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Executive Summary 

This report summarizes the findings from three separate, standalone components of a larger year-long 

project studying multi-vehicle motorcycle crashes1 in Pennsylvania. The three components focused on 

human and engineering factors, as well as public perceptions associated with multi-vehicle motorcycle 

crashes and include:  

1. A literature review of peer-reviewed research. 

2. A quantitative data analysis. 

3. A public opinion survey for Pennsylvania residents. 

This report compares findings from the various components of this project using a Venn diagram-like 

framework. This framework allows for readily identifying where there are findings from project phases 

that overlap across several of the project components, as well as those that are limited to only one 

component. 

 

 

 

 

 

 

 

There are 17 findings or topic areas that emerged after examining all three project components. The 

following three findings shared commonalities between all three project components.  

• When a motorist turns left in front of a motorcyclist.  

• Crashes involving intersections and right-angles.  

• The speed of the motorcyclist – specifically riding too fast for conditions. 

 
1 A multi-vehicle motorcycle crash occurs when a motorcycle and one or more vehicles is involved in a traffic 
collision. 
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While these findings are not new to the transportation safety industry, they do highlight areas of 

agreement on the factors that are commonly associated with multi-vehicle motorcycle accidents. There 

were also several areas where the public’s perceptions appear to be less in line with the findings from 

previous peer-reviewed research and the analysis of crash data. Specific to the public opinion survey, 

when questions ask about attitudes, perceptions, and opinions of various factors, there appears to be no 

shortage or limitation in responses. This is evident in responses to questions concerning what factors 

contribute to multi-vehicle motorcycle crashes and how motorists react on the roadway when 

motorcyclists are around, among others. Conversely, when questions ask what should be done, such as 

what should be done to increase awareness of motorists to motorcyclists on the roadway, or what 

should be done to limit behaviors contributing to multi-vehicle motorcycle crashes, the top responses 

were uncertainty. It appears that respondents are comfortable stating why something occurs, but when 

asked what should be done to fix what is occurring, less certainty is apparent. This subtle, yet important 

finding highlights the complexity of multi-vehicle motorcycle crashes, and the difficulty in identifying 

what could or should be done to positively impact this public health concern. 

The following recommended actions are based upon the findings of this project. 

Motorcycle-Related Recommendations 

• Encourage greater adoption of motorcycle helmet use among all riders 

• Encourage rider-based training scenarios focused on avoidance and mitigation maneuvers at 

intersections 

• Encourage greater education about matching speed to road conditions 

• Encourage greater awareness and education about lane positioning to make motorcyclists more 

visible to drivers 

Motor Vehicle-Related Recommendations 

• Remind drivers about the importance for looking for motorcyclists 

• Encourage all drivers to properly examine intersections for motorcyclists and look left-right-left 

before proceeding 

• Encourage drivers to stop completely at intersections where traffic control devices such as stop 

signs are utilized 

• Encourage motorists to provide extra distances for motorcyclists in between vehicles. 
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PennDOT-Related Recommendations 

• Prepare for Motorcycle Safety Awareness Month (May) by modifying existing marketing 

materials made available by the United States Department of Transportation.2 The materials 

made available by the Department of Transportation are extremely helpful, but based upon 

feedback in the public opinion survey, some updates could be made. Public service 

announcements with a profile of a person or family impacted by a motorcycle crash could 

amplify the message.  

  

 
2 https://www.trafficsafetymarketing.gov/get-materials/motorcycle-safety/motorist-awareness-motorcycles 

4



 

 

Introduction 

It is estimated that more than 80% of reported motorcycle crashes result in injury or death.3 This injury 

and death statistic far exceeds automobile crashes and is likely the result of the motorcycle offering little 

to no protection to the rider when a crash occurs. Given the high percentage of motorcycle crashes 

involving death and injury to the public, it is extremely important to examine the patterns and factors 

associated with multi-vehicle motorcycle crashes. 

This report summarizes the findings from three separate, standalone components of a larger year-long 

project studying multi-vehicle motorcycle crashes in Pennsylvania. A multi-vehicle motorcycle crash 

occurs when a motorcycle and one or more vehicles is involved in a traffic collision. The three 

components included a literature review of peer-reviewed research on human and engineering factors 

associated with multi-vehicle motorcycle crashes, a quantitative data analysis of human and engineering 

factors associated with multi-vehicle motorcycle crashes, and development and administration of a 

public opinion survey for Pennsylvania residents about their perceptions on factors associated with 

multi-vehicle motorcycle crashes. 

While each component is standalone, when evaluated simultaneously some interesting findings begin to 

emerge that demonstrate overlap across the components. Additionally, there are isolated findings that 

do not bridge all project components. Following a review of the methodologies for each component and 

associated findings–key takeaways and a series of non-legislative recommendations are provided. These 

key takeaways and recommendations are rooted in the project findings. 

Methodology 

This report compares findings from the various components of this project using a Venn diagram-like 

framework (Figure 1). Specifically, there are findings from project phases that overlap in across several 

of the project components, and then there are cases where findings do not overlap components.  

 
3 National Highway Traffic Safety Administration. “The Anatomy of a Motorcycle Crash” nd. 
https://one.nhtsa.gov/people/injury/pedbimot/motorcycle/safebike/toc.html 
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Figure 1: Venn Diagram of Examining Project Findings 

 

The following sections present an overview of the methodologies employed for the three phases of the 

project. 

Peer-Reviewed Literature 

In December 2020, a review of the literature in North America took place, which examines the human 

and engineering factors associated with multi-vehicle motorcycle crashes. Specifically, the following 

characteristics were assessed: roadway characteristics, environmental conditions, crash characteristics, 

and motorcyclist or motor vehicle driver characteristics. Roadway characteristics include roadway 

geometry features, traffic composition, road condition, highway type, location type, alignment type, and 

traffic control measures. Environmental conditions include lighting, weather, time of year, period of day, 

and period of week. Crash characteristics include the type of motor vehicle collision, crash geometry, at-

fault status, number of vehicles involved, number of passengers involved, vehicle type, crash 

mechanisms, and collision location. Human factors or motorcyclist/driver characteristics include age, 

gender, risky driver and rider behavior (i.e., speeding, alcohol use, substance use, helmet use, failure to 

yield, distracted driving), rider or driver error, whether the motorcyclist has a license, training, or prior 

experience, and conspicuity/visibility. 
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Peer-reviewed articles were found by first identifying top safety journals that are well-known in the 

traffic and safety field. This process was conducted using an institutional EBSCO search discovery tool 

which accessed more than 40 databases. The main databases selected for this study were Accident 

Analysis and Prevention, Traffic Injury Prevention, Transportation Research Record, and Safety Science. 

Articles from the Journal of Advanced Transportation, Advances in Transportation Studies, and Cochrane 

Database of Systematic Reviews were also included. Search terms used to identify articles of interest 

included motorcycle accidents, motorcycle crashes, motorcycle collisions, multi vehicle, multi-vehicle, 

United States, Canada, human factors, engineering, and/or human factors engineering. The study 

timeframe was restricted to those published within the past 10 years. 

Additional articles were identified by reviewing the references in select articles, searching within specific 

databases to find related articles, utilizing Google Scholar to review articles that were cited by studies of 

interest (including foundational research articles or peer-reviewed literature included as references in 

reports, where available). 

Crash Data Analysis 

Crash data were provided by the Pennsylvania Department of Transportation (PennDOT). Data consist of 

multi-vehicle motorcycle crashes from 2010 through 2019 covering aspects related to the crash itself, 

the motorcycle (and vehicle), and the individual. 

To examine the human-related characteristics–in addition to the engineering and environmental-related 

characteristics associated with multi-vehicle motorcycle crashes–this analysis utilizes a novel approach 

of unsupervised machine learning. Specifically, a cluster analysis is performed utilizing k-medoids. Since 

most of the data used in this analysis are categorical in nature (e.g., whether the rider was wearing a 

motorcycle helmet), this type of cluster analysis is used to determine the centers (or clusters) of actual 

observations in the available data, thereby increasing interpretability and inference from the analysis. 

Cluster analyses calculate the distance between dataset observations – while many distance 

methodologies exist, this analysis utilizes the Gower distance. This distances range between 0 and 1, and 

distances for both numeric and categorical variables are calculated. 

This analysis utilizes the following variables, which are presented by the classifications corresponding to 

rider or engineering/environmental characteristics. 
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Human-Related Characteristics 

• Age 

• Aggressive driving 

• Alcohol-involved 

• Distracted driving 

• Drug-involved 

• Excessive speed 

• Helmet use 

• Prime crash factor 

Engineering- and Environmental-Related Characteristics 

• Crash at an angle 

• Crash at an intersection 

• Crossing of a roadway median 

• Lighting 

• Road conditions 

• Road curvature 

• Road ownership 

• Traffic control devices 

• Weather 

To construct the cluster model, crash record numbers (CRNs) were linked across all data tables. As the 

topic deals with multi-vehicle motorcycle crashes, more than one vehicle can have an associated CRN. 

To properly match driver-related characteristics for each crash (e.g., age, protective equipment 

indicators), the associated unit number (i.e., number of the vehicle in the crash), in addition to the CRN 

was also used for matching. 

Public Opinion Survey 

To ascertain the perceptions among Pennsylvania residents on factors associated with multi-vehicle 

motorcycle crashes, a survey was designed that covered a variety of topics and data elements on the 

topic of multi-vehicle motorcycle crashes. The survey was administered electronically to Pennsylvania 
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residents that owned a vehicle in early May 2021. We contracted through SurveyMonkey’s service for 

survey respondents based upon two requirements, a Pennsylvania residence and vehicle ownership.  

Survey respondents and their responses were confidential. PennDOT project team members had access 

to the raw survey results, but all survey respondents were anonymous. Applicable datetime stamps 

were made available to determine when a respondent started and completed (or quit) the survey. 

SurveyMonkey also voluntarily asks respondents to report their annual income (this was not a question 

designed for the survey, but the results are presented in this paper). 

The following demographic questions were asked of survey respondents. 

• How old are you (in years)? 

• How would you describe your gender? 

• What is your marital status? 

• What is the highest level of education you have completed? 

The following questions about driving experience were asked of the survey respondents. 

• How many years have you been driving? 

• How often do you drive an automobile? 

• Have you ever ridden a motorcycle? 

• Does your driver’s license have a motorcycle endorsement? 

• Do you ride a motorcycle as a passenger? 

• Have you ever been involved in a multi-vehicle crash? 

• Have you ever been involved in a multi-vehicle crash involving a motorcycle? 

For respondents that answered yes to “Have you ever ridden a motorcycle?” the following questions 

were asked about their motorcycle riding experience. 

• How often do you ride a motorcycle? 

• How many years have you ridden a motorcycle? 

• Have you ever received any formal motorcycle training? 

• Do you wear a motorcycle helmet when you ride a motorcycle? 

• Pick what best describes you as a rider – I ride a motorcycle: 

o As my main source of transportation 
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o As a hobby on the weekends 

o Socially for group rides 

o As an alternative form of transportation when weather is suitable for riding 

• What seasons do you ride a motorcycle? 

• As a motorcyclist rider, do you feel the general motorist does not see you? Why? 

Both motorcyclists and motorists were then asked questions concerning driving behaviors. The following 

questions on driving behaviors were asked. 

• While driving, how aware is the general driving public of motorcycles on the road? 

• What is the motorists’ comfort level around motorcyclists on the road? 

• Is there anything motorists may like or dislike about motorcycles that affects how they react to 

motorcycles on the roadway? 

• How do motorists react when operating around motorcycles? 

• What can be done to make a general motorist more aware of a motorcyclist on the road? 

• What do motorcyclists watch out for when riding? 

• What types of driving behaviors from motorists might contribute to multi-vehicle motorcycle 

crashes? 

• In follow-up to the question above, what are ways to realistically limit those driving behaviors? 

The questions pertaining to driving behaviors were largely free text responses (the questions pertaining 

to the driving public’s awareness and comfort level were categorical). To extract the main themes and 

categories comprising a respondent’s free text response, quantitative and qualitative methodologies 

were employed. The quantitative methodology utilized a function written in R. The function takes each 

response and breaks down the words associated with each response and then tallies those words, 

including its word stem (a stem is a form to which affixes can be attached). The tally of words was then 

reviewed and grouped into categorical responses that best represented the words or phrases. The 

qualitative methodology consisted of reviewing the categories for appropriateness and thematic 

content to ensure positive and negative connotations were accounted for, and that generalizations were 

not invoked based upon converting free text responses to categories. The categories were then 

reviewed for consistency among the project authors in addition to an independent reviewer. 
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Results 

The findings from each component of the project are presented in the following sub-sections. Full copies 

of the project components (literature review, crash data analysis, and public opinion survey) are 

contained in the appendix of this report. 

Key Takeaways 

Table 1 provides an overview of topics and findings which comprise key findings across the three project 

components. In areas where supportive (positive) findings are present, this topic or finding is 

represented with a green flag. In areas where the topic or finding is neutral (no overwhelming evidence 

in either direction) by the project component, this is represented with a yellow flag. Lastly, in areas 

where topics or findings are contradictory, this is represented with a red flag. Discussion is provided 

among topics and findings where either a yellow or red flag is present. Topics or findings with supportive 

findings across all three project components are presented first. 

Table 1: Assessment of Findings Related to Strength of Support Across Project Areas 
 
 
 
 
 
 

Topic / Finding 
Peer-Reviewed 

Literature 
Crash Data Analysis Public Opinion Survey 

Drivers turning left in 
front of a motorcyclist 
was associated with 
multi-vehicle 
motorcycle crashes 

   

Right-angle crashes 
and crashes at 
intersections are 
common in multi-
vehicle motorcycle 
crashes 

   

Motorcycles riding too 
fast for conditions is a 
contributing factor 
with multi-vehicle 
motorcycle crashes 

   

Motorcyclists are less 
visible than other 

   

 

 

 

= Supportive 

= Neutral 

= Contradictory 
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Topic / Finding 
Peer-Reviewed 

Literature 
Crash Data Analysis Public Opinion Survey 

motor vehicles on the 
roadway 

No particular way to 
identify this aspect in 
the data 

Warmer weather is 
associated with a 
greater frequency of 
multi-vehicle 
motorcycle crashes 

   
Respondents indicated 
that most tend to ride in 
warmer weather, but 
this was not directly 
assessed for crash 
characteristics 

Clear weather and 
weekend riding were 
associated with multi-
vehicle motorcycle 
crashes 

   
Riding as a hobby was a 
common response 
among survey 
respondents, although 
weather associated 
with crashes was not 
specifically assessed 

Rider errors involving 
traffic code violations 
are contributing factors 
with multi-vehicle 
motorcycle crashes 

   
Respondents were 
quite focused on errors 
committed by 
motorists and not 
motorcyclists 

Two-way roadways are 
associated with multi-
vehicle motorcycle 
crashes 

   
Roadway conditions 
were mentioned 
among respondents, 
but not specific to two-
way roadways 

Careless passing or 
lane changes by 
motorcyclists is a top 
issue with multi-vehicle 
motorcycle crashes 

 
A limited number of 

studies cited “veering” 
and lane changes as 
contributing factors 

  

Lack of helmet use is 
associated with more 
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Topic / Finding 
Peer-Reviewed 

Literature 
Crash Data Analysis Public Opinion Survey 

severe crashes multi-
vehicle motorcycle 
crashes 

 The cluster analysis 
identified two rider 
groups – one that wore 
helmets in a crash and 
the second that did not 
wear a helmet. Both 
groups were associated 
with severe crashes 

Helmet use was not 
cited a great deal. This 
could be due to a 
partial use mandate 
already in place 

Wet roads contributed 
to increased injury 
severity with multi-
vehicle motorcycle 
crashes 

  
A greater proportion of 
crashes were on clear 
roads – this measures 
the prevalence only 
and does not compare 
against a standard 

 
Wet roadway surfaces 
were only mentioned 
once 

Alcohol use is a factor 
in rider characteristics 
involving multi-vehicle 
motorcycle crashes 

  
In multi-vehicle 
crashes, alcohol use 
was present in a lower 
proportion of crashes 
as compared to single-
vehicle motorcycle 
crashes 

 
Alcohol use was 
mentioned less than 
five times by all 
respondents as a 
contributing factor 

Drug use is a factor in 
rider characteristics 
involving multi-vehicle 
motorcycle crashes 

  
Comprised less than two 
percent of multi-vehicle 
crashes 

 
Similar to alchol use, 
drug use wasn’t 
mentioned very often 

Younger riders are 
associated with multi-
vehicle motorcycle 
crashes. 

  
There is a bimodal 
distribution among 
riders involved in 
crashes – one 
component is younger 
and the second is older 

 
The age of the rider 
was not mentioned – 
respondents appear to 
focus on the 
motorcycle as a whole 
rather than examining 
the person riding the 
motorcycle 

Distracted driving is a 
contributing factor to 
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Topic / Finding 
Peer-Reviewed 

Literature 
Crash Data Analysis Public Opinion Survey 

multi-vehicle 
motorcycle crashes 

The literature cites 
both distracted riding 
amongst motorcyclists 
and motorists as a 
contributing factor 

The proportion of cases 
involving distracted 
driving was somewhat 
low for primary causes 
(7.1%) for both 
motorists and 
motorcyclists 

Aggressive driving 
among motorists 
contributes to multi-
vehicle motorcycle 
crashes 

 
Aggressive driving was 
not a significant 
contributor 

 
One-tenth of crashes 
involved aggressive 
driving 

 

Motorists tend to 
operate cautiously 
around motorcyclists 

 
This was not a finding 
from the peer-
reviewed literature 

  
This could not be 
assessed in the data 
analysis 

 

 

Section A. Peer-Reviewed Literature 

State-specific studies explored the severity of injuries associated with at-fault collisions. These studies 

focused on modeling crash severity and identifying key factors contributing to at-fault collisions. At-fault 

collisions were associated with more severe injuries because of events such as rider ejection and 

engaging in risky behaviors. Wet road conditions contributed to injury severity in at-fault collisions as 

did alcohol use. Human factors associated with being at-fault were younger age, rider error caused by 

distracted driving, and participation in risky behaviors while driving (i.e., alcohol use, substance use, 

speeding, not wearing a helmet, not carrying insurance), which led to a higher likelihood of both being 

at-fault and injured. Rider error such as running red lights or stop signs, committing traffic code 

violations, running off-road, and failing to yield contributed to more severe injuries and being admitted 

to the emergency department. Alcohol use and going over the speed limit were the greatest 

contributors to multi-vehicle collisions. Across studies, helmet use was pointed out as the most effective 

preventive measure for reducing fatality and injuries. 

Roadway characteristics associated with at-fault accidents were two-way roadways with no physical 

separation (characterizing rural roads in many cases), curved aligned roadways, straight-level roadways, 

and horizontal curves. Crash characteristics associated with at-fault status were rear and right-angle 
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crashes. Important crash characteristics contributing to fatalities included head-on, angle, and broadside 

collisions. Head on collisions contributed to more deaths in older adults while broadside collisions 

contributed to more deaths in younger adults. 

Environmental factors associated with at-fault crashes included time of day, weather conditions, period 

of the week, and light conditions. Crashes taking place during the day, in clear weather, and over the 

weekend were associated with more severe injuries. Vehicles were most likely to turn left in front of an 

oncoming motorcycle resulting in a large proportion of fatal crashes, non-fatal injuries, and police-

reported crashes. Frequent and severe crash characteristics resulting in injuries also included cross-

median crashes, head on crashes, passing through intersections or turning into the opposite direction at 

intersection, and side impact crashes.  

Section B. Crash Data 

In total, there were 17,204 unique crash observations in the crash dataset. When examining motorcycle 

crashes, there is a significant increase in the frequency of crashes during the warmer months. As shown 

in Figure 2, a sharp increase, consistent over the available years of data, is seen from April through 

September. Even over ten years of data, there is only slight variation in the corresponding number of 

crashes in this seasonal viewpoint. 

 

15



 

 

Figure 2: Count of Multi-Vehicle Motorcycle Crashes by Crash Month (n = 17,204) 

Table 2 presents injury severity scores throughout the entire study period. For multi-vehicle motorcycle 

crashes, possible injuries and minor injuries comprise the first and second largest injury severity score 

classifications, respectively. It is important to highlight that these figures correspond with reportable 

multi-vehicle motorcycle crashes, and not all multi-vehicle motorcycle crashes. Of note, non-reportable 

crashes could occur when a crash takes place, yet no injuries were present, and the individual(s) could 

transport their motorcycle or motor vehicle away from the crash scene. 

Table 2: Injury Severity Scores (n = 17,204) 

Injury Severity Score Count % of Total4 

Fatality 1,039 6.0 
Serious Injury 2,841 16.5 
Minor Injury 4,746 27.6 
Possible Injury 7,289 42.3 
No Injury 1,289 7.4 

 

Table 3 presents the prime crash factor for the observations in the study period. Not surprisingly, almost 

all of the entire prime crash factors for multi-vehicle motorcycle crashes involve driver-related actions, 

 
4 Column total will not sum to 100% due to rounding. 
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and not environment/roadway, vehicle failure, or pedestrian action. This is an important facet of 

information to compare when results from the cluster analysis are presented. 

Table 3: Prime Crash Factors (n = 17,204) 

Prime Crash Factor Count % of Total4 

Driver Action 16,752 97.3 
Environment / Roadway 317 1.8 
Vehicle Failure 127 0.7 
Pedestrian Action 8 0.04 

 

Among crashes where driver action was the prime crash factor, the motorcycle accounted for the prime 

crash factor in 40% (6,409) of cases. As driver actions comprise the largest category of crashes 

regardless of which vehicle unit was the prime crash factor, Table 4 outlines the top 10 driver action 

prime factor crashes, stratified by the prime crash factor unit (i.e., motorcycle or the vehicle). 

Table 4: Top 10 Driver Action Prime Factor Crash Types by Prime Factor Unit 

Prime Factor 
Vehicle 
Count 

Top 10 
Ranking 

Motorcycle 
Count 

Top 10 
Ranking 

Improper / Careless Turning 2,885 1 277 7 

Proceeding s/o Clearance After Stop 1,805 2 - - 

Other Improper Driving Actions 653 3 640 3 

Careless Passing or Lane Change 522 4 789 2 

Making Improper Entrance to Highway 495 5 - - 

Driver was Distracted 472 6 344 6 

Tailgating 357 7 516 4 

Driving Too Fast for Conditions 314 8 1,021 1 

Running Stop Sign 240 9 - - 

Running Red Light 188 10   

Speeding - - 505 5 

Driver Inexperienced - - 234 8 

Affected by Physical Condition - - 209 9 

Over / Under Compensation at Curve - - 208 10 

Note: “Unknown” factor not presented in the above table, but was a top 10 factor for both vehicle and motorcycle 
categories. 

What is rather apparent in Table 4 is the associated top 10 ranking between vehicles and motorcycles 

are not the same. In other words, the top driver action prime factors are quite different when 

comparing those crash types when the prime factor unit was a vehicle, or when the prime factor unit 

was the motorcycle. Among vehicles, improper or careless turning was the number one driver action 

prime crash type and comprises 36% (2,885) of the total top 10 crashes for vehicles. For motorcycles, 
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driving too fast for conditions was the number one driver action prime factor crash type – this comprises 

approximately 20% (1,021) of the total top 10 crashes for motorcycles. Prime factor crashes where the 

top 10 ranking matched between drivers and motorcyclists included other improper driving actions (# 3) 

and distracted driving (# 6). 

One component of this analysis involves analyzing human-related characteristics in multi-vehicle 

motorcycle crashes. Table 5 presents summary and descriptive statistics of this study population. Most 

riders involved in multi-vehicle motorcycle crashes are men. The associated age groupings are uniformly 

distributed, with 25-34 years-old riders representing the largest category. To put additional context 

around the age distribution, the average age of riders is 40.7 years, with a large standard deviation of 

14.9 years. Just under one-half of riders were wearing a helmet at the time of the crash. Additionally, 

alcohol- and drug-involved crashes comprise approximately seven percent and two percent of total 

crashes, respectively. Aggressive driving makes up 10% of total crashes and distracted driving accounts 

for approximately seven percent of crashes. Lastly, almost all motorcyclists were licensed at the time of 

the crash. 

 
Table 5: Summary and Descriptive Statistics of Study Population (n = 16,490) 

Characteristic Value 

Age in years, % (#)  
     16-24 17.9 (2,952) 
     25-34 22.4 (3,708) 
     35-44 17.1 (2,823) 
     45-54 21.2 (3,510) 
     55-64 15.4 (2,553) 
     65+ 5.7 (944) 
Aggressive driving, % (#) 10.0 (1,659) 
Alcohol-related, % (#) 7.1 (1,182) 
Distracted driving, % (#) 7.4 (1,225) 
Drug-related, % (#) 1.9 (326) 
Helmet worn,5 % (#) 47.3 (7,809) 
Licensed rider, % (#) 99.0 (16,328) 
Male, % (#) 95.5 (15,754) 

 

 
5 In cases where the helmet indicator variable was blank or marked unknown, these values merged with the values 
where a helmet was not worn; this could introduce measurement bias into this metric. 
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As two clusters were employed in the k-medoids cluster algorithm, it is possible to view the stratification 

of the observations based upon each cluster. Figure 3 displays the observations in the dataset stratified 

by their respective clusters in a reduced multi-dimensional view. 

Figure 3: Visual Representation of Clusters 

 

Visible in Figure 3 is almost an equal representation of observations between clusters one and two, and 

the split among the observations within each cluster is almost exclusive. As Figure 3 represents a multi-

dimension view of the clusters, there is no actual interpretation made possible based upon the values 

contained in the vertical and horizontal axes. Please refer to Table 6 for a listing of variables utilized in 

the cluster models. 

Interpretation of the results of the k-medoids cluster algorithm is not as straight forward as it is for 

other statistical modeling techniques. Each cluster has the same outcome – a multi-vehicle motorcycle 

crash. However, the key is in identifying the characteristics in the composition or features of each 

cluster. To better understand the features that comprise each cluster, Table 6 identifies the category for 

each variable that had the greatest number of observations comprising each group. All variables within 

the table apply to the crash except for rider age category and helmet status.  Items such as aggressive 

(NHTSA), alcohol-involved, drug-involved, and excessive speed relate to any operator in the crash. 
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Table 6: Summary Results from Cluster Models 

Variable 
All Crashes (n = 16,409) Severe Crashes (n = 3,616) 

Cluster # 1 Cluster # 2 Cluster # 1 Cluster # 2 

Rider Age Category (Years) 25-34 45-54 16-24 25-34 

Any Operator Aggressive (NHTSA) No No No No 

Any Operator Alcohol-Involved No No No No 

Any Operator Drug-Involved No No No No 

Any Operator Excessive Speed No No No No 

Helmet Not Worn Worn Not Worn Not Worn 

Prime Crash Unit Vehicle Motorcycle Vehicle Motorcycle 

Prime Crash Factor 
Improper / 

Careless 
Turning 

Driving Too 
Fast for 

Conditions 

Improper / 
Careless 
Turning 

Driving Too 
Fast for 

Conditions 

Crash at Angle Yes No Yes No 

Crash at Intersection Yes No Yes No 

Crossing Roadway Median No No No No 

Lighting Daylight Daylight Daylight Daylight 

Road Conditions Dry Dry Dry Dry 

Road Curvature None None None None 

Road Ownership State Roadway State Roadway State Roadway State Roadway 

Traffic Control Devices No Controls No Controls 
No Controls & 

Stop Sign 
No Controls 

Weather Clear Clear Clear Clear 

 

When examining the “All Crashes” model in Table 6, there are some patterns that begin to emerge 

concerning each cluster. The following subsections discuss these patterns in more detail (findings 

pertain to “All Crashes” model only). 

Cluster # 1 

• These motorcycle riders are younger in age (25-34 years) 

• Motorcycle helmets are not worn 

• The other vehicle is the unit prime crash factor 

• The prime crash factor is improper or careless turning by the vehicle 

• The crash occurs at an intersection and at an angle 

Cluster # 2 

• Age groupings comprise middle-aged riders 
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• These riders wear motorcycle helmets 

• The motorcycle is the unit prime crash factor 

• The prime crash factor is driving too fast for given conditions 

The above findings represent characteristics of larger groups or clusters. As a result, there are outliers in 

the data that are not characterized in the above findings. 

Section C. Public Opinion Survey 

In total, there were 379 survey respondents and 301 completed all questions. For reportable findings in 

this study and on data contained in the rest of this paper, only data pertaining to survey respondents 

that completed the survey are presented (n = 301).  

For survey respondents that indicated they have ridden a motorcycle, a subset of questions concerning 

their riding experience and riding behaviors were asked. Table 7 contains data on these respondents. 

The median for motorcycle riding experience was nine years. The vast majority (70%) ride a motorcycle 

less than once per year. Approximately one-third of respondents that indicated they are a motorcycle 

rider have a motorcycle endorsement, and a similar proportion (32%) have completed formal 

motorcycle training. While almost one-half of respondents ride as a motorcycle passenger, most 

respondents (89%) wear a motorcycle helmet. When asked about what best describes the respondent as 

a rider, respondents indicated they ride as a hobby, for social reasons, and when the weather is nice. 

Lastly, riding seasons for most respondents are during the warmer and drier months to include spring 

and summertime riding. Not surprisingly, 68% of respondents indicated they feel that the general 

motorist does not see them on the roadway. 
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Table 7. Weighted Riding Experience and Characteristics of Motorcyclist Survey Respondents 
Characteristic N = 1381 

Riding Experience (in years) 9 (0, 35) 
Riding Frequency  

At least once a day 1 (0.9%) 
At least once a month 25 (18%) 
At least once a week 11 (8.0%) 
At least once a year 4 (2.7%) 
Less than once a year 97 (70%) 

Has Motorcycle Endorsement  
Yes 48 (34%) 
No 88 (63%) 
I don't have a driver's license 3 (2.0%) 

Completed Motorcycle Training 44 (32%) 
Wears Motorcycle Helmet  

Yes 123 (89%) 
No 11 (7.7%) 
Sometimes 5 (3.3%) 

Rides Motorcycle as Passenger  
Yes 69 (50%) 
No 51 (37%) 
Sometimes 18 (13%) 

Description of Riding Frequency  
As a hobby on the weekends 63 (46%) 
As an alternative form of transportation 
when weather is suitable for riding 

36 (26%) 

Socially for group rides 39 (28%) 
Riding in Seasons2  

Fall 54 (79%) 
Winter 22 (16%) 
Spring 59 (42%) 
Summer 121 (87%) 

Feels Motorist Does Not See you 93 (68%) 
1Median (IQR); n (%) 
2Multiple responses allowed 

 

When soliciting perspectives on comfort levels among motorists, Table 8 displays the results of this 

question based upon motorcycle riding status. When examining potential categories of comfort (ranging 

from extremely uncomfortable to very comfortable), overall responses indicated either a slight 

uncomfortableness, or a neutral response of neither uncomfortable nor comfortable. When stratifying 

the response based upon motorcycle riding status, there is a statistical difference in the proportions for 

each grouping. Motorists without motorcycle riding experience tend to remain either comfortable or a 

little uncomfortable. This contrasts with motorcycle riders where they are slightly uncomfortable or 

neutral (neither comfortable nor uncomfortable). Of note, the chi-square test examines for differences 

22



 

 

in the proportion of responses between the two categories, and not for differences between the two 

groups within individual categories. 

Table 8. Weighted Motorists Comfort Among Motorcyclists by Motorcycle Riding Status 
 Motorcycle Rider   

Characteristic Overall, N = 3011 No, N = 1631 Yes, N = 1381 p-value2 

Motorists Comfort with Motorcyclists    0.006 
Extremely uncomfortable 10 (3.2%) 4 (2.6%) 5 (3.9%)  
A little uncomfortable 111 (37%) 54 (33%) 57 (41%)  
Neither uncomfortable nor comfortable 91 (30%) 29 (18%) 62 (45%)  
Comfortable 74 (25%) 63 (39%) 11 (7.8%)  
Very comfortable 14 (4.8%) 12 (7.1%) 3 (2.0%)  

1n (%) 
2chi-squared test with Rao & Scott's second-order correction 

 

Table 9 displays the results from all survey respondents about the general public’s awareness of 

motorcycles on the road. Approximately three-quarters of respondents feel the public is somewhat 

aware or generally aware of motorcycles on the road. 

Table 9. Weighted General Driving Public Awareness of Motorcycles on the Road 
Characteristic N = 3011 

Awareness Towards Motorcyclists  
Not at all aware 4 (1.2%) 
A little aware 43 (14%) 
Somewhat aware 157 (52%) 
Generally aware 73 (24%) 
Very aware 25 (8.2%) 

1n (%) 

 

Figure 4 displays the responses associated with the thematic categories concerning survey respondents 

when asked, “How do motorists react when operating around motorcycles?” The resounding response 

included a cautious behavior, followed by an as usual (or no changes) response. 
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Figure 4. How Motorists React to Motorcyclists on the Road (Weighted) 

 
 

When assessing ways to increase awareness of motorcyclists on the road, Figure 5 displays the count of 

respondents by each category. Most respondents were unsure of what could be done, but the second 

through fourth highest responses include increasing visibility of the motorcyclist, education campaigns 

such as public service announcements (PSAs), and driver education, respectively. Somewhat low on the 

list includes items related to distracted driving, such as limiting or eliminating the use of electronic 

devices. 
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Figure 5. Ways to Increase Awareness of Motorcyclists on the Road (Weighted) 

 
 

 

Figure 6 displays the results from respondents that comprise the behaviors which contribute to multi-

vehicle motorcycle crashes. Distracted and aggressive motorists comprise the largest response from 

survey respondents (n = 102). Additional behaviors include lack of space between cars or visibility of 

motorcycles (n = 93) followed closely by speeding and sudden movements (n = 92). 
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Figure 6. Motorist Behaviors Contributing to Multi-Vehicle Motorcycle Crashes (Weighted) 

 
 

Figure 7 displays survey responses about potential ways to limit behaviors that contribute to multi-

vehicle motorcycle crashes. The largest response among survey respondents included an unsure 

response (n = 90). Following closely, the number two response includes enforcing existing laws, 

stiffening penalties for violating the law, and increasing monetary fines for violations (n = 75). The third 

most popular response was education and training of both motorists and motorcyclists (n = 64). Of note, 

recommendations for no use or limiting use of electronic devices received a lower response. 
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Figure 7. Ways to Limit Driving Behaviors Contributing to Multi-Vehicle Motorcycle Crashes 
(Weighted) 

 

 

Section D. Peer-Reviewed Literature, Crash Data Analysis, and Public Opinion Survey 

There are 17 findings or topics areas that emerged after examining all three project components. Among 

the 17, only three findings shared commonalities between all three project components. The following 

common findings were identified. 

• A contributory factor to a multi-vehicle motorcycle crash is when a motorist turns left in front of 

a motorcyclist. 

• Crashes involving intersections and right-angles are also a common finding across the three 

project components with multi-vehicle motorcycle crashes. 

• The speed of the motorcyclist – specifically riding too fast for conditions was also noted as a 

common finding across the three project components. 

Section E. Peer-Reviewed Literature and Crash Data Analysis 

The peer-reviewed literature encompasses findings from across the United States from the past 10 

years. Findings from the crash data come deal with Pennsylvania crashes from 2010-2019. These 

timelines are relatively similar when comparing findings. Among findings that are common across these 

two project components include both human and engineering factors associated with multi-vehicle 
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motorcycle crashes. In fact, almost all of the literature findings are consistent with findings from the 

quantitative data analysis. 

Areas of findings and topics that had strong support across the two analyses included the following 

aspects. 

• Drivers turning left in front of motorcyclists was significantly associated with multi-vehicle 

motorcycle crashes. 

• Crashes involving right-angles, which typically represent crashes at intersections also share 

strong support in both project components. 

• When prime factors for motorcyclists involved in multi-vehicle crashes are examined, driving too 

fast for conditions is a strong finding.  

• Warmer weather conditions are associated with multi-vehicle motorcycle crashes, however, 

weather is not likely an associative factor. More riders are on the road in warmer weather and 

as a result, a greater proportion of multi-vehicle motorcycle crashes occur in warmer months. 

• Similar to the above topic, clear weather and weekend riding were associated with multi-vehicle 

motorcycle crashes. Also subject to similar confounding, more riders are on the roads in clearer 

weather and on the weekends. 

• Rider error is an equal contributor to multi-vehicle motorcycle crashes. As revealed in the 

quantitatitve data analysis, 40% of multi-vehicle motorcycle crashes are due to a prime factor 

with the motorcyclist. Traffic code violations can involve many aspects, however, this aspect 

highlights unsafe riding practices that are in violation of existing laws. 

• When examining multi-vehicle motorcycle crashes and the specific type of roadway, two-way 

roadways have a significant association with these types of crashes. 

While the majority of topics and findings were supportive across both project components, the 

following topics and findings did not support one another. 

• Illicit drug use amongst motorcyclists was cited in the peer-reviewed literature, but only was 

identified in the quantitative data analysis in a small proportion of cases (less than 2%). 

• Distracted driving was cited as a contributing factor for both motorists and motorcyclists, but 

this was noted less than 10% of observations in the crash data. One particular explanation for 
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this low statistic in the crash data is the difficulty in assessing distracted driving after a crash has 

taken place by the reporting crash investigation officer. 

Section F. Crash Data Analysis and Public Opinion Survey 

When examining the crash data against findings from the public opinion survey, there is some overlap in 

the topics and project findings, but less to an extent as compared to the overlap with peer-reviewed 

literature and the crash data analysis. The following topics and findings where there is support across 

these two areas are presented. 

• Drivers turning left in front of a motorcylist both present strong supportive evidence. 

• Right-angle crashes and crashes at intersections are also among top concerns elicited from 

survey respondents, and these findings were also revealed in the crash data analysis. 

• Cases of motorcyclists exceeding the speed limit or riding too fast for conditions was another 

finding with strong support across these components. 

• While not strongly cited in the peer-reviewed literature components, careless passing or 

improper lane changes by motorcyclists is a common finding between the public opinion survey 

and the crash data analysis. 

Only one are has strong opposition between the two components and this involved traffic code 

violations involving rider errors. While this finding was present in the crash data analysis, survey 

respondents in the public opinion survey tended to focus their responses to errors committed by the 

motorist, as opposed to the motorcyclist. 

Section G. Peer-Reviewed Literature and Public Opinion Survey 

These two project components had the least amount of agreement between their respective findings. 

The following bulleted items present findings and topics across the project domains where there is 

strong support between the two components. 

• Drivers turning left in front of motorcyclists is apparent in both the peer-reviewed literature and 

the general public for factors contributing to multi-vehicle motorcycle crashes. 

• Crashes that occur at right-angles or intersections are also found in these two project 

components. 
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• While likely related to the aforementioned findings above, the visibility aspect of a motorcyclists 

for other motorists is also a concern that is presented in these two components. 

• Excess speed and riding too fast for present conditions is also an item that shares strong support 

across these project components. 

Discussion 

Overall, this analysis highlights the fact that many factors play a role in multi-vehicle motorcycle crashes. 

There are findings that are consistent across multiple project components that point to the contributing 

factors associated with multi-vehicle motorcycle crashes. These findings include motorists turning left in 

front of motorcyclists, crashes occurring at right angles or intersections, and motorcyclists traveling too 

fast for conditions. While these findings are not new to the transportation safety industry, they do 

highlight alignment between the peer-reviewed literature in North America, findings pertinent to crash 

data in Pennsylvania, and the sentiment of the public in Pennsylvania. While there are areas of overlap 

between quantitative data analysis, peer-reviewed literature, and the general public’s perceptions on 

multi-vehicle motorcycle crashes, the general public’s perceptions appear to be less in line with the 

findings from previous research in addition to an analysis of crash data. There were also several areas 

where the public’s perceptions appear to be less in line with the findings from previous peer-reviewed 

research and the analysis of crash data. Specific to the public opinion survey, another interesting finding 

from this study includes the type of responses when questions requested free text answers. When 

questions ask about attitudes, perceptions, and opinions of various factors, there appears to be no 

shortage or limitation in responses. This is evident in responses to questions concerning what factors 

contribute to multi-vehicle motorcycle crashes and how motorists react on the roadway when 

motorcyclists are around, among others. Conversely, when questions ask what should be done, such as 

what should be done to increase awareness of motorists to motorcyclists on the roadway, or what 

should be done to limit behaviors contributing to multi-vehicle motorcycle crashes, the top responses 

were uncertainty. It appears that respondents are comfortable stating why something occurs, but when 

asked what should be done to fix what is occurring, less certainty is apparent. This subtle, yet important 

finding highlights the complexity of multi-vehicle motorcycle crashes, and the difficulty in identifying 

what could or should be done to positively impact this public health concern. 

The following recommended actions are non-legislative in nature (i.e., the actions do not recommend 

new laws or changes to existing laws) and are rooted in the findings supported by this project. 
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Motorcycle-Related Recommendations 

• Encourage greater adoption of motorcycle helmet use among all riders 

• Encourage rider-based training scenarios where avoidance and mitigation maneuvers at 

intersections take place 

• Encourage greater education about matching speed to road conditions 

• Encourage greater awareness and education about lane positioning to make motorcyclists more 

visible to drivers 

Motor Vehicle-Related Recommendations 

• Remind drivers about the importance for looking for motorcyclists 

• Encourage all drivers to properly examine intersections for motorcyclists and look left-right-left 

before proceeding 

• Encourage drivers to stop completely at intersections where traffic control devices such as stop 

signs are utilized 

• Based upon findings from the public opinion survey, allow motorcyclists to have extra distance 

in between vehicles. 

PennDOT-Related Recommendations 

• Prepare for Motorcycle Safety Awareness Month (May) by modifying existing marketing 

materials made available by the United States Department of Transportation.6 The materials 

made available by the Department of Transportation are extremely helpful, but based upon 

feedback in the public opinion survey, some updates could be made. 

o For instance, one survey respondent identified that public service announcements with 

a profile of a person or family impacted by a motorcycle crash could amplify the 

message. Oftentimes, the general public in inundated by statistics – while these metrics 

about crashes are important, tying these metrics in with faces of people impacted by a 

motorcycle crash could prove a worthwhile component. 

This study has benefited from a number of strengths. The first is the diverse project components that 

were able to assess common findings across peer-reviewed literature, a quantitatieve data analysis, and 

 
6 https://www.trafficsafetymarketing.gov/get-materials/motorcycle-safety/motorist-awareness-motorcycles 
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administration of a public opinion survey. The common findings across these three components point to 

a high degree of internal validity within each project component, and also a relatively high degree of 

external validity too. Particular to the topic of multi-vehicle motorcycle crashes, however, one particular 

limitation of this project requires highlighting. It is important to note that not all motorcycle crashes are 

multi-vehicle motorcycle crashes; one-half of all motorcycle crashes are multi-vehicle crashes.3 Of note, 

findings from this study may not be generalizable in those instances of single-vehicle motorcycle 

crashes.  

To the authors’ knowledge, this is the first large-scale study to employ three different methodologies to 

examine the human and engineering factors associated with multi-vehicle motorycle crashes in 

Pennsylvania. It is the intent of the authors that the findings are used to highlight the critical factors 

associated with these crashes, in order to help mitigate future crashes, and to also keep producing 

research and findings on this important topic that has impacted many lives across Pennsylvania. 

  

32



 

 

Appendix 
 

33



=  

 

 

Multi-Vehicle Motorcycle Crashes: 
Mitigating Crash Risk for Motorcyclists 

 

 

Literature Review 

 

 

December 2020 

 

 

 

 

Todd C. Leroux, PhD 
Chad A. Smith, PhD 

 

 

 

 

 

 

 

 

 

This document serves as deliverable for Task 1 associated with RFP 3517R02. 



 

  

Overview 

 
This document is organized in three components. The first comprises a literature review from peer-
reviewed manuscripts comprising the last 10 years of studies pertinent to examining the factors 
associated with multi-vehicle motorcycle crashes. The following paragraphs outlines the major findings 
from the studies. A matrix of detailed research findings for each manuscript is included as a table in this 
document. 
 
The second component involves an examination of data pertaining to multi-vehicle motorcycle crashes 
from state governments. A description of each dataset that was deemed relevant is provided along with 
a hyperlink to where the data are available for download and analysis. 
 
The last component encompasses a review of other state’s efforts for best practices on crash and fatality 
reduction for multi-vehicle motorcycle crashes. 
 

Literature Review 
A review of the literature over the past 10 years in North America that examines the human and 
engineering factors associated with multi-vehicle motorcycle collisions explores contributing factors that 
fall within the following broad categories: roadway characteristics, environmental conditions, crash 
characteristics, and motorcyclist or motor vehicle driver characteristics.1-14 Roadway characteristics 
include roadway geometry features, traffic composition, road condition, highway type, location type, 
alignment type, and traffic control measures. Environmental conditions include lighting, weather, time 
of year, period of day, and period of week. Crash characteristics include the type of motor vehicle 
collision, crash geometry, at-fault status, number of vehicles involved, number of passengers involved, 
vehicle type, crash mechanisms, and collision location. Human factors or motorcyclist/driver 
characteristics include age, gender, risky driver and rider behavior (i.e., speeding, alcohol use, substance 
use, helmet use, failure to yield, distracted driving), rider or driver error, whether the motorcyclist has a 
license, training, or prior experience, and conspicuity/visibility. These data come from individual cities, 
states, or national samples.1-14 Similar factors are explored in countries outside of North America.15-25 
 

Inclusion criteria 
Peer-reviewed articles were found by first identifying top safety journals that are well-known in the 
traffic and safety field. This process was conducted using an institutional EBSCO search discovery tool 
which accessed more than 40 databases. The main databases selected for this study were Accident 
Analysis and Prevention, Traffic Injury Prevention, Transportation Research Record, and Safety Science. 
Articles from the Journal of Advanced Transportation, Advances in Transportation Studies, and Cochrane 
Database of Systematic Reviews were also included. Search terms used to identify articles of interest 
included motorcycle accidents, motorcycle crashes, motorcycle collisions, multi vehicle, multi-vehicle, 
United States, Canada, human factors, engineering, and/or human factors engineering. The study 
timeframe was restricted to those published within the past 10 years. 
 
Additional articles were identified by reviewing the references in select articles, searching within specific 
databases to find related articles, utilizing Google Scholar to review articles that were cited by studies of 
interest (including foundational research articles or peer-reviewed literature included as references in 
reports where available). 14 relevant articles were identified. This included one study which used 
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emergency department data on crashes involving mopeds and other motor vehicles due to the 
comparative nature of injuries sustained by mopeds and motorcycles. 
 
To identify additional articles, the restriction to countries within North America was lifted. This resulted 
in the identification of eleven additional articles. The outcomes of interest explored in the literature 
were largely at-fault status, injury severity, and fatalities. 
 
One purpose of exploring the factors associated with motor vehicle collisions involving motorcycles is to 
focus on prevention strategies which target accidents that are preventable as well as result in severe 
injuries and fatalities. This information also helps to identify specific factors that lead to a higher 
frequency of multi-vehicle collisions with motorcycles. As a result, the articles identified were 
determined to be sufficient and within the scope of this project. 
 

United States 

At-fault 
State-specific studies explored the severity of injuries associated with at-fault collisions. These studies 

focused on modeling crash severity and identifying key factors contributing to at-fault collisions. At-fault 

collisions were associated with more severe injuries as a result of events such as rider ejection and 

engaging in risky behaviors.2-4 Wet road conditions contributed to injury severity in at-fault collisions as 

did alcohol use. Human factors associated with being at-fault were younger age, rider error caused by 

distracted driving, and participation in risky behaviors while driving (i.e., alcohol use, substance use, 

speeding, not wearing a helmet, not carrying insurance), which led to a higher likelihood of both being 

at-fault and injured.2, 4 Riders that participated in a risky behavior such as speeding were also more likely 

to participate in other risky behaviors.2  Roadway characteristics associated with at-fault accidents were 

two-way roadways with no physical separation (characterizing rural roads in many cases), curved aligned 

roadways, straight-level roadways, and horizontal curves.2-4 Crash characteristics associated with at-fault 

status were rear and right angle crashes.2, 3 Environmental factors associated with at-fault crashes 

included time of day, weather conditions, period of the week, and light conditions.3,4 Crashes taking 

place during the day, in clear weather, over the weekend, and in dark-light conditions (during the 

evening) were associated with more severe injuries.3, 4 

Methods applied by these studies included deep learning, multinomial logistic regression, multivariate 

probit regression, and Bayesian multi-level mixed effects models as well as multiple correspondence 

analysis.1-4  

Injuries 
These studies focused on data from the United State and Canada. Collectively they identified and 

explored factors associated with the level of injury sustained in multi-vehicle collisions involving 

motorcycles based on data from emergency department, department of public safety, and police 

records.5-11 Human factors or rider characteristics associated with more severe injuries were male 

gender, younger age, rider or driver error, and engaging in risky behaviors while driving such as drinking, 

speeding, or not wearing a helmet. 5-9 Alcohol use and going over the speed limit were the greatest 

contributors to multi-vehicle collisions. Rider error such as running red lights or stop signs, committing 

traffic code violations, running off-road, and failing to yield contributed to more severe injuries and 

being admitted to the emergency department. 5-11 Across studies, helmet use was pointed out as the 
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most effective preventive measure for reducing fatality and injuries. 5-11 Alcohol was found to strongly 

affect whether or not a helmet was worn in these studies. 5-8, 10-11  It was also discovered that 

interventions which aim to help motor vehicle drivers avoid crashing into motorcycles—specifically 

technologies focused on frontal crash prevention, lane maintenance systems or blind spot detection 

systems—might only prevent a small portion of accidents in situations where multi-vehicle accidents 

make up a small portion of police-reported or fatal accidents.9 This is especially the case since 

motorcyclists may often be the cause of crashes as a result of rider errors made on the road. 6,8,9 

Roadway characteristics that contributed to more severe injuries were two-lane roads, horizontal roads 

and curves, roads near a driveway, intersections, and neighborhoods with loops and lollipops.5-10 

Crashes that were not at an intersection were more likely to involve drivers of vehicles that were male 

and also under the influence of alcohol. Crash characteristics associated with more severe injuries were 

collision type, number of parties involved, and rear-end crashes. Additionally, motorcyclists were more 

likely to veer from lanes compared to other vehicles. However, vehicles were most likely to turn left in 

front of an oncoming motorcycle resulting in a large proportion of fatal crashes, non-fatal injuries, and 

police-reported crashes. 5-11 Frequent and severe crash characteristics resulting in injuries also included 

cross-median crashes, head on crashes, passing through intersections or turning into the opposite 

direction at intersection, and side impact crashes. 5-9, 11 Environmental factors included time of day, 

specifically nighttime, lighting, season (Spring), weather, and day of week.7, 10, 11 

Methods applied by these studies included binary logistic, multinomial logit, mixed logit, multivariable 

logistic, ordered logit, heterogeneous choice and partially constrained generalized and mixed-effects, 

and multivariate logistic regression models. These models were used to explore contributors to injury 

severity, the influence of select human factors on roadway and crash characteristics, or both. 5-11 

Fatalities 
These studies focused on specific states within the United States as well as active duty Army personnel. 

The studies explored factors associated with fatalities as a result of multi-vehicle collisions with 

motorcycles.7, 12-14 Human factors associated with fatalities included possible rider error such as crossing 

a median or centerline (usually for single vehicle crashes) and potentially causing a secondary multi-

vehicle collision by entering into oncoming traffic.12 Not wearing a helmet, being ejected from the 

motorcycle, and drug or substance use were additional factors. Alcohol and drug use had the strongest 

impact on fatalities.7, 12,14 Similar trends were seen for Army personnel, however, enlisted rank, off-duty 

status, not having a motorcycle license, and not getting enough sleep contributed to fatalities as well.13 

Important crash characteristics contributing to fatalities included head-on, angle, and broadside 

collisions.7, 12, 14 Head on collisions contributed to more deaths in older adults while broadside collisions 

contributed to more deaths in younger adults. Both factors were compared to middle aged adults. 

Additionally, truck involvement was a strong factor in fatalities.7, 14 Fatal crashes involving Army 

personnel mostly took place on an Army installation or took place while off duty.13 Almost 60% of 

accidents were classified as collisions. Of this group 22% hit a moving vehicle.13 Environmental factors 

associated with fatalities were time of day, specifically nighttime.13 Drivers on two-way rural highways 

were also more likely to experience severe injuries and fatality when colliding with motorcycles.14 

Methods applied by these studies included overrepresentation (similar to relative risk), multinomial logit 

models and pseudo-elasticity, logistic regression, and mixed logit regression models. These models were 

used to explore factors that contribute to fatalities, the influence of select human factors (i.e. engaging 
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in risky behaviors) on engineering factors and injury, both, or specific roadway and crash characteristics 

such as rural highways and collisions at intersections versus non-intersections. 7, 12-14 

Outside of North America 
Studies outside of North America were also explored. Many of these studies were similar to those in 

North America in that human factors associated with severe injuries and fatalities were male gender, 

rider or driver error, and engaging in risky behaviors such as operating a motorcycle or motor vehicle 

while under the influence, speeding, and not wearing a helmet.15-20 Rider error included execution and 

perception errors such running red lights at intersections, weaving in or out on single-lane slip roads, 

changing speed or engaging in related activities on the curb lane of multilane slip roads, navigating 

stopped or waiting vehicles, and interacting with opposing traffic on undivided roads (e.g. riding in the 

wrong direction).18, 21, 22 Such actions result in motorcyclists running into motor vehicles and being 

severely injured or killed.22 Perception and comprehension errors were most common for car drivers. 

Driver error included failing to notice motorcyclists or not judging the speed of motorcyclists correctly.21, 

22 The presence of passengers on a motorcycle was associated with a lower likelihood colliding with a 

motor vehicle and sustaining severe injuries. 16, 20 Experiments that explored conspicuity and visibility of 

motorcycle headlights suggest that low beam headlights help drivers see motorcyclists at critical 

moments and short gap distances (i.e. the distance between a motor vehicle and a motorcycle ahead of 

it).23,24 Additionally, T-shaped light configurations on the front of a motorcycle may be better able to 

help motorcyclists compete with motor vehicles for visibility on the road when compared to those 

without one.23, 24  Roadway characteristics contributing to more severe injuries or fatalities included 

horizontal curves, riding on unfamiliar roads, second class or lower highways, intersections, and 

expressways.15-17, 20, 21 More congestion or traffic reduced the probability of motorcyclists experiencing 

severe injuries or casualties. Crash characteristics associated with more severe injuries and fatalities 

were head on crashes at intersections on rural roads, changing lanes or merging on expressways, and 

turning at intersections.18, 19, 21 Environmental conditions associated with severe injuries and fatalities 

were riding at night or in situations with reduced lighting, nonpeak hours, city or urban settings, and 

weekends. 16, 18, 20 Riding on wet roads at night resulted in a lower likelihood of injuries as a result of 

riders taking more precautions and riding more carefully.21  

Motorcycle License Training 
A systematic review of 23 studies from within and outside of North America reached inconclusive results 
and was unable to determine the effectiveness of motorcycle license training on preventing motorcycle 
collisions.25 The study designs used in the articles were a mixture of randomized trials (controlled and 
not controlled), cohort studies (retrospective and prospective) and case-control studies. 25 
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2014 
Flask, Schneider, 
Lord 

A segment level analysis of 
multi-vehicle motorcycle 
crashes in Ohio using 
Bayesian multi-level mixed 
effects models 

Safety Science Ohio 
To apply a Bayesian statistical model to 
help overcome missing data attributes 
commonly found in crash data 

Negative binomial 
Bayesian regression 
model 

Bayesian random effects models were a better model fit; this 
was in part of including special effects in the study 

2011 Eustace, Indupuru 

A simplified method for 
analyzing factors 
contributing to 
motorcyclists' fatal injuries 
in Ohio 

Advances in 
Transportation 
Studies 

Ohio 

The ORF offers a simple but powerful 
procedure of determining whether a 
certain factor significantly occurs more or 
less frequently in one subset than in its 
complementary subset. 

The concept of 
overrepresentation, 
which is similar to relative 
risk; The 
overrepresentation factor 
(ORF) was calculated for 
each variable of interest; 
Significant variables 
associated with the 
elevated risk of a 
motorcycle crash 
resulting into a fatality.  

The results show that single-vehicle crashes are generally 
overrepresented in motorcycle fatal injuries by increasing the 
fatal risk by about 46.8% when compared with multi-vehicle 
crashes. Specifically, the head-on and angle crashes are 
overrepresented in fatal injuries as estimated to increase the 
fatal risk by about 337.6% and 46.8%, respectively when 
compared with other multivehicle crashes. The rear-to-rear 
collisions are overrepresented by increasing the fatal risk by 
250.4% but this result is inconclusive due to the very small 
sample involved. The action of crossing median/centerline, 
which poses the highest risk when compared with all other 
listed single-vehicle collisions by increasing the risk by 222.8%, 
may possibly end up in a collision with opposite side on-coming 
vehicles as a secondary multivehicle collision. Motorcycle 
crashes occurring at non-intersection locations (open roadway) 
and single-vehicle crashes pose elevated risks of fatal injuries 
(most likely due to speeding) compared to intersection locations 
and multi-vehicle crashes. 

2019 
Johnson, Johnson, 
Denning, Jennissen 

Adult moped-related 
injuries treated in U.S. 
emergency departments 

Traffic Injury 
Prevention 

Stratified 
probability 
sample of 100 
emergency 
departments 
in the U.S.  

Few studies have investigated U.S. 
emergency department (ED) moped-
related injuries. Our objective was to 
determine the characteristics of moped 
crashes among adult riders and to identify 
associations between key variables. 

Binary logistic regression 

Males were more likely to have used alcohol/drugs and to be in 
a crash with another motor vehicle (MVC). Conversely, males 
were twice as likely as females to be in a crash involving 
alcohol/drugs, and 74% more likely to be in an MVC as 
compared to non-collision crashes. Males were 45% more likely 
than females to be admitted/transferred than to be released 
from the ED. Older riders (40 years) were less likely to be in an 
MVC. Caucasians were less commonly in motor vehicle collisions 
(MVCs) than in other crash types as compared to all other races 
(OR 0.58, 95% CI 0.44–0.77). When comparing MVCs with other 
crash mechanisms, there was a lower proportion of injuries to 
the upper limbs (OR 0.57, 95% CI 0.45–0.72) and a higher 
proportion to the torso (OR 1.4, 95% CI 1.1–1.8). In addition, 
those injured in MVCs had a higher proportion admitted than 
those that collided with an object other than a motor vehicle. In 
a model comparing known crash mechanisms, MVCs were over 
3.5 times more likely to involve multiple riders. MVCs were 
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nearly one-quarter of the crashes in our study. MVCs may be of 
particular concern as they were over 2.5 times more likely to 
result in hospital admission/ transfer as compared to other 
mechanisms.  

2011 
Schneider, 
Savolainen 

Comparison of Severity of 
Motorcyclist Injury by 
Crash Types 

Transportation 
Research 
Record 

Ohio 

Identify those factors most strongly 
associated with the level of injury 
sustained by motorcyclists involved in 
crashes. 

Multinomial logit model 

Motorcyclists characteristics: helmet use reduced risk of injury 
and reduced injury severity, speed of the motorcycle, age 
(incapacitating and fatal injuries more pronounced), 
consumption of alcohol, female gender, presence of a passenger 
(protective); Driver characteristics: speed, failing to yield and 
running red lights, non-intersection, male drive of other vehicle 
incapacitating/fatal injuries increase as well as if the other driver 
was drinking, driver wearing seat belt is protective. Vehicle 
types: semitrailer trucks; crash geometry: roll overs increased 
likelihood of injury. Roadway geometry: two-lane roads, 
horizontal roads or near driveway, horizontal curve on a grade 
or a driveway (increase chance of fatal outcome).  

2013 Junga, Xiaob, Yoonc 
Evaluation of motorcycle 
safety strategies using 
severity of injuries 

Accident 
Analysis and 
Prevention 

California 

This research quantitatively examined 
factors associated with motorcyclist 
fatalities and assessed strategies that 
could improve motorcyclist safety, 
specifically focusing on 24 and under-age 
group, 45-54, compared to 35-44. 

Multinomial logit models 
and pseudo-elasticity 

Running off-road preceding collision and multi-vehicle 
involvement were found to be statistically significant in 
increasing the probability of fatalities for older motorcyclists. In 
the MNL model estimations, the following risk factors were 
found to be significant to motorcyclist injury severities: victim’s 
personal information, victim’s helmet use, victim ejection, at-
fault party, alcohol/drug effects, party violation, action before 
collision, temporal information related to collision, number of 
parties involved in the collision, collision type, road 
classification, pavement surface condition, lighting condition, 
and truck involvement. The following risk factors were more 
likely to increase motorcyclist fatality, regardless of age group: 
helmet use, victim ejection, alcohol or drug effects, collisions 
(including head-on, broadside, hit-object types), and truck 
involvement. Specifically, pseudo-elasticity of the alcohol/drug 
influence factor had the strongest extent of impact on 
motorcyclist fatalities across all age groups: 1052% for the older 
age group, 1286% for the middle age group; and 835% for the 
younger age group. 

2019 
Rappole, Canham-
Chervak, Taylor, 
Jones 

Factors associated with 
motorcycle traffic crash 
fatalities among active duty 
U.S. Army personnel 

Traffic Injury 
Prevention 

Active duty 
U.S. Army 
personnel 

The purposes of this study were to 
describe motorcycle crash–related injuries 
recorded in U.S. Army safety reports and 

Multi-variable logistic  
regression 

Simple logistic regression models indicated that the following 
variables were associated with fatality (P <.05):  enlisted rank, 
alcohol use, no helmet use, off duty, no motorcycle licensed, 
less than eight hours of sleep, not occurring on an Army 
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to assess the effect of alcohol and helmet 
use on risk of fatality. 

installation, period of day (nighttime), and colliding with a 
vehicle, object, or person. 

2010 Ouellet 
Helmet Use and Risk 
Compensation in 
Motorcycle Accidents 

Traffic Injury 
Prevention 

Los Angeles, 
California  

To examine whether the risk 
compensation hypothesis is valid for 
motorcycle safety helmet use, the 
benefits of wearing a helmet—which 
reduces the risk of brain injury and death 
in the event of a crash—should be offset 
by an increase in risk-taking behavior, 
presumably by more reckless riding. 

Chi squared test; simple t 
-tests, Mann-Whitney U-
test for nonparametric 
data. 

Driver error was cited as the precipitating event in 65 percent of 
the 667 multiple-vehicle crashes. In Los Angeles, alcohol use was 
far more common among un-helmeted riders and had much 
more influence on precrash risk-taking than did helmet use. 
When Los Angeles riders were first separated into drinking and 
nondrinking groups, helmeted riders did not differ from un-
helmeted riders on nearly every variable. 

2014 
Wu, Chen, Zhang, 
Liu, Hua, Bogus 

Mixed logit model-based 
driver injury severity 
investigations in single- and 
multi-vehicle crashes on 
rural two-lane highway 

Accident 
Analysis and 
Prevention 

New Mexico 

Mixed logit models are developed to 
analyze driver injury severities in single-
vehicle (SV) and multi-vehicle (MV) 
crashes on rural two-lane highways in 
New Mexico from 2010 to 2011 

Mixed logit models 

More severe driver injuries and fatalities can be observed in MV 
crashes when motorcycles or trucks are involved. ; the negative 
elasticity (−64.9%) of the variable, motor-cycle involved, specific 
to no injury illustrate that drivers are less likely to suffer no 
injury in motorcycle-involved MV crashes. Its pseudo elasticity 
specific to injury and fatality is 108.9% implying that relative to 
driver injuries in non-motorcycle involved MV crashes, on 
average, there is a 108.9% increase in the likelihood of driver 
injury and fatality for MV crashes involving motorcycles. This 
reflects the higher severity levels of driver injuries in motorcycle 
involved MV crashes. Dark lighting conditions and dusty weather 
conditions are found to significantly increase MV crash injury 
severities. 

2018 Teoh 

Motorcycle crashes 
potentially preventable by 
three crash avoidance 
technologies on passenger 
vehicles 

Traffic Injury 
Prevention 

United States 

The objective of this study was to identify 
and quantify the motorcycle crash 
population that would be potential 
beneficiaries of three crash avoidance 
technologies recently available on 
passenger vehicles. 

Two-vehicle crashes were 
classified by type and by 
relevance to the three 
crash avoidance 
technologies on 
passenger vehicles. 

Two-vehicle motorcycle crashes where the other vehicle was a 
passenger vehicle accounted for almost half of all motorcycle 
crashes. Crashes relevant to frontal crash prevention mostly 
were rear-end crashes in which a passenger vehicle rear-ended 
a motorcycle. Other crashes relevant to frontal crash prevention 
included those involving a frontal impact on the passenger 
vehicle and where a motorcycle turned into the path of a 
passenger vehicle in the same direction or where a motorcycle 
moving in the same direction turned across the path of a 
passenger vehicle, but these were infrequent, accounting for 
fewer than 1% of crashes. Two thirds of fatal opposite-direction 
crashes where the motorcycle strayed from its lane occurred as 
the motorcycle was negotiating a curve, compared with only 
about one third for crashes where the passenger vehicle strayed 
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from its lane. The most frequent type of two-vehicle crash, 
across all severities, was that in which a passenger vehicle 
turned left in front of an oncoming motorcycle. 

2012 
Schneider, 
Savolainenb, Van 
Boxela, Beverley 

Examination of factors 
determining fault in two-
vehicle motorcycle crashes 

Accident 
Analysis and 
Prevention 

Ohio 

This study assesses how various rider-, 
driver-, and other crash-specific factors 
contribute to at-fault status in two-vehicle 
motorcycle crashes, as well as how these 
same factors affect the propensity for 
other high-risk behaviors. 

Multivariate probit model 

Younger riders were more likely to be at-fault in the event of a 
crash and fault was generally found to decrease consistently 
with age. Riders less than 20 years of age were 84.2 percent 
more likely to be at-fault, followed by riders ages 20–24 (42.6 
percent more likely), and 25–34 (14.2 percent more likely, all in 
comparison to the at-fault likelihood of riders age 35 and 
above). The results show that younger motorcyclists are more 
likely to be at-fault in the event of a collision, as are riders who 
are under the influence of alcohol, riding without insurance, or 
not wearing a helmet. Similarly, motorcyclists were less likely to 
be at-fault when the other driver was of younger age or was 
driving under the influence of alcohol, without insurance, or not 
wearing their safety belt. Crash-involved parties who engaged in 
one high-risk behavior were more likely to engage in other such 
behaviors, as well, and this finding was consistent for both 
motorcyclists and drivers. The results of this study suggest that 
educational and enforcement strategies aimed at addressing 
any one of these behaviors are likely to have tangential impacts 
on the other behaviors, as well. 

2012 
Mitsopoulos-Rubens, 
Lenné 

Issues in motorcycle 
sensory and cognitive 
conspicuity: The impact of 
motorcycle low-beam 
headlights and riding 
experience on drivers’ 
decisions to turn across the 
path of a motorcycle 

Accident 
Analysis and 
Prevention 

Melbourne 
Australia 

To explore the support for the use of low-
beam headlights and riding experience as 
tools through which to augment the 
sensory and cognitive conspicuity of 
motorcycles. 

Experiment: 2 groups; 
generalized estimating 
equation approach, 
binomial distribution and 
logit link function, normal 
distribution and identity 
line function; interaction 
effect; 2x2x3 mixed 
design 

Improvements in motorcycle sensory conspicuity – through low-
beam headlights at least – may confer some benefit in gap 
acceptance, albeit at short distances only, by encouraging 
drivers to accept fewer gaps ahead of a motorcycle with 
headlights on than ahead of a motorcycle with headlights off. 
Motorcycle headlight status does have an effect on turning 
performance, but that this effect is a reactionary one, with gains 
in turn time occurring during the final, critical phase of the turn 
and at short time gaps only. 

2010 
Rößger, Hagen, 
Krzywinski, Schlag 

Recognisability of different 
configurations of front 
lights on motorcycles 

Accident 
Analysis and 
Prevention 

Laboratory 
experiment 
(Germany) 

To identify a front signal pattern created 
by additional light sources that would 
make motorcycles clearly and quickly 
distinguishable from other vehicles. 

Randomly controlled trial, 
two experimental groups; 
ANOVA time of 
identification: mean 
values of the time for 
identification 

T-shaped light configuration are more quickly identified, 
particularly when the motorcycles are in visual competition with 
other motorized road users.  
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2011 Rifaat, Tay, Barrosa 
Severity of motorcycle 
crashes in Calgary 

Accident 
Analysis and 
Prevention 

Calgary, 
Canada 

To identify the influence of street pattern 
on injury severity of different crashes 
involving two-vehicle, single vehicle, 
pedestrian and bicycle. 

Ordered logit model, 
heterogeneous choice 
model and partially 
constrained generalized 
ordered logit model 

Injury severity tended to increase in neighborhoods with loops 
and lollipops types of streets or involved right-angle and left-
turn-across-path crashes, a truck, unsafe speed or alcohol use 
but tended to decrease if the crash occurred in parking lots or 
during winter, involved a van or male rider, or a rider following-
too-closely to the vehicle in front. 

2020 Manan, Khaidir, Jamil 

Factors associated with 
red-light running among 
motorcyclists at signalised 
junctions in Malaysia 

Transportation 
Research F: 
Traffic 
Psychology 
and Behaviour 

Malaysia  

This study investigates factors associated 
with motorcyclist RLR behavior at SI and 
suggests countermeasures to curb the 
risky behavior.  

Mixed effects logistic 
regression 

Factors associated with a high probability of RLR are male riders 
who do not wear a helmet, who approach the SJ via lane split, 
who cross SJ via turning, SJ with no traffic island, and SJ with the 
presence of vehicles waiting on one or both legs. Other 
variations are from the range of median width (3.9% at Level 3) 
and the speed limit range along major roads (9.5% at Level 4).  

2019 
Chang, Xu, Zhou, 
Chan, Huang 

Investigating injury 
severities of motorcycle 
riders: A two-step method 
integrating latent class 
cluster analysis and 
random parameters logit 
model 

Accident 
Analysis and 
Prevention 

Hunan 
Province, 
China 

This study proposes a two-step method 
integrating latent class cluster analysis 
and random parameters logit model to 
explore contributing factors influencing 
the injury levels of motorcyclists. 

Latent class cluster 
approach; a mixed logit 
model is then elaborately 
developed for 
each cluster to identify its 
unique influential factors. 

Segmenting motorcycle crashes into relatively homogeneous 
clusters as a preliminary step helps to uncover some important 
influencing factors hidden in the whole-data model.  

2010 
Albalate, Fernandez-
Villadangos 

Motorcycle Injury Severity 
in Barcelona: The Role of 
Vehicle Type and 
Congestion 

Traffic Injury 
Prevention  

Barcelona, 
Spain 

The aim of the present study is to provide 
quantitative estimates for the 
contribution of speed in situations 
commencing from the reaction location to 
the safety critical event involving a 
motorcyclist and resulting in a fatal 
accident. The contribution of speed to the 
resulting accident risk and accident 
severity is considered from this reaction 
point. 

Ordered multinomial 
logistic regression in 
order to identify factors 
affecting injury severity 

Factors such as gender, excess speed, road width, and alcohol 
consumption do affect casualty severity. Regarding traffic 
conditions, congestion diminishes the probability of suffering 
severe injuries, although its statistical significance only appears 
for motorcycle casualties (odds ratio [OR] 0.80), which are also 
more severe due to speed violations (OR 6.29). 

2019 
Chang, Xu, Zhou, Lee 
Huang 

Identifying motorcycle 
high-risk traffic scenarios 
through interactive analysis 
of driver behavior and 
traffic characteristics 

Transportation 
Research F: 
Traffic 
Psychology 
and Behaviour 

Hunan 
Province, 
China 

To empirically determine the relative 
contribution of illegal behavior to 
motorcycle killed and severely injured 
(KSI) crashes, conditional on real-world 
collisions between motorcycles and motor 
vehicles. 

Data mining, classification 
and regression trees 

Illegal behavior of the striking motor-vehicle drivers is one of the 
most dominant factors contributory to motorcycle KSI crashes, 
with a normalized importance value of 36.9%. Collision object 
(i.e., collision with heavy or light vehicles) and helmet use of 
motorcyclists are determinants influencing motorcycle rider 
injury severities.  

2012 
Haque, Chin, 
Debnath 

An investigation on multi-
vehicle motorcycle crashes 
using log-linear models 

Safety Science Singapore 

This study examines the effects of various 
roadway characteristics, traffic control 
measures and environmental factors on 
motorcycle crashes at different location 

Log linear model 

Results show that nighttime influence increases crash risks of 
motorcycles particularly during merging and diverging 
maneuvers on expressways and turning maneuvers at 
intersections. Riders appear to exercise more care while riding 
on wet road surfaces particularly during night. Many hazardous 
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types including expressways and 
intersections.  

interactions at intersections tend to be related to the failure of 
drivers to notice a motorcycle as well as to judge correctly the 
speed/distance of an oncoming motorcycle. Roadside conflicts 
due to stopping/waiting vehicles and interactions with opposing 
traffic on undivided roads have been found to be as detrimental 
factors on motorcycle safety along arterial, main and local roads 
away from intersections. 

2014 

Avinash, Penumaka, 
Giovanni Savino, 
Niccolò Baldanzini, 
Marco 

In-depth investigations of 
PTW-car accidents caused 
by human errors 

Safety Science 
5 European 
countries 

To identify the five most frequent crash 
configurations and corresponding human 
failures associated with them. 

Motorcycle Accident In-
Depth Study (MAIDS) 
database was used. After 
accident extraction, 
investigation of the data 
was performed by a single 
road safety analyst. 
Controversial cases were 
analyzed with 
consultation across the 
analysis team. 

Primarily, drivers tended to show perception and 
comprehension failures followed by ‘no avoidance’ maneuvers. 
Riders showed perception failures followed by failures to evade. 

2010 

Kardamanidis, 
Martiniuk, Ivers, 
Stevenson, 
Thistlethwaite, 
Kardamanidis, 
Martiniuk, Ivers 
Stevenson, 
Thistlethwaite 

Motorcycle rider training 
for the prevention of road 
traffic crashes 

Cochrane 
Database of 
Systematic 
Reviews 

Multiple 
studies 

To quantify the effectiveness of pre- and 
post-license motorcycle rider training on 
the reduction of traffic offences, traffic 
crash involvement, injuries and deaths of 
motorcycle riders. 

Systematic review 

We reviewed 23 studies: three randomized trials, two non-
randomized trials, 14 cohort studies and four case-control 
studies. Five examined mandatory pre-license training, 14 
assessed non-mandatory training, three of the case-control 
studies assessed ‘any’ type of rider training, and one case-
control study assessed mandatory pre-license training and non-
mandatory training. The types of assessed rider training varied 
in duration and content. Most studies suffered from serious 
methodological weaknesses. Most studies were non-
randomized and controlled poorly for confounders. Most 
studies also suffered from detection bias due to the poor use of 
outcome measurement tools such as the sole reliance upon 
police records or self-reported data. Small sample sizes and 
short follow-up time after training were also common. 

2018 
Wua, Sasidharanb, 
Thorc, Chena 

Crash sequence-based risk 
matrix for motorcycle 
crashes 

Accident 
Analysis and 
Prevention 

United States 

To identify types of motorcycle crashes 
that constitute the greatest safety risk to 
riders - most frequent and most severe 
crashes. 

Mixed-effects logistic 
model was constructed to 
model the severity levels 
for each crash sequence 
while accounting for the 
effects of those crash 
contributing factors on 
crash severity.  

The top five most frequent and severe types of crash sequences 
were identified, accounting for 23 percent of all the motorcycle 
crashes included in the study, and they are (1) run-off-road 
crashes on the right, and hitting roadside objects, (2) cross-
median crashes, and rollover, (3) left-turn oncoming crashes, 
and head-on, (4) crossing over (passing through) or turning into 
opposite direction at intersections, and (5) side-impacted. In 
addition to crash sequences, several other factors were also 
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identified to have effects on crash severity: use of helmet, 
presence of horizontal curves, alcohol consumption, road 
surface condition, roadway functional class, and nighttime 
condition. 

2019 
Montellaa, Rocìo de 
Oñab, Maurielloa, 
Riccardia, Silvestroa 

A data mining approach to 
investigate patterns of 
powered two-wheeler 
crashes in Spain 

Accident 
Analysis and 
Prevention 

Spain 
To investigate the patterns associated 
with crash characteristics among 
motorcycles in Spain. 

Data mining, classification 
trees and rules discovery. 

In multi vehicle crashes on rural autonomous, rural municipal, 
rural national, and rural provincial roads, the crash type with the 
greatest posterior classification ratio was head-on (node 9, 
HO=6.4%). Hit pedestrian crashes were associated with single 
vehicle crashes on dry pavement whereas head-on crashes were 
associated with multi vehicle crashes at intersections. 

2018 
Das, Dutta, Dixon, 
Minjares-Kyle, 
Gillette 

Using Deep Learning in 
Severity Analysis of At-
Fault Motorcycle Rider 
Crashes 

Transportation 
Research 
Record  

Louisiana 
To apply machine learning methodology 
to examine crash severity in statistical 
models. 

Five major steps: (1) 
finalize the dataset by 
selected contributing 
factors, (2) divide the 
dataset into training, 
validation, and text data, 
(3) use a basic deep 
learning model and check 
model accuracies for 
training, validation, and 
text data, (4) perform 
tuning to get better 
estimates with higher 
accuracies, and (5) select 
the final model.  

The study confirms that, in modeling crash severity, the 
developed deep learning framework can estimate accurately up 
to 100%. The accuracy rate for test data ranges from 92%to 
94%. The framework has sufficient reproducibility for use with a 
larger set of motorcycle crash data.  

2016 Jalayer, Zhou 

A multiple correspondence 
analysis of at-fault 
motorcycle-involved 
crashes in Alabama 

Journal of 
Advanced 
Transportation 

Alabama 

To identify the roadway, environmental, 
motorcycle, and motorcyclist-related 
variables influencing at-fault motorcycle-
involved crashes. 

Multiple correspondence 
analysis (MCA) 

The most significant contributors to the frequency and severity 
of at-fault motorcycle-involved crashes were found to be light 
conditions, time of day, driver condition, and weather 
conditions. 

2013 Blackman, Haworth 

Comparison of moped, 
scooter and motorcycle 
crash risk and crash 
severity 

Accident 
Analysis and 
Prevention 

Queensland, 
Australia 

To compare motorcycle crash severity 
among different motorcycle types. 

Ordered probit regression 
model  

Greater motorcycle crash severity was associated with higher 
(>80 km/h) speed zones, horizontal curves, weekend, single 
vehicle and nighttime crashes. Moped crashes were more 
severe at night and in speed zones of 90 km/h or more. Larger 
scooter crashes were more severe in 70 km/h zones (than 60 
km/h zones) but not in higher speed zones, and less severe on 
weekends than on weekdays. The findings can be used to inform 
potential crash and injury countermeasures tailored to users of 
different PTW types. Interestingly, the characteristics associated 
with higher severity in motorcycle crashes (single vehicle, >80 
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km/h speed zones, curves, weekends and night time), were 
mostly not associated with higher severity in moped or scooter 
crashes. Only nighttime crashes and crashes in high speed zones 
(>90 km/h) were significantly associated with higher moped 
crash severity. 
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State Crash Data 
 

The following descriptions provide an outline of available crash data supplied by state governments. 

While nearly all states produce information on vehicle crashes within their state, a high proportion of 

states utilize static data, or data displayed in annual reports. The following states offer more than annual 

reports, and that is why they are highlighted in this section.  

• California 

o The University of California, Berkeley maintains the Transportation Injury Mapping 

System. The tool includes geocoding of crash data and state crash data. Of note, a 

stratification of motorcycle crashes is also available as a separate dataset. 

o https://tims.berkeley.edu/ 

 

• Connecticut 

o The University of Connecticut maintains the Connecticut Crash Data Repository, which is 

a state-level data in a web tool data repository for crash information collected by state 

and local police. Data are updated daily. 

o https://www.ctcrash.uconn.edu// 

 

• Florida 

o The Florida Department of Transportation Open GIS Data system has a variety of crash 

datasets available for download and analysis. 

o https://gis-fdot.opendata.arcgis.com/ 

 

• Maine 

o The Maine Crash Public Query Tool is maintained by the Maine Department of 

Transportation. The querying tool has the ability to display data through statistics, maps, 

and a listing of high crash locations. 

o https://mdotapps.maine.gov/MaineCrashPublic/ 

 

• Maryland 

o Includes crash data from January 2015 through June 2020. Available unit of analyses 

include a crash dataset, an anonymized person-level crash dataset, vehicle details, 

roadway details, and a weather details crash dataset. 

o https://opendata.maryland.gov/Public-Safety/Maryland-Statewide-Vehicle-

Crashes/65du-s3qu 

 

• Massachusetts 

o The Massachusetts Department of Transportation maintains a crash data repository of 

structured data. In addition to detailed data extraction, interactive dashboards and data 

visualizations are available in the system. 

https://apps.impact.dot.state.ma.us/cdp/home 
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• New York 

o The State of New York has provided links to New York City three-year window datasets 

for vehicle crashes. Detailed datasets are available on crashes, vehicle information, 

violation information, and crash case information. 

o https://data.cityofnewyork.us/Public-Safety/Motor-Vehicle-Collisions-Crashes/h9gi-

nx95 

 

• Oregon 

o The State of Oregon has the TransData Portal which provides comprehensive data on 

crash information. A Crash Data System is available to view data on crash reports. 

o https://zigzag.odot.state.or.us/uniquesig08615cf883bed667d26bcec3a7dc5c6b/uniques

ig0/SecurezigzagPortalHomePage/ 

 

• Texas 

o The Texas Department of Transportation Crash Query Tool provides an interactive 

experience to build crash queries, browse queries generated by authorized personnel of 

the Texas Department of Transportation, and also to load previous queries users have 

created. Once a query has been created, data can be extracted from the system for 

additional analysis. 

o https://cris.dot.state.tx.us/public/Query/app/welcome 

 

• Washington 

o The Washington State Department of Transportation maintains a crash data portal. The 

portal provides querying abilities on state crash data by variables of interest. 

o https://remoteapps.wsdot.wa.gov/highwaysafety/collision/data/portal/public/ 
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State-Level Best Practices to Reduce Motorcycle Crashes and Fatalities 
 

Information on state-level best practices to reduce motorcycle crashes and fatalities is organized by two 

sections. The first is legislative-related actions and the second is non-legislative actions. The information 

is stratified by these two sections to highlight that not all efforts to reduce motorcycle crashes and 

fatalities are addressed through the legislature. It is important to note, however, that it is not 

uncommon for states to pursue a similar effort in a parallel fashion (i.e., pursuing legislative changes but 

also increasing rider and driver awareness of the changes through marketing campaigns). Information in 

this section was largely informed by the Governors Highway Safety Association1 and public searches 

through state websites of programs and resources. 

Legislative Changes 
State-level efforts to positively impact motorcycle crashes and fatalities through the use of legislative 

means have mainly revolved around two topics – mandating helmet use and enforcing 

Helmet Use 
Helmet mandates vary across states, and state-level mandates often change over time too. Helmet 

proponents point to the numerous studies showing how the proper use of motorcycle helmets help to 

reduce crash severity and crash fatalities. Opponents to helmet use point to the infringement of choice 

and personal liberties. While some states have adopted a universal helmet mandate (N = 21), only one 

has no mandate (New Hampshire), most have adopted a partial use mandate (N = 28). The partial use 

mandate usually involves younger riders or newer riders with enforcing the use of a motorcycle helmet. 

Colorado 

Colorado has a partial helmet law, where riders under the age of 18 are required to wear a motorcycle 

helmet, but riders 18 and older are not required. Between 2013 and 2017, it is estimated 126 lives could 

have been saved had all Colorado riders been required to wear a motorcycle helmet.2 During this same 

time period, there were 530 motorcycle fatality crashes.3 

Pennsylvania 

Our previous work has demonstrated that within Pennsylvania, use of a motorcycle helmet when 

involved in a crash is associated with a 30% reduction in the odds of being involved in a more serious 

motorcycle crash, while controlling for a wide variety of other factors that influence crash severity. 

A separate body of work found that when the mandatory helmet law in Pennsylvania was repealed, 

deaths from motorcycle-related injuries increased 40%. In the same vein, head-injury deaths increased 

66%.4 To control for changes in the number of people riding motorcycles following repeal of the helmet 

law, an increase in head-injury deaths per 10,000 registrations increased 32%. 

 
1 https://www.ghsa.org/issues/motorcycle-safety  
2 2020-2023 Colorado Strategic Transportation Safety Plan (April 2020), Colorado Department of Transportation.  
3 United States Department of Transportation, National Highway Traffic Safety Administration, FARS Encyclopedia. 
4 Mertz and Harold (2008). Changes in Motorcycle-Related Head Injury Deaths, Hospitalizations, and Hospital 
Charges Following Repeal of Pennsylvania’s Mandatory Motorcycle Helmet Law, American Journal of Public Health 
98, 1464-1467. doi.org/10.2105/AJPH.2007.123299 
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Enforcing Penalties for Non-Compliance with Endorsement and Registration 
Quantitative studies point towards the statistical association between the lack of a motorcycle 

endorsement and/or a registered motorcycle and being involved in a motorcycle crash. To overcome 

this aspect, states have pursued aggressive enforcement against unlicensed and non-registered 

motorcyclists to include impoundment or towing of motorcycles for violations. States such as Idaho, 

Indiana, Nebraska, Rhode Island, Ohio, and South Carolina enforce these aspects due to the body of 

evidence associated with no motorcycle endorsement or lack of a motorcycle registration and 

undertrained motorcycle riders. 

Vermont 

Launched as a pilot in Vermont, the International Association of Directors of Law Enforcement Standards 

and Training has a National Highway Traffic Safety Administration grant-approved program to help train 

law enforcement officers to identify motorcycle-related violations.  Four areas are highlighted for 

motorcycle safety awareness and enforcement among law enforcement: impairment, licensing, helmets, 

and motorcycle laws. 

Specific training areas for law enforcement officers are noted below. 

• Detection of impaired motorcyclists 

• Detection of non-compliant helmets 

• Strategies to avoid pursuit situations 

• Strategies for traffic stops 

• Identifying equipment violations 

Non-Legislative Changes 
Outside of changes and enforcement through the legislature, there are a variety of efforts states have 

employed to reduce motorcycle crash and fatalities. The most common actions have been on promoting 

education and safety programs, forming and participating in advisory committees, and aggressively 

collecting and analyzing data to inform future safety countermeasures. 

Promoting education and motorcycle safety programs 
The promotion of education campaigns includes efforts similar to aspects seen in “Share the Road” 

program, where focused media campaigns are pursued prior to the beginning of a state’s motorcycle 

riding season. These efforts focus not only on paying attention to motorcyclists but have also been 

expanded to focus on the disastrous consequences of impaired driving and distracted driving. As Share 

the Road has been adopted by many states, an environmental scan performed by the National Highway 

Traffic Safety Administration found the following themes in these messages.5 

• Motorcycles have the same rights and privileges as other motor vehicles. 

• Give motorcycles the full lane width 

• Almost 40% of motorcycle crashes occur when a vehicle turns left in front of a motorcycle 

• Motorcycle signals are not self-cancelling – wait for a motorcycle to turn before you proceed 

• Allow more room between a motorcycle and car, up to three or four seconds for following 

distances 

 
5 https://www.trafficsafetymarketing.gov/get-materials/motorcycle-safety/share-road 
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Motorcycle safety programs are utilized throughout every state to increase motorcycle rider skills. 

Promoting not just a one-time participation in safety courses, but refresher and advanced-level trainings 

are critical initiatives states have pursued to reduce motorcycle crashes and fatalities. 

Florida 

Florida has a multi-prong safety campaign known as Ride Smart Florida.6 The outreach activities involve 

sponsored motorcycle training, educational campaigns, public outreach, and data-driven research. 

Materials are distributed at motorcycle rallies, community events, and conventions. All of the outreach 

materials are produced in English and Spanish. Ride Smart Florida is part of the Florida Motorcycle 

Safety Commission, which assists the State of Florida with its motorcycle safety program. 

Michigan 

The State of Michigan has created a library of public safety announcements for motorcycle riding 

safety.7 These videos, while short in nature, provide a quick reminder to motorcycle riders and motorist 

about the importance in riding safely. Some of the videos include the following. 

• High Visibility Gear – Ride Safe to Ride Again 

• Ride Safe to Ride Again 

• Look Twice for Motorcyclists at Intersections 

• Fallen Brothers – Ride Sober 

Participating in advisory committees 
Advisory committees bring in stakeholders and subject matter experts to inform on the best practices 

for topics of interest. In the case of reducing motorcycle crashes and fatalities, these committees across 

states identify state-level motorcycle issues and are in a better position to recommend safety 

countermeasures since they are aware of the political, culture, and special interest environment for 

their state. Potential stakeholders for these committees include a variety of members, including but not 

limited to law enforcement, healthcare professionals, motorcycle riders, and training groups. 

Oregon 

The Governor of Oregon has safety advisory committees enacted across the State. One committee is the 

Governor’s Advisory Committee on Motorcycle Safety, which is comprised of staff of the department of 

motor vehicles, the National Highway Traffic Safety Administration, staff of the Governor’s office, and 

the Oregon National Guard. This advisory committee was instrumental in influencing law enforcement 

to tow or impound motorcycles when a rider is stopped by law endorsement and does not have a 

proper motorcycle endorsement or registration.8 

Collecting data to inform on safety countermeasures 

The only way to assess whether safety countermeasures are effective include the collection, reporting, 

and analysis of motorcycle crash data. States maintain robust vehicle crash data systems. Employing 

these systems with rigorous research to study whether changes in legislation or other means had an 

effect in impacting motorcycle crashes and fatalities. Inferences made from the data analysis are best 

 
6 https://ridesmartflorida.com/ 
7 https://www.michigan.gov/sos/0,4670,7-127-1627_46351_46354---,00.html 
8 State of Oregon, Governor’s Advisory Committee on Motorcycle Safety, 2018-2014 Strategic Plan.  
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used in providing data-driven decisions for motorcycle safety campaigns and future legislative 

enactments for motorcycle-specific topic areas. 
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Abstract 
 
The intent of this analysis is to identify trends and examine patterns of common crash causation factors 
and driver characteristics related to multi-vehicle motorcycle crashes. Data were provided by the 
Pennsylvania Department of Transportation (PennDOT). Data consist of multi-vehicle motorcycle 
crashes from 2010 through 2019 covering aspects related to the crash itself, the motorcycle (and 
vehicle), and the individual. In total, there were 17,204 unique crash observations in the crash dataset. 
 
To examine the human-related characteristics–in addition to the engineering and environmental-related 
characteristics associated with multi-vehicle motorcycle crashes–this analysis utilizes a novel approach 
of unsupervised machine learning. Specifically, a cluster analysis is performed utilizing k-medoids. Two 
clusters were employed.  
 
Our findings from this analysis suggest that distinctive patterns involving each cluster begin to emerge, 
both involving human-, engineering-, and environmental-related characteristics. Cluster # 1 represents 
cases where another vehicle, not the motorcycle, is the prime crash unit – in these cases improper or 
careless turning is usually the culprit. These describe cases where the crash takes place at an angle and 
also occurs at an intersection Overall, this finding implies that either drivers do not see motorcycle riders 
and turn into an intersection striking the motorcycle, or perhaps drivers have a difficult time judging the 
approaching distance of a motorcycle and as a result, still turn into the intersection and strike the 
motorcycle. While this finding is not new given what is previously known about motorcycle crashes, it 
reinforces the large number of cases comprise these classifications. Cluster # 2 identifies cases where 
the motorcycle is the prime crash unit, and the prime crash type is tied to driving too fast for the given 
road conditions. Comparing both clusters, helmet use was mixed among riders, but it is predominantly 
the case where a motorcycle helmet is not worn. 
 
Based upon these findings, targeted interventions can be utilized based upon both motorcycle rider and 
motor vehicle drivers. 
 
Motorcycle-Related Recommendations 

• Encourage greater adoption of motorcycle helmet use among all riders 

• Encourage rider-based training scenarios where avoidance and mitigation maneuvers at 
intersections take place 

• Encourage greater education about matching speed to road conditions 

• Encourage greater awareness and education about lane positioning to make motorcyclists more 
visible to drivers 

 
Motor Vehicle-Related Recommendations 

• Remind drivers about the importance for looking for motorcyclists 

• Encourage all drivers to properly examine intersections for motorcyclists and look left-right-left 
before proceeding 

• Encourage drivers to stop completely at intersections where traffic control devices such as stop 
signs are utilized 
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Introduction 
 
It is estimated that more than 80% of reported motorcycle crashes result in injury or death.1 This injury 
and death statistic far exceeds that in automobile crashes and is likely a result of the motorcycle offering 
little to no protection to the rider when a crash occurs. In the same vein, more than one-half of all 
motorcycle crashes are multi-vehicle crashes.1 Given these high statistics involving death and injury to 
across the public, it is extremely important to examine the patterns and factors associated with multi-
vehicle crashes. The intent of this analysis is to identify trends and examine patterns of common crash 
causation factors and driver characteristics related to multi-vehicle motorcycle crashes. For purposes of 
this analysis, multi-vehicle motorcycle crashes are defined as motor vehicle crash involving at least one 
motorcycle, and one or more motor vehicles.  
 

Methodology 
 

Data were provided by the Pennsylvania Department of Transportation (PennDOT). Data consist of 
multi-vehicle motorcycle crashes from 2010 through 2019 covering aspects related to the crash itself, 
the motorcycle (and vehicle), and the individual. 
 
To examine the human-related characteristics–in addition to the engineering and environmental-related 
characteristics associated with multi-vehicle motorcycle crashes–this analysis utilizes a novel approach 
of unsupervised machine learning. Specifically, a cluster analysis is performed utilizing k-medoids.2 Since 
the majority of the data used in this analysis are categorical in nature (e.g., whether the rider was 
wearing a motorcycle helmet), this type of cluster analysis is used to determine the centers (or clusters) 
of actual observations in the available data, thereby increasing interpretability and inference from the 
analysis.3 Cluster analyses calculate the distance between dataset observations – while many distance 
methodologies exist, this analysis utilizes the Gower distance. This distances range between 0 and 1, and 
distances for both numeric and categorical variables are calculated. 
 
This analysis utilizes the following variables, which are presented by the classifications corresponding to 
rider or engineering/environmental characteristics. 
 

• Human-Related Characteristics 
o Age 
o Aggressive driving 
o Alcohol-involved 
o Distracted driving 
o Drug-involved 
o Excessive speed 
o Helmet use 

 
1 National Highway Traffic Safety Administration. “The Anatomy of a Motorcycle Crash” nd. 
https://one.nhtsa.gov/people/injury/pedbimot/motorcycle/safebike/toc.html 
2 Schubert E., Rousseeuw P.J. (2019) Faster k-Medoids Clustering: Improving the PAM, CLARA, and CLARANS 
Algorithms. In: Amato G., Gennaro C., Oria V., Radovanović M. (eds) Similarity Search and Applications. SISAP 2019. 
Lecture Notes in Computer Science, vol 11807. Springer, Cham. https://doi.org/10.1007/978-3-030-32047-8_16. 
3 Using k-means would rely upon all the data being numerical in nature. Alternatively, a term known as one-hot 
encoding could be used to transform categorical variables into numeric variables, however, this computation 
becomes costly when dealing with very large datasets as in this case and interpretation again is difficult. 
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o Prime crash factor 
 

• Engineering- and Environmental-Related Characteristics 
o Crash at an angle 
o Crash at an intersection 
o Crossing of a roadway median 
o Lighting 
o Road conditions 
o Road curvature 
o Road ownership 
o Traffic control devices 
o Weather 

 
Pertinent to this analysis are two variables – injury severity scores and the prime crash factors. Injury 
severity scores are examined in the analysis using two cluster models. The first cluster model is all 
crashes. The second cluster model is all severe crashes (multi-vehicle motorcycle crashes where either a 
fatality or serious injury resulted). Prime crash factors are included in the cluster models and are also 
examined outside the findings from the cluster analysis to provide context around this important 
element. 
 
In order to construct the cluster model, crash record numbers (CRNs) were linked across all data tables. 
As the topic deals with multi-vehicle motorcycle crashes, more than one vehicle can have an associated 
CRN. In order to properly match driver-related characteristics for each crash (e.g., age, protective 
equipment indicators), the associated unit number (i.e., number of the vehicle in the crash), in addition 
to the CRN was also used for matching. All data manipulation and analysis were performed using R. All 
syntax used in this analysis is contained in the appendix. 
 

Results 
 
In total, there were 17,204 unique crash observations in the crash dataset. When examining the number 
of crashes starting in the study’s beginning year (2010) through its conclusion (2019), there is a slight 
tapering off in the number of multi-vehicle motorcycle crashes over time. Figure 1 displays the number 
of crashes over the corresponding years in the study period. 
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Figure 1: Count of Multi-Vehicle Motorcycle Crashes by Crash Year (n = 17,204) 

 
When examining motorcycle crashes, there is a significant increase in the frequency of crashes during 
the warmer months. As shown in Figure 2, a sharp increase, consistent over the available years of data, 
is seen from April through September. Even over ten years of data, there is only slight variation in the 
corresponding number of crashes in this seasonal viewpoint. 
 

Figure 2: Count of Multi-Vehicle Motorcycle Crashes by Crash Month (n = 17,204) 
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While there were 17,204 crashes included in the study, some information was limited as to person-level 
details. For instance, in the motorcycle data table there were 16,855 observations (difference of 349). To 
the extent possible, the maximum number of corresponding observations are used in the study, 
however, due to data availability with some variables, sometimes fewer observations were used. As a 
result, all respective tables and figures reference the appropriate study sample size. 
 
Table 1 presents injury severity scores throughout the entire study period. For multi-vehicle motorcycle 
crashes, possible injuries and minor injuries comprise the first and second largest injury severity score 
classifications, respectively. It is important to highlight that these figures correspond with reportable 
multi-vehicle motorcycle crashes, and not all multi-vehicle motorcycle crashes. Of note, non-reportable 
crashes could occur when a crash takes place, yet no injuries were present, and the individual(s) could 
transport their motorcycle or motor vehicle away from the crash scene. 

 
Table 1: Injury Severity Scores (n = 17,204) 

Injury Severity Score Count % of Total4 

Fatality 1,039 6.0 
Serious Injury 2,841 16.5 
Minor Injury 4,746 27.6 
Possible Injury 7,289 42.3 
No Injury 1,289 7.4 

 
Table 2 presents the prime crash factor for the observations in the study period. Not surprisingly, almost 
all of the entire prime crash factors for multi-vehicle motorcycle crashes involve driver-related actions, 
and not environment/roadway, vehicle failure, or pedestrian action. This is an important facet of 
information to compare when results from the cluster analysis are presented. 
 

Table 2: Prime Crash Factors (n = 17,204) 

Prime Crash Factor Count % of Total4 

Driver Action 16,752 97.3 
Environment / Roadway 317 1.8 
Vehicle Failure 127 0.7 
Pedestrian Action 8 0.04 

 
While injury severity scores and prime crash factors are oftentimes reported independently of each 
other, Figure 3 examines injury severity scores in the study sample with an overlay of prime crash 
factors. Across all possible injury severity scores, driver-related actions dominate the proportion of 
those crashes. Interestingly, a small proportion of crashes are attributable to environment/roadway 
consisting of minor and possible injuries. 

 

 
4 Column total will not sum to 100% due to rounding. 
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Figure 3: Injury Severity Scores and Prime Crash Factors (n = 17,204) 

 
Among crashes where driver action was the prime crash factor, the motorcycle accounted for the prime 
crash factor in 40% (6,409) of cases. As driver actions comprise the largest category of crashes 
regardless of which vehicle unit was the prime crash factor, Table 3 outlines the top 10 driver action 
prime factor crashes, stratified by the prime crash factor unit (i.e., motorcycle or the vehicle). 
 

Table 3: Top 10 Driver Action Prime Factor Crash Types by Prime Factor Unit 

Prime Factor 
Vehicle 
Count 

Top 10 
Ranking 

Motorcycle 
Count 

Top 10 
Ranking 

Improper / Careless Turning 2,885 1 277 7 

Proceeding s/o Clearance After Stop 1,805 2 - - 

Other Improper Driving Actions 653 3 640 3 

Careless Passing or Lane Change 522 4 789 2 

Making Improper Entrance to Highway 495 5 - - 

Driver was Distracted 472 6 344 6 

Tailgating 357 7 516 4 

Driving Too Fast for Conditions 314 8 1,021 1 

Running Stop Sign 240 9 - - 

Running Red Light 188 10   

Speeding - - 505 5 

Driver Inexperienced - - 234 8 

Affected by Physical Condition - - 209 9 
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Prime Factor 
Vehicle 
Count 

Top 10 
Ranking 

Motorcycle 
Count 

Top 10 
Ranking 

Over / Under Compensation at Curve - - 208 10 

Note: “Unknown” factor not presented in the above table, but was a top 10 factor for both vehicle and motorcycle 
categories. 

What is rather apparent in Table 3 is the associated top 10 ranking between vehicles and motorcycles 
are not the same. In other words, the top driver action prime factors are quite different when 
comparing those crash types when the prime factor unit was a vehicle, or when the prime factor unit 
was the motorcycle. Among vehicles, improper or careless turning was the number one driver action 
prime crash type and comprises 36% (2,885) of the total top 10 crashes for vehicles. For motorcycles, 
driving too fast for conditions was the number one driver action prime factor crash type – this comprises 
approximately 20% (1,021) of the total top 10 crashes for motorcycles. Prime factor crashes where the 
top 10 ranking matched between drivers and motorcyclists included other improper driving actions (# 3) 
and distracted driving (# 6). 
 
One component of this analysis involves analyzing human-related characteristics in multi-vehicle 
motorcycle crashes. Table 4 presents summary and descriptive statistics of this study population. The 
vast majority of riders involved in multi-vehicle motorcycle crashes are men. The associated age 
groupings are uniformly distributed, with 25-34 years-old riders representing the largest category. To 
put additional context around the age distribution, the average age of riders is 40.7 years, with a large 
standard deviation of 14.9 years. Just under one-half of riders were wearing a helmet at the time of the 
crash. Additionally, alcohol- and drug-involved crashes comprise approximately seven percent and two 
percent of total crashes, respectively. Aggressive driving makes up 10% of total crashes and distracted 
driving accounts for approximately seven percent of crashes. Lastly, almost all motorcyclists were 
licensed at the time of the crash. 
 

Table 4: Summary and Descriptive Statistics of Study Population (n = 16,490) 

Characteristic Value 

Age in years, % (#)  
     16-24 17.9 (2,952) 
     25-34 22.4 (3,708) 
     35-44 17.1 (2,823) 
     45-54 21.2 (3,510) 
     55-64 15.4 (2,553) 
     65+ 5.7 (944) 
Aggressive driving, % (#) 10.0 (1,659) 
Alcohol-related, % (#) 7.1 (1,182) 
Distracted driving, % (#) 7.4 (1,225) 
Drug-related, % (#) 1.9 (326) 
Helmet worn,5 % (#) 47.3 (7,809) 
Licensed rider, % (#) 99.0 (16,328) 
Male, % (#) 95.5 (15,754) 

 

 
5 In cases where the helmet indicator variable was blank or marked unknown, these values merged with the values 
where a helmet was not worn; this could introduce measurement bias into this metric. 
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As noted previously, cluster analysis is an algorithm that is a form of unsupervised machine learning. It is 
classified as unsupervised because the outcome of interest is unknown to the user. In this case, the 
unknown outcome of interest is the number of clusters to represent. Several options exist to help guide 
the optimal number of clusters. Sometimes referred to as silhouette plot, Figure 4, presents a line graph 
displaying various number of clusters based upon simulations with the provided data. The point in which 
has the highest silhouette width represents the suggested number of clusters to employ in the model. 
Based upon this figure, the optimal number of clusters to employ is two. 

Figure 4: Silhouette Plot of Preferrable Number of Clusters 

 
 
As two clusters were employed in the k-medoids cluster algorithm, it is possible to view the stratification 
of the observations based upon each cluster. Figure 5 displays the observations in the dataset stratified 
by their respective clusters in a reduced multi-dimensional view. 
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Figure 5: Visual Representation of Clusters 

 
 
Visible in Figure 5 is almost an equal representation of observations between clusters one and two, and 
the split among the observations within each cluster is almost exclusive. As Figure 5 represents a multi-
dimension view of the clusters, there is no actual interpretation made possible based upon the values 
contained in the vertical and horizontal axes. Please refer to Table 5 for a listing of variables utilized in 
the cluster models. 
 
Interpretation of the results of the k-medoids cluster algorithm is not as straight forward as it is for 
other statistical modeling techniques. Each cluster has the same outcome – a multi-vehicle motorcycle 
crash. However, the key is in identifying the characteristics in the composition or features of each 
cluster. In order to better understand the features that comprise each cluster, Table 5 identifies the 
category for each particular variable that had the greatest number of observations comprising each 
group.6 All variables within Table 5 apply to the crash except for rider age category and helmet status.  
Items such as aggressive (NHTSA), alcohol-involved, drug-involved, and excessive speed relate to any 
operator in the crash. 
 

Table 5: Summary Results from Cluster Models 

Variable 
All Crashes (n = 16,409) Severe Crashes (n = 3,616) 

Cluster # 1 Cluster # 2 Cluster # 1 Cluster # 2 

Rider Age Category (Years) 25-34 45-54 16-24 25-34 

Any Operator Aggressive 
(NHTSA) 

No No No No 

 
6 Please refer to the appendix for full results from all corresponding models. 
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Any Operator Alcohol-
Involved 

No No No No 

Any Operator Drug-
Involved 

No No No No 

Any Operator Excessive 
Speed 

No No No No 

Helmet Not Worn Worn Not Worn Not Worn 

Prime Crash Unit Vehicle Motorcycle Vehicle Motorcycle 

Prime Crash Factor 
Improper / 

Careless 
Turning 

Driving Too 
Fast for 

Conditions 

Improper / 
Careless 
Turning 

Driving Too 
Fast for 

Conditions 

Crash at Angle Yes No Yes No 

Crash at Intersection Yes No Yes No 

Crossing Roadway Median No No No No 

Lighting Daylight Daylight Daylight Daylight 

Road Conditions Dry Dry Dry Dry 

Road Curvature None None None None 

Road Ownership State Roadway State Roadway State Roadway State Roadway 

Traffic Control Devices No Controls No Controls 
No Controls & 

Stop Sign 
No Controls 

Weather Clear Clear Clear Clear 

 
Table 6 presents a second cluster analysis but with the age variable removed. Previous work had 
identified age was sensitive when obtaining inference from preliminary results. As such, each set of 
models can be compared and contrasted with their findings when age is either included (Table 5) or 
excluded (Table 6). 
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Table 6: Summary Results from Cluster Models Without Age Variable 

Variable 
All Crashes (n = 16,409) Severe Crashes (n = 3,616) 

Cluster # 1 Cluster # 2 Cluster # 1 Cluster # 2 

Rider Age Category (Years) - - - - 

Any Operator Aggressive 
(NHTSA) 

No No No No 

Any Operator Alcohol-
Involved 

No No No No 

Any Operator Drug-
Involved 

No No No No 

Any Operator Excessive 
Speed 

No No No No 

Helmet Not Worn Worn Not Worn Not Worn 

Prime Crash Unit Vehicle Motorcycle Vehicle Motorcycle 

Prime Crash Factor 
Improper / 

Careless 
Turning 

Driving Too 
Fast for 

Conditions 

Improper / 
Careless 
Turning 

Driving Too 
Fast for 

Conditions 

Crash at Angle Yes No Yes No 

Crash at Intersection Yes No Yes No 

Crossing Roadway Median No No No No 

Lighting Daylight Daylight Daylight Daylight 

Road Conditions Dry Dry Dry Dry 

Road Curvature None None None None 

Road Ownership State Roadway State Roadway State Roadway State Roadway 

Traffic Control Devices 
Stop Sign & Not 

Applicable 
Not Applicable 

Not Applicable 
& Stop Sign 

Not Applicable 

Weather Clear Clear Clear Clear 

 
There is little difference in model results when comparing and contrasting findings when the age 
variable is removed from the cluster models. 
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When examining the overall findings of Tables 5 and 6, there are some patterns that begin to emerge 
concerning each cluster. The following subsections discuss these patterns in detail. 
 
All Crashes – Cluster # 1 

• These motorcycle riders are younger in age (25-34 years) 

• Motorcycle helmets are not worn 

• The other vehicle is the unit prime crash factor 
o The prime crash factor is improper or careless turning by the vehicle 

• The crash occurs at an intersection and at an angle 
 
All Crashes – Cluster # 2 

• Age groupings comprise middle-aged riders 

• These riders wear motorcycle helmets 

• The motorcycle is the unit prime crash factor 
o The prime crash factor is driving too fast for given conditions 

 
Severe Crashes – Cluster # 1 

• The youngest age category is contained in this group (16-24 years) 

• These riders tend not to wear motorcycle helmets 

• The other vehicle is the prime crash factor 
o The prime crash factor is improper or careless turning by the vehicle 

• The crash occurs at an intersection and at an angle 
 
Severe Crashes – Cluster # 2 

• These motorcycle riders are younger in age (25-34 years) 

• Motorcycle helmets are not worn 

• The motorcycle is the unit prime crash factor 
o The prime crash factor is driving too fast for given conditions 

 
The above findings represent characteristics of larger groups or clusters. As a result, there are outliers in 
the data that are not characterized in the above findings. 
 

Discussion 
 

Overall, this analysis highlights the fact that many factors play a role in multi-vehicle motorcycle crashes. 
Our findings from this analysis suggest that patterns involving two groups begin to emerge, both 
involving human-, engineering-, and environmental-related characteristics. Cluster # 1 represents cases 
where another vehicle, not the motorcycle, is the prime crash unit – in these cases improper or careless 
turning is usually the culprit. These describe cases where the crash takes place at an angle and also 
occurs at an intersection Overall, this finding implies that either drivers do not see motorcycle riders and 
turn into an intersection striking the motorcycle, or perhaps drivers have a difficult time judging the 
approaching distance of a motorcycle and as a result, still turn into the intersection and strike the 
motorcycle. While this finding is not new given what is previously known about motorcycle crashes, it 
reinforces the large number of cases comprise these classifications. Cluster # 2 identifies cases where 
the motorcycle is the prime crash unit, and the prime crash type is tied to driving too fast for the given 
road conditions. Comparing both clusters, helmet use was mixed among riders, but it is predominantly 
the case where a motorcycle helmet is not worn. Comparing findings across the all crashes model and 
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severe crashes model, clusters # 1 are quite similar with exception to one characteristic – the age 
category. It is apparent that the youngest age group (16-24) is associated with the first cluster in the 
severe crashes, whereas the second youngest age group (25-34) is associated with the first cluster in all 
crashes. Age is a significant distinguishing factor between all crashes and severe crashes when holding 
all other variables constant. 
 
Based upon these findings, targeted interventions can be utilized based upon both motorcycle rider and 
motor vehicle drivers. 
 
Motorcycle-Related Recommendations 

• Encourage greater adoption of motorcycle helmet use among all riders 

• Encourage rider-based training scenarios where avoidance and mitigation maneuvers at 
intersections take place 

• Encourage greater education about matching speed to road conditions 

• Encourage greater awareness and education about lane positioning to make motorcyclists more 
visible to drivers 

 
Motor Vehicle-Related Recommendations 

• Remind drivers about the importance for looking for motorcyclists 

• Encourage all drivers to properly examine intersections for motorcyclists and look left-right-left 
before proceeding 

• Encourage drivers to stop completely at intersections where traffic control devices such as stop 
signs are utilized 

 
This study has a number of strengths which merit highlighting. First, this analysis is benefited by a large 
sample size over a 10-year study period. Second, the data are rich in detail and allow for examination of 
factors extending into driver characteristics, road conditions, the environment, and the motorcycle crash 
event itself. Third, this analysis is a novel approach to examine many variables at one time and to the 
authors’ knowledge, is the first attempt to examine multi-vehicle motorcycle crashes using this form of 
unsupervised machine learning. 
 
While the study’s strengths far outweigh its limitations, it would be remiss not to formally acknowledge 
the limitations as they could impact the main takeaways from this study. Our findings when performing 
descriptive and summary statistics noted that just over seven percent of riders involved in this analysis 
were involved in alcohol-related crashes. This statistic is far less than previous research findings 
suggesting that alcohol plays a role in motorcycle crashes upwards of 40% of the time.7 One of the 
attributable differences between the two studies is this analysis did not include single-vehicle crashes, 
which single-vehicle crashes for motorcycles involves a significant proportion of overall motorcycle 
crashes.8 Another finding worth noting is when examining licensed and unlicensed riders. Our findings 
revealed that among these multi-vehicle motorcycle crashes, just over one percent of riders were 
unlicensed. This statistic differs significantly from our previous research in addition to published 

 
7 National Highway Traffic Safety Administration. Traffic Safety Facts 1996 - Motorcycles. Washington, DC: U.S. 
Department of Transportation. 
8 National Highway Traffic Safety Administration. (December 1997). Traffic Safety Facts, 1996. (DOT HS 808 649). 
Washington, DC: U.S. Department of Transportation. 
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research where almost one-third of riders involved in a motorcycle crash were unlicensed.9 As before, 
this notable difference is likely due to the exclusion of single-vehicle crashes in this study, however, 
these differences could highlight limitations in this study to truly examine important driver 
characteristics associated with motorcycle crashes. In both models, clusters # 1 cite angled crashes and 
where the crash occurred at an intersection, but no traffic control device was present. This finding 
appears somewhat inconsistent with scenarios involving intersections – specifically the lack of a noted 
traffic control device. While this phenomenon could be attributable to crashes involving driveways on 
roadways (both commercial and residential) this specific finding is an area recommended for further 
research. 
 
When examining the findings across all models, state roadways were the largest category when 
examining road ownership. At first appearance, other crash factors such as improper / careless turning 
and crashes at an intersection may not make sense if the crash took place on a state roadway. 
Pennsylvania manages a network of state roadways that include interstate highways, US highways, and 
state routes. The project authors randomly sampled crashes involving state roadway road ownership 
where a crash took place at an intersection. Confirmation with aerial imagery and maps confirm the 
cases where road ownership is a state roadway, but crashes involving characteristics more common to 
local roadways take place. Figure 6 present one randomly sampled image that was reviewed using 
latitude and longitude data of the crash scene. 
 

Figure 6: Aerial View of Crash at Intersection on State Roadway Road Ownership 

Map Data: Google, Imagery Copyright 2021 Maxas Technologies, 
PA Department of Conservation and Natural Resources 
PAMAP/USGS, USADA Farm Service Agency, Map data Copyright 
2021 

 
9 National Highway Traffic Safety Administration. (December 1997). Traffic Safety Facts, 1996. (DOT HS 808 649). 
Washington, DC: U.S. Department of Transportation. 
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Appendix 
 
 

Cluster Model Results – All Crashes 

Variable Description 
Cluster # 1 

Count 
Variable Description 

Cluster # 2 
Count 

Helmet Not Worn 6,595 Helmet Not Worn 2,086 
 

Worn 3,755 
 

Worn 4,054 

Weather Clear 10,052 Weather Clear 5,969 
 

Rain 238 
 

Rain 151 
 

Fog, Smog, 
Smoke 

24 
 

Fog, Smog, 
Smoke 

9 

 
Unknown 20 

 
Other 7 

 
Other 10 

 
Unknown 2 

 
Cloudy 3 

 
Sleet or 
Hail 

1 

 
Other10 3 

 
Other10 1 

Road Condition Dry 9,941 Road Condition Dry 5,866 
 

Ice/Frost 32 
 

Ice/Frost 29 
 

Snow 2 
 

Snow 1 
 

Water 
(standing 
or moving) 

2 
 

Water 
(standing 
or moving) 

5 

 
Wet 353 

 
Wet 231 

 
Other 20 

 
Other 8 

Prime Crash Factor Improper / 
Careless 
Turning 

2,998 Prime Factor Driving too 
Fast for 
Conditions 

1,152 

 
Proceeding 
w/o 
Clearance 
After Stop 

1,813 
 

Careless 
Passing or 
Lane 
Change 

715 

 
Other 
Improper 
Driving 
Action 

662 
 

Other 
Improper 
Driving 
Action 

631 

 
Careless 
Passing or 
Lane 
Change 

596 
 

Tailgating 612 

 
10 This “Other” is an output of the cluster model, where groupings of several variables have occurred. In some 
instances, “Other” is a categorical variable that is part of the data dictionary, and as a result, could appear twice for 
some variables. Footnotes that correspond to “Other” as generated by the cluster model are noted throughout. 
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Cluster Model Results – All Crashes 

Variable Description 
Cluster # 1 

Count 
Variable Description 

Cluster # 2 
Count  

Making 
Improper 
Entrance to 
Highway 

457 
 

Driver was 
Distracted 

444 

 
Unknown 451 

 
Speeding 299 

 
Other10 3,373 

 
Other10 2,287 

Traffic Control Device  N/A 4,792 Traffic Control Device N/A 5,233 
 

Stop Sign 2,892 
 

Traffic 
Signal 

465 

 
Traffic 
Signal 

2,485 
 

Stop Sign 288 

 
Flashing 
Traffic 
Signal 

71 
 

Other Type 71 

 
Other Type 51 

 
Yield Sign 47 

 
Yield Sign 45 

 
Flashing 
Traffic 
Signal 

16 

 
Other10 14 

 
Other10 20 

Intersection No 3,029 Intersection No 5,094 
 

Yes 7,321 
 

Yes 1,046 

Alcohol-Related No 9,705 Alcohol-Related No 5,603 
 

Yes 645 
 

Yes 537 

Cross Median No 10,146 Cross Median No 5,802 
 

Yes 204 
 

Yes 338 

Curved Road No 9,455 Curved Road No 4,905 
 

Yes 895 
 

Yes 1,235 

Speeding No 9,806 Speeding No 5,634 
 

Yes 544 
 

Yes 506 

Drug-Related No 10,152 Drug-Related No 6,012 
 

Yes 198 
 

Yes 128 

Angle Crash No 2,983 Angle Crash No 5,424 
 

Yes 7,367 
 

Yes 716 

Dark Lighting No 8,382 Dark Lighting No 5,070 
 

Yes 2,018 
 

Yes 1,070 

Aggressive Driving No 9,325 Aggressive Driving No 5,506 
 

Yes 1,025 
 

Yes 634 

Road Owner State 
Roadway 

7,950 Road Owner State 
Roadway 

4,421 
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Cluster Model Results – All Crashes 

Variable Description 
Cluster # 1 

Count 
Variable Description 

Cluster # 2 
Count  

Local Road 
or Street 

2,223 
 

Local Road 
or Street 

1,038 

 
Interstate 
(non-
turnpike) 

112 
 

Interstate 
(non-
turnpike) 

580 

 
Private 
Road 

31 
 

Country 
Road 

37 

 
Country 
Road 

28 
 

East-West 
Portion of 
Turnpike 

33 

 
East-West 
Portion of 
Turnpike 

4 
 

Turnpike 
Spur 
(extension) 

16 

 
Other10 2 

 
Other10 15 

Age Category 16-24 1,811 Age Category 16-24 1,141 
 

25-34 2,596 
 

25-34 1,112 
 

35-44 1,927 
 

35-44 896 
 

45-54 1,668 
 

45-54 1,842 
 

55-64 1,743 
 

55-64 810 
 

65+ 605 
 

65+ 339 

Motorcycle Prime Unit No 8,105 Motorcycle Prime Unit No 1,913 
 

Yes 2,245 
 

Yes 4,227 
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Cluster Model Results – Severe Crashes 

Variable Description 
Cluster # 1 

Count 
Variable Description 

Cluster # 2 
Count 

Helmet Not Worn 1,105 Helmet Not Worn 1,095 
 

Worn 701 
 

Worn 715 

Weather Clear 1,754 Weather Clear 1,760 
 

Fog, Smog, 
Smoke 

6 
 

Fog, Smog, 
Smoke 

6 

 
Rain 35 

 
Rain 41 

 
Snow 1 

 
Snow 0 

 
Other 2 

 
Other 3 

 
Unknown 8 

 
Unknown 0 

Road Condition Dry 1,747 Road Condition Dry 1,744 
 

Ice/Frost 2 
 

Ice/Frost 6 
 

Wet 52 
 

Wet 59 
 

Other 5 
 

Other 1 

Prime Crash Factor Improper / 
Careless 
Turning 

727 Prime Factor Driving too 
Fast for 
Conditions 

293 

 
Proceeding 
w/o 
Clearance 
After Stop 

399 
 

Speeding 234 

 
Running 
Red Light 

91 
 

Careless 
Passing or 
Lane 
Change 

194 

 
Making 
Improper 
Entrance to 
Highway 

77 
 

Other 
Improper 
Driving 
Action 

141 

 
Running 
Stop Sign 

76 
 

Driving on 
the Wrong 
Side of the 
Road 

135 

 
Speeding 65 

 
Affected by 
Physical 
Condition 

106 

 
Other10 371 

 
Other10 707 

Traffic Control Device  N/A 768 Traffic Control Device N/A 1,517 
 

Stop Sign 573 
 

Traffic 
Signal 

134 

 
Traffic 
Signal 

434 
 

Stop Sign 111 
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Cluster Model Results – Severe Crashes 

Variable Description 
Cluster # 1 

Count 
Variable Description 

Cluster # 2 
Count  

Flashing 
Traffic 
Signal 

18 
 

Other Type 28 

 
Yield Sign 5 

 
Flashing 
Traffic 
Signal 

8 

 
Other Type 5 

 
Yield Sign 8 

 
Other10 3 

 
Other10 4 

Intersection No 392 Intersection No 1,430 
 

Yes 1,414 
 

Yes 380 

Alcohol-Related No 1,634 Alcohol-Related No 1,447 
 

Yes 172 
 

Yes 363 

Cross Median No 1,771 Cross Median No 1,576 
 

Yes 35 
 

Yes 234 

Curved Road No 1,646 Curved Road No 1,303 
 

Yes 160 
 

Yes 507 

Speeding No 1,647 Speeding No 1,449 
 

Yes 159 
 

Yes 361 

Drug-Related No 1,727 Drug-Related No 1,702 
 

Yes 79 
 

Yes 108 

Angle Crash No 188 Angle Crash No 1,383 
 

Yes 1,618 
 

Yes 427 

Dark Lighting No 1,445 Dark Lighting No 1,335 
 

Yes 361 
 

Yes 475 

Aggressive Driving No 1,544 Aggressive Driving No 1,494 
 

Yes 262 
 

Yes 316 

Road Owner Interstate 
(non-
turnpike) 

10 Road Owner Interstate 
(non-
turnpike) 

112 

 
State 
Roadway 

1,509 
 

State 
Roadway 

1,340 

 
Country 
Road 

6 
 

Country 
Road 

13 

 
Local Road 
or Street 

279 
 

Local Road 
or Street 

332 

 
East-West 
Portion of 
Turnpike 

1 
 

East-West 
Portion of 
Turnpike 

7 
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Cluster Model Results – Severe Crashes 

Variable Description 
Cluster # 1 

Count 
Variable Description 

Cluster # 2 
Count  

Turnpike 
Spur 
(extension) 

0 
 

Turnpike 
Spur 
(extension) 

5 

 
Private 
Road 

1 
 

Private 
Road 

1 

Age Category 16-24 338 Age Category 16-24 300 
 

25-34 239 
 

25-34 567 
 

35-44 322 
 

35-44 292 
 

45-54 466 
 

45-54 318 
 

55-64 327 
 

55-64 230 
 

65+ 114 
 

65+ 103 

Motorcycle Prime Unit No 1,490 Motorcycle Prime Unit No 477 
 

Yes 316 
 

Yes 1,333 
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R Syntax Used to Perform Analysis 
 

library(tidyverse) 

library(dplyr) 

#library(scales) 

#library(klaR) 

 

library(Rtsne) 

library(ggplot2) 

library(cluster) 

 

 

path <- 'W:\\My Documents\\stonewall\\iron_horse2\\' 

raw_data_path <- paste0(path,'\\data\\read_in\\') 

 

################################### 

######## RAW DATA LOADS ########### 

################################### 

 

crash <- read.csv(file = paste0(raw_data_path, 'CRASH.txt'), 

                  sep = '|',  

                  header = TRUE, 

                  stringsAsFactors = FALSE) 

names(crash) <- tolower(names(crash)) 

cycle <- read.csv(file = paste0(raw_data_path, 'CYCLE.txt'), 

                  sep = '|',  

                  header = TRUE, 

                  stringsAsFactors = FALSE) 

names(cycle) <- tolower(names(cycle)) 

flag <- read.csv(file = paste0(raw_data_path, 'FLAG.txt'), 

                  sep = '|',  

                  header = TRUE, 

                  stringsAsFactors = FALSE) 

names(flag) <- tolower(names(flag)) 

person <- read.csv(file = paste0(raw_data_path, 'PERSON.txt'), 

                   sep = '|',  

                   header = TRUE, 

                   stringsAsFactors = FALSE) 

names(person) <- tolower(names(person)) 

roadway <- read.csv(file = paste0(raw_data_path, 'ROADWAY.txt'), 

                  sep = '|',  

                  header = TRUE, 

                  stringsAsFactors = FALSE) 

names(roadway) <- tolower(names(roadway)) 

vehicle <- read.csv(file = paste0(raw_data_path, 'VEHICLE.txt'), 

                  sep = '|',  

                  header = TRUE, 

                  stringsAsFactors = FALSE) 

names(vehicle) <- tolower(names(vehicle)) 

 

 

##################################### 

########### CRASH ################### 

##################################### 

length(unique(crash$crn)) 

## crashes by year 

g <- ggplot(data = crash, aes(x = as.factor(crash_year))) + geom_bar(fill = '#2b8cbe') 

g <- g + theme_minimal() + scale_y_continuous(labels = comma) 

g <- g + labs(x = 'Crash Year', y = 'Count of Crashes') 

g 

 

## vehicle counts 

h <- ggplot(data = crash, aes(x = vehicle_count)) + geom_bar() 
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h 

 

 

## line plot of crashes by month and year 

class(crash$crash_month) 

class(crash$crash_year) 

 

 

seasonality <- crash %>% group_by(crash_year, crash_month, .drop = FALSE) %>% tally() 

seasonality$crash_month <- factor(seasonality$crash_month, 

                                  levels = c(1,2,3,4,5,6,7,8,9,10,11,12), 

                                  labels = c('January', 'February', 'March', 'April',   

                                             'May', 'June', 'July', 'August',  

                                             'September', 'October', 'November',  

                                             'December')) 

seasonality$crash_year <- as.factor(seasonality$crash_year) 

 

i <- ggplot(data = seasonality, aes(x = crash_month,  

                                    y = n,  

                                    group = crash_year, 

                                    color = crash_year)) + geom_line(size = 1) 

i <- i + labs(x = 'Crash Month', y = 'Count of Crashes') 

i <- i + theme_minimal() + scale_color_discrete(name = 'Crash Year') 

i <- i + theme(legend.position = 'bottom') 

i 

 

prop.table(table(crash$tcd_func_cd)) 

prop.table(table(crash$tcd_type)) 

 

## pairing down to just variables of interest 

crash2 <- crash[ , c('crn', 'crash_month', 'crash_year', 'day_of_week', 

                     'time_of_day', 'hour_of_day', 'illumination', 'weather1', 

                     'road_condition', 'collision_type', 'prime_factor_type', 

                     'prime_factor', 'prime_factor_unit', 'prime_factor_code', 

                     'max_severity_level', 'tcd_type')] 

 

 

crash2$iss <- 'not_injured' 

crash2$iss[crash2$max_severity_level == 1] <- 'fatality' 

crash2$iss[crash2$max_severity_level == 2] <- 'serious_injury' 

crash2$iss[crash2$max_severity_level == 3] <- 'minor_injury' 

crash2$iss[crash2$max_severity_level == 4 | crash2$max_severity_level == 8] <- 

'possible_injury' 

 

 

table(crash2$iss, crash2$max_severity_level) 

 

severity_prime <- data.frame(table(crash2$iss, crash2$prime_factor_type)) 

names(severity_prime) <- c('iss', 'prime', 'n') 

 

severity_prime$iss <- factor(x = severity_prime$iss, 

                             levels = c('fatality', 'serious_injury', 'minor_injury', 

                                        'possible_injury', 'not_injured'), 

                             labels = c('Fatality', 'Serious Injury', 'Minor Injury', 

                                        'Possible Injury', 'No Injury')) 

severity_prime$prime <- factor(x = severity_prime$prime, 

                               levels = c('P', 'V', 'E', 'D'), 

                               labels = c('Pedestrian Action', 'Vehicle Failure', 

                                          'Environmental / Roadway', 'Driver Action')) 

 

## stacked bar chart comparing injury severity and prime factors in crash 

p <- ggplot(data = severity_prime, aes(x = iss,  

                                       y = n,  
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                                       fill = prime)) + geom_bar(stat = 'identity') 

p <- p + theme_minimal() + scale_fill_brewer(palette = 'Set1', name = 'Prime Crash 

Factor') 

p <- p + scale_y_continuous(labels = comma) 

p <- p + labs(x = 'Injury Severity Score', y = 'Count of Crashes') 

p 

 

prop.table(table(crash2$iss)) 

prop.table(table(crash$prime_factor_type)) 

 

##################################### 

########### FLAG #################### 

##################################### 

 

flag2 <- flag[ , c('crn', 'wet_road', 'intersection', 'alcohol_related', 'unlicensed', 

                   'distracted', 'cell_phone', 'cross_median', 'curved_road',  

                   'speeding', 

                   'mature_driver', 'young_driver', 'drug_related', 'angle_crash', 

                   'illumination_dark', 'aggressive_driving', 'nhtsa_agg_driving')] 

 

prop.table(table(flag2$distracted)) 

table(flag2$aggressive_driving) 

table(flag2$speeding, flag2$aggressive_driving) 

prop.table(table(flag2$speeding, flag2$aggressive_driving)) 

 

##################################### 

########### CYCLE ################### 

##################################### 

cycle2 <- cycle[ , c('crn', 'unit_num', 'mc_dvr_hlmton_ind')] 

table(cycle2$mc_dvr_hlmton_ind) 

 

## in cases where helmet indicator is blank or unknown, converting to no 

cycle2$helmet <- 0 

cycle2$helmet[cycle2$mc_dvr_hlmton_ind == 'Y'] <- 1 

 

 

##################################### 

########### ROADWAY ################# 

##################################### 

roadway2 <- roadway[! duplicated(roadway$crn) , c('crn', 'road_owner')] 

 

##################################### 

########### PERSON ################## 

##################################### 

person2 <- person[ person$person_type == 1,  

                   c('crn', 'unit_num', 'inj_severity', 'age', 'sex')] 

 

person2$iss_p <- 'not_injured' 

person2$iss_p[person2$inj_severity == 1] <- 'fatality' 

person2$iss_p[person2$inj_severity == 2] <- 'serious_injury' 

person2$iss_p[person2$inj_severity == 3] <- 'minor_injury' 

person2$iss_p[person2$inj_severity == 4 | person2$inj_severity == 8] <- 

'possible_injury' 

 

##################################### 

####### DATA MANIPULATION ########### 

##################################### 

 

cycle_person <- merge(x = cycle2,  

                      y = person2,  

                      by = c('crn', 'unit_num'), 

                      all.x = TRUE) 
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table(cycle_person$crn %in% crash$crn) 

length(unique(cycle_person$crn)) 

 

## figuring out which crns are associated with more than 

## 1 motorcycle 

cycle_person_agg <- cycle_person %>% group_by(crn) %>% tally() 

 

nrow(cycle_person_agg[cycle_person_agg$n > 1 , ]) 

 

## proportion of single motorcycles present in the crash records 

## difference indicates other motorcycle included in the crn 

length(cycle_person_agg$n[cycle_person_agg$n == 1]) / nrow(cycle_person_agg) 

 

## bringing together the crash and flag file 

crash_flag <- merge(x = crash2,  

                    y = flag2,  

                    by = 'crn') 

 

crash_flag_roadway <- merge(x = crash_flag, 

                            y = roadway2, 

                            by = 'crn', 

                            all.x = T) 

 

## now merging together crash/flag with person/cycle 

dta <- merge(x = cycle_person, ## note that cycle_person2 is 1 motorcycle crash only 

             y = crash_flag_roadway,  

             by = 'crn',  

             all.x = TRUE) 

 

## creating categorical variables for age 

dta2 <- dta[dta$age >= 16 &  

            dta$age <= 98 & 

            dta$sex %in% c('F', 'M'), ] 

 

dta2$age_cat <- '16_24' 

dta2$age_cat[dta2$age >= 25 & dta2$age <= 34] <- '25_34' 

dta2$age_cat[dta2$age >= 35 & dta2$age <= 44] <- '35_44' 

dta2$age_cat[dta2$age >= 45 & dta2$age <= 54] <- '45_54' 

dta2$age_cat[dta2$age >= 55 & dta2$age <= 64] <- '55_64' 

dta2$age_cat[dta2$age >= 65] <- '65+' 

 

## injury severity score 

# dta2$iss <- 'not_injured' 

# dta2$iss[dta2$inj_severity == 1] <- 'fatality' 

# dta2$iss[dta2$inj_severity == 2] <- 'serious_injury' 

# dta2$iss[dta2$inj_severity == 3] <- 'minor_injury' 

# dta2$iss[dta2$inj_severity == 4 | dta2$inj_severity == 8] <- 'possible_injury' 

# table(dta2$iss) 

 

## creating variable whether the prime factor unit was the motorcycle 

dta2$motorcycle_prime <- 0 

dta2$motorcycle_prime[dta2$unit_num == dta2$prime_factor_unit] <- 1 

prop.table(table(dta2$motorcycle_prime[dta2$prime_factor_type == 'D'])) 

unique(dta2$prime_factor_type) 

 

with(dta2, tapply(prime_factor[prime_factor_type == 'D'],  

                  motorcycle_prime[prime_factor_type == 'D'],  

                  table)) 

 

hold <- dta2 %>% filter(prime_factor_type == 'D') %>% 

            group_by(motorcycle_prime, prime_factor) %>% 

                summarise(n = n()) %>% 

                  mutate(prop = n / sum(n)) %>% 
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                  arrange(desc(n)) %>% 

                      top_n(10) %>% 

                          pivot_wider(names_from = motorcycle_prime, values_from =  

                                      c(n, prop)) 

names(hold) <- c('prime_factor', 'other_vehicle_num', 'motorcycle_num',  

                 'other_vehicle_prop', 'motorcycle_prop') 

 

hold$prime_factor_desc <- 'Improper / Careless Turning' 

hold$prime_factor_desc[hold$prime_factor == 'D07'] <- 'Proceeding w/o Clearance After 

Stop' 

hold$prime_factor_desc[hold$prime_factor == 'D24'] <- 'Driving Too Fast for 

Conditions' 

hold$prime_factor_desc[hold$prime_factor == 'D14'] <- 'Careless Passing or Lane 

Change' 

hold$prime_factor_desc[hold$prime_factor == 'D98'] <- 'Other Improper Driving Actions' 

hold$prime_factor_desc[hold$prime_factor == 'D11'] <- 'Tailgating' 

hold$prime_factor_desc[hold$prime_factor == 'D23'] <- 'Speeding' 

hold$prime_factor_desc[hold$prime_factor == 'D19'] <- 'Making Improper Entrance to 

Highway' 

hold$prime_factor_desc[hold$prime_factor == 'D01'] <- 'Driver was Distracted' 

hold$prime_factor_desc[hold$prime_factor == 'D99'] <- 'Unknown' 

hold$prime_factor_desc[hold$prime_factor == 'D08'] <- 'Running Stop Sign' 

hold$prime_factor_desc[hold$prime_factor == 'D27'] <- 'Driver Inexperienced' 

hold$prime_factor_desc[hold$prime_factor == 'D92'] <- 'Affected by Physical Condition' 

 

 

## table-like-1 stats 

mean(dta2$age) 

sd(dta2$age) 

prop.table(table(dta2$sex)) 

prop.table(table(dta2$age_cat)) 

prop.table(table(dta2$helmet)) 

prop.table(table(dta2$alcohol_related)) 

prop.table(table(dta2$unlicensed)) 

prop.table(table(dta2$drug_related)) 

prop.table(table(dta2$nhtsa_agg_driving)) 

prop.table(table(dta2$distracted)) 

 

 

##################################### 

####### CLUSTER MODELS############### 

##################################### 

dta_k <- subset(dta2, 

                select = -c(crn, 

                            illumination, 

                            mc_dvr_hlmton_ind, 

                            age, 

                            sex, 

                            unit_num, 

                            mature_driver, 

                            young_driver, 

                            day_of_week, 

                            time_of_day, 

                            crash_month, 

                            crash_year, 

                            hour_of_day, 

                            prime_factor_type, 

                            max_severity_level, 

                            iss, 

                            inj_severity, 

                            max_severity_level, 

                            wet_road, 

                            unlicensed, 
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                            distracted, 

                            cell_phone, 

                            collision_type, 

                            aggressive_driving, 

                            prime_factor_code, 

                            prime_factor_unit)) 

 

dta_k[] <- lapply(dta_k, factor)  

 

gower_dist <- daisy(dta_k, metric = 'gower') 

gower_mat <- as.matrix(gower_dist) 

 

## print most similar clients 

dta_k[which(gower_mat == min(gower_mat[gower_mat != min(gower_mat)]),  

            arr.ind = TRUE)[1, ], ] 

 

## print most dissimilar clients 

dta_k[which(gower_mat == max(gower_mat[gower_mat != max(gower_mat)]),  

         arr.ind = TRUE)[1, ], ] 

 

sil_width <- c(NA) 

for(i in 2:8){   

  pam_fit <- pam(gower_dist, diss = TRUE, k = i)   

  sil_width[i] <- pam_fit$silinfo$avg.width   

} 

plot(1:8, sil_width, 

     xlab = "Number of clusters", 

     ylab = "Silhouette Width") 

lines(x = 1:8, y = sil_width) 

head(sil_width) 

sil_width 

 

## figure of optimal number of clusters 

sil <- data.frame(sil_width = sil_width, cluster = seq(1,8,1)) 

g <- ggplot(data = sil, aes(x = cluster, y = sil_width)) + geom_line(size = 1) 

g <- g + labs(y = 'Silhouette Width', x = 'Clusters') 

g <- g + theme_minimal() 

g <- g + theme(axis.title = element_text(size = 14), 

               axis.text = element_text(size = 12)) 

g 

 

## running the k-medoids model (k = 2) 

k <- 2 

pam_fit <- pam(gower_dist, diss = TRUE, k) 

pam_results <- dta_k %>% 

                  mutate(cluster = pam_fit$clustering) %>% 

                      group_by(cluster) %>% 

                        do(the_summary = summary(.)) 

 

## calling upon model results 

pam_results$the_summary 

 

tsne_obj <- Rtsne(gower_dist, is_distance = TRUE) 

tsne_data <- tsne_obj$Y %>% 

                  data.frame() %>% 

                    setNames(c("X", "Y")) %>% 

                      mutate(cluster = factor(pam_fit$clustering)) 

 

 

## visualizing the clusters 

h <- ggplot(data = tsne_data, aes(x = X, y = Y)) + 

                geom_point(aes(color = cluster), alpha = 0.5) 

h <- h + theme_minimal() 
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h <- h + theme(axis.title = element_text(size = 14), 

               axis.text = element_text(size = 12), 

               legend.title = element_text(size = 14), 

               legend.text = element_text(size = 12)) 

h <- h + scale_color_discrete(name = 'Cluster') 

h 
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Executive Summary 
 

Multi-vehicle motorcycle crashes are a significant public health concern. To highlight this issue, when 
controlling for vehicle miles traveled, motorcycle crash fatalities occur 27 times more frequently as 
compared to fatalities in vehicle crashes (National Highway Traffic Safety Administration, 2020). The 
intent of this project is to ascertain the public’s perception on multi-vehicle motorcycle crashes, to 
understand what motorists and motorcyclists feel the pressing issues are, and to determine if potential 
solutions exist among the public. 
 
A survey was designed that covered a variety of topics and data elements on the topic of multi-vehicle 
motorcycle crashes. Using a commercial survey tool, the developed survey was administered 
electronically to Pennsylvania residents that owned a vehicle in early May 2021. Questions examined 
driving behaviors, motorcycle riding experience, factors contributing to multi-vehicle motorcycle 
crashes, what could be done to increase awareness about motorcyclists, and what driving behaviors can 
be mitigated to reduce multi-vehicle motorcycle crashes. 
 
In total, there were 379 survey respondents and 301 completed all questions. When soliciting 
perspectives on comfort levels among motorists with motorcycles on the roadway, overall responses 
indicated either a slight uncomfortableness, or a neutral response (neither uncomfortable or 
comfortable). When stratifying the responses based upon motorcycle riding status, motorists without 
motorcycle riding experience tend to remain a little uncomfortable. Three-quarters of respondents feel 
the public is somewhat aware or generally aware of motorcycles on the road. When assessing ways to 
increase awareness of motorcyclists on the road, the top responses included increasing visibility of the 
motorcyclist, education campaigns such as public service announcements (PSAs), and driver education, 
respectively. Distracted and aggressive motorists comprise the largest responses from survey 
respondents about the factors contributing to multi-vehicle motorcycle crashes. 
 
This study identified several critical aspects pertinent to the attitudes and perceptions among 
Pennsylvania residents related to multi-vehicle motorcycle crashes. When asked how motorists react to 
motorcyclists on the roadway, our main findings suggest that motorists tend to exhibit cautious driving 
behaviors and are somewhat nervous. To overcome this aspect, motorists suggested that motorcyclists 
should increase their visibility on the roadway – some respondents even suggested that lighting or use 
of reflective equipment/riding gear could help with increasing visibility. Survey respondents also 
identified that motorcyclists have many factors to pay attention to when riding such as other vehicles in 
the roadway, roadway conditions, and even animals on the roadway. 
 
Interesting findings from this study include the type of responses when questions requested free text 
answers. When questions ask about attitudes, perceptions, and opinions of various factors, there 
appears to be no shortage or limitation in responses. This is evident in responses to questions 
concerning what factors contribute to multi-vehicle motorcycle crashes and how motorists react on the 
roadway when motorcyclists are around, among others. Conversely, when questions ask what should be 
done, such as what should be done to increase awareness of motorists to motorcyclists on the roadway, 
or what should be done to limit behaviors contributing to multi-vehicle motorcycle crashes, the top 
responses were uncertainty. It appears that respondents are comfortable stating why something occurs, 
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but when asked what should be done to fix what is occurring, less certainty is apparent. This subtle, yet 
important finding highlights the complexity of multi-vehicle motorcycle crashes, and the difficulty in 
identifying what could or should be done to positively impact this public health concern. 
Another study finding worth noting is the differing level of information captured in some of the 
questions by respondents. Very few respondents mentioned drunk or impaired driving as being a 
contributing factor to multi-vehicle motorcycle crashes, but the use of electronic devices and distracted 
driving was the top contributing factor among respondents for crashes. When examining what should be 
done to mitigate these behaviors among driver, eliminating or reducing electronic device usage while 
driving were not popular recommendations. This discrepancy could be due to an existing no-texting law 
already in place in Pennsylvania (which lends evidence to a popular response of enforcing existing laws 
and strengthening penalties). 
 
This study is the first known work to assess Pennsylvania residents on their perceptions and attitudes of 
factors associated with multi-vehicle motorcycle crashes, and their opinions regarding what can be done 
to mitigate driving behaviors that may contribute to these crashes. Ascertaining public perception and 
opinions are important to capture windows of opportunity to enact change for this important public 
health concern.  
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Introduction 
 
Multi-vehicle motorcycle crashes are a significant public health concern as those involved in the crashes 
can have their lives significantly altered forever. When controlling for vehicle miles traveled, motorcycle 
crash fatalities occur 27 times more frequently as compared to fatalities in vehicle crashes (National 
Highway Traffic Safety Administration, 2020). While peer-reviewed literature from previous studies and 
multi-vehicle motorcycle crash data can reveal trends and findings about factors that are associated 
with multi-vehicle motorcycle crashes, these two pieces lack the public’s opinion, attitude, and 
perceptions on factors associated with multi-vehicle motorcycle crashes – and most importantly, what 
can be done to mitigate the crashes.  
 
The intent of this project is to ascertain the public’s perception on multi-vehicle motorcycle crashes, to 
understand what motorists and motorcyclists feel the pressing issues are, and to determine if potential 
solutions exist among the public. Of note, this body of work is part of a larger project studying multi-
vehicle motorcycle crashes in Pennsylvania. The project authors worked in partnership with the 
Pennsylvania Department of Transportation (PennDOT) to design survey questions, which were then 
administered to Pennsylvania residents. The findings from this study will be used to provide a larger 
perspective on multi-vehicle motorcycle crashes by portraying thoughts and perceptions of these 
crashes from Pennsylvania residents on this public health concern. 

Methodology 
 
To ascertain the perceptions among Pennsylvania residents on factors associated with multi-vehicle 
motorcycle crashes, a survey was designed that covered a variety of topics and data elements on the 
topic of multi-vehicle motorcycle crashes. Using a commercial account with SurveyMonkey, the survey 
was administered electronically to Pennsylvania residents that owned a vehicle in early May 2021. We 
contracted through SurveyMonkey’s service for survey respondents based upon two requirements, a 
Pennsylvania residence and vehicle ownership.  
 
Survey respondents and their responses were confidential. PennDOT project team members had access 
to the raw survey results, but all survey respondents were anonymous. Applicable datetime stamps 
were made available to determine when a respondent started and completed (or quit) the survey. 
SurveyMonkey also voluntarily asks respondents to report their annual income (this was not a question 
designed for the survey, but the results are presented in this paper). 
 
The following demographic questions were asked of survey respondents. 
 

• How old are you (in years)? 

• How would you describe your gender? 

• What is your marital status? 

• What is the highest level of education you have completed? 
 
The following questions about driving experience were asked of the survey respondents. 
 

• How many years have you been driving? 

• How often do you drive an automobile? 
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• Have you ever ridden a motorcycle? 

• Does your driver’s license have a motorcycle endorsement? 

• Do you ride a motorcycle as a passenger? 

• Have you ever been involved in a multi-vehicle crash? 

• Have you ever been involved in a multi-vehicle crash involving a motorcycle? 
 
For respondents that answered yes to “Have you ever ridden a motorcycle?” the following questions 
were asked about their motorcycle riding experience. 
 

• How often do you ride a motorcycle? 

• How many years have you ridden a motorcycle? 

• Have you ever received any formal motorcycle training? 

• Do you wear a motorcycle helmet when you ride a motorcycle? 

• Pick what best describes you as a rider – I ride a motorcycle: 
o As my main source of transportation 
o As a hobby on the weekends 
o Socially for group rides 
o As an alternative form of transportation when weather is suitable for riding 

• What seasons do you ride a motorcycle? 

• As a motorcyclist rider, do you feel the general motorist does not see you? Why? 
 
Both motorcyclists and motorists were then asked questions concerning driving behaviors. The following 
questions on driving behaviors were asked. 
 

• While driving, how aware is the general driving public of motorcycles on the road? 

• What is the motorists’ comfort level around motorcyclists on the road? 

• Is there anything motorists may like or dislike about motorcycles that affects how they react to 
motorcycles on the roadway? 

• How do motorists react when operating around motorcycles? 

• What can be done to make a general motorist more aware of a motorcyclist on the road? 

• What do motorcyclists watch out for when riding? 

• What types of driving behaviors from motorists might contribute to multi-vehicle motorcycle 
crashes? 

• In follow-up to the question above, what are ways to realistically limit those driving behaviors? 
 
The questions pertaining to driving behaviors were largely free text responses (the questions pertaining 
to the driving public’s awareness and comfort level were categorical). To extract the main themes and 
categories comprising a respondent’s free text response, quantitative and qualitative methodologies 
were employed. The quantitative methodology utilized a function written in R (R Core Team, 2020). The 
function takes each response and breaks down the words associated with each response and then tallies 
those words, including its word stem (a stem is a form to which affixes can be attached). The tally of 
words was then reviewed and grouped into categorical responses that best represented the words or 
phrases. The qualitative methodology consisted of reviewing the categories for appropriateness and 
thematic content to ensure positive and negative connotations were accounted for, and that 
generalizations were not invoked based upon converting free text responses to categories. The 
categories were then reviewed for consistency among the project authors in addition to an independent 
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reviewer. Of note, some respondents provided multiple responses to each question, so the total number 
of responses will exceed the total number of survey respondents. 
 
Weights have been applied to survey responses to distribute responses in accordance with Pennsylvania 
population estimates for gender and age stratifications (US Census Bureau, 2019). The appendix 
contains information on survey weights (see Table 7). Raking was performed in accordance with 
Computing Weights for American National Election Study Survey Data (DeBell & Krosnick, 2009). All data 
analysis, table generation, and creation of figures were completed using R (R Core Team, 2020) with 
packages including ggplot2 (Wickham, 2016), gtsummary (Sjoberg, et al., 2021), anesrake (Pasek, 2018), 
weights (Pasek, Tahk, Culter, & Schwemmle, 2021), survey (Lumley, 2020), readxl (Wickham & Bryan, 
2019), dplyr (Wickham, Francois, Henry, & Muller, 2021), stringr (Wickham, 2019), and flextable (Gohel, 
2021). Full survey data in its raw form were made available to the PennDOT project team and the survey 
questions are included in this report as part of the appendix. 

Results 
 
In total, there were 379 survey respondents and 301 completed all questions. The median time to 
complete the survey was 5.6 minutes, but when stratifying the results based upon whether the 
respondent completed the survey, those that completed the survey took more time (median time was 
6.7 minutes). Table 1 presents summary statistics for completion survey times. 
 

Table 1. Completion Survey Times by Survey Completion Status (Unweighted) 

Characteristic Overall, n = 3791 
Incomplete 

Survey, n = 781 
Complete 

Survey, n = 3011 

Time to Complete (in mins.) 5.6 (3.6, 8.6) 2.1 (1.6, 3.0) 6.7 (4.8, 9.2) 
1Median (IQR) 

 
For reportable findings in this study and on data contained in the rest of this paper, only data pertaining 
to survey respondents that completed the survey are presented (n = 301). Table 2 presents weighted 
demographic information concerning the survey respondents. Age groupings are distributed consistently 
across various age brackets that align with Pennsylvania population estimates. The youngest age 
category (18-29) had the smallest representative response rate. Gender was distributed relatively evenly 
between men and women. Over one-half of survey respondents are currently married, and just under 
one-half have completed a bachelors’ degree or higher. Annual household income is relatively 
distributed, with the largest proportion of respondents in the $75,000-$99,000 category. 
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Table 2. Weighted Demographic Characteristics of Survey Respondents 
Characteristic N = 3011 

Age Grouping  
18-29 42 (14%) 
30-44 48 (16%) 
45-60 118 (39%) 
> 60 93 (31%) 

Gender  
Female 155 (52%) 
Male 146 (48%) 

Marital Status  
Never married 88 (29%) 
Now married 167 (55%) 
Divorced 31 (10%) 
Separated 3 (1.0%) 
Widowed 12 (4.0%) 

Education Level  
High school graduate or equivalent 54 (18%) 
Some college or associate degree 102 (34%) 
Bachelor's degree or higher 145 (48%) 

Annual Household Income  
$0-$9,999 1 (0.2%) 
$10,000-$24,999 11 (3.5%) 
$25,000-$49,999 58 (19%) 
$50,000-$74,999 38 (12%) 
$75,000-$99,999 78 (26%) 
$100,000-$124,999 49 (16%) 
$125,000-$149,999 12 (4.0%) 
$150,000-$174,999 12 (4.0%) 
$175,000-$199,999 5 (1.7%) 
$200,000+ 10 (3.3%) 
Prefer not to answer 28 (9.2%) 

1n (%) 
 
Table 3 displays information on driving experience and motorcycle riding status of survey respondents. 
The median (50th percentile) years of driving experience was 36 with an interquartile range (25th and 75th 
percentile) of 25 and 50 years. More than 70% of survey respondents are daily drivers and 40% of survey 
respondents have been involved in a multi-vehicle crash. A small subset of respondents (less than 10%) 
was previously involved in a multi-vehicle crash involving a motorcycle. A relatively high proportion 
(46%) of survey respondents have ridden a motorcycle. 
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Table 3. Weighted Driving Experience and Motorcycle Riding Status of Survey Respondents 
Characteristic N = 3011 

Driving Experience (in years) 36 (25, 50) 
Driving Frequency  

At least once a day 216 (72%) 
At least once a month 30 (10%) 
At least once a week 51 (17%) 
At least once a year 1 (0.3%) 
Less than once a year or never 2 (0.8%) 

Involved in Vehicle Crash 120 (40%) 
Involved in Crash with Motorcycle 25 (8.2%) 
Motorcycle Rider 138 (46%) 
1Median (IQR); n (%) 

 
For survey respondents that indicated they have ridden a motorcycle, a subset of questions concerning 
their riding experience and riding behaviors were asked. Table 4 contains data on these respondents. 
The median for motorcycle riding experience was nine years. The vast majority (70%) ride a motorcycle 
less than once per year. Approximately one-third of respondents that indicated they are a motorcycle 
rider have a motorcycle endorsement, and a similar proportion (32%) have completed formal 
motorcycle training. While almost one-half of respondents ride as a motorcycle passenger, most 
respondents (89%) wear a motorcycle helmet. When asked about what best describes the respondent as 
a rider, respondents indicated they ride as a hobby, for social reasons, and when the weather is nice. 
Lastly, riding seasons for most respondents are during the warmer and drier months to include spring 
and summertime riding. Not surprisingly, 68% of respondents indicated they feel that the general 
motorist does not see them on the roadway. 
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Table 4. Weighted Riding Experience and Characteristics of Motorcyclist Survey Respondents 
Characteristic N = 1381 

Riding Experience (in years) 9 (0, 35) 
Riding Frequency  

At least once a day 1 (0.9%) 
At least once a month 25 (18%) 
At least once a week 11 (8.0%) 
At least once a year 4 (2.7%) 
Less than once a year 97 (70%) 

Has Motorcycle Endorsement  
Yes 48 (34%) 
No 88 (63%) 
I don't have a driver's license 3 (2.0%) 

Completed Motorcycle Training 44 (32%) 
Wears Motorcycle Helmet  

Yes 123 (89%) 
No 11 (7.7%) 
Sometimes 5 (3.3%) 

Rides Motorcycle as Passenger  
Yes 69 (50%) 
No 51 (37%) 
Sometimes 18 (13%) 

Description of Riding Frequency  
As a hobby on the weekends 63 (46%) 
As an alternative form of transportation 
when weather is suitable for riding 

36 (26%) 

Socially for group rides 39 (28%) 
Riding in Seasons2  

Fall 54 (79%) 
Winter 22 (16%) 
Spring 59 (42%) 
Summer 121 (87%) 

Feels Motorist Does Not See you 93 (68%) 
1Median (IQR); n (%) 
2Multiple responses allowed 

 
When soliciting perspectives on comfort levels among motorists, Table 5 displays the results of this 
question based upon motorcycle riding status. When examining potential categories of comfort (ranging 
from extremely uncomfortable to very comfortable), overall responses indicated either a slight 
uncomfortableness, or a neutral response of neither uncomfortable nor comfortable. When stratifying 
the response based upon motorcycle riding status, there is a statistical difference in the proportions for 
each grouping. Motorists without motorcycle riding experience tend to remain either comfortable or a 
little uncomfortable. This contrasts with motorcycle riders where they are slightly uncomfortable or 
neutral (neither comfortable nor uncomfortable). Of note, the chi-square test examines for differences 
in the proportion of responses between the two categories, and not for differences between the two 
groups within individual categories. 
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Table 5. Weighted Motorists Comfort Among Motorcyclists by Motorcycle Riding Status 
 Motorcycle Rider   

Characteristic Overall, N = 3011 No, N = 1631 Yes, N = 1381 p-value2 

Motorists Comfort with Motorcyclists    0.006 
Extremely uncomfortable 10 (3.2%) 4 (2.6%) 5 (3.9%)  
A little uncomfortable 111 (37%) 54 (33%) 57 (41%)  
Neither uncomfortable nor comfortable 91 (30%) 29 (18%) 62 (45%)  
Comfortable 74 (25%) 63 (39%) 11 (7.8%)  
Very comfortable 14 (4.8%) 12 (7.1%) 3 (2.0%)  

1n (%) 
2chi-squared test with Rao & Scott's second-order correction 

 
Table 6 displays the results from all survey respondents about the general public’s awareness of 
motorcycles on the road. Approximately three-quarters of respondents feel the public is somewhat 
aware or generally aware of motorcycles on the road. 

 
Table 6. Weighted General Driving Public Awareness of Motorcycles on the Road 

Characteristic N = 3011 

Awareness Towards Motorcyclists  
Not at all aware 4 (1.2%) 
A little aware 43 (14%) 
Somewhat aware 157 (52%) 
Generally aware 73 (24%) 
Very aware 25 (8.2%) 

1n (%) 

 
Figure 1 displays the responses associated with the thematic categories concerning survey respondents 
when asked, “How do motorists react when operating around motorcycles?” The resounding response 
included a cautious behavior, followed by an as usual (or no changes) response. 
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Figure 1. How Motorists React to Motorcyclists on the Road (Weighted) 

 
 
When assessing ways to increase awareness of motorcyclists on the road, Figure 2 displays the count of 
respondents by each category. Most respondents were unsure of what could be done, but the second 
through fourth highest responses include increasing visibility of the motorcyclist, education campaigns 
such as public service announcements (PSAs), and driver education, respectively. Somewhat low on the 
list includes items related to distracted driving, such as limiting or eliminating the use of electronic 
devices. 

 
Figure 2. Ways to Increase Awareness of Motorcyclists on the Road (Weighted) 
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When asking all respondents to place their perspective as that of a motorcyclist, Figure 3 displays the 
categories associated that motorcyclists watch for when riding their motorcycle. An awareness for 
vehicles topped the responses, which was then followed by traffic conditions. Notably, some 
respondents answered that motorcyclists should watch out for “everything” when riding. Of note, for 
some respondents that did not have motorcycle riding experience, some indicated they were unsure 
what a rider should watch out for since they lacked the appropriate experience. 

 
Figure 3. What Motorcyclists Watch for When Riding (Weighted) 

 
 
Figure 4 displays the results from respondents that comprise the behaviors which contribute to multi-
vehicle motorcycle crashes. Distracted and aggressive motorists comprise the largest response from 
survey respondents (n = 102). Additional behaviors include lack of space between cars or visibility of 
motorcycles (n = 93) followed closely by speeding and sudden movements (n = 92). 
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Figure 4. Motorist Behaviors Contributing to Multi-Vehicle Motorcycle Crashes (Weighted) 

 
 

Figure 5 displays survey responses about potential ways to limit behaviors that contribute to multi-
vehicle motorcycle crashes. The largest response among survey respondents included an unsure 
response (n = 90). Following closely, the number two response includes enforcing existing laws, 
stiffening penalties for violating the law, and increasing monetary fines for violations (n = 75). The third 
most popular response was education and training of both motorists and motorcyclists (n = 64). Of note, 
recommendations for no use or limiting use of electronic devices received a lower response. 

 
Figure 5. Ways to Limit Driving Behaviors Contributing to Multi-Vehicle Motorcycle Crashes 

(Weighted) 
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Discussion 
 
This study identified several critical aspects pertinent to the attitudes and perceptions among 
Pennsylvania residents which relate to multi-vehicle motorcycle crashes. The main findings suggest that 
motorists generally feel nervous and exhibit cautious driving behaviors with motorcyclists on the 
roadway. In response to this nervousness, motorists suggest that motorcyclists should increase their 
visibility on the roadway – some respondents suggest that lighting or use of reflective equipment/riding 
gear could help with increasing visibility. Survey respondents also identified that motorcyclists have 
many factors to pay attention to when riding – other vehicles in the roadway, roadway conditions, and 
even animals on the roadway. When examining factors associated with multi-vehicle motorcycle 
crashes, distracted driving, and aggressive driving top the list of contributing factors. 
 
Interesting findings from this study include the type of responses when questions requested free text 
answers. When questions ask about attitudes, perceptions, and opinions of various factors, there 
appears to be no shortage or limitation in responses. This is evident in responses to questions 
concerning what factors contribute to multi-vehicle motorcycle crashes and how motorists react on the 
roadway when motorcyclists are around, among others. Conversely, when questions ask what should be 
done, such as what should be done to increase awareness of motorists to motorcyclists on the roadway, 
or what should be done to limit behaviors contributing to multi-vehicle motorcycle crashes, the top 
responses were uncertainty. It appears that respondents are comfortable stating why something occurs, 
but when asked what should be done to fix what is occurring, less certainty is apparent. This subtle, yet 
important finding highlights the complexity of multi-vehicle motorcycle crashes, and the difficulty in 
identifying what could or should be done to positively impact this public health concern. 
 
Another study finding worth noting is the differing level of information captured in some of the 
questions by respondents. Very few respondents mentioned drunk or impaired driving as being a 
contributing factor to multi-vehicle motorcycle crashes, but the use of electronic devices and distracted 
driving was the top contributing factor among respondents for crashes. When examining what should be 
done to mitigate these behaviors among driver, eliminating or reducing electronic device usage while 
driving were not popular recommendations. This discrepancy could be due to an existing no-texting law 
already in place in Pennsylvania (which lends evidence to a popular response of enforcing existing laws 
and strengthening penalties). 
 
This study benefits from several factors, which include a large sample size of Pennsylvania residents that 
have both considerable driving and motorcycle riding experience. Additionally, a large amount of 
demographic data was gathered, and the findings highlight a wide diversity of survey respondents. 
These aspects demonstrate both internal and external validity from this study. 
 
While this study is benefited by many strengths, there are also several limitations the project authors 
need to acknowledge. When examining the unweighted characteristics of survey respondents, there was 
a greater proportion of women that responded to this survey as compared to men. In Pennsylvania, the 
Census Bureau estimates that women comprise 51% of residents (United States Census Bureau, 2019), 
however, 66% of survey respondents in this study were women. Additionally, a large proportion of 
respondents were 60 years or older. When examining these aspects as compared to Census estimates 
among Pennsylvania residents, the median age among Pennsylvania residents is 41 years (United States 
Census Bureau, 2019) – in this study the median age among survey respondents was 66 years. 
Additionally, while the project authors utilized a quantitative and qualitative methodology to elicit 
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thematic responses from the free text responses, there exists the possibility that survey responses were 
incorrectly captured or coded. As survey respondents were compensated for their time and 
participation, the possibility of social desirability bias exists in their responses. While compensation is 
not adjusted based upon how survey respondents answer questions, there could be a bias introduced 
based upon that might be perceived as desired but do not accurately capture the respondent’s attitude 
or opinion. 
 
To the authors’ knowledge, this study is the first known work to survey Pennsylvania residents on their 
perceptions and attitudes of factors associated with multi-vehicle motorcycle crashes, and what can be 
done to mitigate driving behaviors that may contribute to these crashes. While quantitative data 
analysis and studying previous research findings is critical to understanding factors associated with 
multi-vehicle motorcycle crashes, ascertaining public perception and opinions are important in order to 
capture windows of opportunity to enact change for this important public health concern. 
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Table 7. Summary Statistics on Survey Weights 
Characteristic n = 301 

Minimum 0.3102 
1st Quartile 0.3102 
Median 0.4286 
Mean 1.0 
3rd Quartile 0.6197 
Maximum 42.0986 
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