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ABSTRACT 

Sixteen intersections in Newark, Delaware were studied to see if changes in 

countdown pedestrian signal timing effected intersection safety. Variations to signal 

timing were made at the point at which the zero indication on a countdown pedestrian 

signal synchronizes with the vehicular signal. A ‘before and after’ study was 

conducted using five years of crash records from the study intersections. A statistical 

analysis was performed on the data to study change in crash frequency, pedestrian 

crash frequency, and crash severity between three variations of signal timing. Results 

varied by intersection and between phases of the study. The results of this analysis 

confirm that no additional hazard was introduced by changing the synchronization of 

the countdown pedestrian signal from the start of yellow to the start of red. 

Additionally, changing the synchronization of the countdown pedestrian signal from 

the start of yellow to the start of red reduced crash severity. 



 ix 

DISCLAIMER 

The data in this research was provided by the Delaware Department of 

Transportation (DelDOT) and consisted of crash records and summaries. The analysis 

and conclusions in this report are the work of the author and do not represent those of 

DelDOT. 
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Chapter 1 

INTRODUCTION 

This research questions the existing federal regulations on countdown 

pedestrian signal timing and evaluates a possible alternative in the interest of safety. 

Roadway intersections are one of the most complex and potentially dangerous 

situations in the transportation network. There are multiple conflict points between 

vehicles, bicycles, and pedestrians. As there are more drivers on the road each day, it 

is important to reduce any potential risks to road users. The modern traffic signal was 

developed to reduce conflicts between vehicles crossing paths at an intersection. 

Additionally, pedestrian signals were developed to reduce the risk of a vehicle-

pedestrian conflict. With the goal of making pedestrian signals safer, countdown 

signal heads were added to the traditional pedestrian signal head. This countdown 

timer displays the amount of time remaining for a pedestrian to cross the road. The 

intent is for pedestrians to use the information provided on a countdown pedestrian 

signal (CPS) to make safer decisions about crossing the road.  

In addition to pedestrians using the countdown to know when to cross the road, 

drivers also have visibility of these signal heads as they approach an intersection. 

Drivers could potentially react in multiple ways when seeing the time remaining on 

the countdown: (1) drivers could increase speed to clear the intersection before the red 

indication, (2) drivers could apply the brakes earlier than expected creating the 

potential for rear-end collisions, or (3) drivers could use the information to apply safe 

judgment about when to stop at an appropriate speed. The information provided to 
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drivers and pedestrians has the potential to collectively influence intersection safety 

for all road users. 

When CPS were adopted by the Federal Highway Administration (FHWA) in 

the Manual on Uniform Traffic Control Devices (MUTCD), the standards for 

installing and operating CPS were different from those established for traditional 

pedestrian signals. The 2003 MUTCD required the zero indication of a CPS to 

synchronize with the beginning of the concurrent vehicular yellow indication, while 

vehicles were still permitted to enter the intersection for several seconds. In contrast, 

traditional pedestrian signals allowed pedestrians to finish crossing the road during the 

yellow indication. This inconsistency between standards in the 2003 MUTCD could 

be confusing to pedestrians and may lead to contempt for the pedestrian signal leading 

pedestrians to cross after the end of the countdown and after the release of conflicting 

traffic. 

When this research was initiated, the 2003 MUTCD was the most recent 

edition of the federal standard. Following the initiation of this study, the 2009 

MUTCD was published which removed the inconsistency in standards, but allowed 

for more alternatives in signal timing. This will be discussed in more detail in chapter 

3 as well as explaining why the project went ahead following the removal of the 

inconsistency.  

The objective of this study is to evaluate if there is a safety concern with 

allowing the termination of the countdown timer to synchronize with the end of the 

concurrent vehicular yellow indication. A before and after study was conducted to 

evaluate intersection safety between three scenarios: (1) intersections with no CPS, (2) 

intersections with countdowns terminating at the beginning of yellow, and (3) 
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intersections with countdown terminating at the beginning of red. Each signal timing 

scenario was evaluated for crash frequency of all types of crashes, crash frequency of 

pedestrian crashes, and crash severity of all types of crashes. A statistical analysis was 

conducted using a 95% confidence interval to determine if there was a significant 

change between each scenario.  

Chapter 2 of this thesis will provide more background on the situation that has 

been presented in this introduction. The literature review in chapter 3 will evaluate the 

existing research surrounding CPS. Following the literature review, chapter 4 will 

explain how the data was collected, processed, and analyzed. The results of this 

research is presented in chapter 5 and followed by an in depth discussion of the 

findings in chapter 6. Chapter 7 summarizes the discussion with clear conclusions that 

the reader should take away. This thesis also includes recommendations for future 

research on this topic and several appendices that contain detailed data and results 

from this analysis. 
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Chapter 2 

BACKGROUND 

This chapter serves as a foundation for the research that was conducted and 

leads into the data collection and methods of analysis. Federal standards and Delaware 

state practices are introduced to provide an understanding of the existing usage of 

Countdown Pedestrian Signals and an understanding of what motivated this study. 

Chapter 2 concludes with the research and results of the pedestrian observation study 

that was conducted before the crash analysis. 

2.1 Manual on Uniform Traffic Control Devices 

The Manual on Uniform Traffic Control Devices for Streets and Highways 

(MUTCD) is a federal standard, which among other things governs the installation and 

operation of pedestrian traffic control devices. When this project was initiated, the 

2003 MUTCD was the most recent edition. One of the functions of the MUTCD is to 

provide uniform standards for traffic control devises between states and classes of 

road. The first edition was developed and published in 1935 by a joint committee of 

members of the American Association of State Highway Officials (AASHO) and the 

National Conference on Street and Highway Safety (NCSHS). That committee is now 

referred to as the National Committee on Uniform Traffic Control Devices 

(NCUTCD) and contributes to periodic reviews of the MUTCD. The Federal Highway 

Administration (FHWA) has administered the MUTCD since 1971 [1]. 



 5 

The MUTCD uses very specific language to define its standards, guidance, and 

options. The following section includes paragraphs directly from the 2003 MUTCD to 

develop an understanding of pedestrian signal application. 

The following definitions are provided in section 1A.13 of the 2003 MUTCD: 

 Pedestrian Signal Head – a signal head, which contains the symbols 

WALKING PERSON (symbolizing WALK) and UPRAISED HAND 

(symbolizing DON’T WALK), that is installed to direct pedestrian 

traffic at a traffic control signal. 

 Walk Interval – an interval during which the WALKING PERSON 

(symbolizing WALK) signal indication is displayed. 

 Pedestrian Clearance Time – the time provided for a pedestrian 

crossing in a crosswalk, after leaving the curb or shoulder, to travel to 

the far side of the traveled way or to a median. 

 Pedestrian Change Interval – an interval during which the flashing 

UPRAISED HAND (symbolizing DON’T WALK) signal indication is 

displayed [1]. 

Two types of Pedestrian signal heads will be discussed in this report: 

1. Traditional Pedestrian Signal (TPS)- a signal head, as defined above, as 

“Pedestrian Signal Head.”  

2. Countdown Pedestrian Signal (CPS) – a signal head showing the same 

signal indications as the TPS with the addition of the countdown 

display. Figure 2.1 demonstrates the possible variations of pedestrian 

signal head designs. 
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Figure 2.1: Typical pedestrian signal indications, MUTCD 2009, Figure 4E-1 [2]. 

Section 4E.02 of the 2003 MUTCD details the meaning of pedestrian signal 

head indications: 

 A steady WALKING PERSON (symbolizing WALK) signal indication 

means that a pedestrian facing the signal indication is permitted to start 

to cross the roadway in the direction of the signal indication, possibly 

in conflict with turning vehicles. The pedestrian shall yield right-of-

way to vehicles lawfully within the intersection at the time that the 

WALKING PERSON (symbolizing WALK) signal indication is first 

shown. 

 A flashing UPRAISED HAND (symbolizing DON’T WALK) signal 

indication means that a pedestrian shall not start to cross the roadway in 

the direction of the signal indication, but that any pedestrian who has 

already started to cross on a steady WALKING PERSON (symbolizing 

WALK) signal indication shall proceed out of the traveled way. 
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 A steady UPRAISED HAND (symbolizing DON’T WALK) signal 

indication means that a pedestrian shall not enter the roadway in the 

direction of the signal indication. 

 A flashing WALKING PERSON (symbolizing WALK) signal 

indication has no meaning and shall not be used [1]. 

Other standards in the 2003 MUTCD that are relevant to this study are listed 

below. Section 4E.10 provides standards for TPS signals: 

4E.10.01: When pedestrian signal heads are used, a WALKING 

PERSON (symbolizing WALK) signal indication shall be displayed 

only when pedestrians are permitted to leave the curb or shoulder. 

4E.10.02: A pedestrian clearance time shall begin immediately 

following the WALKING PERSON (symbolizing WALK) signal 

indication. The first portion of the pedestrian clearance time shall 

consist of a pedestrian change interval during which a flashing 

UPRAISED HAND (symbolizing DON’T WALK) signal indication 

shall be displayed. The remaining portions shall consist of the yellow 

change interval and any red clearance interval (prior to a conflicting 

green being displayed), during which a flashing or steady UPRAISED 

HAND (symbolizing DON’T WALK) signal indication shall be 

displayed.  

4E.10.03: If countdown pedestrian signals are used, a steady 

UPRAISED HAND (symbolizing DON’T WALK) signal indication 

shall be displayed during the yellow change interval and any red 

clearance interval (prior to a conflicting green being displayed) [1]. 

In addition to these signal indications, a pedestrian change interval countdown 

display can be used at intersections to inform pedestrians of the number of seconds 

remaining in the pedestrian change interval. Section 4E.07 of the 2003 MUTCD 

provides standards for CPS signals: 

4E.07.02: If used, the display of the number of remaining seconds 

shall begin only at the beginning of the pedestrian change interval. 

After the countdown displays zero, the display shall remain dark until 

the beginning of the next countdown. 
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4E.07.03: If used, the countdown pedestrian signal shall display the 

number of seconds remaining until the termination of the pedestrian 

change interval. Countdown displays shall not be used during the walk 

interval nor during the yellow change interval of a concurrent vehicular 

phase [1]. 

This presents an inconsistency between standards for TPS and CPS. Both TPS 

and CPS pedestrian change intervals begin at the end of the walk interval, but the end 

of the pedestrian change interval, as shown by the end of the flashing upraised hand 

indication, is different. The flashing upraised hand indication for TPS can extend 

through the yellow and red indications of concurrent vehicular phases; where as, the 

flashing upraised hand indication for CPS is only permitted to extend to the end of the 

green indication of the concurrent vehicular phase. This difference in standards is 

potentially seen as confusing for pedestrians. 

The Delaware Department of Transportation (DelDOT) began installing 

countdown indications at signals throughout Delaware in 2008, and all installations 

were consistent with the 2003 MUTCD requirements. The inconsistency between 

standards for TPS and CPS signal timing, as well as debate of this issue at the national 

level such as at the National Committee on Traffic Control Devices (NCUTCD), led to 

DelDOT’s proposed experimentation in 2009 [3]. 

2.2 Application for Experimental Signal Timing 

On May 19, 2009 DelDOT submitted a request for MUTCD experimentation 

to the FHWA. The request highlighted the false message given by the zero indication 

at the beginning of the yellow indication and the inconsistency between countdown 

and non-countdown pedestrian signals. The proposed experimentation would allow the 

countdown to continue through the yellow indication and reach zero at the end of the 

yellow phase. The original request was to conduct a before and after study at 
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intersections, observing pedestrian behavior and testing the data collected for 

significant change. The FHWA responded on September 22, 2009 approving 

DelDOT’s request.  

2.3 Initial Pedestrian Behavior Study 

Following the FHWA approval, the University of Delaware conducted a study 

to evaluate if there is a safety concern in allowing the pedestrian change interval to 

terminate at the end of the concurrent vehicular yellow interval using countdown 

pedestrian indications [3]. The study used observations of pedestrian behavior at 16 

test intersections in Newark, Delaware in a before and after study. The study was 

divided into two stages. During stage one, the CPS countdown terminated at the end of 

the green interval. Signal timing was then changed in stage two so that the CPS 

countdown terminated at the end of the yellow interval. The alternative timing used in 

stage two is in conflict with the 2003 MUTCD standards for CPS but compliant for 

TPS.  

Pedestrian behaviors were compared between the two stages to determine if 

there was a significant change in pedestrian safety. Observations of pedestrian 

behavior counted each of the following:  

 Pedestrians using the crosswalk during the observation interval. 

 Pedestrians who crossed in compliance with the signal. 

 Late Starts – Entered the intersection after the start of the flashing 

upraised hand signal. 

 Late Arrivals – Exited the crosswalk after the start of the steady 

upraised hand signal. 
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 Late Start-Early Arrival – Entered the crosswalk after the start of the 

flashing upraised hand signal and exited before the start of the steady 

upraised hand signal. 

 Late Start-Late Arrival – Entered the crosswalk after the start of the 

flashing upraised hand signal and exited after the start of the steady 

upraised hand signal. 

 Jaywalking – Any crossing at or near the crosswalk in violation of the 

pedestrian signal. 

 Pedestrian-Vehicle Conflicts – Any interference between a pedestrian 

and a vehicle during the observation period. 

The results of this study are presented in section 2.7 of this report. 

2.4 Site Selection 

Sixteen intersections were selected in in Newark, Delaware that represented a 

variety of intersection types. Intersections varied by urban and suburban areas, 

functional classification of intersecting streets, and the number of approaches to the 

intersection. Five of the intersections were three-way signalized intersections and the 

remaining eleven intersections were four-way signalized intersections. Figure 2.2 

below shows the location of each intersection and includes a small map insert that 

shows the location of the study area in relation to northern Delaware. 
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Figure 2.2: Map of sixteen study intersections 
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2.5 Signal Timing Variations 

Vehicular signal timing, and consequently pedestrian signal timing is unique at 

most intersections and is based on roadway alignment and vehicle and pedestrian 

volumes. Based on this understanding, each of the study intersections has slightly 

different phasing requirements for the CPS. The different control schemes used by 

DelDOT determine if the countdown signal face will synchronize with the concurrent 

vehicular interval in both stage one and stage two. From a driver’s perspective, this 

synchronization determines if the countdown to zero on the CPS facing the vehicle as 

it approached the intersection will terminate at the same time the traffic signal displays 

yellow (stage one) or red (stage two). The following list outlines the possible scenarios 

present at the study intersections: 

1. For pedestrian phases that are concurrent with the main street vehicular 

phase in a coordinated corridor, the countdown will always 

synchronize. 

2. For pedestrian phases that are concurrent with the side street vehicular 

phase in a coordinated corridor, the countdown will only synchronize if 

the pedestrian split is greater than or equal to the vehicular split. 

(Variable by time of day) 

3. For pedestrian phases at non-coordinated signals, countdown 

synchronization will only occur if the pedestrian split is greater than or 

equal to the vehicular split. (Variable by time of day) 

4. For pedestrian phases at pre-timed intersections, countdown 

synchronization will always occur [3]. 

Of the 16 study intersections, eight are fully synchronized on both major and 

minor approaches, four are synchronized only on the major approach only, two are 

synchronized on the minor approach only, and two intersections were not 

synchronized on any approach (Table 2.1) 
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Table 2.1: Study intersections and signal synchronization [3]. 

2.6 Introduction of the 2009 MUTCD 

Following the approval of experimental timing and prior to the installation of 

the CPS signal heads, the FHWA published the 2009 MUTCD. The 2009 MUTCD 

removed the inconsistency between CPS and TPS timing related to the termination of 

the pedestrian change interval, but provided more alternatives for CPS timing. Figure 

2.3 below, graphically depicts the possible scenarios for CPS timing. In the center of 

the figure are five bars that show the vehicular phase intervals and their relationship to 

the CPS timing. The second bar is the equivalent of stage one of the pedestrian 

observation study, which is compliant with the 2003 MUTCD.  

All CPS timing scenarios used in the 2009 MUTCD require a 3-second buffer 

interval between the termination of the pedestrian change interval and the release of 

any conflicting vehicular traffic. Standard DelDOT practice is to use a 2-second all-
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red interval, where no through or left turning movements are permitted. Longer all-red 

intervals are implemented on a case by case basis as needed. All intersections in this 

study used 2-second all-red intervals for all phases. Therefore, the experimental timing 

was only different by one second compared to what is specifically allowed in the 2009 

MUTCD. Despite the new MUTCD and very minor difference between the allowable 

pedestrian timings and experimental approval, it was decided to conduct this study for 

several reasons. First, this topic has not been well evaluated by other research. Second, 

the 3-second buffer included in the MUTCD is based on the joint engineering 

judgment of the NCUTCD and FHWA MUTCD Team, and is not based on 

documented research [3].  

The section of the 2009 MUTCD relevant to this study is listed below: 

4E.07.06: The countdown pedestrian signal shall display the number of 

seconds remaining until the termination of the pedestrian change 

interval (flashing UPRAISED HAND). Countdown displays shall not 

be used during the walk interval or during the red clearance interval of 

a concurrent vehicular phase [2]. 
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Figure 2.3: Pedestrian intervals, MUTCD 2009, Figure 4E-2 [2]. 

2.7 Pedestrian Behavior Results 

The results presented in this section are from the 2011 study by Lee, Bedeley, 

Luszcz, MUTCD Experimentation with Countdown Pedestrian Signals and Change 

Intervals. Through pedestrian observations at the 16 study intersections, it was found 

that there was a statistically significant reduction in jaywalking between phase-2 and 

phase-3 (before and after synchronization to the start of the red interval). This was 

calculated as the change in percentage of all pedestrians crossing at or near the 

intersection that jaywalked. Jaywalking is defined as, any crossing at or near the 

crosswalk in violation of the pedestrian signal. Jaywalking is considered dangerous 
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pedestrian behavior that can lead to increased risk of vehicle-pedestrian crashes. A 

reduction in jaywalking can be seen as an improvement in intersection safety. 

However, without additional studies it cannot be said that this change of 

synchronization of the countdown display was directly attributable to the reduction in 

jaywalking observed. Additional studies are needed which would isolate this issue 

from the other variables [3]. 

Among the other pedestrian behaviors observed, not including jay walking, 

there was not a significant change in pedestrian behavior between phase-2 and phase-

3. The results of the pedestrian observation study indicate that the no increased hazard 

was introduced by changing the synchronization of the CPS from the start of yellow to 

the start of red [3]. 
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Chapter 3 

LITERATURE REVIEW 

Countdown pedestrian signals (CPS) are relatively new in the field of traffic 

engineering and the full effects of this signal device are not yet known. Many 

municipalities and departments of transportation have recently initiated installation 

based on existing research. Several studies have evaluated the effect of CPS on 

pedestrian and driver behavior and how this relates to safety at signalized 

intersections. We are not aware of any studies that have evaluated alternatives for the 

signal timing of CPS synchronized with concurrent vehicular signals. This literature 

review will summarize some of the relevant research that has been conducted on CPS 

and their effects. 

The general literature on CPS is conclusive that the CPS is better understood 

than traditional pedestrian signals [4, 5]. The intent of the CPS installation is that with 

more information about the time remaining to cross a road, pedestrians will make safer 

judgments about crossing. The Highway Safety Manual (HSM) is published by the 

American Association of State Highway and Transportation Officials (AASHTO) and 

is one of the leading references used by engineers to conduct quantitative safety 

analysis of roadways and intersections. Part D of the HSM includes crash modification 

factors (CMF) that quantify the change in average crash frequency as a result of 

geometric or operational modifications to a site that differs from set base conditions. A 

CMF is only provided if AASHTO has reviewed the existing research and determined 

that it is reliable. If research is presented that has insufficient quantitative information 
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but provides evidence of the effects on crash frequency the treatment is noted in the 

HSM, but a CMF is not published. The 2010 HSM includes “install pedestrian 

countdown signals” as one of those items that does not have sufficient quantitative 

research to publish a CMF. The one study on CPS cited in the HSM is by Eccles, et al. 

This before and after study measured the effect of CPS on pedestrian and motorist 

behavior at five intersections in Montgomery County, Maryland in 2004 [6]. The 

section of this study provided in the 2010 HSM states that, “installing pedestrian 

countdown signals appears to reduce pedestrian-motor vehicle conflicts at 

intersections. There appears to be no effect on vehicle approach speeds during the 

pedestrian clearance interval (i.e., the flashing DON’T WALK) with the countdown 

signals” [7]. 

In 2001, the San Francisco Department of Parking and Traffic conducted one 

of the early pilot studies on CPS installation. CPS signals were installed at 14 

signalized intersections. The focus of the study was to evaluate the: effect on 

pedestrian injuries; effect on pedestrian behavior; effect on driver behavior, especially 

running red lights; favorability among pedestrians; and, effectiveness of the start of the 

countdown (at the start of the flashing hand). This was one look at signal timing but it 

did not look at the termination of the countdown or synchronization with vehicular 

signals. The intersections were selected based on higher than average pedestrian 

injuries. In some cases the city also made changes to signal timing at the time of CPS 

installation. Yellow phases were extended and all red intervals were introduced. This 

may have had an effect on safety independent of the CPS. Pedestrian crash rates were 

studied in a before and after study. The study results found that “the number of 

pedestrian injury crashes declined by 52% after the introduction of the countdown 
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signals.” However there was a similar reduction in crash rates at intersections without 

CPS. This reduction could be contributed to regression to the mean, but it can be said 

that there was no hazard introduced with the CPS installation. ‘Regression to the 

mean’ is a term used in statistical analysis when a change in crash frequency over a 

short period of time is not consistent with the greater trend over a longer period of 

time. In this context, the number of crashes reported at the intersection during the 

before phase could have been extremely high resulting in a false reduction in crashes 

when the number of crashes in the after phase were close to average. In the study of 

pedestrian behavior, they found that “The percentage of pedestrians still in the 

crosswalk when the signal turned red showed a significant decrease after the 

installation of CPS. The countdowns did not result in an increase in drivers running 

red lights [5]. 

In 2011, a study in Washington, D.C. evaluated the differences in pedestrian 

behavior between two scenarios for the countdown display on a CPS. One scenario 

started the countdown at the onset of the steady walking person and the second started 

the countdown at the beginning of the flashing upraised hand. Observations from 25 

intersections were included in this comparative study. There were no significant 

differences in pedestrian behavior between countdown scenarios. However, 83% of 

drivers and 86% of pedestrians surveyed preferred the signal that started the 

countdown with the solid walk [4]. No other studies have compared alternatives for 

the initiation or termination of the countdown on CPS. 

A before and after study of 106 intersections was conducted in Charlotte, 

North Carolina between 2000 and 2007. The study looked at the effect of installing 

CPS on vehicle-pedestrian crashes and vehicle only crashes. The results showed that 
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there was an insignificant decrease in vehicle-pedestrian crashes but a significant 

decrease in all crashes after installation of CPS. This study also found that CPS were 

most effective at high crash and high volume intersections [8]. It can be inferred that 

drivers were also using the information presented on the CPS to make safer driving 

decisions. 

A ten-year study in Toronto, Canada concluded that the installation of CPS did 

not reduce the frequency of vehicle-pedestrian crashes at test intersections. The 

‘before and after’ study used crash data from 1965 intersections collected between 

2000 and 2009. Data was collected before and after CPS installation, so each 

intersection acted as its own ‘control’ for statistical analysis [9]. 

An observational study was conducted at two intersections in Berkeley, 

California. Two intersections were selected with similar geometry and volumes, CPS 

were installed at one intersection and not at the second. The observations focused on 

driver behavior during yellow and red phases. It was found that drivers at the 

intersection with CPS were less likely to enter the intersection after the beginning of 

the yellow signal [10]. This trend generally leads to safer intersections for drivers and 

pedestrians. 

Another study evaluated the effect of CPS on vehicle speeds. The study was 

conducted at two intersections in Las Vegas, Nevada. Speeds were observed on two 

segments immediately upstream from the stop bar at signalized intersections. Speed 

observations were also compared based on the display of the CPS and the time 

remaining on the countdown timer. “Results do not indicate that speeds are affected by 

the actual numeric displays on the countdown timer.” However, they did find that 
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speeds were higher when the CPS displayed the countdown timer and flashing don’t 

walk indication [11]. 

In summary, the published research on CPS concludes that: (1) intersection 

safety does not get worse with the installation of CPS and in some situations 

intersection safety improves; (2) drivers are making better decisions based on the 

information provided by the CPS; (3) pedestrians are more compliant with CPS as 

compared to TPS; (4) the time displayed on a CPS does not influence vehicle speeds 

approaching an intersection; and, (5) CPS do not increase the number of vehicles 

running red lights. 

The research conducted in this study is unique and will contribute to the 

existing understanding of the effects of the installation and operation of CPS on public 

safety. 
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Chapter 4 

MATERIALS AND METHODS 

4.1 Data Collection 

This study addresses the question: Is there a safety concern with allowing 

pedestrian countdown signals to terminate (reach zero) at the end of the concurrent 

vehicular yellow phase? The earlier pedestrian observation study conducted by the 

University of Delaware and the Delaware Department of Transportation (DelDOT) 

concluded that there was not a significant change in pedestrian behavior following the 

change in signal timing [3]. This research takes a long-term look at crash records from 

intersections as a method of analyzing intersection safety related to the change in 

pedestrian signal timing. DelDOT provided five years of crash records and summaries 

for each of the sixteen study intersections. A statistical analysis was conducted to 

determine if there was a significant change in crash frequency and/or crash severity. 

Vehicle and pedestrian volumes were not available for all of the sixteen study 

intersections, so it was not possible to incorporate this data into the analysis. 

Crash data was collected from January 1, 2007 through February 29, 2012. The 

data was processed through the Delaware Crash Analysis Reporting System (CARS), 

which provides a level of consistency in data that is not available in some states. All 

reporting agencies in Delaware use the same format for reporting crashes. This 

consistency removes some uncertainty in the interpretation of crash records, as each 

factor is given an alphanumeric code. One of the data points provided in the CARS 

report is the First Harmful Event of a crash. This describes the initial action of the 
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vehicle or object impacted by the vehicle that led to the crash being reported. There 

are 43 categories of first harmful events including unknown types.  

Only reportable crashes were used in this study. Reportable crashes are 

specified by Delaware State Code as: a collision resulting in injury or death to any 

person; a collision on a public road resulting in property damage greater than $1,500; 

and, a collision involving a driver impaired by drugs and or alcohol [12]. 

4.2 Crash Data Analysis 

The crash data was separated by intersection and phase. At each of the sixteen 

intersections, the transition from phase-1 to phase-2 was unique and depended on the 

date of the physical installation of the countdown pedestrian signal. The transition 

from phase-2 to phase-3 was uniform, as the DelDOT Transportation Management 

Center (TMC) in Smyrna, Delaware controlled the signal timing remotely. 

The three phases of this study are as follows: 

1. Phase 1 – Intersections with no CPS 

2. Phase 2 – Intersections with CPS. Countdown to zero terminates at the 

beginning of the concurrent vehicular yellow indication. This timing is 

compliant with the 2003 MUTCD. 

3. Phase 3 – Intersections with CPS. Countdown to zero terminates at the 

beginning of the concurrent vehicular red indication. This is the 

approved experimental CPS timing. 

Phase-1 started on January 1, 2007 and ended the day before installation of the 

countdown pedestrian signal, which was unique for each intersection. Phase-2 started 

the day of installation of the countdown pedestrian signal and ended on September 29, 

2010 with the last day of MUTCD compliant signal timing. The earliest date of 

installation was on January 6, 2009 and the latest date was on August 3, 2010. Phase-3 
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started on September 30, 2010 with the first day of experimental signal timing and 

ended February 29, 2012.  

The crash data was analyzed in three ways: 

1. Crash frequency – all crash types 

2. Pedestrian crash frequency – only vehicle-pedestrian collisions 

3. Crash severity – all crash types 

The following two sections will explain how the statistical analysis was 

conducted on the crash data. 

4.2.1 Crash Frequency 

Crash frequency, as used in this study, is defined as the average number of 

crashes per month at a single study intersection. Two values were collected from the 

crash data: average crashes per month and standard deviation of crashes per month. 

A two-sample t-test was conducted to determine whether there was a 

statistically significant difference in the average number of crashes between phases at 

a 95 percent confidence level. The null hypothesis was defined as the difference in the 

average number of crashes between phases as equal to zero. The alternative hypothesis 

was defined as the difference in the average number of crashes between phases as not 

equal to zero. The t-value provides the number of standard deviations above or below 

the null hypothesis value, also known as the test statistic. The P-value provides the 

smallest level at which the difference in average crashes is significant. If the test 

statistic is greater than zero and the level of significance (P-value) is less than 0.025, 

one can say with a 95 percent confidence that the number of crashes reduced between 

phases. If the test statistic is less than zero and the level of significance (P-value) is 
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less than 0.025, one can say with a 95 percent confidence that the number of crashes 

increased between phases. 

Intersections were studied individually to see if there was a change in crash 

frequency between phases. Since there were relatively few months in this study and a 

low number of crashes at some intersections, the data from all intersections was 

aggregated and compared by phase in addition to the individual intersections. This 

enabled us to use a larger sample size in the calculations and gives a broader look at 

the effect of signal timing changes. The aggregated analysis can reduce the impact of 

an individual intersection and focus on the average trend between phases. The results 

of the aggregated analysis are presented alongside the individual intersections. 

This analysis was initially performed on data including crashes of all types of 

first harmful events and a second time on data from only pedestrian crashes as 

determined by first harmful event. The results are shown in Chapter 5. 

4.2.2 Crash Severity 

Following the crash frequency analysis, crash severity was compared between 

phases to see if there was a significant change and to see if the change was different 

compared to crash frequency. Severity of a crash was based on the coding in the 

CARS data. Crash types were divided into three categories: fatality crash, personal 

injury crash, and property damage only. Non-reportable crashes were not included in 

this study. For each fatality and personal injury crash, the number of fatalities and 

injured persons was extracted.  

To measure severity, crashes were weighted using an economic cost per crash. 

The cost was taken from the National Safety Council (NSC) website [13] that provides 

a dollar value for the expected economic impact of each of the three types of crashes 
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in this study. This type of cost estimate is widely used in public and private research to 

estimate the actual costs to society of deaths and injuries. “The costs are a measure of 

the dollars spent and income not received due to accidents, injuries, and fatalities” 

[13]. A fatal crash is given the highest cost of $1,420,000 per fatality, followed by 

personal injury crashes at $78,700 per person injured, and property damage only 

crashes costing $9,100 per crash incident. These values are based on extensive 

research and past insurance claims. 

By weighing each crash incident, it is possible to measure the change in 

severity of crashes between phases in this study. The first part of the study looked 

purely at the change in average number of crashes per month, the severity analysis 

determined if the average crash incident was more or less severe between each phase 

in this study. 

To perform the severity analysis, each reportable crash was given a dollar 

value based on the National Safety Council data. For example, if there was a fatal 

crash with one fatality and four injuries, the cost would be ($1,420,000 x 1) + 

($78,700 x 4) = $1,734,000. If there were a property damage only crash, the cost 

would be $9,100 independent of the number of vehicles or passengers involved. After 

the total cost per crash was calculated, two values were collected from the data: 

average cost per month, and standard deviation of cost per month.  

The severity analysis was performed on all crash types as determined by first 

harmful event in the CARS report. The statistical analysis used in the crash severity 

analysis follows the same procedures detailed in Chapter 4.2.1. A two-sample t-test 

was conducted to determine whether there was a statistically significant difference in 

the average cost per month between phases at a 95 percent confidence level. 
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Calculations were performed using individual intersection data as well as aggregated 

data in the same method as the crash frequency analysis. The results are presented in 

Chapter 5. 
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Chapter 5 

RESULTS 

This chapter presents the results of the crash data analysis. The three methods 

of analysis (crash frequency, pedestrian crash frequency, and crash severity) are 

presented in separate sub-chapters. Within each method of analysis, each of the three 

phases of the study is compared and significant change is highlighted. The discussion 

chapter follows this chapter, and is where results will be presented in an analytical and 

conceptual framework to provide a better understanding and to draw conclusions. 

5.1 Crash Frequency, All Crash Types 

5.1.1 Crash Frequency, All Crash Types, Phase-1 to Phase-2 

This portion of the study analyzed the change in crash frequency between an 

intersection with no CPS in phase-1 and the same intersection in phase-2 with an 

MUTCD compliant CPS. The results show that there was a significant decrease in 

crash frequency at 4 of 16 intersections, when MUTCD compliant CPS were installed 

at intersections where there was not a CPS previously. At 12 of 16 intersections there 

was not a significant change in crash frequency. Using aggregated data to compare 

phase-1 and phase-2, there was not a significant change in crash frequency when CPS 

were installed at intersections with MUTCD compliant timing. 
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Table 5.1: Change analysis between phase-1 and phase-2, all crash types. 

 

The average crash frequency in phase-1 was 1.13 crashes per month and 1.17 

crashes per month in phase-2. The results of this analysis are shown above in Table 

5.1 and more detailed data is provided in Appendix A. A P-value of less than 0.025 is 

considered significant at a 95% confidence interval. 

5.1.2 Crash Frequency, All Crash Types, Phase-2 to Phase-3 

This portion of the study analyzed the change in crash frequency between an 

intersection with an MUTCD compliant CPS in phase-2 and the same intersection in 

phase-3 with experimental CPS timing. 

Table 5.2: Change analysis between phase-2 and phase-3, all crash types. 
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The results of this study show that there was a significant decrease in crash 

frequency at 1 of 16 intersections and a significant increase at an additional 2 of 16 

intersections. At the remaining 13 of 16 intersections there was not a significant 

change in crash frequency. Using aggregated data to compare phase-2 and phase-3, 

there was not a significant change in crash frequency. The average crash frequency in 

phase-2 was 1.17 and 1.08 in phase-3. The results of this analysis are shown below in 

Table 5.2 and more detailed data is provided in Appendix A. A P-value of less than 

0.025 is considered significant at a 95% confidence interval.  

5.1.3 Crash Frequency, All Crash Types, Phase-1 to Phase-3 

This portion of the study analyzed the change in crash frequency between 

phase-1 and phase-3. This transition is equivalent to installing a CPS with 

experimental timing at an intersection where there was not a CPS previously. 

Table 5.3: Change analysis between phase-1 and phase-3, all crash types. 

 

 The results show that 1 of 16 intersections experienced a significant decrease 

in crash frequency. Additionally, 1 of 16 intersections experienced a significant 

increase in crash frequency. Using aggregated data to compare phase-1 and phase-3, 
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there was not a significant change in crash frequency. The average crash frequency in 

phase-1 was 1.13 and 1.08 in phase-3. The results of this analysis are shown below in 

Table 5.3 and more detailed data is provided in Appendix A. A P-value of less than 

0.025 is considered significant at a 95% confidence interval. 

5.2 Pedestrian Crash Frequency Analysis 

Pedestrian crash frequencies were compared between phases in the same 

method that all crash types were compared in the previous section. Over all, one 

intersection experienced a significant change in pedestrian crash frequency. The 

intersection of East Main Street and Pomeroy Lane experienced a significant decrease 

in pedestrian crash frequency between phase-1 and phase-2, and between phase-1 and 

phase-3. This intersection is unique in this study as it is a t-intersection of two one-

way roads and includes a crossing of a major pedestrian/bicycle trail. 

The average crash frequencies from each intersection were aggregated and 

compared by phase. There was a significant increase in pedestrian crash frequency 

between phase-1 and phase-2. However, there was a significant decrease in crash 

frequency between phase-2 and phase-3 as well as between phase-1 and phase-3. All 

of these results are accurate with a 95% confidence interval. One note to highlight is 

that the significant decrease in pedestrian crashes was observed when intersections 

were compared in two situations: first between intersections having no CPS to those 

having CPS with experimental timing, and secondly between intersections with 

MUTCD compliant CPS to those having CPS with experimental timing. One 

challenge in studying the pedestrian crashes was that there were so few incidents 

reported in the CARS data. Over the duration of this project there were 23 pedestrian 

crashes reported. At some intersections there were no reported pedestrian crashes, 
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which made it impossible to compare a change in crash frequency. This was the case 

at 12 of 16 intersections during at least one phase. 

The results of this analysis are shown below in Tables 5.4, 5.5, and 5.6. More 

detailed data is provided in Appendix B. A P-value of less than 0.025 is considered 

significant at a 95% confidence interval. 

Table 5.4: Change analysis between phase-1 and phase-2, pedestrian crashes. 

 

Table 5.5: Change analysis between phase-2 and phase-3, pedestrian crashes. 
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Table 5.6: Change analysis between phase-1 and phase-3, pedestrian crashes. 

 

5.3 Crash Severity, All Crash Types 

5.3.1 Crash Severity, All Crash Types, Phase-1 to Phase-2 

The results of this study indicate that there were both significant increases and 

decreases in crash severity at individual intersections when compared between phase-1 

and phase-2.  

Table 5.7: Change analysis between phase-1 and phase-2, crash severity. 

 

At 5 of 16 intersections there was a significant decrease in severity when 

MUTCD complaint CPS were installed at intersections where there was not one 

previously. Using aggregated data to compare phase-1 and phase-2, there was a 
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significant increase in crash severity. The average cost per month, when averaged 

between all 16 intersections, increased by $10,765.89. The results of the individual 

intersections may appear to contradict the results using the aggregated data. An 

increase or decrease can be statistically insignificant regardless of the amount of 

increase or decrease if the standard deviation is high. Several of the intersections that 

did not experience significant decreases had large increases in severity that were not 

found to be statistically significant. When all of the intersections were averaged, the 

increases outweighed the decreases. The results of this analysis are shown below in 

Table 5.7 and more detailed data is provided in Appendix C. A P-value of less than 

0.025 is considered significant at a 95% confidence interval.  

5.3.2 Crash Severity, All Crash Types, Phase-2 to Phase-3 

The transition from phase-2 to phase-3 experienced significant increase in 

crash severity when MUTCD compliant CPS were reprogrammed to experimental 

CPS timing at 3 of 16 intersections. 

Table 5.8: Change analysis between phase-2 and phase-3, crash severity. 
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Interestingly, the same intersections that experienced change in severity 

between phase-2 and phase-3 also had significant change between phase-1 and phase-

2. However, the transition to experimental CPS timing saw an increase in severity 

where as the initial installation of CPS saw a decrease in severity. Using aggregated 

data to compare phase-2 and phase-3, there was a significant decrease in crash 

severity. The average cost per month, when averaged between all 16 intersections, 

decreased by $20,532.66. The results of this analysis are shown below in Table 5.8 

and more detailed data is provided in Appendix C. A P-value of less than 0.025 is 

considered significant at a 95% confidence interval. 

5.3.3 Crash Severity, All Crash Types, Phase-1 to Phase-3 

This study compared the change in crash severity between phase-1 and phase-

3. This transition is equivalent to installing a CPS with experimental timing at an 

intersection where there was not a CPS previously.  

Table 5.9: Change analysis between phase-1 and phase-3, crash severity. 

 

None of the 16 study intersections experienced significant change. However, 

Using aggregated data to compare phase-1 and phase-3, there was a significant 
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decrease in severity. The average cost per month, when averaged between all 16 

intersections, decreased by $9,766.77. The results of this analysis are shown below in 

Table 5.9 and more detailed data is provided in Appendix C. A P-value of less than 

0.025 is considered significant at a 95% confidence interval. 

5.4 Intersections That Experienced Change 

Seven of sixteen intersections displayed significant change in some way 

throughout the study. The remaining nine had no change during any phase. CPS 

installation or signal timing modification effected crash frequency or crash severity at 

the following intersections: 

 E Main St & Pomeroy Lane 

 Cleveland Ave & New London Rd 

 Elkton Rd & Apple Rd 

 S College Ave & E Park Pl 

 S College Ave & Amstel Ave 

 Hillside Rd & Apple Rd 

 SR 4 & SR 72 

There is nothing apparently unique about these intersections that resulted in 

their experiencing change. Without vehicle or pedestrian volumes it is not possible to 

determine if these volumes or pedestrian exposure affected the results. Appendix D 

summarizes the significant change and highlights the change at these seven 

intersections. 
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Chapter 6 

DISCUSSION 

This chapter will expand on the results of the study and present arguments 

about their significance. The results will also be discussed alongside previous studies 

that were presented in the literature review to help determine how this research should 

be understood. Additional discussion will also be directed at how this research should 

be considered by policy makers and what effect it has on the transportation network 

and the safety of all road users. This study presented several questions that should be 

addressed individually: 

1. Does the installation of CPS at a signalized intersection affect crash 

frequency or severity? 

2. Are intersections with CPS that count down to zero at the beginning of 

yellow more or less safe than CPS that countdown to zero at the 

beginning of red? 

3. How do these results impact the application of CPS at signalized 

intersections? 

4. Should changes be made to the federal and/or state regulations for CPS 

installation? 

6.1 Effect of Installing a Countdown Pedestrian Signal 

The initial installation of CPS with countdown to yellow did not increase crash 

frequency or severity at any individual intersection. However, crash frequency was 

reduced at four intersections, pedestrian crash frequency was reduced at one 

intersection, and crash severity was reduced at five intersections. By looking at the 
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individual intersection data, it would appear that intersection safety was improved 

with the installation of CPS. These results, paired with the results of the pedestrian 

observation study at the same sixteen study intersections [3], confirms this 

observation. These results are consistent with the conclusions of three other studies [5, 

6, 8] that studied crash frequency in ‘before and after’ studies of CPS installation. 

However, these results are not conclusive in proving that there was a significant and 

substantial improvement in intersection safety for two reasons. First, the results of the 

analyses using aggregated data conflicted with results obtained when analyzing the 

intersections individually. It is noteworthy that crash severity and pedestrian crash 

frequency increased, on average, with the installation of CPS with countdown to 

yellow. Second, seven of ten significant changes between phase-1 and phase-2 should 

be discounted because phase-2 was too short to gain accurate results. The remaining 

three of ten significant changes at the intersections of E Main St & E Pomeroy Ln and 

S College Ave & E Park Pl, should be considered as significant based on length of 

phase-2 and number of reported crashes. Further research is needed to gain more 

conclusive results about the impact of installing CPS with countdown synchronized 

with the beginning of the concurrent vehicular yellow indication. 

6.2 Study Area Crash Frequency, 2007–2012 

The total number of crashes per month that occurred at all intersections 

throughout this study remained relatively constant (Figure 6.1). Sharp variations 

between months, as seen in this data, are typical for crash data. This can be viewed as 

a sample of crash frequency in the Newark area and is a good indication of the 

regional trend in crash activity. The slope of the trend line for five years of crash data 
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is close to zero. This also shows that there were no dramatic changes in crash 

frequency as a result of introducing CPS or changing their signal timing. 

 

Figure 6.1: Total crashes per month at sixteen study intersections 

6.3 Effect of Changing Countdown Pedestrian Signal Timing 

Results varied by intersection when signal timing was changed from 

‘countdown to yellow’ to ‘countdown to red’. Crash frequency decreased at one 

intersection and increased at two intersections. Crash severity increased at three 

intersections. On average, using aggregated data, crash frequency of all types of 

crashes did not change, and crash severity, jaywalking, and pedestrian crash frequency 

decreased with the installation of CPS with ‘countdown to red’. These results can be 

difficult to interpret because, on average, the intersections became safer when the 

‘countdown to red’ was introduced. However, there were three intersections where 

there were significant increases in crash frequency and crash severity. There are no 
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other studies that have been published evaluating these signal timings, so it is not 

possible to compare these results with other studies. It is worth taking a closer look at 

the individual intersections. Two of the three intersections that experiencing 

significant change should be discounted because of limited data. The intersection of 

Cleveland Ave & New London Rd had no crashes in phase-2, and phase-2 was 2 

months long. So naturally with any typical crash rate, phase-3, which was 17 months 

long, would result in a significant increase in crash severity. The intersection of S 

College Ave & Amstel Ave is similar, with phase-2 covering 3 months. There is one 

intersection that seems to have experienced significant increase in severity – that is, S 

College Ave & E Park Pl. At this intersection, all study phases were sufficiently long 

and crash frequencies were great enough to gain an accurate indication of change in 

crash severity. These results suggest that the severity analysis may indicate that the 

‘countdown to red’ may create safer traffic control for the greater population. It is 

noteworthy that the economic impact of crashes at an average intersection when the 

CPS counted down to red (phase-3) was $20,532.66 less per month than when CPS 

counted down to yellow (phase-2). Additionally, the economic impact when the CPS 

counted down to red (phase-3) was $9,766.77 less per months than intersections that 

did not have a CPS installed (phase-1). 

6.4 Evaluation of Experimental Signal Timing 

Special attention should be given to the comparison between phase-1 and 

phase-3 because it relates to the primary objective of this study – that is, Is there a 

safety concern with allowing pedestrian countdown signals to terminate (reach zero) at 

the end of the concurrent vehicular yellow phase? This transition is equivalent to 

installing a CPS with ‘countdown to red’ at an intersection with no CPS. First, looking 
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at the aggregated data, there was no change in crash frequency, there was a decrease in 

pedestrian crash frequency, and there was a decrease in crash severity. This indicates 

that, on average, installing CPS with the experimental timing makes intersections 

more safe than before installation and does not present a safety concern. Second, 

looking at the individual intersections provides a different interpretation. Significant 

change was observed in 3 of 48 (6%) comparisons in this transition (48 comparisons 

consists of the three methods of analysis at 16 intersections). At one intersection there 

was a drastic increase in crash frequency and at a second intersection there was an 

even larger decrease in crash frequency. At the intersection of E Main St & Pomeroy 

Ln there was a decrease in pedestrian crash frequency; following the installation of the 

CPS at this location there were no pedestrian crashes reported. More in-depth analysis 

is needed to understand the cause of this change and how it was related to pedestrian 

and driver behavior and signal response. These results indicate that there is not a 

safety concern with allowing pedestrian countdown signals to terminate (reach zero) at 

the end of the concurrent vehicular yellow phase. 

6.5 Mapping the Results 

These results are complex since change was reported at different intersections 

in different ways. It is helpful to view these results in a spatial context. Figure 6.2 

presents the results on a map with a table for each intersection that experienced any 

change. Each table displays the change between each of the three study phases as well 

as each of the three methods of analysis. Each of the sixteen study intersections is 

marked on the map by a circle. The diameter of the circle represents the average 

severity of a single crash incident at each intersection. This value of severity is 

calculated by summing the total economic impact of all crashes at a single 
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intersection, divided by the total number of crashes in this five-year study. This does 

not affect the results, but is an interesting observation from conducting this analysis. 

The individual value of severity at each intersection is also detailed in Figure 6.3 

below. Intersections are arranged in order of severity of an average crash incident. 
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Figure 6.2: Average crash severity and significant change 
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Figure 6.3: Average severity of a crash at each intersection (in order of severity) 

The distribution of crash classification at a particular intersection directly 

influence the average cost per month calculated in the crash severity analysis. One 

way to look at the crash data is to see if the changes in CPS timing effected this 

distribution, in effect making the crashes more or less severe. All crashes in the study 

were grouped by classification and phase. The percentage of total crashes that resulted 

in a fatality, personal injury, or property-damage-only was calculated for each phase 

(Table 6.1). 

Table 6.1: Distribution of crash classification between phases 
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The distribution of crash severity was roughly the same in phase-1 and phase-

3; confirming that there was no change in distribution of crash classification when the 

experimental timing was used. In phase-2 there was a 3.6 percent increase in the 

percentage of crashes that were personal injury crashes as compared to phase-1. This 

aligns with the significant increase in crash severity that was observed when statistical 

analyses were conducted using aggregated data. 

6.6 Evaluation of Data and Analysis 

When viewing the results concerning severity, it is important to note that 

personal injury crashes are all counted uniformly, there is no distinction in this study 

between a minor and a major injury. This distinction is provided in the crash records, 

but is seen as unreliable because it is based on the evaluation of the reporting officer 

and not those of a medical professional after the crash event. According to a study on 

the accuracy of police reported injury severity, 49% of injuries coded as incapacitating 

injuries were actually no more than minor injuries [14]. So in the case of personal 

injury crashes in this study, a bruise is counted the same way as a life threatening 

injury. This has an effect on the crash severity analysis and could have skewed the 

results in the direction of increased severity. 

Using a 95% confidence interval (CI) with an alpha value of 0.025 increases 

the risk of type-I and type-II statistical errors. A type-I error would occur if significant 

change were calculated when there actually was no change. A type-II error would 

occur if there were not a significant change calculated when there actually was 

significant change. These errors can lead to false conclusions and researchers missing 

a real impact within their study. In this study, there could be a real impact to safety 

that was missed as a result of the tight CI. 
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As a test for these errors, the analysis was screened for change at a 90% CI 

using an alpha value of 0.05. Using this CI, there were additional intersections that 

displayed change. The intersection of Delaware Ave & S College Ave had a 

significant decrease in severity between phase-1 and phase-2. The intersection of SR 4 

& Robscott Manor had a significant decrease in severity between phase-2 and phase-3. 

Additionally, three intersections that displayed change at a 95% CI showed additional 

change at the 90% CI. Elkton Rd & Apple Rd had a significant decrease in severity 

between phase-2 and phas-3 and between phase-1 and phase-3. The intersection of S 

College Ave & E Park Pl had a significant increase in crash frequency between phase-

2 and phase-3. The intersection of S College Ave & Amstel Ave had a significant 

decrease in pedestrian crash severity between phase-1 and phase-2. In total, at the 90% 

CI there were 31 changes observed at 56% of the study intersections. At the 95% CI 

there were 25 total changes observed at 44% of the study intersections. These results 

will not be accounted for in the analysis or conclusions of this study and are only 

shown here for a demonstration of the constraints of the 95% CI that was selected for 

this study. There does not appear to be any major statistical errors of type-I or type-II 

that would change the conclusions of this research. 

6.7 Impacts and Recommendations 

This study verified that no additional hazard was introduced when the 

synchronization was changed from yellow to red. This confirms the conclusion of the 

pedestrian behavior observational study. The crash analysis study, as compared to the 

observational study, had the benefit of a longer time frame to study the effects of 

changing the CPS synchronization. The observational study was limited to vehicle-

pedestrian conflicts and pedestrian behavior during a few hours. This was a limited 
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scope for testing the indirect impacts of installing a CPS and changing 

synchronization. The crash analysis was able to test for these impacts in a broader 

scope. The crash analysis did not show a substantial change in crash frequency or 

severity, so it is not appropriate to recommend that changes be made to the existing 

standards for CPS installation and operation. The positive effects of CPS have been 

tested and confirmed in multiple studies in different regions and countries. The 

published research on CPS shows that in some situations they cause a dramatic 

reduction in crashes and in other situations there is no significant change. This 

research aligns with studies that resulted in no significant change in crash frequency. 

Beyond the lack of change in crash frequency, this study observed significant 

decreases in crash severity with the installation of CPS with both alternatives for 

countdown synchronization (to yellow and to red). 

Based on the results of this research, we do not recommend any changes to 

federal or state regulations for the installation of CPS based on the results of this 

research. This research verified that there is no significant impact on intersection 

safety between the optional CPS timing scenarios represented by phase-2 and phase-3 

of this study. 
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Chapter 7 

CONCLUSIONS 

Crash records were quantitatively evaluated to determine if there was a 

significant change in crash frequency, pedestrian crash frequency, and crash severity 

between three variations in CPS timing. Five years of crash records from sixteen 

intersections were used in this analysis. Signal timings varied between no-CPS, CPS 

with countdown terminating at the beginning of yellow, and CPS with countdown 

terminating at the beginning of red. 

Results showed that there was not a significant change (with 95% confidence 

interval) in crash frequency between each variation in CPS timing. 

This study verified that no additional hazard was introduced when the 

synchronization was changed from yellow to red. There was no change in distribution 

of crash classification when the experimental timing was used. 

The economic impact of crashes at an average intersection when the CPS 

counted down to red was less per month than when CPS counted down to yellow. 

Additionally, the economic impact when the CPS counted down to red was less per 

months than intersections that did not have a CPS installed. 

Based on the results of this research, no changes are recommended to federal 

or state regulations for the installation of CPS. Further research is needed to determine 

if changes to the existing standards would improve safety. Ideas for further research 

on CPS and recommendations for improving data quality are included in chapter 8. 
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Chapter 8 

FUTURE WORK 

In the process of conducting this research, additional data and tangential 

projects were identified that would be complementary to this study and advance our 

understanding of this public safety issue. 

8.1 Additional Data 

After conducting this study, it is apparent that additional data would enhance 

this study and enable a more detailed analysis of the causes of change in crash 

frequency and crash severity at individual intersections. By including vehicular 

volumes and pedestrian volumes it would be possible to calculate crash rates for each 

intersection per phase. Crash rate is a calculation that includes the number of crashes, 

the length of time studied, and the vehicular volumes of both cross streets. Crash rate 

is typically presented in crashes per million vehicles entering an intersection. Once a 

crash rate was calculated, each intersection could be compared with the statewide 

average for similar types of intersections. The pedestrian volumes would be used in 

calculating exposure at each intersection in a similar manner to the vehicular crash 

rate. From this, conclusions could be drawn as to how CPS effects high and low 

volume intersections. It would be preferable to collect both vehicular and pedestrian 

data using an automatic traffic recorder (ATR) so that the true average daily traffic is 

known and any fluctuations in seasonal volumes are accounted for. Newark, Delaware 
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is a college town and there are significant fluctuations in pedestrian traffic throughout 

the year. This data is expensive and was not included in the budget for this research. 

8.2 Larger Sample 

Future research on this topic should include longer study periods in ‘before and 

after’ type studies. It would be preferential to have over 30 months of data to conduct 

an accurate analysis. The longer periods would provide a better picture of the actual 

population distribution. When using smaller sample sizes, assumptions have to be 

made about the distribution of sample data.  

It would also be preferential to collect crash data for two years before and after 

the study to look at the larger trend in crash frequency. As discussed in the literature 

review, regression to the mean can be misinterpreted as significant change. It is not 

possible to compare crashes at an intersection with changes traffic signals with a 

‘control’, no-change intersection, since each intersection is unique in the many factors 

influencing crash frequency.  

8.3 Crash Type Analysis 

Looking at changes in distribution of crash types between phases would 

supplement the severity analysis considering the potential error in police-reported 

injury severity. This analysis is possible with the available data but was not done 

because of time constraints. 

8.4 Crash Severity Analysis 

An alternative calculation of change in crash severity could be conducted. 

Calculations would be done in a way that uses each crash incident as a sample that 

contrasts from the way this study was conducted. The focus would be on measuring 
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the change in severity of each crash event between phases. The current analysis takes 

average cost per month per phase at each intersection. The proposed analysis would 

take the average cost per incident per phase per intersection. The current analysis was 

chosen to mirror the crash frequency calculations. 

8.5 Spatial Analysis of Crash Severity 

The local Metropolitan Planning Organization (MPO), WILMAPCO, has used 

geographic information systems (GIS) to plot the locations of crashes in New Castle 

County, Delaware. The intersections are categorized and sorted by roadway functional 

classification of the intersecting streets. Through this analysis, it is possible to locate 

abnormally high crash frequencies or ‘crash hot-spots’. A similar analysis could be 

conducted by plotting the severity of an average crash incident using GIS (similar to 

figure 6.2). This study should be conducted over a large area with multiple 

intersections, such as New Castle County. 

8.6 Novelty Effect 

It is possible that some of the change experienced in phase-2 of this study was 

connected with drivers learning how to react to a new traffic control device. When 

phase-3 was studied the CPS had been in operation for several months. An additional 

set of crash data could be collected following phase-3. The new data could be 

compared with the existing phase-2 data to see if there was any novelty effect. 

Another method to reduce this effect would be to remove the first month of data from 

each phase. At the end of the first month of operation, it could be expected that local 

drivers would ‘learn’ and therefore be familiar with a new device or changes in signal 

timing. 
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Appendix A 

DATA AND ANALYSIS OF CRASH FREQUENCY 
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Appendix B 

DATA AND ANALYSIS OF PEDESTRIAN CRASH FREQUENCY 
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Appendix C 

DATA AND ANALYSIS OF ACCIDENT SEVERITY 
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Appendix D 

SUMMARY OF SIGNIFICANT CHANGE 
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