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Executive Summary 

This study examined the causes of crashes along higher speed roads. Many fatal or incapacitating 

pedestrian and bicycle crashes in Michigan have occurred on higher speed corridors with a speed 

limit of 45 mph or higher and a high proportion of these crashes occurred at night. AASHTO 

defines a higher speed road as having speeds greater than or equal to 50 mph. However, from the 

perspective of pedestrian and bicyclist safety, 45 mph would be considered a higher speed road. 

Therefore, we included corridors with a 45 mph speed limit or higher. The high percentage of fatal 

crashes is not surprising given the combination of higher speeds and poor nighttime 

visibility.  Most of these crashes occurred on urban roads given the higher exposure of pedestrians 

and bicyclists. These data are in accord with other studies. For example, Eluru, Bhat, and Hensher 

(2008) found that pedestrian and bicycle severity was greater on higher speed roads and at night.  

 

Chapter 2 of this report reviewed the literature on pedestrian and bicycle crash countermeasures 

and placed the highest weight on crash modification factors. The review relied heavily on the 

FHWA Crash Modification Factors Clearinghouse, and many of the countermeasures have data 

from the clearinghouse that provides information on alternative treatments or modifications to 

some countermeasures based on local application. The clearinghouse also provides direct access 

to studies that analyze the results of the countermeasure and many of these were examined in our 

review. The research team also placed a high weight on the revised star rating for each of the Crash 

Reduction Factors (CRF). However, because of the difficulty involved in controlling all the 

variables in crash studies and the smaller number of cases involved in pedestrian and bicycle 

crashes, there is a great deal of variability in the results of crash analysis studies. After identifying 

proven countermeasures, each countermeasure was examined regarding whether it was suited for 

application on higher speed roads. Potential countermeasures were examined for application at 

traffic signals, at uncontrolled intersections and midblock locations. Corridor wide improvements, 

countermeasures for reducing speeding and countermeasures for improving lighting were also 

carefully explored.  

 

Chapter 3 reviewed the non-motorized treatments for use on high-speed roads adopted by 

Michigan and its neighboring states. This examination focused on states with a similar climate. 

There was a high degree of similarity observed in policies adopted by each of these states that were 

primarily in accord with federal guidelines and past research. Most state practices reviewed in this 

chapter had similar standards and guidelines for implementing pedestrian treatments on higher-

speed roads. For instance, for higher speeds (45 mph or more) and high volumes crossing locations, 

most states consider implementing treatments that force drivers to stop for pedestrians. These 

treatments include the use of traffic signals, Pedestrian Hybrid Beacon (PHB), or grade separation. 

Most previous studies on pedestrian treatments on high-speed roads are based on the Rectangular 

Rapid Flashing Beacon (RRFB) and PHB showing that these treatments are effective on those 

roads.  

 

Chapter 4 identified high crash locations, from statewide crash data recorded between the 

beginning of 2009 the end of 2020. These data were analyzed by severity, area type (rural vs 

urban), lighting conditions, and location of crash (intersection vs midblock). Pedestrian crashes 

and bicycle crashes were analyzed separately. Higher speed roads were classified at roads with a 

speed limit of 45 mph or more, but did not include freeways. Heat maps were generated using 
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ArcGIS software, followed by identification of high-crash sites. The following sections present 

the findings of crash analysis and selection of high-crash sites. Most crashes along higher speed 

roads occurred in clusters along corridors where these roads transitioned through urban and 

suburban locations. The risk of daytime and nighttime crashes also varied across these sites. 

Examining crashes that involved a fatality (K) or an incapacitating injury (A) or K&A crashes at 

each site revealed that 70% occurred at night.  

 

Specific crash patterns were observed at many of these sites. Rural crash locations were more 

randomly distributed and only occurred in clusters at locations where the speed limit was reduced 

where a higher speed road traversed a small town, village, or city. It was also the case that the 

percentage of K&A crashes were much higher on the higher speed roads for both pedestrian and 

bicycle crashes and the percentage of crashes that occurred at night increased with increasing speed 

limit. 

 

The site visits allowed the research team to determine factors related to each crash and the types 

of countermeasures that would likely be effective. The WMU team visited crash sites with the 

police crash report (UD-10 Traffic Crash Report) using the police narrative and crash diagram 

section of the the report to determine the exact location and cause of each day and night crash. The 

percentage of K&A crashes at these 9 sites that occurred at night averaged 69.5% with a range of 

40% to 100%. More than half the K&A crashes occurred at night at all but one of the sites. If most 

crashes occurred at night the team visited the crash sites one hour or more after sundown and 

measured lighting levels using a Konica Minolta T-10A Illuminance Meter to measure the light 

intensity in Lux. Federal Highway studies indicate that 25 Lux is a good level of illumination to 

see a pedestrian crossing at night. Based on the crash diagram and narrative the light level reading 

was taken at the approximate vicinity of each crash. The team also examined all crash sites during 

the daytime to better determine the presence of engineering features at each site, such as lane 

width, type of crosswalk marking, curb turning radii, and presence or absence of any crash 

countermeasures that might influence the presence of a crash.  

 

At many high crash corridors there were no bicycle facilities, few opportunities to cross in a 

marked crosswalk. Another important variable was poor corridor lighting along many of the high 

crash corridors. One surprising finding was the low level of lighting (essentially dark) at many of 

the night crash sites classified as lighted. Visiting the sites also allowed the team to view 

pedestrians and bicyclists and observe their behavior. At many of the sites with poor lighting 

pedestrians and bicyclists appeared as shadowy figures. Light levels at these sites were extremely 

low with light readings of between 0.1 and 5.2 Lux. In many cases the legacy light sources were 

on low light posts, or poor light sources on higher posts. At some sites where higher intensity LED 

lighting was located near the crash site it was not aimed in such a manner as to illuminate the 

crosswalk. In many cases the police report would mention the driver stating they did not see the 

pedestrian. Regardless of potential right-of-way issues these crashes would have been less likely 

during the day because the driver in many cases would have seen the pedestrian in time to avoid a 

crash.  

 

Another value of site visits was it enabled us to recommend countermeasures for each site. This 

enables the research team to narrow down the number of countermeasures that were most useful 

for pedestrian and bicycle crashes on higher speed roads.  Countermeasures most useful for crashes 
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at traffic signal locations included: LED light bars installed under mast arms, LED luminaires 

installed and aimed toward the crosswalk and entry locations at sites with span wires; tightening 

the turning radii; installation of high visibility crosswalk markings; and adding a leading pedestrian 

interval. Countermeasures most useful at unsignalized intersections and midblock crosswalks 

included: Installation of a PHB or RRFB along with advance stop or yield markings; and refuge 

or median islands. If an RRFB is installed adding dynamic crosswalk lighting is also 

recommended. Countermeasures most useful for corridor wide improvements included: Adding 

sidewalks, solar powered dynamic feedback signs; widening shoulders; and changing out legacy 

street lighting to LED street lighting. MDOT needs to review whether lighting at all marked and 

unmarked crosswalks locations can be considered part of the crosswalk treatment.  

 

The last chapter of the report provides a method of using a cost benefit analysis to determine 

whether to install a particular countermeasure on a higher speed road. The results show the 

minimum number of non-motorized crashes that justify installation of a specific countermeasure. 

In addition, a standalone analysis tool that can be used to conduct cost-benefit analysis was 

developed and provided to MDOT as part of the deliverables. 

 

Summary 

The significant findings of this study were: 

1. That K&A nighttime crashes were typically associated with low measured light level 

reading.  

2. That whether the crash site was scored on the UD-10 Police Crash Report as lighted or 

unlighted may be an unreliable indicator of lighting at the crash site. 

3. That a limited number of countermeasures were appropriate for application to higher speed 

roads and likely most effective in reducing crashes. 

4. That many of the countermeasures identified as potentially effective were low or medium 

cost. 
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1 INTRODUCTION 

Over the period from 2009 to 2018, pedestrian fatalities increased by 53%, from 4,109 to 6,283 

(National Center for Statistics and Analysis, 2019; Schneider, 2020; Webb, 2019) with the 

proportion of traffic deaths involving pedestrians increasing by nearly 50%.  NHTSA estimated 

that 7,342 pedestrians were killed in traffic fatalities in 2021, a 13% increase over the 2020s 

already historically high number. Pedestrian fatalities have risen since their lowest level in 2009 

at 4,092. The analysis of FARS data show that most of these increases occurred at night on urban 

arterials and collector roads (Tefft, Arnold, & Horrey (2021); Hu, & Cicchino, (2018). This 

increase in the proportion pedestrian fatalities was the largest increase among 30 countries studied 

by the International Transport Forum (International Transport Forum, 2019). A recent analysis 

indicates that 90% of the increase in US pedestrian deaths from 2008 to 2017 occurred at night. 

According to NHTSA, on average about 72% of pedestrian fatalities recorded between 2011 and 

2020 occurred after dark nationally; in Michigan the estimate is 73%. Also, 51% of pedalcyclist 

fatalities occurred at night nationally; in Michigan the estimate is 56%. However, these statistics 

are even more severe when considering the fact that only about 25% of all traffic volumes occurs 

after dark. This means that during the nighttime, when the least number of vehicles are on the road, 

the greatest number of pedestrians are killed in crashes. This shows a heightened need to add or 

improve safety measures to protect areas of roadway traffic with high pedestrian volume, 

especially after dark. Many fatal or incapacitating pedestrian and bicycle crashes in Michigan have 

occurred on higher speed corridors with a speed limit of 45 mph or higher. AASHTO defines a 

higher speed road as having speeds greater than or equal to 50 mph. However, from the perspective 

of pedestrian and bicyclist safety, 45 mph would be considered a higher speed road. Therefore, we 

included corridors with a 45 mph speed limit or higher. In the past 10 years there were 772 fatal 

pedestrian crashes on higher speed corridors in Michigan. The majority of these crashes occurred 

during night conditions (83%). Incapacitating crashes also occurred more often at night along these 

corridors (65%). Most of these crashes occurred on urban roads (71%).  Sixty one percent of 

bicycle fatal crashes in Michigan occurred on higher speed roads and forty nine percent of these 

crashes occurred at night.  

 

These data are in accord with other studies. For example, Eluru, Bhat, and Hensher (2008) found 

that pedestrian and bicycle severity was greater on higher speed roads and at night. They also 

found that crashes were more severe at traffic signals than at other locations. More specifically, 

Haleem and Abdel-Aty (2010) found that lower speed limits (less than 45 mph) reduced the 

probability of a fatal bicycle when compared to greater than 45 mph. In most studies, high vehicle 

speed also increases the frequency and severity of crashes involving pedestrians (Lee et al., 

2005; Zegeer et al., 2006; Chimba et al.,2014; Garder, 2004; Sandt, Zegeer, & Martin, 2006; 

McMahon et al., 1999; Poch and Mannering, 1996). Most of these studies used the speed limit 

of the target zone as a predictor variable because it was easy to collect the data. However, 

Zegeer et al. (2006) collected the 85th percentile vehicle speed.  
 

Studies have also revealed that drivers cannot see and react in time to a dark clad pedestrian if they 

were driving over 30 mph.  Compounding this problem is the fact that pedestrians overestimate 

their own visibility because: 1. The pedestrian is adapted to a relatively low ambient illumination 

level; and facing the glare of the oncoming headlights the pedestrian may be unable to appreciate 

how difficult the driver’s detection task is, and may be convinced that he or she is visible.  Data 
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show that 95% of pedestrians in testing situations indeed overestimate their visibility (Allen, 

Hazlett, Tacker, & Graham, 1968).  Preliminary data show that pedestrians can learn to accurately 

estimate their visibility through education programs (Tyrrell, & Patton, 2000). Another approach 

is to increase pedestrian visibility in crosswalks. New LED lighting devices provide improved 

tools for improving lighting. 
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2 LITERATURE REVIEW OF CRASH COUNTERMEASURES 

Crash countermeasures are continually under development. Effectiveness of many of these 

countermeasures often are expressed using surrogate data on safety, including observed yielding 

by motorists to pedestrians, or measured compliance with traffic safety laws such as safe passing 

of cyclists, reductions in speed, or other operational characteristics that have the potential to 

improve safety. One of the best validated surrogate measures is the occurrence of near crashes or 

conflicts. Examples of this type of measure are evasive actions and the time interval between the 

evasive maneuver and the evaded crash. The best approach is to examine the relationship between 

a countermeasure and crashes. Crash modification factors examine the relationship between 

crashes and the presence of the countermeasure. The major difficulty in obtaining crash 

countermeasure or crash modification factors for crashes involving pedestrians and cyclists is the 

sample size and adequate control of the presence or absence of the countermeasure.  

 

In 2009, the FHWA launched the Crash Modification Factors Clearinghouse, an online repository 

and search tool designed to provide access to studies that have been published on various types of 

improvements intended to reduce crashes. Many of the countermeasures discussed below have 

data from the clearinghouse that provides information on alternative treatments or modifications 

to some countermeasures based on local application.  

 

The clearinghouse also provides direct access to studies that analyze the results of the 

countermeasure. These are provided with a confidence level or star rating, as many of the papers 

are independently prepared and may not have been peer-reviewed. Because the star ratings system 

in the clearinghouse has been revised, each Crash Reduction Factor (CRF) shown below indicates 

the revised star rating.  

 

Because of the difficulty involved in controlling all the variables in crash studies and the smaller 

number of cases involved in pedestrian and bicycle crashes, there is a great deal of variability in 

the results of crash analysis studies. Another factor contributing to the high level of variability for 

newer devices is the amount of outreach activity and the number of installations in the area being 

evaluated. These factors should be considered when using these indices.  

 

The countermeasures that are discussed below have shown potential to reduce the occurrence of 

pedestrian and/or bicycle crashes. Appendix 9.1 shows photos of sample countermeasures. 

Countermeasures are presented in the following categories: 

• Intersection Improvements, Signalized and Unsignalized 

• Speed Reductions 

• Roadway Improvements  

• Lighting  

2.1 Signalized Intersection Improvements 

2.1.1 Advance Stop Line  

Advanced placement of the stop line from 4 ft to 20 ft can increase the distance drivers stop before 

the crosswalk and reduce the percentage of drivers stopping in the crosswalk from 25% to 7% 

(Retting and Van Houten, 2000). This treatment was also associated with an increase of 0.7 s in 
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the elapsed time between the start of the green signal phase and the lead vehicle entering the 

intersection. The use of advance or offset stop lines can reduce conflicts between vehicles turning 

right on red and pedestrians because it increases the sight distance of drivers turning right on red 

who make a full stop behind the line (Zegeer and Cynecki, 1986).  

 

Effectiveness 

This intervention does not have a crash modification factor. While anecdotal evidence suggests 

this is a promising countermeasure, no research has quantified its effectiveness for pedestrians or 

bicyclists. 

 

Implementation and Operational Considerations 

● Planning Time: Short 

● Build Time: Short  

● Applicability to Higher Speed Roads:  GOOD (Can reduce serious crashes on 

multilane roads) 

 

2.1.2 Leading Pedestrian Interval  

A leading pedestrian interval (LPI) provides pedestrians with the walk signal prior to parallel 

traffic getting the green signal. This allows pedestrians to enter the crosswalk before left turning 

vehicles, and before right turn vehicles if right turns on red is prohibited. In the U.S., 20% of 

pedestrian crashes involve vehicles turning right at signalized intersections. The largest proportion 

of these crashes (60%) involves faster, left-turning vehicles. Van Houten, Retting, Farmer, Van 

Houten, & Malenfant (1999) found that a leading pedestrian phase reduces conflicts between 

turning vehicles and pedestrians, the driver, the pedestrian or both to take evasive action to avoid 

a crash. It also has been shown to reduce crashes between turning vehicles in a number of studies 

listed in the Crash Modification Factors Clearinghouse. 

 

Effectiveness 

The LPI is associated with pedestrian CRFs of 13% to 19% (5 Star Ratings) 8.8, 9, 10 and 58.7% 

(4 Star Ratings) and 46% (3 Star Rating). Because of the low cost and the high energy involved in 

left turns this intervention should prove very cost effective.  

 

Implementation and Operational Considerations 

● Planning Time: Medium: Developing a timing plan typically tops out at ~30 hours 

but adding timing to pedestrian signals may be less complex than a full re-timing. 

● Build Time: Short (Less than 1 week). 

● Applicability to Higher Speed Roads:  GOOD (suburban applications with 

pedestrian demand) 

 

2.1.3 Countdown Signals 

Pedestrian countdown signals display how much time is available to cross. One study conducted 

in Michigan showed that pedestrians can estimate how much time they need to cross based on the 

countdown timer indication (Van Houten et.al. (2015). Therefore, it is not surprising that they 

increase the percentage of pedestrians crossing before the end of the countdown interval. 
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Pedestrian countdown signals are required anywhere a pedestrian signal is used whenever new 

signals are installed or existing signals are replaced per the Michigan Manual on Uniform Traffic 

Control Devices (MUTCD).  

 

Effectiveness 

Ten studies have examined the effects of adding pedestrian countdown timers to pedestrian signals. 

All 10 studies have a Star Rating of 2. The mean CRF for these studies is 2.4%. However, one 

higher quality study (Star Rating of 4) shows a CRF of 8.8%. Two other studies with a 3 Star 

Rating show CRFs of 55% and 70%. From this we can conclude they have a safety benefit likely 

greater than 8 perhaps much higher. One of the studies conducted in Detroit, MI had a CRF of 

70% (3 Star Rating) while another site in Kalamazoo, MI had a CRF of 55% (3 Star Rating).  

 

Implementation and Operational Considerations 

● Planning Time: Change out will save on maintenance and electrical costs.  

● Build Time: Change out time (Less than 1 week). 

● Applicability to Higher Speed Roads:  GOOD (suburban applications with 

pedestrian demand) 

 

2.1.4 Exclusive Left Turn (Leading/Lagging) 

A solid green arrow indicates left turning vehicles have an exclusive phase. One can use either a 

leading or a lagging exclusive pedestrian phase. It is more convenient to use a lagging exclusive 

left turn phase when using a LPI and a lagging left turn phase should be considered when there is 

a high number of conflicts between left turning vehicles and pedestrians because a lagging left turn 

allows pedestrians to clear the crossing before left-turning vehicles begin to turn. 

 

However, it is possible to use an LPI with a leading pedestrian phase. An exclusive left turn phase 

should be considered when left-turning traffic volumes are high, and a Michigan Left is not 

feasible. If used with prohibited permissive left turns, it reduces conflicts between left turns and 

pedestrians. The Exclusive Left Turn phase alone did not produce a reduction in vehicle/pedestrian 

crashes (Goughnour, 2018). CMF of 1 and CRF of 0. 

 

Effectiveness 

Three studies with a 4 Star Rating had showed changing a permissive left to protected left or 

protected plus permissive left had CRF of -13.6% (4 Star Rating) in Chicago, 28.2% (3 Star Rating) 

percent in NYC and -9.1% (4 Star Rating) combining Chicago, NYC and Toronto. Another 

example of variability likely related to uncontrolled variables. At present it appears this 

intervention will not improve pedestrian or bicycle safety.  

 

Implementation and Operational Considerations 

● Planning Time: Medium, requires a traffic study 

● Build Time: Short 

● Applicability to Higher Speed Roads: POOR, (suburban applications with pedestrian 

demand) 
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2.1.5 Prohibited Left Turns (Michigan Left) 

Prohibiting left turns at signalized intersections and providing room for U-turns at median 

crossovers is known as a Michigan Left. Michigan Lefts can be implemented on roads with a wide 

center median or where the cross-street has a wide center median. This countermeasure should be 

considered when there are crashes involving left-turning vehicles. This intervention can reduce 

crashes involving left turning vehicles by 10%. MDOT has found that Michigan Left turns reduces 

the number and severity of crashes and congestion. MDOT provides guidance on left-turn 

prohibitions in the MDOT Road Design Manual. 

 

Effectiveness 

Although there is no data on the effect of MI Lefts on pedestrian crashes, logic dictates that it 

should nearly eliminate left turn crashes. Since right turn crashes at signalized intersections are 

less frequent and involve lower speeds then left turn crashes it is almost certain this treatment 

would reduce serious pedestrian crashes.  

 

Implementation and Operational Considerations 

● Planning Time: Long planning time because it involves construction 

● Build Time: Involves major construction 

● Applicability to Higher Speed Roads: GOOD (suburban applications with pedestrian 

demand).  

 

2.1.6 Flashing Yellow Arrow 

A flashing yellow arrow is used rather than a green ball to indicate a permissive left turn.  

This signal should be considered when crash rates involving permissive left turns are high. Crash 

rates at intersections where a flashing yellow arrow were found to be lower than intersection with 

the conventional green ball indication, but no effects were observed for pedestrian crashes.  

 

Effectiveness 

The Flashing Yellow Arrow was not found to have an effect on vehicle pedestrian crashes. The 

CMF is 1 and the CRF is 0. This study has a star rating of 2. 

 

Implementation and Operational Considerations 

● Planning Time: Short 

● Build Time:  Short 

● Applicability to Higher Speed Roads: POOR (since it appears to have no effect on 

pedestrian crashes).  

 

2.1.7 Turning Vehicles Yield to Pedestrians (R10-15) Sign  

Many serious crashes involving pedestrians at intersections are associated with a motorist turning 

left or right across the path of the pedestrian. The R10-15 sign is a low cost treatment that 

communicates to drivers that turning vehicles must yield to pedestrians who are crossing. The sign 

typically is installed next to the traffic signal head so that drivers see it when approaching the 

intersection. 
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Effectiveness 

There has not been a safety evaluation of this particular sign demonstrating reductions in 

pedestrian crashes, though it is often used in combination with other treatments that have proven 

to be effective. However, behavior data examining evasive pedestrian and vehicle conflicts at 

marked crosswalks in 12 cities (Abdulsattar, et.al., 1996) The sign was installed at 12 marked 

crosswalks in two cities found a 20 to 65 percent reduction in conflicts with left turning vehicles 

and a 15% to 30% in conflicts with right turning vehicles. Both of these reductions in conflicts 

were statistically significant. Because left turning vehicles are faster and tend to produce more 

serious crashes these results hold some promise.  

 

Implementation and Operational Considerations 

● Planning Time: Short: Identify target intersections for installation of signs. 

● Build Time: Short (1-3 Days) 

● Applicability to Higher Speed Roads: FAIR (since behavioral data suggest it may be 

effective). 

 

2.1.8 Right-Turn Slip Lanes 

Pork chop islands are wedge-shaped islands between a right-turn lane and through lanes at an 

intersection. This treatment breaks up a pedestrian crossing, making the crossing both safer and 

easier and has been shown to reduce pedestrian crashes by 29%. However, it is almost certainly a 

function of the turning radius of the travel lane(s). Pork chop islands should be considered at wide 

intersections where channelized right turn lanes are desired, or where a large turning radius would 

otherwise be required to prevent large, right-turning vehicles from encroaching on opposing traffic 

lanes. Care should be taken to design the right-turn lane to encourage slow speeds and improve 

visibility of crossing pedestrians by turning vehicles.  

Reference Pedestrian Facilities Users Guide - Providing Safety and Mobility, p. 59 

for more information.  

 

Effectiveness 

Although many papers talk about designing right-turn slip lanes with pedestrian safety in mind, 

there is little data on the safety impact of such designs.   

 

Implementation and Operational Considerations 

● Planning Time: Long planning time because it involves construction. 

● Build Time: Involves major construction. 

● Applicability to Higher Speed Roads: POOR (May be difficult to place on existing 

roadways).  

 

2.1.9 Bicycle Signal Detection 

Loop or video detectors can be used to detect and place a call for a bicyclist stopped at an 

intersection or in a turn lane. Bicycle location markings and signage is often included to ensure 

bicyclists are properly positioned to be detected.  Conveniently located push buttons may be 

substituted for automatic loop detection.  Bicycle signal detection may be used wherever bicycle 
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connectivity is desired across signalized intersections. Bicycle detection can reduce the motivation 

for cyclists to cross against the signal and can increase cycle duration when crossing wider roads. 

Guidance for installation of bike signal detection markings is provided in the AASHTO Guide for 

the Development of Bicycle Facilities. 

 

Effectiveness 

There is no crash modification factor associated with this intervention. 

 

Implementation and Operational Considerations 

● Planning Time: Short if cameras are used to detect vehicles 

● Build Time: Short 

● Applicability to Higher Speed Roads: POOR because most urban roads do not have 

bicycle facilities  

 

2.1.10 Bicycle Signals 

Bicycle signals are signals that regulate bicycle traffic flow. They can be actuated or pre-timed 

and may provide an exclusive signal phase for bicyclists at an intersection. Bicycle signals may be 

used in areas where bicyclists are subject to different traffic control than vehicles, such as at trail 

crossings, cycle tracks, or bicycle boulevards. Bike signals are helpful to clarify the separation of 

bicycle and automobile traffic, to give bicyclists a head start in mixed traffic conditions, or where 

one bicycle facility transitions to another (e.g., when a shared use path transitions to an on-street 

bike lane). 

Guidance for installation of bike signals is provided in the NACTO Urban Bikeway Design 

Guide. 

 

Effectiveness 

No crash modification factor is presently available for this treatment. 

 

Implementation and Operational Considerations 

● Planning Time: Medium 

● Build Time: Medium 

● Applicability to Higher Speed Roads: POOR because most higher speed roads do 

not have bicycle facilities  

 

2.1.11 Combined Bike/Turn Lanes 

A combined bike/turn lane can be used where a bike lane and a right-turn lane occupy the same 

space. This treatment aligns the cyclist with the left side of the lane and reduces the possibility that 

a through cyclist will be stuck by a right turning vehicle. Combined bike/turn lanes should be 

considered only when a right-turn lane is needed along a street with a bike lane, and there is not 

enough street width to provide a separate bike lane to the left of the turn lane.  Combined bike/turn 

lanes help to identify the presence and riding location of a through bicyclist on the left side of the 

lane. Signs help communicate the shared lane condition and instruct drivers that they shall yield 

to bikes in these locations. Pavement markings denoting the shared lane condition and signs posted 

“RIGHT TURN ONLY EXCEPT BIKES” or shared lane signs are posted to clarify the shared 
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lane condition. Current guidance in the MUTCD suggests a lane drop resulting in a shared through 

or turn lane. Combined bike/turn lanes are not yet in the MUTCD and will require FHWA approval 

prior to installation. For more information, consult NACTO Urban Bikeway Design Guide. 

 

Effectiveness 

This intervention does not have a crash modification factor.  

 

Implementation and Operational Considerations 

● Planning Time: Short 

● Build Time:  Short 

● Applicability to Higher Speed Roads: POOR because most urban higher speed roads 

do not have bicycle facilities. 

 

2.1.12 Exclusive Pedestrian Phase  

A pedestrian only phase provides time for pedestrians to cross while all vehicle movement is 

stopped. This treatment allows pedestrians to walk in any direction across the intersection, 

including diagonally, during an exclusive phase. Several studies document safety benefits between 

7% and 66% (Jensen, 1999; Vaziri, 1989), however, an exclusive pedestrian phase has been 

documented to degrade traffic flow (Kim et al., 2004). However, the use of EPP mostly beneficial 

with high pedestrian exposure it may not be particularly suited to crossings on higher speed 

roadways (Tian et al., 2001) 

 

Effectiveness 

The Exclusive Pedestrian Phase is associated with a CRF of 51% percent involving pedestrians. 

This CRF has a star rating of 2.  

 

Implementation and Operational Considerations 

● Planning Time: Short 

● Build Time: Short if controller has capability to add it. 

● Applicability to Higher Speed Roads: POOR, (This is essentially an urban treatment 

and would not have applicability to higher speed roads) 

 

2.1.13 Prohibited or Restricted Right-Turn on Red  

Right turns on red are prohibited using either regulatory signs or blank out LED signs. Right turn 

on red restrictions should be implemented where right-turning vehicles are involved with free 

flowing right-turn-on red crashes. Crash data show an increase in pedestrian and bicycle crashes 

when right turn on red is permitted. Severity of right turn on red crashes are typically lower because 

of the lower speed but increases with increasing right turn radius because of higher motor vehicle 

speeds. One study that examined SHRP 2 naturalistic driving data (Wu & Xu, 20170 showed that 

drivers making a right-turn-on-red have a high acceleration and a low level of observing behavior 

placing pedestrians and cyclists at higher risk.  

 

 

Effectiveness 
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The CRF for seven studies examining the effect of installation of permitted right turn on red ranges 

from 43% to 108%. These studies all have relatively low 2 star ratings. These studies suggest that 

prohibiting right-turn on red would reduce crashes.  

 

Implementation and Operational Considerations 

● Planning Time: Medium: Identify sites and get approval to change traffic behaviors. 

Can be contentious. 

● Build Time: Short 

● Applicability to Higher Speed Roads: FAIR (Only recommended when crashes are 

related to right-turns on red) 

 

2.1.14 Midblock Signals 

A midblock signal is a full traffic signal for vehicles in one direction and pedestrians in the cross 

direction. Midblock signals are almost always pedestrian activated, so it only interrupts traffic flow 

when a pedestrian places a call. Midblock signals are typically used on arterial roads at locations 

which have a large pedestrian generator on each side of the road. Typical locations are at a transit 

location or a major facility that is frequented by many individuals on foot. The guidelines for 

pedestrian warrants are specified in the MUTCD. Although a full signal generates a high 

compliance rate with motorists, pedestrians will typically attempt to cross even at high-volume, 

high-speed locations if the wait time is too long. One study showed that almost all pedestrians 

waited for the WALK indication when minimum green time was 30 seconds, but compliance 

dropped with increasing wait time.  At two minutes one third of pedestrians will attempt to cross 

even when the intersection only has a yellow line separating traffic flow in each direction (Van 

Houten, Ellis, & Kim, 2007) 

 

Effectiveness 

This intervention has a CMF of .82 with a 4 star rating.  

 

Implementation and Operational Considerations 

● Planning Time: High 

● Build Time:  High 

● Applicability to Higher Speed Roads: POOR (Unless a signal is warranted. PHB and 

RRFB are an alternative) 

2.2 Unsignalized Improvements 

2.2.1 High Visibility Crosswalk Markings 

High visibility crosswalk markings better alert drivers to the presence of a crosswalk and better 

alert pedestrians of the preferred location to cross. Two popular high visibility marking formats 

are continental markings and zebra markings. Several studies indicate that high visibility markings 

were associated with fewer crashes (Chen et al., 2012; Feldman, Manzi, and Mitman, 2010). This 

treatment can be used at signalized as well as unsignalized crosswalks.  

 

Effectiveness 
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There is one study showing a CRF of 40% with a Star Rating of 2. Another study examined yellow 

high visibility crosswalk markings at school crosswalks. This study found a CRF of 37% and had 

a Star Rating of 4. High visibility crosswalks are more visible to drivers and have been shown to 

increase motorist yielding rates. They can also require less maintenance than parallel line 

crosswalks, as vehicle wheels track between ladder bars of marking.  

 

Implementation and Operational Considerations 

● Planning Time: Short (if installing as upgrade to existing crosswalks), Medium (if 

installing crosswalks for the 1st time), need to develop engineering design for 

installment. 

● Build Time: Short  

● Applicability to Higher Speed Roads: GOOD (Recommended for all marked 

crosswalks on higher speed roads) 

 

2.2.2 High Visibility Crosswalk Signage 

Crosswalk signage can also add to the conspicuity of a crosswalk. One way to increase the 

conspicuity of crosswalk signs is to use prismatic reflective sheeting not only on the W11-2 sign 

but also on the signpost as well. This type of treatment can be applied to double back signs on both 

sides of the road and on the pedestrian refuge island or median island if one exits. This type of 

installation can from a gateway like treatment that is very visible to drivers since they are passing 

between two signs that are very visible during the day and at night. This treatment would be 

implemented with pole mounted signs that conform to MUTCD 2A.19.  

 

Effectiveness 

This treatment does not have a CMF. One promising variation of this treatment would be the use 

of larger signs in a gateway configuration. This treatment has not yet been carefully evaluated. 

However, one study conducted as part of this project suggests it can be efficacious.  

 

Implementation and Operational Considerations 

● Planning Time: Short 

● Build Time: Short 

● Applicability to Higher Speed Roads: GOOD. 

 

2.2.3 Pedestrian/Bicycle Refuge Island or Raised Median 

Pedestrian refuge islands placed between counter flowing traffic at uncontrolled crosswalks make 

it possible for pedestrians and cyclists to cross half of a two-way roadway at a time. This reduces 

impulsive attempts to accept short gaps which are difficult to discriminate at night. These gaps are 

also more difficult for children and older adults to discriminate. Refuge islands need to be large 

enough to accommodate a pedestrian with a stroller and a cyclist on a bicycle. Wider refuge islands 

can also be constructed in such a way to ensure the pedestrian is walking facing the direction of 

traffic before making the second half of the crossing. Pedestrian refuge islands have a crash 

modification ranging from 32% to 56% (Zegeer, et.al., 2017; FHWA, 2007). 

 

 



22 
 

Effectiveness 

Refuge islands have been widely studied and are routinely identified as one of the most effective 

countermeasures to improve pedestrian safety at uncontrolled locations. Studies have shown a 

reduction in pedestrian crashes at marked and unmarked crosswalks with a 5 Star Rating, CRF of 

46% for marked crosswalks (3 Star Rating) and a CRF of 31.5% for uncontrolled crosswalks with 

and without markings. (4 Star Rating). Several studies in Florida on urban and suburban arterials 

with a 2 Star Rating show medians have a CRF of 34%, 27%, 30%, 40% and 29%. Considering 

all studies with Star ratings of 2 or more, medians clearly have a benefit for pedestrians and the 

magnitude of the effect is reasonably consistent between studies.  

 

Implementation and Operational Considerations 

● Planning Time: Medium: identify areas of interest through public input/traffic data 

analysis and receive approval for installation. 

● Build Time: Short (1-3 Days), though installation is complicated by traffic 

management which may add additional installation time. 

● Applicability to Higher Speed Roads: GOOD (This treatment can be easily used on 

higher speed roads if adequate space is available)  

 

2.2.4 Pedestrian Hybrid Beacon (PHB) 

The pedestrian hybrid beacon consists of two red lights above a yellow light that are dark when 

the beacon is not active. When activated, the PHB beacon enters a series of signal phases to 

indicate that a pedestrian is crossing. When tested in Arizona and St. Petersburg, Florida, along 

with the recommended warning and regulatory signs, the hybrid beacon was associated with a 69% 

reduction in all crashes and a compliance rate of motorists yielding to pedestrians between 94-99% 

(Fitzpatrick, K., et al., 2006). The cost of pedestrian hybrid beacons varies based on the size of the 

roadway, but typically are less expensive than the cost of fully signalizing an intersection.  

 

Although the PHB has a red indication driver that are unfamiliar with the device may require 

education outreach or experience before compliance increases to very high levels. Studies 

conducted to evaluate driver comprehension of the PHB performed in Kansas indicated that 

driver’s compliance as 90% and 95% (Godavarthy & Russell, 2016). These data suggest there may 

be more variation in results than would be inferred from the results obtained in Tucson. Familiarity 

with the device may be a major factor. For instance, the Fitzpatrick study was performed in Tucson 

where there were extensive outreach efforts and over 60 PHB devices deployed for several years 

before they were evaluated. A study conducted by Stapleton, Kirsch & Gates (2017) examined 

yielding at PHB, RRFB and R1-6 sign sites over time found driver yielding behavior for each of 

these three enhancements improved over time as drivers became more familiar with each device. 

Additionally, roadway factors and driving culture may also influence the effectiveness of these 

treatments.  

 

One advantage offered by hybrid beacons is that they are less disruptive to motor vehicle 

throughput than a midblock signal. When coordinated signals are timed to obtain better speed limit 

compliance, Pedestrian hybrid beacons can be configured to maintain coordination. The MUTCD 

presents guidelines for when a pedestrian hybrid beacon could be used. The recommendations are 

a function of vehicular volumes and speeds, the crossing distance, and pedestrian volumes. The 
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lowest threshold of pedestrian volumes is 25 per hour. Pedestrian hybrid beacons may be 

applicable at midblock crossings or at low volume intersections where a full signal is not 

warranted. One highly relevant study on the PHB examined the efficacy of this treatment on ten 

higher speed roadways (85 percentile speeds ranging between 44 and 54 mph). Driver yielding 

behavior at these sites averaged 97% which is close to the level observed on lower-speed streets. 

These data suggest this intervention would be effective on MDOT higher speed roads. The PHB 

is also associated with a 55% Crash Modification Factor with a 3 Star Rating (Zegeer, et.al. 2017)  

 

Effectiveness 

Hybrid Beacons have consistently produced relatively high CRFs.  CRFs vary between a low of 

24.5% for a 4 Star Rated study and 436% for three 5 Star studies. The highest rating was 69% for 

a 3 Star Study. The average CRF over nine studies is 46%.  

 

Implementation and Operational Considerations 

● Planning Time: Moderate 

● Build Time: Moderate 

● Applicability to Higher Speed Roads: GOOD (Intervention is known to reduce 

crashes when installed on higher speed roads) 

 

2.2.5 Rectangular Rapid Flash Beacon 

A rectangular rapid flashing beacon (RRFB) is a device that consists of a pair of high intensity 

light emitting diode (LED) lights mounted on poles under the pedestrian crosswalk sign and over 

the arrow on each of crosswalk at unsignalized pedestrian or bicycle trail crossing. Flashers are 

front and rear mounted at each installation position, so they form a gateway to approaching drivers. 

The signals rest in the dark phase until activated by a push button. When activated the lights flash 

in a rapid specific pattern which attracts the driver’s attention (Shurbutt, et.al., 2009). This 

treatment produced a large, sustained increase in yielding at 18 locations in three urban areas that 

were maintained over a two year period following their instruction.  

 

This study also compared alternating between two and four beacon configurations (the four beacon 

configuration included beacons on each side of a pedestrian refuge island. Results showed a large 

increase in motorist yielding behavior over baseline for two beacons and a significant increase 

with a four-beacons system over a two-beacon system. This study helped confirm that the RRFB 

effect is partly influenced by the gateway effect resulting from approaching and passing between 

multiple units. Another factor that may have been related to the efficacy of devices installed on a 

refuge island is ensuring that a beacon is visible to drivers in both lanes when a car stopped in an 

adjacent lane screens the motorist’s view. The use of multiple beacons may also more effectively 

delineate the presence of a crosswalk. Data from another study also showed the RRFB system is 

more effective at night than during the day (Shurbutt et. al., 2009; Van Houten, Ellis, & Marmolejo, 

2008). This treatment has a crash modification factor of 47% (Zegeer, et.al., 2017) However, this 

CMF was based on a limited size sample and is therefore less accurate than one based on a more 

robust sample size.  

 

Two highly relevant studies on the RRFB examined the efficacy of this device on higher speed 

roadways (Fitzpatrick and Park, 2021; Hunter, Srinivasan, & Martell, 2012). These studies found 
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80% and 94% increase in yielding respectively on higher speed roads.  

 

Effectiveness 

This treatment has a crash modification factor of 47% with a 3 Star Rating and 36% with a 1 Star 

Rating. However, these CRFs were based on a limited size sample and are therefore less accurate 

than one based on a more robust sample size.   

 

Implementation and Operational Considerations 

● Planning Time: Moderate 

● Build Time:  Short 

● Applicability to Higher Speed Roads: FAIR (This treatment has been shown to 

increase yielding on higher speed roads but is less researched on higher speed roads 

than the PHB. If used on a higher speed road, it should be used with advance stop and 

yield markings (see below) 

  

2.2.6 Advance Stop and Yield Markings  

Advance stop and yield markings at midblock crosswalks or crosswalks at uncontrolled locations 

can help reduce multiple threat crashes at multilane crosswalks where crossing pedestrians may 

not be seen by motorists approaching in an adjacent lane. Advance yield markings would be 

appropriate on MDOT roadways to encourage drivers to open the view of the crosswalks by 

stopping further in advance of the crosswalk (Van Houten et.al., 2003). This treatment can reduce 

the risk of following vehicles attempting to pass the vehicle stopped for the pedestrian. This sign 

is typically used with the R1-5a Yield Here to Pedestrian sign. The markings and the sign should 

be placed from 20 to 50ft in advance of the crosswalk. One study has shown that the markings 

have a larger effect than the sign, so using the sign alone may produce poorer results (Huybers, 

Van Houten, & Malenfant (2004). Advance yield markings have been shown to increase the 

percentage of drivers yielding in advance of the crosswalk and to reduce evasive conflicts between 

crossing pedestrians and vehicles by 79%. This treatment now has a crash modification factor of 

25% (Zegeer, et.al.,2017)  

 

Effectiveness 

Studies have shown CRF of 25% with a 3 Star Rating. Because this treatment is used to prevent 

screening by vehicles that stop for pedestrians, it follows that the further in advance these markings 

can be placed the more effective they should be. It is interesting that this effect is much smaller 

than would be predicted by the reduction in conflicts found in the behavioral studies.  However, 

in the behavioral studies the lines were always placed 50 ft or more in advance of the crosswalk, 

and the MUTCD allows them to be placed 20 to 50 ft in advance of the crosswalk.  

 

Implementation and Operational Considerations 

● Planning Time: Short: identify target sites using traffic data. 

● Build Time: Short  

● Applicability to Higher Speed Roads: GOOD (Advance stop and yielding markings 

can reduce multiple threat crashes on multilane roads) 
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2.2.7 R1-6 In-Street Pedestrian Sign  

The R1-6 Yield to Pedestrians in-street signs can be installed at crosswalks at unsignalized marked 

crosswalk locations. In-roadway yield signs are signs that can be placed in the center of the 

roadway or on a refuge or median island to remind drivers to yield right-of-way to or stop for 

pedestrians. These signs may have state law or local law at the top of the sign. These signs can 

also be used as temporary signs by school crossing guards. They work well at midblock crossings 

as well as unsignalized intersections. In-roadway yield signs have been shown to significantly 

improve motorist yielding compliance and reduce pedestrian crashes. In Michigan a yield symbol 

is used on the signs unless it is used in a city with a pedestrian stop ordinance.  

 

Refer to Michigan MUTCD Section 2B.11 for guidance on the placement of in-roadway yield 

signs. 

 

Effectiveness 

While these signs have no associated CMF, they have been shown to “substantially” increase 

motorist yielding rates according to NCHRP Synthesis 498. 

 

Implementation and Operational Considerations 

● Cost: Installation costs are low, but maintenance costs are relatively high. 

● Planning Time: Short 

● Build Time: Short  

● Applicability to Higher Speed Roads:  POOR (In-roadway signs do not survive well 

when placed on a lane line or a centerline on a higher speed road. However, placement 

at crosswalks on a refuge island or median island should be considered where one 

exists.)  

 

2.2.8 Enforcement of Pedestrian Right-of-Way Laws  

Because Michigan does not have a state law that requires motorists to yield (or stop) for pedestrians 

in an unsignalized crosswalk. Many local municipalities have written their own ordinance based 

on the Uniform Traffic Code (UTC). The wording in the UTC is as follows: Pedestrians; right-of-

way in crosswalk; violation as civil infraction. (1) When traffic-control signals are not in place or 

are not in operation, the driver of a vehicle shall yield the right-of-way, slowing down or stopping 

if need be to so yield, to a pedestrian crossing the roadway within a crosswalk when the pedestrian 

is on the half of the roadway on which the on which the vehicle is traveling or when the pedestrian 

is approaching so closely from the opposite half of the roadway as to be in danger, but a pedestrian 

shall not suddenly leave a curb or other place of safety and walk or run into a path of a vehicle that 

is so close that it is impossible for the driver to yield. 

Van Houten, Malenfant, Huitema, and Blomberg (2013) evaluated a program that coupled police 

enforcement with inexpensive engineering upgrades (e.g., in-street STATE LAW YIELD TO 

PEDESTRIAN signs), education through earned media, the deployment of large road signs that 

provided feedback on the percentage of drivers yielding right-of-way to pedestrians during the 

preceding week along with the record at treated sites in Gainesville, Florida. The introduction of 

the high visibility enforcement over the course of a year during the original study led to a marked 

increase in yielding to pedestrians at the six enforcement crosswalk sites from a baseline level of 

32% to a high of 62% for research assistant (staged) crossings and from 54% to 83% for naturally 
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occurring (unstaged) crossings by the general public. At the six generalization crosswalk sites 

which did not receive any enforcement, yielding to pedestrians increased from 37% to 59% for 

staged crossings and from 50% to 73% for the unstaged naturalistic crossings. The original study 

ended in February of 2011. 

 

While this study produced an immediate behavioral change with steady improvement in 

Gainesville drivers, the study ended before researchers could measure the persistence of any of the 

program’s effects. In particular, the extent to which the GPD continued to enforce the yield-to-

pedestrian laws, the post-study yielding rate to pedestrians, changes in pedestrian crash rates, and 

long-term changes in the safety culture of drivers in Gainesville were unknown.  

 

A four-year follow-up study evaluated the extent to which increases in the percentage of drivers 

yielding to pedestrians in Gainesville, Florida observed in the original study persisted over time 

(Van Houten, Malenfant, Blomberg, Huitema, & Hochmuth, 2017). The results indicated the 

increase in yielding seen in the original study not only persisted but increased further during the 

follow-up period. Moreover, both the enforcement and generalization sites showed this continued 

improvement. This, together with the significant citywide drop in pedestrian crashes after the end 

of the intervention, supports a conclusion of program effectiveness and suggests the possibility of 

a substantial spread of effect from the original study’s enforcement and education program. Later 

the efficacy of this program was replicated in Saint Paul Minnesota and Ann Arbor Michigan.  

 

The follow-up study in Saint Paul evaluated a program to reduce the frequency of drivers passing 

vehicles stopped for pedestrians on multilane roads. The program consisted of a broadly advertised 

program where police would check the reckless endangerment box on the citation if someone 

passed a vehicle stopped for pedestrians in a crosswalk (Morris, Craig, & Van Houten, 2020).  This 

intervention led to a sustained reduction in multiple threat crashes from 12% to 3%. 

 

Effectiveness 

This treatment does not have a CRF. However, crash reductions were associated with the increase 

in yielding in the Gainesville study.  

 

Implementation and Operational Considerations  

● Planning Time: Short 

● Implementation Time: Short 

● Applicability to Higher Speed Roads: FAIR (This treatment requires good 

coordination with police but can be funded by NHTSA funds)  

2.2.9 Enforcement of 5 or 3 Foot Bicycle Passing Laws  

Michigan has a 3 ft minimum passing law which requires leaving a 3 ft passing distance when 

passing bicycles. Many cities have a 5 ft bicycle passing law. Bloomberg and Van Houten 

developed a high visibility program to reduce unsafe passing of bicycles similar high visibility 

program to developed to increase yielding right of way to pedestrians. Their study supported by 

the NHTSA was carried out in Grand Rapids, MI and Knoxville, TN. In Grand Rapids, a local 

ordinance required leaving minimum 5 ft passing distance, and in Knoxville, the State law and 

local ordinance required a minimum 3 ft pass. The program involved high visibility enforcement, 

public outreach, and posted feedback on the percentage of drivers passing less than 5 ft and less 
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than 3 ft. Police in both cities used the C3FT™ ultrasonic measuring device to determine if drivers 

passing a decoy officer on a bicycle were too close. The same C3FT™ device was modified to 

store data and used to collect evaluation measures by two groups of data collection riders—Staged 

Riders who rode repeatedly on routes on which enforcement was focused and Random Riders who 

used their bicycles as a primary means of transportation. Each city developed its own publicity 

program to increase the visibility of enforcement. The High Visibility Enforcement (HVE) 

program continued for approximately 4 months in each city. Results showed that the average 

passing distance in both cities were level during the baseline condition. By the end of the HVE 

programs, statistically significant increases in average passing distance and significant decreases 

in violations were achieved in both cities. Police had no problems using the C3FT™ device to 

identify violators and chose to issue more warnings than tickets. 

 

 

Effectiveness 

The program increased passing distance and driver awareness of bicyclists. Although this program 

was successful in changing driver behavior in both cities, there is no data on whether it can reduce 

motor vehicle/bicycle crashes.  

 

Implementation and Operational Considerations 

● Planning Time: Short 

● Implementation Time: Short 

● Applicability to Higher Speed Roads: FAIR (This treatment requires good 

coordination with police but may be funded by NHTSA funds.  

2.3 Corridor Improvements 

2.3.1 Raised Medians 

Raised medians provide a physical separation between lanes traveling in the opposite direction of 

travel. These can serve as a continuous pedestrian refuge island particularly at unmarked crosswalk 

locations. Medians can reduce crashes with pedestrians and head on collision but do not offer 

individuals with wheelchairs a safe crossing unless there are cuts in the medians at intersections. 

Because most pedestrian crashes in Michigan occur mid-block at unsignalized locations, raised 

medians were shown to produce a 69% reduction in overall pedestrian crashes. The installation of 

a median reduced crashes by 69% at unsignalized intersections, 46% at marked crosswalks, and 

signalized intersections, pedestrian crashes were reduced by 69%. Crashes were reduced by 46% 

when installed at marked crosswalks, 29% at unmarked crosswalks, and an average reduction in 

pedestrian crashes of 25% for all intersection locations. The design of raised medians is covered 

in the Michigan Design Guide Section 7.01.54 and the Michigan MUTCD Section 3I.06.  

 

Effectiveness 

Refuge islands have a CRF of 31.5% with a 4 Star Rating.  

 

Implementation and Operational Considerations 

● Planning Time: Long for full medians, moderate for small refuge islands 

● Build Time: Long for full medians, short for small refuge islands 

● Applicability to Higher Speed Roads: GOOD 
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2.3.2 Curb Extensions 

Curb extensions (also known as bulb outs or bump-outs) extend the sidewalk or planting space out 

into the existing roadway, taking up space in a parking lane. Curb extensions should be considered 

to reduce crossing length on multilane roads. This treatment also increases the visibility between 

pedestrians and drivers because it places the pedestrian in a location where the view is not screened 

by a parked vehicle. To introduce this treatment, it is necessary to reconstruct curbs. The new curb 

line should not encroach the traveled way where bicyclists or motor vehicles may be traveling. 

 

 

Effectiveness 

Curb extensions have not been widely studied, though they may be effective at improving motorist 

yielding as part of a larger package of treatments and countermeasures, according to NCHRP 

Synthesis 498. 

 

Implementation and Operational Considerations 

● Planning Time: Medium: identify sites based on public input and traffic data analysis, 

then must plan and design the installation. The design time will vary greatly depending 

upon the permanence of the installation. Permanent installations may approach long-

term planning due to engineering requirements. 

● Build Time: Short-Medium: if installing a paint extension, 1-3 days is reasonable. For 

longer-term installations using vertical barriers, the installation process may take 1-2 

weeks. 

● Applicability to Higher Speed Roads: POOR (Many of the higher speed roads do not 

have sufficient room for this treatment. It is typically used where there is on street 

parking lanes)  

 

2.3.3 Intersection Bicycle Crossing Markings 

On streets with bike lanes, Bicycle pavement markings are continued through the intersection to 

indicate the intended position for bicyclists, as well as alert motorists that the bicycle facility 

continue through the intersection. This treatment can be used at signalized and unsignalized 

intersections. Intersection crossing markings should be considered at wide intersections or at 

intersections where the intended direction for bicyclists is complex or unclear. This marking guides 

cyclists to ride where they are most visible and expected. The intended path may be colored 

pavement, dashed lines or shared lane markings. For additional background and design details, 

refer to the NACTO Urban Bikeway Design Guide: www.nacto.org 

 

Effectiveness 

This treatment does not have a CMF associated with its use. However, there is a CMF of .61 for 

colored bicycle lanes at signalized intersections. However, this countermeasure only has a 2 star 

rating. 

 

Implementation and Operational Considerations 

● Planning Time: Short 

● Build Time: Short 

● Applicability to Higher Speed Roads: POOR (There are few higher speed facilities 
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for bicycles because sufficient right way does not exist to include them). 

 

2.3.4 Sidewalks and Paved Shoulders 

Sidewalks are facilities separated from the roadway by a curb and sometimes a setback for the 

exclusive use by pedestrians. Paved shoulders are paved extensions of the roadway outside the 

traveled way which can provide room for cyclists. Sidewalks should be installed as part of every 

urban arterial and collector street where there is developed frontage. Paved shoulders should be 

considered on any roadway where sidewalk construction is not feasible due to grade or right-of-

way constraints. When sidewalks are added to a roadway, pedestrian crashes are reduced by 88% 

(FHWA, 2007). When paved shoulders are added to the roadway, pedestrian crashes are reduced 

by 70% (FHWA, 2007). Another advantage offered by paved shoulders can be to increase the 

pavement life of roadways and reduce cracking. Sidewalks and shoulders are most cost effective 

when incorporated as part of roadway construction. If sidewalks cannot be provided at the time of 

roadway design, right-of-way should be secured, and proper grading should be done in anticipation 

of sidewalks at a later date. Whenever roadway drainage goes from an open swale to a closed 

drainage system, sidewalk construction should be considered as a low-cost addition to the project. 

 

Effectiveness 

Sidewalks have a CRF as high as 40% while paved shoulders have a CRF of 7.6.  

 

Implementation and Operational Considerations 

● Planning Time: Long 

● Build Time: Long 

● Applicability to Higher Speed Roads: GOOD (Sidewalks reduce crashes that 

involve pedestrians 

2.3.5 Bike Lanes 

Bike lanes are narrow lanes delineated with pavement markings for the exclusive use by bicyclists. 

Normally, one bike lane is provided on the right side of the roadway in each direction and travels 

in the same direction as the automobile lane. Bike lane signs can be used to supplement the bike 

lane pavement markings. Bike lanes can reduce wrong way bicycle, which is one of the leading 

factors in bicycle crashes. Bicycle lanes can also decrease the number of cyclists riding on the 

sidewalk. Bike lanes are a much more cost-effective method of providing bicycle facilities than a 

side path, which typically requires additional right-of-way and is subject drainage and alignment 

issues independent of the roadway. However, data on the effect of installing bike lanes on crashes 

are equivocal. Bike lanes currently are considered a design option in the Michigan Design Manual 

Section 12.12. Additional guidance can be found in the AASHTO Guide for the Development of 

Bicycle Facilities. 

 

Effectiveness 

Bike lanes may have different effects midblock than at intersections. Studies in NYC show adverse 

effects of installing bike lanes at intersections with a CRF of -6.5 and -28.1 (Star Ratings of 3). 

The CRF for installing them along the roadway segment were 14.5 and -50.9 (Star Ratings of 2). 

More recent studies in Florida show a CRF of 23 and -124 (3 Star Rating) and -69, -27, -71, and -

36 (two Star Ratings).  
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Implementation and Operational Considerations 

● Planning Time: High 

● Build Time: High 

● Applicability to Higher Speed Roads: POOR (Right of way required to widen lanes 

does not exist on many higher speed roads) 

 

2.3.6 Increasing Lane Width 

Some studies show increasing lane width on arterial roads reduces bicycle crashes. However 

restricting bicycle travel by installing curb or sidewalk barriers may increase bicycle crashes. 

These interventions can be viewed as either providing more separation between motor vehicles 

and bicyclists and precluding escape by bicyclists in emergency situations.  

 

Effectiveness 

The effect of increasing lane width is associated with a CMF of 23 and 25 (Three Star Rating) 

and a CMF of 21, 36, 48 and 76 (Two Star Rating).  

 

Implementation and Operational Considerations 

● Planning Time: Long 

● Build Time: Long 

● Applicability to Higher Speed Roads:  POOR (Right of way required to widen lanes 

does not exist on many higher speed roads) 

 

2.3.7 Buffered Bike Lanes 

A buffered bike lane is separated from traffic by a painted median with or without collapsible 

posts. It provides a greater horizontal separation between the bike lane and the automobile travel 

lane or between the bike lane and parked cars. In the latter case it reduces the chance of the cyclist 

colliding with the opening door of a parked vehicle. Buffered bike lanes should be considered 

wherever greater separation of bicycle and automobile traffic or parked vehicles is desired. They 

may be placed on either side of the bike lane (next to the through travel lane or the parking lane.) 

Buffered bike lanes increase the separation between bicycles and automobiles, which may be 

helpful on roadways with posted speeds above 35 miles per hour. 

Refer to the NACTO Urban Bikeway Design Guide for guidance on the design of buffered bike 

lanes. 

 

Effectiveness 

Several studies show that buffered bike lanes increase passing distance. Buffered bike lanes 

which are separated (Separated Bike Lane) with flexi-posts and other vertical elements have a 

CMF of 0.567 and a CRF of 43.3) with a 4 star rating. 

 

Implementation and Operational Considerations 

● Planning Time: Short 

● Build Time: Short 

● Applicability to Higher Speed Roads: POOR (There is no room for bicycle facilities 
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on many high-speed roads) 

 

2.3.8 Cycle Tracks 

A cycle track is a partially separated bicycle facility that consists of a one or two-way facility that 

is separated from automobile traffic between intersections. It can be separated by curb, planters, a 

change in elevation, markings, flexible posts, or parked vehicles. Cycle tracks can pose a crash 

risk at intersections where drivers cannot see bicyclists emerging from behind parked cars or 

standing pedestrians. Ideally the cyclists should be visible between intersections to increase the 

likelihood they are noticed or expected by drivers turning onto a side street. Another solution to 

this problem is the installation of bicycle signals at cycle track roadway crossings. This treatment 

is costly and is typically used mostly on urban streets. Crash data would be expected to vary based 

on the number of intersections and driveways. The lower crash rate is likely the result of slower 

bicyclists. Lower cycling speeds may be a major variable at these sites. Cycle tracks physically 

separate bicycle and automobile traffic, which has been shown to reduce injury crashes by 28% 

(Lusk et.al., 2010). Guidance for the placement of cycle tracks is provided in the NACTO Urban 

Bikeway Design Guide. Cycle Tracks.  

 

Effectiveness  

Danish research on cycle tracks shows effects with 1 and 2 Star Ratings with CRFs that vary 

between 63% and 126%. The Montreal study has more favorable CRFs with 2 Star Ratings but 

has been criticized for using inappropriate control sites. The variation in CRF values shows that 

many important variables affecting the benefit or adverse effect of this treatment have not yet been 

identified. Some of the variables that likely influence the safety effects of cycle tracks are the 

number of intersections that need to be crossed, the treatments available at these intersections, and 

how bicycle traffic is separated from the roadway. 

 

Implementation and Operational Considerations 

● Planning Time: High 

● Build Time: High 

● Applicability to Higher Speed Roads: POOR (This treatment is not appropriate for 

higher speed roads) 

 

2.3.9 Shared Use Path 

Shared use paths typically provide excellent separation between motor vehicle traffic, and cyclists 

and pedestrians.  

 

Effectiveness 

Shared use paths have a CMF of 25 and a Three Star rating.  

 

Implementation and Operational Considerations 

● Planning Time: Long 

● Build Time: Long 

● Applicability to Higher Speed Roads:  GOOD (This could be a good way to separate 

bicycle and pedestrians from traffic on higher speed roads, but can only be applied 



32 
 

where right-of-way exists) 

 

2.4 Corridor Wide Speed Control 

According to Schneider and Stefanich (2015), pedestrian crashes are associated with roadway 

design characteristics such as higher automobile speeds, more lanes, and more automobile traffic. 

Pedestrian crashes are also more likely on roads without sidewalks and crossings without median 

islands. These are also more likely to be major factors at crossing on higher speed roads. Speed 

control for higher speed corridors can be implemented by spot treating speed at high pedestrian 

crash locations on higher speed roads (hot spots) or by reducing the speed of the higher speed road. 

The later involves a balanced analysis of all the relevant variables. However, in some cases this 

may be the most rational approach to the problem of pedestrian and bicycle crashes. Studies show 

that motor vehicle speed is closely related to the severity of pedestrian and bicycle crashes. Speed 

can be the largest factor for fatal pedestrian and bicycle crashes. It is interesting to note that one 

study (Bhagavathula, et.al., 2015) found that intersections with a posted speed limit of 40 mph or 

less had lower nighttime crash ratios than intersections with a posted speed limit greater than 40 

mph. These results suggest that slowing speeds at night on higher speed roads would be a good 

approach to reducing pedestrian and bicycle crashes. 

 

2.4.1 Altering Progression Along High Crash Suburban Corridors  

Progression involves timing a series of signals to produce a green ban along the arterial for vehicles 

traveling at the posted speed limit. Progression is typically employed to control speeds on arterial 

roads in high crash suburban zones. Signage informing road users that the appropriate speed will 

avoid red lights could be of assistance in obtaining improved compliance.  LaPlante and McCann 

(2008) point out that drivers traveling at 45 mph stopping for multiple lights will have the same 

overall travel time as someone driving 25 or 30 mph with coordinated signals and no stops. 

However, drivers will not benefit from progression unless they are aware of this state of affairs. 

On higher speed roadways progression could be used to reduce speeds from 45 to 50 mph along a 

suburban arterial to 35 mph. This change would greatly reduce the chance of a fatal pedestrian or 

bicyclist death. However, a strong outreach plan which includes education delivered along the 

corridor would be key to maximizing the potential benefit in speed reduction and deaths. 

 

Effectiveness 

Though no research has documented the safety effects of setting lower progression speeds in terms 

of crash reduction, there is evidence that these changes do result in lower overall operating speeds 

which should result in fewer crashes and less serious crashes.  

 

Implementation and Operational Considerations 

● Planning Time: Medium: planning requires study per state law to determine 

feasibility of traffic flow changes and appropriate speed reductions. 

● Build Time: Medium (Several Weeks-Month) 

● Applicability to Higher Speed Roads: GOOD (This intervention is only likely to be 

effective in suburban or commercial areas with relatively frequent signalized 

intersections.) 
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2.4.2 Use of R2-3P NIGHT Speed Limit Sign 

A Night Speed Limit plaque (R2-3P) may be combined with or installed below the standard Speed 

Limit (R2-1) sign. This plaque should be reversed using white retro reflectorized legend and border 

on a black background. This application would be warranted to reduce speeds where the posted 

speed limit does not provide adequate sight distance to recognize a pedestrian with sufficient 

distance to avoid a possible crash. Because of the headlight effect and limited background field at 

night, crashes tend to be similar on both straight and curved roads segments. One study showed 

that reduced nighttime speed limits reduced speeds by 3 to 5 mph on rural two-lane higher speed 

roads (Corinna, et.al., 2019). Use of this intervention may be dependent on the interpretation of 

the vehicle code. 

 

Effectiveness 

Only one study has examined whether night speed limit signs can reduce night speeds. More 

research is required to determine whether this intervention can reduce speeds and crashes.  

 

Implementation and Operational Considerations 

● Planning Time: Long because it is difficult to implement speed limit changes. 

● Build Time: Minimal 

● Applicability to Higher Speed Roads: GOOD (However, there is little evidence on 

their effectiveness) 

 

2.4.3 High Visibility Corridor Wide Speed Enforcement 

Although there have been reductions in crashes per vehicle mile driven over the past 25 years, the 

lives of 1,031,410 men, women, and children have ended violently as the result of motor vehicle 

crashes in the United States (AAA Foundation for Traffic Safety, 2013). Motor vehicle crashes 

were also the leading cause of death for people ages 15-24 during this period.  A key element of 

the Toward Zero Deaths (TZD) National Strategy on Highway Safety is to address this problem 

by promoting change in the traffic safety culture in the United States among road users, including 

non-motorized users, and other organizations that have an existing or potential role in traffic safety, 

e.g., agencies responsible for public safety, education, or public health. A behavioral approach to 

safety culture would suggest changing safety in one target area at a time, and if one changes a 

number of safety related behaviors in a specific area such as speeding and pedestrian safety one 

should expect changes to transfer to untreated safety related behaviors.  

 

An unsuccessful approach to changing the driving culture includes programs that emphasize 

numerous traffic stops alone.  For example, Britt, Bergman, and Moffet (1995) reported on the 

effect of decoy pedestrian right-of-way enforcement operations carried out in Seattle over a period 

of several years that did not include components targeting the driving culture.  The authors 

concluded “In light of the often-contradictory results, expectations of traffic enforcement to 

improve pedestrian safety should remain modest.”  

 

Research conducted in the 1980s (Van Houten & Nau, 1983) provided evidence that this approach 

could be effective in producing a culture change in driver speeding on arterial and collector roads. 
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Van Houten and Nau demonstrated a one week duration warning program that involved stopping 

drivers who were just a few miles over the speed limit and included social norming and other 

outreach efforts designed to change the driving culture, producing a marked reduction in serious 

speeding on neighborhood collectors that persisted for a year. Police gave a warning and an 

informational flier informing drivers that some of the pedestrians struck in crashes were children 

and asked them to help make their community safer. When this program also included a large 

feedback sign on the percentage of drivers not speeding the previous week the effects were 

considerably larger. Drivers who were stopped often complemented the police for taking action. 

One important element of this program was the use of publicly posted weekly community 

feedback, plus the verbal feedback of police officers that complemented the information flier 

provided with each traffic stop.  

 

An experimental component analysis of the mechanisms behind the efficacy of the feedback signs 

isolated two factors:  A social norming component, and an implied surveillance component. An 

example of this research was the finding that the use of a lenient criterion for speeding (drivers 

were not aware of the actual criterion used) lead to significantly larger effects than the use of a 

more stringent criterion that led to posting lower numbers.  

 

A replication of this speed program carried out in Haifa, Israel (Van Houten, Rolider, Nau, 

Freidmann, Becker, Chalodovsky & Scherer, 1985) produced a large reduction in speeding, which 

was associated with a 50% reduction in crashes (Scherer, Freidmann, Rolider, & Van Houten, 

1985). These statistically significant reductions in crashes were similar to those produced in 

pedestrian crashes by Malenfant, & Van Houten (1989). 

 

Effectiveness 

The Scherer et.al. (1985) showed large speed reductions and crash reductions that maintained 

over time. Based on those data a 50% reduction in crashes should be expected if the procedures 

employed in his study are followed.  

 

Implementation and Operational Considerations 

● Planning Time: Short 

● Build Time: Short 

● Applicability to Higher Speed Roads: GOOD (At locations where corridor wide 

speeding is responsible for pedestrian and bicycle crashes.) 

 

2.4.4 Road Diets 

Road diets can be an effective way to address speed limits and operating speed as well as the 

number of lanes that need to be crossed. A typical approach involves converting a four-lane road 

to a three-lane road with a center turn lane and bicycle lanes (FHWA, 2014). Studies show that 

road diets reduce crashes (Harkey et.al, 2008), however this study does not account for possible 

crash migration caused by diversion of some traffic to other roads (LeVine, 2017). However, if 

traffic is diverted to other slower roads, it is likely there would be at minimum, a reduction in 

serious crashes. Road diets can be implemented on streets with up to 20,000 vehicles per day 

without greatly impacting motor vehicle travel. Road diets improve safety and mobility for all 

users by reducing read-end, sideswipe, and left-turn crashes, and freeing up one lane in each 
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direction for uninterrupted travel.  

 

Effectiveness 

Road diets may reduce crashes between 10% and 44% (Highway Safety Information System, 

2011). 

 

 

Implementation and Operational Considerations  

● Planning Time: Long 

● Build Time: Moderate 

● Applicability to Higher Speed Roads: POOR (Higher speed road required capacity 

may limit use of road diets) 

 

2.5 Speed Control in Transition Zones 

Often drivers continue driving at faster speeds when they enter a transition zone from a faster trunk 

road or arterial road to a more suburban area with slower speeds. One reason for this effect is speed 

adaptation (Alhomaidat, 2020). Matthews (1978) found that drivers travelling at a higher speed 

will persist in driving at a higher speed for about 4 minutes once they enter a lower speed road. 

Casey and Lund (1978) showed that this effect can be attenuated if the person is required to slow 

down or stop prior to entering an area with a new speed limit. Traveling through a roundabout or 

stopping for a traffic signal are examples of this type of effect.  

 

2.5.1 Use of Solar Powered Dynamic Speed Feedback Signs  

These signs show the speed limit and driver speed on High Crash Corridors. Although this 

treatment is good for suburban areas it could also work where trunk roads enter villages.  A recent 

meta- analysis (Flynn et al., 2020) evaluated the effectiveness of dynamic speed feedback signs in 

43 publications which included 57 speed studies at 204 sites. They found a reduction in speed of 

4 mph, for passenger vehicles which could be associated with a up to a 40% in pedestrian fatalities 

on a road with speeds between 30 and 35 mph and perhaps larger reductions on higher speed 

roadways. Although the reduction in truck speed produced by the signs was somewhat smaller, it 

was noted that baseline truck speeds were lower than passenger vehicle speeds. This type of sign 

is likely to be most effective at transition zones near pedestrian facilities or at the beginning of a 

slower speed zone such as a small town or village along a higher speed trunk road.  

 

Effectiveness 

Speed feedback signs have been shown to be most effective at reducing driver speeds. 

 

Implementation and Operational Considerations 

● Planning Time: Short:  

● Build Time: Short 

● Applicability to Higher Speed Roads: GOOD (At locations where the speed limit is 

reduced on higher speed roads that are associated with speed related crashes.) 

 



36 
 

2.5.2 Gateway Effect with Speed Limit Signs 

This treatment involves the use of highly reflective sheeting material, that is bright during the day 

and at night, on sign and signposts in a gateway configuration at locations where there is a change 

in speed limits. This treatment can be used with the W3-5 or W3-5a Reduced Speed Limit Ahead 

sign as well as the first speed limit sign at the start of the new speed limit. Both the advance 

warning and the first speed limit signs could be installed and on both sides of the roadway and on 

a refuge island or median if one exists, using high quality reflective sheeting on the signposts as 

well as the signs. This treatment could be very effective in reducing speed where trunk routes enter 

villages or at locations where faster roads transition into suburban areas. The combination of these 

signs in a gateway configuration could produce an even larger reduction in speeding if larger signs 

are used.  

 

One study that suggests that this treatment might work is a related treatment evaluated by Van 

Houten and Van Houten (1987). They demonstrated larger Begin Slowing Here sign placed in 

advance of the first speed limit sign at a speed limit transition produced reductions in the 

percentage of motorists travelling 10, 15 and 20 km over the speed limit of 26%, 45% and 59%. 

Although this treatment was effective, it is not in the MUTCD. However, the gateway treatment 

suggested above may be equally effective. This type of treatment if applied to signs on both sides 

of the road and on the pedestrian refuge island or median island if one exists can form a gateway 

like treatment that is very visible to drivers during the day and even more visible at night. This 

treatment would be implemented with pole mounted signs that conform to 2A.19 to reduce vehicle 

speed at the beginning of a new slower speed zone.  

 

Effectiveness 

This treatment has not yet been evaluated. Data collected in the current project provide some 

evidence that this treatment can be effective. 

 

Implementation and Operational Considerations 

● Planning Time: Short 

● Build Time: Short 

● Applicability to Higher Speed Roads: GOOD (Particularly at sites where higher 

speed roads enter lower speed communities with a change in speed limit) 

 

2.5.3 Use of Pavement Patterns to Reduce Speed 

Several studies have examined the use of pavement marking patterns to produce the illusion of 

faster speed to reduce speed. Several studies have found a reduction in all crashes with the use of 

transverse bar pavement marking at roundabout approaches. This treatment has been shown to 

have a CRF between 45% and 74%. It would be useful to determine if this treatment also decreases 

pedestrian and bicycle crashes. Another treatment is the use of a parallelogram-shaped pavement 

markings on vehicle speed and safety of pedestrian crosswalks on urban roads in China. This study 

found a reduction in pedestrian crashes when placed on the approaches to unsignalized pedestrian 

crosswalks. One drawback of this approach is that the markings may not be as visible during when 

snow is covering the roads. However, vehicle speeds are typically slower when snow is present. 

Study is required to determine if these markings are in compliance with the MUTCD.  
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Effectiveness 

The use of parallelogram markings on crosswalks had a Star Rating of 3 and a CRF of 21%. The 

use of Transverse markings has also been evaluated.   

 

Implementation and Operational Considerations 

● Planning Time: Short 

● Build Time: Moderate 

● Applicability to Higher Speed Roads: GOOD (Can be used at locations where the 

speed has been reduced at the entrance of small communities)  

 

2.5.4 Gateway Use of R1-6 In-Street Signs 

The Gateway in-street sign treatment involves installing multiple R1-6 in-street sign in at various 

locations at a crosswalk. This treatment has been documented to produce a large increase in the 

percentage of drivers yielding right-of-way to pedestrians at treated crosswalks over the 

installation of a single sign. The installation of a Gateway in-street sign treatment also produces a 

large decrease in vehicle speed in the crosswalk (Van Houten et.al., 2018). Currently the MUTCD 

only allows one R1-6 sign to be installed at a crosswalk either on the centerline, center of the 

refuge island or on one lane line, so the use of this treatment would require FHWA permission to 

experiment.  

 

An alternative approach would be to use highly reflective sheeting material, that is bright during 

the day and at night, on sign and signposts in a gateway configuration at crosswalk locations.  This 

treatment could be studied with the W11-2 sign crosswalk sign or the W11-15 trail crossing sign.  

 

Effectiveness 

Although this treatment has been shown to reduce speed it does not have a CMF. 

 

Implementation and Operational Considerations 

● Planning Time: Short 

● Build Time: Short 

● Applicability to Higher Speed Roads: POOR (Maintenance issues would make this a 

poor choice for higher speed roads)  

 

2.5.5 Roundabouts 

A roundabout directs straight and turning traffic through a circular intersection in place of a stop-

controlled or signalized intersection. They are designed to ensure yielding upon entry and slow 

vehicle speeds through the roundabout. Single-lane roundabouts can handle traffic volumes up to 

26,000 vehicles per day. While multi-lane roundabouts can be used for traffic volumes up to 50,000 

vehicles per day. Roundabouts reduce the number of conflict points for pedestrians at a 

typical four-leg intersection and have been shown to reduce motor vehicle crashes as well as 

pedestrian crashes. When future vehicle volumes are unclear, or close to the capacity of a single 

lane roundabout, it is wise to first install a single lane roundabout but reserve right-of-way to add 

another lane when it becomes necessary. This treatment consistently has been shown to increase 

bicycle crashes with negative CRFs.  
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Effectiveness 

Roundabouts research has found negative crash reduction factors for bicyclists with a 2 Star rating 

(between -1% and -77%  increase in crashes). Two studies with 3 Star Ratings show CRFs of -

48% and -27%.  

 

Implementation and Operational Considerations 

● Planning Time: Long 

● Build Time: Long 

● Applicability to Higher Speed Roads: GOOD (Can be used as a gateway treatment 

where speed is reduced for a small community. Poor at other locations).  

 

2.6 Lighting Improvements 

An analysis of the crashes on higher speed corridors in Michigan over the past 10 years indicate 

that 83% of fatal crashes and 65% of incapacitating crashes on higher speed roads occurred at 

night. Michigan data also indicates that nighttime pedestrian collisions have a 57% chance of being 

fatal at intersections without street lighting and a 43% chance at those with street lighting. It should 

be noted that lighting was not directly measured in these studies. The presence of lighting just 

indicates that a light poll is nearby. Even when the collision is not fatal, injuries sustained by 

pedestrians at nighttime tend to be much more severe than those incurred during daytime, 

particularly on higher speed roads. While visibility is obviously the single most important factor 

impacting pedestrian nighttime safety, there appear to be a host of other factors that interplay with 

lighting that may also have a role in exacerbating this issue. Therefore, strategies for reducing 

night crashes on higher speed roads are key to reducing serious crashes.  

 

Lighting and visibility are important components of a safety strategy for pedestrians. Comparisons 

of pedestrian fatalities before and after transitions with daylight savings time have shown 

consistently that holding all other factors constant, brighter lighting conditions are associated with 

fewer pedestrian deaths. The distribution of lighting is also emerging as an important factor, 

because rather than providing uniform lighting along the roadway surface it is necessary to provide 

vertical illumination along crosswalks and bikeways to ensure that they can be seen by 

approaching drivers. Jang et al. (2013) found that severe injury pedestrian crashes are more 

frequent at night. The number of pedestrian fatalities that occurred at night accounted for 87% of 

the overall increase in pedestrian fatalities in recent years. Considerable research has examined 

how to optimize lighting for pedestrians at intersections and crosswalks, but legacy lighting was 

installed prior to this research. These lights do not provide good color rendering and hence depend 

on the black and white rod visual system. Because this system degrades during the period of 

rhodopsin uptake interval following exposure to lighted conditions such as the headlights of 

another vehicle or passing through a well-lighted area, it can lead to a failure to detect a pedestrian 

in the roadway. Crash reports provide information on whether lighting is present but not the details 

about whether lighting was adequate or optimal based on lighting measures. The CMF Clearing 

house assumes that the lighting was installed at a previously unlighted intersection and treats 

lighting like a categorical variable (present vs. absent), whereas light levels in real life occur along 

a continuum. All variables need to be considered when examining the effects of lighting on night 

crashes. 
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The efficacy of street lighting is influenced by road surface luminance, lamp color, glare and driver 

age. Color vision (cones) performs better than black and white vision (rods); however, most street 

lighting does not provide white light needed for color vision. The most commonly used legacy 

lighting includes Mercury vapor; high and low pressure sodium, and metal halide; White light 

appears more uniform than sodium light to the human eye. However, the efficacy of mercury vapor 

and metal halide are lower than that of sodium lamps. LED lighting which allows excellent color 

rendering is increasingly being used. This type of lighting is also more coherent and can be better 

aimed. 

 

Total level of illuminance is also important. Lighting data collected from 100 rural intersections 

in Virginia showed that for a 1-unit increase in the illuminance, the number of night crashes 

decreased by 7% (Bhagavathula, Gibbons, & Edwards, 2015). For the lighted intersections, the 

same increase in average horizontal illuminance decreased the number of night crashes by 9%. 

The largest decrease in the number of night crashes was for unlighted intersections, where for a 1-

unit increase in the average horizontal illuminance the night crashes decreased by 21%. These 

relationships between illuminance and night crashes may only be valid, however, for the tested 

illuminance ranges (0.28 to 31.6 lux). Another study (Edwards, 2015) collected illuminance data 

from 63 intersections in Minnesota and reported that an increase in 1-lux of average intersection 

illuminance resulted in a 9% reduction in nighttime crash rates. The study also reported that an 

increase in 1-lux in average illuminance at lighted intersections was associated with a reduction in 

nighttime crashes by 20%. 

 

To determine the appropriate light level at intersections, a new systems-level approach to 

intersection lighting design was introduced by VTTI (Bhagavathula, Gibbons, & Nussbaum, 

2018). This study compared three intersection lighting designs (Lighted Approach, Lighted Box, 

and Lighted Approach and Box). This evaluation was done based on drivers’ nighttime visual 

performance, using the objective measure of detection distance for targets located at the entrances, 

exits, and middle of pedestrian crosswalks at intersections. The results indicate that the design 

illuminating the intersection box offered better visual performance and had fewer missed target 

detections, with visual performance plateauing between 7 and 10 lux average intersection 

illuminance.  

 

2.6.1 Intersection Related Lighting 

Intersection lighting is typically accomplished by installing streetlights at the intersection location. 

Lighting levels can vary considerably as can type of lighting. LED lighting produces color 

rendering and allows one to use cones rather than rods. Data show that increased lighting reduces 

night crashes with some studies showing reductions in night pedestrian crashes.  

 

Effectiveness 

Four studies, all with 3 Star Ratings show a decrease in pedestrian crashes. Two of the studies with 

CRF of 42% and 59% show a reduction in serious injury, minor injury and possible injury 

pedestrian crashes (3 Star Ratings) and two additional studies show a reduction in fatal pedestrian 

crashes with a CRF of 78% and 82% (3 Star Ratings). One study that examined adding lighting at 

rural intersections found a CRF of 44% with a 3 Star rating.  



40 
 

 

Implementation and Operational Considerations 

● Planning Time: Moderate 

● Build Time: Moderate 

● Applicability to Higher Speed Roads: EXCELLENT (This treatment would be very 

effective on higher speed roads at intersections where crashes occur at night) 

 

2.6.2 Corridor Lighting 

More recently, lighting data collected from 100 rural intersections in Virginia showed that for 

lighted intersections a 1-unit increase in the illuminance, decreased the number of night crashes 

by 9%. The largest decrease in the number of night crashes was for unlighted intersections, where 

a 1-unit increase in the average horizontal illuminance decreased night crashes by 21%. These 

relationships between illuminance and night crashes may only be valid, however, for the tested 

illuminance ranges (0.28 to 31.6 lux). A previous study collected illuminance data from 63 

intersections in Minnesota and reported that an increase in 1-lux of average intersection 

illuminance resulted in a 9% reduction in nighttime crash rates. The study also reported that an 

increase in 1-lux in average illuminance at lighted intersections was associated with a reduction in 

nighttime crashes by 20%. In some instances, increased lighting can be achieved by changing out 

the lighting source or in the case of solid-state lighting better aiming the light source. 

 

Effectiveness 

Adding corridor lighting has a CRF of 20%, 28% and 87% all with a Star Rating of 3.  

 

Implementation and Operational Considerations 

● Planning Time: Short if changing out lighting to LED. Long if installing new lighting 

● Build Time: Low if changing out lighting to LED. High if installing new lighting 

● Applicability to Higher Speed Roads: EXCELLENT  (This treatment would be very 

effective on higher speed roads where crashes occur at night. However, Act 51 

prohibits the use of state funds for lighting on non-freeways under the jurisdiction of 

MDOT.  

 

2.6.3 Spot Lighting Treatment 

At some locations legacy lighting with a streetlight on one side of the road lights one side of the 

crosswalk but not the other side. One solution to this problem would be to install a second LED 

luminaire on the post with the streetlight and aim the light in such a way to better illuminate the 

other half of the crosswalk. Because LED lighting is more coherent than traditional street lights it 

should be possible to better direct the light.  

 

Effectiveness 

This treatment has not yet been studied in the current study but could be evaluated in a study 

project if funds allow.  

 

Implementation and Operational Considerations 

● Planning Time: Short 
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● Build Time: Moderate 

● Applicability to Higher Speed Roads: GOOD (This treatment would be effective at 

crosswalks on higher speed roads associated with night crashes) 

 

2.6.4 Dynamic Lighting Treatments 

One approach that has not been systematically examined is increasing the lighting level when a 

pedestrian enters a crosswalk. Not only would this approach decrease light pollution, but it would 

also alert the driver that a pedestrian is initiating a crossing at a crosswalk. If this approach proves 

effective, it could be a low-cost way to increase the visibility of pedestrians crossing at night while 

the stimulus onset of the light would also alert drivers to pay attention to the area with increased 

illumination. This approach could be effective at crosswalks at night at dark intersections and at 

lighted intersections. In the case of the dark intersections, it would “turn on the lights” when the 

pedestrian enters the crosswalk, and in the latter case it would intensify the lighting when the 

pedestrian enters the crosswalk.  If this approach proves effective, it could also be used in a smart 

city to alert drivers of pedestrians detected entering the road at midblock locations. It is also 

possible to use this approach at locations where cyclists are at risk for a nighttime crash. One signal 

manufacturer is currently selling a smart lighting system for crosswalks. 

 

Effectiveness 

This treatment has not yet been studied but a current study is pending in the spring of 2022. 

 

Implementation and Operational Considerations 

● Planning Time: Short 

● Build Time: Short 

● Applicability to Higher Speed Roads: GOOD (Would work if crashes are occurring 

at specific crossing locations. Can be done in conjunction with an RRFB) 

 

 

  



42 
 

3 REVIEW OF SAMPLE STATE AND FEDERAL GUIDANCE FOR 

PEDESTRIANS ON HIGHER SPEED ROADS  

This chapter provides a summary of the non-motorized treatments on high-speed roads that are 

adopted by Michigan and its neighboring states. Practices of the states which have similar weather 

conditions to Michigan such as Minnesota, Pennsylvania, New York, and Iowa were also 

reviewed. This was done to compare the treatments across these states and identify any differences 

which can be adapted to Michigan. Additionally, it covers federal guidelines and past research 

related to this project. The following is a summary of these guideline documents.  

3.1 Michigan  

Michigan uses the guideline for installing pedestrian crosswalks on state trunklines highways as a 

standard to implement treatments on high-speed roads. To identify if a location is a potential for a 

crosswalk, the guideline states that it is important to collect physical (e.g., SSD) and traffic data 

(e.g., ADT). Afterward, the data collected are to be used to determine the appropriate treatments. 

The criteria are based on controlled and uncontrolled crossings. Generally, the controlled crossing 

is categorized into the stop, signalized, and school crossing. The guideline states that pedestrian 

warning signs will not be installed for stop-controlled crossing unless an engineering study 

demonstrates the need to do so. On the other hand, signalized crossings are eligible for crosswalks 

with no or minimum pedestrian treatments. School crossings whether with stop or signalized 

control are eligible for a crosswalk. Special emphasis crosswalk markings should be installed on 

these crossings. Also, for the uncontrolled crossing, collected data such as ADT, SSD, and the 

presence of a shared-use path must be considered to decide to install treatments. Appendix 9.2 

show the flowchart for pedestrian crossing treatment and crossing treatment types, respectively, 

for Michigan. The details of crossing type categories are as follows: 

● Crossing Type, A- Consists of marked special emphasis crosswalk, standard pedestrian 

warning signs (W11-2), or standard school crossing signs (S1-1) for school crossing. 

● Crossing Type, B- Consists of marked special emphasis crosswalks, standard pedestrian 

warning signs, or standard school crossing signs (S1-1) for school crossing. Also, 

geometric improvements (such as median nose extensions, curb extensions, pork chop 

island, tighter curb radius, or median refuge islands) or consider pedestrian-activated 

Rectangular Rapid Flashing Beacons (RRFB) if criteria are met. In-street yield to 

pedestrian crossing sign (R1-6) should be used only in low-speed urban settings. 

● Crossing Type, C- Where the posted speed limit is greater than or equal to 45 mph, 

determine if traffic calming measures can be installed to effectively reduce the operating 

speed such that the posted speed limit could be changed to 40 mph and a raised median can 

be installed. If so, go to Crossing Type B; if not, go to Crossing Type D. 

● Crossing Type, D- Consider the Pedestrian Hybrid Beacon (PHB), pedestrian traffic signal, 

or grade-separated pedestrian crossing. Must consider corridor signal progression, grades, 

physical constraints, and other engineering factors. 
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3.2 Indiana 

Indiana uses the INDOT Design Manual, which has outlined the treatments which can be 

implemented at intersection and shared-use paths within the special design elements. Appendix 

9.3 shows the recommended treatment of shared-use path and roadway intersection for Indiana. 

The level of treatments are as follows:  

● Level 1 is a basic crosswalk (standard crosswalk which has two transverse lines).  

● Level 2 is an enhanced crosswalk treatment that includes longitudinal crosswalk markings, 

raised midblock crosswalks, or high visibility crosswalk markings.  

● Level 3 includes the refuge island and bulbouts.  A bulbout is an extension of the 

sidewalk/curb area that reduces the designated crossing length.  

● Level 4 includes flashing beacons and flashing LED signs such as RRFB  

● Level 5 includes PHB, traffic signs, and grade separation. 

Indiana guidance recommends level 2, 3, 4 or 5 (often used together, depending on the number of 

lanes and ADT) for higher speed roads (45 mph and above). 

3.3 Ohio 

The ODOT Multimodal Design Guide provides detail of countermeasures that can improve 

yielding with specifications on what can be applied on high-speed roads (ODOT, 2022). Appendix 

9.4 shows the evaluation table for uncontrolled crossing countermeasures in Ohio. It uses three 

tiers to identify the treatments which can be used at an uncontrolled crossing at different speeds, 

traffic volume, and road configurations. 

● Tier 1 aims at pointing out the presence of crossing to road users since traffic volumes and 

speeds are conducive to motorist yielding. Includes improving sight distance, removing 

adjacent parking which causes sight obstruction, or installing curb extensions. Where 

minimum intersection sight distances cannot be provided, stopping sight distance must be 

provided and advance warning beacons and signage should be installed. Additional options 

for scenarios where neither intersection nor stopping sight distance can be achieved include 

relocating the crossing or evaluating it for a signal or other traffic control device (i.e., stop 

sign, rectangular rapid flashing beacon, pedestrian hybrid beacon, etc.). Also, designers 

can complete a speed study to lower the posted speed limit. 

● Tier 2 involves optimizing geometric design. The geometry of the intersection and crossing 

should be optimized to be as close to 90 degrees as practical to minimize the exposure of 

crossing users, reduce crossing distances, and maximize sight lines. The crossings should 

be shortened to reduce exposure and increase the frequency of safe crossing gaps. 

Strategies to consider include crossing islands, curb extensions, and reducing approach 

speeds (Tier 1 Countermeasures). Also, providing an active beacon or rectangular rapid 

flashing beacon should be considered. 

●  Tier 3 countermeasures require motorists to stop for crossing bicyclists and pedestrians at 

a pedestrian hybrid beacon or traffic signal or grade separation. 
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3.4 Illinois 

Illinois has established guidelines based on past studies, observations from the field, engineering 

judgment, and practices from other state agencies (Qi et al., 2017). Unlike other states, Illinois 

does not recommend uncontrolled crossing on high-speed roads (>=45 mph) regardless of the 

traffic volume and road configuration. This means that the crossings on high-speed corridors are 

usually controlled to protect non-motorized traffic from motorized traffic. Appendix 9.5 shows a 

summary of recommended minimum treatments at uncontrolled pedestrian crossings in Illinois. 

3.5 Wisconsin 

Wisconsin Guide to Pedestrian Best Practices and Wisconsin Bicycle Facility Design Handbook 

have some recommendations for treatments and facilities on high-speed roads. These include 

installing wider bicycle lanes which should be used on higher volume and higher speed roads 

(>40mph). Also, vertical curbs have to be used to separate traffic and pedestrian traffic where the 

posted speed limit is over 45 mph. WisDOT (2020) suggests a grade-separated crossing to be 

considered on rural roadways and trails if the roadway speed is 40 mph or higher with ADT equal 

to or greater than 3,500. In urban areas with speed limits of 45 mph or more, crosswalk markings 

may be installed with a traffic signal, an all-way stop sign, or crossing enhancements by adding 

curb extensions and pedestrian refuge islands. Generally, the installation of a crosswalk follows 

an engineering traffic study or judgment. Other standards are adopted from Wisconsin Supplement 

to the Manual on Uniform Traffic Control Devices (WisDOT, 2017). 

3.6 Minnesota 

Minnesota's source of pedestrian treatment on high-speed roads is “Guidance for Installation of 

Pedestrian Crosswalks on Minnesota State Highways” (Minnesota Department of Transportation, 

2005). The document outlines the procedures to be followed when planning to install crosswalks 

and treatments. It covers both controlled and uncontrolled crossings. The site has to have adequate 

stopping sight distance, minimum truck traffic, minimum vehicle turning movements, and 

minimum driver distractions. For higher speed roads (40 mph and above), a pedestrian bridge or 

underpass or pedestrian signal should be provided. Also, for a roadway with less than 4 lanes and 

speed limit above 35 mph, crosswalk may be considered with additional treatments. These include 

reducing the number of travel lanes, raised median, curb extensions, pedestrian crossing island, 

advance stop line, and sign and parking restrictions. Appendix 9.6 shows the crosswalk installation 

guidelines flow chart for Minnesota. 

3.7 New York 

New York uses the Highway Design Manual where chapter 18 in this manual focuses on pedestrian 

facility design to guide the installation of pedestrian facilities (NYSDOT, 2017). The manual 

adopts the treatments which can be applied to uncontrolled crossing according to a study by Zegeer 

et al., (2002) Exhibit 18-19.  Another source is the pedestrian safety action plan (NYSDOT, 2016) 

which is aimed at recommending countermeasures that can be accomplished to improve pedestrian 

safety. This plan was created as a response to the requirement of federal surface transportation 

legislation, where every state must develop a Strategic Highway Safety Plan (SHSP).   The plan 

has outlined treatment packages that can be implemented at uncontrolled crosswalks for the 40-45 
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mph posted speed limit. All treatment packages include high-visibility crosswalks and pedestrian 

warning signs with fluorescent yellow and retroreflective signposts. Basic treatments require 

minimum analysis for implementation however, enhanced treatments require additional site 

analysis and engineering evaluation for implementation. Appendix 9.7 shows the treatment plan 

for uncontrolled locations with 40-45 posted speed limit in New York. 

 

For locations where the speed limit is 50 mph and above, the plan recommends implementing 

measures to reduce operational speeds and restrict parking. Also, HAWK (PHB) has to be installed 

on a two-stage crossing, and where a two-stage crossing is not possible, consider installing traffic 

signals. The plan also recommends treatments to be used at uncontrolled on and off ramps.  

Other similar states' practices such as Pennsylvania and Iowa were reviewed, but no specific 

guidelines were documented for treatments to be used on high-speed roads. They adopt their 

practices from the national MUTCD (U.S. Department of Transportation, 2009) and other 

guidelines (PENNDOT, 2016; IOWADOT, 2019) 

3.8 Federal guidelines  

Blackburn et al., (2017) established a Federal Highway Administration (FHWA) guideline for 

improving pedestrian safety at uncontrolled crossing locations.  The guideline documents steps to 

be followed by agencies before selecting countermeasures. These steps are the collection of data 

such as crash data, roadway characteristics, and public engagement then analyzing crash types and 

safety issues. Figure 3.1 is a comprehensive matrix of pedestrian crash countermeasures 

recommended at uncontrolled crossing locations. The guideline suggests that agencies should 

reference MUTCD and other national, state, or local standards when making the final selection of 

countermeasures. Furthermore, Figure 3.2 provides specific countermeasures to address safety 

concerns such as failure to yield or speeding.  
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Figure 3-1. Application of pedestrian crash countermeasures by roadway feature 

 

 

Figure 3-2. Safety issues addressed by specific countermeasure 
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3.9 Past research on pedestrian treatments on high-speed corridors 

Zegeer et al., (2002) examined the safety impacts of marked and unmarked crosswalks at 

uncontrolled locations. Their study utilized five years of data for pedestrian crashes at marked and 

unmarked crosswalks in the U.S. These sites didn’t have traffic signals or stop signs on all the 

approaches. Their analysis concluded that marked crosswalks alone are insufficient on roads with 

posted speed limits which are equal to and greater than 40 mph. Depending on the ADT and road 

configuration, additional treatments such as traffic calming treatment or traffic signals with 

pedestrian signals where warranted have to be installed. Most state DOTs developed their 

guidelines and standards on pedestrian treatments by expanding the findings from this study. 

 

With regards to specific treatments which can be used on high-speed roads, Dougald (2016) 

evaluated the effectiveness of RRFB at midblock crosswalks on high-speed urban collectors (45 

mph). The major interest was to check the number of pedestrians who used the pushbutton to 

activate RRFB, the driver’s behavior when the RRFB is activated compared to when it is not 

activated, and trail user impressions of the system. Results showed that RRFB had a positive 

impact on the drivers due to observed speed reductions when RRFB has been activated as well as 

an increase in yielding rate even when it wasn’t activated. Trail users were likely to use the 

pushbutton to activate RRFB more in the presence of traffic. The survey results also revealed that 

trail users felt that the system improved safety. Fitzpatrick et al., (2020) analyzed the performance 

of PHB on high-speed roads with 85th percentile speeds ranging from 44 mph to 54 mph in 

Arizona. Video data including pedestrians and bicyclists from ten sites with high-speed conditions 

in Arizona was used. Results showed that the driver yielding on average was found to be 97% 

which is similar to the locations where PHB is installed on lower-speed streets. This study shows 

that PHB also performs well on higher-speed roads.  

 

Furthermore, Fitzpatrick & Park, (2021) compared the effectiveness of PHB, RRFB, and LED 

embedded crossing signs during night conditions. The study employed 10 sites for PHB, 12 sites 

with RRFB, and 8 sites for LED embedded crossing signs. Site selection was based on the range 

of speed limit, presence of median, and the presence of treatment. This study employed the use of 

a staged pedestrian who pushed the button at a specific crosswalk and the driver yielding behavior 

were then observed. Results showed that RRFB is more effective at night since it increases the 

driver yielding rate. In contrast to that, LED embedded crossing signs were not effective during 

night conditions and researchers recommended that they should be used when there is low 

operating speed and volume with narrow lanes. PHB was found to be the most effective treatment 

during both night and daytime conditions as well as in higher-speed settings.  

 

The effect of transverse rumble strips on the safety of pedestrian crosswalks on rural roads in China 

was analyzed by (Liu et al., 2011). The transverse rumble strips were raised rumble strips deployed 

on both approaches to a non-signalized pedestrian crosswalk on a rural road. Speed data were 

collected from 12 sites on 3 rural highways with posted speed limits of 40 km/h, 60 km/h, and 80 

km/h, respectively. Also, crash data were collected at 366 road segments on 4 neighboring rural 

highways in the Yangjiang area of Guangdong Province. EB before –after study results showed 

that the transverse rumble strips may reduce pedestrian crashes by 25%. For the road segments 

with a speed limit of 80 km/h (49.71 mph), the average speed of drivers declined by 11.9 km/h 

(7.4 mph). The findings suggest that transverse rumble strips are effective in reducing speed on 

high-speed facilities. 
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Another study analyzed the selection of pedestrian crossing treatments at controlled and 

uncontrolled locations (Ashur and Alhassan, 2015). This was done to develop practical guidelines 

on pedestrian crossing treatments, especially on multilane roadways, complex intersections, and 

high-speed roads (45 mph or more). They conducted an online survey on pedestrian crossing 

treatments and high-speed divided highways and the link to the survey was emailed to the 

AASHTO Standing Committee. In the case of high-speed divided highways, the main 

recommendation was to provide adequate crossing time for pedestrians.  Since refuge island is not 

typically used on high-speed roadways, two types of islands were recommended. They 

recommended ‘‘Grass Island with mountable curbing around the nose, paved cut through, 

pedestrian pushbutton provided,’’ or “a raised island with ADA pedestrian ramps.” 

 

3.10 Summary of Reviews  

Most state practices reviewed in this chapter had almost similar standards and guidelines for 

implementing pedestrian treatments on high-speed roads. For instance, for higher speeds (45 mph 

or more) and high volumes crossing locations, most states consider implementing treatments that 

compel drivers to stop for pedestrians. These treatments include the use of traffic signals, PHB, or 

grade separation. The review of federal guidelines provided additional information for the 

pedestrian treatments since some treatments recommended on high-speed roads are not included 

in the Michigan standards e.g., road diet. On the other hand, most previous studies on pedestrian 

treatments on high-speed roads are based on RRFB and PHB showing that these treatments are 

effective on those roads.  
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4 IDENTIFICATION OF HIGH CRASH SITES 

To identify high crash locations, statewide crash data recorded from the beginning of 2009 to end 

of 2020 were analyzed by severity, area type (rural vs urban), lighting conditions, and location of 

crash (intersection vs midblock). Pedestrian crashes and bicycle crashes were analyzed separately. 

Non-motorized crashes were grouped into low-speed crashes (less or equal to 40 mph) and high-

speed crashes (greater or equal to 45 mph and less or equal to 65 mph). Heat maps were generated 

using ArcGIS software, followed by identification of high-crash sites. The following sections 

present the findings of crash analysis and selection of high-crash sites. 

4.1  Statewide Crash Analysis 

 Analysis of Michigan statewide non-motorized crashes which occurred from 2009 to 2020 was 

performed. Out of 51,914 total non-motorized crashes recorded in that period, 29,822 (57.5%) 

involved pedestrians while 22,092 (42.5%) involved bicyclists. The distribution of these crashes 

by speed limit category is shown in Table 4.1. The focus of this study is on higher speed corridors 

(greater or equal to 45 mph and lesser than 65 mph). However, to get a better picture of the 

difference between higher-speed corridors and lower-speed corridors (less or equal to 40 mph), a 

comparative analysis of non-motorized crashes was performed. Table 4.1 shows that about 72% 

of non-motorized crashes occurred in lower speed corridors while only 20% of crashes occurred 

in higher speed corridors. 

 

Table 4-1. Non-motorized Crashes Proportion by Speed Limit Category 

Variable Total 

Non- 

Motorized 

Crashes 

Percent on 

Low- speed 

corridors 

(<=40 mph) 

Percent on 

High-speed 

corridors 

(45-65 mph) 

Percent on 

freeways  

(>65 mph) 

Percent on 

unknown 

Speed Limit 

Total Pedestrian 

Crashes 

29,822 70% 20% 2% 8% 

Total Bicycle 

Crashes 

22,092 75% 21% 0.3% 3.7% 

Total Non-

motorized 

Crashes              

51,914 72% 20% 1% 7% 

  

4.1.1 Crash Severity 

It is important to determine how the proportion of severe crashes varies among non-motorized 

crashes which occurred on lower speed and higher speed corridors. Figure 4.1 shows the total 

number of pedestrian crashes and proportion of fatal (K) and incapacitating (A) crashes by speed 

limit. Similarly, Figure 4.2 shows the total number of bicyclist crashes and proportion of fatal (K) 

and incapacitating (A) crashes by speed limit. Both Figure 4.1 and Figure 4.2 show that the severity 

increases as the speed limit increases. Although higher number of pedestrian and bicyclist crashes 

occurred on roads with 25 mph speed limit, only 15% and 2% were KA crashes respectively. 
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Figure 4-1. Pedestrian Crashes Distribution Based on Speed Limits 

 

 

Figure 4-2. Bicyclist Crashes Distribution Based on Speed Limits 
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4.1.2  Area Type (Urban/Rural) 

Crashes were also analyzed based on the area type (urban/rural) to investigate the differences 

between urban and rural areas. Urban areas are defined as those areas with at least 5,000 

population. The non-motorized crashes were imported in ArcGIS to categorize them into either 

urban or rural according to where they had occurred. The urban boundaries GIS shapefile from 

MDOT open GIS data were utilized. Out of all non-motorized crashes, 91.5% (47,481) were 

successfully categorized into either urban or rural while the rest 8.5% (4,433) had missing 

coordinates information hence couldn’t be analyzed in ArcGIS. 

 

Overall, most non-motorized crashes occurred in urban areas, 92% (43,456). Furthermore, Table 

4.2 shows the distribution of urban non-motorized crashes by lower and higher speed corridors. It 

shows that about 79% of urban non-motorized crashes occurred on lower-speed corridors while 

18% of all non-motorized crashes occurred on high-speed corridors. 

 

Table 4-2. Urban Non-motorized Crashes Proportion by Speed Limit Category 

Variable Total Urban 

Non- 

Motorized 

Crashes  

Percent on 

Low- speed 

corridors 

(<=40 mph) 

Percent on 

High-speed 

corridors 

(45-65 mph) 

Percent on 

freeways 

(>65 mph) 

Percent on 

unknown 

Speed Limit 

Pedestrian 

Crashes 

23,775 79% 18% 2% 1% 

Bicycle Crashes 19,681 80% 18% 0.3% 1.7% 

Total Non-

Motorized 

Crashes            

43,456 79% 18% 1% 2% 

 

Considering severity of these crashes, Table 4.3 shows the percentage of KA crashes for urban 

lower and higher speed corridors. Although urban lower speed corridors have a high number of 

crashes, Table 4.3 shows there is a 14% chance that these crashes would be severe (KA crashes). 

On the other hand, there is a 25% chance that a non-motorized crash on an urban high-speed 

corridor would be severe. Clearly, there is a high chance that an urban non-motorized crash on 

high-speed corridors will be severe compared to a crash on urban lower speed corridors. 

 

Table 4-3. Urban KA Non-motorized Crashes Proportion by Speed Limit Category 

Variable Urban Non- 

Motorized 

Crashes on Low- 

Speed Corridors 

(<=40 mph) 

Percent KA 

Crashes on 

Low- Speed 

Corridors (<=40 

mph) 

Urban Non- 

Motorized 

Crashes on High- 

Speed Corridors 

(45-65 mph) 

Percent KA 

Crashes on 

High- Speed 

Corridors (45-65 

mph) 

Pedestrian Crashes 18,677 20% 4,102 35% 

Bicycle Crashes 15,650 8% 3,545 14% 

Total Non-

Motorized Crashes 

34,317 14% 7,647 25% 
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For the case of rural crashes, Table 4.4 shows that about 65% of rural non-motorized crashes occur 

on high-speed corridors while 31% of all non-motorized crashes occur on low-speed corridors. 

Clearly, more rural non-motorized crashes occur on higher-speed roads compared to lower-speed 

roads. Similar to urban areas, in rural high-speed corridors there is a high probability of a non-

motorized to be severe compared to rural low-speed corridors. Table 4.5 shows there is a 19% 

chance that non-motorized crashes would be severe (KA crashes) on rural low-speed corridor. On 

the other hand, there is a 37% chance that a non-motorized crash on a rural high-speed corridor 

would be severe. 

 

Generally, there is a higher number of non-motorized crashes in urban low-speed corridors 

compared to high-speed corridors. Also, there are more rural high-speed corridor non-motorized 

crashes compared to low-speed corridors. However, regardless of the area type (urban or rural), 

high-speed corridors non-motorized crashes have higher odds of resulting in a severe crash 

compared to those on low-speed corridors. 

  

Table 4-4. Rural Non-motorized Crashes Proportion by Speed Limit Category 

Variable Total Rural 

Non- 

Motorized 

Crashes 

Percent on 

Low- speed 

corridors 

(<=40 mph) 

Percent on 

High-speed 

corridors 

(45-65 mph) 

Percent on 

freeways 

(>65 mph) 

Percent on 

unknown 

Speed Limit 

Pedestrian 

Crashes 

2,522 29% 66% 3% 2% 

Bicycle Crashes 1,503 34% 64% 0.2% 1.8% 

Total Non-

Motorized 

Crashes            

4,025 31% 65% 2.2% 1.8% 

  

Table 4-5. Rural KA Non-motorized Crashes Proportion by Speed Limit Category 

Variable Rural Non- 

Motorized 

Crashes on Low- 

Speed Corridors 

(<=40 mph) 

Percent KA 

Crashes on 

Low- Speed 

Corridors (<=40 

mph) 

Rural Non- 

Motorized 

Crashes on High- 

Speed Corridors 

45-65 mph) 

Percent KA 

Crashes on 

High- Speed 

Corridors (45-65 

mph) 

Pedestrian Crashes 737 25% 1,653 41% 

Bicycle Crashes 516 11% 965 29% 

Total Non-

Motorized Crashes 

1,253 19% 2,618 37% 

4.1.3 Lighting Condition 

Studies suggest that nighttime conditions result in severe crashes compared to daytime conditions 

(Alogaili & Mannering, 2022). Therefore, it is important to analyze non-motorized crashes with 

respect to the lighting conditions. Figure 4.3 shows the percentage of total non-motorized crashes 

by speed limit and lighting conditions.  It is evident that more dark-unlighted crashes occur on 
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higher-speed corridors compared to lower speed corridors. Also, Figure 4.4 shows the percentage 

of KA non-motorized crashes by speed limit and lighting conditions. Similar trend is observed, a 

higher proportion of fatal or incapacitating injury crashes on dark -unlighted crashes occur on 

higher speed corridors. 

 

Figure 4-3. Percentage of Non-motorized Crashes Based on Speed Limit and Lighting 

Conditions 

 

Figure 4-4. Percentage KA Non-motorized Crashes Based on Speed Limit and Lighting 

Conditions 
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4.1.4 Location Type (Intersection/Midblock) 

Intersection crashes were classified as those non-motorized crashes which occurred within 150 

feet radius of intersection (Dolatsra et al., 2017). Table 4.6 shows the proportion of non-motorized 

crashes based on location type (intersection/midblock) and speed limit category. In urban low-

speed corridors, more crashes occured at intersections (58%) compared to midblock locations. On 

the other hand, urban high-speed corridors have more crashes occurring on midblock (55%) 

compared to intersections. For the case of rural areas, both low-speed corridors and high-speed 

corridors experienced more crashes on midblock compared to intersections. However, a higher 

proportion of midblock non-motorized crashes is observed in high-speed corridors (85%) 

compared to low-speed corridors (55%). 

 

Table 4-6. Location Type and Non-motorized Crashes Proportion by Speed Limit Category 

Area 

Type 

Low –Speed Corridors High –Speed Corridors 

Non-

motorized 

Crashes 

Crash 

Location 

Percent of 

Non-

motorized 

Crashes 

Non-

motorized 

Crashes 

Crash 

Location 

Percent of 

Non-

motorized 

Crashes 

Urban 34,317 Intersection 58% 7,647 Intersection 45% 

Midblock 42% Midblock 55% 

Rural 1,253 Intersection 45% 2,618 Intersection 15% 

Midblock 55% Midblock 85% 

  

4.2 Selection and Site Visits of Higher-Speed High-Risk Corridors  

Identifying high risk corridors was necessary so as to understand the crash patterns and identify 

the most potential locations for improvements. First, heat maps using a larger radius were produced 

using crashes to identify the MDOT regions where the non-motorized crashes are concentrated. 

Figure 4.5 shows heatmaps for urban and rural high-speed corridor crashes. The maps show that 

non-motorized crashes on high-speed corridors are concentrated in Southeast Michigan cities 

(especially Detroit), Grand Rapids, Lansing, Kalamazoo, Holland, Muskegon and Flint cities.  On 

the other hand, rural crashes are scattered with few hotspots. Rural high-speed corridor non-

motorized crashes are concentrated in the following counties: Clare, Montcalm, Van Buren, St. 

Joseph, Branch, Ottawa, Mecosta, and Hillsdale. 
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(a)Urban (b) Rural 

Figure 4-5. Heatmaps for Non-motorized High-Speed Crashes in Michigan 

 

4.2.1 Kernel Density Estimation 

Kernel Density Estimation (KDE) estimates the density of features in the vicinity around those 

features. It calculates the magnitude per unit area of point features for this case crashes, around 

each output raster cell.   When more points (crashes) are near the cell, a higher kernel density is 

attained while if points are far from the cell a lower kernel density is attained.  There are two 

parameters which affect the KDE, which are search radius (bandwidth) and cell size (Thakali et 

al., 2015). Use of larger sizes results in densities which are over a larger area while smaller sizes 

result in computation over smaller areas but may take larger computational time. In this analysis, 

the selection of sizes was a trade-off between the computation area and time. A radius of 1,000 ft 

was used for high-speed corridors to clearly identify hotspots. Due to the differences between 

urban and rural areas, crash density maps were produced for urban and rural areas separately. Also, 

hotspots were also produced for midblock and intersections separately because in some instances 

corridors can be categorized as high-risk due to the presence of a high number of intersections 

with crashes. Separating the hotspots for midblock and intersection provides room for picking up 

corridors with a high number of crashes on both intersection and midblock. Figure 4.6 shows the 

KDE for the Southeastern area in Michigan for high-speed corridor crashes. The KDE is presented 

in a raster format which is made up of a grid of cells. Raster calculator tool in ArcGIS was used to 

remove all cells with zero density. The average density was used as a cutoff so as to remain with 
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locations with high risk. From Figure 4-6, the high-speed KDE had average density of 3 non-

motorized crashes per square miles. The corridors which appear as hotspots as shown in Figure 4-

7 were selected as high-risk corridors. 

 

 

Figure 4-6. KDE for Non-motorized Crashes in Urban Southeast Michigan High-Speed 

Corridors 

                                         

4.2.2 High-Speed High-Risk Corridors 

 A total of 37 corridors were selected from the locations which were observed from KDE raster as 

high-risk urban high- speed corridors and 27 as high-risk rural high-speed corridors. The complete 

list of these urban high-speed and rural high-speed high-risk corridors are shown in Appendix 9.8 



57 
 

and Appendix 9.9, respectively. The spreadsheet containing the list of high-risk corridors was also 

provided to MDOT as a standalone deliverable. Figure 4.7 is a map showing the selected high-

speed high-risk corridors in Michigan. 

 

 

Figure 4-7. Selected Urban and Rural High-Speed High-Risk Corridors 

 

After selecting the high-risk corridors in both urban and rural areas as depicted in Figure 4-7, the 

crash rates were calculated so as to rank these corridors. Non-motorized crash rate was calculated 

based on total non-motorized crash on a given corridor over the twelve years of crash data. The 

roadway miles were used as the measure of exposure. The highest non-motorized crash rate in 

urban high-speed corridor is 3.8 crashes per mile per year while the highest crash rate in rural high-

speed corridor is 0.5 crashes per mile per year (Figure 4-8).  
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Figure 4-8. Non-motorized Crash Rates on High-Speed High-Risk Corridors 

 

4.2.3 Site Visits for High-Speed Corridors 

From the list of selected high-speed high-risk corridors, few sites with high crashes from different 

cities were selected for a site visit. Selection was based on the number of crashes as well as their 

severity. Also, the geographical location of the site was considered. The list of visited high-speed 

corridors is presented in Table 4-7. 

 

 The site visits provided a rich source of information in regard to the causes of crashes on higher 

speed roads. The WMU team consisting of Ron Van Houten, Jun Oh and Valerian Kwigizile 

visited crash sites with the UD-10 Traffic Crash Reports in hand and examined the police narrative 

and crash diagram for day and night crashes. If most crashes occurred at night the team visited the 

crash sites one hour or more after sundown and measured lighting levels using a Konica Minolta 

T-10A Illuminance Meter to measure the light intensity in Lux. One Lux is equal to one lumen per 

square meter. Federal Highway studies indicate that 25 Lux is a good level of illumination to see 

a pedestrian crossing at night. Based on the crash diagram and narrative the light level reading was 

taken at the approximate vicinity of each crash. The team also examined all crash sites during the 

daytime in order to better determine the presence of engineering features at each site, such as lane 

width, type of crosswalk marking, curb turning radii, and presence or absence of any crash 

countermeasures that might influence the presence of a crash.  
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Table 4-7. High-Risk High-Speed Corridors Selected for Site Visit 

s/n Corridor Name Location Length 

(Mi) 

Crash Rate 

(Cr/Mi/Yr) 

KA 

Crash 

Rate 

(Cr/Mi/

Yr) 

Total 

Number 

of KA 

Crashes 

Total 

Number 

of KA 

Nighttim

e Crashes 

Percentage 

of KA 

Nighttime 

Crashes 

1 Harper Avenue Detroit 0.5 3.79 0.76 4 4 100% 

2 S. Groesbeck 

Highway 

Detroit 0.5 3.03 1.13 6 6 100% 

3 28th Street SE Grand 

Rapids 

0.5 2.08 1.14 11 8 73% 

4 Division Avenue Grand 

Rapids 

0.4 3.13 0.42 2 2 100% 

5 S. Gratiot 

Avenue 

Detroit 3.3 2.35 0.64 26 14 54% 

6 Riley Street Holland 1.2 2.25 0.34 5 2 40% 

7 Washtenaw 

Avenue 

Ann Arbor 1.8 1.62 0.37 8 7 88% 

8 Alpine Avenue Grand 

Rapids 

1.5 1.52 0.34 6 6 100% 

9 S. Cedar Street Lansing 3.3 1.25 0.35 14 8 57% 

 Examination of corridors with a high percentage of pedestrian crashes at night consistently had 

extremely low levels of illumination (between 1 and 12 Lux) at the crash sites. When pedestrians 

were observed crossing, they were difficult to see and appeared as shadows. In many cases the 

legacy light sources were on low light posts, or poor light sources on higher posts. At some sites 

higher intensity LED lighting was located near the crash site but was not aimed in such a manner 

as to illuminate the crosswalk.  

 

4.2.4 Findings from Site Visits on High-Speed Roads 

 

Harper Ave Detroit. North of 16 Mile Rd. Harper Ave has two lanes in each direction and a 

center turning lane. South of 16 Mile Rd the number of lanes is reduced to one lane in each 

direction with a center turning lane. The speed limit is 45 mph. Most crashes occurred at night 

along this corridor and 7 of the 8 K&A crashes along this corridor were at night. 

 

One third of the crashes occurred at the intersection of Harper Ave and 16 Mile Rd. Three of these 

crashes were K&A crashes. Illumination measurements were taken at each corner at this location. 

All the lighting readings at this location were very low. Light readings at the NE Corner was 0.87 

lux, at the SE corner 0.67 lux, at the NW corner 6.4 lux and at the SE corner 0.17 lux. Figure 4-9 

shows the site layout and light readings. 
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Figure 4-9. Site layout and light readings at Harper Ave, Detroit 

 

Many of the crashes occurred at minor intersections and involved turning or through vehicles. 

Some crashes involved bicycles.  

 

The following countermeasures would be helpful at this site. 

 

1. Installing LED lighting at all the signalized crosswalks at the intersection with 16 Mile 

Road, a high crash area, light bars can be inexpensively installed on the signal mast arms 

to provide excellent lighting at all crosswalks.  We also recommend installing high 

visibility crosswalk markings at this location. 

2. Installation of refuge islands at some of the minor intersections could be helpful to 

pedestrians and possible cyclists crossing this road.  

3. Improved spot lighting at all unmarked intersection locations would be helpful as well. 

 

S. Groesbeck Highway at Cass Ave, Detroit. Groesbeck Hwy. has two travel lanes in each direction 

and a center turning lane with a posted speed of 50 mph. The WMU team visited this corridor on 

October 24, 2022 and conducted observations at crash sites along this corridor during daytime 

hours and took light meter readings after dark.  At the NW and SW intersections of Groesbeck at 

Cass the right turn lanes have a wide turning radius. This contributes to the seriousness of crashes 

involving turning vehicles. Although a luminaire was located at three of the corners of this 

intersection and placement and aiming of the luminaires produced relatively poor lighting at three 

of the four corners. The light meter reading at each corner of the intersections are as follows: At 

the NE corner the light level was 85 lux, at the SW corner the light reading was 1.9 lux, at the NW 

corner the reading was 4.6 lux and at SE corner the reading was 6.7 lux. Crashes occurred at the 

intersections with low lighting. 

 

Several of the crashes including the serious crashes occurred close to the Meijer located on 

Groesbeck Highway. The lighting on the sidewalk at Meijer was 0.6 lux. We saw a person 

walking a bike with groceries packed straddling the bicycle. He appeared as a shadowy figure 
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because of the poor lighting. People from the community likely walk or use bicycles to shop at 

this store and better lighting is required. Figure 4-10 shows the site layout and lighting readings. 

 

 

Figure 4-10. Site layout and light readings at S. Groesbeck Highway/Cass Ave, Detroit 

 

 The following additional countermeasures would be helpful at this site. 

 

1. We strongly recommend aiming the luminaires at this crosswalk to provide better lighting 

and installing an additional luminaire on the SW corner of the intersection with 3 Mile 

Road, a high crash area. We would also recommend tightening the turning radii with 

rollable curb and installing high visibility crosswalks at this location.  

2. We recommend installing LED lighting at the location in front of the Meijer’s.  

3. A refuge island may also be helpful at the site by the Meijer’s store. since people need to 

cross to get to the store. 

4. A high visibility crosswalk with advance stop lines and a RRFB or hybrid beacon should 

also be considered. Advance yield markings should also be installed. 

 

E Beltline Ave SE/ 28th St SE at Mall Service Dr. Grand Rapids. The segment on E. Beltway Ave 

SE has two lanes in each direction with a center turn lane that is adjacent to the Woodland Mall 

and divides the Mall and several businesses and restaurants on the other side of the street as shown 

in Figure 4-11.  There were 18 crashes in this segment with 10 (more than half) comprising K&A 

crashes. There are sidewalks on the West side of E. Beltline Ave but no sidewalks on the right 

side. All of the K&A pedestrian crashes but one (a multiple threat crash) along this corridor 

occurred at night. Two of these crashes were fatal. 
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Figure 4-11. Site Layout at 28th St SE/E Beltline Ave SE 

 

The portion of this segment on 28th Street has two lanes in each direction with a center turn lane 

and is at the intersection of 28th St and Mall Service Dr. There were 4 crashes at this site, one 

which was a fatal crash and one that was an incapacitating crash. The fatal crash occurred at night 

and the injury crash occurred at Dawn.  This intersection connects the Mall with businesses and 

restaurants. There are no crosswalks between the Mall and the other side of 28th St. or the other 

side of E. Beltway Ave SE. Figure 4-12 shows the section of the roadway lacking pedestrian 

crossings. 

 

Figure 4-12. Section of E Beltline Ave SE lacking pedestrian crossings 
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Although daytime and night crashes were evenly divided at this site, all but one of the most serious 

crashes occurred at night. The absence of any way to cross to the South or East along this segment 

except for one signalized crosswalk contributes to the number of crashes. Ten of the 18 crashes 

occurred at Mall exits at Mall Dr. SE, E Mall Dr SE, and Mall Service Drive. It is possible that 

some of those struck may have arrived at the Mall by bus and were traveling between the Mall and 

other businesses. Others may have been staying at motels and traveling to a place to eat. 

 

The following additional countermeasures would be helpful at this site. 

 

1. Installation of LED lighting at all mall exit areas along this route.  

2. Installation of refuge islands without crosswalks at the unsignalized exits to the mall on 

E. Beltline Ave. 

3. Consideration of installing a signal at the intersection of 28th St. and Mall Service 

Road/Shaffer Ave SE. If a signal is installed it is recommended that the turning radii be 

reduced and that a high visibility crosswalk be added. If a signal with a mast arm is 

installed we recommend installing light bars under the mast arm to fully illuminate the 

crosswalks. 

 

Division Ave S, Grand Rapids.  Division Ave S is a five-lane road with two lanes in each direction 

and a center turn lane and a speed limit of 45 mph. On October 19, 2022 WMU team visited this 

corridor and conducted observations at crash sites along this corridor during daytime and nighttime 

hours. Eighty percent of the crashes along this corridor segment occurred at night. The lighting 

levels in this area are very poor with old style streetlights with 3.4 lux reading directly under the 

light and 0.7 lux between lights. Half of the crashes occurred at the signalized intersection at 60th 

Street. The pedestrian crashes in this area were all at night typically involving a turning vehicle.  

Illumination readings at this location are as follows. At the NW departure points the light readings 

were 1.4 and 1.1 lux, at the SW departure points the light readings were 10.5 and 13.8 lux, at the 

NE departure points the light readings were 5.5 and 0.43 lux, and at the SE departure points light 

readings were 1.52 and 1.75 lux. There was only one streetlight at this location at the SW corner. 

None of the crashes occurred at the corner that had the highest lighting level. Figure 4-13 shows 

the layout of the intersection of Division Ave and 60th Street as well as the light readings. 
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Figure 4-13. Site layout and light readings at the intersection of Division Ave and 60th 

Street, Grand Rapids 

 

Several cyclists were also struck along this corridor, some at night and some during the day, many 

were struck by turning vehicles. In some cases, the cyclists were traveling in the wrong direction 

on the sidewalk. The wide turning radii at intersections may have contributed to these crashes.  

Observation along this corridor included pedestrians that appeared as shadows under poor lighting. 

Many of the crashes involved turning vehicles. Police reports typically mentioned the driver saying 

they did not see the pedestrian.   

 

The following additional countermeasures would be helpful at this site. 

 

1. Installing LED lighting at all the signalized intersections at 60th Street.  

2. Replacing the street lighting along this segment with LED lighting.   

3. Tightening the turning radius at crosswalks using rollable curb to facilitate trucks making 

turns.  

4. Installing refuge islands without crosswalks or with an RRFB at the intersections at 

Violet St., Peony St., N. Kenbrook St., and Hyacinth St. If an RRFB is installed we 

recommend high visibility markings, advance yield markings, and dynamic LED lighting. 

If islands alone are installed, we do not recommend crosswalk markings.  

 

S. Gratiot Ave., Detroit.  South Gratiot Ave is a divided eight lane road with three lanes in one 

direction, four lanes in other directions and a center turn lane.  This road has a speed limit of 50 

mph. There is currently extensive construction at this site. On October 19. 2022 the WMU team 

visited this corridor and conducted observations at crash sites along this corridor during daytime 

and nighttime hours. The lighting of businesses along the route may contribute to the poor visibility 

at night on this roadway.  

  

The majority of crashes occurred at intersections with a high percentage of serious and fatal crashes 

involving pedestrians occurring at the intersection with 3 Mile Road and the ramps for I-96.  
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Working from the UD 10 forms with close attention to the narrative and crash diagrams, we noted 

very poor lighting at these locations. At one fatal pedestrian crash location we noted that the crash 

occurred in an area with a turn lane onto the highway with a large turning radius and complete 

darkness (lighting level measured to be 0.1 lux. We noted many drivers making this turn at a high 

rate of speed. 

  

Observation on the site included pedestrians as shadows under poor lighting. Many of the 

crashes involved turning vehicles.   

  

 The following countermeasures would be helpful at this site. 

  

• We strongly recommend installing LED lighting at all the signalized crosswalks. If mast 

arms are installed as part of construction light bars could be installed under the mast arms 

to fully illuminate the crosswalks.  

• Not all the crosswalks along S. Gratiot Road had high visibility crosswalk markings. We 

recommend installing them for all crosswalk legs along this corridor.  

• We also recommend tightening the turning radii at crosswalks using rollable curb to 

facilitate trucks making turns.  

 

Riley St., Holland. Riley street is a four-lane road with two lanes in each direction and a center 

turn lane and a posted speed of 50 mph. Most of the crashes on this road involved bicycles. On 

October 19, 2022 the WMU team visited this corridor and observed crash sites during daytime 

hours because most of the crashes occurred during the day. The road is too fast for bike lanes and 

there is only sidewalk on the North side of the road. This compels cyclists to travel against traffic. 

We noted cyclists riding on the sidewalk in both directions. At the signal at Riley and US-31 

pedestrians need to wait too long to cross and need to make two separate crossings, one at the start 

and one at the median island. Pedestrians will not wait that long to cross. Most of the bicycle 

crashes (6) along this corridor involved bicycles hit by a right turning vehicle. The turning radius 

is so wide that vehicles turn at a high rate of speed. Tightening the radii with rollable curbs could 

help at these intersections. Figure 4-14 shows the intersection layout of Riley St and Highway 31. 
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Figure 4-14. Intersection layout for Riley St. and US 31, Holland 

 

At minor street such as John F Donnelly Dr. and Windquest Dr. there were crashes between 

bicycles and vehicles turning onto Riley St. Drivers do not expect cyclist on the sidewalk and they 

do not expect wrong way cyclists. The following countermeasures would by helpful this site.  

 

1. At Riley St at 132nd Ave we would recommend reducing the turning radii and installing 

a RRFB along with high visibility markings, and advance yield markings.  

2. At the intersection with US-31 we recommend providing pedestrians and cyclists more 

time to cross. We also recommend tightening the turning radii.  

3. Widening the sidewalk so it looks like a walking and bicycle trail and tighten the turnings 

radii along the entire route. 

4. At the trail crossing west of US-31 we recommend installing an RRFB along with 

advance yield lines and a high visibility crosswalk. 

5. At the intersection of Riley and 128th Ave we recommend tightening the turning radii 

and installing high visibility crosswalk markings. 

6. At minor intersections at John F Donnelly Drive, and Windquest Dr. place stop signs for 

bicycles.  High visibility crosswalks. Place bicycle signs with reflective bases.  Also 

consider Look for bicycles both ways sign in paint in roadway.  

7. As a general countermeasure, painting bicycle symbols in the roadway just before the 

sidewalk going in both directions is another potential option. 

 

Washtenaw Ave, Ann Arbor.   

 

Washtenaw Ave is a five-lane road with two lanes in each direction and a center turn lane with a 

speed limit of 45 mph. On October 24, 2022 the WMU team visited this corridor and conducted 

observations at crash sites along this corridor during daytime and nighttime hours. There is no 

street lighting along this road. The lighting of businesses along the route may contribute to the 
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poor visibility at night along this roadway. We measured lighting at one gas station along the route 

at 690 lux. 

 

Most crashes along this corridor and all K&A crashes occurred at intersections locations, both 

signalized and unsignalized sites. Most crashes including K&A crashes occurred at minor 

intersections without a traffic signal. The light levels measured at these locations were between 

0.2 and 0.6 lux. Observation on the site included pedestrians as shadows under poor lighting. Many 

of the crashes involved turning vehicles. Some of these crashes involved pedestrians crossing at a 

bus stop location.   

 

Light meter readings at signals were better with only one K&A crash at a signalized location at 

Washington and Carpenter with readings with illumination readings at the corners varying between 

26.5 lux and 45.3 lux except for the one corner with a light level of 13.2 lux. The single K&A 

crash at this location involved a pedestrian struck starting the crossing from the darkest corner. 

Two K&A Crashes occurred at the signalized intersection at Golfside Road. Both pedestrians 

began crossing from the corner with the poorest lighting (5.1 and 4.5 lux, 2.1 and 5.2 lux). The 

remaining intersections with no crashes had higher reading with on at 37.2 and 34.2 lux and 22.4 

and 7.4 lux. Eight crashes occurred at the signalized intersection of Glencoe Hills Drive and Dalton 

Ave. This is the only signalized intersection with mast arms. 

 

 

 The following countermeasures would be helpful at this site. 

 

1. We recommend installing LED light bars on all of the mast arms at the intersection of 

Glencoe Hills and Dalton Ave. 

2. We recommend installing LED lighting at each of the minor intersection along this route.  

3. As speed is also a factor in these crashes, we would recommend reducing the speed limit 

at this site. Solar powered feedback signs and other countermeasures could be helpful in 

improving compliance with a reduced speed limit if supported by a speed study. 

4. We also recommend tightening the turning radius at crosswalks using rollable curb to 

facilitate trucks making turns. Installing refuge islands at locations with crashes would 

also be helpful. In some cases, an RRFB with advance stop lines and a high visibility 

marked crosswalk could be considered if the speed is reduced. We also recommend that 

the dynamic lighting feature be included with the RRFB. 

 

  

Alpine Ave. Grand Rapids.  Alpine Ave NW is a five-lane road with three lanes in one direction 

two lanes in the other direction and a center turn lane and a speed limit of 45-50 mph. On October 

19th the WMU team visited this corridor along with one of our graduate students conducted 

observations at crash sites along this corridor during daytime and nighttime hours. The lighting of 

businesses along the route may contribute to the poor visibility at night on the roadway. The 

majority of these crashes occurred at intersections with a high percentage serious and fatal crashes 

involved pedestrians and occurred at the intersection with Alpine Ave and the ramps for I 96 

(Figure 4-15).  
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Figure 4-15. Site Layout at Alpine Ave showing its intersection with ramps for Interstate 96 

 

Working from the UD 10 forms with close attention to the narrative and crash diagrams, we noted 

very poor lighting at these locations. At one fatal location we noted that the crash occurred in an 

area with a turn with a large turning radius and complete darkness (lighting level measured to be 

0.1 lux). Figure 4-16 shows nighttime conditions at the location where a fatal crash was recorded. 

 

 

Figure 4-16. Nighttime condition at Alpine Ave and the I-96 ramp 
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Observation on the site included pedestrians as shadows under poor lighting. Many of the 

crashes involved turning vehicles.  

 

The following additional countermeasures would be helpful at this site. 

 

• We strongly recommend installing LED lighting at all the signalized crosswalks.  

• Not all of the crosswalks on Alpine Ave NW had high visibility crosswalk markings. We 

recommend installing them for all legs along this corridor.  

• We also recommend tightening the turning radius at crosswalks using rollable curb to 

facilitate trucks making turns.  

 

S. Cedar St. Lansing. S Cedar Street is a five-lane road with two lanes in each direction, a center 

turn lane and a speed limit of 45 mph (Figure 4-17). On November 9, 2022 the WMU team visited 

this corridor and conducted observations at crash sites during daytime hours and a light reading at 

and between crosswalks. There are many access points along this road and only a few signals and 

one Hybrid Beacon at a trail crossing. Most of the crashes along this corridor occurred during the 

day. Working from the UD 10 forms with close attention to the narrative and crash diagrams, we 

noted a high proportion of crashes involved bicycles. These crashes during the day and at night 

tended to occur midblock. We also observed the behavior of drivers, pedestrians, and cyclists. 

Observation along this corridor included seeing pedestrians crossing midblock and seeing cyclists 

riding on the sidewalk. The major issues were speed and lack of adequate opportunities to cross 

the street.  

 

 

Figure 4-17. Site Layout at S Cedar St showing a segment from E Mt Hope Ave to E 

Rockford Rd 
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Because of the speed and few places to cross the street, cyclists on one side of the road tended to 

ride against the direction of traffic on the sidewalk. Cyclists were also struck crossing the roadway 

midblock or at the location of a minor street without a crosswalk. S. Cedar Street is a bus route 

and some crashes involve pedestrians crossing the street near bus stops. Pedestrian generators such 

as businesses and restaurants were located on both sides of the street. The northern portion of the 

street passed through a residential area with houses located close to the street. At traffic signals 

some crashes involved pedestrians starting during the flashing Don’t Walk indication 

 

This site had LED street lighting on both sides of the road. We took light meter readings an hour 

after sunset below the LED lighting at the curb and between two lights at the curb.  After examining 

the lighting, we noticed that the lighting for the area under the streetlights was 57.5 lux which is 

above the recommended lighting level of 20 lux. Between crosswalks the lighting level was 18.8 

lux which is just a bit below 20 lux. Given the LED lighting allowed use of the daytime vision 

(cones), we felt that nighttime visibility along this corridor was excellent. Figure 4-18 shows the 

nighttime condition during site visit. 

 

 

Figure 4-18. Lighting condition along S. Cedar St., Lansing 

 

The following crash countermeasures would be helpful at this site. 

 

• Because there are few places to cross the street, we would recommend pedestrian refuge 

islands to be installed in the areas with multiple midblock crashes.  This would allow 

pedestrians to cross one half of the roadway at a time. This countermeasure is associated 

with a robust crash reduction factor. These islands could be placed close to street lighting 
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to help reduce midblock crashes at night. We do not recommend installing crosswalks at 

these sites because of the risk of multiple threat crashes.  

• Installing count down timers at signalized locations might be helpful because some 

crashes involved starting to cross late in the cycle. We also recommend installing high 

visibility crosswalk markings and tightening the turning radii at these sites. High 

visibility crosswalks should be considered if RRFB or PHB are installed with advance 

yield or advance stop lines.  

• We also recommend reducing the speed of this corridor to 35 mph if supported by a 

speed study. Compliance with the new speed could be improved by using paint to reduce 

lane width and using solar speed feedback signs. We would also recommend using large 

signs at the start of the reduced speed zone with signs on both sides of the road facing the 

reduced speed zone, and a third sign on an island in the center lane.  

4.3 Identification of High-Risk Corridors on Lower Speed Roads 

 

Although the focus of this study was on high-speed roads (those with a posted speed limit of 45 

mph and above), the research team replicated the methodology to identify high-risk corridors in 

lower speed roads at the request of MDOT. The main goal of this added task was to generate 

necessary information needed by MDOT to perform assessments of vulnerable road user (VRU) 

crashes.  

4.3.1 Selection of Lower Speed High-Risk Corridors  

A total of 155 urban corridors and 28 rural corridors were selected from the locations which were 

observed from KDE raster as high-risk. Figure 4-19 is a map showing the selected urban and rural 

high-risk low-speed corridors in Michigan. The complete list of these urban lower speed high-risk 

corridors is shown in Appendix 9.10 while the complete list for rural lower-speed corridors is 

shown in Appendix 9.11. The spreadsheet containing the list of high-risk corridors was also 

provided to MDOT as a standalone deliverable. The list shows that 96% (27) of the selected high-

risk rural low speed corridors passed through either a village or city. Moreover, 80% (22) of these 

corridors were connected to high-speed road segments less than 2 miles away. After selecting the 

corridors which are shown in Figure 4-19, the crash rates were calculated so as to rank these 

corridors. Figure 4-20 shows the crash rates of the selected low-speed corridors. 
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Figure 4-19. Selected Urban and Rural Low-Speed High-Risk Corridors 
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Figure 4-20. Non-motorized Crash Rates on Low-Speed High-Risk Corridors 

 

From the list of selected low-speed high-risk corridors, eight sites with high crashes from different 

cities were selected for a site visit. Selection was based on the number of crashes as well as their 

severity. Also, the geographical location of the site was considered. The list of visited low-speed 

corridors is presented in Table 4.8. 

 

Table 4-8. High-Risk Low-Speed Corridors Selected for Site Visit 

s/n Corridor 

Name 

Location Length 

(Mi) 

Crash 

Rate 

(Cr/Mi/Yr) 

KA 

Crash 

Rate 

(Cr/Mi/

Yr) 

Total 

Number 

of KA 

Crashes 

Total 

Number 

of KA 

Nighttime 

Crashes 

Percentage 

of KA 

Nighttime 

Crashes 

1 Fulton Road Grand 

Rapids 

0.59 12.2 1.26 9 3 33% 

2 Martin Luther 

King Boulevard 

Detroit 0.44 10.91 150 8 8 100% 

3 E Grand River 

Avenue 

E Lansing 1.16 10.76 1.15 16 2 13% 

4 S University 

Avenue 

Ann Arbor 0.38 8.4 1.11 5 0 0% 

5 E Michigan 

Avenue 

Lansing 0.65 7.47 0.9 7 6 86% 

6 S River Avenue Holland 0.57 6.05 0.59 4 1 25% 

7 Gratiot Avenue Detroit 1.76 5.9 2.04 43 38 88% 

8 W Michigan 

Avenue 

Kalamazoo 1.21 4.1 0.76 11 8 73% 
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4.3.2 Findings from Site Visits on Lower Speed Roads   

West Michigan Ave between S. Drake Rd. and Howard St. This road has two lanes in each direction 

and a center turning lane. The speed limit along this corridor is 35 mph. An extra turn lane exists 

at the intersection of Howard St. On June 15, 2023, the WMU team visited this corridor and 

conducted observations at crash sites during daytime hours and light readings were made at all 

night crash sites beginning one hour after sunset. This site was interesting because all the fatal 

crashes occurred at night and 73% of all crashes occurred at night. Eighty six percent of the night 

crashes occurred at lighted locations. Light readings at crash sites varied between 0.3 lux and 12.9 

lux. and most crash sites had light readings below 5 lux.  
 

The following crash countermeasures would be helpful at this site. 

 

1. Because most crashes occurred at night, we recommend installing LED lighting at 

intersections along this corridor. The signalized intersection at Emajean St. has signal 

mast arms and we recommend installing light bars under the mast arm crossing West 

Michigan. This was the site of one of the fatal crashes. We also recommend installing 

light bars at the signalized intersections of Eldridge Dr., Dobbin Dr., and Greenwood 

Ave.  which also have signal mast arms.  

 

2. Several crashes occurred at night at the signalized intersection of West Michigan Avenue 

and Howard St. Because this intersection has span wires, we recommend installing 

luminaires at each corner of the intersection at this location.  

 

3. We also recommend installing refuge islands and improved LED lighting at minor street 

locations along with RRFBs with adding dynamic lighting and advance yield markings 

and signs. 

 
E. Grand River Ave between and Abbot Rd. and Hagadorn Road. This road has three lanes in each 

direction divided by a median island between Abbot Rd, and just before Durand St. and two lanes 

in each direction from Durand Rd. and Hagadorn Rd. There is a wide sidewalk on the NE side of 

the intersection that serves as a multiuse pedestrian/bicycle path. We observed many pedestrians 

and bicyclists using this sidewalk as a trail. The speed limit along this corridor is 25 mph for the 

portions divided by a median island and 35 mph for the remainder of the corridor. The WMU team 

visited this corridor on August 9, 2023, and conducted observations at crash sites during daytime 

hours. Only 13% of K&A crashes occurred at night at this site. Along the road segment divided 

with a solid median there are six crosswalks marked with high visibility markings and four 

crosswalks with signals with transverse markings. There is one crosswalk at a bus stop along the 

remainder of the corridor that is marked and two traffic signals also four crosswalks marked with 

transverse lines with traffic signals along this portion of the road with a paved median marked with 

high visibility markings and two crosswalks marked with transverse lines. At Hagadorn each 

crosswalk traverses six lanes.  
 

The following crash countermeasures would be helpful at this site. 
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1. At the intersection of E. Grand River Ave. and Hagadorn Rd. Lansing. we recommend 

high visibility markings and improved lighting. We also recommend high visibility 

markings at all signalized crosswalks along this corridor.  

 

2. Many of the crashes along this corridor occurred at intersections with wide sidewalks 

which serves as a walking/bicycling path. These crashes involved a pedestrian or cyclist 

in the crosswalk being struck by a vehicle proceeding at the stop sign to cross E. Grand 

River Ave. We recommend high visibility crosswalk markings at each of these 

crosswalks and the installation of pedestrian warning signs on both sides of the road 

facing the intersection to warn drivers to watch for pedestrians and cyclists in the 

crosswalk. This is most critical at the T intersections with Spartan Ave, Milford St., and 

Division St.  

 

East Michigan Ave between N. Grand Ave. and S. Pennsylvania Ave. Lansing.  This road has four 

lanes and a center turning lane and some on road parking. The speed limit along this corridor is 30 

mph The WMU team visited this corridor on August 9, 2023, and conducted observations at crash 

sites during daytime hours and light readings were made at all night crash sites beginning one hour 

after sunset. At this site 86% of K&A crashes occurred at night. Light readings were taken at most 

departure points varied between 17.8 lux and 158 lux. At one of the two departure points with low 

readings one of two bulbs was burned out and at the other the post was further away from the 

intersection. However, the current light sources provided less illumination within the crosswalk 

with readings between 5 lux and 10.8 lux. Seven the eight K&A crashes that occurred at this site 

occurred within the crosswalk at locations with poor lighting.   
 

The following crash countermeasures would be helpful at this site. 

 

1. Because most crashes occurred at night, we recommend installing LED lighting at 

intersections along this corridor. This type of lighting would illuminate most of each 

crosswalk. 

 

2. A couple of crashes occurred close to a bus stop. We also recommend consideration of 

far side bus stops to discourage transit users from crossing in front of the bus.  

 

W. Fulton St. between Monroe Ave. NW and Lafayette Ave SE., Grand Rapids. This road has four 

lanes and a center turning lane and median between Monroe Ave and Jefferson Ave SE and is 4 

lanes from there to Lafayette Ave SE. with some on street parking. The speed limit along this 

corridor is 25 mph and most of the K&A crashes occurred during daylight conditions. The WMU 

team visited this corridor on August 9th and conducted observations at crash sites during daytime 

hours. There are no bicycle lanes on Fulton St. and many cyclists ride in the street. High speed 

cycling down a hill led to several serious bicycle crashes at this site. The hill and cyclist speed 

and inability to brake effected these crashes. Several of the cyclists were trying to beat the signal 

and crashed with through vehicles.  

 

The following crash countermeasures would be helpful at this site. 
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1. We recommend warning signs for bicyclists to maintain a safe speed on the downhill 

section to avoid a serious crash. These signs should be large and conspicuous and 

marking could be added with a message to support these signs.  

 

S. River Road, between E. 16th St. and W. 7th St. Holland. This road has two north bound lanes 

and one south bound lane and a center turn lane. The speed limit is 30 mph transitioning to 25 

mph north of 9th Street. The WMU team visited this site on Aug 9, 2023, during daylight hours 

because only 25% of K&A crashes occurred during nighttime hours. We observed many 

pedestrians and bicyclists at this site. Most bicyclist’s road on the sidewalk. This is a downtown 

site with a high traffic volume and a large amount of truck traffic.  

 

The following crash countermeasures would be helpful at this site. 

 

1. We suggest high visibility crosswalks at each of the signalized intersections.   

 

2. We also suggest installation of signage to prompt motorists to look for cyclists. 
 

3. Many cyclists were struck at stop sign locations. We recommend placing multiple stop signs, one 

on each side of the road to encourage drivers to come to a complete stop and look for bikes.  

Painting “look for bicycles” in the roadway at approaches is another possible alternative. Because 

many pedestrians and cyclists were struck by turning vehicles at signal locations, signage next to 

traffic signal may help.  

 

South University Ave between Tappan St. and Walnut St. Ann Arbor.  This road has one lane in 

each direction with on street parking and a speed limit of 25 mph. The WMU team visited this 

corridor on August 23, 2023, and conducted observations at crash sites during daytime hours. At 

this site 100% of K&A crashes occurred during daytime hours. All but one of the pedestrian 

crashes involved a through or turning vehicle striking a pedestrian in a crosswalk at a street with 

four way stop signs. One bicycle crash involved a vehicle traveling too fast. At stop sign controlled 

intersection of S. University and E. University and Church Street there was a total of 14 crashes 

including one K and one A crash. 
 

The following crash countermeasures would be helpful at this site. 

 

1. Because the pedestrian and bicycle crashes involved speed on a street with four way stop 

sign control we recommend raised crosswalks at each of the stop controlled crosswalk 

legs.   

 

2. We recommend high visibility crosswalk markings at Elm Street and turning vehicles 

yield to pedestrian signs on the signal mast arms at the signalized intersection at S. 

University and S. Forest Ave.  
 

Martin Luther King Blvd. between 3rd Ave and Woodward Ave. Detroit.  This road has three lanes 

in each direction and a median island at 3rd Ave between Cass Ave and Woodward Ave and one 

lane in each direction with on street parking and a speed limit of 25 mph. The WMU team visited 
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this corridor on August 23, 2023, and conducted observations at crash sites during daytime and 

nighttime hours. At this site 75% of K&A crashes occurred during nighttime hours. All 

intersections had LED street lighting except for Martin Luther King at Woodward Ave which had 

low streetlights that appeared to have compact fluorescent light bulbs. Intersections with LED 

lighting did not have lights at all departure points. Several bicycle crashes occurred on Martin 

Luther King Ave including two A crashes. Pedestrian Crashes occurred in crosswalks including 

one K crash. Lighting levels at Martin Luther King Blvd were below 20 lux at many sites but not 

below 10 lux at any site. At the intersection of Martin Luther King Blvd and Woodward Ave the 

light levels at crosswalks on the North and South legs were good but were low at the center of road 

on the East West Crosswalks. The light reading obtained at Martin Luther King Ave and 

Woodward Street are shown in Figure 4-21. 

 

 

Figure 4-21. Lighting at Martin Luther King Ave and Woodward Street, Detroit 

 

 The following crash countermeasures would be helpful at this site. 

1. There appears to be a high level of bicycle use on Martin Luther King Blvd. We 

recommend examining whether MV volume would allow adding bike lanes with posts to 

discourage driving in the bike lane.  

 

2. We recommend high visibility crosswalk markings at all crosswalks and improved 

lighting by ensuring all crosswalks are adequately illuminated. Consider adding LED 

lighting at Woodward. 

 

Gratiot Ave between Seymour St. and 8 Mile Road.  This road has three lanes in each direction 

and a turning lane.  The speed limit along this corridor is 35 mph and most of the K&A crashes 

occurred during nighttime conditions. The WMU team visited this corridor on August 23, 2023, 

and conducted observations at crash sites during daytime and nighttime hours. Most of the F&A 
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crashes (88%) along this corridor occurred at night. There were many serious crashes along this 

corridor. Roadway lighting was typically LED street lights. However, we noticed that the lights 

were not always close to the crosswalk location. We were only able to take readings at Gratiot 

Ave at 8 Mile Road because the onset of rain prevented readings because of the risk to damaging 

the light meter. The light meter reading taken at Gratiot Ave and 8 Mile Road are shown Figure 

4-22.  

 

 

Figure 4-22. Lighting at Gratiot Ave and 8 Mile Road, Detroit 

 

All three of the K&A crashes that occurred in a crosswalk at this site occurred in a crosswalk 

with lower light readings. In addition to these crashes an additional four K&A crashes occurred 

outside the crosswalks. Regarding lighting it is not known when LED lighting was installed 

along Gratiot Ave. However, it was most likely in recent years. Although a number of these 

crashes occurred at midblock locations many occurred at signal control intersections or close to 

or at off set stop-controlled T intersections for the same road or adjacent roads.  

 

1. We recommend installation of high visibility crosswalks at all signalized intersections 

along this corridor along with improved lightings at locations where the street lights are 

not close to the intersection. 

 

2. Between adjacent off set T intersections were recommend installing refuge islands and 

assuring that these areas have good illumination because many of these crashes occurred 

between intersections. We would also consider placing pedestrian hybrid beacons with 

advance stop lines or Rectangular Rapid Flashing Beacons with advance yield markings 

at sites with frequent pedestrian crossing activity.  
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5 TREATMENTS SELECTED FOR PEDESTRIAN AND BICYCLE 

CRASHES ON HIGHER SPEED ROADS 

5.1 General Guidance for Selecting Countermeasures 

The selection of countermeasures for higher speed roads was based on appropriateness and 

effectiveness of countermeasures along with the findings obtained from the crash analysis and 

crash site visits along each corridor. It is imperative to consider the time of the day during which 

the most severe crashes occur when selecting for a particular location. The general guidance for 

selecting countermeasures for higher speed roads are described below. 

5.1.1 General Guidance for Nighttime Crashes 

When crashes occur predominately at night, poor lighting is likely the most important factor 

leading to crashes. To confirm this hypothesis, it is important to measure lighting at the crash 

locations. This can be done by visiting the locations, an hour after sundown with a light meter and 

taking readings. FHWA recommends a light level of 20 lux or more. You may obtain readings 

which are considerably less, often between 2 and 7 lux. At these lighting levels people appear as 

shadows and are typically not seen by a driver until moments before the crash. The results of the 

work done by WMU for MDOT found UD 10 Police Crash Reports indicating the pedestrian or 

bicyclist was struck in a lighting location does not typically lead to high light level readings. 

Officers will check the lighted box if there is a streetlight nearby. Often light level will be 7 lux or 

less at the crash site. There are many new lighting solutions available for treating these crashes.  

 

A good treatment set for night crashes at traffic signals are LED light bars installed under a mast 

arm and high visibility crosswalk lighting. If lighting is mounted on span wires, LED luminaires 

should be installed and aimed toward the crosswalk and entry locations. High visibility crosswalk 

markings can also help reduce the occurrence of this type of crash. LED lights are easier to aim 

than legacy lighting, but it is necessary to do so to ensure crosswalks are properly illuminated. 

 

The good treatments for night crashes at uncontrolled intersections include refuge islands and 

improved LED street lighting. Other possible countermeasures include installation of an RRFB or 

a PHB with improved lighting. Advance stop lines should be installed along with either of these 

treatments. In instances where these cannot be installed, consider just installing an island along 

with improved lighting without crosswalk markings.  

5.1.2 General Guidance for Daytime Crashes 

When crashes occur predominately during the day, it is important to determine factors associated 

with the crashes. At traffic signals and other intersections reducing the turning radii may be an 

important factor. If the turning radii are wide tightening the radii can reduce crashes with 

pedestrians and bicyclists using the sidewalk. Most bicyclists ride on the sidewalk rather than the 

roadway along higher speed roads. Often bicyclists ride against the traffic on sidewalks because 

there are few opportunities to cross the road. Reducing the turning radii can reduce these crashes.  

 

A good treatment set for day crashes at traffic signals is the use of high visibility crosswalk 

markings and the use of a leading pedestrian phase. These treatments can be used along with 

tightening the turning radii. 
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5.2 Countermeasures Recommended for Higher Speed Roads 

5.2.1 Countermeasures Selected for Crosswalks at Traffic Signals 

The countermeasures recommended for crosswalks at signalized intersections include Leading 

Pedestrian Interval (LPI), tightening the turning radius, LED lighting on the existing mast arm, 

and installing high visibility crosswalks. Table 5-1 shows the pictures of the recommended 

countermeasures and their justification. 

 

Table 5-1. Countermeasures recommended for crosswalks at signalized intersections on 

higher speed roads 

Countermeasure Justification/Remarks 

 

Leading Pedestrian Interval (LPI) 

 

 
Source: Saneinejad & Lo (2015) 

 

 

✔ Statewide, 23% of non-motorized 

crashes on high-speed corridors 

involved left or right-turning vehicles. 

✔ LPI may reduce pedestrian crashes by 

13%. 

 

 

Tightening the turning radius 

 

 
Source: FHWA (2013) 

 

 

 

 

✔ Statewide, 13% of Non-motorized 

crashes on high-speed corridors 

involved right-turning vehicles. 

✔ High turning speeds were observed at 

some visited sites.  

✔ May reduce pedestrian crashes by up 

to 59%. 
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Countermeasure Justification/Remarks 

 

LED lighting on the existing mast arm 

 

 
 

 

✔ The lighting of 20 lux may reduce 

nighttime crashes by 20% 

 

 

High Visibility Crosswalks 

 

 
 

Source:Holeywell (2016) 

 

 

✔ High visibility crosswalks may reduce 

pedestrian crashes by 23-48% 

 

 

5.2.2 Countermeasures Selected for Unsignalized Intersections and Midblock Crosswalks 

The countermeasures recommended for unsignalized intersections and midblock crosswalks 

include advanced stop/yield markings and sign, installing rectangular rapid flashing beacon 

(RRFB), installing pedestrian hybrid beacon (PHB), and installing refuge island or raised medians. 

Table 5-2 shows the recommended countermeasures and their justification. 
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Table 5-2. Countermeasures recommended for unsignalized intersections and midblock 

crosswalks on higher speed roads 

Countermeasure Justification/Remarks 

 

Advanced stop/ yield markings and sign 

 

 

 
Source: PEDSAFE 2013 

 

✔ Advanced stop/yield markings and sign 

may reduce pedestrian crashes by 25%  

 

Rectangular rapid flashing beacon 

 

 
Source: Lieswyn & Gregory (2018) 

 

 

✔ RRFB may reduce pedestrian crashes by 

47.4% 

 

Pedestrian hybrid beacon (PHB) 

 

 
Source: Georgia DOT 

 

✔ PHB may reduce pedestrian crashes by 

45.7%  

http://www.pedbikesafe.org/pedsafe/countermeasures_detail.cfm?CM_NUM=13
https://aashtojournal.org/2021/12/17/state-dots-issue-grants-for-active-transportation-projects/
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Countermeasure Justification/Remarks 

 

Refuge island or raised median 

 

 
Source: NACTO 

 

 

✔ Refuge island may reduce pedestrian 

crashes by 31.5%  

 

5.2.3 Corridor Wide Improvements 

The countermeasures recommended for higher speed corridor-wide improvements include 

widening shoulders, adding sidewalks, using solar-powered dynamic feedback signs, and changing 

out existing streetlight to LED light. Table 5-3 shows the recommended countermeasures and their 

justification. 

 

 

 

Table 5-3. Countermeasures recommended for corridor-wide improvements on higher 

speed roads 

Countermeasure Justification/Remarks 

 

Widening Shoulders 

 

 
Source: Small Town and Rural Design Guide  

 

✔ Widening shoulders may reduce bicycle 

crashes up to 18% depending on the 

increased width.  

https://nacto.org/publication/urban-street-design-guide/intersection-design-elements/crosswalks-and-crossings/pedestrian-safety-islands/
https://ruraldesignguide.com/visually-separated/paved-shoulder
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Countermeasure Justification/Remarks 

 

Adding Sidewalks 

 
Source: PEDSAFE 2013 

 

 

✔ Sidewalks may reduce pedestrian crashes 

by 40% 

 

Solar-powered dynamic feedback signs 

 

 
Source: Johnston (2021) 

 

 

✔ Solar-powered dynamic feedback signs 

may reduce pedestrian crashes by 5%  

 

Change out existing streetlight to LED light 

 

 
Source: AGC Lighting (2020) 

 

 

✔ The lighting of 20 lux may reduce 

nighttime crashes by 20% 

 

 

5.2.4 Countermeasures for Transitions from Higher Speed Roads to Lower Speed Roads 

in Rural Communities 

Small rural communities (rural villages and rural cities) are mostly located along a major state or 

county road and hence most of the traffic is just passing through rather than being local traffic. 

http://www.pedbikesafe.org/pedsafe/countermeasures_detail.cfm?CM_NUM=13
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These major state or county roads that go through the small rural communities are usually 

characterized by a high-speed limit which is reduced within the rural communities. Due to this, 

most drivers are likely to continue driving at a higher speed through these communities and 

endanger the safety of non-motorized traffic (FHWA, 2018). Frequently, the transition from the 

rural environment to the urbanized (small rural communities) consists only of the lower posted 

speed limit sign, and this condition is inadequate to encourage appropriate behaviors (Hallmark, 

Hawkins, and Knickerbocker, 2015).  

 

In the crash analysis of this study, clusters of rural low-speed non-motorized crashes were 

identified as high-risk rural low-speed corridors. Out of the identified rural low-speed corridors 

(28 corridors), 96% (27 corridors) were going through small rural communities. Moreover, 80% 

(22 corridors) were connected to a high-speed segment less than 2 miles away. Analysis of the 

non-motorized crashes in the small rural communities showed that on average 14% of the crashes 

on these corridors are KA crashes. Also, about 18% of the crashes on the corridors occur during 

nighttime conditions. This study reasons that most of these crashes could be speed-related due to 

the speed spillover effect. Therefore, effective countermeasures to manage speed in high-speed to 

low-speed transition areas are suggested. Another variable at work in this situation is speed 

adaptation. Data showed that drivers traveling at a higher speed for a prolonged period of time 

underestimate their speed when transitioning to a lower speed limit (Matthews, 1978). Because 

speeding is one of the major causes of crashes (National Safety Council 2020), and because 

speeding is also related to fatal crashes; It is important to explore methods to decrease driver 

speeding when drivers are going through areas that have a speed limit decrease of 24 km/h (15 

mp/h) or higher. Because these areas involve a transition in driving context a clear transition 

element would be expected to assist making drivers aware that they need to reduce their speed.  

One type of gateway approach that could be considered is the use of roundabouts at the entrances 

of the communities along the higher speed road. However, it may be difficult to consistently 

implement roundabouts at the start of speed zones because of cost and availability of right-of-way. 

One inexpensive alternative would be to use speed illusions which would assist the driver to 

perceive they are traveling too fast. Several studies demonstrated the efficacy of using pavement 

markings to produce the illusion of faster speed to reduce speed and a number of studies have 

found a reduction in all crashes with the use of transverse bar pavement marking. It would be 

valuable to determine whether this treatment also decreases pedestrian and bicycle crashes in small 

communities along higher speed roads. Another treatment is the use of a parallelogram-shaped 

pavement markings to reduce vehicle speed.  

 

Another low speed approach which has not been adequately evaluated is installing large speed 

limit signs in a gateway configuration (one sign on the right and one side on the left of a two lane 

road, or one side on the right, one side on the left and one in an island in the middle lane on a three 

lane road.  As part of this research project the WMU team evaluated a three sign gateway approach 

on a four lane road with an island in the middle. Appendix 12 shows the details of this study. 

 

The setting was a segment of Gull Road in the city of Kalamazoo where the speed limit for East 

bound traffic was reduced from 45 mph to 30 mph beyond the signalized intersection with 

Riverview Drive. Gull Road has four travel lanes with two lanes in each direction. A trail 

crossing and a roundabout are beyond the intersection. A Light detection and ranging device 

radar (LiDAR) was used to measure vehicle speeds. All speed measures were taken within a 
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narrow zone measuring 50 ft in length at a location that started 158 feet beyond the first 30 mph 

speed limit sign. The target behavior in this study was the percentage of drivers traveling 6, 9, 

and 12 mph over the speed limit. 

 

Design and Procedure 

 

The design employed in this study was a reversal ABCDEB design. Condition A was baseline, no 

changes were made to the site during this condition, and there was one sign facing incoming traffic 

(the sign was 24 inches wide and 30 inches high). The site had a yellow gore marking on the 

ground as a painted splitter island, but nothing was placed on it. In condition B delineators were 

placed around the splitter island. The splitter island then consisted of delineators around the center 

painted median island. Condition C consisted of a splitter island with delineators and 2 signs (30 

inches wide and 36 inches high) on each side of the road. Each sign faced the same direction, 

which was facing the direction of approaching cars. This was done to create a gateway-like 

structure. Condition D was similar to condition C, however there was a third sign placed in the 

splitter island producing a three-sign gateway effect. Condition E was similar to condition D except 

the signs in this condition were larger than the signs in the previous conditions. The signs in this 

condition measured 36 inches wide and 48 inches high. This design then reversed back to condition 

B condition rather than the A condition because a splitter island with delineators around the turning 

lane was required to create the gatelike structure for this intervention. Therefore, reversing back 

to condition B served as a better benchmark to evaluate the effect of the gateway speed limit signs. 

The three signs were then reintroduced. The full gateway effect is shown in Figure 5-1. 

 

 

Figure 5-1. A photo of the gateway treatment 
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Results 

The percentage of drivers traveling 6 mph, 9 mph and 12 mph over the speed limit are shown in 

Figure 5-2.  Figure 5-2. depicts the speed of drivers during all conditions. The line with triangular 

markers shows the percentage of drivers speeding 6 mph over the limit per session. The line with 

circles markers shows the percentage of drivers speeding 9 mph over the speed limit per session. 

The line with square markers shows the percentage of drivers speeding 12 miles per hour over the 

speed limit per session. The largest reduction in speeding occurred during the three large sign 

gateway condition, speeds increased when the small single sign condition was reintroduced and 

decreased again when the gateway condition was reintroduced.  

 

 

Figure 5-2. Speed of drivers during all conditions 

 

Figure 5-3 shows the speed distribution graphs of baseline (gray bars), splitter island with 

delineators condition and the small speed limit sign (orange bars) and the splitter island with 3 

large signs condition (blue bars). This graph allows for comparison of speed distributions between 

conditions. The use of the large gateway speed signs produced a shift in the speed distribution 

toward lower speeds.  
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Figure 5-3. Speed distribution for gateway treatment 

 

 

The results of this study indicate that this use of gateway speed signs may be an effective way to 

increase speed compliance when the speed limit is reduced.  

 

5.3 The Importance of Combining Compatible Countermeasures to the 

Crash History 

Many of the countermeasures used to reduce pedestrian crashes are designed to be used together 

in order to produce synergistic effects. For example, the use of the RRFB on multilane roads can 

lead to the occurrence of a multiple threat crash. This effect can be reduced by installing advance 

yield markings to reduce the chance of a multiple threat crash. Similarly, advance stop lines should 

be used at PHB locations to reduce multiple threat crashes. If the crashes occur at night an RRFB 

should also be equipped with solar LED lighting that turns on when a pedestrian is detected or 

presses a call button. Another way to reduce multiple threat crashes at RRFB sites is to place an 

RRFB on both sides of a refuge island in addition to the signs placed on both sides of the road. At 

PHB locations LED lighting should also be added if the crashes occur at night.  

 

Other items which can work together are a refuge island with or without crosswalk markings at 

uncontrolled intersections and LED lighting that lights the departure point as well as the path 

across the street. Because LED lighting is more directional than other types of lighting it can be 

better aimed.  

 

At traffic signal locations high visibility markings can be combined with tightening turning radii, 

a leading pedestrian phase and better lighting of the departure points and the crosswalk. One 

inexpensive way to increase lighting at signal locations with mast arms are light bars mounted 

under the mast arm.   
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6 COST-BENEFIT ANALYSIS 

6.1 Introduction 

The cost-benefit analysis was performed to evaluate the cost-effectiveness of selected potential 

countermeasures for higher-speed roads. This chapter entails the data used, procedures, and 

assumptions adopted in the analysis. The benefits considered are from the crash saving while the 

costs were the costs of the countermeasure. 

6.2 Countermeasure Costs 

The cost of the countermeasures included the total initial cost, the annual operation cost, and the 

maintenance cost. Costs of individual countermeasures were obtained from past studies (e.g. 

Bushell et al., 2013) or communications with agencies. Table 6-1 shows the list of potential 

treatments in high-speed locations and their costs. 

 

Table 6-1. Potential countermeasures costs and service life 

Countermeasure Name Total Initial Cost ($) Operational/Maintenance-

Cost ($) 

Service Life 

(Years) 

Leading Pedestrian Interval 

(LPI) 

100 Nil 20 

Tightening Turning Radius 63,700 30 paint curb/yr 20 

Advanced Stop/ Yield 

Markings and Sign 

700 New Markings every 5 

yrs 

5 

Two Rectangular Rapid 

Flashing Beacon with Refuge 

Island and Advanced 

Markings 

62,900 (without 

lighting) 

71,900 (with dynamic 

lighting) 

Battery 100 /3yr, + 41/yr 

for replacement of struck 

units 

12 

Pedestrian Hybrid Beacon 

(PHB/HAWK) 

67,400 $3200/yr 10 

High Visibility Crosswalk 

Markings 

4,000 Renew Markings Every 5 

years 

5 

Refuge Island or Raised 

Median 

12.8/sq foot Replacement of signs 

paint 130/yr 

20 

Adding Sidewalks (5 ft wide-

Asphalt) 

16/foot 0.4/sq foot after 5 years 5 

Adding Sidewalks (5 ft wide-

Concrete) 

27/foot 8/sq foot every 5 years 20 

Use Of Solar Powered 

Dynamic Speed Feedback 

Signs 

3,800 100/3yr battery 

replacement 

10 

Led Crosswalk Lighting on 

Existing Mast Arm 

1,200 200 20 
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6.3 Crash Costs 

Table 6-2 shows the crash costs based on the societal costs of traffic crashes and crime in Michigan. 

When considering total crashes, a high proportion of them are Property Damage Only (PDO) while 

non-motorized crashes have a high proportion of fatal and incapacitating injury crashes. Therefore, 

it was important to recalculate an average crash cost that would be typical for higher-speed 

locations. 

 

Table 6-2. Crash Cost in Michigan -2017 update (Streff and Molnar, 2017) 

Variable 
Traffic Crash 

Casualties 

Proportion out of 

total crashes 
Unit Costs 

K 1,011 0.18 $8,875,391 

A 5,212 0.90 $487,390 

B 17,499 3.03 $134,943 

C 53, 354 9.24 $67,200 

O 500,614 86.66 $4,347 

Average Crash Cost   $38,555 

 

Table 6-3 shows the recalculated average crash cost for different scenarios. Due to differences in 

Countermeasure Name Total Initial Cost ($) Operational/Maintenance-

Cost ($) 

Service Life 

(Years) 

Street Light Pole + Led 

Lighting for Midblock 

Crosswalks 

3,500 200  15 

Change Out Existing Street 

Light to Led Light 

275 200 15 

Solar Powered Dynamic 

Lighting 

10,600 Battery 100 /3yr, + 41/yr 

for replacement of struck 

units 

15 

Widening Shoulders for 

Asphalt 

8/sq foot 3.5/ sq foot every 5 years 5 

Widening Shoulders for 

Concrete 

8/sq foot 8/sq foot every 5 years 20 
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the crash severity distribution between day/night, urban/rural, and intersection/midblock, it was 

important to calculate the average crash cost separately for all these different scenarios. The costs 

were updated to 2023 costs using an inflation rate of 1.22. This was obtained as the ratio of the 

consumer price index for urban consumers of February 2023 to the consumer price index for urban 

consumers of 2017 (300.94/246.5 = 1.22). Table 6-3 shows that crashes are more severe at 

nighttime conditions than daytime, as well as rural crashes are more severe than urban crashes. 

 

Table 6-3. Average non-motorized crash 2023 cost on high-speed locations 

Severity 

Non-

motorized 

Crashes 

By Day/Night By Location Type 

Daytime Nighttime 
Urban 

Intersection 

Urban 

Midblock 

Rural 

Intersection 

Rural 

Midblock 

Yearly 

crashes 

(2023) 

880 534 346 281 338 41 220 

P
ro

p
o

rt
io

n
 b

y
 S

ev
er

it
y
 

K 9.2% 4.4% 16.8% 3.7% 11.0% 7.6% 13.1% 

A 18.9% 15.9% 23.6% 12.5% 20.5% 18.3% 23.7% 

B 31.3% 33.9% 27.2% 34.3% 31.1% 28.6% 27.8% 

C 29.1% 32.3% 24.0% 35.7% 28.2% 28.6% 24.0% 

O 11.5% 13.5% 8.4% 13.7% 9.2% 17.0% 11.5% 

Average 

Crash 

Cost 

(2023) 

$1,188,692 $651,194 $2,022,466 $561,049 $1,384,569 $1,002,232 $1,623,043 

 

6.4 Cost-Benefit Analysis 

The benefits were calculated from the number of crashes reduced using Crash Reduction Factors 

(CRF) obtained from the Crash Modification Factors Clearinghouse and the corresponding crash 

cost analyzed in Section 6.3. The total benefit within the service year of the treatment was 

estimated using the present value formula in Equation 1. 

𝑃𝑉 =
𝐹𝑉

(1 + 𝑖)𝑛
 

Whereby PV is the Present Value, FV is the Future Value, i is the discount rate and n is the year.  
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The service life of the treatment was obtained from the countermeasure service life guide, a FHWA 

safety program by Himes et al., (2021). In this analysis, a discount rate of 2% was adopted 

according to Office of Management and Budget (OMB) Circular A-94, the real discount rate of 

2023. The BCR was calculated as the ratio of total benefits to total cost within the service life of 

the treatment.  

 

The benefits of selected countermeasures are proportional to the number of crashes. To compare 

with individual countermeasures with the same ground, Table 6-4 is the summary of the cost-

benefit ratio of crash savings to countermeasure costs based on 0.1 non-motorized crashes per year. 

For countermeasures specifically impacting the total number of crashes including vehicle crashes 

or nighttime crashes, 17 crashes per year (for countermeasures reducing the total crashes) and 1 

nighttime crash per year (for countermeasures reducing the nighttime crashes) were applied, 

considering the proportional characteristics.  For the LPI, the traffic delay cost was included in the 

BCR calculation. Also, the table presents the annual number of crashes required to realize the BCR 

of 1.0. 

 

 

Table 6-4. Summary of Cost-Benefit Analysis 

  

  Treatment 
CRF 

(%) 

Yearly 

number 

of crashes 

BCR 

Yearly 

number of 

crashes to 

achieve a 

BCR of 1 

1 
Advanced stop/yield markings and sign 25 0.1 176.4 0.001 

2 Solar Powered Dynamic Speed Feedback 

Sign 5 17* 136.5 0.15* 

3 
Refuge Island (small refuge island) 31.5 0.1 72.7 0.002 

4 LED crosswalk lighting on an existing mast 

arm 20 1** 66.8 0.02** 

5 
Street light pole to LED lighting 20 1** 63.8 0.02** 

6 
Street light pole and LED lighting 20 1** 32.2 0.04** 

7 
High visibility crosswalks 23 0.1 28 0.004 

8 
Adding sidewalks (asphalt-1 mile, 5ft wide) 40 0.1 2.37 0.02 

9 
Tightening the curb radius (20ft to 10ft) 15 0.1 2.14 0.05 

10 Widening shoulders (asphalt from 3ft to 5ft, 

1 mile) 7.6 0.1 1.44 0.1 

11 Pedestrian Hybrid Beacon (PHB) with LED 

lighting 57 0.1 0.6 0.2 

12 
Pedestrian Hybrid Beacon (PHB) 45.7 0.1 0.5 0.25 
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  Treatment 
CRF 

(%) 

Yearly 

number 

of crashes 

BCR 

Yearly 

number of 

crashes to 

achieve a 

BCR of 1 

13 
LPI (considered delay costs) 13 0.1 0.16 0.7 

*Total crashes, ** Nighttime crashes, otherwise non-motorized crashes 

6.5 Analysis Tool Development 

While the result in Section 6.4 presents BCRs for each countermeasure, actual BCR depends on 

the number of non-motorized crashes at each site. To help analyze the BCR at a site, a spreadsheet 

program was developed. The tool is based on four location types: Urban Intersection, Rural 

Intersection, Urban Midblock, and Rural Midblock. Intersections are also classified into two types 

(signalized and unsignalized), and midblock is differentiated whether it is a crosswalk or not. 

 

As input data, the tool requires yearly non-motorized crash data by severity and day/night as shown 

in Table 6-5. Due to randomness of crash occurrence, it is desired to use five-year average values. 

 

Table 6-5. Non-motorized crash data input 

Non-motorized Crash Data (in a year) Day Night Total 

K 0 0 0 

A 0 0 0 

B 0 0 0 

C 0 0 0 

O 0 0 0 

TOTAL 0 0 0 

 

Once the crash data input is completed, the tool allows the user to choose applicable 

countermeasures for consideration and further feasibility and automatically provides the cost-

benefit analysis result along with corresponding cost data as shown in Figure 6-1.  
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Figure 6-1. Example application of the cost-benefit analysis tool 

6.6 Case Example 

As a case example, the 28th Street in Grand Rapids was chosen. The speed limit of the corridor is 

45 mph with six crashes during the past 12 years. Out of the six crashes, four crashes occurred 

during nighttime. The site is characterized as below: 

● Speed: 45 mph,  

● AADT= 25K, 

● Land use: Commercial, 

● Non-motorized Crash Rate = 1.67 crashes/yr, 

● Corridor Length = 0.8 mile,  

● 1-2 Buffered sidewalks, 

● Undivided Road,  

● Number of lanes = 5 lanes with TWLTL. 
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Figure 6-2. Case Study Site (28th Street, Grand Rapids, MI) 

 

As shown in Figure 6-2, there were fatal crashes during nighttime at the midblock of 28th Street. 

Unavailability of crosswalk and the lack of lightings were identified as the main causes of 

crashes. Accordingly, there is a need to provide a crosswalk with better lighting conditions. 

Table 6-6. includes applicable countermeasures as well as their costs. 

   

Table 6-6. Applicable countermeasures and cost 

Countermeasures Cost 

Extended sidewalk (350 ft) 

Refuge island & 

Maintenance cost 

$31.44/ft 

$12.84/sq. ft 

$130/year 

High visibility crosswalk & 

2 Pedestrian signs 

$4,000 

$600 

LED lights on streetlight poles $3,500 

2 RRFB with dynamic lighting $56,200 

 
Combining applicable countermeasures, four alternatives were developed in the order of 

comprehensiveness. Proposed alternatives are expected reduce crashes from 45% to 78%, 

respectively, and their BCRs range from 112.4 to 324.8 as summarized in Table 6-7. 
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Table 6-7. Alternative analysis result 

Alternatives 

Countermeasures 
Total 

Installation 

Cost ($) 

Annual 

Operation 

Cost ($) 

Total 

Crash 

Reduction 

(%) 

BCR 

1 Refuge island & LED 

Lighting 

34,300 130 45.2 324.8 

2 Extended sidewalk (350 ft) 

Refuge island, and high 

visibility crosswalk 

45,800 130 47.0 246.7 

3 Alt 2 + LED lights on 

streetlight poles 

49,300 130 58.0 230.0 

4 Alt 2 + RRFB with dynamic 

lighting 

87,500 200 78.0 130.4 
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7 CONCLUSIONS AND RECOMMENDATIONS 

This study examined crashes that occurred along higher speed roads. Many fatal or incapacitating 

(K&A) pedestrian and bicycle crashes in Michigan have occurred on higher speed corridors with 

a speed limit of 45 mph or higher and 70% of these occurred at night. A review of the literature on 

pedestrian and bicycle crash countermeasures identified potential countermeasures that could be 

used on Michigan’s higher speed roads. The research team relied heavily on the revised star rating 

for each of the Crash Reduction Factors (CRF) for potential countermeasures, and because of the 

relationship between crash severity and night crashes also focused on lighting countermeasures.   

 

A detailed analysis of statewide crash data recorded between 2009 and the end of 2020 were 

analyzed by severity, area type (rural vs urban), lighting conditions, and location of crash 

(intersection vs midblock). Pedestrian crashes and bicycle crashes were analyzed separately. Non-

motorized crashes were grouped into low-speed crashes (less or equal to 40 mph) and high-speed 

crashes (greater or equal to 45 mph and less or equal to 65 mph). Most crashes along higher speed 

roads occurred in clusters along corridors where these roads transitioned through urban and 

suburban locations. Rural crash locations were more randomly distributed and when they occurred 

in clusters, they occurred along higher speed roads where they transitioned to a lower speed as 

they traversed smaller towns, villages, and cities.  

 

The site visits allowed the research team to determine factors related to each crash and the types 

of countermeasures that would likely be effective. If most crashes occurred at night the team visited 

the crash sites measured lighting levels using a Konica Minolta T-10A Illuminance Meter. Federal 

Highway studies indicate that 25 Lux is a good level of illumination to see a pedestrian crossing 

at night. Based on the crash diagram and narrative the light level reading was taken at the 

approximate vicinity of each crash.  

 

One very important finding was that there was poor corridor lighting along all but one of the high 

crash corridors. One surprising finding was the low level of lighting (essentially dark) at many of 

the night crash sites classified as lighted. Visiting these sites also allowed the team to view 

pedestrians and bicyclists and observe their behavior. At many of the sites with poor lighting 

pedestrians and bicyclists appeared as shadowy figures. In many cases the police report would 

mention the driver stating they did not see the pedestrian. Regardless of potential right-of-way 

issues these crashes would have been less likely during the day because the driver in many cases 

would have seen the pedestrian in time to avoid a crash.  

 

Another interesting finding was that wide turning radii often contributed both to pedestrian and 

bicycle crashes at crosswalks particularly at night. Reducing the turning radii could help reduce 

crashes in crosswalks but may need to use roll over curb to facilitate trucks turning right at these 

locations.  

 

Another value of site visits was it enabled us to recommend countermeasures for each site. This 

enables the research team to narrow down the number of countermeasures that were most useful 

for pedestrian and bicycle crashes on higher speed roads.  Countermeasures most useful for crashes 

at traffic signal locations included: LED light bars installed under mast arms, LED luminaires 
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installed and aimed toward the crosswalk and entry locations at traffic signal sites with span wires; 

tightening the turning radii; installation of high visibility crosswalk markings; and adding a leading 

pedestrian interval. Countermeasures most useful at unsignalized intersections and midblock 

crosswalks included: Installation of a PHB or RRFB along with advance stop or yield markings; 

and refuge or median islands. If an RRFB is installed adding dynamic crosswalk lighting is also 

recommended. Countermeasures most useful for corridor wide improvements included: Adding 

sidewalks, solar powered dynamic feedback signs; widening shoulders; and changing out legacy 

street lighting to LED street lighting. MDOT may be able to change out lighting at all crosswalk 

or intersection locations as a crosswalk treatment.  
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9 APPENDICES 

9.1 Photos of Sample Crosswalk Treatments 

 

(a) Signalized Intersection Improvements 

Advanced Stop Line 

 
Source: Ulster County Transportation Council 

Safe Routes to School (SRTS) Toolbox 
 

Flashing Yellow Arrow  

 
        Source: LMCS Staff Report (2022) 

Countdown Signals 

 
Source: Oh et al., (2018) 

Turning Vehicles Yield to Pedestrian 

 
  Source: Pécheux, Bauer and Mcleod (2009) 

Exclusive Left Turn 

 
Source: Spector (2012) 

Right-turn Slip Lanes 

 
Source: Delaware Valley Regional Planning 

Commission (2019) 

Prohibited Left Turns 

 
       Source: MDOT (2022) 

Bicycle Signal Detection 

 
           Source: NACTO 

https://www.uctcsrts.com/intersections.html
https://www.uctcsrts.com/intersections.html
https://nacto.org/publication/urban-bikeway-design-guide/bicycle-signals/signal-detection-and-actuation/
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Bicycle Signal 

 
              Source: BIKESAFE 2014 

Prohibited or Restricted Right Turn 

 
       Source: PEDSAFE 2013 

Combined Bike/Turn Lanes 

 
         Source: NACTO 

Midblock Signals 

 
Source: Waka Kotahi NZ Transport Agency 

Exclusive Pedestrian Phase 

 
      Source: Flickr 

 

 

(b) Unsignalized Improvements 

High Visibility Crosswalk Signage 

 
 

  R1-6 In-street Pedestrian Sign 

 
Source: Newschannel (2019) 

http://www.pedbikesafe.org/bikesafe/countermeasures_detail.cfm?CM_NUM=55
http://www.pedbikesafe.org/pedsafe/countermeasures_detail.cfm?CM_NUM=49
https://nacto.org/publication/urban-bikeway-design-guide/intersection-treatments/combined-bike-laneturn-lane/#design
https://nzta.govt.nz/walking-cycling-and-public-transport/walking/walking-standards-and-guidelines/pedestrian-network-guidance/design/crossings/priority-crossings/signalised-crossings/
https://flickr.com/photos/125983633@N03/49367160502
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Enforcement of Pedestrian Right of Way 

Laws 

 
Source: Newschannel (2019) 

Enforcement of 5- or 3-Foot Bicycle Passing 

Laws 

 
Source: Blomberg et al., (2022) 

 

(c) Corridor Improvements 

Raised Median 

 
Source: FHWA (2008) 

 Increasing Lane Width 

 
Source: PEDSAFE 2013 

Curb Extension 

 
Source: Minnesota DOT 

Buffered Bike Lanes 

 
Source: NACTO 

Intersection Bicycle crossing 

 
Source: NACTO 

Cycle Tracks 

 
Source: NACTO 

http://www.pedbikesafe.org/pedsafe/countermeasures_detail.cfm?CM_NUM=1
https://aashtojournal.org/2021/07/23/minnesota-dot-launches-statewide-pedestrian-safety-campaign/
https://nacto.org/publication/urban-bikeway-design-guide/bike-lanes/buffered-bike-lanes/
https://nacto.org/publication/urban-bikeway-design-guide/intersection-treatments/intersection-crossing-markings/
https://nacto.org/case-study/market-street-protected-buffered-bicycle-lane-san-francisco-ca/
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Bike Lanes 

 
Source: NACTO 

Shared Use Path 

 
Source: WSDOT (2022) 

 

(d)  Corridor Wide Speed Control 

Altering progression along high-crash 

suburban corridors 

 
 

Source: Li and Ban (2020) 

High Visibility Corridor Speed Enforcement 

 
 

Source: Houten et al., (2013) 

Use of R2-3P Night Speed Limit Sign 

 
Source: Flickr 

Road Diets 

 
Source: FHWA (2015) 

 

 

 

 

 

 

 

 

 

 

https://nacto.org/publication/urban-bikeway-design-guide/bike-lanes/conventional-bike-lanes/
https://www.flickr.com/photos/mwichary/2346231451
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(e) Speed Control in Transition Zones 

Gateway Effect with Speed Limit Signs 

 

 

Gateway Use of R1-6 In-street Pedestrian Sign 

 

 

Source: Bennett (2013) 

Use of Pavement Patterns 

 
Source: Guo et al. (2016) 

Roundabouts 

 
Source: FHWA (2022) 
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9.2 Michigan Guidelines for Installing Pedestrian Crosswalks on State 

Trunklines 

 
Pedestrian Crossing Treatment Flow Chart for Uncontrolled Crossing 

 

 
Criteria for types of crossing treatments at uncontrolled locations  
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9.3 Recommended treatment of shared-use path and roadway intersection 

for Indiana 
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9.4 Uncontrolled Crossing Countermeasure Evaluation Table for Ohio 
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9.5 Summary of Recommended Minimum Treatments at Uncontrolled 

Pedestrian Crossings in Illinois 
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9.6 Crosswalk Installation Guidelines Flow Chart for Minnesota 
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9.7 Treatment Plan for Uncontrolled Locations with 40-45 Posted Speed 

Limit in New York 
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9.8 High-risk Corridors on Urban Higher Speed Roads 
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9.9 High-risk Corridors on Rural Higher-Speed Roads 
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9.10 High-risk Corridors on Urban Lower-Speed Roads 
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9.11 High-risk Corridors on Rural Lower-Speed Roads 
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9.12 A Study on Use of Gateway to Reducing Speeding on Higher Speed Roads Entering Slower Speed Small 

Rural Communities  

Alhomaidat et al. (2020) investigated the effects of increased speed limit at freeways in relation to crashes. The authors found that 

increasing the freeway speed limit increased crashes at the freeway by 11.5%. The increased speed limit also influenced crashes on 

nearby roads; crashes on nearby roads increased by 13.9% and 13.4%.  This study demonstrates that drivers that are traveling at high 

speeds are more likely to speed when entering nearby roads with lower speed limits, and that speeding is the likely cause of crashes. 

One potential explanation for this effect is speed adaptation. Data showed that drivers traveling at a higher speed for a prolonged period 

overestimate their speed when transitioning to a lower speed limit (Matthews, 1978). Casey and Lund (1978) showed that this effect can 

be attenuated if the person is required to slow down or stop prior to entering an area with a new speed limit. Traveling through a 

roundabout or stopping for a traffic signal are examples of this type of effect.  

 

Because speeding is one of the major causes of crashes (National Safety Council 2020), and because speeding is also related to fatal 

crashes; It is important to explore methods to decrease driver speeding when drivers are going through areas that have a speed limit 

decrease of 24 km/h (15 mp/h) or higher. Analysis of high pedestrian/bicycle crash corridors in rural areas revealed that almost all high 

crash corridors occurred in locations where the speed limit was reduced for a village, town or small city. Although these data alone do 

not confirm that speed is a major issue in these corridors, the presence of K&A crashes does support this hypothesis to some degree. 

One type of gateway approach that could be considered is the use of roundabouts at the entrances of the communities along the higher 

speed road. However, this may be difficult to consistently implement One inexpensive alternative would be to use a gateway of larger 

speed limit signs at the start of the lower speed zone.  

 

In one study researchers found that the R1-6 in street pedestrian sign placed in a gateway configuration with multiple signs reduced 

vehicle speed (Van Houten, Hochmuth, & McQuisten, 2018).  Many jurisdictions in Michigan have used multiple stop signs in a similar 

gateway configuration, one on each side of the road facing oncoming drivers, and some have used a similar configuration of speed limit 

signs to reduce speed at road construction sites. One way to reduce speeding may be the use of a gateway configuration of speed limit 

signs at the start of the lower speed corridor. A three-sign could be easily set up on a three lane road by placing a small island on the 

middle lane. On a two-lane road a three sign configuration could be constructed by a small deflection separating the two lanes in order 

to construct such an island. In the following experiment, the WMU team examined the use of a gateway speed limit sign configuration 

where drivers on a higher speed road entered a lower speed more urban environment.  
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Method 

 

Settings and Participants 

The setting was a segment of Gull Road in the city of Kalamazoo where the speed limit for East bound traffic was reduced from 45 mph 

to 30 mph. The 30 mph speed limit sign is located 342 ft beyond the signalized intersection with Riverview Drive. Gull road has four 

travel lanes with two lanes in each direction. A trail crossing and a roundabout are beyond the intersection. Each travel lane is 10 ft 

wide. At the point where the speed is reduced to 30 mph there is a short painted median island marked with painted yellow gore stripe 

markings. At a location 1270 ft downstream from the speed limit reduction location is a trail crossing, and at the end of the road (1900 

ft away from the speed limit sign) is a roundabout. Participants were any drivers that entered the 30 mph speed limit zone. 

 

Materials 

 

A Light detection and ranging device radar (LiDAR) model ultra lyte LTI 20 – 20 made by Laser Tech INC was used to measure vehicle 

speeds. All speed measures were taken within a narrow zone measuring 50 ft in length at a location that started 158 feet beyond the first 

30 mph speed limit sign. The LiDAR was secured to a tripod to stabilize it. Measurements were made by the researcher wearing a yellow 

safety helmet and a reflective vest like those worn by surveyors to reduce driver reactivity.  

 

A data sheet was used to record the number of cars, and the speed of each vehicle. The sheet also had a space to record the date, the start 

of a session and end time, and the condition in effect. Speed limit signs were used to construct each of the treatment conditions. The 

signs were constructed using white diamond grade retroreflective sheeting with black letters and numbers. This type of sheeting is highly 

reflective during day and nighttime conditions. The posts used metal and were not covered with the same diamond grade retroreflective 

sheeting used for the signs. The signs had two different sizes, the smaller sign was 36 inches high and 30 inches wide and the larger size 

was 48 inches high and 36 inches wide. Plastic flexible delineators marked the splitter island and were placed in the beginning of the 

painted yellow gore area marking around the middle sign.  

 

Target Behavior 

The target behavior in this study was driver speed in mph, measured with the LiDAR device. Speeds were divided into three categories, 

the percentage of drivers traveling 6 mph over the limit, 9 mph over the limit, and 12 mph over the limit. The formula that was used to 

calculate the percentage of vehicles traveling over these three speed categories calculated by dividing the number of cars traveling over 

each category by 200 (the size of each daily speed sample) and multiplying the result by 100.  
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Data Collection 

The speed of each vehicle was obtained using the Lidar and was written down on a data sheet (appendix A). Cars were tagged using the 

lidar when driving through the measurement zone. The measurement zone was a 50 ft zone that all drivers passed through when driving 

down the experimental road. The researchers obtained the speed of each car when it was within the measurement zone. Speeds were not 

recorded for cars outside of the measurement zone. Use of this measurement zone allowed the drivers that had stopped at the light time 

to resume their selected speed. Therefore, any speeds obtained within the measurement zone were a result of driver speed and not 

confounded by drivers yielding or slowing down at the traffic light. Each session consisted of 200 car speeds obtained within the 

measurement zone.The position of the observer and the measurement zone were identified based on objects in the environment. The 

observer stood 700 feet away from the intersection. This allowed the observer to collect data at the same exact point during each session. 

The middle of the measurement zone was identified by a green box on the side of the road. The observer identified the beginning and 

the end of the measurement zone based on the light poles that were before and after the green box.  

 

IOA 

A second observer collected exact IOA on driver speed in mph by reading the driver speed in mph through the Lidar and writing it down 

on their own data sheet independently. IOA was collected for 33% of sessions. The driver speeds were then compared between data 

sheets, each car number had the same driver speed written next to it. Otherwise, it counted as a disagreement. IOA was calculated as the 

number of agreements/number of agreements + number of disagreements * 100. 

 

Measurement Integrity 

Procedural Integrity was collected on whether data were obtained on driver speed within the measurement zone. Whenever the primary 

observer captures any speed using the Lidar, the Lidar made a beeping noise. Based on when the beeping noise occurs, the secondary 

observer would then mark on their own data sheet if the driver's speed was obtained within the measurement zone. Procedural integrity 

was calculated by the number of cars that both observers judged to be in the measurement zone divided by the number of time they both 

judged the vehicle to be in the measurement zone plus the number of times the second observe disagreed the vehicle was in the 

measurement zone multiplied by 100. 

 

Design and Procedure 

 

The design employed in this study was a reversal ABCDEBE design. Condition A was baseline, no changes were made to the site during 

this condition, and there was one sign facing incoming traffic (the sign was 24 inches wide and 30 inches high). The site had a yellow 

gore marking on the ground as a painted splitter island, but nothing was placed on it. In condition B delineators were placed around the 

splitter island. The delineators were placed where the yellow line splits into two lines (and is placed around 150 ft up the painted median 

island). Condition C consisted of a splitter island with delineators and 2 signs (36 inches high and 30 inches wide) on each side of the 
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road. Each sign faced the direction of approaching cars. This was done to create a gateway-like structure. Condition D was similar to 

condition C, however there was a third sign placed in the splitter island facing approaching vehicles. This sign also faced the direction 

of travel where cars were driving from the intersection into the experimental road and produced a three-sign gateway effect. Condition 

E was similar to condition D except the signs in this condition were larger than the signs in the previous conditions, the signs in this 

condition measured 48 inches high and 36 inches wide. This design then reversed back to condition B condition rather than the A 

condition because a splitter island with delineators around the turning lane was required to create the gatelike structure for this 

intervention. Therefore, reversing back to condition B served as a better benchmark to evaluate the effect of the gateway speed limit 

signs. The reintroduction of the signs produced a reduction in speed serving as a final replication of the effect. Figure 1 shows a photo 

of the three sign condition. 

 

 
 

Figure 1. Photo of the three large sign condition 
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Results 

 

The percentage of drivers traveling 6 mph, 9 mph and 12 mph over the speed limit during each condition is shown in Figure 2. The line 

with triangular markers shows the percentage of drivers speeding 6 mph over the limit per session. The line with circles markers shows 

shows the percentage of drivers speeding 9 mph over the speed limit per session. The line with square markers shows the percentage of 

drivers speeding 12 mph over the speed limit per session.  

 

During baseline (A), 70% of drivers were at least 6 mph over the limit, 44% of drivers drove 9 mph over the limit, and 20% of drivers 

drove 12 mph over the speed limit. During the splitter island condition (B), 67% of drivers were 6 mph over the speed limit, 39% of 

drivers were 9 mph over the limit, and 19% of drivers were 12 mph over the limit. During the splitter island and two signs condition 

(C), 67% of drivers were 6 mph over the limit, 40% of drivers were 9 mph over the speed limit, and 18% of drivers were 12 mph over 

the speed limit. During the splitter island with three signs condition (D), 62% of drivers were 6 mph over the limit, 32% were 9 mph 

over the limit, and 13% were 12 mph over the speed limit. During the splitter island with three large signs condition (E), 53% of drivers 

were 6 mph over the speed limit, 28% of cars were 9 mph over the speed limit, and 12% of cars were 12 mph over the speed limit. When 

the treatment was reversed to splitter island only (B) 62% of drivers were 6 mph over the speed limit, 37% of drivers were 9 mph over 

the speed limit, and 18% of drivers were 12 mph over the speed limit. Reintroduction of the three signs reduced speeding to previous 

treatment levels. 
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Figure 2. The percentage of drivers traveling over each of the three speed categories during each observational session. 

 

Figure 3 shows the average speed distribution across three conditions: splitter Island without delineators gray markings, the splitter 

island with delineators (orange markings), and splitter island with three signs measuring 48 high and 36 wide (blue markings). The 

splitter island with 3 large signs condition showed the largest reduction in average driver speed followed by splitter island with 

delineators. It is clear from the graph that the gateway sign condition shifted the speed distribution toward slower speeds. 

 

 
 

Figure 3. The distribution of driver speeds for the baseline, splitter island and 3 large signs conditions. 

 

IOA 

Two Independent observers collected IOA data for 33% of sessions. Agreement for both observers ranged between 98% and 100% and 

averaged 99. 

 

Procedural Integrity  

Two Independent observers collected procedural integrity data for approximately 33% of sessions. Procedural integrity for both 

observers ranged from 97% to 100% and averaged 99%.  

 

Discussion 
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The purpose of this study was to systematically investigate the effectiveness of a gateway like structure to decrease driver speeding. 

Splitter Island with 3 large signs (36x48 inches) had the greatest effect in reducing driver speed. Splitter Island with 3 smaller signs 

(36x30 inches) showed the second greatest effect in decreasing driver speed. The splitter island alone with flexible delineators on it had 

a smaller effect, however adding two signs on each side of the road did not decrease driver speeding in comparison to the splitter island 

alone condition. Looking at the distribution of speeds, the average driver speed decreased the most during the splitter island with 3 large 

signs condition. The decrease in driver speeding and the decrease in average speed during the splitter island with 3 large signs condition 

may decrease the likelihood of crashes. The gatelike structure decreasing driver speeding supports the findings of Van Houten et al. 

(2018). It seems that the use of speed limit signs is an effective prompt, and putting larger signs in a gateway like structure is a better 

prompt than the use of only one small sign (36x30) on each side of the road. 

 

There are multiple limitations to note; first we were not able to get long term follow-up study. However, data collection is ongoing and 

should reveal whether the effects persist. Another limitation is that the location of the speeding reduction does not have a large contextual 

change which would serve as a Motivating Operation to reduce driver speed. An example of an MO to decrease driver speeding would 

be a trail or consistent foot traffic of some sort. While there is a trail at the end of the experimental road, that walking trail has been 

closed for the duration of the study for renovation, and hence was not available to serve as a Motivating Operation to slow drivers down. 

We think replicating this study in a site where there is a greater context change that could serve as an MO would yield greater level 

changes than those produced in this study.  

 

Because speeding is related to vehicle crashes (National Highway Traffic Safety Administration 2020) placing three large signs (36x48 

inches) with a splitter island in the middle is likely to decrease speeding and the average speed of traffic in and therefore likely to 

decrease the likelihood of crashes. One advantage of the gateway sign condition is its low installation and maintenance costs. Another 

advantage is the long-life span of this treatment.  
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