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EXECUTIVE SUMMARY 
Distracted driving activities pose one of the most difficult challenges to ensuring a safe and 
efficient transportation system. The impacts of distracted driving on traffic safety have been 
explored in depth, with statistics showing that texting while driving is so detrimental to reaction 
time and individual performance that the risks are comparable to driving under the influence. 
However, the impact on traffic efficiency is one aspect that has been overlooked or has not been 
explored much in the literature. It is clear that distracted driving can have impacts that negatively 
affect smooth traffic flow and operations aside from increased accident rates, such as poor speed 
control, excessive lane variability, lowered reaction times, and increased delays. Furthermore, new 
Florida laws prohibit cellphone usage while driving; however, use is allowed when the vehicle is 
stationary, which is more likely to be during the red phase. Often times this results in the driver 
being unprepared when the signal turns green, causing further delay on top of the initial reaction 
time. This can be quantified in intersection analysis as part of lost time, which is the difference 
between the average headway and the headway for the first few cars, which is larger due to 
perception time, reaction time, and now, distraction time. As such, distracted driving can be a 
serious detriment to intersection capacity, thereby affecting both operations and capacity. This 
study aims to determine the impacts of distraction types for both motorists and pedestrians on 
traffic operations. The study also measures the effects of different distraction types on headway 
for motorists and crossing time for pedestrians at signalized intersections and consequently its 
operational capacity by testing the statistical significance between distracted and non-distracted 
drivers. Data collection was conducted at several locations to cover different land use, intersection 
configuration, and periods of high demand. 
 
In order to properly observe drivers distracted behavior at intersections, it was necessary to procure 
high-resolution video cameras to record different types of driver distractions through the vehicle 
windows across multiple lanes. At the same time, the camera placement is crucial to capture the 
behavior of as many drivers as possible per lane in the queues without influencing their behavior 
or grabbing their attention. A solar powered trailer SPTT-3000 was acquired in addition to two (2) 
high resolution Bosch IP8000i cameras. The trailer is comprised of a 30 ft solar-powered portable 
tower from Solar Tech. The trailer is powered by batteries that store the power generated by the 
solar panels connected to the tower. 
 
The data were collected from 21 approaches at 15 intersections in Central Florida, covering a 
variety of land uses, intersection configurations, and periods of high demand. The data recording 
schedule was set to occur Tuesday to Friday during the AM peak (7 to 9 AM), mid-day peak (12 
to 2 PM), and PM peak (4 to 8 PM). The team developed a customized professional video editing 
software to observe and analyze the data with high quality. The software assists the researchers in 
detecting, quantifying, and documenting the level of driver distraction that may occur when a light 
signal switches to green. Two videos recorded by two cameras at the intersection depict both the 
drivers stopping at the stop bar and the opposing traffic light. The videos are synchronized, so the 
delay in driver response is measured accurately. 
 
The collected data included the weather, intersection name, land-use, number of through lanes, 
lane number, distraction cause (cell phone, eating/drinking, smoking, passengers (the “passengers” 
distraction is when the driver is distracted by talking to the other passengers in the vehicle.), 
dashboard (is when a driver is distracted by using the vehicle’s dashboard), other, no distraction 
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and not identified distraction), vehicle position in the queue, the timestamp when the light turns 
green and when the vehicle front axle crossed the intersection stop bar. The timestamp was 
recorded to the nearest two (2) decimal places. 
 
For the through movement, the analysis showed that almost half the drivers were distracted. 
Several distraction types were extracted from the data. The results revealed that motorists 
distracted by cell phone usage had a greater impact on headway and increased it by 31% resulting 
in higher delays. However, other distractions were not accurately identified due to various reasons, 
such as sun reflection and shadows. Those distractions also had the primary effect on headway 
(41%). In commercial and mixed land uses, drivers are less distracted in the morning than in the 
afternoon. Drivers tend to be more focused in the morning to reach their work or destination on 
time, while they are more distracted and tired in the afternoon. Driving in residential and school 
land use forces drivers to be alert and less distracted due to students' and pedestrians’ crossings. 
Furthermore, school areas are usually surrounded by law enforcement, reduced speed limit, and 
warning signs. Motorists are more likely to be distracted by their phones in the afternoon peaks 
(MD and PM) than in the morning peak (AM). Also, drivers who are considered first vehicle in 
the queue caused the highest delay compared to the remaining positions. The statistical models 
proved that distraction has a significant impact on headway with values doubling the mean 
headway compared to non-distracted drivers. This means that, on average, the gap between any 
two consecutive vehicles will be doubled, which consequently decreases the intersection capacity 
by approximately half along with significant delays. The analysis also highlighted an interesting 
fact that the distraction caused by the tenth vehicle in the queue had a detrimental effect on the 
intersection capacity because the green phase gaps out before reaching the stop bar. 
 
For the left movement, the analysis demonstrated that most drivers were distracted (87%). Cell 
phone distractions represented 28% of all distractions and caused the highest delays in the morning 
peak. Distractions caused by dashboard usage and talking to other passengers were significant and 
increased the delay in the afternoon peak (PM). Drivers in the first position in the queue were more 
distracted in the afternoon peak (PM) than those in the morning peak (AM). This result is 
consistent with the results of the through movement analysis, as drivers, in general, are more 
focused and alert in the morning peak than in the afternoon peak. Residential & School land use 
showed less distractions and improved delays, as drivers are cautious when driving in these areas. 
In contrast, mixed land use increased the delay, especially in commercial and tourist areas, as 
motorists are usually distracted by the various stores around and searching for their destination. 
 
The pedestrian analysis showed that approximately half of the pedestrians were distracted. 
Pedestrians, in general, pay less attention to their surroundings. Pedestrians were less distracted in 
rainy weather than in cloudy or sunny weather, as they tend to cross faster to avoid the rain. 
Walking in mixed land use (residential and commercial) significantly increased the crossing time 
than in school and college land uses. This increase in the crossing time is because pedestrians were 
found to be distracted by retail stores in their surroundings. The analysis demonstrated that the 
walking speed in rainy conditions is increased in middle/old age groups, especially when being 
distracted. However, their speed was lower when walking alone and in mixed-use areas compared 
to when being in groups and in a school/college setting. The leading cause of distractions among 
groups was talking to each other, which caused a significant increase in the crossing time. The 
young age was found to be walking slower, especially when distracted by talking to others and in 
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groups in a school/college setting compared to when being alone and in a mixed-use area. The 
females were found to be distracted by talking to others which reduced their walking speed 
compared to the No Distraction case, but they were more alert in mixed-use areas compared to the 
school/college land use with a faster speed. On the other hand, the males were found to be 
distracted by “Other” causes such as looking and staring away from the intersection but being more 
alert, which increased their walking speed, especially in mixed-use areas than in school/college 
areas. They were also found to be predominantly crossing alone than in groups which also reflected 
higher speed. Texting/Talking on a phone distraction and other types of distractions contributed to 
a third of the distraction causes. Most pedestrians in this study were young (98%). In general, the 
analysis showed that distracted pedestrians did not significantly impact the intersections’ traffic 
operations. 
 
Due to distractions, the headway soared from 2 seconds to 4 seconds. This significant rise resulted 
in the loss of nearly half the intersection’s capacity. In contrast, distracted pedestrians did not 
significantly impact the intersections’ traffic operations. Although distractions among pedestrians 
increased their crossing time by nearly 4%, the extra time caused by their distractions was almost 
equal to or less than the drivers’ startup lost time of 2 seconds. However, this can be attributed to 
the fact that pedestrian activity in Central Florida is still considered low and didn’t reach the level 
of affecting vehicular operations especially when compared to heavily walked cities such as New 
York or Washington DC. 
 
There are several policy implications that can be utilized from this research. As mentioned in the 
introduction, Florida laws prohibit the use of cell phones while the vehicle is moving but allows it 
while the vehicle is stationary, which was expected to be at intersections during the red phase. 
Therefore, one policy implication is to update Florida laws to prevent drivers from using their cell 
phones while the vehicle is at the traffic light due to its effect on reducing the intersection capacity. 
Another implication can be related to the traffic engineering field, where the effect of distraction 
is considered and added to the startup lost time and in designing intersection signal timing, 
increasing it to 3.5 seconds instead of 2 seconds. Also, distracted driving can be added as a new 
parameter to microscopic traffic simulation models with different distributions to be modeled at 
signalized intersections. 
 
On the other hand, the research results and the different distraction types extracted from several 
footages have shown that distracted pedestrians can be regarded as blind when crossing while 
distracted. Although some intersection locations were equipped with audible pedestrian signals 
(APS), it was not concluded whether APS had an effect on their start up time or crossing speed 
which can be explored in future research.   
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I. INTRODUCTION 

1.1 Overview 
Distracted driving poses one of the most difficult challenges to ensuring safe and efficient 
transportation. The ubiquity of modern communications and guidance systems, such as in-vehicle 
displays or smartphone applications, has greatly enhanced the general quality of life by delivering 
greater convenience and efficiency than seen before. However, this has come at the cost of 
attention spans, as complex tasks such as text entry and conversations contribute to an increased 
cognitive workload. In the context of transportation, this poses a major safety issue. As driving is 
such an overlearned task, it becomes almost automatic or thoughtless, especially in routinized 
commutes. As such, commuters are easily distracted by tasks other than driving, even though 
perfect execution of the driving task is necessary to reach their destination quickly and safely. 
Safety is an issue that has been explored in-depth, with statistics showing that texting, or even 
cognitive demanding conversations, while driving is so detrimental to the individual performance 
that the risks are comparable to, or even greater than, driving under the influence (DUI) (Strayer 
et al., 2006; Sumie et al. 2012). Reaction times have also been shown to suffer from distracted 
driving, with studies showing increased brake onset time for drivers that are texting (Drews et al., 
2009). Studies have also shown that individuals are more likely to commit driving offenses (e.g., 
speeding, a greater number of lane deviations, failure to stop at traffic controls) when distracted 
(Beede, 2006). However, the impact on traffic efficiency is one aspect that hasn’t been explored 
as much. It is clear that distracted driving can have impacts that negatively affect smooth traffic 
flow and operations aside from increased accident rates. Distracted drivers in a highway setting 
were shown to exhibit behaviors that result in highway inefficiency, such as increased lane change 
frequency and driving at lower speeds regardless of traffic flow (Cooper et al., 2009). The study 
showed that despite distracted drivers following more closely, which would theoretically reduce 
headway and increase flow rate, the overall travel time generally increased.  
 
Intersection operations topic is one area in which capacity can be greatly impacted by distracted 
driving. However, the impacts of distraction at intersections were less developed. Despite a 
thorough literature search into the area, only two studies were found to look specifically at the 
effect of distraction on startup times for left-turning vehicles and pedestrians at intersections 
(Gillete et al., 2016; Hurwitz et al., 2013). The studies hypothesize that drivers and pedestrians are 
less likely to react in a timely manner or take precautions even when responding to anticipated 
stimuli (such as a vehicular or pedestrian signal at an intersection). Furthermore, the methods 
involved in the majority of the previously referenced studies involved activities that may lead to 
significant bias in the experimental results (e.g. simulator studies or in-vehicle observations that 
may affect the participants’ driving responses). While Gillette and Hurwitz answer this issue by 
studying behavior in the field, the observations are limited in capturing behavior under a variety 
of intersection conditions, such as lane configuration, pedestrian activity levels, and speed levels. 
This study aims to comprehensively determine these impacts in a variety of contexts for both 
drivers and pedestrians. Furthermore, distraction types will be categorized for more specific 
analyses and will capture behavior specific to the Orlando driving landscape. The intersection 
selection process will also ensure that several population types are covered to analyze the 
differences between populations, such as students, tourists, and regular commuters. This research 
aims to address the different distraction parameters and their effects on driving and walking 
performance to quantify their operational impacts at signalized intersections. 
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1.2 Objectives 
The proposed project aims to measure different distraction types for both motorists and pedestrians 
to determine the impact of such behavior on traffic operations at signalized intersections.  

1.3 Summary of Project Tasks 
TASK 1.1: Literature Review 
TASK 1.2: Selection and Procurement of High-Resolution Video Cameras 
TASK 2.0: Site Selection Criteria and Data Collection 
TASK 3.0: Video Data Reduction and Determining Measures of Distraction  
TASK 4.0: Statistical Analysis and Modelling 
TASK 5.0: Draft Final Report 
TASK 6.0: Final Report 
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II. LITERATURE REVIEW AND VIDEO CAMERA SELECTION 

2.1 Florida State Policy on Distracted Driving 
Due to the significant economic and safety concerns with distracted driving, policymaking plays 
a major role in influencing driver habits to reduce these negative externalities. The Wireless 
Communications While Driving Law, section 316.305, Florida statutes (FLHSMV, 2020), has 
only recently taken effect as a primary offense as of July 2019. Prior to July, violation of section 
316.305 was only considered a secondary offense (as of 2012), therefore, officers could not stop a 
driver for texting unless they were already committing another primary offense (such as speeding, 
etc.). Specifically, the first section of the law (316.305) prohibits the operation of a motor vehicle 
while manually typing or entering information into a wireless device for texting or other messaging 
activities. The second section (316.306) further prohibits any handheld use in a designated school 
crossing, school zone, or active work zone.  
 
There are several exceptions that allow use for activities including navigation, safety, law 
enforcement, and medical purposes (in addition to an exception for the operation of autonomous 
vehicles). While these exceptions can all be attributed to reasonable use, one exception of concern 
is that a stationary vehicle is not considered as being operated. Hence, drivers of vehicles at stop 
lights and stop signs are not subject to the prohibition. This is particularly troubling in the context 
of intersection performance due to possible increased start-up lost time from distraction, as will be 
further discussed in the review.  
 
Another weakness of the policy is the exceptions to activities such as eating, conversations, 
grooming, and the use of hands-free devices (Anderson & Anderson, 2020). A study by the AAA 
Foundation for Traffic Safety (Strayer et al., 2017) finds that using hands-free technology can be 
just as distracting and dangerous as using wireless handheld devices. The study also notes that 
with a variety of hands-free systems on the market, there also exist different levels of cognitive 
demand to operate these systems. The foundation recommends the automotive industry to design 
in-vehicle systems that do not exceed low levels of demand and even includes a list that categorizes 
vehicle infotainment systems by demand levels. 

2.2 Experimental Methods 
Experimental methods play an important role in accurately quantifying the impacts of distracted 
driving. A variety of methodologies have been employed in the assessment of driving performance 
in the context of distracting activities (Luo et al., 2017). Due to the difficulty of observing realistic 
driver behavior, a majority of studies are likely to suffer from bias due to the participants’ 
awareness of being observed. Especially in the cases of simulator studies, a participant can easily 
infer the purpose of the study when specifically instructed to engage in distracting activities. Some 
observational studies answer this issue by collecting data from drivers in a more natural setting. 
However, the effect of an exposed observer may also contribute to bias in observed distracted 
behaviors. The following section categorizes experimental studies into three methods: simulator 
studies, in-vehicle field observations, and out-of-vehicle field observations. The advantages and 
disadvantages are discussed to justify an ideal method for accurate data collection. Survey studies 
are another popular method used in distracted driving studies (White et al., 2017; Woods et al., 
2018), which often suffer the disadvantage of subjective reporting that cannot be accurately 
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verified. Moreover, surveys cannot capture quantified performance effects and therefore will not 
be discussed in the context of driving performance data. 

2.2.1 Simulator Studies 
A vast majority of experimental reviews in the literature capture driving behavior through 
simulator studies (Stavrinos et al., 2013; Ranney et al., 2004; Ranney et al., 2011; Zhang et al., 
2014, etc.). This is to be expected as a driving simulator offers several benefits to ease and 
convenience of data collection. Simulator studies require less setup time, thereby allowing easier 
data collection on larger samples. Participants can be studied in a safe and controlled environment 
without the time or cost of traveling into the field and setting up recording stations. Furthermore, 
high-fidelity driving simulators such as the National Advanced Driving Simulator (NADS) provide 
easy and accurate data extraction, as they can output high resolution vehicle information such as 
speed, acceleration, location, and lane deviation without the need for an observer to take manual 
measurements that may be more prone to error. However, a simulator does not provide a totally 
realistic driving setting and can miss out on elements that can greatly impact distracted driving 
behavior. Drivers do not experience realistic feedback, such as vehicular motion, natural lighting, 
or sound. “Specifically, it may be that research subjects sitting in a simulator may tolerate risks of 
a virtual collision that they would never tolerate when driving on a real road in a real car.” (Scopatz 
and Zhou, 2016) As mentioned before, these studies are also likely to promote bias as the 
participants may become aware of the parameters that are being tested, especially in cases where 
the driver is instructed to actively engage in distracting activities. This may result in drivers altering 
their behavior, whether to focus more actively on the multi-tasking effort or exaggerating the 
effects of distraction.  

2.2.2 In-Vehicle Field Observations 
Field observational methods answer some of these issues yet present some challenges on their 
own. In particular, in-vehicle observations allow for accurate examination of driver behavior in a 
more realistic setting than a simulated driving experiment. Several studies observe driver behavior 
through the installation of cameras in a vehicle and instructing participants to perform runs on a 
test-track or pre-determined route (Sathyanarayana and Hansen, 2012; Morris et al., 2015; Ranney 
et al., 2002). Despite the more realistic driving setting, these studies are also prone to bias as the 
participants are explicitly instructed to engage in distracting activities, and are often aware of being 
recorded, thereby potentially altering their behavior in response.  
Knapper et al. (2006) somewhat answer this issue through a longer-term study that observed 21 
drivers over a period of a month. Due to the long-term nature of each observation, it is more likely 
that participants would quickly return to their natural driving habits after their vehicles are 
equipped. The 100-Car Naturalistic Driving Study verified this, showing that drivers only require 
an hour in an equipped vehicle to return to their typical driving habits (NHTSA, 2006). Another 
weakness of in-vehicle observation is that many of the studies do not equip the vehicles for specific 
operational evaluations (e.g., start-up time at a controlled intersection) and mainly focus on driver 
behavior. While studies such as the 100-Car Naturalistic Driving Study were able to provide 
valuable insights on driver behavior and safety risk, operational effects were not considered in the 
analysis, perhaps due to the equipment and sample size limitations of the in-vehicle observation 
method (Klauer et al., 2006). 
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2.2.3 Out-of-Vehicle Field Observations 
The final method to be discussed provides solutions to many of the earlier mentioned weaknesses; 
however, it comes with a few weaknesses of its own. Out-of-vehicle observations are more ideal 
for capturing the most realistic driver behavior as they are the least intrusive in terms of participant 
awareness. Data on performance as well as driver behavior can be captured and correlated without 
interfering with the natural traffic flow in the field. Cooper et al. (2013) used an out-of-vehicle 
field observation method to determine the incidence of distraction at controlled intersections as 
well as the increase in distraction incidence between 2011 and 2012. While a large study sample 
was collected (n = 5,664), the paper did not explore performance effects, perhaps due to the 
tediousness of validating the results. A major drawback in performing these studies is the actual 
data extraction process. In order to extract performance and behavioral measures, it is often 
necessary that footage be analyzed manually to count individual distractions and driving behaviors. 
Furthermore, it is essential that in-field observations are validated through the repetition of results 
to reduce error (Wenners and Knodler, 2014; Wenners et al., 2013). While the experimental results 
of the first study focus mainly on the incidence of distracted behavior, performance effects were 
not considered. However, Wenners revisits the limitations of the experimental methodology in the 
2014 paper. Between the two papers, several weaknesses are outlined: the inability to capture 
night-time behaviors due to poor visibility, the inability to capture behaviors while the vehicle is 
in-between intersections, and, again, the necessity to validate data through repetition of results. On 
the other hand, it is concluded that the presence of an observer does not significantly influence 
driver behavior at intersections, which provides a major benefit in reducing bias. It is 
recommended that video cameras be used in data collection, as in the two studies by Gillette et al. 
(2016) and Hurwitz et al. (2013). The proposed research aims to utilize a similar methodology in 
a more comprehensive manner to verify the findings for both drivers and pedestrians, as well as 
expand the set of parameters (factors specific to the Orlando driving landscape, such as 
demographics, intersection configurations, different land use, etc.) that may influence distraction 
at intersections. The more comprehensive analysis may allow for better informed and targeted 
policy decisions to improve performance at signalized intersections. 

2.3 Prevalence of Distraction for Drivers and Pedestrians 

2.3.1 Identification and Categorization of Distracted Behaviors 
Distracted driving is defined as any external factor that impacts the driver’s ability to maintain 
focus whilst on the road. According to FLHSMV (2020), there are three categories of driver 
distraction; visual, manual, and cognitive. Visual distractions include any distractions that involve 
taking the driver’s eyes off the road. An example of a visual example would be an outside attraction 
that attracts the driver’s attention whilst he’s at the wheel. Manual distractions include any 
distractions that involve the driver taking his hands off the wheel. An example of a manual 
distraction would be reaching for an object in the car; by doing so, the driver is physically taking 
his hands off the wheel. Cognitive distractions are distractions in which the driver has his mind 
occupied thinking about anything other than driving. Conversing with a passenger would qualify 
as a cognitive distraction, as it involves concentration that prevents the driver from being fully 
concentrated on the road.  
Categorizing distraction types is important for effective targeted policy regarding distracted 
driving, as different types of distraction can yield different levels of risk. Even the use of a hands-
free device is a form of distracted driving as it degrades the performance of the driver by affecting 



Impacts of Distracted Driving and Distracted Pedestrians  
On Traffic Operations at Signalized Intersections    

Final Report  6 

his cognitive performance (NHTSA, 2018). Texting on a mobile phone is a combination of all 
three types of distraction, by texting the driver’s hands are no longer on the wheel, the driver’s 
eyes are off the road and they have their mind occupied with tasks other than driving, making it 
similar to drunk driving, because drunk driving impairs the driver’s visual, manual and cognitive 
abilities (Strayer et al., 2006; Sumie et al. 2012). The different effects of different distraction types 
have also been quantitatively investigated in terms of perceived risk as well as more objectively in 
a number of field observational studies. Hurwitz et al. (2013) summarize the prevalence of 
distracted drivers at intersections, in addition to breaking these distractions down into types, 
including conversation, dashboard distractions, cell phone usage, and eating/smoking as shown in 
Figure 2-1. These will be discussed for their impacts in-depth in the following chapter of the 
literature review (see section 6.4). The following is a list including examples of previously studied 
distraction categories: 
 
 
• Mobile Phone use 

• Grooming/make-up 

• Eating or drinking 

• Smoking 

• Looking at advertising 

• Looking for a misplaced object 

• Adjusting a device 

• Hands-free kit use 

• Conversation with passenger 

• Looking for road signs  

• Using in-vehicle controls 

• Lack of concentration 

• Outside object/event  

 
 
Figure 2-1: Distributions of Distracted Driving Types at Intersections (Hurwitz et al. 2013) 
 

2.3.2 Rates of Distracted Driver and Pedestrian Activities 
Distracted driving has become a growing issue in improving the safety and efficiency of our 
transportation system. Since the introduction of smartphones, it has become extremely common to 
see drivers using their smartphones when driving. Numerous studies to date have aimed to 
investigate the growing prevalence and effects of distracted driving, employing a variety of 
methods. According to Cooper et al. (2012), the total percentage of drivers distracted by mobile 
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devices (observed at 129 controlled intersections in California) increased from 4.2% in 2011 to 
6.2% in 2012, a substantial increase that contributes to worsened safety and performance. Hurwitz 
et al. (2013) similarly observed drivers at intersections and found roughly 18% of drivers were 
engaged in some kind of distraction. Another study in Spain investigated distraction prevalence by 
gender and age (Prat et al., 2014). The results indicate that males and those under the age of 30 are 
more likely to engage in distracting activities, as shown on Error! Reference source not found.. 
According to a national survey conducted by the USDOT, NHTSA over 40% out of the 6000 
drivers that responded to the survey answered calls whilst driving (Schroeder et al., 2018). Other 
surveys tend to demonstrate similar patterns, for instance, that over 47% of drivers surveyed use 
mobile phones while driving and that younger drivers (17-29) are more likely to be engaged in a 
distracting activity prior to an accident (McEvoy et al., 2007). 
 

Table 2-1: Categories and Involvement of Driver Distraction (Prat et al., 2014) 

 
Studies on pedestrian behaviors are less common, however, the consensus appears to agree that 
distracted pedestrian behaviors are just as concerning as distracted driver behaviors. A study by 
Bungum et al. (2005) observed that approximately 20% of pedestrians crossing at a selected 
intersection were engaged in distracting activities, classified as eating, drinking, smoking, cell 
phone use, or wearing headphones while crossing. According to Gillette et al. (2016), this number 
is even larger, with 35% of pedestrians observed at three intersections being distracted while 
crossing.  As such, pedestrian activities must remain an important focus in any study documenting 
the impacts of distraction on intersection operations. 

2.3.3 Distraction over Time: A Growing Issue 
Distracted driving is a topic that has been studied extensively for many years, with findings as 
early as 1998 (Nakano, 1998). With advances in distracting technology, advances have also been 
made in the study methodologies. The methods of monitoring and researching distracted driving 
have changed over time too. As mentioned, newer studies have implemented smart cameras and 
sensors deployed inside cars that measure the driver’s exposure to distractions (Dingus et al., 2006; 
Klauer et al., 2006; Stutts et al., 2003). Survey methods have also seen notable changes over the 
years. While earlier studies did not specifically focus on the details regarding mobile-phone use, 
newer study methodologies have been more suited to investigating smartphone usage. A national 
survey conducted by the USDOT, NHTSA in 2018 had a bigger focus on smartphone usage whilst 
driving and asked more questions regarding the types of mobile applications drivers used when 
operating their vehicles (Schroeder et al., 2018). This study concluded that around 13% of the 
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people surveyed used their mobile phones to send or read text messages while driving, with a 
majority of them being in the 21 to 24 age group. Compared to the study conducted by Cooper et 
al. (2012), these results also represent an alarming general increase in phone-related distractions. 
Rates of distraction-related pedestrian injuries are increasing as well. Nasar & Troyer (2013) show 
that these rates paralleled those of driver injuries from 2004 to 2009, eventually exceeding driver 
injuries in 2010. It is clear that, over time, the issue of distracted driving and pedestrian activities 
is evolving and will require constant attention in response to the rapid innovation in distraction 
sources. 
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2.4 Impacts of Distracted Driving and Pedestrian Activities 

2.4.1 Safety Impacts 
Traffic safety is perhaps the most studied topic in regard to distracted driving. A large number of 
studies have proven that distracted driving is a major contributor to traffic fatalities. According to 
the National Highway Traffic Safety Administration (NHTSA), 7.8 percent (2,841 crashes) of total 
fatalities in 2018 were in distraction-related crashes (NHTSA, 2019). While this represents a 
notable 12% decrease from the previous year (3,242 crashes), the NHTSA attributes this decrease 
to the general downward trend in traffic fatalities over the past 40 years due to reasons such as 
improved vehicle safety technology and traffic safety policies.  
 
Another NHTSA report demonstrates that distraction is particularly common among young drivers 
(18 to 20 years old), as they are 68% more likely to engage in a phone call while driving and also 
represent the top contributors to phone-related crashes or near-crash incidences (Dingus et al., 
2006). The study observed 100 vehicles over a 13-month period and demonstrated that almost 80% 
of all crashes (previously estimated in the range of 25%) and 65% of all near-crashes are related 
to taking eyes off the road just a few seconds before the conflict. Eyes-off-the-road incidences 
represented 93% of rear-end-striking crashes. The 100-car study also showed that younger age 
group (i.e., 18 to 20 years) were more involved than older age groups in aggressive driving 
activities, such as judgment error and driving while impaired. 
 
Pedestrian distraction and safety is another issue which has seen notable attention. In 2010, the 
total number of pedestrian injuries involving mobile phone usage (by pedestrians) was over 1,500, 
a 35% increase from 2009 (Nasar & Troyer, 2013). Scopatz and Zhou (2016) find that while the 
literature shows a clear correlation between distracted driving behavior and crash risk, few studies 
look into pedestrian-vehicle interactions with distraction as a parameter. Furthermore, the 
reviewed studies found small levels of pedestrian distraction not often related to crash risk. One 
study stated that approximately 15% of pedestrian fatalities might result from the inattentiveness 
of the pedestrian (Bungum et al., 2005). The research finds that pedestrians are less likely to exhibit 
cautionary behaviors at a crosswalk if crossing while distracted. However, this association was 
found to be weak, only accounting for 1.6% of the variance in cautionary behaviors.   Regardless, 
the review by Scopatz and Zhou still concludes that more naturalistic observational studies are 
needed to build on this topic. 

2.4.2 Impacts on Reaction Time and Cognitive Performance 
The effects of distraction on cognitive performance have also been studied in-depth. Cooper et al. 
(2011) conducted a study on a closed driving course using an instrumented research vehicle to 
capture driving performance factors, including reaction time. This allowed the authors to obtain 
naturalistic data from the experiment to evaluate the results from texting while driving on different 
roadway segments. The experiment demonstrated a marked increase in reaction time, overall 
speed, the number of missed response events, and the standard deviation of speed on the open 
roadway sections. It is concluded that overall performance suffered significantly due to texting 
while driving. Choudary et al. (2017) also demonstrated that distractions such as conversations 
and texting of varying complexities cause increases in driver reaction-time, with texting 
accounting for double the delay as conversations. 
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Distracted pedestrian activities have also been shown to greatly impact cognitive performance. As 
part of a 2008 study by Nasar et al., two groups of participants were asked to walk along a 
prescribed route, with half conversing on a mobile phone and the other half simply awaiting a 
potential phone call (which never came). Among the distracted group, the pedestrians conversing 
recall fewer features along the route, indicating that the cognitive distraction of a phone 
conversation may cause a notable reduction in situational awareness. A lack of situational 
awareness is especially dangerous for a pedestrian in a potential conflict area, such as an 
intersection crosswalk.  

2.4.3 Traffic Operations and Start-up Lost Time 
Use of a cellular phone has been associated with a statistically significant reduction in traffic 
speeds for young drivers in all traffic conditions. Consequently, vehicle headway increased for 
drivers who were using their phones, though the research stated that headway increase could not 
be statistically validated because of the strong correlation between headway and speed (Yannis et 
al., 2010). Another study was conducted to investigate the impact of a distracted driver performing 
a low distraction task (cellphone-texting) on the performance of the traffic flow using a networked 
driving simulation platform (Xu and Lin, 2018). The findings of this research showed that texting 
impacts on traffic flow fluctuate if testing drivers individually or as a four-driver platoon. 
However, no significant results were found for the different behavior indicators. 
 
Fewer studies looked at intersection operations in particular. Charlton et al. (2013) observed older 
drivers’ distraction behavior at intersections to determine any behavioral changes in response to 
increasing cognitive demand for maneuvers (e.g. taking a permitted left-turn and needing to watch 
for a gap). Several distraction types are observed, and it is shown that older drivers will self-
regulate by reducing engagement in distracting activities with more demanding maneuvers. 
However, this study does not consider quantitative effects on intersection performance factors such 
as queue discharge rate and start-up lost times. A single study by Hurwitz et al. (2013) was found 
to answer this by looking at left-turn operations in particular. The study finds that start-up lost 
times are greatly increased (3.36 to 4.06 s in Kansas, 2.97 to 4.41 s in Oregon, and 2.25 to 5.14 s 
in Utah) when drivers are engaged in distracting activities. 
 
Pedestrian start-up time, on the other hand, has not seen as much attention.  Gillette et al. (2016) 
observed pedestrian behaviors (n = 760) at three intersections to determine the impacts of 
distraction on pedestrian start-up time. The research showed that pedestrians who texted had 21% 
more start-up time, while those who talked on a phone had 31%. Texting pedestrians were 
approximately two times less likely to glance before entering the crosswalk in comparison to 
undistracted pedestrians, while pedestrians on a phone call are about five times less likely to 
glance. Another study observed crossing speed in addition to cautionary behavior and found that 
pedestrians using their phones would cross more slowly, also confirming that they are less likely 
to take cautionary behaviors (Bungum et al., 2005; Hatfield and Murphy, 2007). While these 
results agree with the general hypothesis on distracted pedestrian performance, more studies are 
necessary to verify these results in an expanded context. 

2.4.4 Weighing the Impacts of Different Distraction Categories 
Different distraction types can have different effects on safety risk as well as performance. While 
intersection performance has not seen much attention in terms of distraction categories, a number 
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of studies investigated the different levels of safety risk by surveying drivers according to their 
own risk perceptions of different distractive tasks (Patel et al., 2007; Titchener and Wong, 2010). 
These particular studies examine how some qualitative characteristics of distraction types affect 
the drivers’ perception of risk level for each type. In the study by Patel et al. (2007), these 
characteristics include familiarity, knowledge, voluntariness, exposure, probability, 
controllability, and legality. On the other hand, McEvoy et al. (2007) investigated risk more 
objectively by surveying hospitalized drivers in the few hours after an accident. McEvoy found 
that the most common self-reported distraction activities influencing an accident include passenger 
in vehicle, lack of concentration, and outside person, object, or event, representing over 30% of 
cases. Surprisingly, mobile phone and in-vehicle equipment uses only account for less than 5% of 
reported cases. However, per the subjective studies, mobile phone usage, grooming, and searching 
for an object inside the vehicle showed the highest perceived risk factors, as illustrated in Figure 
2-2. This discrepancy demonstrates another major weakness of survey studies in their reliability 
on participants’ perceptions and ability (or willingness) to answer honestly. 
 

 
Figure 2-2: Subjective Scores of Risk by Distraction Type (Patel et al., 2007) 

 
In the 100-car naturalistic driving study, the issue of subjective reporting was avoided through 
long-term in-vehicle observations of 100 cars over 13 months. Contrary to the self-reported 
findings by McEvoy, it was found that wireless communications devices are indeed the most 
dangerous type of distraction, agreeing with the perceptions demonstrated in the studies by Patel 
(2007) and Titchener (2010). In fact, wireless device usage contributed to over twice as many 
crashes as the next highest distraction type, as shown on Figure 2-3. Passenger related tasks also 
contributed to a surprisingly high number of crashes, which contrasts with the perceived risk 
ratings in Figure 2-2.  
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Figure 2-3: Incident Frequency by Distraction Type (Dingus et al., 2006) 

 
As mentioned earlier, intersection performance factors have not seen as much attention compared 
to safety risk. Only two studies (Gillete et al., 2016; Hurwitz et al., 2013) were found to look at 
the impacts of different distraction types on start-up lost time for pedestrians and drivers at 
intersections, respectively. Gillette et al. (2016) found that phone conversations and texting lead 
to the first and second-highest increases in start-up time for pedestrians, according to a linear 
model. Surprisingly, some distraction types (listening to music, other) have a lowering effect on 
start-up lost time. For vehicles, Hurwitz et al. (2013) found that among distraction types, talking, 
combinations of distractions and other distractions contribute to the highest increases in start-up 
lost times, however, no distraction type actually results in a lower start-up time as described in 
Table 2-2. Despite the small literature body on distracted intersection operations, it is clear that 
distraction categorization plays a major role in the magnitude of distraction impacts for both safety 
and efficiency. 
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Table 2-2: Regression Model on Start-up Time by Distraction Type (Hurwitz et al., 2013) 

 
 

2.5 Literature Review Summary and Conclusion 
The review of the literature served to identify the key findings and methods in the knowledge body 
on distracted driving. While distracted driving is a relatively modern issue (with the earliest 
literature dating to the late 90s (Nakano, 1998)), there have been a significant number of studies 
dedicated to researching its prevalence, impacts, and implications. Research on distracted 
pedestrian activities is much less developed but is beginning to see more attention as the issues 
posed by distracting technology are becoming more apparent with the growing popularity of 
smartphones. As Florida state policy is now beginning to answer the issues with restrictions on the 
use of wireless devices while driving, research demonstrates that the exceptions to the statutes may 
allow for too much leeway in the effort to improve transportation safety and performance. 
Furthermore, effective targeted policymaking requires precise knowledge on the issues that require 
the most immediate attention. As such, the review aimed to identify how distraction has been 
categorized until now, as well as the different risks associated with the various studied distraction 
types. 
 
Safety is by far the most studied aspect with regard to distracted driving. Multiple studies 
demonstrated the alarming increase in the risk factors associated with various distraction types, 
with much of the knowledge body agreeing on mobile phone use, texting in particular, as being 
the most significant and common contributor to roadway crashes or near-crash incidences. 
Furthermore, the theory on distraction agrees with accident statistics, as texting while driving poses 
manual, visual, and cognitive distractions. This is also supported through subjective perceived risk 
factors, proving that the average commuter understands the dangers of texting while driving, 
despite how common it is for drivers to continue engaging with their phones while moving on the 
road. On the pedestrian side, it has also been proven in multiple studies that pedestrians are less 
likely to exhibit cautionary behaviors while crossing, in addition to paying less attention to their 
surroundings in general. 
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Research on performance impacts also demonstrates the detriments to society aside from the 
substantial social and economic cost of distraction-related traffic incidents. In addition to the 
operational effects of distraction-related roadway accidents, such as traffic jams due to lane 
closures, the individual’s performance is also shown to be worsened by distractions. Distraction 
can lead to overall longer travel times due to the need for the brain to multi-task between 
navigation, the driving task, and the distraction. This is also in addition to increased reaction times, 
speed variability, and lower recognition of roadway events. While the quantifiable effects on 
intersection operations have not been studied extensively, the theory holds that distraction results 
in substantially longer start-up times and, as a result, reduced flow rate through the intersection 
(effectively reducing intersection capacity due to human behavior). On a large-scale, such effects 
demand a significant economic and social cost that can be greatly reduced with effective 
policymaking and educational efforts.  
 
The effects on performance are a less popular research topic than safety, perhaps due to the 
difficulty of the necessarily large-scale data collection and processing efforts for capturing both 
performance and behavioral data simultaneously. As such, several methodologies are also 
identified in the review in order to select the most optimal research approach to capture these 
effects practically and realistically. The lack of field observations of distraction-related 
performance effects at intersections represents a large gap in the knowledge, with very few studies 
being able to employ a methodology to capture both distracted behaviors and intersection 
performance parameters such as headway, start-up time, and saturation flowrate. This is also very 
apparent in the lack of studies on pedestrian performance effects, with only one study observing 
start-up times for pedestrians at intersections. The proposed research effort aims to expand this 
knowledge in the context of the Orlando driving landscape, which presents its own unique variety 
of land uses, roadway features, and driver characteristics. Furthermore, pedestrian activities will 
be given close attention as planning policy is beginning to shift towards a more multi-modal and 
pedestrian-friendly environment in Orlando. Findings from this research will have major 
theoretical and practical implications, from the assessment of how distracted behavior influences 
task performance to the more precise knowledge of distraction risks that will allow for better-
targeted policymaking and driver education programs. 
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2.6 Video Camera Selection 
In order to properly observe drivers distracted behavior at intersections, it will be necessary to 
procure a high-resolution video recorder that is sharp enough to record different types of driver 
distractions through the vehicle windows across multiple lanes and also capture distracted 
pedestrians crossing the intersection approaches. At the same time, the recorders must be light and 
compact in order to ensure easier configuration, as the camera placement will be crucial to 
capturing the behavior of as many drivers as possible per lane in the queues without influencing 
their behavior or grabbing their attention. The cameras should be able to record at a 90-degree 
viewing angle in order to accurately view each approach with high resolution. A user interface that 
allows magnifying the video whilst filming would also be preferred in order to accurately view 
through the vehicle window and capture the distracted driving incident. Audio recording 
capabilities would be preferred for recording the drivers aggressively pressing their horns to grab 
the attention of the distracted driver at the front of the queue. The following are the different 
vendors with different camera types that were contacted to procure the suitable type for the project. 

2.6.1 Miovision Scout 
The Miovision Scout is a 720p portable video collection device. It can be used to obtain several 
data types, including; Intersection counts, road volume counts, roundabout counts, vehicle gap 
data, junction counts, pathway counts, and travel time. The Miovision scout is quoted to cost 
approximately 5,000 USD, including any mounting equipment required to place the Miovision 
Scout at an intersection. Using the Scout would be beneficial for the fact that it provides the study 
with useful count data that could be difficult to obtain through manual observation. The Scout is 
also said to be weatherproof and would be able to handle Floridian climates. However, there are a 
lot of drawbacks to using the Miovision Scout for the purposes of this investigation. Although the 
price of the Scout is somewhat reasonable compared to the alternatives, its output resolution is not 
clear. Also, there are no leasing options available for this type. Additionally, the research 
investigation requires a camera that can record at a minimum of 1080p to be able to accurately 
view the drivers at the beginning of the queue. Figure 2-4 and Figure 2-5 show a sample of the 
camera output and its mounting unit, respectively.  
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Figure 2-4: Miovision Scout Video Sample 

 

 
Figure 2-5: Miovision Scout Camera and Mounting Unit 

2.6.2 Miovision Smartview 360 
The Miovision SmartView 360 is another option supplied by Miovision for real-time traffic 
monitoring, providing users with 360-degree video monitoring of intersections. It can be used to 
obtain several types of data, including; Intersection counts, road volume counts, roundabout 
counts, vehicle gap data, junction counts, pathway counts, and travel time. Miovision provides 
these counts and their streaming services at an annual fee. The SmartView 360 records in 4K 
resolution, which is sharp enough to record different types of driver distractions through the 
vehicle windows across multiple lanes and also capture distracted pedestrians crossing the 
intersection approaches. However, the Smartview is a fisheye camera that records at a 360-degree 
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viewing angle which will make it difficult to analyze one specific approach. Additionally, it is 
considered to be a permanent solution for monitoring traffic, while this project requires cameras 
that can easily be removed and reinstalled at different locations to analyze different approaches. 
Additionally, there are budgetary concerns when choosing the SmartView 360, Miovision quoted 
the camera and the TrafficLink server to cost around $28,000, which is far greater than the budget 
of $10,000. Furthermore, there are no audio recording capabilities included with the SmartView 
360, which is another disadvantage to using it. In conclusion, this camera is not considered to be 
an alternative that can be used for this investigation. A video sample of the smart view is shown 
Figure 2-6. 
 

 
Figure 2-6: Miovision SmartView 360 Video Sample 
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2.6.3 Bosch Flexidome 8000i 
The white FLEXIDOME IP starlight 8000i 4K UHD Outdoor PTRZ Network Dome Camera from 
Bosch uses a 1/1.8" CMOS sensor to capture 4k resolution video at 30 fps. Bosch Starlight 
technology provides visibility in low-light conditions. The 3.9-10mm varifocal lens delivers a 117 
to 44° horizontal field of view, which satisfies the requirement of a 90-degree viewing angle, as 
shown in Figure 2-7. The camera features a motorized 0 to 361° pan range, a -3.5 to 89° tilt range, 
a ±95° roll range, and 2.6x optical zoom. This camera also has audio recording capabilities at a 
range of up to 120 dB, which is useful for recording the sound of drivers aggressively pressing 
their horns to grab the attention of the distracted driver at the front of the queue. Additionally, the 
Bosch Flexidome 8000i has Infra-red filters for night functionality, which will provide the study 
with the capability of analyzing distracted drivers at night. The 8000i has Bosch IVA (Intelligent 
Video Analytics) that could be used to provide count data instead of obtaining it manually, which 
could save a lot of time. The Bosch Project Assistant App could be used to magnify the video 
whilst recording that can be used to accurately view through the vehicle window and capture the 
distracted driving incident. Additionally, after contacting Bosch, a leasing option at $12,000, 
including installations, was provided for these cameras, making them affordable and reasonable 
within budget for this investigation. In conclusion, the Bosch Flexidome 8000i satisfies all of the 
camera requirements for the study, making it an ideal candidate for the camera selection phase.  
 

 

Figure 2-7: Video Sample from the Bosch Flexidome 8000i 
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The following Table 2-3 summarizes the three camera types along with the different capabilities, 
prices and technology type. 
 

Table 2-3: Video Camera Type Comparisons 
 

 

2.6.4 VANTAGELIVE (ITERIS) 
In addition to the above options, VantageLive Company was also suggested by FDOT since they 
provide different services such as video recording at intersections, traffic counts, video detection 
and video analytics. UCF contacted VantagLive, and they provided a sample video output to 
determine whether the quality of the video can be utilized in this project. However, it was difficult 
to get a clear view of the drivers inside their vehicles at the intersection approach. UCF will try to 
get another video at a different angle to confirm whether to utilize this type of camera compared 
to the high-definition 4k Bosch cameras. 
Finally, due to the use of vendors, whether to help with Bosch camera assembly and mounting at 
the 20 intersections or providing video recording at the 20 intersections by VantageLive, it is 
necessary to amend the project contract to add the vendor’s services which will be reflected in the 
upcoming chapter of the project. 
 
 

Requirements 
Camera Types 

Miovision 
Scout Miovision SmartView 360 Bosch Flexidome 

8000i 

Budget 
Within Budget, 
costing $5,000 

per unit 

Excessively over budget, 
costing $28,000 per unit 

Slightly over budget, 
costing $12,000 

Leasing Option N N Y 

Counting System Y Y Y 

Camera Quality 720p 4K 4K 

Audio Recording 
Capabilities None Available None Available Can record within a 

range of 120Db 

Viewing Angle 90 degrees 360 degrees, fisheye view 

44-117 degree 
viewing angle, 

capable of 90-degree 
viewing 

Zoom Capabilities N Y Y 

IR Technology N N Y 
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2.7 Summary 
Chapter 2 was composed of two parts: the literature review and the camera selection. The literature 
review provided a thorough foundation of knowledge on the topic and identified gaps in research 
regarding distracted driving and distracted pedestrians' impact on traffic operations at signalized 
intersections. The camera selection part analyzed and compared the available cameras in the 
market that suits the project's needs. The best alternative among all the cameras was the Bosch 
Flexidome 8000i, and therefore was selected for the project. 
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III. SITE SELECTION CRITERIA AND DATA COLLECTION 

3.1 Data Collection Methodology  
The following sections detail the data collection process, which involved field examination of 
distracted drivers at the traffic signal as well as distracted pedestrians crossing the intersection 
approaches. Drivers that were observed distracted at the traffic signal during the red phase for the 
through and left-turn movements were captured separately to examine their impact on several 
operational parameters such as startup lost time, headway, and delay. Distracted pedestrians 
crossing the intersection approaches were also studied to quantify their effect on traffic operations. 
A total of fifteen (15) intersections were selected for data collection and analysis of distracted 
driving and distracted pedestrians, which is explained in the following sections.   
 
To determine the effect of distracted drivers on the operational performance of the signalized 
intersections, headway and start-up lost were utilized. Headway is one of the main microscopic 
parameters used in many traffic operations studies to calculate the saturation flow rate at signalized 
intersections and determines its capacity. Headway is defined as the time interval between two 
successive vehicles passing a point along the lane (Roess et al., 2019). The headway of the first 
vehicle in the queue is the difference between the time when the signal turns green and the time 
the vehicle crosses the stop-line. The headway of the following vehicles is the time interval 
between successive vehicles crossing the stop-line or exiting the intersection. The first few 
vehicles in the queue tend to have a higher headway until the fourth or fifth vehicle, where it 
becomes nearly constant, known as the saturation headway (h). The difference between the first 
four to five vehicles' headway and the saturation headway is known as the start-up lost time. Start-
up lost time is another indicator for the intersection performance. It occurs due to the delayed 
response from the driver's reaction to the onset of the green signal and the vehicle's acceleration. 
According to traffic engineering, start-up lost time is approximately 2.0 seconds. On the other 
hand, the time taken by the driver to perceive and react to the need to stop is called Perception and 
Reaction Time (PRT). Several factors contribute to PRT, such as the physical condition, driver's 
age, situation complexity, emotional state, and stimuli strength for this action (Mannering et al., 
2013). In highway design and per AASHTO standards, PRT conservatively considers 2.5 seconds 
(AASHTO, 2011). For signalized intersections, PRT is taken as 1.0 second due to the expected 
change in the signal phase. 
 
For distracted pedestrians, the goal is to assess how different distraction types such as texting, 
talking to others, eating/drinking, and other factors such as age, gender, surrounding land use affect 
the pedestrian's start-up time as well as their crossing time and speed. Pedestrian start-up time is 
the period between the onset of a Walk signal and a pedestrian stepping off the curb. Several 
factors may contribute to the increase of start-up time, such as the Perception and Reaction Time 
(PRT), or a pedestrian is making sure that no vehicles will intercept his path (HCM, 2010), or a 
distraction. The main focus of the data collection is to calculate the start-up time as well as the 
crossing time which are affected only by pedestrian distractions. Therefore, observations will not 
include pedestrians delayed for other reasons, such as the presence of vehicles in the crossing area 
or approaching it. The pedestrian walking speed is another factor that is investigated. However, 
since walking speed and crossing time are correlated, only one of them will be considered in the 
statistical analysis task. See appendixes (A) to (O) for collected data samples. 
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3.2 Equipment – High Resolution Cameras and Trailer 
To properly observe drivers distracted behavior at intersections, it was necessary to procure a high-
resolution video recorder that is sharp enough to record different types of driver distractions 
through the vehicle windows across multiple lanes and also capture distracted pedestrians crossing 
the intersection approaches. At the same time, the recorders must be light and compact in order to 
ensure easier configuration, as the camera placement will be crucial to capturing the behavior of 
as many drivers as possible per lane in the queues without influencing their behavior or grabbing 
their attention. Several hardware and configuration alternatives were considered to be capable of 
capturing all drivers during the data collection phase. Camera arrangement and requirements also 
varied depending on the intersection environmental features such as size, lighting, approach 
volumes, and lane configurations to ensure full data capture. The main objective of this approach 
is to provide the most realistic setting possible to be able to truly quantify how distraction affects 
traffic operations at signalized intersections without any external bias. 

3.2.1 Video Camera Selection 
To better evaluate the cameras properly, the research team decided to test the proposed cameras in 
the field to assess several factors such as battery life, camera quality, viewing angle and zoom 
capabilities. Since the project requires recording for several days and hours, a solar trailer was the 
best solution to provide the cameras with continuous power. The trailer also allowed the cameras 
to be raised at a high altitude, which guaranteed that drivers' and pedestrians' behavior won't be 
affected by observing the cameras. The trailer is comprised of a 30 feet Solar-Powered Portable 
Tower (SPTT-3000) from Solar Tech. The trailer is powered by eight (8) batteries that store the 
power generated by the solar panels connected to the tower. The SPTT-3000 is an adaptable solar-
powered platform that can be outfitted with lights, cameras, sensors, antennas, and other 
communication devices. 
 
The two (2) best-proposed alternatives were Bosch Flexidome 8000i and Miovision SmartView 
360. The Bosch company was contacted first, and after explaining the project's scope, they sent 
two cameras as a sample to assist in the project. A test location that simulates the field conditions 
was selected and several recordings were made with different settings such as 2K (HD 1080p, 6 
megapixels) or 4K Ultra HD quality. Identifying the distractions in 2K video quality was not 
possible, but in 4K, the researchers were able to identify the majority of the distraction types and 
significantly improved the monitoring process at the approach. Some types of distractions were 
not identified due to several reasons such as sun reflection, shaded windshield/window, or other 
reasons. The Bosch camera provided a superior 4K resolution, which was required to accurately 
view the distraction and record different driver distractions through the vehicle windows across 
multiple lanes. In addition, the camera offered an excellent viewing angle and zoom capabilities. 
 
Since the cameras were offered as a sample for academic purposes and sufficiently fulfilled the 
project's requirements, the two (2) high-resolution Bosch IP8000i cameras were selected to be used 
in the project outfitted in the solar-powered trailer SPTT-3000, as shown in Error! Reference 
source not found.. One Bosch IP8000i camera is shown in Error! Reference source not found..  
 
Based on the data collection methodology, one camera was used to monitor the intersection 
approach, and the other camera was used to monitor the traffic signal changes. The cameras are 
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connected to an ethernet switch that allows the user to access the data on the cameras when 
connected to the hub with an ethernet cable. 

  
Figure 3-1: Solar-Powered Portable Tower Trailer (SPTT-3000) 

 

 
Figure 3-2: Bosch Camera Starlight IP 8000i  
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3.3 Site Selection 

3.3.1 Distracted Driving 
Ten (10) intersections in District 5, Orange County and the City of Orlando, covering thirteen (13) 
approaches were selected according to the following criteria. First, the intersections cover different 
land-use designations (residential, commercial, school/college, tourist, and offices). Second, the 
study approaches contain a different number of through and left lanes (one, two, and three). Third, 
the data collection covers peak periods during congested conditions, where queues are formed with 
more than five vehicles in each row. Selected peak periods were 7:00 to 9:00 AM, 12:00 to 2:00 
PM, and 4:00 to 8:00 PM. A total of 430 hours were recorded at all intersections. Error! Reference 
source not found. shows the intersections' locations, lane configuration, land use, and the number 
of observations. Error! Reference source not found. illustrates the distracted driving locations 
(Google Maps, 2022). 

Table 3-1: Study Intersections and Their Characteristics (Driving) 

No Location Land-Use Approach  
Configuration 

Studied 
Movement 

No. of Hours 
Collected 

1 SR 434 & University 
Blvd 

University/ 
Commercial 

                  NBT 56 

2 Lake Underhill Road 
& Woodbury Road 

Residential 
& School 

                   EBT 
 32 

                   SBL 
 30  

3 Lake Underhill Road 
& Dean Road Commercial                  NBT 43 

4 SR 50 & N Bumby 
Ave 

Offices/ 
Commercial                  WBT 40 

5 SR 50 & North John 
Young Parkway Commercial                  NBT 32 

6 SR 482 (Sand Lake 
Rd) & OBT 

Tourist/ 
Commercial 

                SBT 
 37 

               SBL 
 33 

7 International Dr & 
Jamaican Ct. 

Tourist/ 
Commercial 

               SBT 
 12 

               SBL 
 50 

8 SR 436 & Wilshire Dr Residential/
Commercial 

                NBL 10 

9 Narcoossee Rd & Lee 
Vista Blvd Commercial                 NBL  27 

10 SR 536 & SR 535 Tourist  
 

               WBL 28 

Total Hours 430 
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Figure 3-3:Site Locations (Google Maps, 2022) 
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SR 434 (Alafaya Trail) & University Blvd – NBT Approach 
A pivotal step in the data collection is to test the process before the actual implementation in the 
field. The intersection of SR 434 and University Blvd was the first intersection utilized for data 
collection and was also considered a pilot intersection. The pilot intersection goals were to give 
different ideas and approaches that may not have been encountered before; save time and money; 
minimize the number of unanticipated problems; test several alternatives and choose the optimum 
approach; conduct a complete and thorough check of the planned process. The following section 
highlights some of the challenges faced in the pilot intersection.  
 
The intersection at North Alafaya Trail is running in North-South direction & University Blvd 
running East-West, as shown in Error! Reference source not found.. The North approach along 
Alafaya Trail has three (3) through lanes, one (1) dedicated right, and two (2) dedicated left-turn 
lanes. The east approach along University Blvd has two (2) through lanes, one (1) shared through 
right, and two (2) dedicated left lanes. The camera was located at the southeast corner to monitor 
the Northbound traffic. This intersection is near a college land use (The University of Central 
Florida-UCF) and commercial land use on the northwest corner. 
 
One of the challenges in this task was to find an appropriate location to fit both Bosch IP8000i 
cameras with PTZ (Pan, Tilt, Zoom) capabilities to monitor both the traffic approach and the traffic 
signal. Due to the large size of the trailer, finding a suitable and safe location in the public right of 
way was a repeated challenge. In several preselected locations, the public right of way was narrow; 
and sometimes did not fit the trailer or allow a researcher to safely park near the trailer to download 
the video recordings from the two cameras. 
 
Initially, the trailer was placed at a location further from the intersection, and the full height of the 
mast arm was used in order to monitor the approach and traffic signal. After reviewing the video 
data from this trailer configuration, it revealed that leaving the mast at full height, monitoring the 
distractions was a little bit difficult due to the cameras' optical zoom capabilities. Following this, 
the trailer was relocated to a position closer to the intersection. The mast arm was lowered to better 
view the vehicles and the drivers but was lifted high enough to avoid any influence on the drivers' 
behavior or grab their attention. 
 
Though the internal clock of the cameras was manually synced together, a time deviation was 
observed after a certain period. Therefore, syncing the cameras was a repeated task that had to 
occur regularly due to the lack of an automated method to sync the cameras instead of the manual 
one. Since each camera is separate, syncing the clock between them was crucial for the accuracy 
of the data collection process. Usually, the internal clock of any device drifts over time and causes 
a time error. If not resolved regularly, this time error could lead to discrepancies in time calculation 
and hence inaccurate results. After investigation and research, both cameras' internal clocks were 
synced through an internet connection to a time server, which solved the issue. The previous two 
issues caused some delay and added more days to compensate for the un-synced recordings. 
 
Moreover, the export process of the videos was lengthy and took a significant amount of time. One 
(1) hour, two (2) hours, four (4) hours of recording data takes around 30, 50, and 110 minutes 
respectively to be exported. Occasionally, though the export process indicates that the export 
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process was completed successfully, the exported hours were not complete and consequently had 
to be exported again. Figure 3-5 shows the BVMS used to export the videos. 
 
Collecting the recordings from the camera was another challenge. The Bosch camera is a security 
camera. Therefore, setting up the cameras and downloading the recorded videos was not an easy 
process, but after consulting a specialized technician and contacting Bosch customer support 
frequently, the data collection process became more manageable and went smoothly afterward.  
Fifty-six (56) hours in seven (7) days were recorded during the pilot study for the NBT movement 
during the month of February 2021. Unfortunately, due to the effect of the pandemic, the traffic 
was not yet back to normal, and there were very few vehicles on the road except during certain 
times of the day, which deemed the collected data not fully usable. 
 
The pilot study took 48 days in duration and discovered many challenges to overcome in the 
following locations and provided the research team with several lessons learned that saved a 
significant amount of time afterward and improved the work process and operation. 
 
 
 
 
 
   
 
 

 
 
 
 
 
 
 

Figure 3-4: North Alafaya Trail & University Blvd. 
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Figure 3-5: Bosch Video Management Software (BVMS) 
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Lake Underhill Road & Woodbury Road – EBT & SBL Approaches 
The following intersection was Lake Underhill Road (East-West) at Woodbury Road (North-
South), as shown in Figure 3-6. This intersection was selected because it combines residential and 
school land uses. Lake Underhill Road is considered the major road with 1 dedicated left, 2 through 
lanes, and 1 dedicated right along both approaches. The side street is Woodbury Road, with 2 left 
lanes and 1 shared through and right along both approaches. The camera was located at the 
Southwest corner to monitor the Eastbound through traffic and then later relocated to the Northeast 
corner to capture the Southbound left. The school land use is an elementary and a middle school 
in the Southwest and Southeast corners, respectively. The residential area is in both the Northeast 
and Northwest corners. The total number of recorded hours was 32 and 30 for the EBT and SBL 
movements, respectively. 
 

 
 

Figure 3-6: Lake Underhill Road & Woodbury Road 
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Lake Underhill Road & Dean Road – NBT Approach 
The intersection of Lake Underhill Road at Dean Road, as shown in Figure 3-7, was selected with 
Lake Underhill Road running East-West and Dean Road running North-South. The data was 
collected in the northbound through (NBT) direction along Dean Road which has 1 dedicated left 
turn, 1 through lane, and 1 dedicated right, Lake Underhill Road has 1 dedicated left, 1 through 
lane, and 1 shared through and right lane in the westbound approach and 1 left, 1 through and 1 
right turn lane in the eastbound approach. The camera was located in the Southeast corner to 
monitor the Northbound through movement. The intersection is located within a predominantly 
commercial area. The total number of recorded hours was 43 for the NBT movement. 
 

 
Figure 3-7: Lake Underhill Road & Dean Road 
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SR 50 & N. Bumby Ave – WBT Approach 
The next intersection was SR50 (E Colonial Drive) and N. Bumby Ave, as shown in Figure 3-8. 
The data was collected along SR 50 in the westbound approach which has 2 through lanes, 2 
dedicated lefts, and 1 shared through and right lane. Bumby Ave is running North-South where 
the northbound approach has 1 left turn lane, 2 through lanes and 1 exclusive right turn lane. The 
southbound approach has 1 dedicated left, 1 through lane, and 1 shared through and right lane. The 
camera was located at the Northeast corner to monitor the Westbound through movement. The 
intersection was selected to investigate the drivers’ distractions surrounding office, and 
commercial land uses. The total recorded hours were 40 for the WBT movement. 
 

 
Figure 3-8: Intersection 3 SR 50 & N Bumby Ave 
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SR 50 & North John Young Parkway (JYP) – NBT Approach 
The following intersection was SR 50 and North John Young Parkway (JYP), as shown in Figure 
3-9. This intersection was selected because of the heavy congestion along both roadways in the 
peak hours as well as its proximity to the Downton area. The land use surrounding the intersection 
is mainly commercial. Both SR50 and John Young Parkway are configured with 2 dedicated left 
lanes, 3 through lanes, and 1 dedicated right lane. The camera was located in the intersection's 
southeast corner to monitor the Northbound through movement. More than 30 hours were recorded 
for the NBT movement. 
 

 
Figure 3-9: Intersection 4 SR 50 & North John Young Parkway (JYP) 
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SR 482 & Orange Blossom Trail (OBT) – SBT & SBL Approaches 
The next intersection was SR 482 (Sand Lake Road) and Orange Blossom Trail (OBT), as shown 
in Figure 3-10. Both SR 482 and OBT have 2 dedicated left lanes, 3 through lanes, and 1 dedicated 
right lane. The camera was located in the northwest corner to observe the southbound through and 
left. The data was collected for both the southbound through and left lane movements. The land 
use of this area is predominantly commercial due to its proximity to Florida Mall and the presence 
of tourists. 37 and 33 hours were recorded for the SBT and SBL movements, respectively. It should 
be noted that this intersection was also utilized to collect pedestrian data, as will be explained later.  
 

  

Figure 3-10: Intersection 5 SR482 (Sand Lake Rd) & OBT 
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International Drive & Jamaican Court – SBT & SBL Approaches 
This intersection was selected because of its unique land use, as it has a tourist attraction and some 
commercial facilities nearby, as shown in Figure 3-11. The major road is International Drive with 
one 1 dedicated left turn, 2 through lanes, and 1 dedicated right, along both approaches. The side 
street is Jamaican Court with 1 shared through left and 1 right along both approaches. The total 
number of recorded hours was 12 hours for the through lanes, and 50 hours from the left lanes. 
The camera was located in the northwest corner to monitor the Southbound through and left lanes. 
It should be noted that this location was used to collect pedestrian data due to the relatively high 
tourist pedestrian activity along I-Drive and Jamaican Court.  
 

 
Figure 3-11: I-Drive and Jamaican Court 
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SR 436 & Wilshire Drive – NBL Approach 
This intersection was selected due to its mixed land use, as it is surrounded by residential and 
commercial areas, as shown in Figure 3-12. This location helps in studying the effect of residential 
and commercial land use interaction on the drivers' distractions. The major road is SR 436 with 1 
dedicated left, 3 through lanes, and 1 right lane along both approaches. The side street is Wilshire 
Drive, with 1 dedicated left lane and 1 shared through and right lane. The relatively small 
intersection size allowed the cameras to have a clear view at the southeast corner to monitor the 
Northbound left turn movement. The total recorded hours were 10 for the NBL movement. 
 

 
Figure 3-12: SR 436 & Wilshire Drive 
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Narcoossee Rd & Lee Vista Blvd – NBL Approach 
The next intersection was Narcoossee Rd and Lee Vista Blvd, as shown in Figure 3-13. A 
commercial area surrounds this location. The major road is Narcoossee Rd, with 1 dedicated left, 
2 through lanes, and 1 right lane. The side street was Lee Vista Blvd, with 1 dedicated left, 2 
through lanes, and 1 right lane. The target movement was the NBL, and the cameras were placed 
at a proper location in the southeast corner. 27 hours were recorded for the NBL direction. 
 

 
 

Figure 3-13: Narcoossee Rd & Lee Vista Blvd 
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SR 536 & SR 535 - WBL Approach 
As shown in Figure 3-14, the intersection of SR 536 and SR 535 was selected due to the touristic 
land use of this area. The data were collected along SR 536 for the 2 left lanes in the Westbound 
direction. The SR 536 (World Center Drive) comprises of 2 left lanes, 2 through lanes and 1 
dedicated right turn along both approaches. SR 535 (S Apopka Vineland Rd) is composed of 2 
dedicated left lanes, 3 through lanes, and 1 dedicated right turn lane along both approaches. The 
cameras were placed in the northeast corner to capture 28 hours of the WBL movement.  
 

 
 

Figure 3-14: SR 536 & SR 535 
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3.3.2 Distracted Pedestrians 
The following section describes the data collected at different locations to identify distracted 
pedestrians at signalized intersections.  
 
The data were collected at five (5) intersections within District 5 (Figure 3-15) covering eight (8) 
approaches. The intersections were selected to meet the following criteria. First, there is a moderate 
to a heavy number of pedestrian activities. Second, they cover different land uses (residential, 
school area, college, and commercial). 
 

 

Figure 3-15: Pedestrians’ Site Locations 
Table 3-2 summarizes the study locations and identifies each approach. The locations are SR 434 
and University Blvd (Figure 3-16)., Lake Underhill Road and Woodbury Road; Gemini Blvd and 
East Plaza Drive; SR482 (Sand Lake Rd) and Orange Blossom Trail (OBT); International Drive 
(I-Drive) and Jamaican Court (Gemini Blvd and East Plaza Drive – West Approach 

 
Figure 3-17 and Figure 3-18). Each intersection was recorded from the approaches with a 
significant number of pedestrians.  
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Four (4) out of the five (5) intersections were covered thoroughly in the distracted drivers' section. 
The only one not covered is Gemini Blvd. and East Plaza Drive, as only pedestrian data were 
collected from this location. 
 
The intersection of Gemini Blvd and East Plaza Drive was selected because it is adjacent to UCF 
and has a high pedestrian movement. Gemini Blvd has 1 shared through and left, and 1 shared 
through and right lane. East Plaza Drive is configured with 1 shared left, through, and right. The 
camera was located in the Southwest corner to monitor the West approach. The land use at this 
intersection is School/College.  
 
It should be noted that the first location was the intersection of SR 434 at University Blvd as 
described earlier, being a pilot location and due to its proximity to UCF and the heavy pedestrian 
activity in and out of the UCF Campus. However, because of the pandemic and remote learning, 
there was very minimal pedestrian activity recorded at this location despite the extended number 
of hours collected (50 hours). 
 

Table 3-2: Study Locations and Their Characteristics (Pedestrians) 

No. Location Land-Use Study 
Approach 

No of 
Lanes 

crossed 

Pedestrian 
Activity No. of Hours 

Recorded 

1 SR 434 & University 
Blvd 

College & 
Commercial South 9 Heavy 50 

2 Lake Underhill Road 
& Woodbury Road 

Residential & 
School Area South 4 Light 12 

3 Gemini Blvd and 
East Plaza Drive School/College West 4 Heavy 33 

4 SR 482 and OBT Tourist/ 
Commercial 

North 
West 

9  
Light 23 88 

9  65 

5 I-Drive and 
Jamaican Ct. 

Tourist/ 
Commercial 

North 
West 
South 

7  
Moderate 12 

42 2  18 
6  12 

Total Hours 225 
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Figure 3-16: SR434 (Alafaya Trail) & University Blvd – South Approach 
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(a) Lake Underhill Road & Woodbury Road – South Approach 

 
(b) Gemini Blvd and East Plaza Drive – West Approach 

 
Figure 3-17: Intersections Locations and Geometric Configurations (a & b) 
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(c) SR482 and S OBT– North and West Approaches 

 

 
(d)  I-Drive and Jamaican Ct.– North, South and West Approaches 

Figure 3-18: Intersections Locations and Geometric Configurations (c & d)  
(Google Earth 2022)  
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3.4 Summary 
 
This chapter covered the data collection methodology, camera selection, and determining the study 
locations. In Chapter 2, several cameras were proposed for the study, and after a field test, the 
Bosch camera was selected for the study as it fulfilled the study requirements. Several intersections 
were selected to cover various land use, a different number of through and left lanes as well as 
several cross walks, and peak periods of high demand. 
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IV. DATA EXTRACTION & MEASURES OF DISTRACTION 

4.1 Parameters Selection  
Due to the collection of the sufficiently large data sample at each location, preliminary 
observations were required to determine the type and measure of distraction to identify any notable 
variability in the observed distractions. Therefore, distractions were categorized for their intensity 
(ordinally) or by distraction type (categorically, for example, conversation, texting, eating, 
dashboard use, eyes-off-the-road, etc.). The actual extraction process was initially performed 
manually by having two researchers watching the footage and reporting on observations. Having 
agreement on the data was necessary for data consistency as the final selected distraction measures 
are solidified. Image processing software was also explored for faster data processing. In addition 
to the distraction data, other parameters were extracted from the video data collection, such as 
startup lost times, perception reaction times (PRT), headways, saturation flow rate, approach 
volumes, queue lengths, and other intersection features, as well as driver/pedestrian characteristics 
including gender and approximate age (young, middle age, old age). The above-mentioned process 
would allow for more robust modeling in the data extraction task. 

4.1.1 Distracted Drivers 
Table 4-1 lists the factors that were recorded during the data extraction process for the through and 
left movements. The main parameters used in the distracted drivers’ data collection were Weather, 
Distraction Cause, and Green/Crossing Times. The weather might have a significant effect on 
drivers’ behaviors. For example, drivers tend to drive slower in rainy weather, consequently 
increasing the headway. Distraction cause is a significant factor in causing delays and therefore 
increasing the headway. Several timings were recorded to measure the response time of the driver. 
The researcher will record the timestamp when the signal was green (Green Start), when the driver 
crossed the stop-line (Crossing Time), and when the signal was red (Green End). Subtracting the 
crossing time from the green start will provide the headway for the first vehicle in the queue. For 
the following vehicles, the headway is the time difference between successive vehicles crossing 
the stop-line. Peak hours (AM/MD/PM) were identified from the timestamp to measure the 
significance of each one on the response variable (headway). Drivers’ recordings were collected 
during the peak hours on weekdays during the AM peak (7-9), MD peak (12-2), and PM peak 
hours (4-8). 
 
The weather parameter was classified as Sunny, Rainy, and Cloudy. Though previous research 
avoided data collection in rainy weather, the 4K cameras recorded the distractions clearly with 
their efficient optical zoom. The distraction cause parameter contained several effects, which are 
listed in Table 4-1. “No Distraction” effect was used when the driver’s headway was within two 
(2) seconds, and the driver clearly was looking ahead with no distractions observed. The “Cell 
Phone” effect was categorized when the driver used his cell phone. “Dashboard” was classified 
when the driver was using the dashboard. “Passenger” distraction was categorized when the driver 
talked to passengers in the car. Finally, the “Other” category was used for any other distractions 
not considered in the above parameters. Figure 4-1 illustrates one of the typical distraction types, 
which is a cell phone distraction.  
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Table 4-1: Distracted Drivers’ Parameters and Effects 

Parameters Effects 

Weather 
Sunny 
Rainy 

Cloudy 

Distraction Cause 

No Distraction 
Cell phone 
Dashboard 

Eating/Drinking 
Not Identified Distraction 

Passengers 
Smoking 

Other 
Green start The timestamp when the drivers' signal turned green 
Cross time The timestamp when the driver crossed the stopping line 
Green End The timestamp when the green signal ended 

 

 
Figure 4-1: Cell phone distraction 
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4.1.2 Distracted Pedestrians 
Distracted pedestrians’ parameters were selected carefully to record all potential effects related to 
distractions. Data were collected on weekdays. The solar panels in the trailer allowed the 
researchers to record for a straight 12 hours (7 am to 7 pm). Weather conditions included Sunny, 
Rainy, and Cloudy. Land use was a vital parameter and was considered for each location (School, 
College, Residential, and Commercial). The Distraction Cause parameter, as shown in Table 4-2, 
recorded all potential distractions. The “No Distraction” parameter was recorded when the 
pedestrian startup time is less than or equal to two (2) seconds, and he or she is not distracted. The 
“Texting/Talking on a phone” is recorded when the pedestrian is distracted by his cell phone. 
“Talking to others” was categorized when a group of pedestrians is distracted by talking to each 
other while crossing. The gender parameter (Male/Female) and Age (Young/Old) were collected. 
The pedestrians were categorized either in a “Group” or “No Group.” Different events' timestamps 
were captured. The “Green Start” is the time when the pedestrian signal turns green. The “Crossing 
Time” is when the pedestrian starts to cross. “Clear Time” is when the pedestrian finishes or clears 
the crossing. The “Green End” is the time recorded when the green signal ended. 
 

Table 4-2: Distracted Pedestrians’ Factors and Effects 

Parameters Effects 

Weather 
Sunny 
Rainy 

Cloudy 

Land Use School/College 
Residential/Commercial 

Distraction Cause 

No Distraction 
Texting/Talking on a phone 

Talking to others 
Eating/Drinking/Smoking 

Gender Male 
Female 

Group Status Group 
No Group 

Age Young 
Old 

Green Start The timestamp when the pedestrian signal 
turned green 

Crossing Time The timestamp when the pedestrian started to 
cross 

Clear Time The timestamp when the pedestrian cleared 
the crossing 

Green End The timestamp when the green signal ended 
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4.2 Data Extraction 
The data collected for both distracted drivers and pedestrians were video recordings with around 
900+ hours (see Appendix P to Z), which counted 3+ Terabytes (TB). This large amount of data 
was difficult to be transferred online. Therefore, the data extraction process was conducted in the 
field using a direct ethernet connection to the cameras to ensure high-speed data transfer and avoid 
any connection lag/errors. The extraction was performed using a laptop with the BVMS viewer 
10.1, a software developed by the camera manufacturer (Bosch). 
A minimum of 24 hours at each intersection was recorded for distracted driving and 10 hours for 
distracted pedestrians. The recording schedule for distracted driving was set to occur Tuesday to 
Friday during the AM peak (7 to 9 am), mid-day peak (12 to 2 pm), and PM peak (4 to 8 pm). 
Recording hours for distracted pedestrians were 12 hours (7 am to 7 pm) or 6 hours (4 pm to 10 
pm), depending on the location and pedestrians' activity. For example, the 4-10 pm were selected 
for the tourist areas near the I-Drive location.   
A team of researchers analyzed the videos at the University of Central Florida (UCF) 
transportation lab. Distraction types were analyzed either by a specialized program or professional 
video editing software, as explained in the following sections.  

4.2.1 The Slicer Software 
The video files extracted from the Bosch cameras had a 4K resolution, and consequently, those 
files had a large file size and were difficult to process. Therefore, a specialized software called 
"Slicer" has been developed to facilitate this task and assist in the video analysis and data 
extraction. Figure 4-2 shows the main user interface. The Slicer converts the video into frames or 
pictures, as shown in Figure 4-3 and Figure 4-4, which are later loaded to another software, "the 
Distracted Driving" or "Distracted Pedestrians," Additionally, the Slicer software was developed 
to solve another issue that was encountered during the research process. The issue is that the 
Distracted Driving and Pedestrian software both use many sequential video files for the same study 
because the camera software outputs the video in pieces. Working with multiple video files in the 
same study causes the researcher to lose information at the beginning and the end of each video 
file because cycles straddling video files cannot be processed. The Slicer software solves this 
problem by extracting the frames from multiple sequential video files and, in essence, stitching 
them into one large set of frames, minimizing the number of cycles lost. The software applies 
parallel processing techniques by utilizing multithreading to extract the video frames efficiently. 
Each set of extracted frames is stored in a folder named after the first video filename in the 
corresponding video set. 
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Figure 4-2: The Extraction Software "Slicer" 

 

 
Figure 4-3: Frame Extraction Screen 
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Figure 4-4: Frame extraction progress 

The User Interface 
The user interface is simple and allows the user to load a single or a dual video set for extraction, 
as shown in Figure 4-5. The typical option is to load the videos in a dual set, which load both the 
driver and signal video. This is the default usage so that the researcher can determine the green 
cycle start and end. However, the single set option is used for the special cases when the researcher 
is only observing the driver videos, providing that he had already captured the cycle start and end 
timings directly by playing the videos from a media player. 
 
The software automatically sorts the files in each set according to their names. The researcher can 
still override the sorted sequence, if needed, by using the up and down arrow buttons to move 
individual files up or down the list. The final sequence of the files determines the order of the 
extracted frames based on the corresponding video files.  

 
Figure 4-5: The Single and Dual Set Loading Options  
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4.2.2 Distracted Driving Software 
The distracted driving software has been developed to analyze distracted driving behavior at 
intersections. The software assists the researcher in detecting, quantifying, and documenting the 
level of driver distraction that may occur when a light signal switches to green. Two videos 
recorded by two cameras at the intersection depict both the drivers stopping at the stop bar and the 
opposing traffic light. The videos are synchronized, so the delay in driver response is measured 
accurately. Figure 4-6 shows the main user interface. Additionally, the software provides playback 
speed controls, like any standard media player, allowing the user to play the video either by 
standard video speed or frame-by-frame. The software also allows the researcher to easily navigate 
the video timeline and record the required events with high precision. 
 
The software allows the analyst to precisely record the timestamp by clicking on designated 
buttons to record the time when the signal turned green, the driver crossed the stopping line, and 
when the signal turned red (Green End). The frames from both videos are precisely timestamped 
each by their cameras at the time of recording, as shown in Figure 4-7. This allows the software to 
synchronize the videos during the analysis process. 
 

 
Figure 4-6: Distracted Driving Software 
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Figure 4-7 : Recording Timestamp 

The User Interface 
The user interface gives the researcher access to a number of features that facilitate the analysis 
operation. 

Video Loading 
The Load Videos button loads the two videos that correspond to the recording session under 
investigation (Figure 4-8). 

 
Figure 4-8: Video Loading Button 

 

Configuration 
Using a software configuration screen, the researcher specifies information pertinent to the 
intersection under investigation. Each intersection has a configuration file assigned to it containing 
such information as to location, the number of lanes, recording date and time, and video timestamp 
(Figure 4-9). Both videos are synchronized to a sub-frame accuracy using their timestamps. A 
zoomed and enlarged view of the date and time is provided to the researcher to facilitate the date 
and time entry of this recording. 
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Figure 4-9: Intersection configuration and video synchronization 

 

Frame Extraction 
The video frames need to be extracted first before a distracted driver analysis can be performed 
(Figure 4-10). This will allow fast and responsive frame surfing and backward and forward video 
display. Figure 4-11 shows the frame extraction progress. 
 

 
Figure 4-10: Frame extraction screen 
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Figure 4-11: Frame extraction progress 

 

Green Cycle Creation and Editing 
The researcher can create new and edit existing green cycles based on traffic light status. To create 
a cycle, the Start button is pressed, and to end it, the End button is pressed. Similarly, an existing 
cycle can be edited or deleted (Figure 4-12). 
 

 
Figure 4-12: Green Cycle creation and editing 

 

Video Surfing and Playing 
The researcher can easily surf the videos and move forward and backward using directional arrow 
buttons and a slider (Figure 4-13). He/she can advance or regress by a specific number of frames 
down to a one-frame accuracy. 
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Figure 4-13: Video surfing and playing buttons 

Driver Response Analysis 
The software assists the researcher in precisely assessing the driver's response when the light turns 
green. Using the software's interactive user interface, the researcher specifies the moment the light 
turns green, which denotes the start of the green cycle. Then he/she specifies the moment each 
driver crosses the stop bar. The difference between the two times determines the driver's response. 
This calculation is conducted on each driver in each lane, both through and left. Figure 4-14 and 
Figure 4-15 show the moment the light turns green and the moment the driver in the outside lane 
crosses the stop bar, respectively. If a researcher finds a headway greater than two (2) seconds. In 
that case, they will try to identify whether there was a distraction associated with the increase in 
headway and, if so, determines the distraction type. If the researcher couldn't clearly determine the 
distraction type after analyzing the video two (2) times, the observation will be considered "Not 
Identified Distraction."  
 

 
Figure 4-14: Driver response analysis, the light turns green 
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Figure 4-15: Driver Response Analysis 

The driver in the outside lane crosses the stop bar 

Output Data File 
When the researcher completes the process of specifying the distracted driving timings, the 
software stores all the event information in a data file that can be easily ported to other software 
for further analysis. Figure 4-16 shows a sample of the output data file generated by the software. 
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Figure 4-16: Sample of the output data file 
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Table 4-3 shows an excerpt of the data extracted by the research team for the distracted driving at 
the intersection of SR 50 and Bumby Avenue. 
 

Table 4-3: Field Data Extracted from Video Files 

 
  



Impacts of Distracted Driving and Distracted Pedestrians  
On Traffic Operations at Signalized Intersections    

Final Report  58 

The following Figure 4-17 shows a sample output from the distracted driving software, and Figure 
38 shows the corresponding output from the data tables. The software output includes the 
intersections name, number of lanes, recording date and time, and the number of green cycles 
within the study period. Next, the software for each cycle provides the cycle number, the green 
start, and end, cycle length, total number of cars in each cycle. The software also provides for each 
vehicle inserted the crossing time, cycle/lane/row number, and finally calculates the headway. If 
the researcher finds that the headway is greater than two seconds, he or she will analyze the video 
recording at that specific time to identify the distraction type and then add it to the corresponding 
data table. 
 

 
Figure 4-17: An Output from the software 
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The following Figure 4-18 illustrates how the software output was inserted into the main database 
for further analysis. The output contains the same parameters obtained from the software output, 
in addition to the distraction type/cause, peak period (AM/MD/PM), and the movement direction 
(Through, Left). 

 

 
Figure 4-18: An output from the data tables 
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Sample Calculations 
The following section will provide a sample calculation for the parameters used in the data 
analysis. As shown in Figure 4-18, the headway of the first vehicle was calculated by subtracting 
the cross-time from the green time:16:02:20:079-16:02:11:012=9.067 seconds. The following 
vehicles’ headways are the time difference between consecutive vehicles that cross the stop-line. 
For instance, the second vehicle’s headway can be calculated by subtracting 16:02:23:679 from 
16:02:20:079 to get 3.6 seconds. The lost time can be calculated by subtracting the headway from 
the saturation headway. For example, as shown in Table 4-3, the lost time of the first vehicle was 
calculated from: 4.162-1.615 = 2.547 seconds. 
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4.2.3 Distracted Pedestrians Software 
A software program has been developed to analyze distracted pedestrian behavior at intersections. 
The software assists the researcher in detecting, quantifying, and documenting the level of 
pedestrian distraction that may occur when a pedestrian signal switches to Walk. A video recorded 
by a camera at the intersection depicts both the pedestrians stopping at the crosswalk and the 
pedestrian signal. Figure 4-19 shows the main user interface. 
 

 
Figure 4-19: The Distracted Pedestrian software main user interface 

 

The User Interface 
The user interface gives the researcher access to several features that facilitate the analysis 
operation. 

Video Loading 
The Load Video (Single) and Load Video (Max) buttons are used to load pedestrian video files 
(Figure 4-20). Load Video (Single) loads a single video file, whereas Load Video (Max) loads a 
set of frames that were extracted using the Slicer software. Using an already extracted set of frames 
can save time by having a number of external machines extract the frames from many/large video 
files. 

 
Figure 4-20: Video loading buttons 
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Configuration 
Using a software configuration screen, the researcher specifies information pertinent to the 
intersection under investigation. Each intersection has a configuration file assigned to it containing 
such information as to location, crosswalk length, collection date, analysis date, the direction of 
crossing, video timestamp, and pedestrian demographic information (Figure 4-21). 
 

 
Figure 4-21: Intersection configuration 

Frame Extraction 
The video frames need to be extracted first before a distracted pedestrian analysis can be performed 
(Figure 4-22). This will allow fast and responsive frame surfing and backward and forward video 
display. Figure 4-23 shows the frame extraction progress. 
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Figure 4-22:  Frame extraction screen 

 

 
Figure 4-23:  Frame extraction progress 

Green Cycle Creation and Editing 
The researcher can create new and edit existing green cycles based on traffic light status. To create 
a cycle, the Start button is pressed, and to end it, the End button is pressed. Similarly, an existing 
cycle can be edited or deleted (Figure 4-24). 
 

 
Figure 4-24: Green Cycle creation and editing 
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Video Surfing and Playing 
The researcher can easily surf the video and move forward and backward using directional arrow 
buttons and a slider (Figure 4-25). He/she can advance or regress by a specific number of frames 
down to a one frame accuracy. 
 

 
Figure 4-25: Video surfing and playing buttons 

 

Pedestrian Response Analysis 
The software assists the researcher in precisely assessing the pedestrian response at the 
time the pedestrian signal turns to Walk. Using the software's interactive user interface, 

the researcher specifies the moment the signal turns to Walk, which denotes the start of the 
cycle. Then he/she specifies the moment each pedestrian steps into the crosswalk. The 

difference between the two times determines the pedestrian response. This calculation is 
conducted individually on each pedestrian.  

Figure 4-26 (a) and (b) show the moment the signal turns to Walk and the moment the pedestrian 
steps into the crosswalk, respectively.  
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(a) The signal turns to Walk 

 
(b) The pedestrian steps into the crosswalk 

 
Figure 4-26: Pedestrian Response Analysis 
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Pedestrian Statistics 
The software assigns statistics record for each pedestrian. This record specifies such information 
as age, gender and distraction cause (Figure 4-27). 
 

 
Figure 4-27: Pedestrian Statics Screen 

 

Output Data File 
When the researcher completes the process of specifying the distracted pedestrian timings, the 
software stores all the event information in a data file that can be easily ported to other software 
for further analysis. Figure 4-28 shows a sample of the output data file generated by the software. 
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Figure 4-28: Sample of the output data file 

 

Sample Calculations 
The following section will describe a sample from the parameter calculations for the analysis of 
distracted pedestrians. First, the pedestrian startup time was calculated by subtracting the time 
when the pedestrian started crossing from the green start. For instance, for the first record in 
Appendix L, the startup time: 7:18:47.284 – 7:18:46.483 = 0.801 seconds. The cross-time was the 
time difference between when the pedestrian finished crossing and when he/she started crossing. 
For example, the cross-time for the same record mentioned earlier: 7:19:3.72 – 7:18:47.284 = 
16.436 seconds. For the same example, the walking speed is calculated by dividing the crossing 
distance by the crossing time. So in our example, the walking speed will be 72.2 feet (the crossing 
length) divided by 16.436 seconds (previously calculated) = 4.39 ft/sec. 

4.3 Summary 
 
Chapter 4 provided the framework and the required tools to analyze the collected data efficiently. 
First, a careful selection of the parameters and variables determined all potential effects related 
to distractions. Second, three software were developed to facilitate the data extraction process 
and eliminate any human error in the process.  
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V. STATISTICAL ANALYSIS AND MODELLING 
This research focuses on the implications of distracted driving on the intersection’s headway. The 
main idea is to measure the startup lost time at the onset of the green phase and the overall 
intersection’s saturation headway. Startup lost time and saturation headway are the main 
microscopic parameters used in traffic operations studies to calculate the saturation flow rate at 
signalized intersections and determine its capacity. Startup lost time occurs due to the delayed 
response from the driver's reaction to the onset of the green phase and the vehicle's acceleration to 
leave the intersection. Headway is the time interval between two successive vehicles passing a 
point along the lane. The headway of the first vehicle in the queue is the difference between the 
time the vehicle crosses the stop-line and the time the signal turns green. The headway of the 
following vehicles is the time interval between successive vehicles crossing the stop-line or exiting 
the intersection. The first few vehicles in the queue tend to have a higher headway until the fourth 
or fifth vehicle, where it becomes nearly constant, which is known as the saturation headway (h). 
The difference between the first four to five vehicles’ headway and the saturation headway is 
known as the startup lost time. According to the traffic signal timing manual, the standard start-up 
lost time is approximately 2.0 seconds which is attributed to the time taken by the driver to perceive 
and react, also known as Perception and Reaction Time (PRT). Several factors contribute to PRT, 
such as the physical condition, driver’s age, situation complexity, emotional state, and stimuli 
strength for the action. However, distracted driving was not among the main factors affecting the 
startup's lost time, especially before the smartphone era. Thus, this research is investigating the 
implications of distracted driving on the vehicles’ headway and its effect on the intersection’s 
capacity. 
 
This chapter of the research details the analysis of the processed data in response to the independent 
variables. A sequence of multivariate statistics and multiple regression analyses were performed 
to test the interactive effects of driver’s distraction type on intersection performance using the JMP 
statistical software package. The large data sample that was collected and processed in the previous 
chapter determined the major factors, parameters, types, and measures of distraction. The 
following Table 5-1 and Table 5-2 summarize the main parameters used for the distracted drivers’ 
and pedestrians’ analysis, respectively. The following chapters will cover the statistical analysis 
of the distracted drivers (left and through movements) and pedestrians.  
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Table 5-1: Distracted Drivers’ Parameters and Variables 

Parameter Variables 

Weather 
Sunny 
Rainy 

Cloudy 

Distraction Types 

No Distraction 
Cell phone 
Dashboard 

Eating/Drinking 
Passengers 
Smoking 

Not Identified Distraction 
Other 

Land-use 

Commercial 
Residential & School  

Mixed Use 
Tourist 

Vehicle Queue 
Position 1, 2, 3, 4 

Time Of Day (TOD) AM, MD, PM 
Distraction Status Distracted or Not Distracted 
Movement Type Through, Left 
Number of Lanes 1, 2, 3 
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Table 5-2: Distracted Pedestrians’ Parameters and Variables 

Parameter Variables 

Weather 
Sunny 
Rainy 

Cloudy 

Distraction Types 

No Distraction 
Talking on a phone / Texting 
Eating/Drinking / Smoking 

Talking to others 
Other (Listening to music / Looking Away / Not Identified 

Distraction) 
Age Young - old 

Gender Male – Female – Not Identified 
Group Status Group – No Group (Alone) 

Landuse School/College – Mixed Use 
Extra Pedestrian 

Time 
The extra time taken by the pedestrian to clear the crosswalk 

after the end of the walk signal  

Startup time The time difference between the start of the walk signal and the 
pedestrian starts to cross 

Walking Speed The pedestrian walking speed 
Cross Time The time the pedestrian took to cross the intersection 

 

5.1 Distracted Drivers (Through Movement) 
 
This section discusses the statistical analysis process applied to the dataset for the through 
movement. First, a discussion to determine the response variable and its potential effects. Second, 
comprehensive descriptive statistics were applied to each collected parameter from the extracted 
data. An initial model was conducted after completing the data extraction of the first four 
intersections to explore the results. Other models were investigated for the whole dataset that 
covers the ten intersections, along with a thorough explanation of the model results and their effects 
on the response variables. 
 
A critical step in data analytics is preparing the data for modeling. First, the data extracted by each 
researcher were combined into a central database. Next, a data compilation process was applied, 
which is the collation and transformation of raw data into meaningful information that can be used 
in the model formulation. Finally, several quality measures were conducted to ensure the accuracy 
and efficiency of the data. 

5.1.1 Response Variable - Headway 
As mentioned earlier, the research goal is to quantify the effects of distracted driving on traffic 
operations and intersection capacity. Intersection capacity is measured by multiplying the 
saturation flow rate by the ratio of effective green to the cycle length. Since the saturation flow 
rate is the ratio of 3600 (seconds) to the headway (h in seconds), therefore the headway is 
considered an excellent indication of the intersection capacity and the optimal candidate to 
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measure the effects of distracted driving on traffic operations. So, for example, if we have a one 
hour of green time, a headway of two (2) seconds theoretically would allow 1800 
vehicles/hour/lane to pass (3600/2=1800), while four (4) seconds headway will only allow 900 
vehicles/hour/lane to pass. This increase in the headway caused the loss of half of the intersection’s 
capacity. The headway (h) was used in the model as the response (or Y) variable and entered as a 
continuous variable. A test of normality was performed, as shown in Figure 5-1. The response 
variable is slightly skewed to the left but normally distributed. The test showed that the best normal 
distribution is the “Normal 3 Mixture” distribution, which provided the least AIC with a value of 
23,802. The headway had a mean of 3.59 seconds and a standard deviation of 1.5 seconds, as 
shown in Figure 5-2. 
 

 

 
Figure 5-1: Headway Distribution 
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Figure 5-2: Headway Statistic 

 

5.1.2 Effect of Distraction Types on Headway – Preliminary Analysis 
An initial model was developed after data were collected and extracted from the first four 
intersections. Overall, the results showed that the percentage of distracted and non-distracted 
drivers in all four intersections was 26% and 74%, respectively (Figure 5-3). The percentage of 
distracted drivers against different land uses; commercial, offices, and residential & School areas 
were 29%, 30%, and 14%, respectively (Figure 5-4). Results have also shown that distracted 
drivers represent about a quarter of all drivers. Commercial and office land use represented about 
30%, while residential & school areas had nearly half of the distracted drivers from the first two 
areas (14%). This can be attributed to the fact that traffic is generally heavier in commercial and 
office land use areas compared to residential areas. 
 

 
Figure 5-3: Overall Percentages of Distracted and Non-Distracted Drivers 
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Figure 5-4: Percentage by Distraction Status among Different Land Uses 
 
Distractions were classified by type (Figure 5-5), which showed that distractions caused by cell 
phones and not-identified-distraction were 20% and 5%, respectively. "Not Identified" are 
considered distractions that either were not identified by the observer, such as staring at something 
through the windshield or other types not included in the data extraction sheets, or considered 
uncommon such as putting on makeup or looking in the rear mirror. Passengers (talking to 
passengers) and other types of distractions formed 0.4% each. Eating and drinking and dashboard 
distraction represented 0.1%. Cell phone usage was the predominant distraction factor in the 
analysis.  
 
The headway was also plotted against distracted/not distracted drivers. The results showed that the 
average headway for non-distracted drivers was around two (2) seconds, which is considered the 
standard used in traffic studies. However, this number is doubled to around four (4) seconds 
(Figure 5-6). Furthermore, different distraction types and their relationship with the headway are 
illustrated in Figure 5-7. Overall, "other" types of distraction have shown to be the highest and 
increased the headway to around five (5) seconds. The other types include looking around, reading, 
reaching the handbag, and fixing hair. Talking to passengers, dashboard, eating/drinking, and cell 
phone distractions recorded an average of nearly four (4) seconds. The no-distraction type scored 
the lowest headway with around two (2) seconds. The relationship between the headway and the 
distraction types showed that distraction significantly increases the overall average headway at the 
intersection and, consequently, worsens the intersection traffic operations. 
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Figure 5-5: Percentages of Distraction Causes 
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Figure 5-6: Average Headway between Distracted and Non-Distracted Driving 

 

 
                       Figure 5-7: Average Headway between Different Types of Distracted Driving 
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Several statistical models, such as the generalized linear model, and mixed model, were initially 
examined to fit the data. The Akaike information criterion (AIC) estimator was used to compare 
the models. Lower AIC numbers mean a better fit for the data. The mixed model was selected as 
it provided the lowest AIC and the best fit for the data among all models. Additionally, the mixed 
model was selected for the following features: it can consider both fixed and random effects, 
handle correlation in data measurements, and flexibly accommodate different factors such as 
clustering effects containing repeated measurements. The data have different characteristics and 
consist of continuous variables (headway and lost time) and categorical variables (weather, 
distraction types, vehicle position in the queue, land use).  
 
The statistical analysis was performed with all factors as main effects and categorized by distracted 
driving and non-distracted driving. The dependent variable or the response was the headway. The 
analysis developed two separate models, one for the distracted drivers and the other for the non-
distracted drivers.  
 
First, the non-distracted driving model showed very interesting results in terms of the base 
headway (Intercept), which is considered the headway without any effects, being significant with 
a value of 2.3 seconds. Weather, land use, lost time, and vehicle queue position significantly 
affected the headway (P-value<0.05). The clear weather condition didn't affect the headway when 
compared to the reference category of "Sunny," while cloudy weather decreased the headway by 
0.4 seconds (negative sign). The rainy weather was significant and increased the headway by 
around 0.6 seconds. Commercial land use decreased the headway by 0.11 seconds, while offices' 
land use increased it by 0.37 seconds. These results showed that motorists waiting during the red 
light at intersections surrounded by commercial land use are more observant of the surrounding 
activities and more entertained by the commercial zones. This doesn't mean that they are not 
distracted but at least not consumed by their vehicles' interior, making them more attentive to the 
signal changes when compared to the residential/school zone land uses. Lost time and the first 
vehicle queue position were significant and increased the headway by 0.5 seconds. Distraction 
cause was not included in this model as it is for non-distracted drivers. 
 
On the other hand, the distracted driving model showed similar results in terms of the base 
headway (Intercept) as significant with around 2.95 sec. In addition, the model showed that the 
weather, land use, distraction cause, lost time, and vehicle queue position had a significant effect 
on the headway (P-value<0.05). For weather effects, the results showed that clear and cloudy 
weather decreased the headway with an estimate of 0.57 and 0.34 (sec), respectively. Rainy 
weather was significant and increased the headway by 1.0 second. Offices and commercial zones 
were both significant, with values of around 0.2 and -0.3 seconds, respectively. For distraction 
causes: only cell phone usage was significant and increased the headway by 0.5 sec. Lost-time and 
vehicle queue position one affected headway by an increase of 0.6 sec. Another interesting result 
in the distracted model effects showed that vehicle queue position number 10 was significant with 
an increasing effect on headway by 0.49 seconds. The model also showed that vehicle positions 8 
and 9 had an increasing effect on the headway but were insignificant. Although it might appear 
unusual that vehicles in the back rows have this significant effect on headway compared to the 
first rows that are often used in the lost time calculations. These results reveal the effect of 
distraction on intersection operations. It was observed that when the intersection is congested 
during the peak hour and drivers in the back rows (8, 9, or 10) are distracted and not paying 
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attention to the green phase even by a couple of seconds; the green phase gaps out due to the 
amount of time needed for this tenth vehicle to reach the stop-line which exceeds the standard 3-
second gap out, thus decreasing the intersection hourly capacity dramatically. The following 
Figure 5-8 and Figure 5-9 show the statistical results for the non-distracted model, while Figure 5-
10 and Figure 5-11 show the results for the distracted model. 
 
A statistical expression was formed using the mixed model to predict the dependent variable 
headway between distracted and non-distracted drivers. The headway or h (sec) was considered as 
the dependent variable (Y), while Weather, Land-Use, Distraction Cause, Lost-Time, and Vehicle 
Queue position were the explanatory variables (X), as shown in the following equation: 
 

𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝑴 (𝒉𝒉) = 𝑨𝑨 + 𝑩𝑩𝟏𝟏 ∗𝑾𝑾𝑴𝑴𝑴𝑴𝑾𝑾𝒉𝒉𝑴𝑴𝑾𝑾 +  𝑩𝑩𝟐𝟐 ∗ 𝑳𝑳𝑴𝑴𝑴𝑴𝑳𝑳 𝑼𝑼𝑼𝑼𝑴𝑴 +  𝑩𝑩𝟑𝟑 ∗ 𝑫𝑫𝑫𝑫𝑼𝑼𝑾𝑾𝑾𝑾𝑴𝑴𝑫𝑫𝑾𝑾𝑫𝑫𝑫𝑫𝑴𝑴 𝑪𝑪𝑴𝑴𝑪𝑪𝑼𝑼𝑴𝑴 + 𝑩𝑩𝟒𝟒 ∗
𝑳𝑳𝑫𝑫𝑼𝑼𝑾𝑾 𝑻𝑻𝑫𝑫𝑻𝑻𝑴𝑴 + 𝑩𝑩𝟓𝟓 ∗  𝑽𝑽𝑴𝑴𝒉𝒉𝑫𝑫𝑫𝑫𝑽𝑽𝑴𝑴 𝑸𝑸𝑪𝑪𝑴𝑴𝑪𝑪𝑴𝑴 𝒑𝒑𝑫𝑫𝑼𝑼𝑫𝑫𝑾𝑾𝑫𝑫𝑫𝑫𝑴𝑴  Equation 1 

 

 
 

Figure 5-8: Parameter Estimates for the Non-Distracted Mixed Model 
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Figure 5-9: Marginal Model Profiler for the Non-Distracted Model 
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Figure 5-10: Parameters Estimates for the Distraction-Types Model 
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Figure 5-11: Marginal Model Profiler for the Distraction-Types Model 
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5.1.3 Descriptive Analysis of Main Parameters – Full Sample 

Distraction Cause 
After completing the data collection and extraction of all the ten (10) intersections (see Appendix 
A to O), the results showed that overall the percentages of distracted and non-distracted drivers 
were 53% and 47%, respectively (Figure 5-12). Distractions were classified by type (Figure 5-13), 
which showed that “Not Identified” and “Cell phone” types represented 41% and 31%, 
respectively. Drivers that were not distracted represented about 22%. Drivers distracted by talking 
to other passengers were 3.3%. “Other” and “Smoking” distractions formed 1.8% and 0.2%, 
respectively. Both “Eating/ Drinking” and “Dashboard” figures were also low, 0.7%. Cell phone 
usage was the prevalent distraction type in this study, with 31% after the uncommon types of 
distraction coded as “Not Identified.” 
 

 
 

Figure 5-12: Percentages of Distracted and Non-Distracted Drivers 
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Figure 5-13: Distraction Cause Distribution  
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Headway and Saturation Headway 
Figure 5-14 demonstrates the mean headway for distracted drivers compared to the mean of non-
distracted drivers. The headway for distracted drivers (3.72 seconds) was significantly higher than 
the non-distracted drivers (2.0 seconds). The high difference between the two shows how 
distractions negatively affect the headway at signalized intersections. Figure 5-15 shows the 
headway variation within distraction cause categories. Non-distracted drivers scored the least 
headway, while “Not Identified” and “Smoking” categories were the highest. The saturation 
headway was also plotted for distracted and non-distracted drivers (Figure 5-16). The saturation 
headway for non-distracted drivers was 2.65 seconds, which is less than in the distracted drivers' 
case (2.83 seconds). 
 

 
Figure 5-14: Headway vs. Distraction Status 
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Figure 5-15: Headway vs. Distraction Cause 
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Figure 5-16: Saturation Headway vs. Distraction Status 
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Weather 
Weather is also considered in the analysis as a potentially significant factor affecting drivers' 
behavior and was entered in the data in three (3) levels: Cloudy, Rainy, and Sunny. As was stated 
in previous sections, the high-quality cameras allowed the researchers to record clearly in rainy 
weather; therefore, data were collected during these times. As seen in Figure 5-17, most of the data 
were collected in sunny weather (61%). Only 29% of the data were recorded during cloudy 
weather. Rainy weather represented a low percentage in the study, only 9.3%. The majority of the 
data were collected during Sunny and Cloudy weather conditions (90%). 
 

 

Figure 5-17: Weather Statistics  
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Land-Use 
Land use plays a significant role in travel demand and, consequently, a significant factor in drivers’ 
daily trips. Land-use data were collected in four (4) levels: Commercial, Mixed Use, Residential 
with School, and Tourist. As seen in Figure 5-18, motorists' numbers according to other land uses; 
Commercial, Mixed Use, Residential/School, and Tourist were observed to be 66%, 13%, 12%, 
and around 9%, respectively. Distracted drivers were found to be significantly higher than non-
distracted drivers in all land use types (Figure 5-19). 
 

 
 

Figure 5-18: Land-use Statistics 
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Figure 5-19: Distraction Status vs. Land Use 
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Number of Lanes 
The number of lanes represents the total number of lanes studied for each movement. The through 
movement is composed of either two (2) or three (3) lanes. Most of the study locations covered 
three (3) lanes for the through movement (74%). Roads with two (2) lanes formed 26%, as seen in 
Figure 5-20. 
 

 

Figure 5-20: Total Number of Lanes 
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Vehicle Queue Position 
As discussed earlier, the vehicle queue position is found to be a significant factor and represents 
the position of each vehicle in the queue in each lane. Usually, the first few vehicles in the queue 
cause the highest delay due to their reaction to the beginning of the green phase. Therefore, the 
first vehicle typically causes the highest delay. In this study, 41%, 32%, and 22% of all drivers 
were in the queue's first, second, and third positions (Figure 5-21). The fourth position formed 
around 5%. 
 

 
Figure 5-21: Vehicle Queue Position Distribution 
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Time Of Day (TOD) 
The TOD identifies which peak hour is studied. AM, MD, and PM represent morning, mid-day, 
and afternoon peaks, respectively. Most of the records were collected during the PM peak (65%). 
The AM and MD peaks records were 28% and around 7%, respectively (Figure 5-22). 
 

 

Figure 5-22: TOD Distribution 
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5.1.4 Effect of Distraction on Headway by TOD  

AM Peak 
The effect of distraction on headway during different times of the day was investigated using a 
Generalized Linear Model (GLM) Fit for the headway response. The TOD effect helped in 
understanding the model’s variation during the different peak hours. The GLM model with Poisson 
distribution and an identity link was selected because it is ideal for rare events’ counts and has a 
smaller total error than the normal distribution. The estimation method was Maximum Likelihood. 
The whole model test (Figure 5-23) was significant, with Prob>ChiSq of <.0001. The goodness of 
fit statistic showed a small overdispersion of less than one (0.32), which is a good indication that 
the model fits the data. The AIC was 19,820. 
 

 
Figure 5-23: GLM Model Test-AM Peak 

 
Other variables were also included in the model, such as Distraction Cause, No. of Lanes, Land 
Use, Veh. Queue Position and Weather. All effects were significant during the AM peak hour, 
except for the Weather, as seen in Figure 5-24. 
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Figure 5-24: Parameters Effects-AM Peak 

 
The parameter estimates showed that the base headway (Intercept) was significant, with a value of 
4 seconds. The weather parameter was significant, and the rainy condition had an increasing effect 
on the headway by 0.28 compared to the sunny conditions. In contrast, the cloudy weather had less 
effect on the headway than the sunny weather by 0.13 seconds. For the Land Use parameters, the 
effects were significant and showed that the office land use increases the headway when compared 
to the other land uses, which matches the drivers’ destination during the AM peak hour. The two 
lanes had a lower effect on the headway (0.3 seconds) when compared to the base category of the 
3-lane intersection. The analysis revealed that drivers were distracted by other types that are 
considered uncommon during the AM peak hour while going to work.  “Other” types of 
distractions increased the headway by 0.68 seconds. The first vehicle in the queue increased the 
headway as expected by 0.12 seconds. Figure 5-25 illustrates the parameter estimates for the AM 
peak model. 
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Figure 5-25: Parameter Estimates-AM Peak 

MD Peak 
The MD peak whole model was significant, with an overdispersion of 0.6, as shown in Figure 5-
26. The model AIC was 3232, which is significantly lower than the AM peak. Only the distraction 
cause parameter was significant (Figure 5-27). For the parameter estimates, the base headway 
(Intercept) was significant with a value of 4 seconds. “Cell phone” and “Other” distractions 
increased the headway by 0.7 seconds and 1.75 seconds. Not distracted drivers, as expected, 
showed a decreasing effect on the headway by 2.1 seconds when compared to the base category 
of being distracted by smoking (Figure 5-28). This also reveals that drivers talk more on the cell 
phone during lunch time (MD peak) compared to the AM peak. 
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Figure 5-26: Whole Model Test-MD Peak 
 

 
Figure 5-27: Whole Model Test-MD Peak 
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Figure 5-28: Parameter Estimates-MD Peak 
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PM Peak 
The PM peak model was significant (Prob>ChiSq <.0001) and provided a small overdispersion of 
0.38. The AIC was 40240.062 (Figure 5-29). The Weather, Land Use, No. of Lanes, Distraction 
Cause, and Veh. Queue Position parameters were included in this model. The effects tests showed 
that all parameters were significant (Figure 5-30). 
 

 
Figure 5-29: Whole Model Test-PM Peak 

 
Figure 5-30: Effect Summary-PM Peak 
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The parameter estimates (Figure 5-31) showed that the base headway (Intercept) was significant 
by 3.55 seconds. The cloudy weather had an increasing effect on the headway by 0.12 seconds, 
while the rainy weather had a lower effect compared to the sunny conditions, which dominated the 
data. Commercial and Mixed land uses had an increasing effect on the headway by 0.43 and 0.55 
seconds, respectively, compared to the office land use, which matches the typical destinations of 
the drivers in the PM peak on their way back from work. The two (2) highest distraction causes 
were “Dashboard” and “cell phone” which increased the headway by 0.65 and 0.4, respectively, 
and described drivers’ behavior while going home. The first and third positions in the queue were 
significant. The first position increased the headway by 0.27 seconds, while the third position had 
a lower effect on the headway (0.18 seconds) when compared to the fourth vehicle in the queue. 
 

 
Figure 5-31: Parameter Estimates-PM Peak 
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Conclusion 
All three models were significant (p-value<.0001), and the goodness of fit statistic provided a 
small overdispersion. The AM peak model revealed that drivers are not inclined toward using their 
cell phones in the morning. However, they get distracted by other types, such as staring through 
the windshield and not paying attention to the road. Intersections surrounded by office land use 
increased the headway, which matches the drivers’ destination in the morning going to work with 
the first vehicle in the queue, causing an increase in the headway. 
 
In the MD peak model, only the “Distraction Cause” effect was significant. Cell phone usage had 
a positive effect on headway which revealed that drivers talk more on the cell phone during lunch 
time (MD peak) compared to the AM peak.  
 
The PM peak model showed a good fit for the data, which had all the effects significant. 
Commercial and Mixed land uses had an increasing effect on the headway compared to the office 
land use, which matches the typical destinations of the drivers in the PM peak on their way back 
from work. The two (2) highest effects on headway were “Dashboard” and “cell phone” which 
describes drivers’ behavior while going home. Also, this showed that drivers pay more attention 
near residential land uses and around school areas. Startup lost time is also represented by the first 
vehicle position in the queue, which increased the headway. 
 
Overall, the GLM model fits the data well by TOD. However, other models were explored to 
explain the parameters and effects and also provide a better AIC and effectively address the goal 
of studying the effects of the distraction on the headway.  
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5.1.5 Statistical Comparison - Mixed Model Analysis 
The third model was the mixed model, which provided less AIC than the previous two models. 
The first mixed model was categorized by Distracted or Not Distracted, which provided an AIC of 
18868 and 47091, respectively. The 2nd and 3rd models provided less AIC, but the 3rd mixed 
model offered the least AIC, as seen in Table 5-3. The 3rd model analysis produced three models 
(AM, MD, and PM), which will be discussed in the following sections. 
 

Table 5-3: GLM and Mixed Models Comparison  

TOD GLM Mixed Model 
AM Peak 19820 5794 
MD Peak 3232 1966 
PM Peak 40240 14598 

 

AM Peak 
The AM peak model provided an AIC of 5794 (Figure 5-32). All effects included in the model 
were significant (Figure 5-33). The base headway (Intercept) was 4 seconds (Figure 5-34). Rainy 
weather increased the headway by 0.31 compared to Sunny conditions. Land-use effects decreased 
the headway by an average of 0.25 seconds compared to the office land use. Two (2) lane 
intersection approaches had lower effect than the three-lane approaches. All distraction types 
showed no significant effect on the headway, except for the “Other” category, which increased the 
headway by 0.7 seconds. Not distracted drivers showed lower effect on the headway by 1.77 
seconds compared to the distraction category. Vehicle position one (1) increased the headway by 
0.12 seconds, while the third position had lower effect than the fourth vehicle in the queue.  
 

 
Figure 5-32: Fit Statistics-AM Peak 
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Figure 5-33: Fixed Effects Tests-AM Peak 

 
Figure 5-34: Fixed Effects Parameter Estimates-AM Peak 

MD Peak 
The MD peak model scored an AIC of 1966 and had only the distraction cause parameter 
significant (P<.0001). The base headway was 4 seconds, with a significant effect. Both “Cell 
phone” and “Other” categories increased the headway by 0.7 seconds and 1.77 seconds, 
respectively. All other parameters were not significant (Figure 5-35). 
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Figure 5-35: MD Model Fixed Effects 

PM Peak 
The PM peak model scored an AIC of 14598. The base headway was significant, with a value of 
3.55 seconds. Cloudy weather increases the headway by 0.13 seconds, while rainy weather 
decreases the headway by 0.1 seconds compared to sunny conditions. Commercial and Mixed land 
uses increased the headway by 0.46 and 0.58 seconds when compared to the Tourist land use. Two 
lanes had higher effect than the 3 lane approach intersections by around 0.3 seconds. Regarding 
distraction causes, Cell phones, Dashboard, and Other distractions increased the headway by 0.3, 
0.7, and 0.4 seconds, respectively. The first position in the queue increased the headway by nearly 
0.3 seconds, while the third position had lower effect on the response by 0.2 seconds when 
compared to the fourth vehicle in the queue (Figure 5-36).  
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Figure 5-36: PM Peak Model Statistics and Fixed Effects 
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Conclusion 
Although the Mixed Model provided a lower AIC than the GLM, both provided similar results. 
The base headway (Intercept) for the AM and MD peaks were around 4 seconds and 3.55 seconds 
in the PM peak. The average basic headway in all models was around 4 seconds. For the weather 
parameter, while the rainy weather in the AM peak showed a positive effect on the headway and 
a negative effect in the cloudy weather, the opposite was true in the PM peak. All parameters, 
except the distraction cause, didn’t affect the headway in the MD peak model. All land use 
categories in the AM peak model had a lower effect on the headway compared to the tourist land 
use. Three-lane intersection approaches increase the headway during both the AM and the PM 
peak models. Drivers are distracted by their cell phones, especially during lunchtime and on their 
way back from work. The “Other” distraction category increased the headway in the AM. 
Dashboard distraction was only found in the PM peak model and increased the headway by 0.7 
seconds. In both the AM and PM peak models, the first position in the queue increased the 
headway. These results supported that the number of lanes and weather parameters did not 
consistently affect the headway. The motorists driving in residential and school land use are less 
distracted because of the existence of school zones and residents crossing. Drivers surrounded by 
Mixed land use (commercial and/or Offices) are more attentive in the AM peak and more distracted 
in the PM peak. Though cell phone distractions increased the response in the MD and PM peaks, 
they didn’t affect the AM peak; Drivers in the AM peak are distracted by other uncommon things 
such as staring though the windshield.     
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5.1.6 Overall Distraction Effect on Headway 
The above analysis showed that different distraction types significantly affect the intersection 
headway based on several separate models (distracted or not-distracted, or TOD). However, such 
formulations did not provide clear statistical inference on whether overall distracted driving has 
really increased the headway since the control variables of the two models included mutually 
exclusive samples and used different coefficients. Therefore, it was crucial to develop a single 
model with all the control variables to investigate the overall distraction status, which would be 
coded as a binary indicator (dummy variable). Therefore, another mixed model was developed, 
which included the main control variables; weather, land use, and vehicle queue position, and 
excluded the lost time, and consolidated all distraction types to avoid any correlation, as shown in 
Figure 5-37 and Figure 5-38. The model results show that the effect of distraction is significant, 
with an increasing effect of 0.93 seconds on the headway.   
 
Fixed Effects Parameter Estimates                                                                                                                             
Term Estimate Std Error DFDen t Ratio Prob>|t| 95% Lower 95% Upper 
Intercept 2.9549353 0.1451634 19250 20.36 <.0001 2.6704024 3.2394682 
Weather [Clear]  -0.635736 0.1212658 19250  -5.24 <.0001  -0.873428  -0.398045 
Weather [Cloudy]  -0.113045 0.0699187 19250  -1.62 0.1059  -0.250092 0.0240016 
Weather [Rainy] 0.6516018 0.1681518 19250 3.88 0.0001 0.3220096 0.9811941 
Land-use [Commercial]  -0.02569 0.0164838 19250  -1.56 0.1191  -0.058 0.0066199 
Land-use [Offices] 0.2238187 0.0193544 19250 11.56 <.0001 0.1858824 0.261755 
Veh Queue Pos [1] 0.8819599 0.1340814 19250 6.58 <.0001 0.6191487 1.144771 
Veh Queue Pos [2] 0.341962 0.1334315 19250 2.56 0.0104 0.0804246 0.6034995 
Veh Queue Pos [3]  -0.060499 0.133293 19250  -0.45 0.6499  -0.321765 0.2007666 
Veh Queue Pos [4]  -0.131982 0.1333558 19250  -0.99 0.3223  -0.393371 0.129407 
Veh Queue Pos [5]  -0.207863 0.133423 19250  -1.56 0.1193  -0.469384 0.0536575 
Veh Queue Pos [6]  -0.250161 0.1338944 19250  -1.87 0.0617  -0.512606 0.0122834 
Veh Queue Pos [7]  -0.274763 0.1345572 19250  -2.04 0.0412  -0.538507  -0.011019 
Veh Queue Pos [8]  -0.246107 0.1353988 19250  -1.82 0.0691  -0.5115 0.0192865 
Veh Queue Pos [9]  -0.264787 0.1363508 19250  -1.94 0.0522  -0.532047 0.0024722 
Veh Queue Pos [10]  -0.078533 0.1375691 19250  -0.57 0.5681  -0.34818 0.1911148 
Veh Queue Pos [11]  -0.325204 0.7549438 19250  -0.43 0.6666  -1.80496 1.1545515 
Veh Queue Pos [12] 0.1728208 0.8684684 19250 0.20 0.8423  -1.529453 1.8750945 
Distraction Status [Distracted] 0.9321431 0.0136417 19250 68.33 <.0001 0.9054041 0.9588821 
        
Fixed Effects Tests 
Source Nparm DFNum DFDen F Ratio Prob > F 
Weather 3 3 19250 23.867004 <.0001* 
Land-use 2 2 19250 73.83035 <.0001* 
Veh Queue Pos 12 12 19250 75.061349 <.0001* 
Distraction Status              1                1     19250    4669.0199      <.0001* 
 

Figure 5-37: Mixed Model for the Overall Distraction Effects 
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(a) Distraction Status – Not Distracted 

 

 
(b) Distraction Status – Distracted 

Figure 5-38: Marginal model profiler for distraction effects 
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5.2 Distracted Drivers (Left Movement) 

5.2.1 Descriptive Analysis of Main Parameters 

Headway and Saturation Headway 
Similar to the through movement, the effect of distraction was studied for the left-turn movement. 
However, the analysis was considered for single and dual lefts operating in a protected-only mode 
due to the fact that permissive mode will have a confounding effect with increased headway 
yielding to oncoming traffic. The response variable for the left movement was also the headway. 
The headway distribution for the left movement is shown in Figure 5-39 and follows a normal 
distribution (Normal 3 Mixture) though it is slightly skewed to the left. The headway AIC was 
13564 (Figure 5-40). Figure 5-41 compares the saturation headway for distracted and non-
distracted drivers. The saturation headway for non-distracted drivers was 2.2 seconds, which is 
slightly less than the distracted drivers' case (2.3 seconds). 
 

 
Figure 5-39: Headway Histogram-Left Movement 
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Figure 5-40: Headway Distribution-Left Movement 

 

 
Figure 5-41: Saturation Headway vs. Distraction Status. 
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Weather 
The weather parameter contained three levels: Cloudy, Rainy, and Sunny. Most records were 
collected in sunny weather (94%). Cloudy and rainy weather percentages were negligible, 4% and 
2%, respectively, as shown in Figure 5-42. 
 

 
Figure 5-42: Weather Histogram-Left Movement 
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Land Use 
Land use data were collected in four levels: Commercial, Residential with School, Mixed-Use, 
and Tourist. Most records were collected from Residential & School areas (43%). Commercial and 
Tourist land uses represented 30% and 23%, respectively (Figure 5-43). Mixed land use 
represented around 4%. 
 

 
Figure 5-43: Land Use Histogram-Left Movement 
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Number of Lanes 
The number of lanes denotes the total number of lanes analyzed for each movement. The left 
movement is composed of either one or two lanes. 58% of records were collected from two-lane 
approaches, while 42% were from one-lane approach intersections, as shown in Figure 5-44. 
 

 
Figure 5-44: Number of Lanes Histogram-Left Movement 
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Distraction Cause 
The percentage of distracted and not distracted drivers was 87% and 13% (Figure 5-45). The 
majority of the left turn drivers, almost two-thirds, were distracted. Distractions were studied by 
types (Figure 5-46). Almost half (48%) of the distractions were not identified. The predominant 
distraction was cell phone usage by almost a third (28%), followed by 13% for not distracted 
drivers, and around 8% for passenger distractions. The remaining types had negligible proportions. 
 

 
 

Figure 5-45: Distraction Status for Left Movement 
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Figure 5-46: Distraction Types for Left Movement 
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Vehicle Queue Position 
The vehicle queue position percentages for the left-turn movement are shown in Figure 5-47. 
Almost half of the records (47%) were from position one. Positions two and three in the queue 
represented 31% and 21%. The remaining positions were not significant (around 1%). 
 

 
Figure 5-47: Vehicle Queue Position Histogram-Left Movement 
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5.2.2 Effect of Distraction on Headway for Left Movement by TOD 
A Standard Least Squares model was investigated, and though most effect tests were significant 
through the peak hours, the model had a low R-Squared (40%) and a significant lack of fit for all 
peak hours. Figure 5-48 shows the lack of fit results for the AM peak. 
 

 
Figure 5-48: Lack of Fit-Left Movement (AM Peak) 
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5.2.3 Statistical Comparison – Generalized Linear Regression Analysis 

AM Peak 
A Generalized Linear Model was formulated by TOD, with a Poisson distribution and Identity 
link. The estimation method is Maximum Likelihood. The whole model test was significant 
(P<.0001) and provided a low overdispersion (0.39), as shown in Figure 5-49. 

 
Figure 5-49: GLM-Left Movement 

 
The parameters entered in the model were: Weather, Land Use, Distraction Cause, and Veh. Queue 
Position. All parameters were significant (Figure 5-50). The base headway was significant by a 
value of 4.28 seconds. Cloudy weather increased the headway by 0.3 seconds when compared to 
the sunny conditions. Also, residential with school land-use showed lower effect on headway than 
mixed land use. For distraction causes, cell phone usage and not identified categories increased 
the headway by 0.4. Also, the first three vehicle positions in the queue were significant and reduced 
the headway by an average of 0.45 seconds compared to the fourth vehicle, which shows that 
drivers are more alert than the vehicles in the back of the queue. 
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Figure 5-50: GLM Parameter Estimates-Left Movement 

 

MD Peak 
The MD peak whole model test was significant and provided a small acceptable overdispersion of 
0.27. The model AIC was 8783 (Figure 5-51). All parameters entered in the model were 
significant, except for the weather (Figure 5-52). The intercept (base headway) was significant 
(3.29 seconds). Commercial land use had an increasing effect on the headway by 0.25 seconds, 
while residential & school zones had a decreasing effect by 0.44 seconds when compared to the 
base category of Mixed-Land use. In the distraction causes parameter, not identified distractions 
were significant and increased the headway by 0.4 seconds. Not distracted drivers had a decreasing 
effect on the headway by 1.35 seconds. Figure 5-53 demonstrates the parameter estimates. 
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Figure 5-51: Final Model-Whole Model Test-MD Peak 

 

 
 

Figure 5-52: Final Model-Effects Summary -MD Peak 
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Figure 5-53: Model Parameter Estimates -MD Peak 

 

PM Peak 
The PM peak whole model was significant and presented a low overdispersion (0.29). The model 
AIC was 32501. Figure 5-54 shows the whole model test. All model parameters, shown in Figure 
5-55, were significant (P<.0001). The base intercept was significant (3.97 seconds). Cloudy 
weather increased the headway by 0.25 seconds. Mixed land use increased the response by 0.75 
seconds, while drivers were more attentive in residential and school land uses. Dashboard, not 
identified, passengers categories increased the headway by 0.52, 0.17, and 0.18 seconds. Not 
distracted drivers significantly reduced the headway by 1.28 seconds. Only the first queue position 
was significant and increased the headway by 0.09 seconds (Figure 5-56). 
 

 
Figure 5-54: Final Model-Whole Model Test-PM Peak 
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Figure 5-55: Final Model-Effect Summary & Tests-PM Peak 

 
Figure 5-56: Final Model-Parameter Estimates-PM Peak 

 
  



Impacts of Distracted Driving and Distracted Pedestrians  
On Traffic Operations at Signalized Intersections    

Final Report  121 

Conclusion 
The three peak models were significant with a p-value (<.0001), and the goodness of fit statistic 
was acceptable by a small overdispersion. The AM peak model: Cloudy weather, cell phone, and 
not identified categories positively affected the response. Drivers were more attentive near 
residential with school land uses. The first three vehicle positions in the queue did not affect the 
headway. The MD peak model: Commercial land use and not identified categories increased the 
headway. Similarly, drivers were more attentive near residential, and school land uses. The PM 
peak model: All parameters were significant. Cloudy weather and Mix land use positively 
impacted the headway. Again, drivers being more careful in residential and school land use. The 
distraction causes: Dashboard, not identified, and passengers categories positively increased the 
headway. The only position in the queue that significantly affected the model positively was the 
first position. 
 
Overall, the model was significant for the three peaks and passed the goodness of fit test. The base 
headway (Intercept) for the AM, MD, and PM peaks was 4.28, 3.29, and 3.97 seconds. The cloudy 
weather had a positive effect on the AM and PM peaks and no effect on the MD peak. Residential 
and school land uses had a reducing effect on the headway as anticipated. Commercial and mixed 
land uses positively impacted the response. Cell phone distractions had an increasing effect only 
on the AM peak. Dashboard and passenger categories were positively significant only during the 
PM peak. Drivers who were not distracted significantly decreased the headway in the three peaks. 
Not identified category positively affected the headway in all peaks. Vehicle queue position one 
decreased the headway in the AM peak and increased it during the PM peak. 
 
This model demonstrated that driving during cloudy weather in mixed land use would increase the 
headway in the PM peak. Drivers in residential and school land use drive slower due to the 
presence of students or residents crossing. Left turn motorists tend to be distracted by their phones 
during the AM peak and the dashboard during the PM peak. Drivers in the first queue position 
during the AM peak had a negative impact on the headway compared to the PM peak. As expected, 
motorists who were not distracted significantly decreased the headway. Not identified distractions 
increased the response in all peaks. Most of those unidentified distractions are probably related to 
drivers not paying attention and staring through the windshield. Left turners seem distracted more 
in the PM than in the AM peak. 

5.3 Effect of Distracted Driving on Intersection Capacity 
At signalized intersections, the capacity for a particular movement is defined by two elements: the 
maximum rate at which vehicles can pass through a given point in an hour under prevailing 
conditions (known as saturation flow rate), and the ratio of the green time during which vehicles 
may enter the intersection as shown in equations 2 and 3. Saturation flow rate is simply the 
headway in seconds between vehicles moving from a queued condition, divided into 3600 seconds 
per hour. 

𝑫𝑫𝑫𝑫 = 𝐬𝐬𝑫𝑫
𝐠𝐠𝑫𝑫
𝐂𝐂

                                     (Equation 2) 

𝑼𝑼𝑫𝑫 = 𝟑𝟑𝟑𝟑𝟑𝟑𝟑𝟑
𝐡𝐡

                                    (Equation 3) 

Where, i is the intersection approach lane group, 
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c is the capacity of the intersection in vehicles per hour per lane (vphpl), 
s is the saturation flow rate in vehicles per hour of green per lane (vphgpl), 
g is the effective green time interval for the movement in seconds (sec), 
C is the intersection cycle length in seconds (sec), 
h is the average discharge headway in seconds per vehicle (sec/veh). 
 
To determine the effect of one of the distraction types such as cell phone use, Figure 5-9 and Figure 
5-11 show the profile of the marginal model parameters for the non-distracted model versus the 
distraction-Types model at the same center points which included clear weather, commercial land 
use, startup lost time of 1.472 sec, first vehicle in the queue in addition to one of the distraction 
types which is cell phone use. The average intersection’s headway in the non-distracted model was 
3.38 seconds, while in the distraction-types model was 4.05 seconds. Comparing the headway 
between the two models show that the effect of cell phone use in a commercial area on the first 
vehicle in the queue resulted in an increase in the headway of approximately 0.67 seconds or 20% 
increase. Therefore, translating these values into the intersection’s capacity using the above 
equations, it is concluded that cell phone use reduced the intersection capacity from 1,065 vphgpl 
to 889 vphgpl (16.5%) which can then be multiplied by the proportion of green time of the cycle 
length for this specific movement to determine the capacity per cycle.  
 
snon-distracted = 3600/3.38 = 1,065 vphgpl 
scellphone-distraction = 3600/4.05 = 889 vphgpl 
Reduction in capacity = (1065-889)/1065*100 = 16.5% 
 
On the other hand, Figure 38(a) shows the parameter estimates for the overall distraction status 
model as “non-distracted” with the standard discharge headway of 2.24 seconds and excluding the 
start-up lost time, while Figure 38(b) shows the status as “distracted” including all distraction types 
with discharge headway of 4.11 sec. Using the above equations, it is concluded that distracted 
driving at signalized intersections reduces the intersection capacity from 1,607 vphgpl to 876 
vphgpl which is approximately 45.5%.  
 
snon-distracted = 3600/2.24 = 1,607 vphgpl 
sdistracted = 3600/4.11 = 876 vphgpl 
Reduction in capacity = (1607-876)/1607*100 = 45.5% 
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5.4 Distracted Pedestrians 
Site selection was a very crucial step to ensure that measurements were taken at a variety of land 
use areas with moderate to heavy pedestrian activity. This would allow the analysis of pedestrian 
behavior in relation to land use categories adjacent to the university, school zones, tourist, 
residential, commercial, or mixed-use areas. The majority of the data were collected near the 
university and mixed land use. Around 5000+ pedestrians were monitored during the data 
collection stage at different locations (see Appendix L to O & V), including different land use, 
group status, and age group. Several statistical models were formed to understand these factors 
better and quantify their effects on the proposed responses. The following sections detail the 
modeling process and its evaluation. 
 
After the pedestrian’s raw data compilation, a set of models were formed to address the study goal 
of determining distracted pedestrians’ effect on signalized intersections. This section will discuss 
the statistical analysis of distracted pedestrians. First, determining the response variable. Second, 
descriptive statistics for the parameters and effects. Finally, modeling formulation with an 
evaluation of the performance of each model.  
 
Different potential response factors were investigated, such as startup time, crossing time, or 
walking speed were inserted into the model to explore which models best explain the response and 
the predictors' relationship.  
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5.4.1 Descriptive Analysis of Main Parameters 

Distraction Status 
The results showed that the overall percentage of distracted and not distracted pedestrians were 
44% and 56%, respectively (Figure 5-57). The distraction causes distribution showed that most 
pedestrians were not distracted (56%). The percentage of records collected from school/college 
and mixed land use was 63% and 37%, respectively (Figure 5-58). In mixed land use, the 
percentage of distracted pedestrians was almost half (51%). The figures were different in 
School/College land use, as the percentage of Distracted vs. Not Distracted was 41% and 59%, 
respectively. 
 

 
 

Figure 5-57: Percentage of Distracted Pedestrians 
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Figure 5-58: Distraction Status vs. Land Use  
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Distraction Cause 
“Texting/Talking” on a phone and “Other” categories represented nearly similar distribution (15%) 
as shown in Figure 5-59. “Talking to others” were slightly lower (11%). The 
"Eating/Drinking/Smoking" category was significantly low (around 2%). The young age group 
was predominant in the study (98%), compared to only 2% of the old age group (Figure 5-60). 
 

 
 

Figure 5-59: Distraction Causes Percentage 
 



Impacts of Distracted Driving and Distracted Pedestrians  
On Traffic Operations at Signalized Intersections    

Final Report  127 

 

 
Figure 5-60: Age Distribution  
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Weather 
Weather is an essential factor affecting human behavior, especially for pedestrians. Therefore, the 
data were collected during “Sunny” weather (88%) as well as “Rainy” and “Cloudy” conditions, 
as shown in Figure 5-61. 
 

 
Figure 5-61: Weather Histogram  



Impacts of Distracted Driving and Distracted Pedestrians  
On Traffic Operations at Signalized Intersections    

Final Report  129 

Gender 
Gender was another factor studied to explore if there is a significant difference between males and 
females in their responses. 53% were males in this study, and 47% were females (Figure 5-62). 
 

 
Figure 5-62: Gender Percentages  
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Group Status 
Group status indicates if the pedestrian was walking alone (no group) or with others in a group. 
From the literature review (Gillete et al., 2016), group status is a potential factor in pedestrians’ 
behavior and therefore was studied to show its effects. The results showed that 75% of the 
pedestrians walked alone (no group) and 25% in groups (Figure 5-63). 
 

 

Figure 5-63: Group Status Histogram  



Impacts of Distracted Driving and Distracted Pedestrians  
On Traffic Operations at Signalized Intersections    

Final Report  131 

5.4.2 Effect of Distracted Pedestrians on Startup Time 
The start-up lost time was selected as a response variable to understand the effect of distracted 
pedestrians on the pedestrian’s signal duration and whether extra time is needed for the pedestrian 
to complete the intersection crossing distance. A Generalized Linear Regression analysis is 
selected with the response as the startup time with exponential distribution. The model used the 
Maximum Likelihood estimation method. The model scored an AIC of 6859. The goodness of fit 
statistic was acceptable, with 0.27 overdispersion (Figure 5-64). The main parameters included in 
the model were: Distraction Cause, Extra Peds. Time, Land Use, Gender, Group Status, and 
Weather. The effects summary showed that only land use, Distraction Cause, and Extra Peds Time 
were significant (Figure 5-65). 
 
The results showed that the base startup time was 2.46 seconds, and distraction caused by 
texting/talking on the phone had the highest effect of an additional one sec (0.99) with an extra 
pedestrian time needed of 1.39 seconds. Land use had a minor effect compared to the 
school/college land use, but other types of distractions had a significant effect of an additional 0.44 
seconds, as shown in Figure 5-66. 
 

 
 

Figure 5-64: Whole Model Test 
 



Impacts of Distracted Driving and Distracted Pedestrians  
On Traffic Operations at Signalized Intersections    

Final Report  132 

 
Figure 5-65: Effect Summary & Tests 

 

 
Figure 5-66: Parameter Estimates  
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5.4.3 Effect on Startup Time By Distraction Status 
Another model was investigated similar to the first one but was categorized by distraction status 
(distracted or not distracted). The whole model test, for the distracted part, was significant 
(P<.0001) with an acceptable overdispersion value (0.31). The model scored an AIC of 3621 
(Figure 5-67). The effects summary and test results demonstrated that only land use and extra 
pedestrian time were significant (Figure 5-68). The not distracted part of the model was not 
significant, as seen in Figure 5-69, and therefore the second model was not considered. 
 

 
Figure 5-67: Whole model Test-Distracted 

 

 
Figure 5-68: Effect Summary & Tests-Distracted Part 
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Figure 5-69: Whole model Test-Not Distracted 
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5.4.4 Startup Time-Mixed Model 
Another model for the start-up time was also investigated using mixed modeling, which is 
recommended when different types of parameters are considered. The model provided an AIC of 
2323 (Figure 5-70). The mixed model provided very close results as the GLM but without the extra 
ped time parameter. The base startup time was significant, with a value of 2.4 seconds. 
Texting/talking on the phone and other categories increased the startup time by 1.3 and 0.43 
seconds. The mixed land use increased the startup time by around 0.3 seconds. The remaining 
parameters were not significant (Figure 5-71) 
 

 

Figure 5-70: Fit Statistics 
 

 

Figure 5-71: Fixed Effects  
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5.4.5 Walking Speed by Gender 
Another response variable was studied, which is the pedestrian walking speed. A GLM model was 
used with an exponential distribution, and the estimation method was Maximum Likelihood. This 
model was categorized by gender and therefore developed into two separate models: One for males 
and another for females. Both models were significant and showed interesting results, as shown in 
Figure 5-72 and Figure 5-73. The base walking speed for both Females (4.14 ft/sec) and Males 
(4.12 ft/sec) were comparable with the Females speed slightly higher. The Females were found to 
be distracted by talking to others which reduced their walking speed compared to the No 
Distraction case but were more alert in mixed use areas compared to the school/college land use 
with faster speed. On the other hand, the Males were found to be distracted by Other causes such 
as looking and staring away from the intersection but with being more alert which increased their 
walking speed especially in mixed use areas than in school/college area. They were also found to 
be predominantly crossing Alone than in groups which also reflected higher speed.  
 

 
Figure 5-72: Parameter Estimates – Female 

 

 
Figure 5-73: Parameter Estimates – Male  
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5.4.6 Walking Speed by Age 
We also investigated the walking speed by age group (Old and Young) in a GLM model. It should 
be noted that the age groups were compiled into two main groups; “Young” which reflected college 
age students, and “Middle/Old” which reflected all other categories. The model distribution was 
exponential and used the Maximum Likelihood estimation method. Both models were significant 
and passed the goodness of fit statistic test with a lower overdispersion (0.007). Both models were 
significant and showed interesting results, as shown in Figure 5-74 and Figure 5-75. The base 
walking speed was very comparable for the Middle/Old ages (4.31 ft/sec) and Young ages (4.2 
ft/sec). It was found that rainy conditions increased the walking speed for the middle/old age, 
especially when being distracted. However, their speed was lower when walking alone and in 
mixed use areas compared to when being in groups and in a school/college setting. On the other 
hand, the young age was found to be walking with slower speed especially when distracted by 
talking in others and in groups in a school/college setting compared to when being alone and in a 
mixed use area. 
 

 
Figure 5-74: Parameter Estimates – Middle/Old Age 

 

 
Figure 5-75: Parameter Estimates – Young Age 
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5.4.7 Crossing Time by Distraction Status 
The crossing time by distraction status was also investigated in a mixed model. Two models were 
produced, one for the distracted pedestrians and another for the non-distracted pedestrians. The 
AIC for the distracted and not distracted models were 1635 and 1960, respectively (Figure 5-76 
and Figure 5-77). This model provided the least AIC compared to the previous models and 
therefore was considered the best model. 
 

 
Figure 5-76: Fit Statistics-Distracted Model 

 

 
Figure 5-77: Fit Statistics-Not Distracted Model 
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For the distracted model, the parameters: Startup time, Weather, Land Use, Distraction Cause, 
Gender, and Group Status were included as the main effects. The parameters that affected the 
model were Distraction Cause, Land Use, Weather, and Group Status (Figure 5-78). The parameter 
estimates showed that the mixed land use was highly significant and increased the crossing time 
by 3.41 sec. Cloudy weather was another highly significant effect that increased the response by 
5.38 seconds. In sharp contrast, the rainy weather effect significantly decreased the crossing time 
by 5.72 seconds. The negative impact on the crossing time when it is raining was observed in the 
recordings, as pedestrians walked faster in that weather. Talking to others category increased the 
response by 2.8 seconds, while the other category decreased it by 1.53 seconds. The results have 
shown that walking in a group significantly decreases the crossing time by 2.57 seconds. This was 
also observed in the data collection, as one person in the group is usually less distracted than the 
others and alerts them about the walk signal when it turns on. The following Figure 5-79 shows 
the parameter estimates. Figure 5-80 shows the marginal model profiler and the effects of the 
parameter’s variation on the response (Crossing time). 
  

 
Figure 5-78: Fixed Effects Tests-Distracted Model 

 
 

Figure 5-79: Parameter Estimates- Distracted Model 
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Figure 5-80: Model Profiler- Distracted Model 

 
For the non-distracted model, the Startup time, Land use, and Group status significantly affected 
the response (Figure 5-81). The base response (Crossing time) was 18.75 seconds which reflects 
faster crossing than when being distracted (19.44 sec). The startup time effect was significant, 
increasing the crossing time by 0.87 seconds as well as the rainy weather by 2.35 seconds. The 
mixed land use (residential/commercial) showed a significant effect and increased the crossing 
time (3.48 seconds) compared to the school land use. Walking in a group also showed that people 
increase their walking speed, which is reflected in a faster crossing time with -2.76 seconds (Figure 
5-82), as they are not distracted. As seen in Figure 5-83, the marginal model profiler demonstrates 
the various effects of the parameter on the response (the cross-time). 
 

 
 

Figure 5-81: Fixed Effects-Not-Distracted Model 
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Figure 5-82: Parameter Estimates-Not-Distracted Model 

 

 
Figure 5-83: Marginal Model Profiler-Not-Distracted Model 

 

5.5 Effect of Distracted Pedestrians on Intersection Capacity 
Overall, the analysis revealed that distracted pedestrians did not significantly impact the 
intersections’ traffic operations. Two main parameters were investigated to determine the amount 
of time needed for the pedestrians to finish crossing the intersection and whether extra time is 
needed in addition to the given pedestrian signal, namely “Startup Time” and “Extra Ped Time”. 
The base “Startup” time was 2.46 seconds in addition to different distraction types which added  
up to 1.90 seconds for a total of 4.36 seconds, which is within the given Signal Walk Time of 7.0 
seconds. The other parameter is the “Extra Ped Time” after the signal time ends which was 1.39 
seconds. Also, all field and video observations did not record vehicles waiting for pedestrians to 
finish crossing after the ped signal ended. Although distractions among pedestrians increased their 
crossing time by nearly 4%, the extra time caused by their distractions was almost equal to or less 
than the drivers’ startup lost time (2 seconds).   



Impacts of Distracted Driving and Distracted Pedestrians  
On Traffic Operations at Signalized Intersections    

Final Report  142 

5.6 Summary 
Distracted driving activities pose one of the most difficult challenges to ensuring a safe and 
efficient transportation system. The impacts of distracted driving on traffic operations have 
received less research attention than the safety aspect. However, the impact on traffic efficiency is 
one aspect that has been overlooked or has not been explored much in the literature. It is clear that 
distracted driving can have impacts that negatively affect smooth traffic flow and operations aside 
from increased accident rates, such as poor speed control, excessive lane variability, lowered 
reaction times, and increased delays. Furthermore, new Florida laws prohibit cellphone usage 
while driving; however, use is allowed when the vehicle is stationary, which is more likely to be 
during the red phase. Often times this results in the driver being unprepared when the signal turns 
green, causing further delay on top of the initial reaction time. This can be quantified in intersection 
analysis as part of lost time, which is the difference between the average headway and the headway 
for the first few cars, which is larger due to perception time, reaction time, and now, distraction 
time. As such, distracted driving can seriously affect intersection throughput, thereby affecting 
operations and capacity. This study aims to determine the impacts of distraction types for both 
motorists and pedestrians on traffic operations. The study also measures the effects of different 
distraction types on headway for motorists and crossing time for pedestrians at signalized 
intersections and consequently its operational capacity by testing the statistical significance 
between distracted and non-distracted drivers. Data collection was conducted at numerous 
locations to cover different land use, intersection configuration, and periods of high demand.  
 
First, the analysis for the through movement showed that nearly half of the drivers were distracted 
at these locations. The number of distracted drivers was significantly high in all land-use types. 
Several uncommon distraction types coded as “Not identified” distractions were found to have the 
primary effect on headway (41%), followed by Cell phone usage (31%). The mean headway for 
distracted drivers was almost doubled when compared to non-distracted drivers. The statistical 
models demonstrated that motorists driving in residential and school land use are less distracted 
than those in commercial and office areas. Drivers in mixed land uses (commercial and offices) 
are more attentive in the AM peak than those in the MD and PM peak hours. Motorists are more 
likely to be distracted by their phones in the MD and PM peak hours than in the AM peak. The 
first vehicle in the queue causes a significant increase in the headway. The analysis also highlighted 
an interesting fact that the distraction caused by the tenth vehicle in the queue had a detrimental 
effect on the intersection capacity due to the fact that the green phase gaps out before reaching the 
stop bar. 
 
Second, the left-turn movement analysis showed that 87% were distracted. Cell phone distractions 
represented 28% of all distractions and were significant only during the AM peak. Dashboard and 
talking to passengers’ distractions were dominant only during the PM peak. Not identified 
distractions were dominant in all peak periods (48%). Motorists in the first row in the queue were 
more distracted in the PM peak than those in the AM peak. Similar to the through movement, 
residential & School land use did not increase the headway, as drivers are cautious when driving 
in these areas. In contrast, mixed land use increased the headway, especially in commercial areas, 
as motorists are usually distracted by the various stores around and searching for their destination, 
especially in tourist areas. 
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Almost third of the drivers were distracted by their cell phone for the through and left movements 
which had the primary effect on headway among distraction types with a 20% increase, which 
resulted in reducing the intersection capacity by 16.5%. Overall, the effect of distraction on the 
discharge headway at signalized intersections is significant. The base headway increased by 0.93 
sec, which resulted in reducing the intersections’ capacity by 45.5% 
 
Third, the pedestrians’ analysis demonstrated that nearly half the pedestrians were distracted. This 
percentage is consistent with the literature review, as pedestrians generally pay less attention to 
their surroundings. Pedestrians are less distracted in rainy weather than in cloudy or sunny weather, 
as they tend to cross faster to avoid the rain. Walking in mixed land use (residential and 
commercial) increases the crossing time than in school, and college land uses. This increase in 
crossing time is because pedestrians get distracted by commercial land uses with retail stores. It 
was found that rainy conditions increased the walking speed for the middle/old age, especially 
when being distracted. However, their speed was lower when walking alone and in mixed-use 
areas compared to when being in groups and in a school/college setting. The leading cause of 
distractions, especially among young age groups, was talking to each other, which caused a 
significant increase in the crossing time. The young age was found to be walking with slower 
speed, especially when distracted by talking to others and in groups in a school/college setting 
compared to when being alone and in a mixed-use area. The Females were found to be distracted 
by talking to others which reduced their walking speed compared to the No Distraction case but 
were more alert in mixed-use areas compared to the school/college land use with a faster speed. 
On the other hand, the Males were found to be distracted by other causes such as looking and 
staring away from the intersection but with being more alert which increased their walking speed 
especially in mixed use areas than in school/college area. They were also found to be 
predominantly crossing Alone than in groups which also reflected higher speed. Texting/Talking 
on a phone distraction and other types of distractions contributed to a third of the distraction causes. 
Most pedestrians in this study were young (98%). 
 
Overall, the analysis revealed that distracted pedestrians did not significantly impact the 
intersections’ traffic operations. Two main parameters were investigated to determine the amount 
of time needed for the pedestrians to finish crossing the intersection and whether extra time is 
needed in addition to the given pedestrian signal, namely “Startup Time” and “Extra Ped Time”. 
The base “Startup” time was 2.46 seconds in addition to different distraction types, which added 
up to 1.90 seconds for a total of 4.36 seconds, which is within the given Signal Walk Time of 7.0 
seconds. The other parameter is the “Extra Ped Time” after the signal time ends, which was 1.39 
seconds. Also, all field and video observations did not record vehicles waiting for pedestrians to 
finish crossing after the ped signal ended. 
 
Distracted driving demonstrated to have a negative effect on the headway at signalized 
intersections and consequently decreased the intersection capacity. Due to distractions, the 
headway surged from 2 seconds to 4 seconds. This significant rise resulted in nearly half the 
intersection’s capacity loss. In contrast, distracted pedestrians did not significantly impact the 
intersections’ traffic operations. Although distractions among pedestrians increased their crossing 
time by nearly 4%, the extra time caused by their distractions was almost equal to or less than the 
drivers’ startup lost time of 2 seconds.  
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5.7 Implications 
Several policy implications can be recommended and utilized from this research. As mentioned in 
the introduction, Florida laws prohibit the use of cell phones while the vehicle is moving but allows 
it while the vehicle is stationary, which was expected to be at intersections during the red phase. 
Therefore, one policy implication is to update Florida laws to prevent drivers from using their cell 
phones while the vehicle is at the traffic light due to its effect on reducing the intersection capacity. 
Another implication can be related to the traffic engineering field, where the effect of distraction 
is taken into account and added to the startup lost time and in designing intersection signal timing, 
increasing it to 3.5 seconds instead of 2 seconds. Also, distracted driving can be added as a new 
parameter to microscopic traffic simulation models with different distributions to be modeled at 
signalized intersections. 
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VI. CONCLUSIONS AND RECOMMENDATIONS 

6.1 Conclusions 
Distracted driving activities pose one of the most difficult challenges to ensuring a safe and 
efficient transportation system. The impacts of distracted driving on traffic operations have 
received less research attention than the safety aspect. However, the impact on traffic efficiency is 
one aspect that has been overlooked or has not been explored much in the literature. It is clear that 
distracted driving can have impacts that negatively affect smooth traffic flow and operations aside 
from increased accident rates, such as poor speed control, excessive lane variability, lowered 
reaction times, and increased delays. Furthermore, new Florida laws prohibit cellphone usage 
while driving; however, use is allowed when the vehicle is stationary, which is more likely to be 
during the red phase. Often times this results in the driver being unprepared when the signal turns 
green, causing further delay on top of the initial reaction time. This can be quantified in intersection 
analysis as part of lost time, which is the difference between the average headway and the headway 
for the first few cars, which is larger due to perception time, reaction time, and now, distraction 
time. As such, distracted driving can be a serious detriment to intersection capacity, thereby 
affecting both operations and capacity. This study aims to determine the impacts of distraction 
types for both motorists and pedestrians on traffic operations. The study also measures the effects 
of different distraction types on headway for motorists and crossing time for pedestrians at 
signalized intersections and consequently its operational capacity by testing the statistical 
significance between distracted and non-distracted drivers. Data collection was conducted at 
specific locations to cover different land uses, intersection configuration, and periods of high 
demand. A total of ten (10) intersections covering thirteen (13) approaches for distracted driving 
and five (5) intersections covering eight (8) approaches for distracted pedestrians were selected 
for data collection. Three (3) softwares customized to the project needs were developed to facilitate 
the data extraction process and ensure quality and consistency among the different parameters. 
 
First, the data analysis for the through movement showed that nearly half of the drivers are 
distracted at those locations. The numbers of distracted drivers were significantly high in all land-
use types. Not identified distractions are the primary effect on headway (41%), followed by Cell 
phone usage (31%). The mean headway for distracted drivers was almost double compared to non-
distracted drivers. The statistical model demonstrated that the overall effect of distraction on the 
discharge headway at signalized intersections is significant. The base headway increased by 0.93 
sec which resulted in reducing the intersections capacity by 45.5%. Motorists driving in residential 
and school land use are less distracted than those in commercial and offices areas. Drivers in mixed 
land use (commercial and offices) are more attentive in the AM peak than those in the PM peak. 
The first vehicle in the queue causes a significant increase in the headway. The analysis highlighted 
an interesting fact that the distraction caused by the tenth vehicle in the queue had a detrimental 
effect on the intersection capacity because the green phase gaps out before reaching the stop bar. 
 
Second, the left-turn movement analysis showed that 87% were distracted. Cell phone distractions 
represented 28% of all distractions and were significant only during the AM peak. Dashboard and 
passengers’ distractions were positively effective only during the PM peak. Not identified 
distractions were significant in all peaks (48%). Motorists driving in the first position in the queue 
were more distracted in the PM peak than those in the AM peak. Similar to the through movement, 
residential & School land use always decreased the response, as drivers are cautious when driving 
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in those areas. In contrast, mixed land use increased the headway, especially in commercial areas, 
as motorists are usually distracted by the various stores around and searching for their destination. 
 
Third, the pedestrians’ analysis demonstrated that nearly half the pedestrians were distracted. This 
percentage is consistent with the literature review, as pedestrians, in general, pay less attention to 
their surroundings. Pedestrians are less distracted in rainy weather than in cloudy or sunny weather, 
as they tend to cross faster to avoid the rain. Walking in mixed land use (residential and 
commercial) significantly increases the cross-time than in school and college land use; This rise 
in cross time is because pedestrians are distracted by retail stores in their surroundings. The leading 
cause of distractions among groups was talking to each other, which caused a significant increase 
in the crossing time. Walking in a group significantly decreases the crossing time than walking 
alone. Texting/Talking on a phone distraction and other types of distractions contributed to a third 
of the distraction causes. Most pedestrians in this study were young (98%). 
 
Thus, distracted driving proved to have a detrimental effect on the headway at signalized 
intersections and consequently decreased the intersection capacity. Due to distractions, the 
headway soared from 2 seconds to 4 seconds. This significant rise resulted in the loss of nearly 
half the intersection’s capacity. In contrast, distracted pedestrians did not significantly impact the 
intersections’ traffic operations. Although distractions among pedestrians increased their crossing 
time by nearly 4%, the extra time caused by their distractions was almost equal to or less than the 
drivers’ startup lost time of 2 seconds. However, this can be attributed to the fact that pedestrian 
activity in Central Florida is still considered low and didn’t reach the level of affecting vehicular 
operations especially when compared to heavily walked cities such as New York or Washington 
DC. 
 

6.2 Recommendations 
Several policy implications can be recommended and utilized from this research. As mentioned in 
the introduction, Florida laws prohibit the use of cell phones while the vehicle is moving but allows 
it while the vehicle is stationary, which was expected to be at intersections during the red phase. 
Therefore, one policy implication is to update Florida laws to prevent drivers from using their cell 
phones while the vehicle is at the traffic light due to its effect on reducing the intersection capacity. 
Another implication can be related to the traffic engineering field, where the effect of distraction 
is taken into account and added to the startup lost time and in designing intersection signal timing, 
increasing it to 3.5 seconds instead of the standard 2.0 seconds. Also, distracted driving can be 
added as a new parameter to microscopic traffic simulation models with different distributions to 
be modeled at signalized intersections.  
 
On the other hand, the research results and the different distraction types extracted from several 
footages have shown that distracted pedestrians can be regarded as blind when crossing while 
distracted. Although some intersection locations were equipped with audible pedestrian signals 
(APS), it was not concluded whether it had an effect on their start up time or crossing speed which 
can be explored in future research.   
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