can also travel from one limited access facility to another limited access facility in the same county.  

This can be a regional problem if the two roadways are operated by different agencies.  In some 

counties, multiple agencies operate the same limited access highways, so a WWD event could 

cross operational boundaries easily and quickly.  For these reasons, WWD needs to be dealt with 

in a regional manner.  

This research also investigates the demographic characteristics of wrong-way (WW) 

drivers.  It introduces a regional analysis concept to predict WWD crashes in different regions in 

Florida using both WWD non-crash events (WWD citations and WWD 911 calls) and driver 

demographic information.  Florida has a wide variety of ethnicity and age groups living in various 

parts of the state, so this type of analysis can help traffic agencies throughout the state to determine 

the potential WWD risk related to various demographic groups.  These demographic differences 

need to be considered for effective WWD countermeasure implementation.  This regional-based 

approach investigating the effects driver demographics and non-WWD crash events have on 

WWD crashes has never been attempted before. 
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The primary objectives of this research are to: 

1) Study the regional aspects of WWD by examining the different counties, limited access 

facilities, and/or jurisdictions a wrong-way driver travels through before he/she either crashes, is 

apprehended by law enforcement, or self-corrects his/her WWD behavior. 

2) Analyze and model the demographic factors of drivers to find which driver factors influence 

the number of WWD crashes and citations in different regions in Florida.   

3) Propose Regional TSM&O (Transportation Systems Management & Operations) solutions to 

the WWD problem.  These proposed solutions are conceptual in nature and include better 

coordination and communication among local agencies to manage the WWD problem.  Also, these 

solutions are compatible with existing Regional TSM&O programs practiced nationwide in the 

US.  Furthermore, the findings from this paper can be used to guide local and state agencies in 

determining the counties or populations with higher risk of WWD events and taking necessary and 

appropriate steps to combat this WWD problem. 

1.3 Organization of Thesis 

 There are eight chapters in this thesis.  Chapter 1 is the introduction, which provides 

background on WWD and defines the research goals and objectives.  Chapter 2 is the literature 

review of past studies on WWD.  Chapter 3 describes the methodology applied in this study. 

Chapter 4 analyzes the data and prepares the data set for statistical modelling.  Chapter 5 describes 

how WWD becomes a regional problem and how to coordinate among nearby counties and 

agencies operating different portions of limited access facilities. Statistical modelling was 

performed and more in-depth analysis was discussed in chapter 6.  Chapter 7 proposes important 

regional Transportation Systems Management and Operations (RTSM&O) solutions of dealing 
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with WWD and effectively reducing the number of WWD events.  Chapter 8 provides the 

conclusion of this thesis. 
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CHPTER TWO: LITERATURE REVIEW  

2.1 Introduction  

The intent of this chapter is to find and study relevant researches on WWD at the national 

and international levels.  Studying the previous researches will help to determine potential 

characteristics, attributes and the causes of WWD events.  Understanding the underlaying 

characteristics and nature of WWD events will help to effectively combat WWD. 

This literature review describes previous studies which have used different approaches in 

analyzing WWD and found various significant human and other contributing factors for WWD.  

The studies include analyses of WWD crashes, locations of such crashes, time, possible reason of 

crash and driver factor analysis of WWD crashes.  The results and recommendations based on the 

findings in these studies are useful in order to understand different approaches to WWD and find 

the effective ones, and find the missing gaps in the existing studies and how they can be addressed. 

2.2 Previous WWD Research Review 

WWD research was started by the California Department of Transportation (Caltrans) in 

the 1950s with the study of median related crashes on freeways (8).  California first started using 

cameras and road tubes in 1967 to detect WWD incidents and identify locations with higher WWD 

crash density (9).  

Texas A&M  Transportation Institute (TTI) and the Texas Department of Transportation 

(TxDOT) conducted significant number of studies to find the probable causes of WWD crashes in 

Texas.  Cooner (10) discussed possible countermeasures and treatments for reducing WWD 

crashes that can be implemented in Texas.  He studied wrong-way crashes from 1997 to 2000 in 

Texas and nationwide wrong-way crashes from 1996 to 2000.  The following are some of the 

significant findings: 
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¶ DUI was found to be the main reason for about 75 percent of fatal wrong-way crashes 

nationwide and 50-60 percent of all wrong-way crashes during the study time. 

¶ In Texas there were 323 wrong-way related crashes on freeways during the study time.  

Over 60% of these WWD crashes occurred in large urban areas.  WWD crash analyses 

found that WWD crashes were 5 times likely to occur in the early morning periods between 

12 AM and 6 AM. 

¶ Among all WWD crashes occurred on freeways 71% of the drivers were males and 29% 

were females. 

¶ About 50% of freeway WWD crashes were observed to be fatal or caused incapacitating 

injuries. 

¶ About 28% of WWD drivers were found to be aged between 25-34 years. 

¶ In 60.7% cases the driver was found to drive under influence (DUI). 

¶ About 1/3 of the time the origin of the wrong-way driver was known. 

¶ Left-side exit ramps and transition areas of one-way streets to freeways (around 

downtowns) were found to be problematic.  

Another research by Cooner (11) found that drunk driving is the main reason behind 

majority of WWD crashes in Texas and highest proportion of WWD crashes occurred from 10 

P.M. to 8 A.M. whereas most number of WWD crashes were recorded between 2 A.M. and 4 A.M.  

The significant factors found in the study are as follows: 

¶ About 50% of WWD crashes involved fatalities or incapacitating injuries. 

¶ Approximately 20 fatalities and 100 crashes per year involving WW drivers occurred 

between 2007 and 2011. 

¶ Average blood alcohol content (BAC) of an intoxicated WW driver was found to be 0.19 
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whereas the legal limit is 0.08. 

Cooner and Ranft (12), and Cooner et al. (13) studied WWD crashes in Texas using the 

Department of Public Safety (DPS) crash reports.  The secondary source of WWD information 

used in the same studies was 911 public safety answering point representativesô reports.  

Information about WW driver and nature of crash such as severity, driver age and sex, driver 

impairment, time of crash, and origination of crash, were also analyzed and it was observed that 

most of the crashes were head-on collisions. 

Cooner et al. (13) found that drivers younger than 35 years and over 65 years were 

overrepresented in crashes, as were Hispanic drivers.  Additionally, most WWD crashes occurred 

during nighttime.  The researchers surveyed state DOTs to get information on typical wrong-way 

signing and marking and any innovative practices; evaluated the applicability and feasibility of the 

available countermeasures to address WWD problems in Texas; identified typical situations that 

were more likely to produce wrong-way entry issues; and developed guidelines for application of 

wrong-way countermeasures and treatments.  

 In San Antonio, Texas, Fariello (14) found 185 reports of WWD crashes and 358 WWD 

911 calls in 2011.  80% of the WWD events happened at night, with 45% occurring between 2am 

and 4am.   

 Studies on implementation of WWD countermeasures in San Antonio, Texas were 

performed by Fariello and Venglar (15).  They inspected the current field conditions of existing 

signs and pavement markings using the checklist designed by TxDOT and the Texas A&M 

Transportation Institute (TTI), and then recommended needed modifications to reduce WWD 

incidents. 
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 Moler (4) analyzed the WWD crashes occurred in Seattle, New Mexico, and San Diego 

using crash examples and provided countermeasures to solve the problem.  The study found that 

there is an average of 300 to 400 fatalities every year nationwide due to WWD freeway crashes. 

 Eustace and Wei (16) found that WWD only caused 2% of the crashes (the lowest amount) 

compared to the other types of crashes caused by driver errors such as  failure to keep in proper 

lane (20%), driving too fast for the conditions/excess of posted speed limit (22%), running off road 

(17%), failure to yield the right of way (9%), operating the vehicle in erratic, reckless, careless or 

negligent manner (6%),  failure to obey traffic signs, traffic control devices, etc. (5%), and making 

improper turns (3%). 

 Zhou et al. (17), and Zhou and Rouholamin (18) investigated the WWD crashes on the 

freeways in Illinois to find the main contributing factors.   Their study findings showed that based 

on the data provided by National Highway Traffic Safety Administration (NHTSA) Fatality 

Analysis Reporting System (FARS), 1753 people died, and thousands were injured in WWD 

crashes in the United States.  Moreover, between 1996 and 2000, number of WWD crashes ranged 

from 300 to 900 fatalities per year. 

 The same group of researchers collected crash data from 2004 ï 2009 for Illinois freeways.  

The study showed that there were 217 WWD crashes, resulting in 44 fatalities and 248 injuries.  

Of all WWD crashes 45% of the crashes were head-on collisions and 22% were sideswipe opposite 

direction crashes.60% of crashes caused by drivers driving under influence and a significant 

number of crashes occurred between 12 AM to 5 AM.  Among the observed crashes  80% of WWD 

crashes were in urban areas and 7% of WWD crashes were near work zones.  The studies also 

discussed many other related characteristics, such as vehicle, driver, crash severity, response to 

WWD, crash lanes, economic loss, and entry points. The study showed that the most common 
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interchange types that caused wrong-way entry were compressed diamond (29%), diamond (27%), 

and partial cloverleaf (16%).  

A North Carolina study also found that intoxicated and elderly drivers were 

overrepresented in WWD crashes (19).  Younger drivers typically caused crashes due to 

distraction, whereas older drivers caused crashes because of physical illness, such as dementia, or 

confusion (20).  

A study of WWD crashes on French divided highways from 2008-2012 identified the 

factors that differentiate WWD crashes and non-WWD crashes on the same road over the same 

period (20).  It was found that WWD crashes are more likely to occur during nighttime and WW 

drivers are more likely to be older, intoxicated, local, and drive older vehicles.  Lathorp et al. 

reviewed fatalities caused by WWD crashes on New Mexicoôs interstates occurring from 1990 to 

2004 and compared them with other fatal non-pedestrian crashes (21).  The analysis found that 

fatal WWD crashes are more likely to occur during darkness and involve intoxicated drivers.    

Another Texas study conducted a motorist survey to assess motoristsô understanding of WWD 

warning messages (22).  The survey findings supported the use of two WWD warning messages 

and how to display them on Dynamic Message Signs (DMSs) to alert right-way drivers.  

 Al-Deek et al. (23) led the WWD research in Central Florida and studied WWD events on 

toll roads in Central Florida.  The group of researchers analyzed the WWD incidents, and 

conducted customer survey and agency questionnaire as well.  They ranked the Orlando-Orange 

County Expressway Authority (OOCEA), now CFX, roadways in terms of WWD incidents by 

analyzing WWD crashes, citations, and 911 calls occurred on the roadways.   Information about 

unreported WWD incidents and driversô reaction to WWD incidents were collected through 

customer survey.  Moreover, agency questionnaire was used to determine what professionals in 
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transportation agencies feel about WWD and possible countermeasures.  All of this information 

was used to determine the extent of the problem of WWD on CFX roadways and what location 

should get priority for countermeasures installation.  

UCF started its WWD research by surveying drivers on their WWD experiences and 

examining WWD crashes, citations, and 911 dispatch calls in the Central Florida area (7, 24).  

Applying a new methodology of combining WWD crash and non-crash events, Rogers at al. 

ranked the counties and limited access routes in counties with high WWD risk value (5).  The 

study found that counties with larger metropolitan areas in Florida (Miami-Dade, Orange, 

Broward, and Palm Beach) were ranked highest in terms of WWD risk value.  It also ranked the 

interstates and toll roads in these counties with high WWD risk.  An extended study by the same 

researchers identified high risk roadway segments (hotspots) at the microscopic level in South 

Florida (2).  Sandt et al. extended the WWD hotspot modeling to examine limited access facilities 

in Central Florida (6).  Besides using WWD citations, 911 calls, and geometric features of 

interchanges and traffic volume, the study also identified WWD hotspots based on WWD event 

durations obtained from the Regional Traffic Management Center (RTMC) in Orlando, Florida.  

The identified hotspots in Central Florida obtained by both techniques were found to be similar. 

 Morena and Leix (25) reported that the Federal Highway Administration (FHWA) and 

Michigan Department of Transportation (MDOT) analyzed WWD crashes on the Michigan 

freeway system from the year 2005 to 2009.  Driver confusion was one of the main contributing 

factors in most of the WWD crashes reported during the study duration.  Sensitivity to darkness or 

night vision problem were some of the contributing factors for some drivers and intoxication or 

confusion because of interchange design were main contributing factors for other drivers.  The 

MDOT (26) research found that 32% of the WWD crashes resulted in a fatality or serious injury. 
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Among international studies Scaramuzza and Cavegn (27) studied WW drivers and the 

causes and solutions to WWD crashes in Switzerland. From the study it was observed that young 

drivers are the vulnerable group of drivers driving under the influence of alcohol and another 

vulnerable group is elderly drivers with poor vision, especially at night.  This study in Switzerland 

also showed that WWD crashes in are rare but severe because of the head-on-collision nature of 

the crashes.  Their special countermeasures for preventing WWD crashes included radio warnings 

(to alert drivers about the wrong-way movement via a national radio program), special signs, and 

improvement of the layout of junctions. 

 To evaluate the effectiveness of WWD countermeasures and newly proposed alleviation 

methods Finely et al. (28) published a study report in cooperation with Texas Department of 

Transportation and the Federal Highway Administration.  Observing WWD crashes from 2007 

through 2011, it was observed that the highest number of WWD crashes occurred between 

midnight and 5:00 AM.  The study also found that the main reason for WWD crashes are driving 

under influence.  The study also recommended different countermeasures to be installed on the 

local road network.     

In Florida Kittelson & Associates (29) conducted a statewide WWD crash study on 

interstate freeways and expressways for Florida Department of Transportation (FDOT) to find the 

major contributing factors.  The study also suggested countermeasures in order to 

minimize/prevent the WWD crashes and its consequences of crashes and fatalities.  

Compared to research on WWD events, very little research has been done on Regional 

TSM&O strategies to reduce WWD and provide WWD warning messages to drivers.  Existing 

Regional TSM&O strategies include a variety of management and operations solutions, such as 

incident management, work zone management, active traffic management, planned special event 
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management, and road weather management (30-32).  Most of the Regional TSM&O research 

emphasized regional partnerships and building stronger links between planning and operations 

(32, 33).  Although Regional TSM&O strategies are gaining significance by providing more 

economical alternatives, consideration of a Regional TSM&O approach is still non-existent in 

some areas, such as WWD. 

2.3 Conclusion from Literature Review 

There are considerable number of studies conducted until now on WWD.  Different studies 

focused on different aspects of WWD- some of these studies discussed causes of WWD, some of 

them mentioned statistics and trends, and many provided potential countermeasures to reduce 

WWD.  A significant number of studies showed that, the major causes of WWD are driver 

intoxication and driver confusion, especially among elderly drivers and at night.  It was also 

observed that even though WWD crashes constitutes a small percentage of freeway crashes, but 

they result in significantly higher rate of fatality and severe injury than usual crashes. 

The state of Florida made significant impact identifying the problems of WWD and 

installing countermeasures along the toll roads of CFX and FTE.  The research team at UCF is 

playing the key role in leading the research of effectively combating WWD nationwide.  However, 

there is no research on the regional aspects of WWD.  No research has been conducted so far to 

determine how many roadways a WWD can potentially travel before stopping or crashing or how 

the local agencies can coordinate their efforts to collectively solve the problem of WWD on their 

shared roadways with operational agencies.  This study, which is an extension of previous research 

by UCF, deals with the regional and demographic aspects of WWD and fills the gap in existing 

Regional TSM&O research on WWD events.  It shows how WWD is a regional problem and 
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provides suggestions that agencies can adopt to reduce WWD and law enforcement response time 

on a regional level. 
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CHAPTER THREE:  METHODOLOGY  

3.1 Introduction 

This chapter describes the sources and nature of data used for regional and driver factor 

analysis of WWD crashes and WWD citations.  The study uses the WWD non-crash events: WWD 

citations and WWD 911 calls which have been adopted and used by UCF researchers for the first 

time to determine the risky roadway segments for WWD crashes.  Furthermore, this research 

studies the driver factors in different regions of Florida to find the significant driver factors which 

causes more probability of WWD crashes.  The WWD sources that have been used in this research 

are:  

i) WWD Crash Data on Limited Access Roadways 

ii)  WWD Citation Data on Limited Access Roadways  

iii)  WWD 911 Calls Data on Limited Access Roadways 

Understanding the different sources of WWD data is important to know how they can be 

effective in WWD research.  Use of these data sources has been done in the same fashion as it was 

done in previous research by UCF.  

For studying regional influence in WWD events several other types of data were required.  The 

data requirement included geometric and demographic data for different regions of Florida. Data 

which was used include: 

i) Geographic boundaries of the counties in Florida 

ii)  Limited access roadways in Florida 

iii)  Number of licensed drivers in different age groups in Florida 

iv) Percentages of licensed drivers in different ethnic groups in different counties in 

Florida. 
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3.2 Florida Limited Access Highway Network  

For the purpose of this research, WWD Data on limited access highways are only analyzed 

within the State of Florida.  Because WWD has limited numbers, this research was decided to 

examine WWD events on only limited access interstate highways within Florida.  

3.3 WWD Data Required 

Several WWD data sources were gathered and analyzed for this research.  The limited 

access roadways analyzed were noted in the previous section.  The following sections summarize 

the WWD data sources for this research. 

3.3.1 Crash Data 

The Florida Department of Transportationôs (FDOTôs) Crash Analysis Reporting (CAR) 

system data was utilized for this analysis.   For this research, WWD crashes occurred from 2011 

to 2015 on limited access roadways were analyzed.  The long forms collected from FDOT were 

analyzed to verify that all crashes were due to wrong-way driving of at least one involved driver.  

The crash details were thoroughly studied to ensure the nature of the crash.  

3.3.2 WWD Citation Data 

  The WWD citation data was collected from 2011 to 2015, provided by Florida Highway 

Patrol (FHP).  The citation data consisted of citations written for violating Florida Statute 

316.090(1), which are citations for driving the wrong way on a divided highway.  The citation data 

contained Global Positioning System (GPS) location information, allowing the data to be mapped. 

3.3.3 WWD 911 Call Data 

FHP also provided 911 Computer-Aided Dispatch (CAD) data for WWD for the years 

2011 to 2015; this data also contained GPS location information.   
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3.4 Non-WWD Data Required 

3.4.1 Daily Vehicle Miles Traveled (DVMT) 

FDOTôs Annual Daily Vehicles Miles Traveled (DVMT) reports for limited access 

roadways for the years 2011-2015 (5 years total) were utilized for this research for evaluating 

exposure. 

3.4.2 Geometric Boundary of the Counties 

Geometric boundaries of all 67 counties in Florida were collected from American Census-

Bureau, TigerLine Data (34).  Among 67 counties only 45 of them has limited access roadways 

running through them.  As a result, only these 45 counties were selected for further analysis among 

all the counties. 

3.4.3 Driver Demographic Data 

One of the objectives of this research is to find if WWD is influenced by demographic 

characteristics living in different parts of Florida.  Instead of using all population data, only 

licensed driver information was used for this study.  Number of licensed drivers in different age 

groups was collected from DHSMV.  Again, for finding whether ethnic groups living in different 

parts of Florida can influence WWD, population in various ethnic groups in each county was 

collected from American Census-Bureau (35). 

3.5 WWD Data Analysis 

3.5.1 Mapping WWD Data 

This research utilized Google maps and ArcGIS 10.4 as tools to map the locations of WWD 

events.  All WWD crashes, citations and 911 calls have their associated locations (X and Y co-
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ordinates) with the data description. This allowed them to be easily mapped on Google maps and 

ArcMap. 

 

Figure 1: Longitude(X) and Latitude (Y) Search and Result in Google Maps 

 

Figure 1 above displays a black point on the Google map layer that was searched from the X and 

Y coordinates provided and figure 2 below shows how to draw roadway lines in a Google Map 

layer.   

 

Figure 2: Outlining Limited Access Roadways in Google Maps 

Long.: -81.37523 

Lat.: 28.32851 

County: Osceola 
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Figure 3: Outlining County Boundaries in ArcMap  

 

 ArcGIS was utilized to draw the county boundary lines.  Even the exclusion of the counties 

which do not have limited access highways on them was facilitated by using ArcMap. 

3.5.2 Crash Data Analysis 

Crash on limited access highways for each county was aggregated for years 2011-2015.  X 

(longitude) and Y (latitude) coordinates co-ordinates contained in the crash data were used to 

locate each crash on each specific limited access roadways.  All crashes on different limited access 

roadways within a county were aggregated in next step to find the total number of WWD crashes 

within this county during the study period.  

3.5.3 Citation Data Analysis 

WWD Citations were mapped on the limited access roadways for the 45 counties under 

investigation.  In next step WWD citations on various limited access roadways within a county 

were aggregated from 2011-2015 to find total number of citations for each county during the study 
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period.  X and Y coordinates contained in the WWD citations were utilized for mapping, similar 

to WWD crashes. 

3.5.4 911 Call Data Analysis 

WWD 911 calls contained X and Y co-ordinates of the location where the calls were 

coming from.  X and Y co-ordinates were utilized to map these WWD 911 calls. Number of 911 

calls on different limited access roadways within a county were aggregated from 2011 to 2015 to 

get the total number of 911 calls within county during the study period. 

3.5.5 Affinity (Market Basket) Analysis  

An affinity (market basket) analysis of WWD data was performed to determine how the 

data sets (WWD crashes, citations, and 911 calls) overlapped.  Market basket analysis was 

performed to be consistent with previous UCF research on WWD.  The analysis ensured that the 

same WWD events were not considered twice in two different categories.  In some cases, the same 

WW vehicle caused WWD 911 calls and WWD citations.  In such a case it was only considered 

as a WWD citation only for the modelling.  Affinity analysis was performed for all three sources 

of WWD events: WWD crashes, WWD citations, and WWD 911 calls by reviewing the events.  

3.5.6 Negative Binomial Model of WWD Data 

To determine a model relating these WWD crashes, citations, 911 calls and other factors, 

two negative binomial models were fit with to predict the number of WWD crashes and WWD 

citations in each county.   

The negative binomial regression model is written as 

ÌÎʈ  ‍  ‍ὢ ‍ὢ Ễȣȣȣȣȣȣȣȣ  ‍ὢ                                                        (1) 
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Where X1, X2, é Xp are predictor variables and regression coefficients ɓ0, ɓ1, é ȸp are to be 

estimated using data on X1, X2, é Xp and a count variable y. The distribution of y is assumed to 

be a negative binomial probability distribution with the following parameterization: 

ὖώ  
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                                                                                  (2) 

Where Õ> 0 is the mean of y and Ŭ> 0 is the heterogeneity parameter.  

3.6 Summary of Methodology 

The Methodology section was intended to explain the different data sources and the types of 

analysis, which were performed in the upcoming chapter 4.  The chapter explains all the steps done 

for data collection and how the data are going to be analyzed in chapter 4 and chapter 5. 
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CHAPTER FOUR: DATA ANALYSIS  AND PREPARATION  

4.1 Introduction 

This chapter discusses about the analysis techniques adopted for various data used in this 

study.  Data analysis involves studying various data sources such as limited access highways in 

Florida, operating agencies which operate the limited access facilities and their operating 

boundaries, counties which have limited access highways on them, WWD crash, citation and 911 

call data analysis of demographic data in the state of Florida in detail.  This chapter also discusses 

the data preparation techniques for statistical modeling which going to be performed in a following 

chapter as a part of the study. 

4.2 Limited Access Highways 

Limited access roadways have higher speed limits and WWD crashes are more severe on 

those roads.  This study only deals with WWD events on limited access highways (interstates and 

toll roads).  The roadways studied are authorized by four different agencies, namely:  CFX (Central 

Florida Expressway Authority), FTE (Floridaôs Turnpike Enterprise), MDX (Miami-Dade 

Expressway Authority) and FDOT (Florida Department of Transportation).  A list of the roadways 

authorized by these agencies are given in Table 1. 
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Table 1: Description of Limited Access Highways in the State of Florida 

FDOT FTE CFX MDX 

¶ I-4 

¶ I-10 

¶ I-75 

¶ I-95 

¶ I-110 

¶ I-195 

¶ I-275 

¶ I-295 

¶ I-375 

¶ I-395 

¶ I-595 

¶ SR 91 

¶ SR 417 (Seminole 

Expressway and 

Southern 

Connector 

Extension) 

¶ SR 429 (Southern 

Part of Toll 429, 

Western Beltway, 

Part C) 

¶ SR 528 (The 

Martin Andersen 

Beachline 

Expressway) 

¶ SR 570 

¶ SR 589 

¶ SR 821 

¶ SR 408 

¶ SR 414 

¶ SR 417 

(Central 

Florida 

Greeneway) 

¶ SR 429 (the 

remaining of 

429 except 

FTEôs part) 

¶ SR 451 

¶ SR 528 (MP 

8.00 to MP 

31.00) 

¶ SR 836 

¶ SR 874 

¶ SR 878 

¶ SR 924 

SR 417: Toll Road 417 is a 55-mile limited access highway serving Osceola, Orange, and 

Seminole Counties.  This highway is jointly operated by Central Florida Expressway Authority 

(CFX) and Florida's Turnpike Enterprise (FTE).  FTE operates the northern 17 miles of Toll 417 

as the Seminole Expressway, beginning at the Seminole County line and extending north to its 

terminus at I-4 in Sanford.  FTE also operates the southern end of SR 417, from Milepost 1 at 

Interstate 4 to Milepost 6 in Orange County, known as the Southern Connector Extension. CFX 

operates the middle section of Toll 417, from Milepost 6 in Orange County to Milepost 37.5 at the 

Seminole County line, known as the Central Florida GreeneWay. 
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SR 429: The southern part of toll 429, known as Western Beltway Part C is an 11-mile limited-

access highway located west of Orlando is operated by FTE.  The remaining portion of toll 429 is 

operated by CFX. 

SR 528: This limited access highway is operated by Florida's Turnpike Enterprise and CFX.  FTE 

operates the western-most eight miles, known as the Beachline Expressway West and the eastern 

22 miles, known as the Beachline East Expressway, while CFX operates from milepost 8.00 to 

milepost 31.00. 

Figure 4 shows all the toll roads and interstates in the state of Florida.  The highways shown 

in the figure are only considered in this study.  Figure 5 shows Central Florida network of limited 

access facilities.  All limited access highways were traced on the ArcMap using ArcGIS 10.4.  The 

data source for limited access highways in Florida was American Census Bureau- TigerLine data 

(36). 
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Figure 4: Limited Access Highways (Toll Roads and Interstates) in the State of Florida 

 

  
Figure 5: Central Florida Limited Access Roadway Network 
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Same limited access facilities can be shared by more than one operational agencies.  Again, 

limited access highways operated by different operational agencies can cross each other at 

interchanges.  Hence, a wrong-way driver can easily cross operational boundaries and can travel 

from a roadway of one agency to a roadway of another agency.  Figure 6 shows Central Florida 

limited access roadway network and the share of different roadway segments by different 

operational agencies.  

 

Figure 6: Central Florida Limited Access Roadway Network and Share of Roadways by 

Different Operational Agencies 

 

4.3 Counties 

Study was performed to find how many counties a wrong-way driver travelled before last 

recorded or crashed. Again, to investigate the regional effect on WWD, counties were used as units 
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of regional division. WWD events record, length of limited access highways, percentages of 

licensed drivers in different age groups and percentages of population in different ethnic groups in 

each county were investigated to find demographic effects on WWD crashes and citations.  There 

are 65 counties in Florida, only 45 counties have limited access highways on them.  These 45 

counties are only considered for further analysis.  Figure 7 shows the counties which were 

considered in this research.  American Census Bureau, American FactFinder data was used for 

determining county boundaries (35). 

 

Figure 7: Counties Under Study in the State of Florida 

  






















































































