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CHAPTER 1. INTRODUCTION 

The United States lacks significant guidance related to roadway design and roadside safety 

construction techniques when the objective is to decrease the likelihood of roadway departures 

for motorcyclists. Available guidelines for this purpose are needed and would likely be 

referenced in the state department of transportation (DOT) roadway design manuals to provide 

an understanding of which roadway and roadside elements should be considered when 

accounting for motorcycle safety in roadway design. While the need for such information and 

guidelines is immediate, the underlying data may not be readily available. 

The purpose of this project was to provide a comprehensive overview of existing guidelines 

related to roadway design and roadside safety construction techniques accounting for motorcycle 

safety. In addition, this research aimed to complete a preliminary assessment of existing 

accessible crash databases and other available information to help create a plan for future crash 

data analysis to support the development of new guidance. Such guidance can be utilized to 

address motorcycle safety in roadway and roadside design at locations with high incidence of 

motorcycle roadside departure crashes. 

The initial phase of this project consisted of three tasks—a comprehensive literature review of 

national and international practices, a stakeholder/DOT survey and interviews, and existing crash 

and roadway inventory data collection and related investigation—as described in Chapters 2–4 of 

this report, respectively. After exploring the collected data, researchers selected states for 

inclusion in the safety effectiveness evaluation study that is anticipated for Phase II of the 

project. 
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CHAPTER 2. LITERATURE REVIEW 

INTRODUCTION 

Roadside safety systems have been developed and designed to redirect errant vehicles and shield 

motorists from roadside hazards. However, the roadside safety efforts have focused on roadway 

vehicles other than motorcycles. Even the American Association of State Highway and 

Transportation Officials (AASHTO) Manual for Assessing Safety Hardware (MASH) standard 

does not include crash test criteria for motorcyclists’ safety by barrier design. According to a 

study by Nichol (2012), the percentage of motorcyclist fatalities account for a significant number 

of the total fatalities, even though the number of motorcyclists is very low. Motorcycle riders are 

much more vulnerable than ordinary vehicle occupants in practice, and the demand for state 

DOTs to develop roadway safety systems for motorcycle riders can no longer be ignored. 

OBJECTIVES 

State DOTs have taken independent action toward incorporating motorcycle safety into barrier 

systems. However, the effectiveness of individual actions has been inadequate. Therefore, there 

has been a request to identify, develop, and evaluate motorcycle-friendly solutions through 

uniform and scientifically supported methods that can be adopted and implemented by interested 

state DOTs. 

The objective of this literature review was to investigate roadway design methods and 

motorcycle safety systems devised to decrease the likelihood of roadway departures for 

motorcyclists at locations with high motorcycle usage or high incidence of motorcycle roadside 

departure crashes, such as shoulder width, clear zone, delineation, rubrail, and so forth. 

METHODOLOGY 

The research team examined relative studies from four different databases: Google Scholar, 

MEDLINE, Web of Science, and TRID. The following search keywords were used: motorcycle, 

motorcyclist, crash, accident, safety, impact, crashworthiness, countermeasure, treatment, crash 

modification factors (CMFs), safety evaluations, safety effectiveness, roadway design, median, 

shoulder, roadside barriers, rubrail, and guardrail. 

Other criteria for the selected studies were for papers (a) written in English, (b) peer-reviewed, 

(c) published after 2000, and (d) published in both national and international journals to embrace 

a wide range of studies. Among 450 studies collected, around 40 studies were identified as 

meeting the project scope after eliminating overlapping and unrelated studies. 

RESULTS 

This literature review investigated the best state and international practices for reducing roadway 

departures of motorcycles, as well as roadway design and roadside safety construction 

techniques that will increase the likelihood of the recovery of motorcyclists prior to impacting 

obstructions or roadside safety hardware. The findings can be categorized into three groups: 

roadway design element, roadway maintenance, and roadway safety systems. A summary of the 

literature review is presented in Table 1. 
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Table 1. Roadway Design and Safety Factors to Improve Motorcycle Safety. 

Factors Elements Recommendation 

Roadway 

Design 

Element 

Horizontal Curve 
Increase the radius and the length of a horizontal curve 

to provide enhanced visibility 

Intersection 

▪ Install an auxiliary lane (particularly exclusive 

right-turn lanes) at locations where motorcycle 

volume is higher 

▪ Implement advance stop lines for motorcycles at 

signalized intersections 

▪ Implement roundabouts 

Shoulders 

Widen the shoulder width in a manner consistent with 

the road purpose (e.g., wider for freeways, narrower 

for two-lane highways) 

Clear Zones 

Decrease roadside features (trees, barriers, or other 

fixed objects) and widen clear zones with particular 

attention to the outside of the curve 

Road Alignment 

▪ Minimize adverse camber that is especially 

hazardous to a motorcycle 

▪ Reduce flat road surfaces, which can lead to poor 

drainage and the potential for aquaplaning 

Roadside Furniture 
Avoid posts and signs close to the roadway on the 

curve that are a hazard to motorcyclists 

Road Surface Furniture 
Minimize the use of raised pavement markings causing 

instability of motorcycle 

Roadway 

Maintenance 

Road Surface 

Ensure roadways have a uniform and predictable 

surface friction and minimum levels of friction, 

especially on curves 

Skid Resistance Maintain smooth driving surfaces 

Smoothness of Road Surface 

▪ Eliminate potholes and fissures 

▪ Remove debris, pollution, and fallen loads/spillage 

on the road surface 

▪ Flush maintenance hole covers with surface 

Roadway 

Safety 

System 

Lower Motorcycle Barrier 

Connect to existing W-beam barriers below the beam 

level to prevent motorcyclists from impacting with 

barrier posts 

Post Protector 

Reduce the injury potential of barrier posts in the event 

of motorcycle impact by adding padded foam 

enclosing the barrier post 

Sigma Post 

Install system on guardrail posts, which is more 

compliant and less harmful to motorcyclists since the 

system has a large, thin-walled, sigma-shaped cross 

section with rounded edges 

Rumble Strips 

Install on edge line or center line as a safety 

countermeasure to reduce or prevent lane departure 

crashes through providing a vibrotactile and audible 

warning to inattentive motorists 

Delineation, Signing, and 

Lighting 

Provide guidance on the alignment of the road ahead 

so the vehicle can be kept in its lane (short-range 

delineation) and the forward route-driving task can be 

planned (long-range delineation) 
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Roadway Design Element 

Horizontal Curves 

Many locations where motorcycle crashes frequently occur are associated with physical road 

characteristics such as horizontal curves, intersections, or cross-sectional features. A naturalistic 

study by Williams et al. (2008) investigated risk factors that have an impact on motorcyclist 

crashes. They found that crash risks associated with horizontal curve locations increase when 

exaggerated speeds are identified (by a factor of 45 percent). The same study further discovered 

that motorcyclists traversing a horizontal curve to the right are twice as likely to crash as 

motorcyclists going straight. Other issues commonly observed at horizontal curves include the 

motorcycle traversing the curve too wide or crossing into the oncoming lane. Also, short 

horizontal curves with a small radius raise the likelihood of motorcycle crashes. Therefore, 

increased horizontal curve radius and length are recommended to enhance the visibility of 

motorcyclists and thus reduce the likelihood of motorcycle accidents. 

Intersections 

Securing visibility between vehicles is essential for all road users at intersections, but it is even 

more crucial for motorcycles because they are not as conspicuous as other vehicles and may take 

longer to brake. A typical problem for motorcyclists is piled-up gravel or other road-marking 

material that can occur in turning paths. If the color of the piled-up material is not 

distinguishable from the sealed pavement, it may not be visible in advance. In rural areas, islands 

are barely illuminated. Since a motorcycle’s headlights often have limited effectiveness, warning 

and delineation of these islands is more critical. Some traffic signal detector loops do not 

adequately detect motorcycles because of their smaller mass, and this can lead to undesirable 

responses by motorcyclists when they realize they have not been detected. 

Cross-Section Design and Operational Characteristics 

Shoulders 

The presence and condition of shoulders influence motorcyclists’ safety. A lack of shoulders 

does not offer a motorcyclist enough space to take an evasive riding action if necessary (Brown 

et al., 2015). A stalled motorcyclist on a road path without a shoulder or with only a narrow 

shoulder is especially vulnerable to moving traffic on the adjacent lane. A wide shoulder 

provides an errant motorcyclist recovery space before impacting a fixed roadside object (Potts et 

al., 2011). 

Clear Zones 

Providing an area without roadside hazards is essential to motorcyclists since many motorcycle 

crashes result in the motorcyclist leaving the road (Hoong, 2007). Research recommends 

providing motorcyclists with enough clear area to minimize any negative effects from errant 

motorcycle crashes (Savage, 2012; Veith and Arndt, 2009). 
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Road Alignment 

Adverse camber is uniquely dangerous to a motorcycle. Any uneven road surface or ununiform 

pavement friction around the curve can be hazardous to a motorcycle as well. Similarly, 

compound curves, where the radius of the curve changes at a point around the curve, should be 

avoided. In addition, flat road surfaces can result in poor drainage and the potential for 

aquaplaning. Making the alignment and layout of the road obvious and consistent with no 

surprises is important for motorcycle safety. 

Roadside Furniture 

Figure 1 shows traffic posts installed near a roadway curve. Traffic posts and signs close to the 

roadway on the inside of curves are particularly hazardous to motorcyclists because they must 

lean into the curve. Conversely, the likelihood of hitting poles is greater at the outside of curves 

and in the space between two diverging traffic streams. Poles in these areas should be avoided. 

 
Figure 1. Signed Post Near Curve (Nichol, 2012). 

Roadway Maintenance 

Road Surface 

The integrity of the road surface is crucial to motorcyclists, who need to stay upright and in 

control of their machine. A uniform and predictable surface fiction as well as minimum levels of 

friction need to be provided on curves and tangents. In rainy weather, some materials become 

very slippery. This causes ununiform surface friction, which could bring about abrupt and 

unexpected loss of control.  

Gravel and other debris on roadways are a major danger to motorcyclists since they lead to the 

loss of traction and are often not visible in time to act. Parallel grooving is known as a low-cost 

solution for restoring surface friction, but this method presents difficulties for motorcyclists 

because tires of motorcycles can get trapped. Moreover, since motorcyclists frequently take a 

track around a curve that is not parallel to the lane lines, loss of stability of the motorcycle can 

occur if the tires become caught in the grooves. 
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Many pavement-marking materials do not have adequate skid resistance friction. The use of 

pavement markings in a large area (e.g., turn arrows) can create problems. Motorcyclists can 

often avoid these markings if the markings are visible, and pavement markings therefore should 

always be visible in all weather conditions and under all light conditions. 

Road Surface Furniture 

Traffic engineers often install delineation devices and other furniture on the surface of roadways 

for the purpose of traffic control and vehicular safety. However, engineers need to be aware that 

these devices and other furniture can create problems for motorcyclists since they can create 

instability and unevenness, and in some cases, raised devices on the surface of roads can collide 

with the motorcycle’s foot pegs as the motorcycle leans into a bend. 

Skid Resistance 

Loss of control through skidding is a significant factor leading to crashes, especially in the case 

of wet weather. Special attention should be paid to the skidding resistance properties of the 

surface of the roads at areas where braking commonly occurs, such as at intersections, pedestrian 

crossings, and curves, as shown in Figure 2. This type of treatment requires good-quality 

pavement; the improvement of skid resistance is unlikely to lead to an increment in traffic 

speeds, while pavement improvements may bring about increases in speeds and the likelihood of 

crashes. As such, this treatment should be implemented carefully in accordance with the plan. 

 
Figure 2. High-Friction Treatment at Approach to Intersection (left) and Roundabout 

(right) (Smith et al., 2019). 

Smoothness of Road Surface 

A pothole can become a serious hazard for a motorcyclist, causing the rider to lose control and 

resulting in a serious accident. Similarly, road fissures (cracks) can result in unevenness on the 

surface (see Figure 3), which can cause riders to lose control. In the same context, maintenance 

holes and their covers provide several hazards for motorcyclists. Iron maintenance hole covers 

are often slippery, especially in wet weather. The front wheel of a motorcycle can slip over this 

cover, which can cause the rider to lose balance and fall. Also, maintenance hole covers need to 

be flush or flat to the surface of the pavement (see Figure 4). 
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Figure 3. Fissure on Road (Federation of European Motorcyclists’ Association et al., 2018). 

 
Figure 4. Dangerous Manhole in Sweden (Federation of European Motorcyclists’ 

Association et al., 2018). 
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Roadside Safety Systems 

Motorcycle Protection Systems  

As shown in Figure 5, the U.S. guardrail system used for a safety barrier consists of two 

elements: the rail and the posts. Guardrails have been tested and designed to redirect and contain 

automobiles such as cars and trucks. However, this system is not a suitable option if the primary 

goal is to mitigate motorcyclist injuries (Silvestri-Dobrovolny et al., 2021). A problem related to 

existing guardrails is that guardrail posts serve as a fixed object, which in the case of sliding, can 

potentially lead to a serious injury or fatality. 

 
Figure 5. Conventional Guardrail System (Federation of European Motorcyclists’ 

Association et al., 2018). 

Lower Motorcycle Barriers 

Continuous lower motorcycle barriers made of different materials such as plastic or metal can be 

attached at the bottom of guardrail systems for the purpose of protection, as shown in Figure 6. 

Adding a lower motorcycle barrier allows a motorcyclist to slide along the bottom rail, instead of 

colliding with a guardrail post, to help alleviate serious motorcyclist injuries. 



 

10 

  

  
Figure 6. Various Types of Lower Motorcycle Barriers (Jurewicz et al., 2014). 

Post Protector 

A wire rope barrier was developed to reduce the frequency and severity of collisions involving 

passenger cars and trucks, not motorcycles. There has been no consideration of motorcyclists in 

studies to evaluate the effectiveness of wire rope barriers at the beginning phases of the wire rope 

barrier. Research by Williams et al. (2008) noted that wire rope barriers can cause serious 

injuries to motorcyclists because colliding motorcyclists are directly guided to the posts. 

Therefore, post protectors or attenuators (see Figure 7) that can reduce the impact of motorcyclist 

crashes on posts are recommended. 

 
Figure 7. Ingal Stack Cushion Motorcycle-Friendly Wire Rope Barrier Post Modification 

(Jurewicz et al., 2014). 
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Sigma Post 

Sigma (Σ) posts, as shown in Figure 8, are more flexible and less dangerous to motorcyclists than 

conventional I-beam posts because they have a large, thin-walled, and Σ-shaped cross-section 

with soft edges (Duncan et al., 2000). 

 
Figure 8. Schematic Drawing of Sigma Post (Duncan et al., 2000). 

Nu-Guard 

Current rubrail systems have been designed and tested as barrier systems consisting of a 

blockout, which provides an offset between the post and front face of the W-beam and rubrail. 

However, a new barrier system without the blockout has been extensively installed in New 

Zealand. This barrier product received approval for use in New Zealand and is called Nu-Guard 

(see Figure 9). Since all considered rubrail systems have substantial deformation of the connector 

as the rubrail deforms laterally toward the post, it is likely barriers without blockouts will result 

in a stiffer rubrail response due to the reduced lateral deformation of the connectors (Bambach 

and Grzebieta, 2014). 
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Figure 9. Nu-Guard Barrier with Steel Post (Bambach and Grzebieta, 2014). 

Rumble Strips 

According to studies on rumble strips, rumble strips (see Figure 10) should be used as a 

countermeasure in areas where cross-over-the-line crashes occur. Also, a field experiment 

examining the interaction between motorcycles and rumble strips concluded that rumble strips 

add no measurable risk to motorcyclists (Ahmed et al., 2015). 

 
Figure 10. Rumble Strip on Edge Line (Noyce and Elango, 2003). 

Delineation, Signing, and Lighting 

The purpose of delineation is to provide guidance on the alignment of the road ahead, which 

enables the vehicle to stay in its lane (short-range delineation) and predict the forward route-

driving track (long-range delineation). This is more essential for motorcyclists due to the limited 

effectiveness of headlights and limited visibility related to helmet use. 
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CONCLUSIONS 

The literature review was carried out internationally to investigate roadway design methods and 

motorcycle safety systems that decrease the likelihood of roadway departures for motorcyclists at 

locations with high motorcycle usage or high incidence of motorcycle roadside departure 

crashes. 

The results of the literature review show that various motorcycle safety methods have been 

implemented or are planned for implementation. The motorcycle safety methods can be 

categorized into three groups: (a) roadway design elements, (b) roadway maintenance, and 

(c) roadway safety systems. The roadway design elements focus mainly on enhancing 

motorcyclists’ visibility, securing enough space for errant motorcyclists to recover control, and 

minimizing fixed objects near roadways. Roadway maintenance includes the practices that keep 

the roadways smooth so that motorcycles can drive on driving paths without obstructions. These 

practices put emphasis on the maintenance of drive-worthiness and safety of roadways for 

motorcyclists. Finally, roadway safety systems are additional safety devices attached to the 

existing roadway safety systems in order to improve the safety of motorcyclists in an 

automobile-centered environment. 

The implemented and to-be-implemented motorcycle safety systems reviewed were in their early 

stages. The effectiveness of the motorcycle safety systems was not fully verified. More time is 

needed to accumulate data to verify effectiveness. 
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CHAPTER 3. SURVEY 

INTRODUCTION 

This project included a survey aimed to investigate the existing guidelines or practices for 

roadside safety systems for motorcyclists around North America. The roadside safety systems 

help reduce roadway departures of motorcycles and increase the likelihood of the recovery of 

motorcyclists prior to impacting obstructions or roadside safety hardware. 

PARTICIPATING ORGANIZATIONS 

The survey was distributed to transportation organizations on February 16, 2022. These 

organizations included U.S. state DOTs, Ontario Ministry of Transportation, and the Federal 

Highway Administration (FHWA). The U.S. states that responded to the survey are presented in 

Figure 11. 

 
Figure 11. Survey Respondents in Choropleth Map. 

SURVEY QUESTIONS 

The survey questions are listed in Table 2. The survey contained multiple questions related to 

roadway safety systems, such as delineation, barriers, and so on. The primary purpose of the 

survey was to ask if the agency had implemented roadside safety systems for motorcyclists. 

Based on the responses from state DOTs, a follow-up interview was conducted with the agencies 

who had related experience. The follow-up interviews are described later in this chapter. 
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Table 2. List of Survey Questions. 

Q. No. Question 

1 Please provide you contact information.  

2 Has your agency implemented any roadside barrier delineation (or similar) methods 

with the specific objective of decreasing the likelihood of roadway departures for 

motorcyclists? 

3 Has your agency conducted any studies to investigate the effectiveness of the 

delineation (or similar) methods implemented to increase motorcycle safety? 

4 Has your agency implemented new or retrofit roadside barrier systems or 

components designed to specifically improve motorcycle safety during run-off-road 

impacts? 

5 As part of this research, we will be investigating characteristics of motorcycle 

crashes related to various roadway and roadside features. Would you be willing to 

share data from your crash database with our research team, if needed? 

6 Would you be willing to participate in a follow-up interview if we need 

clarification or have additional questions based on your feedback? 

7 Could you kindly suggest the name and contact information of the appropriate 

person in your agency that can discuss additional data needs with our research 

team? 

8 Please feel free to share any additional comments that might be useful for the 

research team and that were not asked in the previous questions. By clicking the 

“proceed arrow button” below, you will submit your survey answers to our team. 

SURVEY RESPONSES 

The responses to the survey questions are summarized in Table 3 and Figure 12. The summary 

shows that few state agencies have experience implementing roadside safety systems for 

motorcyclists. Despite the low number of experiences with roadside safety systems for 

motorcyclists, most state agencies were interested in participating in the development of a 

solution to decrease the likelihood of motorcycle accidents. 
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Table 3. Responses to Survey Questions. 

Q. No. Question 
Total 

Response 
Yes No Idk 

2 Has your agency implemented any roadside 

barrier delineation (or similar) methods with the 

specific objective of decreasing the likelihood of 

roadway departures for motorcyclists? 

33 4 29 0 

3 Has your agency conducted any studies to 

investigate the effectiveness of the delineation 

(or similar) methods implemented to increase 

motorcycle safety? 

4 4 0 0 

4 Has your agency implemented new or retrofit 

roadside barrier systems or components designed 

to specifically improve motorcycle safety during 

run-off-road impacts? 

34 2 32 0 

5 As part of this research, we will be investigating 

characteristics of motorcycle crashes related to 

various roadway and roadside features. Would 

you be willing to share data from your crash 

database with our research team, if needed? 

34 19 1 14 

6 Would you be willing to participate in a follow-

up interview if we need clarifications or have 

additional questions based on your feedback? 

34 32 2 0 

7 Could you kindly suggest the name and contact 

information of the appropriate person in your 

Agency that can discuss additional data needs 

with our research team? 

34 29 5 0 

Note: Idk = I don’t know. 

 
Figure 12. Survey Responses for Questions 2 to 7. 
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The individual responses to Questions 2 and 3 are presented in Table 4 and Table 5, respectively. 

Only four state DOTs had implemented roadside safety systems: California, Missouri, North 

Carolina, and Washington. Each state had a different roadside safety method and could not 

determine whether the method was effective since insufficient data have been accumulated. 

Table 4. Individual Responses to Question 2. 

State DOT Response (Yes) Response (No) 

California District 3 based on Marysville, CA was contacted back in 

2011 by Barrier Systems, now owned by Lindsay Corp. 

They were looking for a location to install a new product 

called the DR-46 manufactured by an Italian company 

called SnoLine. The District identified a location on SR-

49 in Placer County as the roadway descends into the 

American River Canyon south of the town of Auburn 

where three motorcycle collisions into the guardrail had 

occurred. Lindsay agreed to provide the product and our 

Maintenance forces installed it in late July 2011. 

According to Lindsay, this was the first ever install in the 

US for the product. A total of about 350 feet of DR-46 

was installed in just over two hours by workers that had 

never seen the product before. 

— 

Missouri We implemented edgeline rumbles approximately 1998 

with the intent to prevent ALL types of vehicles from 

running of the road, not just motorcycles. 

— 

North 

Carolina 

To my knowledge, NCDOT has not purposely increased 

the delineation of a roadside barrier with the objective of 

reducing the likelihood of motorcycle involved road 

departures. However, during a pilot implementation of 

Lindsay's DR-46 -motorcycle attenuator barrier, which is 

orange in color, NCDOT did see an overall reduction in 

the frequency of motorcycle involved lane departure 

crashes. 

— 

Washington Our barriers are provided for all users. We don't have 

special applications only for certain user groups like 

motorcyclists. 

Below are comments from WSDOT HQ Traffic pertaining 

to this survey question: 

Doug McClanahan (WSDOT) Comment #1: For block 2, 

the closest we’ve come to that to my recollection is a 

rejection of non hinged, rigid one piece aluminum barrier 

reflector tabs. My reason was that unlike plastic hinged or 

otherwise bendable barrier tabs, the increased rigidity of 

the aluminum tabs could act more like a knife should an 

errant motorcyclist encounter them during a roadway 

departure incident.  

— 
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State DOT Response (Yes) Response (No) 

Doug McClanahan (WSDOT) Comment #2: Another set 

of changes that were delineation related and motivated by 

motorcycle safety is: I reduced the back slope on recessed 

grooves for RRPMs [raised reflective pavement markers] 

on one way roadways to zero length which significantly 

reduced the total length of tangent grooving and I also 

reduced the groove width from 2 RPMs to 1 RPM on aux 

lane striping where the RRPM were grooved in. When the 

RRPMs pop out of the groove due to wear, the width and 

depth of 2 rpm groove was just too large for motorcycles. 

See std. plans: 

https://wsdot.wa.gov/publications/fulltext/Standards/engli

sh/PDF/m20.30-04_e.pdf 

Comment from Steve Haapala (HQ Traffic WZTC): We 

require motorcycle specific signing for specific work zone 

conditions RCW 47.36.200: Signs or flaggers at 

thoroughfare work sites-Penalty. (wa.gov) but nothing 

specific for motorcycles in work zone delineation. I know 

when lanes are shifted in work zones, existing recessed 

markers that are no longer on the lane line need to be 

addressed due to motorcycle concerns. 

Arkansas — We have 

implemented 

countermeasures 

that focus on 

roadway 

departure crashes, 

but not 

specifically for 

motorcycles. 

Louisiana — I am not aware of 

any delineation 

efforts 

specifically for 

motorcycles. 
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Table 5. Individual Responses to Question 3. 

State 

DOT 
Response (Yes) 

Response 

(No) 

California The District has periodically reviewed collision data since the 

installation of the DR-46. To date, we do not have any 

documented incidents of a motorcycle hitting the barrier. This 

location was originally selected because we had three 

documented hits to the guardrail by motorcycles in a 3 year 

period that were all traveling up the hill toward Auburn. 

Beyond this location, I do not know of any other locations in 

California where this has been installed. Also, I am not aware of 

any statewide guidance regarding motorcycle safety. The 

product was approved for use through our Highway Safety 

Features New Products Committee and placed on our Approved 

Products list in 2014. 

— 

Missouri Again, the studies would have been for ALL types of vehicles, 

not just motorcycles. 

— 

North 

Carolina 

The NCDOT has performed a preliminary safety evaluation of 

the pilot DR-46 installations and overall, the evaluation has 

shown a fairly significant reduction in the number of 

motorcycle involved lane departure crashes. 

— 

Washington We assessed the number of fatal and serious injury motorcyclist 

crashes that would potentially be addressed and determined that 

the number was very small. Such a small number would not 

render cost effective investment. 

— 
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The individual responses to Question 4 are presented in Table 6. The state agencies who replied 

yes to this question were included with the ones who responded yes to Question 2. There was no 

difference between Questions 2 and 4. California and North Carolina have implemented roadside 

safety systems that can be attached to existing barrier systems. 

Table 6. Individual Responses to Question 4. 

State DOT Response (Yes) Response (No) 

California See previous answers. — 

North 

Carolina 

As noted above, in November 2018, 

NCDOT installed approximately 4,000' 

of Lindsay's DR-46 on NC 143 in 

Graham County, NC. The DR-46 was 

installed in several curves where 

motorcyclists had ran off the road and 

come into contact with guardrail and 

guardrail posts. 

— 

Arkansas — We are currently in the early 

phases of a pilot study that will 

focus on motorcycle run-off-road 

impacts. 

Louisiana — I am not aware of any barriers or 

crash tested details specifically 

designed with motorcycle safety 

in mind. 

Texas — We have not implemented a 

roadside barrier for motorcycles 

yet. But TxDOT has ongoing 

research to develop something 

and will likely implement within 

the calendar year. 

Washington — See previous answers. 
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The individual responses to Question 5, which was about the willingness to share crash databases 

with the research team, are presented in Table 7. All state agencies were willing to share crash 

databases for the purpose of developing a roadside safety system for motorcyclists. However, 

some state agencies hesitated to open the database unless the purpose of accessing the database 

was clear. 

Table 7. Individual Responses to Question 5. 

State DOT Response (Yes) 
Response 

(No) 
Response (Idk) 

Colorado The data is controlled by another 

branch, but we should be able to 

round it up if needed. 

— — 

Connecticut All Connecticut crash data is 

available through our Connecticut 

Crash Data Repository  

https://www.ctcrash.uconn.edu 

— — 

New York We’d be happy to share data if 

that would be helpful. You can 

send me any such requests and I 

can forward them. 

— — 

North 

Carolina 

NCDOT would be willing to 

share before and after crash data, 

etc. 

— — 

Washington You will need to make an official 

data request to the WSDOT Crash 

Data and Reporting Office. 

— — 

Delaware — — If you could provide specific 

details on the type of crash 

data you would be looking 

for I’m sure we could 

provide some data. 

Hawaii — — Will need to verify with our 

Administration for 

information release. 

Louisiana — — It depends on what you are 

looking for. We can perhaps 

share high level, statewide 

data but site specific data or 

individual accident details 

may not be available. 

Michigan — — MDOT's Safety Programs 

Unit would need to be 

consulted to determine if 

they can share any data for 

this research effort. 

https://www.ctcrash.uconn.edu/
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State DOT Response (Yes) 
Response 

(No) 
Response (Idk) 

Mississippi — — I would have to verify this 

with our Traffic Safety 

Division but it is likely. 

Ontario — — Would need to determine 

how accessible and easy to 

compile motorcycle related 

crash data would be for 

Ontario. 

Pennsylvania — — — 

South 

Carolina 

— — Depends on what data we 

have and how accessible it is, 

but I am unfamiliar with a 

database collecting detailed 

information on motorcycle 

crashes. Our Department of 

Public Safety maintains crash 

data on the state. 

Virginia — — We typically do not have 

data available specifically for 

motorcycle crashes. 

Washington — — See survey completed by Ida 

VonSchalwyk (WSDOT). 

This survey is being 

completed to include answers 

to Block #2 from WSDOT 

HQ Traffic who responded to 

our office after Ida already 

completed the survey. 

Wisconsin — — — 

Wyoming — — You would need to contact 

our Highway Safety 

Program. 
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The individual responses to Question 6, which asked about willingness to participate in a follow-

up interview, are represented in Table 8. No state agency expressed reluctance to have a follow-

up interview for this research purpose. 

Table 8. Individual Responses to Question 6. 

State DOT Response (Yes) 
Response 

(No) 

Delaware Please use the email address provided. — 

North Carolina I am on the project panel for NCHRP Project 22-53-Enhanced 

delineation of barriers and other roadside hardware, slopes 

and hazards and I am very, very excited to see what comes out 

of this project as well as your research project at TTI. Based 

on the studies completed by CalTrans and UDOT and based 

on our preliminary data from NC, I truly believe enhanced 

barrier delineation will play a significant role in reducing lane 

departure crashes for all types of motorized vehicles in the 

future. NCDOT has installed additional delineation (delineator 

posts on top of barrier) on a few substandard width bridges 

along I-40 where trucks have routinely hit the bridge rail, 

particularly at night, and the initial results are promising. 

— 

Pennsylvania — — 

Washington See survey completed by Ida VonSchalwyk (WSDOT). This 

survey is being completed to include answers to Block #2 

from WSDOT HQ Traffic who responded to our office after 

Ida already completed the survey. 

— 

Wisconsin  — — 
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The representatives of state agencies are identified in Table 9. Additional comments that might 

be useful for this project are presented in Table 10. 

Table 9. Individual Responses to Question 7. 

State DOT Response (Yes) Response (No) 

Alabama John Walker 

Traffic Design Safety Engineer 

Walkerjoh@dot.state.Al.us 

— 

Alaska Just contact me initially. — 

Arkansas Adnan Qazi (501)569-2642 

Ted English (501)569-2167 

— 

California Bob Meline in our Division of Research — 

Colorado Start with me — 

Connecticut Please contact me and I’ll direct you to the 

appropriate person depending on the question. 

— 

Delaware Start with myself and depending on the needs I 

can connect you to some other people within 

the Department. 

— 

FHWA—Isbel Isbel Ramos-Reyes — 

Florida Rupert Giroux 

850-414-4072 

rupert.giroux@dot.state.fl.us 

— 

Hawaii I can be the Point of Contact. — 

Idaho Kelly Campbell 

kelly.campbell@itd.idaho.gov 

— 

Indiana Mike Holowaty, Manager Traffic Safety 

Office is the best contact for crash data. 

mholowaty@indot.in.gov 

— 

Louisiana Adriane McRae (Adriane.McRae@la.gov) has 

access to our state crash data. 

— 

Michigan Carissa McQuiston 

MDOT Safety Programs Unit Manager 

Phone: 517-331-5992 

Email: McQuistonC@michigan.gov 

— 

Minnesota Derek Leurer 

derek.leuer@state.mn.us 

651-234-7372 

— 

Mississippi Mark Thomas: mthomas@MDOT.MS.GOV — 

New 

Hampshire 

Kirk Mudgett 

Email: kirk.o.mudgett@dot.nh.gov 

Tel: 603-271-1598 

— 

New Jersey I am the contact if additional data needed. — 

mailto:Walkerjoh@dot.state.Al.us
mailto:rupert.giroux@dot.state.fl.us
mailto:kelly.campbell@itd.idaho.gov
mailto:mholowaty@indot.in.gov
mailto:Adriane.McRae@la.gov
mailto:McQuistonC@michigan.gov
mailto:derek.leuer@state.mn.us
mailto:mthomas@MDOT.MS.GOV
mailto:kirk.o.mudgett@dot.nh.gov
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State DOT Response (Yes) Response (No) 

New York Reading the attached survey questions I can 

tell you that all of the answers for New York 

state are “No”. We’d be happy to share data if 

that would be helpful. You can send me any 

such requests and I can forward them. 

— 

North 

Carolina 

I can be your NCDOT contact until I retire at 

the end of the year. After that, I would suggest 

you contact Mr. Brian Mayhew, PE, State 

Traffic Safety Engineer. His email is 

bmayhew@ncdot.gov. 

— 

Ohio michelle.may@dot.ohio.gov — 

Oklahoma I’ll be the one coordinating any data needs - 

Marty Farris - jfarris@odot.org - 405-623-

1192 

— 

Ontario Kenneth Shannon, 

kenneth.shannon@ontario.ca 

— 

South 

Carolina 

John Adam Hixon - hixonja@scdot.org  803-

737-1888 

— 

Tennessee Jeff Murphy — 

Texas Kenneth Mora 512-416-2678 — 

Washington Myself or our Crash Data and Reporting 

Branch, Mike Bernard. 

— 

Washington See survey completed by Ida VonSchalwyk 

(WSDOT). This survey is being completed to 

include answers to Block #2 from WSDOT 

HQ Traffic who responded to our office after 

Ida already completed the survey. 

— 

Wyoming Matt Carlson 

307-777-4450 

— 

Virginia — I will be happy to direct the 

request to the appropriate 

person once the I know 

what follow-up details are 

needed. 

mailto:bmayhew@ncdot.gov
mailto:jfarris@odot.org
mailto:kenneth.shannon@ontario.ca
mailto:hixonja@scdot.org
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Table 10. Individual Responses to Question 8. 

State DOT Response 

Arkansas Arkansas is the host of Bikes Blues and BBQ, which attracts thousands of 

motorcyclists for 4 consecutive days every year. 

Hawaii HDOT utilizes crashworthy hardware tested under AASHTO/MASH. Currently 

AASHTO/MASH does not address motorcycles in that manual. 

Michigan In 2014, MDOT completed a comprehensive report on high tension cable 

barriers, and motorcycle crashes were analyzed as part of this study. The report 

can be obtained online: 

http://www.michigan.gov/documents/mdot/RC1612_474931_7.pdf 

Minnesota In general we do not have any devices specifically targeted towards motorcycle 

run-offs. 

There are other elements we use that just so happens to help with motorcycle 

safety. For example, low skid resistant pavement messages and color pavements 

at intersections, but these are predominately to help with ped/bike and just 

happens to help motorcyclists too. 

Mississippi I have a hard time wrapping my head around how any roadside safety hardware 

is going to be made safer in any way to motorcyclists. One has to consider it is a 

human body that would openly be hurled at the device. 

New York Email response from Geoffrey: Reading the attached survey questions I can tell 

you that all of the answers for New York state are “No”. We’d be happy to share 

data if that would be helpful. You can send me any such requests and I can 

forward them. 

North Carolina I am excited to see the results of your research!!! 

Oklahoma We’re willing to help with any data we can, but as far as out current team knows 

there have been no motorcycle specific safety implementations made in the state. 

Ontario Ontario is interested in the work of this Pooled Fund although unfortunately we 

are not in a position to be able to participate in it. Motorcycles are recognized as 

a vulnerable road user group who are over-represented in crashes with injuries 

and fatalities. 

Pennsylvania Email response from Hassan Raza: We don’t have any policy/initiative 

concerning motorcycles. Thanks. 

South Dakota South Dakota has placed high friction surface treatments on some curves and 

have installed variable speed limit signs. These were implemented for all 

motorists; however, the variable speed limit signs are mainly used during the 

Sturgis motorcycle rally. 

Virginia At this time we do not have a program that addressed run off the road motorcycle 

crashes. We do have signage on the approach to bridge decks with longitudinal 

joints. We would be interested to see what other agencies are doing on this 

important topic. 

Wisconsin Erik's email response: For the most of the questions, I have no response. I do 

have a some general comments/questions: 

1. If there is no MASH test matrix for a motorcycle barrier, how can someone 

have a MASH compliant barrier? 

2. Will the barrier have a significant change in impact severity?  

a. If the motorcyclist is dead or severely injured from hitting the barrier, what has 

the barrier accomplished? 

http://www.michigan.gov/documents/mdot/RC1612_474931_7.pdf
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FOLLOW-UP QUESTIONS 

Based on the responses to the first survey, a follow-up survey was conducted with the state 

agencies that did not provide enough information about their experience but seemed to have 

useful information about roadside safety systems for motorcyclists. 

Arkansas 

Question 1. What are the objectives of the pilot study you mentioned? 

Answer—The objective of this study is to reduce the severity of motorcycle crashes involving 

guard rail by implementing a FHWA approved cushioning system in pilot study areas. 

Question 1-1. Detailed explanations of the FHWA approved cushioning system in pilot study 

areas. 

Answer—The step of selecting the FHWA-approved cushioning system was unfortunately not 

made because the engineer working on it quit and we are shorthanded. However, one of the 

FHWA resource center employees told that there was a material available but it wasn’t approved 

by FHWA due to the new protocol of MASH roadside hardware safety approval that puts the 

responsibility on states. 

Question 2. How long is the pilot study planned for? When would you expect to have some 

results from your pilot study? 

Answer—This pilot study does not have a definite study period yet. We typically perform a 5 

year simple before and after analysis, but preliminary results can be shared at the end of 1 year if 

there is enough data. Motorcycle crashes are a very small percentage of all Arkansas crashes, so 

it may take the full 5 years to have dependable data. 

Question 3. Is there a specific location that will be used for the study? If so, could you let us 

know how the location(s) was/were selected? 

Answer—Locations were determined from crash history. Motorcycle crashes appear to be 

random all over the state, however, there are some hot spots that historically involve collisions 

with guardrails from motorists. We also wanted to review locations where this guardrail could 

potentially benefit motorists that ran off the roadway and resulted in severe injuries. Our crash 

analysts provided two data sets; one with all motorist crashes, and one with motorcycle crashes 

involving guard rail. The most prevalent routes from these data sets were analyzed and chosen 

locations ultimately stemmed from motorist crash volume and severity.  

Minnesota 

Question 1. Your state responded that there were other elements your state used that just so 

happened to help with motorcycle safety, e.g., low skid-resistant pavement messages and color 

pavements at intersections. Are there any other elements that were considered to improve 

motorcycle safety? 
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Answer—Unfortunately there was no anything else beside the pavement parking treatment. 

Question 2. Ask for a detailed explanation on low skid resistant pavement messages and color 

pavement at intersections on low skid resistant pavement messages and color pavements at 

intersections. 

Answer—There is no standard detail or drawing. But there is a Technical Memorandum (TM) on 

pavement marking outlining locations where such a treatment could be used (link: https://edocs-

public.dot.state.mn.us/edocs_public/DMResultSet/download?docId=15654703). The TM 

program is one mechanism the Minnesota DOT uses to pilot things before standardizing them. In 

the TM, there is a small paragraph about its use. For now, Minnesota DOT is specifying the skid 

resistance to a value of at least 60 BPN, but Minnesota DOT intends to update this spec after 

learning from an on-going research project (link: 

https://mntransportationresearch.org/2021/09/10/new-project-pavement-marking-colored-

pavement-friction-differential-and-product-durability/). 

North Carolina 

Question 1. Ask for data verifying the improvement of motorcyclists' safety by DR-46. 

Answer—Since the project is still in the early stages, another couple of years are required to 

accumulate the data for verification. 

Question 2. Why was Graham County selected for the DR-46 pilot study? 

Answer—The site was selected as there were motorcycle sliding crashes on this site due to the 

short radius of the curve from the motorcycle crash history for 5 years. 

Washington 

Question 1. Does Washington state not use the aluminum barrier tab anymore? 

Answer—Washington DOT primarily uses plastic hinged barrier delineators or delineation 

placed flush/flat to the barrier attached with adhesive or bolts. 

Question 2. Please share the link to the standards for both the aluminum and plastic tabs. 

Answer—Washington DOT Standard plans: https://wsdot.wa.gov/engineering-standards/all-

manuals-and-standards/standard-plans. For other barrier delineators: 

https://www.wsdot.wa.gov/biz/mats/QPL/QPL_Search.cfm. 

Question 3. How was it determined to use the recessed RRPM? And is there data verifying the 

effectiveness of it? 

Answer—It was determined internally through engineering judgment and common sense. As 

recessed holes in the pavement are not desirable to motorcyclists, it was determined that it would 

be safe to install the recessed maker wherever possible. As a result, several years ago 

Washington DOT Standard Plan M-20.30 was revised to show the shorter/narrower recessed 

https://edocs-public.dot.state.mn.us/edocs_public/DMResultSet/download?docId=15654703
https://edocs-public.dot.state.mn.us/edocs_public/DMResultSet/download?docId=15654703
https://mntransportationresearch.org/2021/09/10/new-project-pavement-marking-colored-pavement-friction-differential-and-product-durability/
https://mntransportationresearch.org/2021/09/10/new-project-pavement-marking-colored-pavement-friction-differential-and-product-durability/
https://wsdot.wa.gov/engineering-standards/all-manuals-and-standards/standard-plans
https://wsdot.wa.gov/engineering-standards/all-manuals-and-standards/standard-plans
https://www.wsdot.wa.gov/biz/mats/QPL/QPL_Search.cfm
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pavement markings on one-way roadways where the reflector does not have to be seen from both 

directions of traffic. Note 5 was added to the Standard Plan as well. Link to WSDOT Standard 

Plans: https://wsdot.wa.gov/engineering-standards/all-manuals-and-standards/standard-plans. 

Question 4. Ask for the detailed explanation of “When lanes are shifted in work zones, existing 

recessed markers that are no longer on the lane line need to be addressed due to motorcycle 

concerns.” 

Answer—Refer to the attached image (see Figure 13). 

 
Figure 13. Washington State Example of Recessed Markers No Longer on the Lane Line. 

Question 5. How was this concern in Question 4 identified? 

Answer—The recesses became apparent on a project-by-project basis when reviewing traffic 

control set-ups in longer, staged projects. When lanes were shifted due to project staging the lane 

line recessed pavement markers would often be located inside the traveled lane which is not 

generally desirable and affects motorcycle safety. Washington DOT trains traffic control 

designers to recognize this traffic control staging issue and include in the plans on a case-by-case 

basis work to fill in recessed pavement markers where needed. 

https://wsdot.wa.gov/engineering-standards/all-manuals-and-standards/standard-plans
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Question 6. How was your state’s assessment of the fact that the number of fatal and serious 

injury motorcyclist crashes that would potentially be addressed and determined that the number 

was very small made? 

Answer—All the motorcyclist crashes on state routes under WSDOT jurisdiction, isolated the 

runoff the road crashes, and then those that involved crashes with traffic barriers were 

investigated. The number of fatal and serious injury crashes in this category was very small for 

Washington state. 

CONCLUSIONS 

A survey to investigate the existing guidelines or practices for roadside safety systems for 

motorcyclists in the United States was conducted. The survey questions asked about the 

implementation of motorcycle safety-related policies and associated validations. Also, 

participants were asked to share their motorcycle crash database for future research. 

A total of 33 state agencies responded to the survey, and only four state agencies responded that 

they have implemented roadside safety systems for motorcyclists: California, Missouri, North 

Carolina, and Washington. California and North Carolina have implemented Lindsay’s DR-46 

motorcycle attenuator barrier. Since the accumulated data are insufficient, it is difficult to verify 

the effectiveness of the safety systems for motorcyclists. Missouri has installed edge-line rumble 

strips not only for motorcyclists but for other motor vehicle drivers as well. Although the edge-

line rumble strip is known to be valid for automobiles, further research is needed to determine 

whether it is also effective for motorcyclists. Washington has tried aluminum barrier tabs, 

decreased back slopes on recessed grooves for RRPMs, and motorcycle-specific signing for 

specific work zone conditions for motorcyclists’ safety. Like other methods, these methods have 

not been verified for effectiveness. 

The introduction of systems for motorcyclist safety in the United States is still in an early stage, 

and more data are needed to verify their effectiveness. Fortunately, most state agencies recognize 

the need to increase motorcyclist safety on roadways and are favorable to sharing motorcycle 

accident databases for future research. 
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CHAPTER 4. DATA COLLECTION RESULTS 

This chapter provides a brief overview of the crash and roadway inventory data collection efforts 

for several states.  

DATA COLLECTION FOR LOUISIANA 

Motorcycle Crash Data 

The research team collected six years of traffic crash data (2014–2019) from the Louisiana 

Department of Transportation and Development (LADOTD). This database contains crash-

related data from multiple relational databases. Using three primary datasets (crash, vehicle, and 

road information), the researchers compiled the required dataset. The vehicle database includes 

vehicle types. Only information on crashes involving motorcycles was examined in this study. 

The crash identification numbers were merged with the crash and road information databases to 

produce comprehensive data. Table 11 lists motorcycle-related injury counts by year. According 

to the police reported KABCO scale (where K = death, A = incapacitating injury or severe, B = 

non-incapacitating injury or moderate, C = potential injury or complaint, and O = no injury), 

4.96 percent of motorcyclists involved in collisions were killed. Approximately 64 percent of 

these crashes involved at least one injury.  

Table 11. Louisiana Motorcycle-Related Injury Counts by Year. 

Year Fatal 

(K) 

Severe 

(A) 

Moderate 

(B) 

Complaint 

(C) 

No Injury 

(O) 

Yearly 

Total 

2014 83 134 645 612 415 1,889 

2015 90 152 656 645 438 1,981 

2016 94 133 608 572 450 1,857 

2017 97 171 605 531 420 1,824 

2018 79 133 528 499 360 1,599 

2019 88 143 516 446 360 1,553 

Grand Total 531 866 3,558 3,305 2,443 10,703 

Figure 14 shows the locations of motorcycle crashes that occurred in Louisiana from 2014–2019. 

Although Louisiana crash data provide locations (latitude and longitude) of the crash 

occurrences, around 30 percent of the motorcycle crashes either had no location data or had 

incorrect inputs (showing locations outside of Louisiana). The final database with correct spatial 

locations had 7,026 crash records.  
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Figure 14. Locations of Motorcycle Crashes (2014–2019) in Louisiana. 

Table 12 provides descriptive statistics on variables related to the motorcycle crashes. For crash 

severity types, the majority were made up of moderate injuries, at 33.28 percent, with complaint 

injuries at 31.97 percent and no injury at 21.62 percent. In terms of access control, no control 

made up 80.15 percent of the data, full control contributed 13.59 percent of the data, and other 

attributes made up less than 7 percent. For alignment, straight-level was the majority, with 

74.55 percent, and curve-level contributed to 15.39 percent of the data. For the first harmful 

event, motor vehicles in transport had the highest proportion by a large amount, making up 

61.80 percent. For lighting conditions, the majority of the crashes occurred during the daytime 

(66.51 percent), followed by dark-continuous street lighting at 14.52 percent. Non-collision with 

motor vehicle indicates single motorcyclist crashes. This type of crash was approximately 

37 percent of all motorcycle crashes. Rear-end crashes were also significantly high 

(22.12 percent). The majority of these crashes occurred during clear weather. Cloudy conditions 

were associated with 11.98 percent of crashes, and rain contributed to 3.49 percent. For traffic 

control, a white dashed line and yellow line with no passing lane were the most common (more 

than 60 percent of the data). Motorcycle crashes mostly occurred on state and U.S. highways 

(representing over 76 percent of data). For locality type, business locations and open country 

contributed to over 74 percent of all crashes. East Baton Rouge and New Orleans were the 

parishes with the highest number of motorcycle crashes during 2014–2019. 
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Table 12. Descriptive Statistics of Key Crash-Related Variables in Louisiana. 

Variable Attribute Count % 

Severity 

Moderate 2338 33.28  

Complaint 2246 31.97  

No Injury 1519 21.62  

Severe 521 7.42  

Fatal 402 5.71  

Access Control 

No Control  5631 80.15  

Full Control  955 13.59  

Partial Control  405 5.76  

Other 21 0.30  

Unknown 14 0.20  

Alignment 

Straight-Level 5238 74.55  

Curve-Level 1081 15.39  

Straight-Level-Elevated 206 2.93  

Curve-Level-Elevated 156 2.22  

On Grade-Curve 123 1.75  

On Grade-Straight 107 1.52  

Hillcrest-Straight 55 0.78  

Hillcrest-Curve 21 0.30  

Dip, Hump-Straight 6 0.09  

Dip, Hump-Curve 4 0.06  

Other 20 0.28  

Unknown 9 0.13  

First Harmful Event 

MV in Transport 4342 61.80  

Ran Off Road Right 666 9.48  

Overturn/Rollover 430 6.12  

Median/CL 311 4.43  

Ran Off Road Left 295 4.20  

Other Non-Collision 292 4.16  

Eject from MV 145 2.06  

Animal 91 1.30  

Curb 65 0.93  

Unknown 389 5.52  

Lighting 

Daylight 4673 66.51  

Dark—Continuous Street Light 1020 14.52  

Dark—No Street Lights 863 12.28  

Dark—Street Light at Intersection 219 3.12  

Dusk 149 2.12  

Dawn 67 0.95  

Unknown 25 0.36  

Other 10 0.14  
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Variable Attribute Count % 

Weather 

Clear 5869 83.53  

Cloudy 842 11.98  

Rain 245 3.49  

Fog/Smoke 39 0.56  

Unknown 19 0.27  

Other 12 0.17  

Collision 

Non-Collision with MV 2561 36.45  

Rear End 1554 22.12  

Right Angle 853 12.14  

Sideswipe—Same Direction 553 7.87  

Left Turn—Opposite Direction 524 7.46  

Left Turn—Angle 227 3.23  

Head-On 116 1.65  

Left Turn—Same Direction 81 1.15  

Right Turn—Same Direction 81 1.15  

Sideswipe—Opposite Direction 78 1.11  

Right Turn—Opposite Direction 26 0.37  

Other 372 5.29  

Traffic Control 

White Dashed Line 2532 36.04  

Yellow No Passing Line 1703 24.24  

Yellow Dashed Line 767 10.92  

No Control 614 8.74  

Green Signal On 460 6.55  

Red Signal On 294 4.18  

Stop Sign 154 2.19  

Yield Sign 94 1.34  

Other 230 3.27  

Unknown 178 2.53  

Highway Type 

State Hwy 3732 53.12  

U.S. Hwy 1621 23.07  

Interstate 988 14.06  

City Street 584 8.31  

Parish Road 101 1.44  

Locality 

Business Continuous 2238 31.85  

Business, Mixed Residential 1924 27.38  

Open Country 1090 15.51  

Residential Scattered 963 13.71  

Residential District 395 5.62  

Other 222 3.16  

Manufacturing or Industrial 182 2.59  

School or Playground 12 0.18  

Parish 

East Baton Rouge 590 8.40  

Orleans 555 7.90  

Jefferson 444 6.32  

Lafayette 423 6.02  

Calcasieu 398 5.66  

St. Tammany 391 5.57  

Livingston 349 4.97  

Rapides 308 4.38  

Caddo 300 4.27  

Ascension 3268 46.51  
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Roadway Inventory Data with Motorcycle Crash Counts 

Data Preparation 

The research team developed a cross-reference database for Louisiana to identify the locations 

with motorcycle crashes. The researchers investigated the available resources to collect relevant 

data and used the following data sources to develop the data product for Louisiana: 

• Six years (2014–2019) of traffic crash data from LADOTD. 

• Roadway information table from LADOTD. 

The steps taken in each process (see Figure 15) are described below: 

• Process 1: The research team collected six years of traffic crash data from Louisiana. The 

vehicle type information contains information on vehicle type. After filtering motorcycle as 

the vehicle type, 10,703 unique motorcycle crashes were identified. Crash and road 

information tables were then merged with these unique IDs to prepare comprehensive data 

with all variables. These data were stored in Excel file format. Louisiana crash data contain 

the latitude and longitude of the crash locations. These point data were imported into 

ArcMap to convert the data into a shape file format for map generation (see Figure 15).  

• Process 2: In this process, both point data (crash locations) and segment information 

(roadway inventory table) were imported into the R Software platform. Crash data contain 

information on the control section and logmile, and segment data contain information on the 

control section, “logmile from,” and “logmile to.” These two databases were merged by 

using the common variables control segment and logmile information so that crash-related 

logmiles are in the same control segment and within logmile from and logmile to. Since 

control section information is only available for state roadways, crashes that occurred on 

these segments were only assigned in this process.  

• Process 3: The objective of this process is to assign crash counts to all segments. Out of 

14,905 segments, crashes occurred on 3,018 segments. In this process, crash counts by 

severity types were assigned to all 14,905 segments.  

   
Figure 15. Data Preparation Flowchart for Louisiana.  
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The final database (Road Inventory with Crash Counts.csv) contains 14,905 state roadway 

segments with 92 variables. In these segments, 6,908 motorcycle crashes occurred from 2014–

2019. The key variables for data analysis are listed below: 

• Functional Classification. 

• Highway Type. 

• Lane Width. 

• Number of Lanes. 

• Pavement Type. 

• Pavement Width. 

• Left Shoulder Type. 

• Left Shoulder Width. 

• Right Shoulder Type. 

• Right Shoulder Width. 

• Yearly Traffic Volume. 

• Crash Counts by Severity Types. 

The current data collection was limited to the data available in the acquired databases of 

Louisiana. Other important variables, such as roadside objects, slope, superelevation, and 

horizontal and vertical alignment information, are not readily available. The manual data 

collection for many segments was not feasible in the current phase of this project. The research 

group will perform stratified sampling methods to select segments and collect required data 

elements for analysis in the next phase of this project.  

DATA COLLECTION FOR MASSACHUSETTS 

Motorcycle Crash Data 

The researchers collected motorcycle crash data for five years (2016–2020) from Massachusetts. 

In five years, 8,948 motorcycle crashes in Massachusetts were identified (see Table 13). 

Massachusetts crash data provide severity types in three categories: fatal (K), injury (ABC), and 

no injury (O). Approximately 2.8 percent of the motorcycle crashes were fatal, and 72 percent of 

the crashes involved at least one injury.  

Table 13. Massachusetts Motorcycle-Related Injury Counts by Year. 

Year Fatal Injury No Injury Yearly Total 

2016 41 1465 512 2,018 

2017 49 1312 412 1,773 

2018 57 1165 486 1,708 

2019 45 1240 456 1,741 

2020 56 1263 389 1,708 

Grand Total 248 6445 2255 8,948 

Figure 16 shows the locations of motorcycle crashes that occurred in Massachusetts from 2016–

2020. Urban and city center locations showed a higher density of motorcycle crashes.  
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Figure 16. Locations of Motorcycle Crashes (2016–2020) in Massachusetts.  

Table 14 shows the different variables and their attributes, along with their counts. For functional 

class, minor arterial and principal arterial–other were the most common locations for motorcycle 

crashes, making up 32.28 percent and 30.55 percent, respectively. For terrain, level was the most 

frequently occurring attribute of the variable, making up 89.03 percent. Most motorcycle crashes 

occurred at locations with no access control (82.78 percent of the data). The age group 25–34 

years old had the most motorcycle crashes (301.11 percent). Motor vehicles in transport were the 

highest among all harmful events, making up 60.18 percent of all crashes. Most of these crashes 

occurred in clear weather (87.49 percent). Cloudy conditions contributed to 8.73 percent of all 

crashes. Similarly, daylight was the most common in motorcycle crashes (75.92 percent), 

followed by dark-lighted at 14.53 percent. Single-vehicle (i.e., motorcycle) crashes made up 

34.94 percent of the data, with angle crashes at 29.18 percent and rear-end at 17.84 percent. No 

traffic control was the most common attribute (69.76 percent) in the traffic control device 

variable. Segment-related motorcycle crashes were the most common crashes (50.54 percent), 

followed by T-intersection crashes at 20.78 percent and four-way intersection crashes at 

16.18 percent.  

Table 14. Descriptive Statistics of Key Crash-Related Variables in Massachusetts. 

Variable Attribute Count % 

Severity 

Fatal 248 2.77 

Non-fatal 6445 72.03 

PDO 2255 25.2 

Functional Class 

Minor Arterial 2888 32.28 

Principal Arterial—Other 2734 30.55 

Local 1190 13.3 

Major Collector 960 10.73 

Interstate 544 6.08 

Principal Arterial—Other  317 3.54 

Minor Collector 39 0.44 

Unknown 276 3.08 
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Variable Attribute Count % 

Terrain 

Level 7967 89.03 

Rolling 618 6.91 

Mountainous 34 0.38 

Unknown 329 3.68 

Access 

No control 7407 82.78 

Full control 938 10.49 

Partial control 252 2.82 

Unknown 351 3.92 

Rider 

<16 21 0.23 

16–17 258 2.88 

18–20 824 9.21 

21–24 1394 15.58 

25–34 2694 30.11 

35–44 1304 14.57 

45–54 1177 13.15 

55–64 829 9.26 

65–74 254 2.84 

75–84 46 0.51 

>84 3 0.03 

Unknown 144 1.61 

First harmful 

event  

MV in transport 5385 60.18 

Other harmful events 1080 12.07 

Bridge/Curb/Ditch/Embankment 549 6.14 

Overturn/rollover 479 5.35 

Parker car/Moveable Object 472 5.27 

Pole/Tree/Fixed Object 346 3.87 

Guardrail/Median Barrier 206 2.3 

Animal 111 1.24 

Non-Motorist 105 1.17 

Jackknife 4 0.04 

Not reported 91 1.02 

Unknown 120 1.34 

Weather 

Clear 7829 87.49 

Cloudy 781 8.73 

Rain 183 2.05 

Fog, smog, smoke 13 0.15 

Snow 16 0.18 

Unknown 126 1.41 
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Variable Attribute Count % 

Lighting 

Daylight 6793 75.92 

Dark—lighted 1300 14.53 

Dawn/Dusk 440 4.92 

Dark—not lighted 339 3.79 

Dark—unknown lighting 32 0.36 

Other 44 0.49 

Collision 

Single vehicle crash 3126 34.94 

Angle 2611 29.18 

Rear-end 1596 17.84 

Sideswipe 906 10.13 

Head-on 362 4.05 

Front 110 1.23 

Unknown 237 2.65 

Traffic Control 

Device  

No controls 6242 69.76 

Traffic control signal 1164 13.01 

Stop signs 1154 12.9 

Yield signs 146 1.63 

Flashing traffic control signal 87 0.97 

Warning signs 68 0.76 

School zone signs 4 0.04 

Railway crossing device 2 0.02 

Unknown 81 0.91 

Junction 

Not at junction 4522 50.54 

Four-way intersection 1448 16.18 

T-intersection 1859 20.78 

Driveway 284 3.17 

Y-intersection 263 2.94 

Off-ramp 190 2.12 

On-ramp 158 1.77 

Traffic circle 115 1.29 

Five-point or more 31 0.35 

Railway grade crossing 5 0.06 

Not reported 62 0.69 

Unknown 11 0.12 

Roadway Inventory Data with Motorcycle Crash Counts 

Data Preparation 

The research team developed a cross-reference database for Massachusetts to identify the 

locations with motorcycle crashes. The researchers investigated the available resources to collect 

relevant data and used the following data sources to develop the data product for Massachusetts: 
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• Five years (2016–2020) of motorcycle crash data from Massachusetts. 

• Roadway information geodatabase from Massachusetts. 

The steps taken in each process (see Figure 17) are described below: 

• Process 1: The research team collected five years of motorcycle crash data from 

Massachusetts. The crash data contained 8,948 unique motorcycle crashes. These data were 

stored in Excel file format. Massachusetts crash data contain the latitude and longitude of the 

crash locations. These point data were imported in ArcMap to convert the data into a shape 

file format for map generation (see Figure 17).  

• Process 2: In this process, both point data (crash locations) and segment information 

(roadway inventory table) geodatabases were imported into ArcMap. Using the “Near” 

function (by considering 10 ft as the buffer), researchers assigned crashes to the nearest 

segment. Out of 8,948 crashes, 8,599 crashes (96.1 percent) were assigned to the segments. 

Some of the crashes were not assigned due to missing or incorrect input of crash locations. 

The output of the file was the road inventory shapefile with crash IDs assigned with a 

distance measure.  

• Process 3: The output of Process 2 was imported into the R platform. This process assigned 

crash frequencies by severity to all segments. Out of the 14,905 segments, crashes occurred 

on 7,798 segments. In this process, crash counts by severity types were assigned to all 

696,169 segments.  

  
Figure 17. Data Preparation Flowchart for Massachusetts.  

The final database (both shapefile and Excel file format) contains 696,169 roadway segments 

with 96 variables. In these segments, 8,599 motorcycle crashes occurred from 2016–2020. The 

key variables for data analysis are listed below: 

• Functional Classification. 

• Highway Type. 

• Lane Width. 

• Number of Lanes. 

• Pavement Type. 
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• Pavement Width. 

• Left Shoulder Type. 

• Left Shoulder Width. 

• Right Shoulder Type. 

• Right Shoulder Width. 

• Slope. 

• Terrain. 

• Posted Speed Limit. 

• Structural Condition. 

• Curb. 

• Sidewalk. 

• Annual Average Daily Traffic (AADT). 

• Crash Counts by Severity Types (fatal, injury, and no injury). 

The current data collection was limited to the data available in the acquired databases of 

Massachusetts. Massachusetts road inventory data are in both shapefile and Excel format. This 

database contains some additional information, such as slope, posted speed limit, curb, sidewalk, 

and terrain, compared to the Louisiana database. Other important variables, such as roadside 

objects, superelevation, and horizontal and vertical alignment information, were not readily 

available. Manual data collection for many segments was not feasible in the current phase of this 

project. The research team will perform stratified sampling methods to select segments and 

collect required data elements for analysis in the next phase of this project.  

DATA COLLECTION FOR TEXAS 

Crash and roadway data were obtained from TxDOT data sources such as CRIS and RHiNO. 

There were 13,188 motorcyclist crashes in Texas from 2017 to 2020 (Figure 18). 
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Figure 18. Motorcycle Crashes, Texas. 

Motorcycle Crash Data 

From 2017 to 2020, Texas’s largest cities had the most crashes, as expected, since they are more 

densely packed compared to the state’s rural areas. The first data analyzed were crashes by days 

of the week. Since each crash was an individual entry and given a unique day, the research team 

used R to reorder crash data by days of the week and then count each time a crash occurred on 

said day. Then taking this new data frame and using the ggplot package, the research team 

created a graph that provided insight into the distribution of crashes on a per-week basis while 

also showing the distribution of crash severity seen each day, as shown in Figure 19. The plot 

shows a steady trend of more crashes occurring over the course of the weekend than any other 

time of the week, with Saturday having the most total crashes.   
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Figure 19. Motorcycle Crashes per Day of Week, Texas. 

Figure 20 depicts the crash numbers and severities per month. The colder months in Texas had 

the fewest number of crashes, while the warmer months had the most crashes, possibly due to the 

rise in recreational activities during this period.  

 
Figure 20. Motorcycle Crashes per Month, Texas. 

Finally, the research team grouped the crashes and order chronologically by year and summed up 

the total times a crash occurred that year (Figure 21). Figure 21 shows an interesting trend of 

fewer crashes over time; however, K and A crashes remained steady. 
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Figure 21. Motorcycle Crashes per Year, Texas. 

The research team next looked at roadway and roadside designs where the motorcyclist crashes 

tended to occur. The total number of crashes by roadway classification is shown in Figure 22. 

The figure shows that, overall, urban roads experienced more crashes, with urban other principal 

arterial (or U3 in the graph) having the most crashes. This is followed by urban major highways 

(U1). The third highest number of crashes occurred on rural major collectors (R5) (Figure 23).  

 
Figure 22. Motorcycle Crashes by Functional Class, Texas. 
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Figure 23. Function of Roadway System. 

Next, the research team looked at which fixed objects were struck most often to identify the most 

recurring crash types. These crashes will be used in the next phase to conduct the safety 

effectiveness evaluation. The research team grouped all crashes by objects struck and determined 

the most recurring motorcyclist crash types involving fixed objects. Next, researchers removed 

all non-fixed objects so that turnovers and non-listed explanations were removed, leaving the 

plot in Figure 24. The graph shows that the most struck roadside fixed object was the median 

barrier. Curbs and guardrails were the next most struck objects. The research team will therefore 

conduct the safety effectiveness evaluation for these three types of motorcyclist crashes. 

 
Figure 24. List of Roadside Elements Struck by Number of Crashes. 

Roadway Inventory Data with Motorcycle Crash Counts 

To determine the key factors affecting crashes, the research team converted the raw data into a 

usable working data frame for the modeling process. For the purposes of the safety effectiveness 

evaluation, the research team will use an aggregated data format where each crash will be 

assigned to a unique roadway segment and will be aggregated per segment. However, for the 

modeling purposes, the crash year needed to be taken into account as well; therefore, the 

research team created a longitudinal data frame (i.e., repeated measures) in that each roadway 
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segment was repeated four times (i.e., 2017–2020) and crashes were aggregated per that segment 

and year. In the next phase, the research team will identify the roadway and roadside 

characteristics that are associated with the motorcyclist crash types and severities by conducting 

count data analysis. However, for this first phase, Texas roadway data need to be cleaned 

because there were many inconsistencies, as described below.  

First, the research team gave each road segment a unique ID by taking the RIA_ID and merging 

the distance from origin (DFO) variables for each road length. The next step involved confirming 

that all intersection crashes were removed since intersection crashes are affected by more than 

just the roadside elements. Using GIS software, the researchers then took this singular crash data 

frame into R to convert it to repeated measures. The approach consisted of assigning each road 

segment a unique ID by combing the route ID and DFO. Then the research team merged the data 

for target crashes, such as severity, total crashes, and by objects struck (i.e., median barrier 

crashes, guardrail crashes, etc.). After determining the crash data of interest with the 

corresponding roadway segment IDs and year, the researchers added the road data. To do this, 

the researchers made a data frame of just IDs with the road data and then merged them by IDs, 

giving the desired format of a repeated measure since the road data repeated for each ID.  

After preparing the required data frame, the research team used descriptive analysis to identify 

inconsistencies in the data, such as shown in Table 15.  

Table 15. Exhibit 1: Roadway Data with Incorrect Measures. 

Variable Mean SD Min Max 

Median Width 13.6 30.3 0 500 

Lane Width 11.8 2.5 0 31 

Inside Shoulder Width 5.4 5.5 0 55 

Outside Shoulder Width 7.1 6.6 0 48 

As shown, the minimum width of the lane cannot be 0. To remedy this problem, the lane width 

had to be manually checked via Google Earth (Figure 25). 
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Figure 25. Manual Validation of Data in Google Earth. 

After completing the data validation process, the researchers reran the descriptive analysis and 

received a more realistic set of solutions for the data, as shown in Table 16. 

Table 16. Exhibit 2: Roadway Data with Manually Corrected Measures. 

Variable Mean SD Min Max 

Median Width 13.2 27.5 0 384 

Lane Width 11.2 0.9 9 12 

Inside Shoulder Width 5.4 5.4 0 36 

Outside Shoulder Width 7.1 6.5 0 34 

After correcting the roadway data, the researchers developed a descriptive statistics table for 

motorcyclist crashes and roadway and exposure variables per the findings of the literature. 

Table 17 depicts the descriptive analysis of some of the key factors that will be used in the data 

analysis. As observed, there were 9,136 roadway segments where motorcyclist crashes occurred 

in Texas. On average, there were 1.44 motorcyclist crashes per year on these segments, ranging 

from 0 to 9. In addition, the table also shows the descriptive statistics of crash types and crash 

severities.  
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Table 17 includes the descriptive statistics of some of the important roadway design elements. 

The dataset does not include maintenance variables that were found in the literature review to be 

associated with motorcyclist crashes since the Texas roadway inventory does not include such 

variables. In addition to crash and roadway data, the table shows the exposure data (i.e., 

combined AADT, motorcycle and truck AADT, and speed limits). 

Table 17. Descriptive Statistics of Texas Crash and Roadway Dataset. 

Variable 

Group 

Variable 

Name 

Total 

Segments 

(N) 

Mean SD Min Max 

Crashes 

K 9136 0.1 0.16 0 3 

A 9136 0.35 0.30 0 5 

B 9136 0.50 0.36 0 5 

C 9136 0.27 0.27 0 4 

O 9136 0.19 0.23 0 4 

Total 9136 1.44 0.60 0 9 

Median 

Barrier 
9136 0.04 0.11 0 3 

Guardrail 9136 0.02 0.08 0 4 

Curb 9136 0.03 0.10 0 2 

Roadway 

Characteristics 

Median 

Width (ft) 
9136 13.3 27.5 0 384 

Number of 

Lanes 
9136 3.1 1.7 1 14 

Roadbed 

Width (ft) 
9136 57.4 27.6 21 160 

Surface 

Width (ft) 
9136 40.6 22.1 10 172 

Inside 

Shoulder 

Width (ft) 

9136 5.4 5.5 0 36 

Outside 

Shoulder 

Width (ft) 

9136 7.1 6.6 0 34 

Left Curb 

Width (ft) 
9136 0.3 0.7 0 5 

Right Curb 

Width (ft) 
9136 0.3 0.8 0 5 

Lane Width 

(ft) 
9136 11.3 1.0 9 12 

Base 

Thickness 

(inch) 

9136 0.4 2.3 0 31 
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Variable 

Group 

Variable 

Name 

Total 

Segments 

(N) 

Mean SD Min Max 

Exposure 

K Factor 9136 10 2 5.1 99.9 

D Factor 9136 61 13 50 100 

Average 

Annual Daily 

Trucks 

9136 3,135 4,961 0 30,296 

Average 

Annual Daily 

Motorcycles 

9136 42 75 0 3,774 

Average 

Annual Daily 

Traffic 

9136 36,435 52,133 24 341,309 

Maximum 

Speed (mph) 
9136 54 18 30 85 

DATA COLLECTION FOR UTAH 

Utah crash and roadway data were obtained from the Utah DOT (UDOT). Figure 26 shows the 

location of crashes and total crashes by severity.  

 
Figure 26. Motorcycle Crashes, Utah. 
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Motorcycle Crash Data  

Figure 27 shows motorcyclist crashes per day of the week. The weekend saw a significant 

increase in crashes compared to the start of the week. There was a steady average of B-level 

severity (non-incapacitating) crashes, except on Sunday, where a larger amount was observed.  

  
Figure 27. Motorcycle Crashes per Day of Week, Utah. 

Next, the research team compared crashes by month (Figure 28). As the figure shows, the 

researchers followed a similar setup to that of the plots for days of the week except taking the 

months instead of the days since it seemed that all values were quantitative and not qualitative. 

This graph follows the predictive trend that weather is a big factor in riding since one can assume 

that the colder months have fewer crashes due to fewer people riding.  

 
Figure 28. Motorcycle Crashes per Month, Utah. 

Figure 29 depicts the number of crashes by year and by severity. As observed, although there 

was a decline in crashes after 2017, the number of crashes remained almost the same from 2018 

to 2020, with 2020 having the most fatal crashes.  
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Figure 29. Motorcycle Crashes per Year and Severity, Utah. 

Next, the research team filtered out any intersection crashes to avoid potential overlap when 

trying to depict the object struck most often. This field in Utah data also includes motor vehicles, 

which are not fixed. Among the actual fixed objects, motorcyclists were found to hit curbs, 

embankments, and other fixed objects, as shown in Figure 30. 

 
Figure 30. Object Struck Type, Utah. 

Roadway Inventory Data with Motorcycle Crash Counts 

Next, the research team converted the data into a usable format following a similar process to 

that used with the Texas data. The researchers used slimmed down data frames and merging by 

route names and beginning and ending mile points to get a working roadway data frame. These 

same principles applied to roadside data since the data outside of barrier data were point data 

leading to buffer overlapping and duplication of entries in QGIS. Since roadside data also 

contained route names and beginning and ending mile markers, researchers could join all 

roadsides in the same fashion, clean, and keep variables of interest.  
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The crash data were joined with the resulting roadway and roadside data. However, many of the 

crashes existed outside of the normal roadway network that was available to the research team 

(Figure 31).  

 
Figure 31. Merging Roadway Network with Crash Data. 

The data overall were limited. The first limitation was the small sample size of crashes compared 

to the overall segment. A fix would be utilizing these data with only segments that had crashes 

that occurred. The second limitation was the accuracy of merged data; it was very difficult to 

capture the data since all data had a fair amount of uniqueness when merging. The third 

limitation was some missing key variables, for example, standard lane width and AADT. As a 

result, the research team does not recommend including Utah data in the Phase II analysis unless 

there is extra time to address these limitations. Table 18 provides the descriptive statistics of the 

Utah crash and roadway dataset. 
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Table 18. Descriptive Statistics of Utah Crash and Roadway Dataset. 

Variable Category 
Total 

Segments (N) 
Mean SD Min Max 

K  354547 0.155 0.1782 0 2 

A  354547 0.177 0.1876 0 2 

B  354547 0.454 0.2958 0 3 

C  354547 0.196 0.1982 0 2 

O  354547 0.046 0.1018 0 4 

Concrete Barrier 

Crashes 
 354547 0.095 0.137 0 1 

Embankment 

Crashes 
 354547 0.19 0.19 0 1 

Total Crashes  354547 0.42 0.278 0 1 

Shoulder Width  354547 4.052 5.844 0 126 

Lane Width  354547 12.965 50.273 0 1599 

Roadside Post 

Type 

No Post 340878 96.10%    

Concrete 56 0%    

Other 6900 1.90%    

Steel 3995 1.10%    

Wood 2718 0.80%    

Median Type 

No Median 224728 63.40%    

Protected 

Median 
17979 5.10%    

Unprotected 

Median 
111840 31.50%    
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CHAPTER 5. CONCLUSION AND PHASE II WORK PLAN 

CONCLUSION 

In the first phase of this project, the research team reviewed the existing literature to investigate 

the roadway and roadside design methods for reducing the likelihood of motorcyclist crashes. 

This phase consisted of three tasks: 

• Literature review of national and international practices. 

• Stakeholder/DOT survey and interviews. 

• Crash and roadway inventory data collection. 

The results of the literature review showed that three types of infrastructure design methods are 

related to the likelihood of motorcyclist crashes: (a) roadway design, (b) roadway maintenance, 

and (c) roadside safety systems. According to the survey responses, four states have 

implemented roadside safety systems for preventing motorcyclist crashes. Based on both the 

survey and the research team’s expertise, the researchers identified states with readily available 

data for investigating design methods devised to prevent and reduce motorcyclist crashes. After 

exploring the collected data, researchers selected four states for inclusion in the safety 

effectiveness evaluation study anticipated for Phase II of the project: Louisiana, Massachusetts, 

Utah, and Texas. Table 19 shows these states and their readily available data.  
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Table 19. List of States and Readily Available Data for Investigating Motorcyclist Crashes. 

Key Variable 
State 

Louisiana Massachusetts Utah Texas 

Functional 

Classification 
✓ ✓ 

✓ ✓ 

Highway Type ✓ ✓  ✓ 

Lane Width ✓ ✓ ✓ ✓ 

Number of Lane ✓ ✓  ✓ 

Pavement Type ✓ ✓   

Pavement Width ✓ ✓   

Left Shoulder 

Type 
✓ ✓ ✓ 

✓ 

Left Shoulder 

Width 
✓ ✓ ✓ 

✓ 

Right Shoulder 

Type 
✓ ✓ ✓ 

✓ 

Right Shoulder 

Width 
✓ ✓ ✓ ✓ 

Yearly Traffic 

Volume 
✓   ✓ 

Yearly 

Motorcycle 

Traffic 

   ✓ 

Crash Counts by 

Severity Types 
✓ ✓ ✓ ✓ 

Crash Count by 

Crash Types 
  ✓ ✓ 

Slope  ✓   

Terrain  ✓   

Posted Speed 

Limit 
 ✓  ✓ 

Structural 

Condition 
 ✓   

Curb Width   ✓  ✓ 

Sidewalk  ✓   

PHASE II WORK PLAN 

In the next phase, the research team will conduct a safety assessment of motorcyclist crashes. 

The safety effectiveness evaluation methods will be categorized by study design type into three 

general groups: 

• Observational before-after (B/A) studies. 

• Observational cross-sectional (C/S) studies. 

• Experimental B/A studies. 
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Among the three study designs, observational B/A studies are the most frequently used in 

highway safety analyses. In these studies, analysts gather and analyze data for two periods, 

before and after the implementation of a single or multiple safety treatments. As described in 

Chapter 3, some states have implemented roadside safety systems, such as Lindsay’s DR-46 

motorcycle attenuator barrier, edge-line rumble strips, decreased back slopes on recessed 

grooves for RRPMs, and motorcycle-specific signing for specific work zone conditions for 

motorcyclists’ safety. These treatments could be potentially evaluated using the B/A method; 

however, as discussed earlier, there are few sites with this treatment, and identifying them is not 

trivial. In addition, none of the states that have implemented these systems were included in the 

data collection effort since those states did not provide the necessary data.  

To evaluate the safety effectiveness of roadways and roadside designs, such as shoulder width 

and pavement, the research team will conduct cross-sectional analysis since the installation dates 

for these designs are not usually available. However, cross-sectional studies have some 

disadvantages since it is difficult to assess whether the observed differences between treatment 

and non-treatment sites are due to the treatment or other external factors. These studies are also 

subject to selection bias. The treated sites usually experience a high number of crashes compared 

to the control sites. This implies that, even if the number of crashes reduces after the treatment, 

the number of crashes could still be higher compared to the crashes at the control sites, yielding 

biased results. One of the methods that can be used to overcome this issue is propensity score 

matching (PSM), which is described below.  

Propensity score matching is based on the data matching principle. Data matching methods are 

used to assist causal inference that quantifies the impact of a treatment variable on a given 

response variable. Data matching is essentially a data balancing method where each treated site 

is matched with at least one control site. The main principle behind this method is to identify 

control sites that are similar on their covariates to the treated locations. In doing so, analysts can 

obtain the counterfactual crash frequency (i.e., the crash frequency that would have been 

observed if the treatment had not been implemented). In this method, analysts estimate the 

propensity scores, which denote the probability of the site receiving the treatment. This approach 

is employed to mimic the random selection in experimental studies. Therefore, the PSM accounts 

for the selection bias, and hence the regression-to-the-mean bias in cross-sectional studies. PSM 

methodology matches sites with treatment to similar sites without treatment (i.e., control sites) 

based on similarity of their contributing factors. After preparing the database with the list of 

treatment and control sites, the researchers will implement a suitable count data regression 

analysis (e.g., Poisson, negative binomial, random parameter, etc.) to estimate both the effect of 

the treatment and other contextual factors on (a) total motorcyclist crashes and (b) fatal and 

injury motorcyclist crashes.  
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