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EXECUTIVE SUMMARY 

This research examined wrong-way driving (WWD) events on Florida limited access 

roadways, with a primary focus on Floridaôs Turnpike Enterprise (FTE) toll roads.  Most 

previous WWD research focused only on WWD crashes, but this research considered both crash 

and non-crash events (WWD citations and 911 calls) to more thoroughly understand WWD risk.  

These data were used to model FTE roadways and determine hotspot counties, roadways, and 

segments where there is a high risk of WWD.  Additionally, the pilot test of LED WRONG 

WAY Blinker signs in South Florida was evaluated and a driver survey on WWD 

countermeasures was conducted. 

WWD crashes are rare (less than 1% of all crashes on FTE system), but often fatal (15% 

of FTE WWD crashes resulted in at least one fatality).  Since it is difficult to determine WWD 

hotspots using only crash data, it was necessary to analyze other WWD events, including WWD 

citations and WWD 911 calls.  Understanding the relationship between these non-crash WWD 

events and WWD crash events is essential.  Two models were developed that used non-crash 

WWD events and other parameters (such as interchange design) to predict WWD crash risk at 

both a macroscopic and a microscopic level.  These models showed that South Florida (Miami-

Dade and Broward Counties) are hotspots for WWD on the FTE system. 

FTE is currently testing enhanced Intelligent Transportation System (ITS) WRONG 

WAY signs with flashing LED borders at select ramps on SR 821 and SR 869 in South Florida.  

A before-and-after analysis was conducted on these sites to see if WWD has reduced due to these 

ITS devices.  Limited data and an insufficient observation period prevented a comprehensive 

evaluation of these devices.  It is recommended that observations and data collection continue at 

these pilot test sites.  However, based on the modeling results and the success of these devices in 

causing some wrong-way vehicles to turn around before entering the mainline, it is suggested to 

consider expansion of these devices in South Florida (and possibly other parts of the state as 

well). 

The driver survey conducted for this study shows that drivers do not necessarily 

understand common WWD countermeasures, such as the ñDo Not Enterò symbol, wrong-way 

arrows, or colored edge lines.  Over 70% of the 900 random survey respondents indicated that 

they preferred the use of two sets of WRONG WAY signs equipped with Rapid Rectangular 
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Flashing Beacons (RRFBs), as implemented by the Central Florida Expressway Authority (CFX) 

over the FTEôs one set of LED WRONG WAY signs.  A majority of respondents also indicated 

that they would want to be warned about detected WWD events via dynamic message signs or 

in-vehicle navigation systems.  Driver responses to a hypothetical WWD warning message were 

collected and modeled using a decision tree to better understand how various drivers would 

react.  This model found that older drivers and drivers who wanted to be warned about WWD 

would be more likely to pull over than younger drivers who did not want to be warned.  

The implementation of enhanced Intelligent Transportation System (ITS) countermeasure 

devices shows that FTE is proactively working to reduce WWD events on its toll road network.  

Further analysis of hotspot areas in Central Florida, continued evaluation of the pilot sites in 

South Florida, expansion of countermeasure implementation, and investigation of improvements 

and modifications to these countermeasures can help FTE reduce the risk of WWD events even 

more, potentially saving lives and making their roads safer. 
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DESCRIPTION OF PROBLEM 

Wrong-way driving (WWD) is a hazardous result of driver error or behavior.  It is 

especially dangerous on high-speed roadways, such as limited access facilities (interstates and 

toll roads).  A right way driver on the mainline of these roadways can take little action to avoid a 

wrong-way vehicle, since the approach rates of both vehicles combine for an excessive rate of 

speed.  Only about 3% of crashes on high-speed divided highways are caused by WWD, but 

these crashes are often catastrophic, resulting in fatalities or serious injuries (NTSB, 2012).  In 

fact, there is an average of 300 to 400 fatalities every year in the United States due to WWD 

(Moler, 2002).  There were 386 fatalities in Florida due to WWD from 2007ï2011; this made 

Florida the third worst state with respect to WWD fatalities, behind Pennsylvania and Texas, as 

shown in Figure 1 below (data from CBS Pittsburgh, 2013). 

 

 

Figure 1: Number of WWD Fatalities from 2007-2011 by State (data from CBS Pittsburgh, 

2013) 

 

The leading factors for WWD driver error can vary and include driver intoxication, 

confusion, and even suicide.  When WWD crashes occur on limited access facilities, these events 

usually make news headlines and strike fear into those who use these high-speed roadways.  

These events can also cause negative publicity for the agency that owns and maintains the 
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roadway.  For example, a severe WWD crash occurred on August 30, 2012, on the eastbound 

State Road (SR) 408 (toll road) near Good Homes Road in Orlando, Florida.  A suicidal driver 

drove his vehicle the wrong way and crashed into another oncoming vehicle that was traveling 

the correct way.  Both drivers died in this WWD crash.  This crash garnered negative media 

attention and triggered an investigation into WWD incidents on Central Florida toll roads.  From 

this investigation, the Floridaôs Turnpike Enterprise (FTE) decided to evaluate their entire 

roadway network throughout the state of Florida with respect to WWD and test ITS 

countermeasures in South Florida.  This study discusses the systematic evaluation of wrong way 

driving on the FTE roadway network. 

 Studies on WWD first began in 1962 in California and have continued through the 

present day (NTSB, 2012).  Many of these studies have focused on WWD crashes and 

countermeasures to reduce WWD.  While studying crashes is important, it is also important to 

study other WWD events that may not have resulted in a crash (non-crash WWD events).  Law 

enforcement officers (LEOs) stop some wrong-way drivers before they cause a crash and issue a 

pertinent citation, but other times the wrong-way drivers are not intercepted.  Other drivers might 

report WWD events to emergency response personnel, such as a 911 Computer Aided Dispatch 

(CAD) call center, but previous research in Florida has shown that only about 10% of drivers 

that witness WWD actually report it (Al-Deek et al., 2013).  Therefore, it is necessary to analyze 

all of the available WWD data, including crashes, citations, and 911 call data, to obtain a more 

comprehensive understanding of the extent of WWD. 

The first goal of this research was to examine WWD on Florida toll roads and limited 

access highways to understand the relationship between WWD crashes and non-crash events.  

The second goal was to evaluate new emerging countermeasures to help combat WWD on toll 

roads.  To achieve these two goals, the following objectives had to be achieved: 

1. Collect and analyze WWD data on Florida toll roads and limited access highways.  

This data collection and analysis includes WWD crash data, citation data, and 911 call 

data. 

2. Identify areas where WWD tends to occur based on collected data. 

3. Develop crash prediction models using multiple WWD data sets in order to predict 

WWD crashes and develop a deeper understanding of WWD.  This will help provide a 
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new method to identify hotspot interchanges/locations and prioritize these 

interchanges/locations for WWD countermeasure enhancements and solutions. 

4. Analyze ITS WWD countermeasure solutions implemented in South Florida and 

determine potential modifications and improvements to these technologies. 

 

The first objective was to gather and analyze WWD data.  WWD crash data, citation data, 

and 911 call data were obtained from different sources and analyzed with respect to yearly trends 

and locations.  Statewide data for Florida limited access roadways was collected, but the FTE 

system was the primary focus of the data analyses. 

The second objective was to determine areas where WWD is more prevalent through the 

trends, maps, and analyses performed on the data.  Rates and numbers of WWD events were 

examined for many years.  WWD events were mapped to determine locations with high 

frequencies for further analysis.  Individual counties and roadway segments were analyzed to 

determine WWD densities. 

The third objective of this report was to model WWD crashes with the use of non-crash 

events.  Since WWD crashes are so infrequent, transportation agencies need to examine more 

than just WWD crashes alone.  Using WWD citations and WWD 911 calls (non-crash events), 

along with WWD crashes, to determine WWD hotspots was the major objective of this research.  

Two models were developed to identify WWD hotspots.  The first modeling effort used 

statewide data at a macroscopic level to identify WWD hotspot counties and main routes in 

Florida.  The second modeling effort, targeted at the microscopic level, focused on interchange 

segments within the hotspot routes determined from the first model.   

The fourth objective was to examine the enhanced countermeasures which are being 

tested on the FTE routes of SR 821 and SR 869 in South Florida.  The FTEôs Blinker Sign 

countermeasure sites were targeted for a simple before-and-after analysis.  Eleven months of 

before and after data were available for these FTE sites.  However, the low number of WWD 

events during these periods made it difficult to conclusively determine whether the devices were 

effective in reducing WWD.  A driver survey was also conducted on FTE customers to better 

understand how driver comprehend and react to WWD countermeasures.  The survey results 

indicated ways that FTE could improve its WWD countermeasures. 



 

Evaluating the Wrong-²ŀȅ 5ǊƛǾƛƴƎ LƴŎƛŘŜƴǘǎ tǊƻōƭŜƳ ƻƴ ǘƘŜ CƭƻǊƛŘŀΩǎ ¢ǳǊƴǇƛƪŜ wƻŀŘǿŀȅ {ȅǎǘŜƳΥ tƘŀǎŜ-1 Study 6 

 

The research performed by the University of Central Florida (UCF) research team shows 

significant knowledge gained on WWD.  Most of the previous WWD research focused on WWD 

crashes alone and did not consider WWD non-crash events, while this study considered both 

WWD crash and non-crash events.  In the current day and age, it is necessary for transportation 

agencies to look beyond basic WWD countermeasures and to provide newer and improved 

engineering countermeasures, such as WRONG WAY signs equipped with light emitting diodes 

(LEDs), rapid rectangular flashing beacons (RRFBs), cameras, and detection devices, to combat 

dangerous WWD.  This research focuses on providing new methodologies, developed from 

modeling efforts, to prioritize interchanges in terms of WWD risk value so transportation 

agencies can decide and select locations for enhanced countermeasures and take a proactive role 

to reduce all WWD events in order to reduce WWD crash events and attempt to save lives. 

The report is split into seven main sections.  The first section discusses the background of 

WWD research, the goals and objectives of this study, and previous research on WWD.  The 

second section describes the new methodologies applied for this research, including modeling 

approaches.  The third section discusses the WWD data sources used for this research, including 

WWD crash, WWD citation, and WWD 911 call data, and the analyses of these data.  The fourth 

section discusses the two WWD crash prediction models developed for this research and their 

application and results.  The fifth section discusses the evaluation of the FTE Blinker sign 

countermeasures, including a simple before-and-after analysis, at the test sites in South Florida 

and also provides a priority listing for countermeasure expansion based on the modeling results.  

The sixth section discusses the WWD survey that was conducted on FTE customers and the 

analysis of its results.  The last section discusses the findings, conclusions, and recommendations 

of this WWD study. 

 

Literature Review 

This literature review focuses on previous studies dealing with WWD.  These include 

studies on causes and high-risk locations of WWD as well as potential WWD countermeasures.  

Both national and international studies were examined.  The results and recommendations of 

these studies are useful in order to understand the most appropriate types and locations for WWD 

countermeasures in order to provide the most effective reduction of WWD. 
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A significant amount of WWD research has been performed in Texas, including studies 

by Texas Transportation Institute (TTI) and the Texas Department of Transportation (TxDOT).  

Cooner (2010) discussed the lack of statewide research on the problem as well as possible factors 

of WWD crashes.  The following are some of the statistics shown in his presentation: 

¶ Nationwide, DUIs caused 50 to 60% of all wrong-way crashes and 75% of fatal 

wrong-way crashes from 1996 to 2000.  

¶ There were 323 freeway-related crashes in Texas from 1997 to 2000.  Over 60% 

of these occurred in large urban areas such as Dallas/Fort Worth, Houston, and 

San Antonio. 

¶ Wrong-way crashes were most likely to occur in the early morning hours between 

12 AM and 6 AM. 

¶ Almost 50% of freeway wrong-way crashes were fatal or caused incapacitating 

injuries. 

¶ 71% of freeway wrong-way drivers were males and almost 28% of freeway 

wrong-way drivers were 25-34 years old. 

¶ Most WWD incidents occurred at exit ramps, transitions from one-way streets to 

freeways, and staged construction areas. 

Cooner (2012) reported that a high majority of WWD incidents involved drunk drivers.  

Peak hours for WWD crashes occurred from 10 P.M. to 8 A.M., spiking between 2 A.M. and 4 

A.M.  This data implies that a majority of WWD crashes occur after someone goes out to a 

bar/club and decides to have a few drinks, then tries to drive home.  While under the influence, 

the drivers are unaware that they are going in the wrong direction and end up causing a major 

crash.  The following statistics were mentioned in the article: 

¶ 45% of crashes occurred between 2 A.M. and 4 A.M. 

¶ 27 out of 31 crashes involved a driver that was intoxicated.  

¶ 50% of crashes involved a fatality or incapacitating injury. 

¶ 20 fatalities/year and 100 crashes/year involving wrong-way drivers occurred 

between 2007 and 2011. 
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¶ Average blood alcohol content (BAC) of an intoxicated wrong-way driver was 

0.19 (legal limit is 0.08). 

Arthur (2012) and Grossman (2012) reported about a wrong-way incident on I-35 in San 

Antonio on November 23, 2012.  The incident occurred when a wrong-way driver assumed the 

fast lane of the southbound lane was the slow lane of the northbound lane.  One driver swerved 

to miss the wrong-way driver but the wrong-way driver hit another vehicle, sending it over the 

edge of I-35 and overturning onto Rittman Road.  This incident is a good example of how a 

wrong-way incident on a controlled access highway can then leak onto a non-controlled access 

highway.  The following statistics on wrong-way driving were also mentioned: 

¶ There were 185 reports of WWD incidents in San Antonio, Texas during 2011. 

¶ Drivers placed (358) 911 calls reporting WWD incidents in San Antonio to the 

San Antonio Police Department during 2011, which equates to 0.98 WWD 

incident call/day.  This is almost one WWD incident call per day, which is 

significant. 

TxDOT has since implemented flashing ñWrong-Way signsò and ñDo Not Enter signsò to 

try to combat wrong-way entry onto controlled access highways. 

Cooner and Ranft (2008), and Cooner et al. (2004a and 2004b) performed research on 

freeway WWD in Texas.  These studies indicated that WWD crashes on freeways were more 

dangerous than other types of crashes because they were usually high speed head-on collisions.  

Freeway-related wrong-way crashes in Texas were analyzed using the Department of Public 

Safety (DPS) crash reports and 911 public safety answering point representativesô reports.  

Results showed that the probability of wrong-way crashes happening in the early morning period 

was five times higher than the average crash frequency for other types of crashes in this time 

period.  Characteristics of wrong-way crashes, such as severity, driver age and sex, driver 

impairment, time of crash, and origination of crash, were also analyzed.  The results showed that 

most of the crashes were head-on collisions.  The drivers were most likely elderly and male, with 

50-70% of crashes involving a DUI.  The crashes usually occurred during early morning hours 

and originated at freeway exit ramps. 
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Cooner and Ranft (2008), and Cooner et al. (2004a) also distributed two surveys to state 

departments of transportation (DOTs).  These surveys asked if the agencies used basic WWD 

countermeasures such as ñDo Not Enterò signs, WRONG WAY signs, red-backed pavement 

markers, wrong-way pavement arrows, and/or edge lines on exit ramps.  From the survey results, 

important WWD countermeasures were identified and many practices were recommended with 

specific guidelines to reduce WWD and its consequences.  A checklist was introduced for field 

inspectors to use as a guideline to help identify hazard locations. 

Cooner et al. (2004a and 2004b) also discussed various WWD countermeasures for 

potential use on Texas freeways.  The study divided the countermeasures into four categories: 

traditional signing and pavement markings, innovative signage and pavement markings, 

geometric modifications, and intelligent transportation system (ITS) applications.  Examples of 

these countermeasures include the following: 

¶ Traditional signing and pavement markings include ñDo Not Enterò and WRONG 

WAY signs, red-backed raised pavement markers on the freeway main lanes or 

exit ramps, wrong-way pavement arrows, yellow edge line on left and white edge 

line on right side of exit ramps. 

¶ Innovative signing and pavement markings include lowered ñDO NOT ENTERò 

and WRONG WAY signs, flashing WRONG WAY signs, and overhead signs and 

flashers. 

¶ Geometric modifications include offset entrance and exit ramps (having isolated 

ramps reduces the chance of confusion), and off-ramp throat reductions (reducing 

the size of the opening creates a less inviting attraction for wrong-way drivers). 

¶ Intelligent transportation system applications include the following systems:  

o New Mexico Wrong-Way Detection and Warning System.  Loop sensors, 

vehicle detectors, standard warning signs, and two sets of warning lights 

mounted on the warning signs are used.  The lights activate when a wrong-

way vehicle is detected.  Yellow lights face the right-way vehicles and red 

lights face the wrong-way vehicle.  These lights flash for one minute.  

o Washington Experimental ITS Wrong-Way Detection and Warning 

System.  This system consisted of a self-powered vehicle detection system 
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with solar powered batteries for the LED signs, flashers, video camera, 

and VCR.  The system activated only when the video detection units 

detected a wrong way vehicle.  When the system activated, a message sign 

flashed WRONG WAY in red under the VCR recording. 

o SmarTek Acoustic Sensors (SAS-1) traffic sensor for wrong-way traffic 

detection on exit ramps. 

o Countermeasure system on a bridge in Florida.  After many citations with 

some fatal crashes, a detection and warning system with loop detectors for 

WWD was installed before a bridge in Florida.  The signal was activated 

and a police substation notified if any wrong-way driver was detected.  

Fariello (2011 and 2012) had two presentations about wrong-way driving.  These 

presentations discussed how TxDOT put together a Wrong Way Driver Task Force to ñidentify 

high risk locations, investigate prior WWD related research and countermeasures (CM) 

implemented elsewhere, and identify the potential CM for San Antonio and the needed funding 

resourcesò (Fariello, 2011).  Some challenges that were discussed included determining the 

points of entry for WWD and how to alert drivers that they are going the wrong way.  This task 

force implemented many institutional measures including a special WWD tone for radios, 

identification of WWD events in the Computer Aided Dispatch (CAD) system, and use of 

dynamic message signs (DMS) to warn right-way drivers of detected WWD events.  The 

following statistics were mentioned in the presentations: 

¶ 100 WWD reports from March 15 to September 30, 2011.  This is an average of 

one WWD report every two days. 

¶ 85% of WWD reports occurred between 10 PM and 6 AM. 

¶ 23% of WWD reports occurred between 2 AM and 3 AM. 

¶ WWD warning message displayed 60 times from May 9 to September 30, 2011. 

Fariello (2011) also described the field inspection checklist that was designed by TxDOT 

and TTI to ensure the roadways had sufficient WWD countermeasures.  This checklist was 

designed to be used by field inspectors to ensure that signs and pavement markings to prevent 

wrong-way driving are clearly visible and properly maintained.  Many wrong-way detection 
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technologies were also mentioned including existing trap loops, Sensys Networks detection 

system (intrusive, high-cost), Wavetronix HD radar sensor (non-intrusive, high cost), and 

TAPCO radar (non-intrusive, low cost). 

Fariello and Venglar (2012) studied the implementation of WWD countermeasures in San 

Antonio, Texas.  They used the checklist designed by TxDOT and TTI to inspect the current field 

conditions of signs and pavement markings and then evaluate and recommend needed 

modifications to reduce WWD incidents.  They also discussed the following countermeasures: 

¶ On-site driveway channelization.  This separates the entering lanes from the 

exiting lanes and helps direct traffic in the appropriate direction. 

¶ Enhanced static signing like WRONG WAY and ñDO NOT ENTERò signs. 

¶ Integrated wrong way detection devices.  Placing detection devices, especially on 

exit ramps, can greatly help in identifying WWD behavior and its locations so that 

warning messages can be transmitted both to the DMS to warn drivers and to law 

enforcement. 

¶ LED illuminated / blank out signs.  These signs can attract more attention, 

especially at night.  

TxDOT (2011) published an article, ñThe San Antonio Wrong Way Driver Initiativeò on 

their website.  This article focused on wrong-way driving incidents that occurred in San Antonio 

in 2010 and 2011 and attracted law enforcement, media, and public attention.  Emphasis was 

placed on the efforts needed to combine engineering, law, media, public, and financial resources 

to take the WWD problem seriously. 

Fries (2012) mentioned that many wrong-way drivers either correct themselves or are 

involved in a crash before law enforcement are able to get to them.  He also mentioned how 

TxDOT implemented a set of countermeasures to try to combat wrong-way driving on their most 

accident prone roadway, US 281.  A 15-mile stretch from I-35 to Stone Oak Parkway accounted 

for 18% of wrong-way accidents in the area.  After three months, that number had dropped to 

3%. 

Hemphill (2012) from the North Texas Tollway Authority (NTTA) had a presentation on 

various WWD countermeasures including reflective signs, poles and pavement arrows; LED 

enhanced signs; layout improvements; lowered signs; and loop detection.  It was also 
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recommended to perform frequent field inspection of WWD countermeasures, adjust signsô 

standards to be more appropriate with wrong-way standards, increase public education of WWD 

countermeasures, and maintain active law enforcement to apprehend wrong-way drivers before 

they cause a crash. 

Finley et al. (2014) published a TTI study report in cooperation with TxDOT and FHWA 

to evaluate the effectiveness of WWD countermeasures and alleviation methods.  For 2007 to 

2011, it was observed that WWD crashes in Texas typically occurred between midnight and 5:00 

A.M and the primary factor was driving under the influence.  To obtain data, TTI researchers 

designed and conducted two closed-course studies to determine the effectiveness of certain 

WWD countermeasures on drivers under the influence of alcohol.  Also, with the help of input 

from focus groups, TTI researchers were able to obtain valuable opinions for the design of wrong 

way driver warning messages.  As a result, researchers were able to develop recommendations 

for WWD countermeasures. 

In addition to the WWD studies performed in Texas, there have been many other studies, 

both nationally and internationally.  Moler (2002) analyzed WWD crashes examples and 

provided some potential countermeasures to solve the problem.  There is an average of 300 to 

400 fatalities every year nationwide due to WWD freeway crashes.  Detailed WWD 

countermeasures applied in states including Washington, Texas, California, and New Mexico 

were discussed; these included sensor and video information for making modifications, 

embedded sensors, video detection systems, and flashing lights.  The effects of interchange 

designs on wrong-way incidents were also mentioned.  It was determined that the full cloverleaf 

interchange is the best interchange in terms of preventing WWD behavior.  The full diamond 

interchange can lead to driver confusion in choosing the correct on/off ramp, but proper signing, 

markings, and channelization can reduce this confusion. 

Eustace and Wei (2009) studied the causes of fatal motor vehicle crashes.  They 

determined that driving on the wrong side of the road only caused 2% of crashes, lower than 

other driver errors such as driving too fast (22%), failure to keep in proper lane (20%), running 

off road (17%), and failure to yield the right of way (9%).  Driver age and gender were also 

examined with respect to fatal motor vehicle crashes.  The authors suggested supervision, 

especially during night-time driving for younger drivers and special educational programs for 



 

Evaluating the Wrong-²ŀȅ 5ǊƛǾƛƴƎ LƴŎƛŘŜƴǘǎ tǊƻōƭŜƳ ƻƴ ǘƘŜ CƭƻǊƛŘŀΩǎ ¢ǳǊƴǇƛƪŜ wƻŀŘǿŀȅ {ȅǎǘŜƳΥ tƘŀǎŜ-1 Study 13 

 

elderly drivers, as well as ways to improve their visual awareness and reaction times, including 

larger, higher warning signs with better lighting. 

The National Transportation Safety Board (NTSB) (2012) published a special 

investigation report dealing about wrong-way driving. The main goal of this report was to 

ñidentify safety recommendations to prevent wrong-way collisions on such highways and access 

rampsò (NTSB 2012).  WWD countermeasures were divided into three categories based on their 

focus (driver, traffic control devices and infrastructure, vehicle safety systems).  Driver 

countermeasures included driver education to reduce driver confusion and the use of 

technologies to prevent intoxicated individuals from driving a vehicle.  These technologies 

include alcohol ignition interlock devices (a passive safety approach) to address driving by 

previously convicted individuals who were driving while intoxicated (DWI).  This is a device 

that prevents the vehicleôs engine from starting until a breath sample from the driver has been 

obtained and analyzed to ensure the alcohol content is below legal limits.  As of November 2012, 

these devices were mandatory for all DWI offenders in only 17 states.  Also mentioned were new 

in-vehicle alcohol detection technologies (an active safety approach) for drivers with no prior 

DWI convictions.  An example of such a system is the Driver Alcohol Detection System for 

Safety (DADSS).   This system consists of two types of detection systems - one based on breath 

(measures alcohol content in the driver breath) and another on touch (detects the driverôs BAC 

using infrared light absorption). 

Highway traffic control devices and infrastructure include signage and pavement 

markings such as the minimum signage required by the Manual of Uniform Traffic Control 

Devices (MUTCD) shown in Figure 2 and the optional signage shown in Figure 3.  It is also 

important to have adequate lighting so drivers can see at night, especially at interchanges and 

merging areas.  Interchange design is another factor, as designs with sharp ramp angles, such as 

full cloverleafs, discourage wrong-way entry.  Wrong-way monitoring programs have been 

applied in many states, including California, Georgia, Washington, Arizona, and Texas to obtain 

information on WWD collisions.  This information was analyzed to identify wrong-way collision 

trends and determine the most effective countermeasures.  Law enforcement intervention is 

another critical component to reduce wrong-way driving. 
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Figure 2: MUTCD Minimum Signage Require at Exit Ramps Intersecting with a Crossroad 

(NTSB, 2012) 

 

 

Figure 3: Required and Optional Signage and Pavement Markings (NTSB, 2012) 

Using in-vehicle GPS navigation systems to provide wrong-way alerts is a new area of 

research, but these systems have been tested successfully with the help of many vehicle 

manufacturers, including Nissan, Toyota, and BMW.  These systems provide drivers with in-

vehicle notification alerts (audio and visual on the GPS screen) if there is a vehicle going the 

wrong way. 

Zhou et al. (2012) investigated the main contributing factors regarding WWD on Illinois 

freeways.  According to the 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 (on all types of roadways) between 1996 and 2000, ranging from 

300 to 900 fatalities per year.  These statistics indicate that this is a significant national problem 

and deserves serious attention at the national, state, and local levels.  
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Crash data was collected from 2004 ï 2009 for Illinois freeways.  There were 217 WWD 

crashes, resulting in 44 fatalities and 248 injuries.  45% of the crashes were head-on collisions 

and 22% were sideswipe opposite direction crashes.  A majority of the WWD crashes occurred 

between 12 AM and 5 AM with 60% caused by drivers under the influence.  80% of WWD 

crashes were in urban areas and 7% of WWD crashes were near work zones.  The most common 

interchange types that caused wrong-way entry were compressed diamond (29%), diamond 

(27%), and partial cloverleaf (16%).  General WWD countermeasures were recommended and a 

checklist was also created to be used in the field to evaluate suspected dangerous locations and to 

suggest what is needed to fix the problem regarding signage, marking, and geometric design 

features. 

Zhou and Rouholamin (2014) created a guide to help reduce WWD on freeways.  This 

guide discussed WWD countermeasures, including signs and pavement markings, geometric 

design elements, advanced ITS systems for detection and warning, enforcement methods, and 

education.  The guide suggested using ITS technologies to detect WWD, then send alerts to 

authorities and traffic management centers, then warn drivers about the WWD incident.  

Detection technologies can include inductive loops, magnetic sensors, video cameras and radar 

detectors.  Warning devices can include LED wrong way signs, DMS, and in-pavement warning 

lights. 

The guide also discussed effective enforcement and education methods to reduce the risk 

of WWD.  It is important to have the WWD detection technologies alert law enforcement about a 

wrong-way driver as soon as possible.  Law enforcement officers should also try to determine the 

exact entry point of the wrong-way driver and record this information to see if certain locations 

have a high risk of WWD.  The guide also recommended using ignition interlock devices for 

convicted DUI offenders to reduce the amount of WWD caused by intoxicated drivers.  Driver 

education is also important, especially for younger and older drivers, to help reduce driver 

confusion and ensure drivers know what to do if they witness a wrong-way driver. 

Al-Deek et al. (2013) studied WWD on toll roads in Central Florida, including analyses 

of WWD incidents and a driver survey.  WWD crashes, citations, and 911 calls were analyzed to 

determine trends and rank the Orlando-Orange County Expressway Authority (OOCEA), now 

CFX, roadways in terms of WWD incidents.  The customer survey was used to garner 
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information on unreported WWD incidents and determine driversô reactions to WWD incidents.  

All of this information was used to determine the magnitude of WWD on CFX roadways and if 

countermeasures should be implemented. 

This study by Al-Deek et al. (2013) found that SR 408 and SR 528 were the CFX 

roadways where WWD countermeasures were most needed.  It was also found that WWD 

citations have become more frequent in the Central Florida area.  The customer survey, which 

was given to 400 participants who either personally witnessed WWD or knew someone who 

witnessed WWD, indicated that only 10% of these people call 911 to report the wrong-way 

driver, even though 50% felt a high risk of danger and 37% changed their driving patterns 

because of the WWD incident.  Based on these results, it was determined that countermeasures 

should be implemented at ramps on SR 408 and SR 528.  These countermeasures include 

WRONG WAY signs equipped with Rapid Rectangular Flashing Beacons (RRFBs) as an 

innovative technology to alert wrong-way drivers. 

Morena and Leix (2012) reported that the Federal Highway Administration (FHWA) and 

Michigan Department of Transportation (MDOT) conducted a five-year study (2005 to 2009) on 

WWD crashes on the Michigan freeway system.  In all of the 110 WWD crashes analyzed there 

was some sort of driver confusion.  Some drivers were confused due to their sensitivity to 

darkness, or because they have night vision problems.  Others were intoxicated or were confused 

because of interchange design.  About 50% of these wrong-way driving crashes occurred at late 

night and early morning hours, specifically between 11 PM and 6 AM and nearly 60% of wrong-

way drivers were under the influence of alcohol or drugs.  The distribution between young and 

old drivers was fairly equal, but driver gender was unevenly distributed with 69% male and 31% 

female.  Partial cloverleaf interchange entries/exits to freeway had 60% of the wrong-way 

crashes on ramps.  50% of the crashes on freeway-to-freeway ramps caused severe injuries or 

fatalities.  Based on these results, MDOT introduced seven different treatments, including 

lowered signs, additional pavement arrows, and red delineators along exit ramps at 161 

interchanges for five-year plans. 

The MDOT (2012) white paper addressed the highway safety of Michiganôs existing 

transportation system.  One of the major safety issues discussed in the paper was the behavior of 

wrong way movements on freeways; data showed that 32% of these WWD crashes resulted in a 
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fatality or serious injury.  The paper also mentioned the application of low-cost improvements (as 

mentioned in the study by Morena and Leix) at interchanges to try to reduce the number of 

WWD crashes over the next five years. 

Wilson (2013) discussed a one-year pilot study involving WWD detection in Milwaukee 

County, Wisconsin.  Radar detectors were installed on nine freeway ramps; if the radar detects a 

vehicle traveling the wrong way, it will send a notification directly to the police.  At two of the 

test locations, two sets of flashing LED WRONG WAY signs were placed to test if these signs 

prevent wrong-way drivers from entering the freeway.  Wisconsin DOT is also considering using 

DMS to warn other drivers about wrong-way vehicles. 

Laurie et al. (2004) examined the use of alternative signage to reduce wrong-way entries 

onto freeways.  They used various ñDO NOT ENTERò and ñONE WAYò sign configurations 

including a 3D ñDO NOT ENTERò sign and combined ñOne Wayò and ñNO RIGHT TURNò 

signs.  Tests in a driving simulator showed that the 3D ñDO NOT ENTERò sign did not result in 

less wrong-way entries than a traditional ñDO NOT ENTERò sign; however, the 3D sign could 

provide better results with increasing familiarity with the sign.  The combined ñONE WAYò and 

ñNO RIGHT TURNò signs resulted in zero drivers making a wrong-way entry.  However, since 

these tests were conducted in a driver simulator, their applicability and generality are very 

limited and the results cannot be accurately extrapolated to real life settings. 

NCHRP Report 600 (2012) discussed the design, safety, and human factors for a road 

system.  One section discussed how to reduce wrong-way entries onto freeway ramps.  Exit 

ramps have been found to be the main entrance for many WWD incidents.  To reduce this issue, 

some design guidelines for exit ramps were discussed including divided crossroads and angled 

ramps.  Additional guidelines were also made to reduce WWD due to low traffic volumes (make 

signs and markings more conspicuous), low visibility (increase roadway lighting), and other 

scenarios. 

Patch (2011) discussed some possible WWD countermeasures, including spike strips, 

road design, and upgraded pavement markings.  The problem with spike strips is that when an 

emergency happens and the regular way is blocked or unavailable, the only way for emergency 

vehicles to reach the emergency scene is to go through the wrong way.  In addition, the spikes 

are designed to be used for vehicles traveling at low speeds, not freeway speeds.  At these high 
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speeds, the spike strips might not even puncture the tires of the wrong-way vehicle, or they may 

end up puncturing the tires of right-way vehicles instead.  Vehicle detection was also mentioned; 

this method is being tested in the Dallas area.  Detection can be used to illuminate signs and 

pavement arrows when a driver enters the wrong-way ramp by connecting the detection system 

to a warning message board to warn the coming traffic about this oncoming wrong-way vehicle.  

Sicking and Lechtenberg (2009) reported that Caltrans (California Department of 

Transportation) was the leader in analysis and development of median barrier implementation 

guidelines to prevent median-crossing crashes.  Other states followed Caltrans' lead.  Guidelines 

for median barrier implementation are based on cost/benefit analysis.  Not every median 

warrants a barrier.  Traffic volume, crash rates, climatic conditions, and cost/benefit ratio are 

among the factors which can help decide if a barrier needs to be implemented. 

Accident reports from 2002 through 2006 for Kansas controlled access freeways were 

analyzed, models were built, and benefit/cost analyses of cable median barriers were used to 

determine if it was necessary to implement a cable median barrier.  The above report 

recommended this approach for the Midwest states.  Also, it only focused on cross-median 

crashes and did not consider other types of WWD crashes.  There were also many findings that 

indicated that more frequent cross median crashes occurred in winter and that the amount of 

crashes increased with the increase in traffic volume. 

Schrock et al. (2005) did a before-and-after study on the importance of lane direction 

arrows (pavement markings) in reducing the wrong-way movements of vehicles on the freeway.  

A field evaluation was done for one site in College Station, Texas.  This site was located in an 

urban area and had fair pavement markings.  Traffic data was collected, then a pavement marking 

treatment was applied and more traffic data was collected.  The study concluded that installation 

of low cost lane direction arrows downstream from the exit ramp reduced the selection of the 

incorrect lane when exiting the freeway to the frontage road.  Although the study was done only 

on one single site, the safety benefit could be achieved at other sites. 

Conesa et al. (2013) proposed a method to detect wrong-way vehicles and take 

appropriate actions.  Wireless signal emitters would be located along the roadway.  These signals 

would split the roadway into zones containing three areas: input signal range, output signal 

range, and no signal range.  A wireless receiver in the vehicle will analyze the order the vehicle 
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passed through the signal areas to determine if it is traveling in the correct direction.  If the 

vehicle is determined to be traveling the wrong way, a visual warning will activate inside the 

offending vehicle, as well as on the roadside emitters.  The speed of the vehicle would also be 

reduced.  If the vehicle continues to travel the wrong way, the vehicle will eventually be stopped.  

The National Emergency Center would also be informed about the violation. 

Rose (2011) did an evaluation on ñvideo based wrong-way detection systemò on 

expressway off-ramps (three locations on I-95 interchange) and whether this system is adequate 

and accurate or not in preventing wrong-way crashes.  The sites studied were evaluated based on 

their geometry, signage, ease of access, confusion, and proximity to ITS infrastructure.  The 

evaluation process included a long run test performed under normal ramp operational conditions 

without controlling the traffic to check the system for a long time under both wet and dry 

conditions as well as a controlled simulation exercise performed with ramp closing to check the 

systemôs accuracy in finding the wrong-way incidents.  Some false detections during these tests 

showed the system sensitivity and how to control it.  Future tests are needed to check the 

feasibility of the application. 

Scaramuzza and Cavegn (2007) did a study about wrong-way drivers (causes and 

solutions) in Switzerland.  Wrong-way crashes in Switzerland are rare but severe because of the 

head-on-collisions that usually occur.  It was observed that the most dangerous scenarios were 

the risky maneuvers by young drivers under the influence of alcohol and elderly drivers with 

poor vision, especially at night.  They also discussed some of the practical solutions to prevent 

wrong-way movements, including radio warnings (to alert drivers about the wrong-way 

movement via a national radio program), special signs, and improvement of the layout of 

junctions. 

Al-Saleh and Koushki (2007) analyzed the urban traffic infractions in Kuwait and trends 

in driver behavior toward traffic regulations.  One of the findings was that older drivers (more 

than 50 years old) had the highest rate of wrong-way driving; this high rate was attributed to the 

poor vision and cultural expectation of immunity of the elderly.  Another issue mentioned was 

the relationship between the use of cellular phones while driving and how that increases the 

percentage of driving the wrong-way. 
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Kittelson & Associates (2015) conducted a statewide WWD crash study on Florida 

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

More than 6300 potential WWD crashes on Florida interstate freeways and expressways were 

identified during the study period (2009-2015).  Of these, 280 crashes were confirmed WWD 

crashes with 51% resulting in injuries and 18% resulting in fatalities.  The majority of WWD 

crashes occurred in dark conditions (71%).  Most of the WWD crashes occurred in District 2, 

Turnpike system, District 6, and District 5.  The highest crash locations (in descending order) 

were at the diamond/partial diamond, partial cloverleaf, and trumpet interchanges.  Field 

inspections were also performed at some locations to check if they met the minimum standards 

required by FDOT and FHWAôs Manual on Uniform Traffic Control Devices (MUTCD).  The in-

advance crossing streets guide signage of the interchange was often observed to be below the 

MUTCD requirements, but signage at interchange exit ramps often met the MUTCD minimum 

requirements (One DO NOT ENTER sign, one WRONG WAY sign, no ONE WAY signs coupled 

with the WRONG WAY signs, and no turn restriction signs such as NO LEFT TURN signs, NO 

RIGHT TURN signs, etc.).  Most of the wrong-way signs could be replaced with larger signs and 

signage at the studied locations was not well maintained.  The use of raised pavement markers 

(RPM) and pavement markings (such as wrong way arrows) varied highly between locations, as 

did street lighting. 

Based on these findings, Kittelson & Associates suggested many WWD countermeasures, 

including additional signs, reflective paint and strips on signposts, LED WRONG WAY signs 

with radar detection, and integration of WWD detection with traffic management centers (TMCs) 

and law enforcement.  It was also recommended to improve driver education about WWD. 

This literature review shows that there have been many previous studies on WWD.  Some 

of these studies discussed causes of WWD, some mentioned statistics and trends, and many 

provided potential countermeasures to reduce WWD.  The major causes of WWD are driver 

intoxication and driver confusion, especially among elderly drivers and at night.  WWD crashes 

make up a small percentage of freeway crashes, but they often cause fatalities or serious injuries.  

There are a variety of countermeasures that can be used to combat WWD, including signs and 

pavement markings, geometric modifications, and ITS technologies to detect wrong-way drivers 

and alert other drivers about detected WWD events. 
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 A majority of the WWD research has taken place in Texas, with other major studies in 

Illinois, Wisconsin, and Michigan, among others.  Some research has been done on the WWD 

problem in Florida.  Unlike these previous studies, UCFôs research discussed in this report uses 

WWD crashes, citations, and 911 calls to analyze the entire FTE roadway system and some 

Florida interstates to determine effective placement of enhanced WWD countermeasures.  This 

research is very unique and groundbreaking because it provides a more comprehensive analysis 

of WWD data than previous studies and uses innovative modeling to determine WWD crash risk 

and prioritize locations for countermeasure implementation. 
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APPROACH AND METHODOLOGY 

 The methodology for this research was developed to gather information off a number of 

different sources.  It was decided to take a new approach to study WWD in a way that no one 

else has attempted.  Figure 4 below shows the universe of different data sources for WWD.  

Understanding these various data sources of WWD events is a critical element in this research.  

The universe of WWD data sources includes several types of data.  Some of the data sources 

overlap and some data is reported and documented, but some is not.   

 
Figure 4: The Universe of WWD Data Sources (Al-Deek et al., 2013) 

The intent of this methodology section is to describe and explain the WWD data 

collected, WWD data analysis methods, modeling efforts, evaluation methods for the ITS WWD 

countermeasure sites in South Florida, and design of the WWD driver survey.  For this research, 

analyzed WWD data was restricted to limited access highways within the state of Florida, with 

primary emphasis on FTE roadways.  Figure 5 below shows the FTE system and Florida 

interstate highway network, with the FTE network shown in green and the interstate network 

shown in blue. 
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Figure 5: Florida Interstates and Florida Turnpike Roadways (FTE, 2014) 

 The following roads on the FTE system were reviewed in this research: SR 91 (Turnpike 

Mainline), SR 417 (Seminole Expressway/Southern Connector), SR 528 (Beachline), SR 570 

(Polk Parkway), SR 589 (Veterans Expressway/Suncoast Parkway), SR 821 (Homestead 

Extension), and SR 869 (Sawgrass Expressway).  

In Central Florida, the FTE roadway network is closely linked to the Central Florida 

Expressway (CFX) toll road network, as shown below in Figure 6.  FTE roadways are shown in 

green and CFX roadways are shown in purple.  The Central Florida toll roads are SR 408, SR 

414, SR 417, SR 429, and SR 528. 



 

Evaluating the Wrong-²ŀȅ 5ǊƛǾƛƴƎ LƴŎƛŘŜƴǘǎ tǊƻōƭŜƳ ƻƴ ǘƘŜ CƭƻǊƛŘŀΩǎ ¢ǳǊƴǇƛƪŜ wƻŀŘǿŀȅ {ȅǎǘŜƳΥ tƘŀǎŜ-1 Study 24 

 

 

Figure 6: CFX Network and Metro Orlando Toll Beltway (CFX, 2014) 

Several data sources were used to collect data for this research.  These data were 

analyzed for the roadways shown in the previous figures.  FDOTôs Crash Analysis Reporting 

(CAR) system data was utilized for statewide WWD crash analysis.  FTE also provided the 

research team with thirteen years of WWD crash data ranging from 2002 to partial 2015, which 

were used to analyze the FTE system.  FDOTôs Annual Daily Vehicles Miles Traveled (DVMT) 

reports for FTE roadways and freeways (limited access roads other than interstates) for the years 

2003-2014 (12 years total) were utilized for this research to evaluate exposure. 

 Florida Highway Patrol (FHP) provided WWD citation data from 2011 through partial 

2015.  This 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 for the data to be mapped.  FHP 
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also provided 911 Computer-Aided Dispatch (CAD) data for the years 2003 to partial 2015; this 

data also contained GPS location information. 

For these WWD data, yearly trends were determined using the WWD event frequencies 

for each year.  Vehicle mileage was also used to standardize the frequencies and allow for more 

accurate comparison between years.  Microscopic analyses were also performed for specific 

counties and roadways to better understand whether certain locations could be considered WWD 

hotspots. 

To help visualize the geographic spread of the WWD data, Google Maps was used to 

map the locations of WWD events.  Longitude (X) and latitude (Y) coordinates provided with 

the data were used to pinpoint the location of the WWD event.  If a data point did not contain 

coordinate information, the location was approximated using distance measurements and mile 

marker/exit number information.  These maps were used to identify WWD hotspot areas and the 

nearest entry interchange for the WWD event.  Since it was very difficult to know exactly where 

the wrong-way driver entered the highway, the closest interchange to the data pointôs location, 

based on direction, was chosen as the most likely entry point. 

In order to model the data using all three data sets (WWD crashes, citations, and 911 

calls), it was necessary to remove overlapping events to prevent duplication.  An affinity (market 

basket) analysis of the WWD data was performed to determine how the data sets overlapped.  

This market basket analysis provided a way to analyze all the WWD data sources to see how 

they were related and to remove data points that most likely corresponded to the same WWD 

event. 

The non-overlapping WWD events were then used to develop a model relating WWD 

crashes, citations, and 911 calls.  A generalized linear model using a Poisson distribution was fit 

to the data, with a logarithmic function being used for the dependent variable ñcrash totalò and a 

logarithmic transformation performed on the ñ911 call totalò.  This model was referred to as 

GLM 1.  The Poisson regression model can be stated as follows: 

ὣ Ὁὣ  ᴊȟ    i = 1, 2,é., n  

Where Y is the non-negative response variable with mean µ that depends on p predictor 

variables 8ȟéé, 8  in the following fashion 

‘ ‘ 8ȟ‍ ÅØÐ ɯ‍ 



 

Evaluating the Wrong-²ŀȅ 5ǊƛǾƛƴƎ LƴŎƛŘŜƴǘǎ tǊƻōƭŜƳ ƻƴ ǘƘŜ CƭƻǊƛŘŀΩǎ ¢ǳǊƴǇƛƪŜ wƻŀŘǿŀȅ {ȅǎǘŜƳΥ tƘŀǎŜ-1 Study 26 

 

Here ‘  is the mean of Yi for the ith set of values of predictor variables 8ȟéé, 8  , 

and ‍ί are the regression coefficients.  

The model function developed in this research was of the following form: 

ʈ Ὡὼὴ‍  ‍ὢ ‍ὢ   

Where ‘ ὧὶὥίὬ ὪὶὩήόὩὲὧώȟ8 ÃÉÔÁÔÉÏÎ ÆÒÅÑÕÅÎÃÙȟÁÎÄ 8 Ìὲωρρ ÃÁÌÌ ÆÒÅÑÕÅÎÃÙ  

 To develop the microscopic WWD risk model that was used for hotspot roadways (GLM 

2), traffic volumes and interchange data needed to be collected.  FDOTôs Interchange Report was 

used to set up exits and mile marker segments for each of the FTE roadways analyzed in this 

research (FDOT 2012).  After information on the exits and mileage for the roadway segments of 

interest were collected, annual average daily traffic (AADT) and daily vehicle miles traveled 

information was gathered from FDOTôs Office of Traffic Statistics (FDOT 2011, FDOT 2012, 

FDOT 2014).  The AADT volumes were averaged at the interchange junctions for both the major 

roadway and crossing street.  To classify interchange type, each interchange was examined 

manually in Google Maps and classified as one of the following types: 

¶ Full Diamond ï standard four leg diamond interchange. 

¶ Other Diamond ï any diamond other than the standard four leg diamond 

interchange. 

¶ Partial Cloverleaf ï any partial cloverleaf interchange (full or half loops). 

¶ Major Directional ï any complex directional interchange with 2 or more major 

routes. 

¶ 2-3 Leg Directional ï any directional interchange with two or three legs. 

¶ Trumpet ï any trumpet style interchange (these are common on SR 91). 

¶ Single/Slip Ramps ï a single ramp entrance or exit, or a slip ramp alone. 

¶ Other ï Interchange types not defined by any of the above. 

This microscopic model considered the number of WWD events, traffic volumes, and 

interchange types for a four-year period within seven-interchange segments of limited access 

routes.  Figure 7 demonstrates the data preparation process and the development of two seven-

interchange segments as an example.  The segments overlap to create additional data points for 

building the model. 
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Figure 7: Segmenting the Route to Build GLM 2 Model 

In Figure 7, the first segment of SR 821 consists of the first seven exits/interchanges per 

the FDOT interchange report.  In this segment (from exit 0 to 11), there were 3 WWD crashes in 

the four years of data used (blue dots), 1 WWD citation (red dot), and 10 WWD 911 calls (green 

dots).  The mean AADT along this segment was calculated along with the mean crossing street 

AADTs for each interchange.  Additionally, the counts of each type of interchange were noted.  

For modeling, the interchange types were divided by the segment mileage to obtain interchange 

type per mile.  The second segment of SR 821 stretched from exit 1 to 12 and the same counts 

and data were acquired.  This process was repeated until the end of the roadway.  In statistical 

modeling, this type of process is referred to as an aggregation process.  With this aggregation 
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process, more data was able to be used for the model, which made it easier to identify if variables 

were significant.  Seven interchanges per segment were used because this produced an average 

count of 3 WWD crashes within the 4 years of data for most segments. 

 To evaluate the LED Blinker signs implemented by FTE in South Florida, a simple 

before-and-after analysis of WWD event data was conducted for the pilot test locations.  Eleven 

months of data were collected during both the before and after periods.  Since crash reports were 

not available for these periods, the FTEôs SunGuide reports were used to determine WWD crash 

frequencies.  SunGuide is the reporting system used by FTEôs traffic management center (TMC) 

for alerts and important events (such as crashes) on FTE roadways.  WWD citation and 911 call 

data from FHP were also used in this analysis.  Interchanges on FTE roadways in South Florida 

without the LED signs were used as control sites. 

 As part of this methodology, a wrong-way countermeasure driver survey was conducted 

on FTE customers and Florida interstates.  The purpose of the driver survey conducted for this 

study was to obtain information on driversô knowledge, opinions, and reactions to WWD 

countermeasures and warning messages.  This information can indicate potential improvements 

to these countermeasures and allow FTE to understand how its customers will respond to WWD 

alerts.  The survey was conducted online and completed by 900 random respondents who lived in 

zip codes near FTE roadways or Florida interstates.  The survey asked the respondents about 

their knowledge of common WWD countermeasures (such as the DO NOT ENTER symbol and 

roadway edge lines), their opinions on various WWD ITS countermeasure and warning 

technologies, their reaction to a hypothetical WWD alert, and their social demographics (age, 

gender, education level).  Pictures and videos were included in the survey to help the respondents 

see WWD countermeasures in action.  
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WWD DATA SOURCES AND ANALYSIS 

 Before using the collected WWD crash, citation, and 911 call data to develop the crash 

prediction models, the data sets were individually analyzed to determine trends and hotspot 

locations. 

 

WWD Crash Data Analysis 

 The crash data information and crash reports from FDOT and FTE included data for 

ñDriving Wrong Side/Wayò (code of 21) as a contributing cause by the driver at fault.  Only 

WWD crashes that occurred on limited access facilities were analyzed for this research, since 

WWD on these facilities is extremely dangerous due to the high free flow speeds. 

Table 1 on the next page shows the number of WWD crashes and fatalities obtained from 

long-form crash reports for FDOT limited access facilities, including the FTE system.  This table 

shows the total number of crashes, the total number of WWD crashes, the total number of WWD 

fatal crashes, the percentage of total crashes that are WWD crashes, and the percentage of WWD 

crashes that were fatal for Florida limited access facilities from 2003-2012.  The percentage of 

WWD fatal crashes increased in 2011 and 2012, even though the number of WWD crashes 

decreased.  It is important to note that even though that 2012 has an increase in the total number 

of crashes, statutory changes resulted in more crash reports being included as long-forms 

compared to previous years.  Therefore, the percentage of WWD crashes is likely higher than 

shown, since more crashes are included in 2012 than were included in previous years. 

Table 2 on the next page shows the number of WWD crashes provided by FTE and 

confirmed to be on FTEôs system.  These crashes had reports to backup and verify the locations, 

so it was confirmed that all of these WWD crashes occurred on FTEôs system.  FTE WWD 

crashes peaked in 2007 with 17 crashes and the number of WWD fatalities peaked in 2005 with 

7 fatalities from 3 WWD crashes.  The data from Table 2 are also shown in Figure 8 (after Table 

2), which shows the trends more clearly.  Since 2008, both the number of WWD crashes and 

fatalities per year have slightly increased.  It is important to note that before 2006, there were 

many WWD crashes that involved median crossovers.  From 2006 onwards, the implementation 

of median barriers on the FTE system reduced the number of median crossover crashes, and 

therefore the number of WWD crashes. 
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Table 1: FDOT Limited Access Crashes (Total and WWD) 

Long-form reported 

crashes received 

from FDOT  

Total 

Crashes 

Total 

WWD 

Crashes 

WWD 

Fatal 

Crashes 

WWD Crash 

Percentage of 

Total Crashes 

Fatal 

Percentage of 

WWD Crashes  

All state-

maintained 

limited 

access 

facilities 

(includes 

Turnpike) 

2003 30,903 135 23 0.44% 17.04% 

2004 36,347 159 17 0.44% 10.69% 

2005 41,166 143 15 0.35% 10.49% 

2006 37,567 126 6 0.34% 4.76% 

2007 40,710 155 12 0.38% 7.74% 

2008 37,249 108 6 0.29% 5.56% 

2009 36,197 119 4 0.33% 3.36% 

2010 38,524 104 5 0.27% 4.81% 

2011 36,120 53 7 0.15% 13.21% 

2012 42,070 71 16 0.17% 22.54% 

 

Table 2: FTE WWD Crashes 

Year 
FTE WWD 

Crashes 

WWD Total 

Injuries  

WWD Total 

Fatalities 

WWD Fatal 

Crashes 

2002 12 11 1 1 

2003 13 12 3 3 

2004 9 12 4 3 

2005 10 11 7 3 

2006 13 7 4 2 

2007 17 21 1 1 

2008 5 3 0 0 

2009 7 8 0 0 

2010 8 8 1 1 

2011 8 17 1 1 

2012 14 15 3 2 

2013 8 6 2 1 

2014* 5 6 2 1 

2015* (July) 6 8 3 2 

Total 135 145 32 21 

*  2014 data is uncertified and so is the partial 2015 data. 
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Figure 8: WWD Crashes on FTE Toll Road System by Year 

 Simple statistical analyses were performed on the data from Table 2 using the 12 

complete years of data from 2002-2013.  The FTE yearly averages for this time period were 10.3 

WWD crashes per year, 10.92 injuries per year, 2.25 fatalities per year, and 1.5 fatal crashes per 

year.  As noted earlier, the crash numbers changed from 2006 and later, due to the 

implementation of median barriers, so future yearly averages might not follow this data exactly.  

For example, the average yearly number of WWD crashes from 2002 to 2005 was 11 WWD 

crashes, whereas the average yearly number from 2006 to 2012 was 9.4 WWD crashes.  

However, since WWD crashes are relatively rare, it is a good practice to use as much data as 

possible, even if roadway characteristics changed, to obtain the best understanding of WWD 

crashes.  

 In addition to looking at the WWD crash frequencies, it is also important to consider 

driver exposure.  Using the yearly vehicle miles traveled (VMT)  to standardize the crash 

numbers can allow for better comparison between years.  Table 3 on the next page shows the 

WWD crash rate per billion VMT for FTE roadways.  The daily VMT (DVMT) values for FTE 

roadways were obtained from FDOT annual reports.  The WWD crash rate was lowest in 2008, 

but increased after that, with a large jump in 2012.  Figure 9 shows these values graphically. 
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Table 3: FTE WWD Crash Rates 

Year 

Statewide FTE 

WWD 

Crashes 

Statewide FTE 

DVMT ( in thousands 

of miles) 

Statewide FTE 

Annual VMT (in 

billions of miles) 

FTE WWD 

Crash Rate per 

Bill ion VMT  

2002 12 15,009.00 5.48 2.19 

2003 13 16,162.10 5.90 2.20 

2004 9 14,545.10 5.32 1.70 

2005 10 19,525.50 7.13 1.40 

2006 13 22,399.80 8.18 1.59 

2007 17 22,836.30 8.34 2.04 

2008 5 21,451.50 7.85 0.64 

2009 7 20,514.00 7.49 0.93 

2010 8 20,772.70 7.58 1.06 

2011 8 20,997.40 7.66 1.04 

2012 14 21,329.80 7.81 1.80 

2013 8 20,941.90 7.64 1.05 

  

 

Figure 9: FTE WWD Crash Rates per Billion VMT 
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 The FTE WWD crash data were also mapped to understand the geographic spread of the 

data.  Google Earth was used to map these WWD crashes on the FTE system.  In 2010, FHP 

started utilizing GPS to provide X and Y coordinates of crash locations in their crash reports; 

these coordinates were used to accurately locate and map the crashes from 2010 and onward.  

For crashes prior to 2010, locations were approximated using information from the crash reports, 

such as mileposts or nearby interchanges.  The FTE WWD crash map created in Google Earth 

for the data shown in Table 2 (from 2002 through partial 2015) is shown in Figure 10 on the next 

page with small red pins representing the crash locations.  Based on this map, a WWD crash heat 

map was also created in Google Earth.  This heat map is shown in Figure 11 (after Figure 10) 

with high-density crash locations in red, medium-density locations in yellow, and low-density 

locations in green. These maps show where WWD is more prevalent on FTE roadways.  Hotspot 

areas seem to be around Miami and Fort Lauderdale in South Florida and around Orlando in 

Central Florida.   



 

Evaluating the Wrong-²ŀȅ 5ǊƛǾƛƴƎ LƴŎƛŘŜƴǘǎ tǊƻōƭŜƳ ƻƴ ǘƘŜ CƭƻǊƛŘŀΩǎ ¢ǳǊƴǇƛƪŜ wƻŀŘǿŀȅ {ȅǎǘŜƳΥ tƘŀǎŜ-1 Study 34 

 

 

Figure 10: FTE WWD Crashes 2002-partial 2015 (Source: Google Earth) 
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Figure 11: FTE WWD Crashes Heat Map 2002-partial 2015 (Source: Google Earth) 

A more microscopic analysis was also conducted on these FTE WWD crashes.  Table 4 

shows the number of crashes, injuries, and fatalities for each Florida county that had at least one 

FTE WWD crash.  Figure 12 (after Table 4) shows the counties that contain FTE roadways 

(highlighted yellow); some of these counties (Indian River and Hernando) had no WWD crashes 

in the data.  From Table 4, it can be seen that Broward County (in South Florida) had the highest 

number of total WWD crashes (36), fatalities (14), injuries (28), and fatal crashes (7).  Miami-
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Dade County (also in South Florida) had the second highest number of WWD crashes (25), 

fatalities (6), injuries (28), and fatal crashes (4) (tied with Seminole County, which is in Central 

Florida). 

Table 4: FTE WWD Crashes by County 

County 
WWD 

Crashes 

WWD 

Total 

Injuries  

WWD 

Total 

Fatalities 

WWD Fatal 

Crashes 

Broward 36 28 14 7 

Miami-Dade 25 28 6 4 

Orange 19 15 0 0 

Palm Beach 9 17 1 1 

Seminole 8 17 5 4 

Hillsborough 8 7 0 0 

Osceola 6 5 0 0 

Polk 5 4 2 1 

Lake 4 13 3 3 

Martin 4 4 0 0 

Sumter 4 4 0 0 

St. Lucie 4 2 0 0 

Okeechobee 2 0 1 1 

Pasco 1 1 0 0 

Grand Total 135 145 32 21 
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Figure 12: Florida Counties (Yellow Counties Contain FTE Roadways) 

 Table 5 on the next page shows the total number of WWD crashes per FTE 

roadway/route.  Floridaôs Turnpike (SR 91) had the most WWD crashes and the Homestead 

Extension of Floridaôs Turnpike (HEFT) had the second-most WWD crashes.  Since SR 91 is the 

longest route on FTEôs system, it makes sense that it has the most crashes.  In order to consider 

exposure, it is important to also calculate the WWD crash density (number of WWD crashes per 

mile) for each roadway.  These density values are shown in Table 6 (after Table 5).  This table 

shows that the Homestead Extension of Florida's Turnpike (HEFT) has the highest WWD crash 

density of 0.669 WWD crashes per mile, with the Beachline Expressway second and the 
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Table 5: FTE WWD Crashes by Roadway (2002-partial 2015) 

Route Name 
Route 

Number 

WWD 

Crashes 

WWD 

Total 

Injuries  

WWD 

Total 

Fatalities 

WWD Fatal 

Crashes 

Florida's Turnpike SR 91 67 83 12 8 

Homestead Extension of 

Florida's Turnpike (HEFT) 
SR 821 31 27 11 7 

Seminole Expressway / 

Greeneway 
SR 417 9 18 5 4 

Veterans' Expressway / 

Suncoast Parkway 
SR 589 9 8 0 0 

Sawgrass Expressway SR 869 8 2 2 1 

Polk Parkway SR 570 5 4 2 1 

Beachline Expressway SR 528 5 2 0 0 

Western Beltway SR 429 1 1 0 0 

Grand Total 
 

135 145 32 21 

 

Table 6: FTE WWD Crash Density by Roadway (2002-partial 2015) 

Route Name 
Route 

Number 

Roadway 

Length 

(miles) 

WWD 

Crashes 

WWD Crash 

Density 

(crash/mile) 

Homestead Extension of 

Florida's Turnpike (HEFT) 
SR 821 47.856 32 0.669 

Beachline Expressway SR 528 8.4 5 0.595 

Sawgrass Expressway SR 869 21.8 8 0.367 

Seminole Expressway / 

Greeneway 
SR 417 25.4 9 0.354 

Floridaôs Turnpike SR 91 264.7 66 0.249 

Polk Parkway SR 570 24.4 5 0.205 

Veterans Expressway / 

Suncoast Parkway 
SR 589 52.9 9 0.170 

Western Beltway SR 429 9.9 1 0.101 

Grand Total 
 

455.4 135 0.296 

 

Sawgrass Expressway third.  Table 7 on the next page breaks down the roadway WWD 

crash density within each county.  The length of each FTE roadway in each county and the 
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number of WWD crashes on that roadway in the county were used to determine the WWD crash 

density. 

Table 7: FTE WWD Crash Density by Roadway per County (2002-partial 2015) 

Route Name 
Route 

Number 

County 

Name 

Roadway 

Length (miles) 

WWD 

Crashes 

WWD Crash 

Density (crash/mile) 

Turnpike SR 91 Miami-Dade 3.342 2 0.598 

Turnpike SR 91 Broward 25.912 20 0.772 

Turnpike SR 91 Palm Beach 44.561 9 0.202 

Turnpike SR 91 Martin 20.249 4 0.198 

Turnpike SR 91 St. Lucie 34.959 4 0.114 

Turnpike SR 91 Okeechobee 7.472 2 0.268 

Turnpike SR 91 Indian River 9.98 0 0.000 

Turnpike SR 91 Osceola 58.732 4 0.068 

Turnpike SR 91 Orange 24.913 14 0.562 

Turnpike SR 91 Lake 23.876 4 0.168 

Turnpike SR 91 Sumter 10.67 4 0.375 

Turnpike  SR 91 
 

264.666 67 0.253 

Greeneway SR 417 Osceola 2.906 1 0.344 

Greeneway SR 417 Orange 5.098 0 0.000 

Seminole Expressway SR 417 Seminole 17.445 8 0.459 

Greeneway/Seminole 

Expressway 
SR 417 

 
25.449 9 0.354 

Western Beltway SR 429 Osceola 4.528 1 0.221 

Western Beltway SR 429 Orange 5.325 0 0.000 

Western Beltway SR 429 
 

9.853 1 0.101 

Beachline 

Expressway 
SR 528 Orange 8.4 5 0.595 

Polk Parkway SR 570 Polk 24.4 5 0.205 

Veterans Expressway / 

Suncoast Parkway 
SR 589 Hillsborough 15.311 8 0.523 

Suncoast Parkway SR 589 Pasco 19.865 1 0.050 

Suncoast Parkway SR 589 Hernando 17.731 0 0.000 

Veterans Expressway 

/ Suncoast Parkway 
SR 589 

 
52.907 9 0.170 

HEFT SR 821 Miami-Dade 40.15 23 0.573 

HEFT SR 821 Broward 7.706 8 1.038 

HEFT SR 821 
 

47.856 31 0.648 

Sawgrass 

Expressway 
SR 869 Broward 21.835 8 0.366 

FTE System 
  

455.4 135 0.296 
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 The WWD crash densities for each roadway segment are shown in Figure 13 on the next 

page ranked by highest density.  The top five roadway segments ranked by WWD crash density 

are SR 821 in Broward County (1.038 WWD crashes/mile), SR 91 in Broward County (0.772 

WWD crashes/mile), SR 91 in Miami-Dade County (0.598 WWD crashes/mile), SR 528 in 

Orange County (0.595 WWD crashes/mile), and SR 821 in Miami-Dade County (0.570 WWD 

crashes/mile).  Four of these segments are in South Florida and one is in Central Florida, which 

are the two major WWD hotspot areas. 

In summary, WWD crash frequencies and rates have been slightly increasing for both 

statewide limited access facilities and FTE roadways specifically since 2008, though they are not 

as high as pre-2008 levels (except for a peak in 2012).  One possible reason for this is that FTE 

started implementing median barriers along its roadways in 2006, which decreased WWD 

crashes caused by median crossings.  On average, the FTE system experienced 10 WWD crashes 

per year, 11 total injuries due to WWD crashes per year, and 2.25 fatalities due to WWD crashes 

per year from 2002-2013.  The maps created for the FTE WWD crash data indicated that South 

Florida and Central Florida are hotspot areas.  South Florida ranked especially high, as Broward 

County and Miami-Dade County experienced the highest amount of WWD crashes and SR 821 

and SR 91 within Broward county had the highest WWD crash densities for 2002-partial 2015.
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Figure 13: FTE Roadway Segments Ranked by WWD Crash Density 
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WWD Citation Data Analysis 

 WWD citation data was provided by FHP for the years of 2011 to 2014, as well as the 

first nine months of 2015.  These citations were statewide citations for violations of Florida 

Statute (F.S.) 316.090 (1), which concerns driving on the wrong side of divided highways.  The 

provided data were filtered to only consider WWD citations on FTE roadways.  Table 8 below 

shows the annual WWD citation frequencies and rates (citations/billion VMT) for FTE 

roadways.  From 2012-2014, the rate decreased, but it increased to its maximum in 2015.  Since 

there were only nine months (273 days) of data analyzed for 2015, the expected yearly citation 

frequency was extrapolated by multiplying the number of WWD citations through September 

2015 (23) by 365/273 to obtain an expected frequency value of 30.75.  This value was used to 

calculate the rate for 2015. 

Table 8: FTE WWD Citation Frequencies and Rates (2011-2015) 

Year 
Number of FTE 

WWD Citations 

Statewide FTE 

DVMT (in 

thousands of 

miles) 

Statewide FTE 

Annual VMT 

(in billions of 

miles) 

FTE WWD 

Citation  Rate 

per Billion VMT  

2011 26 20,997.40 7.66 3.39 

2012 27 21,329.80 7.81 3.46 

2013 23 20,941.90 7.64 3.01 

2014 18 23,065.80 8.42 2.14 

2015 

(273 days) 

23 (expected yearly 

count of 30.75) 
23,037.70 8.41 3.66 

Total 117 (124.75) 109,372.6 39.94 3.12 

 

Like the WWD crash data, the FHP citation data contained X and Y coordinates of the 

citation locations; these coordinates were used to accurately locate and map the citations.  Figure 

14 on the next page shows the F.S. 316.090 (1) citations mapped on the FTE roadways, with 

each red pin representing one WWD citation.  Only the WWD citations from 2011-2014 are 

shown on this map.  A heat map was also created; this heat map is shown in Figure 15 (after 

Figure 14).  On the heat map, high-density citation locations are in red, medium-density 

locations are in yellow, and low-density locations are in green.  These maps indicate that many 

of the WWD citations, like the WWD crashes, occur near Miami and Fort Lauderdale in South 

Florida, as well as Orlando and the Central Florida area. 
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Figure 14: FTE WWD Citations 2011-2014 (Source: Google Earth) 

 

 

 


















































































































































