MINETA TRANSPORTATI ON I' NS T 1 T UTE

Promoting Bicycle Commuter
Safety

MTI Report | 1-08




MINETA TRANSPORTATION INSTITUTE

The Norman Y. Mineta International Institute for Surface Transportation Policy Studies (MTI) was established by Congress as part
of the Intermodal Surface Transportation Efficiency Act of 1991. Reauthorized in 1998, MTI was selected by the U.S. Department
of Transportation through a competitive process in 2002 as a national “Center of Excellence.” The Institute is funded by Con-
gress through the United States Department of Transportation’s Research and Innovative Technology Administration, the Califor-
nia Legislature through the Department of Transportation (Caltrans), and by private grants and donations.

The Institute receives oversight from an internationally respected Board of Trustees whose members represent all major surface

transportation modes. MTI’s focus on policy and management resulted from a Board assessment of the industry’s unmet needs

and led directly to the choice of the San José State University College of Business as the Institute’s home. The Board provides

policy direction, assists with needs assessment, and connects the Institute and its programs with the international transportation

community.

MTT/’s transportation policy work is centered on three primary responsibilities:

Research

MTI works to provide policy-oriented research for all levels of
government and the private sector to foster the development
of optimum surface transportation systems. Research areas
include: transportation security; planning and policy develop-
ment; interrelationships among transportation, land use, and the
environment; transportation finance; and collaborative labor-
management relations. Certified Research Associates conduct
the research. Certification requires an advanced degree, gener-
ally a Ph.D., a record of academic publications, and professional
references. Research projects culminate in a peer-reviewed
publication, available both in hardcopy and on TransVVeb, the
MTI website (http://transweb.sjsu.edu).

Education

The educational goal of the Institute is to provide graduate-level
education to students seeking a career in the development and
operation of surface transportation programs. MTI, through San
José State University, offers an AACSB-accredited Master of Sci-
ence in Transportation Management and a graduate Certificate
in Transportation Management that serve to prepare the nation’s
transportation managers for the 21st century.The master’s de-
gree is the highest conferred by the California State University
system.With the active assistance of the California Department

of Transportation, MTI delivers its classes over a state-of-
the-art videoconference network throughout the state

of California and via webcasting beyond, allowing working
transportation professionals to pursue an advanced degree
regardless of their location.To meet the needs of employ-
ers seeking a diverse workforce, MTI’s education program
promotes enrollment to under-represented groups.

Information and Technology Transfer

MTI promotes the availability of completed research to
professional organizations and journals and works to
integrate the research findings into the graduate education
program. In addition to publishing the studies, the Institute
also sponsors symposia to disseminate research results to
transportation professionals and encourages Research As-
sociates to present their findings at conferences.The World
in Motion, MTI’s quarterly newsletter, covers innovation

in the Institute’s research and education programs. MTl’s
extensive collection of transportation-related publications
is integrated into San José State University’s world-class
Martin Luther King, Jr. Library.

DISCLAIMER

The contents of this report reflect the views of the authors, who are responsible for the facts and accuracy of the information presented here-
in.This document is disseminated under the sponsorship of the U.S. Department of Transportation, University Transportation Centers Program
and the California Department of Transportation, in the interest of information exchange.This report does not necessarily reflect the official
views or policies of the U.S. government, State of California, or the Mineta Transportation Institute, who assume no liability for the contents or
use thereof. This report does not constitute a standard specification, design standard, or regulation.The views and conclusions contained in this
document are those of the authors and should not be interpreted as necessarily representing the official policies, either expressed or implied,
of the U.S. Department of Homeland Security.



REPORT 11-08

PROMOTING BICYCLE COMMUTER SAFETY

Principal Investigator
Asbjorn Osland, Ph.D.

Section Authors
Eric Anderson
John M. Brazil
Melanie Curry
David E. Czerwinski, Ph.D.
Jay Dean
Peter Faeth
LeeAnne Fergason
Camille S. Johnson, Ph.D.
Gerik Kransky
Carl Larson
Margaux Mennesson
Stephanie Noll
John W. Omweg

February 2012

A publication of

Mineta Transportation Institute
Created by Congress in 1991

College of Business
San José State University
San José, CA 95192-0219



TECHNICAL REPORT DOCUMENTATION PAGE

1. Report No. 2. Government Acession No. 3. Recipient’s Catalog No.
CA-MTI-12-2927

4. Title and Subtitle 5. Report Date
Promoting Bicycle Commuter Safety February 2012

6. Performing Organization Code

7. Authors 8. Performing Organization Report

Principal Investigator: Asbjorn Osland, Ph.D., MTI Report 11-08
Section Authors: David E. Czerwinski, Ph.D., Camille S. Johnson, Ph.D.,
Eric Anderson, John M. Brazil, Melanie Curry, Jay Dean, Peter Faeth,
LeeAnne Fergason, Gerik Kransky, Carl Larson, Margaux Mennesson,
Stephanie Noll, and John W. Omweg

9. Performing Organization Name and Address 10. Work Unit No.
Mineta Transportation Institute DTRT07-G-0054
College of Business 11. Contract or Grant No.
San Jose State University Final Report
San José, CA 95192-0219
12. Sponsoring Agency Name and Address 13. Type of Report and Period Covered
California Department of Transportation U.S. Department of Transportation
Office of Research—MS42 Research & Innovative Technology Admin. | 14.Sponsoring Agency Code
P.O. Box 942873 1200 New Jersey Avenue, SE
Sacramento, CA 94273-0001 Washington, DC 20590

15. Supplemental Notes

16. Abstract
A basic premise in this report is that cycling should be encouraged because as the number of cyclists increases, the attention
of motorists and safety improves; however, an important caveat is that the number of cyclists has to be commensurate with the
infrastructure built for cycling to enhance their safety.

We present an overview of the risks associated with cycling to emphasize the need for safety. We focus on the application of
frameworks from social psychology to education, one of the 5 Es—engineering, education, enforcement, encouragement, and
evaluation. We use the structure of the 5 Es to organize information with particular attention to engineering and education in the
literature review. Engineering is essential because the infrastructure is vital to protecting cyclists. Education is emphasized since
the central focus of the report is safety.

A series of case studies gives first hand information about bicycle safety. The first three in northern California—covering
education in relation to safety in San José; engineering and evaluation in Berkeley; engineering, education, and enforcement in
Davis—and the Bicycle Transportation Alliance in the Portland, Oregon area, provide an effective example of the education and
encouragement dimensions of the 5 Es. We note the need for future research or evaluation, with particular reference to the use
of the social psychological model presented herein. Another critical area for future research is the role of enforcement. What are
the most effective ways to get cyclists to follow the rules?

We see the value added of the present report to the extant literature as the following: a clear and concise discussion of safety
education, case studies that exemplify the 5 Es and permit the reader to more actively engage in the stories told by the case
authors, and the social psychological model to consider when designing the 5 Es. The Health Belief Model's key elements could
be applied to the 5 Es in the planning process.

17. Key Words 18. Distribution Statement
Bicycle safety, Risk, Health belief No restrictions. This document is available to the public through
model, Theory of planned behavior, The National Technical Information Service, Springfield, VA 22161
5Es
19. Security Classif. (of this report) 20. Security Classif. (of this page) 21.No. of Pages 22. Price
Unclassified Unclassified 160 $15.00

Form DOT F 1700.7 (8-72)



Copyright © 2012
by Mineta Transportation Institute
All rights reserved

Library of Congress Catalog Card Number:
2011941827

To order this publication, please contact:

Mineta Transportation Institute
College of Business
San José State University
San José, CA 95192-0219

Tel: (408) 924-7560
Fax: (408) 924-7565
Email: mineta-institute@sjsu.edu
transweb.sjsu.edu


http://www.transweb.sjsu.edu/

Mineta Transportation Institute



ACKNOWLEDGMENTS

Officer Peter Faeth: “I would like to thank a few people who helped contribute to my
section at some point. Without them that section would have been even more jumbled and
scattered like the rest of my thoughts. So thank you Sgt. Frank Tenedora, Sgt. John Neves,
and Crime Analyst Deanne Machado for your time and effort.”

Asbjorn Osland: “I would like to thank Karen Philbrick for her patience and support.
The unfortunate passing of Tom Ferrara necessitated a change in plans to a document
consisting of sections written by experts in their respective areas coordinated by me in
my role as principal investigator. This was a first for MTI and required a great deal of extra
work that Dr. Philbrick enthusiastically and effectively accomplished.”

The authors also thank MTI staff, including Director of Communications and Special
Projects Donna Maurillo; Student Publications Assistant Sahil Rahimi; Student Research
Support Assistant Joey Mercado; and Webmaster Frances Cherman. Additional editorial
and publication support was provided by Editorial Associate Robyn Whitlock.

DEDICATION

Dedicated to Tom Ferrara (3/27/1947-11/13/2010), former co-principal investigator of the
project. Tom served as professor and chair of civil engineering at Chico State, where he
taught for 36 years.

Mineta Transportation Institute



Vi

Acknowledgments

Mineta Transportation Institute



Vil

TABLE OF CONTENTS

Executive Summary

Risks Associated with Cycling
Accident Data

Florida

Minnesota

Palo Alto

II. Application of Social Psychology to Bicycle Safety

The Health Belief Model
The Theory of Planned Behavior
Health Belief Model Versus the Theory of Planned Behavior

I1l. The 5 Es: Dimensions of Effective Practices

VI.

Engineering

Education

Education Complemented by Legislation
Enforcement

Encouragement

Evaluation

Brief Case Studies of Bicycle Friendly Cities

Bicycle Safety — Education
Introduction

The Evolution of Cycling — Creating Demand for Bike Safety Education

Key Components of Bike Safety Education
Bike Safety Education Resources

Conclusion

Reflections on the Bicycle Culture of Davis by a Bicycle

Police Officer
Introduction to Davis, CA (Platinum Level Community)

Reflections

Bicycle Safety and Infrastructure in Berkeley, California

Introduction

10
11
12

13
13
17
18

21
21
30
36
38
38
40
40

43
43
44
44
50
58

59
59
60

75
75

Mineta Transportation Institute



Table of Contents
Viii

Berkeley Bicycle Boulevard Origins
Bicycle Boulevards
Effectiveness of Infrastructure Safety Strategy

Conclusions

VIl. An Evaluation of BTA Activities on Bicycling in Oregon
Stephanie Noll
Introduction to Portland, OR (Platinum Level Community)
Section Summary
BTA History and Programs
Theoretical Perspective & Methods
Focus Area: Advocacy
Focus Area: Education
Focus Area: Encouragement
Limitations and Opportunities
Conclusion

About the Bicycle Transportation Alliance
VIIl. Concluding Comments

Appendix A: Application of Models to 5 Es
Health Behavior Model
Theory of Planned Behavior

Questionnaire
Endnotes
Bibliography
About the Authors

Peer Review

76
82
85
88

93
93
93
94
94
95
96
104
107
111
112
112

113

115
115
117
118

123
145
155

159

Mineta Transportation Institute



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

LIST OF FIGURES
Bridgeport Way in University Place, WA
Responses to the Question
Wheel Attachment: Quick Release Assembly
Proper Helmet Fitting (California Department of Health Services)
A Bike Rodeo
Mayor Daley’s Bicycle Ambassadors, City of Chicago
Traffic Garden in Winterthur, Switzerland
Share the Road Signs
The City of San José Street Smarts Program Home Page
Bike to Work Day Web Resources, 511 (San Francisco Bay Area)
iWalk Website
Bike Lane Marking on Sycamore Lane, Davis, CA
Bike Crossing Button. Davis, CA

Bike Signal Located at Russell Blvd and Sycamore Ln. Davis, CA

Berkeley Bicycle Plan, the Berkeley Bikeway Network, and Berkeley

Bicycle Boulevard Network

The Family of Measures Model

City Of Portland Data on Traffic Fatalities

A Chart Showing the Growth in Ridership in Portland Juxtaposed
Eye to Eye Campaign Banner

Bike Commute Challenge Website Circa 2010

Walk + Bike Challenge Student Poster Contest Submission

25

31

46

47

51

52

54

55

56

57

58

62

65

66

91

95

99

99

107

108

110

Mineta Transportation Institute



List of Figures

Mineta Transportation Institute



Xi

10.

11.

12.

13.

LIST OF TABLES

Age Distribution of Cyclists Killed in 2008 4
Frequency of Diagnoses for Bicycling-Related ER Visits 6
Frequency of Body Parts Injured in Bicycling-Related ER Visits 6
Proportion of ER Visits for Bicycling-Related Injuries by Age Group 7
Proportion of the ER Visits per Bicycling-Related Injuries by Age Group,

Stratified by Gender 7
Frequency of Diagnoses for Bicycling-Related ER Visits by Age 8
Frequency of Bicycling-Related ER Visits by Location 8
Prevalence of Bicycling-Related Head Injuries by Age, Compared to All

other Body Parts 9
Percentage of Each Type of Accident that Resulted in a Head Injury 10
Number of Bicycle Accidents in Palo Alto, CA, 1985-1999 12
Bicycle Stress Level Values and Components 29

Bicycle Share, Biking Distance, Eligible Trips, and Purpose for Bike Trips in
the Netherlands, Denmark, Germany, and the United States 40

BTA Advocacy Expenses and Revenue by Year 104

Mineta Transportation Institute



.. List of Tables
Xii

Mineta Transportation Institute



EXECUTIVE SUMMARY

A basic premise in this report is that cycling should be encouraged because as the number
of cyclists increases, the attention of motorists and safety improves; however, an important
caveat is that the number of cyclists has to be commensurate with the infrastructure built
for cycling to enhance their safety.

We begin with an overview of the risks associated with cycling to emphasize the need for
safety. We focus on the application of frameworks from social psychology to education,
one of the 5 Es—engineering, education, enforcement, encouragement, and evaluation.
Next we use the structure of the 5 Es to organize information with particular attention
to engineering and education in the literature review. Engineering is essential because
the infrastructure is vital to protecting cyclists. Education is emphasized since the central
focus of the report is safety. We follow the literature review with a series of case studies,
the first three in northern California—covering education in relation to safety in San José;
engineering and evaluation in Berkeley; engineering, education, and enforcement in
Davis—and the Bicycle Transportation Alliance in the Portland, Oregon area, an effective
example of the education and encouragement dimensions of the 5 Es. We conclude with
a discussion and note the need for future research or evaluation, with particular reference
to the use of the social psychological model presented herein.

More nuanced and complete discussions of the following points can be found in the relevant
section of the report with their respective citations. The points of interest follow:

1. In 2008 males accounted for 87 percent of bicycling fatalities in the U.S.* More
cyclists are male, but females may follow the rules more.

2. One-third of fatal accidents involve alcohol.?

3. Bicycle accidents that involved a motor vehicle were a very small percentage of

all bicycle accidents; however, the vast majority of fatal bicycle accidents involved
a vehicle. This is why engineers suggest keeping cyclists separate from vehicles.

4. The average age of cyclists killed in crashes in 2008 was 41 years old. This is
nine years older than the average age of 32 in 1998. The average age of cyclists
injured in crashes in 2008 was 31 years old. This is seven years older than the
average age of 24 in 1998. Perhaps adults are riding at higher speeds, and with
higher speed automobile traffic, than children are. Both of these factors can in-
crease the severity of a crash.®

5. Driver behavior was a significant factor in a large fraction of the accidents that
involved a motor vehicle operator’s failure to yield.
6. A before and after comparison of crashes in Seattle neighborhoods at 119 inter-

sections that had circles added between 1991 and 1994 reported a 94 percent
reduction in crashes.

7. Eighty percent of head and brain injuries can be prevented by wearing a helmet.®
8. In some instances, helmet use was correlated with drivers offering less space
(and thereby increasing the risk of collision) when overtaking cyclists.®
9. Helmet laws increase helmet use in children and when combined with educational
interventions, legislation seems effective, efficient, and socially acceptable.
10. Multi-dimensional approaches that incorporate education, design, and promotion
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11.

12.

13.

14.
15.

16.

17.

provide the most robust and adaptable models for bicycle safety programs.

A lack of empirical data on outcomes makes it difficult to identify true best practic-
es’ regarding safety education programs. However, wearing helmets, maximizing
conspicuity, maintaining one’s bicycle in good working condition while following
the rules of the road seem logical.

Few bike safety programs include objective evaluation of their effectiveness over
time.

Repeated and continually long-term exposure to bike safety education materials
is critical to sustained behavior change.

Too many cyclists violate the rules of the road, yet enforcement is often lacking.
An objective approach to safety involves the analysis of traffic speeds and vol-
umes and collision history at the intersection level in order to determine “Primary
Collision Factors” for which new traffic safety control countermeasures can be
proposed. The second concept of “subjective safety” holds that people’s percep-
tion of the relative safety of a transportation facility is an important factor in overall
safety. People’s perception of the safety of a roadway or bicycle facility plays a
critical role in their decision whether or not to bicycle, which in turn can have a
direct impact on their objective safety while using that facility.

Berkeley bicyclists said that they felt unsafe sharing the road with cars and trucks,
and prefer separate bikeways designated for their use. Very experienced cyclists
often state a preference for faster routes that may also carry heavy automobile
traffic, but surveys cited found that most bicyclists, and especially novice riders,
feel more confident in some kind of clearly marked bicycle facility on a street with
relatively light traffic.

In Berkeley conflict with auto traffic was by far the most often cited difficulty of
cycling. Driver aggression, drivers “squeezing past” bicycles when there isn’t
enough room for them to safely pass and cyclists riding poorly were mentioned
as problems in the Berkeley surveys. The report concluded that “the difficulty of a
motorist seeing a person on a bicycle seems to be the root of much of the conflict,
and is one good reason for establishing visible bikeways where cyclists can be
expected.”

We see the value added of the present report to the extant literature as the following: a
clear and concise discussion of safety education, case studies that exemplify the 5 Es and
permit the reader to more actively engage in the stories told by the case authors, and the
social psychological model to consider when designing the 5 Es.
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l. RISKS ASSOCIATED WITH CYCLING
SECTION AUTHOR: DAVID E. CZERWINSKI, PH.D.

In the U.S., there is an average of one fatality per five million bicycle trips®, however, the
risk of every trip is not the same. Some behaviors can increase or decrease the safety of
bicycling, as can environmental factors, the bicycling infrastructure, and motorist behavior.

While fairly extensive data exists about bicycle accidents, almost no data exists about
bicyclists’ exposure to different risks. Therefore, from existing data it is hard to draw
conclusions about the relative risk posed by different behaviors or other factors. For
instance, if more fatalities result from behavior A than from behavior B there can be two
possible explanations: behavior A is more dangerous or behavior A is more common.

To give just one example, in 2008 males accounted for 87 percent of bicycling fatalities
in the U.S.° Most likely, this does not mean that males are tragically worse cyclists than
females. Rather, it is likely that males account for much more bicycling activity than females.
Without data about the amount of cycling done by males and females, the raw number of
fatalities affecting the two groups cannot lead to meaningful conclusions about risk.

In fact, analyses of bicycle accidents without taking into account exposure can lead to
potentially erroneous conclusions. Many analyses of bicycle safety data fall into this trap.
Still other studies attempt to control for exposure by reporting accidents as a rate per
person for a particular population of interest. For example, in a study of head injuries
resulting from bicycle accidents Sacks and others®® report the number of head injuries by
age and gender “per Million Population.” However, since the amount of bicycling done by
different age groups and by different genders can vary drastically, controlling for population
size does not properly control for exposure.

Thus, we take care when drawing any conclusions from the analyses that follow. Of
course, despite the lack of exposure data, common sense can still be a good guide when
analyzing some situations. For instance, the fact that one-third of fatal accidents involve
alcohol™ most likely implicates alcohol as a risk factor. For other situations, until more data
is collected about bicyclists’ exposure to different risks, it is best to refrain from drawing
hasty conclusions.

ACCIDENT DATA

There are two major national sources of data about bicycle accidents in the United States.*?
The National Highway Traffic Safety Administration (NHTSA) collects data in its Fatality
Analysis Reporting System (FARS)'® about all fatal traffic accidents in the United States
(not only those involving bicycles). The FARS data is derived from police reports, which
are collected by each state and submitted to the NHTSA annually. The data only includes
bicycle accidents that involved a motor vehicle. This is a very small percentage of all
bicycle accidents; however, it is the vast majority of fatal bicycle accidents.
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4 Risks Associated with Cycling

The other set of data comes from the National Electronic Injury Surveillance System
(NEISS), compiled by the Consumer Product Safety Commission.' The NEISS data
is based on emergency room visits. Data is collected from a representative sample of
emergency rooms across the country. The data setincludes fatal as well as nonfatal injuries
and is not limited to traffic collisions. Injuries that are too minor to require an emergency
room visit are, of course, not reported.

In addition to the U.S. government, several states and a number of cities have also
collected data about bicycle accidents. We highlight some of these as well, but begin with
the national level data.

FARS

In 2008, traffic crashes in the U.S. killed 716 cyclists and injured 52,000. Over the period
1998-2008, the number of cyclist killed each year has fluctuated between 600 and 800.*°

The average age of cyclists killed in crashes in 2008 was 41 years old. This is nine years
older than the average age of 32 in 1998. The average age of cyclists injured in crashes
in 2008 was 31 years old. This is seven years older than the average age of 24 in 1998.16
Possible reasons for the increase in average age since 1998 could be a larger number of
adults bicycling or a smaller number of children bicycling. Also, we note that the average
age of cyclists killed in crashes in 2008 was 10 years older than the average age of
those injured in 2008. This discrepancy in age between those killed and those injured
has persisted over the last 10 years. Perhaps adults are riding at higher speeds, and with
higher speed automobile traffic, than children are. Both of these factors can increase the
severity of a crash.’

Bicycling fatalities are a problem that affects all ages. Half of the cyclists killed were 45 or
older.

Table 1. Age Distribution of Cyclists Killed in 20088

Age Fatalities Percent
<5 6 1%
5-9 23 3%
10-15 66 9%
16-20 52 7%
21-24 42 6%
25-34 74 10%
35-44 90 13%
45-54 180 25%
55-64 112 16%
65-74 36 5%
75-84 24 3%
85+ 7 1%
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The vast majority of the cyclists killed in 2008 were male (87 percent). Alcohol was involved
(either on the part of the driver or the cyclist) in over one third (37 percent) of the fatal
crashes.

Also, according to the NHTSA, “fatalities occurred more frequently in urban areas (69
percent), at non-intersection locations (64 percent), between the hours of 5 p.m. and 9
p.m. (28 percent).”®

NEISS

The NEISS makes the data collected since 1991 available to be queried online.?° For
this analysis we obtained records of all ER visits involving bicycles in 2008. The NEISS
distinguishes between mountain bikes (NEISS product code 5033) and all other bikes
(NEISS product code 5040). For this study, we combined the two. Of the 14,859 bicycle
injury records downloaded, only 291 (2 percent) were coded as mountain bikes. Bicycle
related injuries reported by the NEISS also include injuries related to bicycle accessories.

Each injury record contains the following information:*

= Date of Treatment

= Age to the nearest year except for those under two years old, for which the age is
recorded more precisely.

= Gender

= Diagnosis can be one of 29 pre-defined diagnoses or “Other.” Diagnoses were
grouped into broader categories for this analysis.

= Body Part Affected can be one of 25 pre-defined body parts or “Not recorded.”
Body parts were grouped into broader categories for this analysis.

= Disposition of Case indicates whether the patient was treated and released, ad-
mitted to the hospital or transferred to another hospital, held for observation, left
without being seen, died, or “Not recorded.”

= Products Involved up to two products can be specified—a numeric code.

= Incident Locale can be one of home, farm/ranch, street or highway, other public
property, mobile home, industrial place, school, place of recreation or sports, or
“Not recorded.”

= Race can be White, Black/African American, Asian, Native American/Alaskan Na-

tive, Native Hawaiian/Pacific Islander, Other, or “Not stated.”

Narrative up to 142 characters describing the incident.

Each record is also weighted to make the sample representative of the U.S. as a whole.?
The 14,859 records in the 2008 data set when weighted represent 493,740 bicycling
related visits to the ER nationally. All analyses were performed using the weighted values.

Below, we report on the types of injuries that occurred, the demographic characteristics of
those injured, and—to the extent possible—the circumstances of the injury.

Table 2 shows the different diagnoses that bicycle injuries resulted in. Scrapes and bruises
(contusions/abrasion) are the most common diagnoses. Cuts (laceration) and strains/
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6 Risks Associated with Cycling

sprains are also common. Together these types of relatively minor injuries accounted for
nearly 60 percent of all ER visits. Broken bones and dislocations occurred in 21 percent of
the cases. Internal organ injuries (mainly head injuries that didn’t result in a concussion)
and concussions accounted for 9 percent of the visits.

Table 2. Frequency of Diagnoses for Bicycling-Related ER Visits

Diagnosis Frequency
Contusion/abrasion 27%
Fracture 21%
Laceration 19%
Strain/sprain 13%
Internal organ injury 7%
Concussion 2%
Dislocation 1%
Other/not stated 10%

Table 3 shows the body parts injured by bicyclists. Arms, hands, legs, and feet are the
most commonly injured. Injuries to the head are not uncommon—14 percent of the visits
were for head injuries and another 14 percent for injuries to the face and mouth.

Table 3. Frequency of Body Parts Injured in Bicycling-Related ER Visits

Body Part Frequency
Arm & Hand 26%

Leg & Foot 23%

Head 14%

Face & Mouth 14%

Trunk 11%
Shoulder 8%

Other 4%

Relatively few ER visits for bicycling injuries result in hospitalization. 92.6 percent of
patients were released after being treated in the ER. 5.5 percent were either admitted or
transferred to another hospital. 1.5 percent left without being seen. Less than 1 percent
were held for observation (.3 percent), and only .1 percent were dead on arrival or died in
the ER.

Table 4 shows the proportion of ER visits for bicycling injuries by age group. Bicyclists
aged 10-19 years accounted for the largest group (36 percent) followed by 20-29 year
olds. People of all ages visit the ER for bicycling related injuries. Above 50, visits to the ER
start to diminish with age.
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Table 4. Proportion of ER Visits for Bicycling-Related Injuries by Age Group

Age Proportion
0-9 8%

10-19 36 %
20-29 20%

30-39 8%

40-49 11%

50-59 9%

60-69 5%

70-79 2%

80-89 1%

The bulk (72 percent) of the ER visits was made by males. Table 5 shows the proportion of
ER visits by age group and gender. Visits by females were more common among the 0-19
year age group and less common in the 20-39 year age group. Above 40, the ages of men
and women visiting the ER were similar.

Table 5. Proportion of the ER Visits per Bicycling-Related Injuries by Age Group,
Stratified by Gender. (Each Column Sums to 100%.)

Age Male Female
0-19 42% 48%
20-39 31% 22%
40-59 19% 20%
60+ 8% 10%

Different injuries are more common among different age groups. Table 6 shows the
frequency of injuries to different body parts by age. Among children ages 0-9, face and
mouth injuries are the most common. In fact, face and mouth injuries are more prevalent
among this age group than any other age group. Shoulder and trunk injuries, on the other
hand, are least frequent among children. Shoulder injuries are most common among
bicyclists ages 30-49. Trunk injuries tend to increase with age. Arm and hand injuries are
most common among the 10-19-year-old age group.
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8 Risks Associated with Cycling

Table 6. Frequency of Diaghoses for Bicycling-Related ER Visits by Age. (Rows
Sum to 100%.)

Age ﬁ;r:d& E/I?)Cuetr? Head :;ggt& Shoulder | Trunk Other

0-9 20 33 21 18 1 3 3
10-19 32 15 13 26 4 7 3
20-29 25 11 14 26 10 10 5
30-39 23 9 10 26 14 14 6
40-49 22 9 11 21 14 17 6
50-59 21 9 13 18 12 21 6
60-69 21 9 14 18 10 22 5
70-79 19 7 21 20 10 19 3
80-89 16 8 25 20 6 25 1

NEISS records provide only a limited amount of information about where bicycling injuries
occurred. Table 7 shows the fraction of injuries that occurred at each location.

Table 7. Frequency of Bicycling Related ER Visits by Location. (Less Than 1% of
Accidents Occurred on Farms/Ranches, Industrial Places, and Schools.)

Location Frequency
Not recorded 28%

Home 22%

Street 38%

Other public property 5%

Place of recreation or sports 7%

The narratives in the NEISS data provide a glimpse into the circumstances of an injury, but
many relevant details are lacking. Furthermore, because the narratives are free-form text
fields there is a high level of variability in how accidents are described.

In the narratives, several aspects of accidents appear to be regularly recorded. If a person
fell off their bike, if a motor vehicle was involved, or if the bicyclist went over their handlebars
these events are all noted.

Five broad categories of accidents were identified from the narratives. Falls were identified
by the words “fall,” “fell” or “falling.” Accidents involving motor vehicles were identified
by the words “motor vehicle,” “car,” “truck,” “van,” “motorist,” or “mv” (an abbreviation for
motor vehicle used by ER staff). Crashes not involving a motor vehicle were identified by
the words “crash” or “wreck.” (A “crash” and a “fall” without the mention of a motor vehicle’s
involvement may very well be similar accidents, but we report them separately here.) The
words “over handlebar(s)” were used to identify bicyclists who went over their handlebars.
The words “alcohol” or “intoxicated” or “ETOH” (an abbreviation for intoxication used by

ER staff) were used to identify accidents involving alcohol.
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Together, these five categories of accidents accounted for 81 percent of the bicycling
accidents in the NEISS data set. A review of a randomly selected sample of narratives
representing each type of accident as well as a random sample of those categorized as
other, was conducted to confirm the reasonable accuracy of these keywords.

Based on analysis of the narratives, 62 percent of the accidents involved a fall. 15 percent
involved a motor vehicle, while 4 percent involved both a fall and a motor vehicle. An
additional 6 percent were described as a “wreck” or “crash” without also mentioning a fall
or motor vehicle.

Just 2.5 percent of injuries involved alcohol. Of these, 67 percent involved a fall and 21
percent involved a motor vehicle. 2 percent of injuries involved a bicyclist going over their
handlebars.

Head injuries are arguably the most serious bicycling injuries because they are the most
likely to cause a fatality or result in permanent injury. Therefore, we performed further
investigation focused solely on those ER visits involving injuries to the head.

Table 8 shows the prevalence of head injuries by age. For instance, among the 0 to 9-year-
old age group 21 percent of the ER visits were for head injuries, while the remaining 79
percent were for injuries to other parts of the body. The pattern that emerges from this
table is that head injuries are most common among the very young and the very old.

Table 8. Prevalence of Bicycling-Related Head Injuries by Age, Compared to All
other Body Parts. (Each Row Can be a Maximum of 100%.)

Age Head injuries as a percent of all injuries
0-9 21%
10-19 13%
20-29 14%
30-39 10%
40-49 11%
50-59 13%
60-69 14%
70-79 21%
80-89 25%

Table 9 shows the percentage of each type of accident that led to a head injury. Bicycling
injuries that involved alcohol were the most likely to lead to head injuries. Cyclists going
over the handlebars were the second most likely to suffer head injuries. Over one in five
accidents that involved a motor vehicle led to a head injury.

Mineta Transportation Institute



10 Risks Associated with Cycling

Table 9. Percentage of each Type of Accident that Resulted in a Head Injury.
(Each Row Can be a Maximum of 100%.)

Accident Type Percent that resulted in
head injuries

Fall 14%

Of motor vehicle 21%

Alcohol 36%

Over the handlebars 24%

Wreck 15%

FLORIDA

In 2005 the state of Florida conducted a survey of bicyclists and pedestrians.? Although
the primary purpose of the survey was to identify attitudes about infrastructure, several
questions addressed safety and accidents. The survey results are based on 1750
telephone interviews. An interviewee was considered a “bicyclist” if they biked at least
once per month.

Among those bicyclists interviewed, there were 76 accidents involving motor vehicles
reported. 38 percent of those occurred on a