Q

of Tamsporiaion ROROCR

National Highway NHTSA
Traffic Safety _aaaauaaos
Administration www.nhtsa.gov
DOT HS 811 614 June 2012

Review of Studies on Pedestrian
and Bicyclist Safety, 1991-2007



DISCLAIMER

This publication is distributed by the U.S. Department of Transportation, National Highway
Traffic Safety Administration, in the interest of information exchange. The opinions, findings,
and conclusions expressed in this publication are those of the authors and not necessarily those
of the Department of Transportation or the National Highway Traffic Safety Administration.
The United States Government assumes no liability for its contents or use thereof. If trade names,
manufacturers’ names, or specific products are mentioned, it is because they are considered essential
to the object of the publication and should not be construed as an endorsement. The United States
Government does not endorse products or manufacturers.

Suggested APA Citation:

Karsch, H. M., Hedlund, J. H., Tison, J., & Leaf, W. A. (2012, June). Review of Studies on
Pedestrian and Bicyclist Safety, 1991-2007. (Report No. DOT HS 811 614).
Washington, DC: National Highway Traffic Safety Administration.



Technical Report Documentation Page

1. Report No. 2. Government Accession No.

DOT HS 811 614

3. Recipient’s Catalog No.

4. Title and Subtitle

Review of Studies on Pedestrian and Bicyclist Safety, 1991-2007

5. Report Date

June 2012

6. Performing Organization Code

NHTSA/NTI-131

7. Author(s)

H. M. Karsch, J. H. Hedlund, J. Tison, and W. A. Leaf

8. Performing Organization Report No.

9. Performing Organization Name and Address
Preusser Research Group, Inc.

7100 Main Street
Trumbull, CT 06611

10. Work Unit No. (TRAIS)

11. Contract or Grant No.

DTNH22-02-D-35121- Task
Order 02

12. Sponsoring Agency Name and Address

U.S. Department of Transportation

National Highway Traffic Safety Administration
Office of Behavioral Safety Research

NTI-130

1200 New Jersey Avenue SE.

Washington, DC 20590

13. Type of Report and Period Covered

Final Report, 1999 - 2007

14. Sponsoring Agency Code

15. Supplementary Notes

The Contracting Officer's Technical Representative for this project was Dr. Marvin Levy.

16. Abstract

This report reviews the pedestrian and bicyclist safety research literature in print as of 2007. It summarizes and
synthesizes the key studies, evaluates existing knowledge and identifies research gaps and provides
recommendations for future direction. The review includes studies identified through searches of the TRIS,

TRANSDOC, IRRD, PubMed, PsychL.it, and SafetyL it automated databases and through contacts with research
institutions and researchers. It also draws on the background papers and recommendations from the April 2000
NHTSA/FHWA Pedestrian and Bicycle Strategic Planning Research Workshops and from the Bicycle Safety
2000 Conference. Studies are organized into areas highlighting studies on pedestrian safety with emphasis on
demographic characteristics, high-risk environemnts, travel behavior, injury typing and injury profiles and
others. Similar grouping is made for studies on bicyclist safety.

17. Key Words 18. Distribution Statement

Pedestrians Bicyclists C_onsplcurcy Document is available to the

Laws Enforcement Bicycle helmets blic f the Nati |

Education Alcohol Research pu 'C_ rom the a_'ona .
Technical Information Service
WWW.ntis.gov

19 Security Classif. (of this report) 20. Security Classif. (of this page) 21 No. of Pages 22. Price

Unclassified Unclassified 84

Form DOT F 1700.7 (8-72) Reproduction of completed page authorized



TECHNICAL SUMMARY
Background

In 2009, 4,092 pedestrians and 630 bicyclists were killed in traffic crashes in the United
States, representing a decrease of 7% and 12%, respectively, compared to 2008, and a decrease
of 14% and 9%, respectively compared to 2000 figures. Additionally, an estimated 59,000
pedestrians and 51,000 bicyclists were also injured in 2009. In the same year, pedestrians and
bicyclists combined accounted for 14% of traffic fatalities and 5% of traffic injuries, as reported
by the National Highway Traffic Safety Administration. These figures describe only traffic
injuries and fatalities, and exclude injuries and fatalities from crashes occurring in private
roadways, such as parking lots, bicycle and pedestrian trails, driveways, and similar locations.
Additionally, pedestrian and bicycle injuries, especially lower-severity injuries, frequently are
not reported to the police as traffic crashes, thus not counted towards the official traffic crash
statistics.

Objectives and methods

This report reviews the pedestrian and bicyclist safety research literature from 1991 to
2007, highlighting key studies. The pedestrian and bicyclist research study review included
studies that emphasize behavioral approaches to pedestrian and bicyclist safety published within
this time frame. Foreign studies, directly relevant to pedestrian and bicyclist safety in the United
States are included and previous literature reviews are summarized by highlighting their
findings.

The studies included in the review were identified through a series of searches of a
number of publication databases, which included TRIS, TRANSDOC, IRRD, PubMed, PsychL.it,
and SafetyL.it. Additional reports and studies were identified through contacts with research
institutions and researchers. Approximately 460 research articles, reports, reviews and other
documents were identified through these search means and are summarized in this review.



Results

General. Substantial pedestrian and bicycle safety research has been conducted recently.
But while some topics have been studied extensively, others have not; while some issues are well
understood, others are not.

Epidemiology. Further epidemiological data and studies on pedestrian and bicycle
crashes and injuries are needed at two levels: To estimate the overall problem size more
accurately and to provide a better understanding of crash causation.

Problem size. Published estimates of the number of injured pedestrians and bicyclists
vary considerably. Methods should be sought to link or combine data from police reports,
hospitals, emergency rooms, and other medical sources. If necessary, surveys or other sampling
methods could be used to estimate crashes and injuries that do not appear on official records.
Another critical lack is exposure data. Available exposure data for both pedestrians and bicyclists
are limited and sporadic. Better exposure data will improve understanding of pedestrian and
bicycle safety trends and causal factors.

Crash and injury causation. The police report provides the best data source, but the
police report often doesn't record critical pieces of information. The rapid automation of State
crash reporting systems provides an opportunity to collect and report additional useful data.
States are designing their crash reporting systems so that police officers in the field can enter
data through laptop or hand-held computers. A laptop system could include separate pedestrian
and bicycle modules that are used only if a pedestrian or bicycle is involved in the crash.
Research is needed to define the crash data needs and determine how they can best be met, so the
necessary data can be incorporated into State automated crash reporting systems.

Laws and enforcement. Research shows that many traffic laws regulating the interaction
among drivers, bicyclists, and pedestrians are ignored regularly. Some laws may not be known or
understood. Others may be ignored because they appear unnecessary. Enforcement is sporadic
and ineffective in improving behavior.

The most obvious need is to establish a strategy regarding these laws and their
enforcement. One possibility is to accept the current situation and recognize that these laws
describe ideal behavior but will not be obeyed regularly. This strategy accepts that laws and
enforcement have little role in improving pedestrian and bicycle safety.

A second possibility is to attempt to raise traffic law compliance substantially by
pedestrians, bicyclists, and motorists alike. To do this, the laws must be generally accepted as
sensible and reasonable. The appropriate first step is to review all traffic laws applying to
pedestrians and bicyclists and all laws applying to drivers when they interact with pedestrians
and bicyclists. If the laws are not sensible and reasonable, they should be changed. Only then can
enforcement, combined with education, hope to be effective.

A final possibility, intermediate between these extremes, is to concentrate on situations
where conflicts are frequent, risks are high, and the public supports action, such as school zones



and red light running. Education and enforcement, aided by technology as appropriate, can be
used to increase compliance. Research in these areas would be most useful to support action.

Public information and education. Pedestrian and bicycle safety education is absolutely
essential for children. Many of the basic facts and concepts seem to be common sense but require
education and guidance, usually by parents, and maturation and experience. Research shows
clearly that formal pedestrian safety programs for children have been successful. Additional
research should develop improved programs appropriate for children at different developmental
ages and should determine effective ways to deliver this information to children. The evidence is
far less clear for children’s bicycle safety education programs, where basic research and
evaluation are needed.

Most adults receive little or no pedestrian or bicycle safety information or education,
even though many adults lack basic safety information (such as an understanding of the traffic
laws applying to bicyclists or the meaning of the various phases of a WALK - DON'T WALK
sign). Basic research is needed to investigate what information is useful and how it best can be
transmitted.

Facilities and infrastructure. Extensive research has been conducted on facilities used
by pedestrians and bicyclists. As this research continues, it should seek methods to accommodate
and balance the sometimes conflicting needs and desires of pedestrians, bicyclists, and vehicle
drivers. It also should consider how technology may be used to improve safety; for example, by
automatically detecting pedestrians and bicyclists at controlled intersections and adjusting traffic
signals accordingly.

Alcohol. Epidemiological studies have shown that many pedestrians and bicyclists in
crashes are impaired by alcohol. A few studies have investigated the pedestrian alcohol problem
but virtually nothing is known about alcohol-impaired bicyclists. Considerable research is
needed in both areas to understand the problem and to recommend and test countermeasures.
New studies are beginning for pedestrian alcohol safety efforts.

Conspicuity. Research on technical aspects of pedestrian and bicycle conspicuity —
driver visual capabilities, recognition distances under different lighting conditions, retro-
reflective materials, pedestrian and bicyclist awareness of their actual visibility, and the like — is
quite extensive. One critical open area is to investigate how research findings on clothing
conspicuity can be implemented into a wide variety of outer clothing for everyday use, much as
retro-reflective materials are now used in many running shoes.

Older pedestrians. As the United States population ages, many aspects of society are
being designed to accommodate older people. Pedestrian (and, in some instances, bicycle)
facilities and programs should do the same. Some needs are obvious: longer WALK cycles to
cross a street; public education directed at older people. Others may not be. Research on all
pedestrian areas should keep the older pedestrian firmly in mind.

Bicycle helmets. Research has demonstrated conclusively that bicycle helmets
substantially reduce head injuries in crashes. The important issue is how to convince more



bicyclists to wear helmets. Research should continue to evaluate the effects of helmet use laws in
the United States and around the world. Research also should continue to evaluate the
effectiveness of various helmet use promotion programs. Research may be useful to develop
more sophisticated methods of marketing helmet use to different cyclist audiences.
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INTRODUCTION

In 2009, 4,092 pedestrians and 630 bicyclists were killed in traffic crashes in the United
States, representing a decrease of 14% and 9%, respectively, compared to 2000. In the same
year, approximately 59,000 pedestrians and 51,000 bicyclists were injured. Pedestrians and
bicyclists accounted for 14% of traffic fatalities and 5% of traffic injuries (NHTSA, 2010a;
2011b). These figures describe only traffic injuries and fatalities, and exclude injuries and
fatalities from crashes occurring in private roadways, parking lots, bicycle and pedestrian trails,
driveways, and similar locations. Furthermore, pedestrian and bicycle injuries, especially lower-
severity injuries, are frequently not reported to police as traffic crashes, thus not counted towards
official traffic crash statistics.

While lagging behind other areas of safety research, pedestrian and bicyclist research has
received considerable research support in recent years. Starting with the Intermodal Surface
Transportation Efficiency Act of 1991 (ISTEA) that provided funding for pedestrian and bicycle
facilities, there was also a call for a national bicycling and walking study (Zegeer & Feske,
1994). The TEA-21 highway authorization bill included bicycling and walking as integral parts
of the nation's transportation system and made all major funding sources for Federal aid
transportation programs available to support bicycling and walking. Spending on bicycle
facilities grew from a few million dollars annually in 1990 to about $260 million annually in
2000 (Clarke, 2000a). Another contribution was the passage of the Americans With Disabilities
Act in 1990 that led to dramatic changes in the physical environment for pedestrians and
wheelchair users (Blomberg, 2000c).

e This report highlights research on behavioral issues of pedestrian and bicyclist safety,
excluding studies on issues of highway design. It emphasizes research on the use of
roads, sidewalks, intersections, and paths and includes studies on laws, enforcement, and
education as they pertain to roadway uses by pedestrian and bicyclists.

e This report makes use of 12 previously conducted comprehensive reviews of specific
pedestrian and bicycle areas, which together included over 1,150 studies: Campbell,
Zegeer, Huang, and Cynecki, 2004; Clarke and Tracy, 1995; Karkhaneh, Kalenga, Hagel,
and Rowe, 2006; Leaf and Preusser, 1999; Preusser Research Group, 2000; Retting,
1999; Retting, Ferguson, and McCartt, 2003; Steinberg, Freedman, and Fogash, 2000;
Stutts, Hunter, Tracy, and Wilkinson, 1992; Taylor and Davis, 1999; Towner, Dowswell,
Burkes, Dickinson, Towner, and Hayes, 2002; and Zegeer, 1991.

e This report emphasizes research conducted between 1991 and 2007 and other relevant
studies.

e This report includes research conducted outside of the United States deemed relevant to
pedestrian and bicyclist safety in the United States.



The remainder of this report uses the terms bicycle and bicyclist in place of the more
cumbersome terms pedalcycle and pedalcyclist. Most percentages and other numerical data
have been rounded.



METHODS

This report reviews scientific literature on pedestrian and bicycle safety issues that
emphasize behavioral issues to pedestrian safety and were published between 1991 and 2007.
Studies with a focus on highway or infrastructure design were omitted. Furthermore, this review
presents results from previous literature reviews and notes studies conducted outside of the
United States when directly relevant to pedestrian safety issues in the United States.

This review of studies on pedestrian and bicycle safety began with searches of automated
transportation reference databases available through the Transportation Research Board (TRB).
Three databases were used: TRIS (Transportation Research Information Services), with 310,000
records covering transportation-related publications from the United States; TRANSDOC, with
40,000 records on the social sciences of transportation published in European and associated
countries; and IRRD (International Road Research Documentation), with 285,000 records
covering all aspects of road research internationally. The search criteria were references to
pedestrian and bicycle safety in general, from 1991 to 2007. The searches produced over 500
references of potential interest. Additional searches of the PubMed, PsychLit and SafetyL.it
databases were conducted and yielded over 350 additional references. Furthermore, studies from
previously conducted comprehensive reviews of specific pedestrian and bicycle areas were
included.



STUDIES ON PEDESTRIAN SAFETY

Overview of Pedestrian Crashes

In 2009, 4,092 pedestrians were killed and an estimated 59,000 were injured in United
States traffic crashes. This is equivalent to roughly one pedestrian killed in a traffic crash every
129 minutes and one injured in a traffic crash every 9 minutes. Overall, pedestrians accounted
for 12% of all traffic fatalities and 3% of all traffic injuries in 2009 (NHTSA, 2010a).

NHTSA Traffic Safety Facts defines a pedestrian as “any person
on foot, walking, running, jogging, hiking, sitting, or lying down
who is involved in a motor vehicle traffic crash™ where a traffic
crash was defined as ““an incident that involves one or more
vehicles where at least one vehicle is in transport and the crash
originates on a public traffic way.”

Source: NHTSA Traffic Safety Facts 2009 Data—Pedestrians,
DOT HS 811 394

The most recent data from NHTSA show that, in 2009, those over the age of 20 account
for 87% of pedestrian fatalities. Children 15 and younger accounted for 7% of the pedestrian
fatalities and 25% of all pedestrians injured in traffic crashes (NTHSA, 2010a). Additionally,
pedestrians 65 and older accounted for 19% of all pedestrian fatalities and 8% of all pedestrian
injuries in 2009 (NTHSA, 2010a). These data also point out that 69% of pedestrians killed in
2009 were males, resulting in a male pedestrian fatality rate of 1.86 fatalities per 100,000 people,
which is higher than the 0.82 fatalities per 100,000 people for female pedestrians. The male
pedestrian injury rate in 2009 was 21 injuries per 100,000 people, which is slightly higher than
the rate of 18 female pedestrian injuries for 100,000 people (NTHSA, 2010a).

Most national data on national pedestrian fatalities and injuries are from NHTSA’s
Fatality Analysis Reporting System (FARS) and General Estimates System (GES). While these
sources provide an accurate account of pedestrian fatalities and injured occurring in public
roadways, they exclude pedestrian injuries that do not involve a motor vehicle or injuries that did
not occur in public roadways. Studies show that a substantial number of injuries are pedestrian-
only injuries, where injury cause did not involve a motor vehicle and that may have occurred on
a roadway, sidewalk, trail, or other public transportation-related facility (Stutts, 1997; Stutts &
Hunter, 1999). Some 66% of pedestrians admitted to hospital emergency departments (ED) in
California, New York, and North Carolina did not involve motor vehicles and some 80% of these
pedestrian-only events occurred on non-roadway locations. In contrast, only 25% of pedestrian
injury ED visits were due to pedestrian-motor vehicle crashes, and 88% of such visits resulted
from incidents that occurred on the roadway (Stutts, 1997; Stutts & Hunter, 1999).

Notable differences in the types of injuries and outcomes between injuries due to
pedestrian-motor vehicle crashes and pedestrian-only injuries also exist. For example,



pedestrian-motor vehicle crashes resulted in more severe injuries than pedestrian-only events. In
motor vehicle crashes, 3% of victims died and approximately 36% were hospitalized, while in
pedestrian-only crashes, none of those injured died and 7% were hospitalized (Stutts, 1997;
Stutts & Hunter, 1999). Similarly, the types of injuries were also different, depending on the
types of crashes. Pedestrians struck by motor vehicles were more likely to sustain lower limb,
head and torso injuries and less likely to sustain injuries to the upper limb, face, and neck when
compared to the injuries of those in pedestrian-only events (Stutts, 1997; Stutts & Hunter, 1999).

Pedestrian Demographic Characteristics

In 2009, the most recent data available, 775 pedestrians 65 and older were killed in traffic
crashes, accounting for 19% of all pedestrian fatalities. In the same year, an additional 5000
adults 65 and older were injured, accounting for 8% of pedestrian injuries (NHTSA, 2010a).
Based on NHTSA data for 2009, the fatality rate for pedestrians older than 75 was 2.28 per
100,000 population, higher than the fatality rate of any other age group (NHTSA, 2010a).
NHTSA data also show that in 2009 for children 5 to 9 years old, fatalities as pedestrian
accounted for 19% of all traffic crash fatalities. Children under age 16 accounted for 7% of the
pedestrian fatalities in 2009 and 25% of all pedestrians injured in traffic crashes (NHTSA,
2010a). For this age group, the fatality rate was 0.35 fatalities per 100,000, considerably lower
than the 23 injuries per 100,000 for the age group (NHTSA, 2010a).

Other studies examining demographic characteristics of pedestrian fatalities and injuries
showed that 32% of pedestrian fatalities were adults 24 to 44, with twice as many pedestrian
males being fatally struck compared to female pedestrians. Male pedestrian fatalities were shown
to outnumber female fatalities in every age group (Campbell el. al, 2004). Similarly, a study by
Harruff, Avery, and Alter-Pandya (1998) that analyzed pedestrian traffic fatalities in Seattle
between 1990 and 1995, showed that the average age of pedestrians involved in traffic fatalities
was 49 years old.

Reviews also point out that ethnic and racial minority pedestrians may be at increased
risk for pedestrian related fatalities and injuries. For instance, among those States with available
racial and ethnic information, FARS data showed that, in 2009, 61% of pedestrians killed were
classified as White, 17% were African-American, and 2% were Native Americans (FARS,
2011). One study reported that 75% of pedestrian fatalities were Caucasian-American, 19% are
African-American and 16% were Hispanic-Americans® (Ernst, 2004). The larger proportion of
walking trips made by Latino-Americans and African-Americans may contribute to that
difference. For Caucasian-Americans, about 9% of all trips are made on foot, compared to 12%
and 13% for Latino and African-Americans, respectively (Ernst, 2004). A 1998 study conducted
in Seattle, Washington, showed that while Caucasian-Americans comprised 85% of the
population, they accounted for 74% of fatalities. Asian-Americans and African Americans
comprised 8% and 5% of the population, respectively, but accounted for 12% and 8% of
fatalities (Harruff et al. 1998).

1 Figures do not add up to 100% as values for Caucasian-American and African-American may include
Hispanic ethnicity.



A review of pedestrian fatalities in four counties in Georgia showed that pedestrian death
rates for minority populations were significantly higher than those for whites. The pedestrian
death rate for Non-Hispanic blacks and Hispanics was estimated to be between two and six times
greater, respectively, than the rate for non-Hispanic whites (CDC, 1999). Additionally, other
studies have shown that pedestrian crashes are positively correlated with the proportion of
elderly residents, public transportation passengers, and the proportion of renters in census tracks,
and negatively correlated with population size, household income, and population density (Kim
& Ortega, 1999).

Pedestrian Travel Behavior

Few studies have investigated U.S. pedestrian travel patterns and characteristics. While
everyone can be considered a pedestrian, pedestrian trips are generally short and often are
combined with other travel modes (Schwartz, 2000b). DaSilva, Smith, and Najm (2003) used
data from the Statewide Traffic Accident Management Information System (STAMIS), the U.S.
Census, and the Nationwide Personal Transportation Survey (NPTS) to examine walking and
injury patterns across the United States. They showed that pedestrians 65 to 74 years old had the
highest crash, injury, and fatality rates per miles walked, whereas pedestrians age 5 to 18 had the
highest crash and injury rates per capita. Pedestrians over 75 were found to have the highest
fatality rate on a per capita basis. Pedestrian travel as measured by pedestrian volume has also
been shown to differ geographically. For example, a study in Washington State showed that
pedestrian volumes, as measures by the number of pedestrians observed on a per hour basis,
differed significantly between urban and suburban areas. All urban locations had higher number
of pedestrians per hour and per 1,000 residents. Urban locations had higher pedestrian volumes
on a per 500 acres basis when compared to suburban areas (Moudon, Hess, Snyder, & Stanilov,
1997).

Street design, location of services and facilities, and the person’s income has been shown
to influence pedestrian travel behavior. Shriver (1997) compared pedestrian travel in
“traditional” neighborhoods characterized by streets in a rectangular grid, short blocks, and
numerous intersections to “modern” neighborhoods with irregular street designs and a
hierarchical layout that discouraged vehicle traffic on residential streets. Results showed that in
both types of neighborhood designs, 25% of walking trips were made for exercise and
approximately 33% were made for shopping and other similar activities. Pedestrians in modern
neighborhood designs reported longer walking distances and durations for exercise, walking the
dog, and socializing than those reported in traditional neighborhoods. Furthermore, regardless of
neighborhood design, pedestrians with higher annual income, more dependents, and more cars
made fewer walking trips and reported that long distances and lack of time were the greatest
obstacles to walking. Older adults, students, and those with lower annual household incomes
were found to walk longer distances. Larger household size and lower annual income were
correlated with shorter walking trips (Shriver, 1997). In a similar study of pedestrian travel
behavior, O’Sullivan and Morrall (1996) showed that the average walking distance to bus stops
in Calgary, Canada, was 0.2 miles; walking distances to light rail train (LRT) stations were
slightly longer, at an average of 0.4 miles, with lower walking distances to LRT stations in the
central business district (O’Sullivan & Morrall, 1996).



High Risk Environments to Pedestrians

In an effort to develop countermeasures that best address pedestrian fatalities and
injuries, a number of studies have been commissioned to identify high-risk areas for pedestrians
and to characterize most frequent pedestrian crashes, known as crash types. According to the
2004 report, PEDSAFE: Pedestrian Safety Guide and Countermeasure Selection System, most
pedestrian crashes occur in urban areas, due to the high pedestrian activity and traffic volumes
(Harkey & Zeeger, 2004; DaSilva, 2003). This is supported by the most recent NHTSA reports
that estimate that 72% of pedestrian fatalities occurred in urban areas versus rural settings in
2009. Additionally, NHTSA reports show that 76% of pedestrian fatalities occurred at non-
intersection locations, 70% occurred at night and 90% occurred during non-inclement weather
days (NHTSA, 2010a).

A report by Ernst (2004) suggests that high-speed arterials roads pose the most risk to
pedestrians. Based on NHTSA’s FARS data, this report shows that principal arterial roads
accounted for 31% of pedestrian fatalities, followed by local roads and expressways, which
accounted for 22 and 15% of pedestrian fatalities, respectively. Furthermore, over 40% of
pedestrian fatalities occurred in locations lacking crosswalks and the most risky areas were lower
density neighborhoods with large arterial streets and few crosswalks or sidewalks (Ernst, 2004).
A similar study conducted in San Francisco, California showed that pedestrian injuries were
more likely to occur in areas with greater traffic flow and greater population densities. This study
also showed that lower proportions of children in the population and higher unemployment, as
well as lower education levels were also associated with higher risk for pedestrian injuries
(LaScala, Gerber, & Gruenewald, 2000). Past studies have also shown that, in cities with a
population of 1 million or more, pedestrians account for about 35% of motor-vehicle-related
fatalities (Retting, Ferguson, & McCartt, 2003).

In addition to heightened death and injury risks presented to pedestrians by various
roadway configurations, studies have also examined the increased risk at different times of the
day. A review of pedestrian safety research by Campbell et al. in 2004, showed that the highest
proportion of crashes involving pedestrians occurred between 3 p.m. and 6 p.m. Contrary to
pedestrian injuries, most pedestrian fatalities tend to occur at night, with the majority of fatal
crashes occurring between 5 p.m. and 11 p.m. (Campbell et al., 2004; Harkey & Zeeger, 2004).
Crashes involving older pedestrians occurred more frequently during fall and winter months,
whereas younger pedestrian crashes occurred more frequently during the spring and summer
months (Campbell el al., 2004). A separate study showed that in 2003, approximately half of all
pedestrian fatalities occurred during the last three days of the week, highlighting the clustering of
pedestrian fatalities on weekend days (Harkey & Zeeger, 2004).

A different approach to crosswalk safety argues that marked crosswalks give pedestrians
a false sense of security, so that they may enter the roadway without looking for vehicles or may
assume that vehicles will provide safe passage. Studies comparing the safety effects of marked
and unmarked crosswalks at non-signalized locations found that crash frequency was affected by
many variables other than crosswalk markings, including pedestrian volume, traffic volume, and
number of lanes (Zegeer, Stewar, & Huang, 2000). Other results include that road speed limit did
not affect the frequency of crashes with pedestrians but was positively related to crash severity



and that raised medians, but not painted medians, increased pedestrian safety. Furthermore,
pedestrian crash risk was not affected by whether it occurred in a residential or business area, or
whether the crosswalk was located at an intersection or midblock. Also, the study showed that
the direction of traffic flow, such as one-way traffic or two-way traffic, crosswalk condition, or
type of crosswalk marking did not affect pedestrian crash risk (Zegeer et al., 2000). In a separate
study, Gibby, Stites, Thurgood, et al., (1994) showed that no relationship existed between
crosswalk markings and crash rates at signalized intersections; however, non-signalized
intersections crosswalk markings were associated with higher crash rates (Richards, 1999).

In another approach to investigating risky environments to pedestrians, Harruff et al.
(1998) showed that residential streets accounted for the highest proportion of pedestrian crashes,
66%, followed by pedestrian crashes occurring at thoroughfares, which accounted for 29%.
Additionally, the study showed that roads with speed limits between 25 and 30 mph accounted
for 44% of crashes; roads with speed limits of 35 to 40, which accounted for 31% of crashes.
Furthermore, roads with speed limits between 45 and 50 accounted for 10% of crashes; 15% of
crashes occurred on roads with speed limits above 55 mph. Results showed that 72% of
pedestrians were crossing the roadway when they were hit; and 14% were walking or standing in
the roadway or shoulder at the time of the crash (Harruff et al., 1998).

VEHICLE AND PEDESTRIAN BEHAVIOR

In an effort to distinguish the various characteristics of pedestrian and vehicle crashes,
crash-typing was introduced. Crash-typing is a method for classifying crashes into a number of
meaningful categories based on common crash characteristics. The usefulness of such a system
has been recognized since the early 1970s, when Snyder and Knoblauch (1971) first proposed it.
They defined crash types by analyzing the behavioral sequence in a crash of search, detection,
evaluation, decision, human action, and vehicle action. Each stage in this sequence may produce
a crash due to predisposing factors (driver factors, pedestrian factors, vehicle factors, or
environmental factors) or precipitating factors such as pedestrian risk-taking and inadequate
search. Several studies described below categorized pedestrian-motor vehicle crashes into
specific types in order to determine the most frequent crash scenarios. For example, Jordan
(1998) coded 43 different pedestrian actions for child pedestrian crashes near schools. The
pedestrian action codes were clustered based on the type of signal control at the intersection
where the crash occurred. Johnson (1997) classified pedestrian actions into 13 different
categories in his investigation of pedestrian fatalities on interstate highways. Snyder and
Knoblauch defined 30 crash types in 9 broad categories. These crash types, supplemented with
predisposing and precipitating factors, were used to develop countermeasures. The original
crash-typing system has been modified into the crash-typing system used in NHTSA’s General
Estimates System, where it is applied to all pedestrian crashes in the GES (Safety Consulting
Services, 1997b).

Others have developed different crash-typing categorizations based on that originally
used in NHTSA’s GES. An example is a study by Stutts, Hunter, and Pein, who developed pedestrian
and vehicle crash types based on large sample of 5,000 pedestrian vehicle crashes from California,
Florida, Maryland, Minnesota, North Carolina, and Utah. This crash study created 61 crash types
in 9 categories. Results showed that the most common pedestrian factors were running into road



and failure to yield, which accounted for 15 and 12% of pedestrian crashes, respectively. Alcohol
impairment and stepping from between parked vehicles accounted for another 10 and 7% of
examined pedestrian crashes, respectively. The most common driver factors were hit-and-run,
accounting for 16% of crashes, followed by 15% of drivers failing to yield to pedestrians, and
6% of drivers traveling at speeds above the speed limit (Stutts et al. 1996).

Results using this new typing showed that children under 10 were over-involved in
midblock and intersection dashes, bus-related crashes, crashes due to playing in the roadway, and
vehicle-specific crashes, which include going to or coming from a vendor or ice cream truck and
entering or exiting a vehicle. This new crash-typing showed that pedestrians 10 to 14 were
overrepresented in intersection and midblock dashes and bus-related crashes. Older teenagers,
those between 15 and 19, accounted for over 33% of bus-related crashes and were likely to be
involved in crashes when walking along the roadway (Stutts et al., 1996).

This modified crash-typing showed that adult pedestrians 20 to 24 were over-involved in
crashes involving disabled vehicles, backing vehicles, or walking along the roadway. Those 25 to
44 were over-involved in crashes dealing with disabled vehicles or walking along the roadway.
Pedestrians 45 to 64 were over-represented in crashes involving turning vehicles at intersections.
Pedestrians 65 and older were over-involved in crashed involving backing vehicles and
intersection-related crashes (Stutts et al., 1996).

Others have established new crash types by grouping driver and pedestrian behaviors into
pre-crash scenarios. One such approach reported that the top ten crash scenarios identified
accounted for 86% of all crashes analyzed. It showed that 26% of crashes involved a vehicle
traveling straight and pedestrian crossing at a non-junction and 19% of crashes involved a
vehicle traveling straight while the pedestrian crossed at an intersection. Another 16% of crashes
involved a vehicle traveling straight and pedestrian darting into the roadway at a non-junction
and 9% involved a vehicle making a left turn and pedestrian crossing at an intersection (DaSilva,
Smith, & Najm, 2003). This approach also showed that the majority of the scenarios took place on
straight roads (non-junction) with speed limits between 25 to 35 mph; and 45% of crashes
occurred at intersections where a three-color traffic light was present. Hit-and-run crashes
accounted for 15 to 19% of the crashes (DaSilva et al. 2003).

Alcohol and Pedestrian Injuries

Many pedestrians in motor vehicle crashes are impaired by alcohol. In 2009, 35% of all
U.S. fatally injured pedestrians had BACs above .08 g/dL whereas only 13% the drivers involved
in fatal pedestrian crashes reached or exceeded this BAC level. In 6% of fatal crashes, both the
driver and the pedestrian had BACs of .08 g/dL or higher (NHTSA, 2011a). Past studies have
shown that between 1999 and 2002, 43% of fatally injured male pedestrians and 21% of fatally
injured female pedestrians had BACs at or above .08 g/dL (Leaf, Shabanova, Northrup, &
Preusser, 2005).

This problem is not limited to the United States; fatality rates among pedestrians globally
show a high percentage of alcohol involvement. For instance, in Great Britain and Sweden, over
two-thirds of young adult pedestrians Kkilled were reported to be impaired (Ostréom & Eriksson,



2001, Tunbridge & Keigan, 2002). While using varying definitions for alcohol involvement
studies show that in Canada in 2000, 38% of fatally injured pedestrians had been drinking
(Mayhew, Brown, & Simpson, 2002), while in Australia, close to 45% of pedestrians killed had
positive BACs (Lang, Tay, Watson, Edmonston, & O’Connor, 2003). Impaired pedestrians were
predominantly male and tend to be 25 to 44 years old (Campbell et al., 2004; Leaf & Preusser,
1997; Wilson & Fang, 2000). Crashes involving impaired pedestrian were more likely to occur at
non-intersections compared to non-impaired pedestrian collisions (Wilson & Fang, 2000 as cited
in Wilson, Fang, & LeBrun, 2003) and studies showed that alcohol significantly increases the
risk of dying as a result of being involved in a crash (Miles-Doan, 1996). Studies also showed
that 16% of pedestrians or bicyclists involved in traffic crashes had current or past history of
alcohol abuse or dependence (Weber, Maio, Blow, Barry, & Waller, 2002).

In an effort to examine the degree of alcohol involvement among U.S. pedestrian
fatalities involving different racial and ethnic groups, Leaf and Preusser (1997) conducted an
analysis of recorded fatalities. Fatality data were obtained from various sources including FARS,
the Centers of Disease Control’s Multiple Causes of Death (MCOD) database, and sources from
six States. Analysis of these data by age, gender, race, and BAC showed that certain
subpopulations were consistently over-represented. For example, Native American males were
about twice as likely to have BAC levels above .10 g/dL compared to all other males, and Native
American females were about three times as likely to have BAC levels above .10 g/dL compared
to all other females. Elevated BAC levels were uncommon among Asian/Pacific Islander
victims, and Hispanic female pedestrians were less likely to have elevated BAC levels compared
to Hispanic males. High levels of alcohol involvement were also found among Black adults over
age 24, Hispanic males over age 20, and Native Americans (Leaf & Preusser, 1997). Leaf et al.
(2005) showed that Native Americans males and females had the highest rate of BACs at .15
g/dL or above, followed by Hispanic males, African American males, and Caucasian males
(Leaf, Shabanova, Northrup, & Preusser, 2005).

Examining the prevalence of alcohol among pedestrians and vehicle drivers involved in
pedestrian fatalities, Subramanian (2005) showed that among all crashes involving alcohol and
categorized as alcohol-related in 2003, two-thirds of fatalities involved drivers/motorcycle operators and
non-occupants who themselves had alcohol in their systems and 79% of pedestrians killed in alcohol-
related crashes had positive BACs. One argument for the high rate of positive BACs among
fatally injured pedestrians is the high risk of being struck as a pedestrian in locations with a high
number of drinking establishments (LaScala, Gerber, & Gruenewald, 2000) with the majority of
injuries occurring on the weekend and during nighttime hours (Johnson, 1997; Kong et al.,
1996). This argument is based on observations that the frequency of alcohol-related pedestrian
injuries and fatalities increases with an increase in the density of licensed drinking
establishments (LaScala, Gerber, & Gruenewald, 2000).

Kong et al. (1996) reported that 17% of fatally injured pedestrians tested for alcohol
concentration had BACs above .10 g/dL, and a majority of fatally injured male pedestrians had
BACs averaging .16 g/dL. A similar study that examined pedestrian fatalities in the Texas
interstate system showed the extent of variability in BAC levels among pedestrians (Johnson,
1997). Texas reported a significantly higher prevalence of alcohol among pedestrians than the
study by Kong et al. (1996). Some 33% of pedestrian fatalities were alcohol-positive, with an
average BAC of .20 g/dL with over 95% of the fatally injured, alcohol-positive pedestrians being
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struck in the roadway, compared to 75% for non-alcohol related cases. Alcohol-positive pedestrians
were more likely to be struck after dark than non-intoxicated pedestrians. The driver of the
striking vehicle had a BAC of .10 g/dL or above in 8% of these fatal pedestrian crashes in Texas
(Johnson, 1997).

Pedestrian Injury Profiles

Pedestrians are vulnerable road users and several studies have attempted to characterize
the injuries of those involved in pedestrian-motor vehicle crashes. One study showed that 38% of
the hospitalized patients of pedestrian-motor vehicle crashes were younger than 15 and another
8% of patients were over 65 (Stutts & Hunter, 1999). The most common injuries were
musculoskeletal injuries (34%), followed by head and neck injuries (30%), external injuries
(24%), abdominal and pelvic injuries (4%), chest-related injuries (2.4%) and spinal injuries
(1.8%). Mortality rates for older pedestrians were 3 times those of adults (Peng & Bongard,
1999). Similar findings were reported by Kong et al. (1996). This study also reported that 39% of
pedestrian-motor-vehicle crash victims died within two hours of the crash, 59% within 24 hours,
and 78% within 48 hours.

Occupational Pedestrian Injuries

Injuries sustained by workers as pedestrians represent an important prevention and
countermeasure area. One review of pedestrian injuries that occurred on New York State
Department of Transportation highway and bridge construction projects between 1993 and 1997
showed that most injuries resulted from accidents at construction sites, and that traffic crashes
accounted for 15% of all serious injuries and over 40% of all fatalities (Bryden & Andrew,
1999). It was also shown that among traffic crashes involving workers, two-thirds of the motor
vehicles involved had left the traffic lane and entered the work area. However, 29% of the
worker fatalities occurred when worker pedestrians were struck by motor vehicles outside the
defined work area.

Risks posed to pedestrians by commercial vehicles and have also been studied. One study
noted that pedestrian fatalities involving large trucks? were more likely to occur at intersections,
when traffic signals controlled traffic flow, and during daylight when compared to pedestrian
fatalities due to other vehicle types. Results also showed that pedestrians fatally hit by large
trucks tend to be older, with a median age of 60, compared to a median age of 40 for those hit by
other types of vehicles (Retting et al., 1993). It was also shown that large trucks were most
frequently moving forward when pedestrian crashes occurred, with the initial impact point being
the front of the truck or undercarriage. The two most common crash scenarios, accounting for
47% of all crashes, involved large trucks proceeding forward either at intersections or non-
intersection locations. Trucks turning and striking pedestrians with the front of the trucks, the
rear wheels, or the trailers accounted for another 24%. Trucks backing up fatally injured
pedestrians in 10% of cases (Retting et al., 1993).

2 Large Trucks were defined as trucks exceeding 10,000 Ibs.
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Pedestrian Laws and Enforcement

Laws

The key laws and ordinances affecting pedestrian safety attempt to control pedestrian and
driver behavior at intersections, crosswalks, and other locations. The Uniform Vehicle Code
(UVC) regulates pedestrian travel and road-crossing behavior. The UVC requires pedestrians to
obey traffic control devices, cross roadways in marked crosswalks, and not cross diagonally
(“jay-walk™). Pedestrians in crosswalks are granted the right-of-way under these laws (or under
the UVC). Pedestrians crossing outside of crosswalks must yield the right-of-way to vehicles.
The UVC requires pedestrians to use sidewalks whenever possible and to walk on the left side of
the roadway in the absence of sidewalks. A report from Preusser Research Group, (2000)
reviews UVC regulations that control vehicle actions and affect pedestrians, such as prohibiting
motorists on sidewalks.

Studies show that both the driver and the pedestrian do not have a complete
understanding of transportation laws. Pedestrians do not completely understand pedestrian
signals and both pedestrians and drivers do not obey laws and signals consistently. Anecdotal
evidence suggests that pedestrian compliance with traffic laws may be decreasing and that
“aggressive pedestrians” may be joining aggressive drivers as a contemporary traffic safety
problem (Brown, 2000). Some of these problems may be due to ambiguity or misunderstanding
of right-of-way laws at crosswalks (Britt et al., 1995). In standard law (as codified in the UVC),
a pedestrian has the right-of-way when in a crosswalk but the driver is not required to yield to a
pedestrian waiting to enter a crosswalk.

In a study of understanding of pedestrian rules and regulations, 88% of respondents
reported being aware that in cities, they are required to cross the street at signals or crosswalks.
The vast majority of respondents, 93%, also were aware that a pedestrian already in the
crosswalk had the right of way. However, 31% responded that drivers are not required to stop
and about 60% believed that the driver was expected to stop. About 80% correctly understood
that a driver making a right turn on red must yield right-of-way to pedestrians. More people
answered correctly to a similar question regarding left turns on green; 93% responded that the
driver must wait for the pedestrian to cross (Tidwell & Doyle, 1995).

When asked about the use of the roadway by joggers, 58% of respondents knew that
joggers must use sidewalks when available, as required in all States except Rhode Island,;
however, 17% of respondents considered that joggers are allowed on the roadway. Almost 69%
recognized that on roadways with no sidewalks, walking on the right side with traffic is not
permitted (Tidwell & Doyle, 1995). Furthermore, many respondents did not understand
pedestrian WALK and DON’T WALK signals. Almost half (43%) believed a flashing DON’T
WALK signal requires pedestrians to return to the curb. Almost half (47%) believe that a WALK
signal indicates that no cars will be turning into the crosswalk area (Tidwell & Doyle, 1995).

Enforcement

Pedestrians as vulnerable road users face increased risks in large cities with high motor
vehicle and pedestrian densities and challenging traffic environments, such as New York City. A
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study examining pedestrian fatalities in New York City reported that the driver was fully or
partially responsible for 92% of crashes with pedestrians (Komanoff, 1999). The most common
pedestrian crash causes included drivers turning into the crosswalk (17%) and vehicles speeding
(11%). Driver red lights or stop sign violations and driver distraction each contributed to 10% of
crashes.

Although the vehicle driver was deemed at fault in the vast majority of New York City
pedestrian crashes and 26% of crashes were hit-and-run, only 25% of drivers received citations.
Although 5% of pedestrians were killed on the sidewalk or other non-roadway locations, only
12% of the drivers in these crashes received citations (Komanoff, 1999). A study of vehicle-
pedestrian crashes at Florida intersections indicated that the drivers were cited for a
moving violations in only 20% of vehicle-pedestrian crashes. Male drivers were more often the
cause of pedestrian crashes than female drivers (Lee & Abdel-Aty, 2005). A separate study
reported that that targeting small areas may be as effective as citywide campaigns, that brief
efforts may be as effective as longer programs, and that benefits to pedestrians from such
enforcement in high-volume commuter corridors may be minimal (Britt, Bergman, & Moffat,
1995).

Pedestrian Street-Crossing Behavior

Drivers and pedestrians commonly violate pedestrian travel rules. A study by Palamarthy,
Mahmassani,and Machemehl (1994) that examined street-crossing behavior and compliance with
crossing signalization showed that 96% of pedestrians who arrived at the intersection when the
sign indicated “WALK?” crossed during this signal phase. At signalized intersections, 74% of
pedestrians who arrived when the sign was flashing “DON’T WALK?” crossed during that signal
phase, 18% crossed when the sign had turned steady “DON’T WALK,” and only 9% waited for
the next “WALK?” signal. Over 35% of pedestrians who arrived during the steady “DON’T
WALK” phase crossed immediately, while 65% waited for the next “WALK” phase. Other
studies show that pedestrians may be tempted to violate rules by crossing during the flashing or
solid DON’T WALK phases as this may reduce their wait time by 22% (Virkler, 1998d). At
signalized intersections without separate pedestrian signals, most pedestrians crossed with the
green signal when they arrived at the intersection during this phase. If they arrived during the red
phase, half of pedestrians waited for the green phase while others crossed as soon as traffic
permitted during the red phase (Palamarthy et al. 1994).

One reason for the high number of pedestrian-motor-vehicle crashes that occur at
intersections is the confusion as to who has the right of way when pedestrians cross the street
with the WALK signal and motor vehicles turn into their path. In one study, drivers often didn’t
recognize that they must yield to pedestrians, particularly during left turns. Drivers over 75 were
especially unaware of these rules (Abdulsattar & McCoy, 1999). A separate study by Lord
(1996) indicated that at locations with vehicle volumes above 100 vehicles per hour, 3-way or T-
shaped-intersections were more dangerous for pedestrians than 4-way or X-shaped-intersections.
Regardless of intersection type, the study concluded that higher vehicle flows, as measured by
the number of vehicles per hour, posed higher risk for pedestrians, regardless of pedestrian
volume.
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Pedestrian Conspicuity and Visibility

A variety of methods can be used to increase pedestrian conspicuity, including better
vehicle headlights, better roadway lighting, and various environmental measures to improve
sight distances and warn of pedestrian crossings. The simplest measures that pedestrians
themselves can take are to wear conspicuous clothing and to avoid entering the roadway in
places where vehicle drivers do not expect pedestrians. It is recommended that pedestrians wear
some form of retro-reflective clothing when walking or jogging at night.

Many pedestrian crashes occur at night or during other low-visibility conditions due to
the inability of the driver to see the pedestrian. Unfortunately, most clothing is not designed to
enhance conspicuity and, currently, most retro-reflective clothing for adults is designed for
specialty audiences such as joggers and bikers, law enforcement, fire fighters, or construction
workers. Children’s clothing occasionally incorporates conspicuity features, such as reflective
strips or sneakers. Studies show that pedestrians frequently overestimate their own visibility and
underestimate the benefits of retro-reflective materials or the difference between low-beam and
high-beam illumination (Tyrrell & Patton, 1998; Tyrrell, Wood, & Carberry, 2004; Wood,
Tyrrell, & Carberry, 2005).

A review of issues related to pedestrian conspicuity indicates that increased roadway
lighting is one of the most effective ways of reducing nighttime pedestrian crashes. Modifying
parking patterns to allow diagonal parking in contrast to parallel parking is another effective
approach at improving pedestrian visibility. Diagonal parking has been shown to reduce the risk
of pedestrians crossing directly into traffic, by allowing pedestrians to more easily scan for
incoming traffic. Another method that successfully increases visibility of pedestrian is to relocate
bus stops to the far side of intersections. Having bus stops across from vehicles stopped at
intersections allows motorists to more easily detect pedestrians entering the roadway (Retting et
al., 2003).

In addition to roadway design issues, in a review of pedestrian and bicyclist conspicuity
literature, Steinberg et al. (2000) recommend steps for pedestrians to increase visibility, such as
wearing reflective clothing and attaching retro-reflective or LED lights. Recognition distance
increases as the reflective surfaces outline the human form more clearly and show its motion
(Steinberg et al., 2000). Studies also show that the positioning and color of retro-reflective
material is important. One study reported that retro-reflective markings attached to arms or legs
produced recognition distances 60 to 80% greater than markings attached to the torso, which in
turn had twice the recognition distance than pedestrians without any markings at all (Luoma,
Schumann, & Traube, 1996). Examining the visibility of retro-reflective material, one study
demonstrated that materials reflecting red, yellow, and green colors were detected at similar
distances at night, and all at significantly greater distances than white materials of the same
intensity (Sayer, Mefford, Flannagan, Sivak, Traube, & Kojima, 1998).
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SPECIAL PEDESTRIAN TOPICS

Child Pedestrians

In 2009, 272 children 15 and younger were killed as pedestrians and another 15,000 were
injured. In that same year, 19% of all children 5 to 9 who were killed in traffic crashes were
pedestrians. Children 15 and younger accounted for 7% of the pedestrian fatalities in 2009 and
25% of all pedestrians injured in traffic crashes (NHTSA, 2010a). NHTSA data show that male
children are significantly more likely to be killed and injured as pedestrians than females
(NHTSA, 2011). Studies show that child pedestrians are most likely to be involved in crashes on
residential streets in urban areas, particularly in the late afternoon or early evening (Kupferberg-
Ben & Rice, 1994; Schieber & Vegega, 2002).

A study of pedestrian crashes of children younger than 11 in San Jose, California,
reported that the most common behavior was the mid-block dart-out, which accounted for 30%
of all crashes. Approximately 20% of crashes involved an ice cream truck and 25% occurred at
intersections. Most crashes occurred on roads with speed limits of 25 mph or less and traffic laws
or regulations were violated in 76% of all crashes. The young pedestrian was the violator 75% of
the time (Aoki & Moore, 1996). Similar results were found in a study by Kupfenberg-Ben and
Rice (1994). They demonstrated that children under 5 were most likely to be hit when darting out
from between parked cars and most crashes involving children less than 10 years old occurred on
local streets (Kupferberg-Ben & Rice, 1994).

Studies show that child pedestrian fatality rates are strongly influenced by traffic volume.
Year-to-year changes in United States child pedestrian fatality rates (fatalities per 100,000
population) between 1970 and 1988 were strongly correlated with changes in vehicle-miles
traveled. While child pedestrian fatality rates decreased throughout the period, they decreased
more when traffic volume dropped and decreased less when traffic volume rose (Roberts &
Crombie, 1995). Similarly, studies show that children are 6 times more likely to be involved in
crashes on streets with high traffic volumes® compared to streets with low traffic volumes.
Moreover, children were almost 4 times as likely to be involved in crashes when crossing high-
speed roads (over 50 km/hour or 31 mph) than low-speed roads (Roberts et al., 1995). Similarly,
a study by Kupfenberg-Ben and Rice (1994) reported that most crashes occurred within higher
density residential areas and significantly more crashes occurred during the summer months
(June to September) than any other month of the year. Crash rates were highest in the afternoon
during after-school hours (3 p.m. to 7 p.m.) and additional peaks were observed around 8 a.m.
and noon to 1 p.m. More crashes occurred on weekdays than weekend days (Kupferberg-Ben &
Rice 1994).

Crash-Typing Children

Patterns of exposure to traffic for urban children show that most pedestrian injuries occur
while the child is at play or walking to a specific destination (Posner, Liao, Winston, Cnaan,
Shaw, & Durbin, 2002). Posner et al. (2002) identified the pre-crash events and the child’s usual

3 High volume is defined as areas with more than 1,000 vehicles per hour
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pattern of street play and pedestrian activities. Results show that 71% of the injured children
were walking to a specific destination right before the crash. Even though walking to or from
school accounted for 81% of street crossings, only 22% of those injured while walking to a
destination were walking to or from school. The other destinations included walking home from
a destination other than school, which accounted for 26% of crashes. Another 13% were hit
while walking to the store, 12% were hit while walking to a neighbor’s house, 2% were walking
to a playground, and 18% were walking to some other destination. Some 29% of injured child
pedestrians were playing right before the crashes and 28% of those were intentionally using the
street for play. The injured children were mostly male with a mean age of 8.7 years, and most
injuries were minor.

Child Pedestrians — Decision Making

Studies argue that children lack the experience and cognitive ability to make accurate
judgments on various aspects of traffic safety, such as judging the speed of oncoming vehicles
and assessing whether it is safe to cross (Muttart, 1995). Foot et al., (1999) revealed that as
children age, they become more proficient in recognizing safety-relevant features in traffic
scenarios. Child pedestrians are at heightened risk in traffic because they are not able to
distinguish the sound and visual stimuli that are important to their safety (Foot, Tolmie, Thomson,
McLaren, & Whelan, 1999). Other studies show that children under age 6 may not understand the
causal sequences that may result in a crash. A study by Thornton et al., 1999, comparing
comprehension of drivers and passenger behavior by children at different ages, demonstrated that
children 5 and younger were not able to understand the behaviors of drivers and passengers that
may lead to a crash, whereas 15-year-olds were much more likely to identify both driver and
pedestrian behaviors that might lead to a crash (Thornton, Pearson, Andree, & Rodgers, 1999).

Studies further show that children make their decisions based on the distance of the
vehicle without considering the vehicle’s speed. Younger children (5 to 9 years old) were
especially unable to make safe decisions regarding vehicle approach speeds above 37 mph
(Connelly, Conagle, Parsonson, & Isler, 1998).

Older Pedestrians

In 2009, 775 pedestrians 65 and older were killed and another 5,000 injured in traffic
(NHTSA, 2011a). This represents a decline from the 996 pedestrian fatalities for this age group
in 2000 (NHTSA, 2011c) In 2009, based on NHTSA data, pedestrians 65 and older have a
population-based fatality rate of 1.96, higher than that population-based fatality rate of 1.54 for
adults 21 to 54 (NHTSA, 2010a), For older people, 64% of pedestrian fatalities in 2009 occurred
at non-intersection locations. For other pedestrians, 78% of fatalities occurred at non-intersection
locations (NHTSA, 2011c).

Studies comparing fatal and non-fatal pedestrian crashes involving older and younger
adults show that on a per capita basis, the crash rates for pedestrians 65 to 74 years old are lower
than any other age group and there is only a small increase in the crash rate for individuals older
than 74. However, in the event of a crash, fatality rates increase steadily with age, reaching a
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high of 25% for crash victims over 74 years old. Older pedestrians are more likely to be involved
in a fatal crash in fall or winter than in spring or summer. Older pedestrians are less likely to be
struck on the weekend than other age groups. Except for young children, a higher percentage of
older pedestrians are involved in crashes during daylight hours than younger pedestrians of other
ages (Zegeer et al., 1993).

Examining the role of age-related declines in physical performance on injuries of
pedestrians, studies have shown that factors influencing severity of injury were the pedestrian’s
age, the speed of vehicle at impact and the type of vehicle. The height and weight of the
pedestrians, and their genders were also shown to be related to injury severity. Males were
shown to sustain more serious injuries, to be hit at higher average vehicle speeds and to have
higher mortality rates than female pedestrians of the same ages. Older pedestrians tend to sustain
more severe injuries and are more likely to die in motor vehicle-pedestrian crashes than younger
pedestrians. When other factors such as vehicle type and vehicle speed were included, older
adults had 2.7 times the risk of severe injury and 7 times the risk of death compared with
younger adults (Henary, lvarsson, & Crandall, 2006).

Walking Speeds and Crossing Behavior

Due to age-related changes in physical performance, studies have found that older
pedestrians walk more slowly than younger pedestrians when crossing streets, with walking
speeds influenced by factors such as street width, vehicle traffic volume, weather, number of
pedestrians crossing together, signal cycle length, curb cuts, pavement markings, and on-street
parking (Knoblauch et al., 1996). Another study showed that even among adults 65 and older,
there is substantial variability of walking speeds and mobility levels and the most frequent
concerns for older pedestrians include difficulty crossing the curb, difficulty judging oncoming
vehicle speeds, turning vehicles, and confusion about pedestrian signal phases (Coffin &
Morrall, 1995).

When compared to younger pedestrians, higher crash rates among older adults have also
been attributed to older pedestrians being less aware of their traffic environment. One study
examined the scanning behavior of older and younger pedestrians at signalized intersections. To
the contrary, the study found that pedestrians older than 50 were more cautious than younger
pedestrians. Results also indicated that older adults were less likely to follow other pedestrians
into the crosswalk without scanning, but instead scanned for traffic themselves (Harrell, 1996).
Others have argued that the higher crash rate among older adults may be due to other factors,
such as difficulties crossing the street. In a study by Langlois et al. (1997), 11% of pedestrians
over 71 years old reported having difficulty crossing the street. Most of them were not able to
cross a signalized intersection within the allotted time while walking at their normal walking
speed (Langlois, Keyl, Guralnik, Foley, Marottoli, & Wallace, 1997). Other studies have shown that
older pedestrians are involved in specific types of intersection crashes and in crashes involving
backing vehicles. Higher crash rates in winter suggest conspicuity problems of pedestrians not
detecting vehicles or drivers not seeing pedestrians (Blomberg et al., 1993).
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COUNTERMEAUSURES TO IMPROVE PEDESTRIAN SAFETY

Intersections Countermeasures

Methods for increasing pedestrian safety at intersections can be grouped into three broad
categories: approaches that target vehicle drivers; approaches that target pedestrians and
approaches that use technology. Approaches that target vehicle drivers include educational
campaigns that increase awareness for yielding to pedestrians, repositioning of stop signage and
ground markings at intersections, and changes to the signal timing to give pedestrians sufficient
time to cross the street. Approaches that target pedestrians include use of visual cues, signs, or
voice prompts to alert them to be more aware of their immediate environment. Approaches that
use technology include automatic pedestrian detectors to assure sufficient crossing interval
lengths, while minimizing vehicle delays.

Crosswalk Countermeasures and Signage

Safe places to cross the street are essential for pedestrian mobility. Traffic signals are not
always appropriate at crosswalks. At locations with low pedestrian volumes, including a regular
pedestrian phase in signal cycles imposes undue delays on vehicles. Therefore, a variety of
alternative crosswalk treatments have been investigated that are appropriate in certain settings.
For example, Campbell et al. (2004), among others, have suggested raised medians on multilane
roads, the use of curb extensions to reduce crossing distance, raised pedestrians islands, raised
crossings, street narrowing, etc. Others have suggested that signaling systems, such as
pedestrian-actuated signals, may be an appropriate alternative at intersections and midblock
locations with sporadic pedestrian traffic. The signal eliminates any guesswork as to who has the
right of way and discourages forced rights-of-way by pedestrians and drivers alike. Otis et al.
(1994) provide guidelines to suggest where pedestrian-actuated signals are appropriate.

Several studies examined the role of crosswalk markings on vehicle speeds. For example,
Raymond and Knoblauch (2000) found that new crosswalk striping reduced average vehicle
speeds significantly when no pedestrians were present. If a pedestrian was present, average
speeds decreased significantly when the pedestrian was not looking and slightly when the
pedestrian was looking. Eighty-fifth percentile speeds were not reduced significantly regardless
of pedestrian presence or actions. A similar study by Knoblauch, Nitzburg, and Siefert (2000)
examined the effect of crosswalk markings on pedestrian and driver behavior at signalized
intersections. They found that markings produced slightly lower vehicle speeds but no change
was observed in the proportion of cars yielding to pedestrians or pedestrian behavior, such as
looking or aggressiveness. Additionally, this study found that crosswalk markings on signalized
intersections did not impact crosswalk usage.

Several studies have investigated methods of increasing crosswalk visibility to encourage
drivers to yield to pedestrians. One proposal is to replace the traditional yellow color of
pedestrian crossing signs’ background with a fluorescent, strong yellow-green (SYG)
background. A controlled-environment evaluation showed that the SYG signs had significantly
increased legibility distances in daylight, backlight, and complex environments (Dutt, Hummer, &
Clark, 1996). A survey determined that people perceived the signs to be more conspicuous,
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induced more alertness, and had a stronger association with caution (Dutt et al., 1997). A field
evaluation of their effects on motor vehicle drivers concluded that the SYG signs produced only
a marginal improvement in pedestrian safety. Although there was a significant increase in
motorists slowing and stopping at some sites, the percentage of pedestrian-motor vehicle
conflicts was largely unchanged (Clark, Hummer, & Dutt, 1996).

Some researchers have examined whether pedestrian-vehicle conflicts could be reduced
by placing signs reading TURNING TRAFFIC MUST YIELD TO PEDESTRIANS at intersections.
Results show that the signs reduced conflicts during left turns by 20 to 65%, depending on
location (Abdulsattar, Tarawneh, McCoy, & Kachman, 1996). Conflicts during right turns were
reduced by 15 to 30%. The percentage of conflicts decreased with increasing pedestrian group
size, regardless of whether a sign was present Others have examined whether increasing the
vehicle stop line distance from 4 to 20 feet from the crosswalk improved pedestrian safety
(Retting & Van Houten, 1997). Results demonstrate that the proportion of drivers who stopped at
least 4 feet from the crosswalk increased from 74 to 92% after increasing the distance of stop
lines, although only 57% stopped at the 20-foot stop line. Furthermore, the percentage of drivers
stopping in the crosswalk dropped from 25 to 7%. Another study by Huang, Zeeger, Nassi, and
Fairfax (2000) as shown in Campbell et al., (2004) found that the use of pedestrian signs at non-
signalized sites increased the frequency of motorists stopping for pedestrians. They concluded
that, in order to achieve consistent effectiveness, signs must be used in combination with
education and enforcement.

Approaches that alert drivers and pedestrians in an effort to increase awareness and
vigilance rely on a number of devices for visual and auditory stimuli. Studies have examined
overhead “CROSSWALK?” signs as used in Seattle, a pedestrian-activated overhead sign “STOP
FOR PEDESTRIAN IN CROSSWALK” as used in Tucson, Arizona, and pedestrian safety
cones (“STATE LAW - YIELD TO PEDESTRIANS IN CROSSWALK IN YOUR HALF OF
ROAD”) as used in New York State and Portland, Oregon (Huang et al., 2000. Studies
demonstrated that the Seattle signs and New York cones increased the percentage of motorists
who stopped for pedestrians. The overhead signs in Seattle and Tucson reduced the number of
pedestrians who had to run, hesitate, or abort the crossing. None of the devices increased the
likelihood of pedestrians crossing in the crosswalk. The researchers concluded that the devices
by themselves were not considered effective in increasing pedestrian safety, but could be useful
in conjunction with education and enforcement (Huang et al., 2000).

Another approach to alert pedestrians to turning vehicles is with the use of special signs
and pavement markings. Signs reading “PEDESTRIANS - LOOK FOR TURNING VEHICLES” and
pavement markings reading “wWATCH TURNING VEHICLES” were shown to significantly reduce the
number of pedestrians not looking for any threats (Retting et al., 1996). Both types of signage
when used together were shown to be slightly more effective than when used alone. The number
of conflicts between pedestrians and motor vehicles declined substantially after the treatments
and dropped to zero at all intersections when both treatments were in place.

When using both signs and symbols to increase the percentage of drivers yielding to

pedestrians at crosswalks, in conjunction with pedestrian-activated flashing beacons, yielding
behavior can be increased. Studies examining such use concluded that only the presence of a sign
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that specifically instructed motorists to yield when the beacons were flashing succeeded in
reducing pedestrian-motor vehicle conflicts (Van Houten, Healey, Malenfant, & Retting, 1998a).
This finding confirmed results of a previous study that investigated the efficacy of supplemental
plaques to increase driver comprehension of warning signs (Hawkins, 1994).

Temporal Separation

Another way to increase pedestrian safety at signalized intersections is to use auditory
and visual alerts to warn pedestrians to potential conflicts with vehicles. One method to remind
pedestrians to watch for turning vehicles is by including animated eyes in the pedestrian signal.
The pedestrian WALK signals were modified to include eyes that scanned from side to side
either just before the WALK phase, at the beginning of the WALK phase, or cyclically
throughout the WALK phase. The animated eyes reduced pedestrian-motor vehicle conflicts
(Van Houten & Malenfant, 1999). People recognized the correct meaning of the eyes, and the
percentage of individuals who failed to scan decreased significantly. These behavioral changes
were sustained six months after the animated eyes were introduced. Others have examined
whether a change in signal timing would reduce pedestrian-motor vehicle conflicts at signalized
intersections. Results demonstrated that pedestrian signals that provided a three-second lead to
pedestrians before motor vehicle traffic is allowed to proceed, significantly reduced conflicts
between pedestrians and vehicles, and pedestrians were significantly less likely to yield to
turning vehicles (Van Houten, Retting, Farmer, & Van Houten, 1997b).

A third method of increasing pedestrian vigilance at signalized intersections is with
audible messages. In one study, signals were equipped with loudspeakers that announced three
different messages, which included ““Please wait for walk signal,” played at individual corners
when a crosswalk button was pressed, and*“Look for turning vehicles while crossing Cleveland
Street” or *“... while crossing Garden Avenue,” played on all corners just before the onset of the
WALK signal. Results show that these audible messages reduced the percentage of pedestrians
who did not look for vehicles by 75% (Van Houten et al., 1997a). Pedestrian-motor vehicle
conflicts, defined as evasive action by either pedestrian or vehicle, dropped by 75%. The audible
messages were generally well-received by the public.

Automated pedestrian detectors have also shown promise in reducing pedestrian-vehicle
conflicts. Studies report that infrared or microwave based detectors used in conjunction with
standard pedestrian push buttons at signalized intersections detected pedestrians in the crosswalk
and extended the WALK signal for up to 6 seconds to allow pedestrians to complete crossing.
The automated detection system significantly improved signal compliance by reducing the
number of pedestrians who began crossing the street during a steady DON’T WALK signal. In
addition, there was a significant reduction in the percentage of pedestrians who experienced
conflicts with motorists while crossing (Hughes, Huang, & Zegeer, 1999a; Hughes, Huang, Zegeer,
& Cynecki, 1999b, 2000). Others have tested infrared, ultrasonic, and microwave radar based
automated pedestrian detectors at un-signalized intersections that warned drivers of the presence
of pedestrians in a crosswalk. The most promising results were obtained with the radar and
infrared sensors (Beckwith & Hunter-Zaworski, 1998).
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Illumination Countermeasures

Illumination based countermeasures to increase the safety of pedestrians are another
important safety approach. As reviewed by Kannel and Jansen (2004), one approach is the
introduction of in-pavement flashing lights to alert motorists of the presence of pedestrians in the
crosswalk. Kannel and Jansen (2004) demonstrated that in-pavement flashing lights resulted in a
statistically significant increase in vehicle speed after installation when pedestrians were not in
the crosswalk, but no change when pedestrians were in the crosswalk. They also showed that a
higher proportion of motorists yielded to pedestrians after the flashers were installed. Kannel and
Jansen (2004) also highlighted a study by Huang et al., (1999), which reported a non-significant
reduction in speed after the installation of flashing lights along the crosswalk. The study also
showed a significant increase in the proportion of motorists slowing down or stopping for
pedestrian from pre to post-installation. Kannel & Jansen, 2004 also describe a project by the
Hawaii Department of Transportation, which installed flashing lights at an uncontrolled location,
which resulted in a 17% drop in maximum speed and a 26% reduction in average speed
(Prevedouros et al., 2000 — in Kannel & Jansen, 2004). Others have shown that illuminated
overhead crosswalk signs, used in conjunction with high-visibility ladder-style crosswalk
markings, significantly increased driver yielding behavior during the day, but not at night, and
pedestrians were more likely to use high-visibility crosswalks than unmarked crosswalks or
crosswalks with standard markings (Nitzburg and Knoblauch., 2000).
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STUDIES ON BICYCLIST SAFETY

Overview of Bicycle Crashes

Bicycling in the United States is both a popular recreational activity and a means of
transportation; however, bicycling can be risky. In 2009, there were 630 bicyclist fatalities in the
United States, a decline from the 786 fatalities reported fatalities in 2005. In 2009, bicyclist
fatalities accounted for 2% of all traffic fatalities (NHTSA, 2011b). In that same year, another
51,000 bicyclists were injured in traffic crashes in the United States.

“Bicyclists and other cyclists include riders of two-wheel non-
motorized vehicles, tricycles, and unicycles powered solely by
pedals.”

Source: NHTSA Traffic Safety Facts2009 Data -- Bicycles and Other
Cyclists. Report No. DOT HS 811386.

In 2009, young bicyclists, those under age 16, accounted for 13% of all bicyclists killed
and 20% of all bicyclists injured in traffic crashes. By comparison, in 2000 this age group
accounted for 28% of all those killed and 40% of those injured. The bicyclist fatality rate for
those age 5 to 15 in 2009 was 1.8 fatalities per million people, lower than the 2.05 fatalities per
million people among all bicyclists. In contrast, the injury rate for this age group was 223 per
million people, compared to 165 per million people for bicyclists of all ages. Adult bicyclists,
aged between 25 and 64, increasingly account for larger proportions of bicycle fatalities and
injuries. For example, in 2009, adult bicyclists accounted for 64% of all bicyclist fatalities, in
contrast to 52% in 2000 (NHTSA, 2011b).

However, one concern regarding studies that rely on police reports is that they may
represent only part of bicycling-related injuries that occur on non-public roadways, such as
private roads, parking lots and bicycling trails. For example, in 2009, 200,478 people were
treated for bicycle-related injuries occurring in traffic only, representing a rate of 66 injuries per
100 000 population, but 518,750 people were transferred to hospital emergency rooms or
hospitalized for bicycle-related injuries occurring in public and non-public roadways,
representing a rate of 175 injuries per 100 000 people (CDC, 2011).

In 2009, 70% of bicyclist fatalities in motor vehicle crashes occurred in urban areas and
67% occurred at non-intersection locations. Almost 30% of bicyclist fatalities occur in late
afternoons, between 4pm and 8pm, and the majority of fatalities (65%) occur between noon and
midnight (NHTSA, 2011b). More crashes involving a bicyclist occur during the fair weather
months of April to October and on weekdays (Hunter & Huang, 1995). Analyses show that the
most common bicycle fatality road types are local streets, accounting for 34% of fatal crashes.
County routes represent 28% of fatal crashes and State routes represent another 18%.
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Further examination of the locations of bicyclist fatalities by Hunter et al. (1995) reported
that crashes on two-lane roads accounted for 65% of crashes; another 25% occurred on four-lane
roads. Over one-quarter of crashes are shown to have occurred on roads with speed limits of 25
mph or less. Approximately half of fatal crashes occurred on roads with speed limits between 30
and 35 mph. The majority of roads, 58%, had no traffic control device. One-quarter had a stop
sign and 16% had a flashing signal only.

National surveys have shown that bicyclists 18-24 years old reported significantly higher
crash rates over the past 12 months than any other age group (Rodgers, 1997). Almost twice as
many males reported having had a crash in the past year as females, even though there were
about the same number of female and male cyclists. Although most bicyclists reported riding on
roadways, the relative crash risk was highest on off-road trails. Bicyclists most commonly rode
general purpose bicycles. Their relative crash risk was significantly lower than for bicyclists who
rode racing and all-terrain bicycles. Bicyclists from the Pacific region were more likely to have
crashed during the previous 12 months than those from any other part of the country. Bicyclists
with the highest monthly mileage were also most likely to have crashed during the previous year.

Bicyclist Demographic Characteristics

One of the classical studies on bicycling safety, conducted by Rodgers (1995), examined
gender differences in riding and reported injuries. The study concluded that female bicyclists
accounted for almost half the estimated annual riding time, suggesting that the
overrepresentation of male bicyclists in injuries and fatalities may be due to riding in more
dangerous situations or engaging in riskier riding behaviors than females. However, a subsequent
study by Li and Baker (1996) came to somewhat different conclusions. Analyzing data from the
NCHS, NEISS and the Nationwide Personal Transportation Survey (NPTS), they reported that
male bicyclist were overrepresented in bicycling fatalities due to their higher number of trips by
bicycle. Furthermore, the study revealed that when in a crash, male bicyclists tended to sustain
more severe injuries than female bicyclists.

On a per trip basis, men were found to be at slightly lower injury risk than women (Li,
Baker 2006). Recent NHTSA data show that in 2009, 549 male bicyclists were killed and
another 41,000 injured, resulting in a fatality rate of 3.62 fatalities per million population and an
injury rate of 268 per million people. This compared to 81 female bicyclist fatalities and 10,000
injuries, with a fatality rate of 0.52 per million people and an injury rate of 65 per million people
(NHTSA, 2011b).

Recent studies show that the average age of fatally injured bicyclists in traffic crashes has
increased from 29.7 in 1995 to 38.5 in 2005 and 41 in 2009. A similar trend is seen for injured
cyclists with the average age of an injured rider increasing from 22.7 in 1995 to 29 in 2005 and
31 in 2009 (NHTSA, 2011b).Changes in injury and fatality trends have also impacted younger
bicyclists. The proportion of fatally injured child and young teen riders, under age 16, declined
from 34% in 1995 and 20% in 2004, to 13% in 2009 (NHTSA, 2004, 2011b). Analyses show
that fatality risk increases steadily with age, with bicyclists over 65 years old significantly more
likely to be fatally injured than bicyclists from other age groups (Rodgers, 1995).
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In a study of bicycle-motor vehicle crashes in Miami-Dade County, Florida examining
demographic characteristics of crashes, results showed that African-American bicyclists were
significantly overrepresented on a per population basis, among bicycling crash victims 5 to 15
years old and, to a lesser degree, among those 55 to 65 years old. Caucasian bicyclists were
overrepresented among 15- to 25-year-old crash victims (Epperson, 1995). Results also pointed
out that housing characteristics, such as low median rent, a high proportion of poor residents and,
to a lesser degree, lower income, were correlated with higher crash rates. Furthermore, an
increased proportion of Hispanics in the population, higher population density, and a higher
proportion of children in the population were correlated with lower crash rates (Epperson, 1995).
Results show that there was no difference in the race of crash-involved vehicle.

Bicyclist Travel Behavior

It is important to note that while each study adds unique information to the understanding
of bicycle safety, there is considerable overlap among the study results. For example, the
overrepresentation of young adolescent males among bicyclist fatalities and injuries, the
heightened risk of bicycling at night, the high percentage of crashes that occur in the afternoon
between 3 and 7 p.m., and the lower crash rates on weekends, particularly on Sunday, are
examples of similar findings among studies. It should be noted, however, that studies may differ
in their results when conducted in different regions or with different groups. For example,
differences may occur due to differences in demographics, road infrastructure, weather
conditions, or driving and bicycling behaviors.

A national survey of bicyclist attitudes and behavior, conducted in 2002, estimated that
about 57 million people, or 27% of those over the age of 16, rode a bike at least once during the
year. This resulted in 91 million bicycle trips with an average trip of 3.9 miles. Close to half of
those bicycle trips were on paved roads, about 14% were on sidewalks, 13% on bicycle or
walking paths/trails, another 13% on the shoulders of paved roads, and about 7% on unpaved
roads or other surfaces (NHTSA, 2003).

Survey results show that 34% of males rode bicycles, compared to 21% of females and
that bicycling is most popular among 16 to 24-year-olds, with 39% of that age group reporting
riding a bicycle at least once in the last year (NHTSA, 2003). The group with the lowest reported
bicycle use was people over 65, with only 9% of respondents in this age group reporting use of a
bicycle at the time of the survey. Although most respondents reported being satisfied with bike
safety in their community, 75% of those surveyed also hoped for some changes in the form of
more bike lanes, paths, trails or other bicycle amenities. Another 8% requested improvements to
existing resources and 14% requested regulations and safety education. The remainder of
respondents noted that safer bicycling areas and better law enforcement should be improved.

In an effort to characterize the bicyclist population, 2,374 North American bicycle
commuters were surveyed in 1995 (Moritz, 1997). The survey reported that the average
responding bicyclist was 39 years old; 82% of respondents were male; 58% reported being
employed; they had an annual average income of more than $45,000. Survey respondents were
likely to own a vehicle, however 12% responded not owning a car by choice. Results indicated
that mountain bikes and road bikes were similarly popular among bicyclists with 30% preferring
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mountain bikes and 28% favoring road bikes. Hybrid bicycles were preferred by 18% of
respondents and touring bikes were favored by 17%. Results indicated that the average purchase
price for a commuting bicycle was $687. Thirty% of respondents reported having a second
bicycle for bad weather (Moritz, 1997).

When asked about the safety equipment on their bicycles, 80% responded that their
bicycles were equipped with reflectors and rear flashers; a pump and front lights were installed
on the bicycles of 77% of respondents. Almost all respondents reported owning a helmet, though
only 86% reported always wearing it (Moritz, 1997). Respondents reported that commuting
accounted for 61% of miles ridden and recreation for another 32%; 70% responded using their
bicycle as their most common means of commuting. Survey results revealed that 35% of miles
were ridden on major streets and another 31% were ridden on minor streets. Bicycle lanes and
paths accounted for 18% and 14%, respectively. Respondents reported that they averaged 8.1
commuting trips per week, with an average trip length of 7.5 miles and time of 31 minutes.
Almost 54% commuted by bicycle all year, with an average of 10.6 months.

When asked about bicycling related-crashes and injuries, approximately 10% of
respondents reported having been in a crash during the previous 12 months (Moritz, 1997). The
median costs for property damage and medical expenses were $100 each and about 38% of
crashes were reported to the police. Doctors or emergency rooms were visited in 57% of crashes,
and 5.5% resulted in a hospital stay. Respondents reported that 58% of the crashes involved
motor vehicles (Moritz, 1997).

Antonakos (1994) investigated bicyclists’ travel preferences and reported that most
bicyclists preferred bicycle lanes, wide curb lanes or bicycle paths and trails. Un-paved roads or
dirt roads and sidewalks were the least preferred travel preference. Bicyclists preferred that their
routes for recreational trips be safe, and have low traffic volumes and smooth pavement. For
commuting, bicyclists desired a safe, quick and direct route (Table 1). Bicyclists identified
bicycle lanes, increased motorist awareness, child bicycle safety education, and surface quality
as major areas for improvement in their communities. Adult bicycle safety education, bicycle
paths, road markings, road signs, and slower traffic were also identified
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Table 1: Trip route preferences (from Antonakos, 1994)

Recreational trips (by order of preference) | Commuting trips (by order of preference)
1. Safety 1. Safety
2. Low traffic volume 2. Quick route
3. Smooth pavement 3. Direct route
4, Scenery 4. Smooth pavement
5. Slow traffic 5. Low traffic volume
6. Few stops 6. Slow traffic
7. Few hills 7. Convenient for errands and few hills

In a separate survey, members of the League of American Bicyclists were asked about
their bicycling experiences during the previous year (Moritz, 1998). This 1996 survey showed
that the average age of surveyed bicyclists was 48 years, 80% were male, and 66% were married.
Almost half were professionals (48%), 80% had a college degree, and over half reported an
annual household income above $60,000. Among the surveyed League of American Bicyclists,
only 4% did not own a motor vehicle. Some 49% of respondents preferred road bikes, 21%
favored touring bikes, and 12% favored mountain bikes. Reported helmet use was 88%.
Bicyclists rode as much on weekends as on weekdays, 15% reported never riding in the rain, and
47% reported never riding after dark. On average, respondents had been riding a bicycle
continuously for 14.2 years (Moritz, 1998).

Among this group, almost all respondents bicycled for recreational purposes and 38%
reported bicycling for commuting purposes, such as work or school. Some 45% of miles were
ridden on minor streets without bicycle facilities and 32% were ridden on major streets without
facilities. The average distance cycled during the year was 2,900 miles. Of those who reported
commuting to work or school (53%), 29% did so by bicycle (Moritz, 1998). Similar to other
surveys, about 9% reported having been in a crash during the previous year that resulted in at
least $50 of property damage or medical expense, with 72% of crashes not reported to the police.
Falls were the most common crash, accounting for 59% of crashes, followed by collisions with
fixed objects, which represented another 14% of crashes, and collisions with moving motor
vehicles and collisions with bicycles, which accounted for another 11% and 9%, respectively
(Moritz, 1998).

High Risk Environment to Bicyclists

Studies that have examined the factors that contribute to bicyclist crashes group these
factors into those attributable to the bicyclists and those attributable to the vehicle driver. The
studies show that the most common bicyclist contributing factors were failure to yield, which
represented 21% of crashes, and riding against traffic, which represented another 15%. Stop sign
violations and safe movement violations represented another 7.8% and 6.1%, respectively. The
condition of the bicycle was found to be without defects in 91% of cases. Poor brakes or lack of
lighting or reflectors accounted for 9% of the defects. Regarding driver contributing factors, the
most common factors were failure to appropriately yield to bicyclists, which accounted for 24%
of crashes, hit and run, which accounted for 14%, and a driver’s failure to note the bicyclist,
which accounted for another 12% (Hunter, Pein, & Stutts, 1995, Hunter, Stutts, Pein, & Cox, 1996,
Hunter, Pein, & Stutts, 1997a).
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Studies using data from hospital emergency room visits in California, New York, and
North Carolina showed that 92% of bicycle-motor vehicle collisions occurred on the roadway.
Non-roadway locations, such as sidewalks, parking lots, and off-road trails accounted for 7.6%
of crashes. The majority of bicycle-only crashes, 57%, occurred on the roadway. Non-roadway
locations, such as sidewalks, off-road trails, driveways, yards, and parking lots, accounted for
43%. Of these off-road locations, sidewalks accounted for 21% of crashes and off-road trails
accounted for another 12% (Stutts, 1997; Stutts & Hunter, 1998, 1999).

Results showed that children under 10 were most commonly involved in off-road bicycle-
only crashes, followed by bicycle-only on-road. With increasing rider age, bicycle-only crashes
decreased and bicycle-motor vehicle crashes increased. Among 25- to 44-year-olds, bicycle-
motor vehicle crashes on road were most common, followed by bicycle-only on-road. Among
15- to 24-year-olds and those over 45, bicycle-only on-road was most common, followed by
bicycle-motor vehicle crashes on-road. Motor vehicle involvement in off-road locations was rare
in all age groups (Stutts, 1997; Stutts & Hunter, 1998, 1999).

In a separate study using police reports from North Carolina for the years 1997-2002,
Kim et al. (2007) examined bicycle-motor vehicle crashes that occurred on weekends. The age
groups most commonly involved in these crashes were children under 16, which accounted for
32% of crashes, and those 25 to 54, who represented 42% of all crashes. Over 85% of bicycle
crashes involved male riders. Some 94% of cyclists involved in crashes did not wear a helmet
and about 6% of riders were intoxicated at the time of the crash, compared to 2.3% of drivers
involved in bicycle-motor vehicle crashes.

Bicyclists at Intersections

Many intersection crashes appear to be due to bicyclists coming from unexpected
directions. This may be due to the bicyclist riding against traffic or on a bicycle path that
intersects the roadway. The limited research available suggests some methods to reduce
intersection crashes without redesigning intersections. Riding against traffic could be addressed
through public information and education campaigns and enforcement efforts. Bicycle paths
crossing roadways need to be clearly visible to motorists. Stop signs or traffic lights both on the
roadway and on the bicycle path may help bicyclists and motorists to see each other. Assuring
good visibility by minimizing shrubbery and other visual obstacles near intersections is always
beneficial. As an extreme measure, raising the bicycle crossing to create a form of speed hump
effectively slows motor vehicles and thereby increases the safety of bicyclists.

Technological advances offer increasing possibilities to address both bicyclist and
motorist needs. Loop or motion detectors may be able to distinguish bicycle and motor vehicle
traffic and adjust traffic signals accordingly (NHTSA, 2000a, Recommendations C-4 and C-6).

Studies of bicycle-motor vehicle collisions at intersections demonstrated that bicyclists
18 and older were 1.8 times more likely to be involved in an intersection crash than bicyclists
under 18 (Wachtel & Lewiston, 1994). They offered several possible explanations for this
unexpected result. One is that they calculated crash rates only within the bicycling community
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and not for the general population. Another is that younger bicyclists may ride more slowly or in
groups that are more easily detected by motorists. Bicyclists riding against traffic were 3.6 times
more likely to be involved in an intersection crash than those riding with traffic. Cyclists riding
on the sidewalk were 1.8 times more likely to be involved in an intersection crash than those
riding on the road.

At signalized intersections, a lag, also called a clearance interval, assures that all vehicles
have cleared the intersection after the traffic lights turn red in one direction and before the lights
turn green for the cross-traffic. This clearance interval is programmed to be sufficient for
automobiles but may not be long enough for bicyclists traveling more slowly. Longer clearance
intervals would delay motor vehicle traffic when bicycles are not present. Taylor (1993)
developed a mathematical algorithm for calculating the safe clearance interval for bicycles.
Another algorithm computes the probability of bicyclists getting caught in the intersection after
the light turned red. There is no recent research on whether short clearance intervals at signalized
intersections pose a problem to bicyclists.

Bicyclist Injury Profiles

Studies using data from hospital ER visits in California, New York and North Carolina
reported that most bicyclists admitted to the ER were not further transferred to a hospital.
Bicycle injuries from off-road crashes and crashes not involving a motor vehicle were generally
less severe and 90% of these patients could be released after treatment. Bicycle-motor vehicle
crashes on-road caused more serious injuries and most fatalities. Almost 25% of these patients
had to be admitted to a hospital. The head, face, and neck were the most commonly injured
areas, followed by the upper and lower limbs. The lower limbs were injured particularly often
when the crash involved a motor vehicle. Only 48% of the emergency room cases involving a
motor vehicle could be matched to State motor vehicle crash file cases (Stutts, 1997; Stutts &
Hunter, 1998, 1999). Crashes on roads with higher average annual daily traffic produced less
severe injuries than crashes on lower-volume roads (Klop & Khattak, 1999).

By examining hospital admissions for 1987 to 1992 for bicycle riders in Connecticut,
Zavoski, Lapidus, Lerer, & Banco (1995) found that, on average, one person per 400,000
population died each year in a bicycle crash and almost 9 per 100,000 were hospitalized. The
study showed that bicycle mortality rates decreased during this period. The bicycle fatality rate
per population was highest among males 10 to 14 years old, and 85% of all fatally injured
bicyclists were male. Over two-thirds of bicycle fatalities died of head trauma and 75% involved
collisions with motor vehicles. Approximately 70% of bicycle fatalities occurred in towns with
populations under 50,000. Analysis of morbidity data yielded similar results. As with bicycle
rider fatalities, between 1987 and 1992 injury rates decreased initially and then stabilized (Zavoski
et al., 1995). The largest group of injured bicyclists was males 10 to 14 years old. Head injury
was the most common diagnosis at 30%. In contrast to fatalities, only 30% of bicycle injuries
involved a motor vehicle.
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Bicyclists, Helmets and Head Injuries

Helmet use reduces the risk of head injury, brain trauma, and upper face injuries. Studies
have shown that head injuries cause the majority of bicyclist fatalities and helmets are effective
in preventing serious or fatal head injuries (Attewell, Glase, & McFadden, 2001; Thomas et al.,
1994; Thompson et al., 1990; Rivara et al., 1994). Between 31% and 65% of bicycle accidents
involved head injuries, and 70 to 86% of bicyclist fatalities were due to head injuries (Finnoff,
Laskowski, Altman, & Diehl, 2001). The majority of cyclist fatalities and bicycling-related
injury disabilities were caused by head injuries (Nagel, Hankenhof, Kimmel, & Saxe, 2003).
NHTSA has reported that helmets are 85% to 88% effective in reducing head and brain injuries
(NHTSA, 2006c).

Studies analyzing National Center for Health Statistics data from the Multiple Cause of
Death database from 1989 to 1992 and the National Electronic Injury Surveillance System
database from 1989 to 1993 found that traumatic brain injury was the cause of death in
approximately two-thirds of bicyclist fatalities in the United States. Head injuries ranged from
21% of non-fatal bicycling injuries in young adults (15 to 29 years old) to 48% in children under
5 (Sosin, Sacks, & Webb, 1996). Other studies have reported similar results. For example, in
Connecticut head injuries were the most common bicyclist injury and caused two-thirds of all
bicyclist fatalities (Zavoski et al., 1995). Similarly, head injuries were the leading cause of death
from bicycle crashes in Australia (Thomas et al., 1994).

Alcohol and Bicyclist Injuries

NHTSA data show that, in 2009, 28% of the fatally injured bicyclists in motor vehicle
crashes had BACs of .01 g/dL or higher; 24% had BACs of .08 g/dL or higher. In the same year,
more than 33% of traffic crashes resulting in a bicyclist death involved a vehicle driver or
bicyclist with a BAC of .08 g/dL or higher (NHTSA, 2011b). A study by Hunter at al., (1995)
reported that alcohol or drug use is highest among 25- to 44-year-old bicyclists, and intoxicated
bicyclists are more likely to suffer serious or fatal injuries than non-intoxicated bicyclists.

Operating a bicycle requires higher psychomotor skills than driving an automobile and
bicycling performance is significantly impaired at a BAC of .08 (Schewe, Knéss, Ludwig,
Schaufele, & Schuster, 1984, cited in Li et al., 2000). FARS data for 1987-1992 showed that 32%
of bicycle crash fatalities over 15 years old were positive for alcohol and 23% had BACs above
.10 g/dL (Li & Baker, 1994). Olkkonen and Honkanen (1990) estimate that intoxicated bicyclists
with BACs exceeding .10 g/dL have ten times the injury risk of non-intoxicated bicyclists and
intoxicated bicyclists were more likely to injure themselves by falling rather than by crashing.

Studies show that injuries sustained by intoxicated bicyclists are more severe when
compared to injuries sustained by non-intoxicated cyclists (Yelon, Harrigan, & Evans, 1995;
Spaite, Criss, Weist, Valenzuela, Judkins, & Meislin, 1995). Hospitalization and intensive care unit
stays were significantly longer for BAC-positive bicyclists than non-intoxicated cyclists. Similar
results were reached by a recent study by Li, Baker, Smialek, and Soderstrom (2001) that
showed that over a 12-year period, 24% of fatally injured bicyclists were intoxicated, compared
to 9% of those with nonfatal injuries.
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Characteristics of intoxicated bicyclists differ from bicyclists who did not consume
alcohol while riding. For example, a study showed that intoxicated bicyclists were significantly
less likely to wear a helmet when compared to non-intoxicated bicyclist (6% versus 31%) (Li &
Baker, 1996). Li et al. (2000) also report that bicyclists involved in injury crashes who tested
positive for alcohol were significantly more likely to have had their automobile driver’s licenses
revoked (52% versus 14%) and to have been convicted of alcohol impaired driving (30% versus
3%) than non-intoxicated bicyclists in injury crashes.

VEHICLE AND BICYCLIST BEHAVIOR

Crash typing provides a useful method for organizing and analyzing bicycle crashes. A
crash-typing system is a method for assigning a crash to one of several categories based on
common crash characteristics. Researchers can examine the relative frequencies of the different
types to determine the bicycling situations that produce the most crashes and injuries. The
similarities between crashes of a given type may suggest countermeasures. The crash types can
be used to classify data from different samples, so that regional differences and trends over time
can be studied.

The groundwork for the development of bicycle-motor vehicle crash types was first laid
in the 1970s. Inspired by the earlier development of pedestrian-motor vehicle crash types, Cross
and Fisher (1977) did the same for bicycles. Cross and Fisher’s crash types, also known as
“problem types,” fell into 7 classes (A-G) that were subdivided into a total of 37 problem types.
Suggested countermeasures were similar within each class. This system evolved into NHTSA’s
current crash-typing scheme, outlined in NHTSA’s Manual Accident Typing (MAT) for
Bicyclist Accidents Coder’s Handbook. The MAT handbook identifies 45 distinct bicycle-motor
vehicle crash types. Each type describes the physical circumstances and behavior that produced
the crash. The initial classification is by vehicle movements: parallel paths, crossing paths, and
special circumstances. Each of these is divided further into 15 groups. A report by Safety
Consulting Services (1997a) discusses and illustrates the original crash types and their
subsequent development.

Research shows that crossing-path crash types accounted for the highest proportion of all
bicycle-motor-vehicle crashes, 58%, followed by parallel path types, which accounted for 36%
of bicycle to motor-vehicle crashes (Hunter et al., 1995). The most common crossing-path crash
types were those where the motorist failed to yield to bicycle, representing 22% of all crashes. In
17% of cases, it was the cyclist that failed to yield to the motorist at an intersection and, in
another 12% of cases, crashes occurred when a cyclist failed to yield to the motorist midblock.
The most common parallel path types of bicycle to motor-vehicle crashes were when the
motorist turned or merged into the cyclist’s path. This type of crash accounted for 12% of cases.
A motorist overtaking the cyclist accounted for 9% of cases, and a cyclist turning or merging
into motorist’s path was the cause of the crash in another 7% of reported cases.
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In another attempt to meaningfully categorize bicycle-motor-vehicle crashes, R&sénen
and Summala (1998) developed a new crash-typing scheme for crashes where bicycle paths
crossed roadways. Four major categories were defined, each with 3 or 4 subtypes (Table 2).

Table 2: Rdsanen and Summala (1998) bicyclist crash-typing

I Car turns, cycle path crosses street before road crossing — the bicycle may
approach from the left or the right and the car may be turning either left or
right (4 subtypes);

1 Car turns, cycle path crosses street after road crossing — the bicycle may be
appearing from in front of or behind the car and the car may be turning left or
right (4 subtypes);

Il Car drives straight ahead, cyclist comes from the left — the bicycle crossing is
on the far side of a 3-way (T type) or 4-way intersection or the bicycle
crossing is on the near side of a 3-way (T) intersection (3 subtypes)

v Car drives straight ahead, cyclist comes from the right — the bicycle crossing
is on the far side of a 3-way (T) intersection, on the near side of a 3-way (T)
intersection with one leg of the T going off to the right or to the left or the
bicycle crossing is on the far side of a 4-way intersection

The most common crash scenario fell into category I, where the driver turned right and
the bicyclist appeared from the right (Radsénen & Summala, 1998). While turning right, the driver
scans to the left to find a gap in traffic in order to pull out. The driver may never look to the right
for bicyclists. Another relatively frequent scenario in this category was where the driver turned
left and the bicyclist appeared from the left. Here, the driver scans traffic to the right to find a
gap. However, since the driver also needs to consider traffic coming from the left, he or she is
much more likely to see an approaching bicyclist.

The second most common crash scenario fell into category Il (Rasdnen and Summala,
1998). Here, the driver was driving straight across a 4-way intersection and the bicyclist crossed
from the left on the far side of the intersection. Since the bicyclist is traveling against traffic, the
driver may simply not expect a bicyclist from this direction. However, it is also likely that
drivers fail to scan for bicyclists on the far side of the intersection, since bicyclists appearing
from the right also are struck fairly frequently.

The third most common crash scenario fell into category Il where the vehicle turns right
and the bicyclist appears from ahead or the left after the vehicle enters the turn (Rasanen and
Summala, 1998). Again, the bicyclist rides against traffic and may not be anticipated by drivers.
Moreover, drivers may be distracted by scanning left for passing traffic and may enter the turn
without consideration for crossing bicyclists. Evidence for the latter is the fact that bicyclists
approaching from behind, or from the right after the vehicle enters the turn, also are struck fairly
frequently. Interestingly, for left-turning vehicles in this category, bicyclists riding with traffic
are more commonly hit than those riding against traffic.

In 37% of crashes, neither bicyclist nor driver saw the other or realized the danger in time

for any avoidance reaction (Rasanen & Summala, 1998). Sight obstacles were found to be a
contributing factor to many crashes. In situations where the cyclist had the right of way, cyclists
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with a driver’s license were more likely to be hit than those without. Most cyclists were very
familiar with the accident site, with almost two-thirds passing it daily.

In a separate study, examining bicyclist’s behavior, Kim, Kim, Ulfarsson, and Porello
(2007) found that close to 70% of accidents happened with bicycles riding with traffic. Bicycles
turning or merging into traffic comprised 24% of crashes. Motorists overtaking or
turning/merging were associated with 12% and 10% of crashes, respectively. Bicyclists were
found to be solely at fault for the crash in 56% of cases; drivers were found solely at fault for
22% of the crashes.

SPECIAL BICYCLIST TOPICS

Young Bicyclists and Safety Attitudes

Bicycle helmets are considered to be crucial safety equipment for bicyclists, especially
younger ones. Some of the major reasons for not wearing a helmet were that the helmets were
too hot, uncomfortable, unnecessary, or unfashionable. In recent years, helmets have become
much lighter; and they have many air vents, which make them more comfortable and cooler than
older models. Making riders aware of these improvements in comfort and fashion may encourage
helmet use.

Studies have consistently demonstrated the protective role of helmets on head injuries as
they are designed to protect the cranium to minimize brain injuries (Attewell, Glase, & McFadden,
2001; Finnoff, Laskowski, Altman, & Diehl, 2001; Thomas et al., 1994; Thompson, Thompson, &
Rivara, 1990; Rivara, Thompson, Thompson, Rogers. Alexander, Felix et al., 1994). However, they
do not prevent facial injuries, particularly to the lower part of the face (Thompson et al., 1996a).
One study found that, among bicycle-related hospitalized patients, helmets reduced serious brain
injuries by 74% and all types of brain and head injuries were reduced by 69% and 65%,
respectively (Thompson et al., 1996). Others have estimated a 60% reduction in risk of head
injuries associated with helmet use (Attewell el al., 2001). Bicycle helmets must be worn
correctly to realize their full potential benefits, as those with poorly fitted helmets, especially
children, have twice the risk of head injury compared to children whose helmets fit well (Rivara
etal., 1999).

The 2002 national survey of bicyclist and pedestrian attitudes and behavior reported that
50% of bicyclists wear a helmet for at least some trips, with 35% using them for all or most trips,
with male and female bicyclists being about equally likely to wear a helmet. Among younger
bicycle riders, those 16 to 20, only 16% report wearing helmets for all trips, compared to 30%
for bicyclists older than 30 (NHTSA, 2008). Other studies have shown similar trends. A study by
Schlundt, Warren, & Miller (2004) reported that approximately 20% of children in the U.S. wear
helmets and separately the rate of those who always wear a helmet when riding was found to
vary between 13 to 65% (Karkhaneh, Kalenga, Hagel, & Rowe, 2006). Some studies show that,
among children, the highest proportion of helmet use is by those 7 to 10 years old, with a use rate
of 44% (Finnoff et al., 2001).
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To further examine barriers to bicycle helmet use, a survey of children, teens, and adults
reported that for children, helmet comfort was the main reason for not wearing one. Twenty% of
children said they did not wear helmets because they were uncomfortable, and another 15%
reported that they did not need helmet, and 14% considered helmets to be too hot to be worn
comfortably (Finnoff et al., 2001). Loubeau (2000) reported similar findings. For teen bicyclists,
top barriers to helmet use were somewhat different. Some 40% of teens said they find helmets
annoying (Finnoff et al., 2001). Another 39% said that helmets are uncomfortable. Only a quarter
of teen respondents reported not wearing a helmet because they did not have access to one.
Adults cited lack of access to a helmet and lack of comfort as the top reasons for not using one.
Among school age children that wear helmets, it is estimated that only 30% wear their helmets
properly (Scuffham et al., 1997).

Studies show that helmet ownership and use of bicycle helmets tend to be higher in
higher-income areas than in middle or lower income communities. A review by Towner et al.
(2002) indicated that teenagers are less likely to own and wear helmets than children and/or
adults. Some reports show that helmet use was greater in urban areas (23%) than in rural areas
(9% use) and was higher on main roads than on residential streets.

Parental attitudes and behavior with regard to helmet use are shown to be predictive of
children’s safety behavior. Surveys of parents and guardians and their children in grades 4 and 5,
showed that 88% of children that owned a bicycle also owned a helmet, and that most parents
and children stated that helmets should be worn when riding. However, there were significant
discrepancies between parents’ beliefs about their children’s helmet-wearing behavior. For
example, while most parents believed their child always wore a helmet, only half of the surveyed
children did so. Survey results also showed that children imitate their parent’s behaviors. For
example 88% of parents that reported not wearing helmets when riding had children who
reported never wearing a helmet (Erlich, Helmkamp, Williams, Haque, & Furbee, 2004). Finnoff
et al. (2001) have shown similar results and also highlight the role of friends in helmet wearing
behavior). In addition, children who rode with their parents were more likely to wear helmets
than those who did not ride with their parents (Erlich et al., 2004).

Training and Education Programs

Often geared towards young bicyclists, schools and other institutions typically offer
traffic education programs and workshops to promote bicycle safety. However, many programs
offered are not standardized and their effect on bicycle safety is unknown. While a number of
studies have examined training and educational programs, they often reach contradictory or
inconclusive results (Bicycle Federation of America, 1993; Hart & Daughtridge, 1998; Williams
etal., 1993).

An evaluation of the effectiveness of a bicycle safety and skills training program by Van
Schagen and Brookhuis (1994) demonstrated that for young children, knowledge could be
increased and simple behavior sequences learned, but complex behaviors, such as priority rules,
seemed to be beyond the children’s cognitive capabilities. Other studies have similarly shown
that brief safe bicycling skills training program for fourth graders were not effective (Macarthur
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et al., 1998) and that young, novice bicyclists are limited in their ability to accomplish complex
cognitive tasks while cycling, compared to experienced bicyclists (Wierda & Brookhuis, 1991).

Nagel et al. (2003) showed that training programs for children in grades 1 to 3 were
successful in increasing awareness for bicycling rules, helmet use, and children’s scanning of
intersections when riding. A Dutch study showed that trainings delivered in a combination of
teaching and modeling were successful in improving safe behavior among children; however,
children showed no improvement with respect to making correct priority decisions (Van Schagen
& Brookhuis, 1994). In addition, Macarthur et al. (1998) found that safe bicycle handling skills
training programs for fourth-graders was ineffective and safe bicycling behaviors, bicycling
knowledge, and attitudes did not improve in the experimental group compared to a control group.

Bicycle helmet promotion is an effective means for increasing helmet use rates. Helmet
use promotion can take many forms, including public information and education campaigns,
helmet subsidies and distribution, and incentives for helmet use. Studies show that multi-faceted
multi-year community-wide campaigns are an effective mode to increase helmet use among
children (Rivara et al., 1994; Tracy, 1992). A study aimed at promoting helmet use by reducing
financial barriers and use of print, electronic, and public media increased helmet use among
school children from 5.5% to 40% over a 5-year period (Rivara et al., 1994).

A number of studies have attempted to increase helmet use rates among low-income
families. Interventions to increase helmet use rates by providing discounted or free helmets
coupled with education have shown success. One study increased rates from a 4% baseline to
18% (Parkin et al., 1995), while another increased rates from 43% to 89% (Britt et al., 1998).
Programs using community activities, coupons, group purchases, and helmet use reinforcement
through rewards and regulations showed success in increasing helmet use rates from a 1%
baseline to 33% (Farley et al., 1996). Those that combined education and parental involvement
with free helmets doubled helmet use rates among low-income students (Hendrickson & Becker,
1998).

Cushman et al. (1991) examined physician practice-based interventions and showed that
helmet use rates were unaffected when interventions were delivered only as physician counseling
and take-home pamphlets. A study by Lee et al. (2000) described a program conducted through
the hospitals that also conducted talks on safety and helmet-use in schools, provided videos and
demonstrations, and offered low-cost helmets. Following this program, self-reported helmet use
increased from 11% at baseline to 31% over five years and bicycle-related head injuries
decreased by 46%. A similar study by Stevens et al. (2002) showed that pediatric practice-based
programs designed to prevent high-risk behavior were successful in increasing use of bicycle
helmets among those receiving safety promotion communication.
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Bicyclist Conspicuity and Visibility

Conspicuity, being easily seen by motorists, is critical to a bicyclist’s safety. Improving
daytime and nighttime conspicuity is an important part of bicycle safety. Bicyclists can increase
their nighttime conspicuity with pedal reflectors, leg lamps, headlamps, fluorescent triangles,
ankle bands, and fluorescent clothing. A Consumer Product Safety Commission study (Kiss et
al., 1998) evaluated various types of bicycle reflectors, head- and taillights, and large area yellow
or green fluorescent sheeting for their effectiveness in enhancing conspicuity. For parallel path
conditions, a red blinking taillight was detected at the greatest distance. The detection distances
for white pedal reflectors and red rear reflectors were virtually identical. Yellow or green
fluorescent sheeting and an amber rear reflector had somewhat shorter detection and recognition
distances. For crossing path conditions, yellow or green fluorescent sheeting, wheel circle
reflectors, spoke reflectors, and headlights and tail lights with standard spoke reflectors were all
detected and recognized at about the same distance. The authors concluded that there was no
obvious way to improve current bicycle reflector requirements (Kiss et al., 1998).

Bicycle reflectors, particularly when supplemented with a headlight and flashing tail
light, are effective for detecting bicyclists at night. Bicycle manufacturers must install reflectors
on all new bicycles. These usually include a white front reflector, a red rear reflector, white
spoke reflectors, and yellow pedal reflectors. In the United States, lights are not required and
must be purchased and installed separately. Other countries require bicycles to be sold with
lights (Osberg et al., 1998).

Facilities and Infrastructure

Wide curb lanes offer no physical or visual separation from motorists. This may produce
inconsistent and sometimes erratic driver behavior when passing bicyclists, which may put the
cyclists or other road users at risk. Bicycle lanes separated from motor vehicle traffic with
pavement markings reduce erratic driver behavior. Shoulders are, in many respects, similar to
bicycle lanes in that they are separated from the roadway through striping. The primary
distinction is that bicycle paths usually are found in urban areas, while paved shoulders are often
found on suburban and rural roads. The high motor vehicle travel speeds on many of these roads
increase the risk to bicyclists. Moreover, distracted or drowsy drivers may drift off the road onto
the shoulder. This danger may be reduced by installing rumble strips between roadway and
shoulder.

Separate bicycle paths provide complete protection from motor vehicle traffic, but these
paths often are shared by many users traveling in both directions at varying speeds. Crowded
paths can increase bicyclist travel times and increase collision risks. Flow characteristics and
level-of-service assessments provide a measure for evaluating these issues. Also, as noted earlier,
purposive bicyclists, e.g., those commuting or running errands, often choose direct and swift
routes, and those are rarely separate facilities. While most bicycle travel occurs on roads in
traffic lanes shared with motor vehicles, some occurs on separate portions of the roadway and
some on paths or sidewalks shared with pedestrians, skateboarders, roller-bladers, dogs, and
various other obstacles to bicycle travel. These facilities present their own set of bicycle safety
problems.
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Separate bicycling facilities tend to be safer for bicyclists than sharing the roadway with
motor vehicles. Depending on the location, wide curb lanes, bicycle lanes, shoulders, or bicycle
paths may be appropriate. Wilkinson et al. (1994) provide guidelines for selecting the best
bicycle facility type for a given roadway. However, research is still needed to assess more
accurately the relative safety of these various facilities in different situations and to incorporate
these results into guidelines for their use (Harkey & Hunter, 2000a).

Harkey and Stewart (1997) conducted an operational analysis of wide curb lanes, bicycle
lanes, and paved shoulders. They found that bicycle-motor vehicle separation distance is
significantly affected by these features. The separation distance between bicycle and motor
vehicle during a passing maneuver was greatest for wide curb lanes (1.95 m), followed by paved
shoulders (1.89 m), and least for bicycle lanes (1.80 m). The change in lateral displacement of
the motor vehicle during a passing maneuver was greater for wide curb lanes than for paved
shoulders and bicycle lanes (0.73 m versus 0.30 m). As may be expected, the percentage of
vehicles that crossed the lane or center line with their left tire was greatest for wide curb lanes
(22%), compared to bicycle lanes (8.9%) and paved shoulders (3.4%).

Bicyclists rode farther from the roadway edge in bike lanes or on paved shoulders than in
wide curb lanes. When riding farther from the edge, bicyclists are better able to avoid obstacles
and debris on the roadway and have slightly more reaction time when motorists cross their path
at intersections or driveways. In addition, bicyclists may be more visible to motorists and may
have increased sight distance. A line painted on the roadway to delineate a bicycle path or a
shoulder was observed to result in fewer erratic movements by motorists. A bicycle lane width of
3 feet was sufficient to ensure safe separation of bicyclists from motorists.

Hunter et al. (1999) conducted a comparative analysis of bicycle lanes and wide curb
lanes. Bicyclists rode against traffic or on the sidewalk more frequently where there were wide
curb lanes rather than bicycle lanes. More motor vehicles gave bicycles such a wide berth when
passing at wide curb lane sites that they encroached on the adjacent traffic lane. There were no
differences in bicycle-motor vehicle conflict severity by lane type, but wide curb lanes were
associated with increased bicycle-pedestrian conflicts and bicycle lanes were associated with
higher bicycle-bicycle conflicts. When bicyclists disobeyed stop signs, those on bicycle lanes
were observed to engage in less safe movements than those in wide curb lanes. However, a larger
proportion of bicyclists in bicycle lanes obeyed stop signs. Overall, both bicycle lanes and wide
curb lanes were considered better for bicyclists than sharing travel lanes with motor vehicles.

Bicycling on paved highway shoulders is considered to be a safe and feasible alternative
to sharing the roadway travel lanes. Others argue that policies and regulations concerning
bicycling on highway shoulders differ substantially by highway category as well as between
States (Kahn & Bacchus, 1995). In particular, there is substantial disagreement regarding
shoulder use along high speed and limited access highways. Some States prohibit bicycles on
shoulders along any controlled access highway; other States prohibit bicycles on shoulders along
interstate highways only. Some States allow bicycles on all State and interstate highways except
in urban areas, some States only specify a minimum shoulder width, and others provide no clear
guidelines or prohibitions.
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Bicycle paths and multi-use trails are costly to build and typically can be justified only if
they are well-used. Hunter and Huang (1995) observed users on several bicycle and multi-use
facilities across the United States User counts varied widely between locations and even at the
same location at different times. Some trails were used by fewer than 100 people per day and
others by 3,000 people per day or more. The user composition (bicyclists versus walkers and
joggers) on multi-use trails also differed significantly.

Cyclists’ beliefs and attitudes regarding their own safety parallel the crash information.
People who ride bicycles in areas where they do not have access to bike paths or bike lanes feel
two times less safe than those riding on paths/lanes (Bureau of Transportation Statistics [BTS],
2004). Furthermore, they are four times more likely to be dissatisfied with the safety efforts
undertaken by their community. BTS reports that bike lanes and bike paths do not influence
people’s riding habits or likelihood to ride bicycles, but they are associated with a higher sense
of personal safety. This desire for increased personal safety was illustrated in the results of
NHTSA'’s survey of bicyclist attitudes and behavior (2003). Seventy-three% of the nationwide
sample desired bicycle facilities, such as bike paths, trails, or crosswalks. Ardekani et al. (1995)
discussed improperly designed rumble strips as a bicycle hazard. Raised rumble strips, so-called
“jiggle bars,” pose a safety hazard to bicyclists. If raised rumble strips are used, bicyclists can be
accommodated by leaving at least 4 feet of paved shoulder outside the strip. Grooved rumble
strips were not considered hazardous to bicyclists. However, different designs resulted in
different degrees of discomfort to the bicyclist.

COUNTERMEASURES TO IMPROVE BICYCLIST SAFETY

Bicycle Laws and Enforcement

Bicyclists are required to comply with laws and regulations that govern all vehicle
operations and interactions on public roadways. In addition, bicyclists are subject to special laws
and regulations. Most of these bicycle-specific laws are included in the Uniform Vehicle Code
(UVC), but individual States may exclude or change specific rules to meet local needs and
preferences. Therefore, considerable variation exists in bicycle-specific laws from State to State.

Statutes can vary considerably from State to State, beginning with the definition of a
bicycle. The Uniform Vehicle Code (UVC) defines a bicycle as “Every vehicle propelled solely
by human power upon which any person may ride, having two tandem wheels except scooters
and similar devices.” (UVC 8§ 1-105). Some States have adopted the UVC definition without
modification and some States have chosen to modify the UVC definition. For example, some
States specify that a bicycle must be propelled by pedals (Colorado, Delaware, North Carolina,
Pennsylvania, Tennessee, Virginia, West Virginia) or a system of belts, chains or gears
(California, New York). In Florida and Montana, bicycles may be propelled with the aid of a
helper motor. The Delaware, Michigan, and Minnesota codes permit unicycles. Some States limit
the number of wheels to no more than two, three, or four, and may exclude unicycles (Preusser
Research Group, 2000; Scheib, 1998)
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States differ in whether bicyclists are permitted to ride abreast. The Uniform Vehicle
Code (UVC) allows bicyclists to ride two abreast as long as traffic flow is not impeded. In
Virginia, Alaska, Arkansas, California, Hawaii, Idaho, Kentucky. Massachusetts, Minnesota,
Montana, Nebraska, and North Carolina, bicyclists must ride single file on a roadway. The UVC
permits right turns to be signaled by extending the right arm horizontally to the right side of the
bicycle. Only Arizona, California, Delaware, l1daho, Kentucky, Maine, Maryland, Massachusetts,
Michigan, Minnesota, and Montana permit this signal, while all other States require that all
signals be performed with the left arm. These variations in regulations between States are
confusing, particularly since they are not well publicized (Preusser Research Group, 2000).

Within the last decade, a few studies have investigated bicyclist compliance with traffic
laws. One such study observed bicyclist behavior on selected roadways in Phoenix, Arizona. In
bicycle lanes, 18% of bicyclists rode in the wrong direction; on streets, 17% of men and 22% of
women rode against traffic. The study also showed that, at signalized intersections, 20% of
bicyclists crossed against the red signal. At intersections with a push-button actuated signal, one-
third of cyclists who arrived on red pushed the button to request a green light. At intersections
with stop signs, only 17% of bicyclists came to a complete stop (Cynecki, Perry, & Frangos,
1993). Another study reported that helmeted bicyclists obey traffic laws more frequently than
those not wearing a helmet (Farris, Spaite, Criss, Valenzuela, & Meislin, 1997) and were more
likely than non-helmeted cyclists to ride in parks, playgrounds, or on bicycle paths thus reducing
their exposure to risk (DiGuisseppi et al., 1989 — in Robinson, 2007).

Helmet use and laws

According to a NHTSA report, about 70% of fatal bicycle crashes are due to head injury,
and yet only 20 to 25% of bicyclists wear helmets. Estimates show that if every child 4 to 15
years old wore helmets, 39,000 to 45,000 head injuries and as many as 55,000 scalp injuries
would be prevented (NHTSA, 2006c). As of January 2008, 21 U.S. States, the District of
Columbia, and 149 municipalities had adopted age-specific helmet laws, most of which cover
bicyclists under age 16. No States have adopted a universal helmet law, and fourteen States have
no helmet law at all (NHTSA, 2008a).

Issues regarding bicycle helmet use laws in the United States are similar to those
regarding motorcycle helmet or seat belt use laws. A law can be passed only if it has popular and
political support. A helmet use law by itself has shown limited success in raising helmet use
rates; however, publicized helmet use laws and their enforcement are shown to increase helmet
use rates. Evidence suggests that current bicycle helmet laws covering children are rarely
enforced and enforcement differs among States. For example, 15% of motorists received
citations for moving violations in crashes with bicycles in New York City (Komanoff, 1999). In
crashes with bicyclists in Hawaii, fault was assigned to the driver in 84% of cases and to the
bicyclist in 16% of cases (Kim & Li, 1996), whereas in Maine, drivers were considered at fault
in only 20% of cases and the bicyclist at least partially at fault in 80% (Garder, 1994).

A study investigating the role of psychosocial factors in helmet use among children in
counties in Maryland with different bicycle helmet policies showed that counties with helmet
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laws had higher helmet use rates (Gielen, Joffe, Dannenberg, Wilson, Beilenson, & DeBoer, 1994).
Furthermore, helmet wearers had more positive attitudes about helmet use and had higher scores
for need and social consequences than non-helmet wearers. In counties with helmet laws, helmet
wearers assessed their crash risk higher than non-helmet wearers. There was no difference in risk
assessment in counties with no helmet laws. Helmet wearers reported to be less prone to risk-
taking than non-helmet wearers. Children were more likely to wear helmets if parents, siblings,
and friends wore them.

A separate helmet law study compared helmet use rates for all cyclists among three
adjacent counties in New York and Connecticut with different helmet use laws (Puder,
Visintainer, Spitzer, & Casal, 1999). The study found that Rockland County, New York, which had
a helmet use law covering all ages, had the highest use rates, at 35%. Westchester County, New
York, which required helmet use by children under 14, had use rates of 24%. Fairfield County,
Connecticut, which had a helmet use law covering children under 12 years old, had use rates of
14%. Teenagers were least likely to use helmets in all three counties.

An evaluation of comprehensive bicycle helmet programs that combined helmet
giveaway, education, and enforcement showed an increase to 71% helmet use rates, from a
baseline of 0% (Gilchrist, Schieber, Leadbetter, & Davidson, 2000). The enforcement included
bicycle impoundments. Overall, 167 bikes were impounded over the course of the program, the
equivalent of one bicycle/day. No change in helmet use was observed for adult riders. A post-
measure conducted 2 years later revealed a 54% helmet use rate in children riders compared to
15% for teens and 0% for adults. However, once the giveaway program concluded, helmet use
dropped to 5%.

The lack of adequate enforcement is a common concern regarding bicycle helmet laws. In
Georgia, the law allows for a citation to be sent to the child’s parent in the event of non-
compliance with the law. However, such citations are rare, and helmet use remains low
(Gilchrist, Schieber, Leadbetter, & Davidson, 2000). Similar results were found following
Georgia’s passage of a helmet use law in 1993, which required children under 16 to wear bicycle
helmets. Helmet ownership and use surveys before and after passage of the law showed that the
law increased helmet ownership from 39% to 57% of all cyclists and increased helmet use from
33% to 52% (Schieber et al., 1996).

Examining the effectiveness of a bicycle helmet law covering all riders under the age of
sixteen in the State of Florida, Kinney & McCloskey (1997 as cited in Kanny, Schieber, Pryor, &
Kresnow 2001) reported an increase in helmet use rates from a baseline of 13% to 73% in 16
months. In a similar study, Kanny et al. (2001) found that helmet use was 78% among all
children observed as part of the study. There was a significant difference in use between counties
covered by the law (79% use) and the three counties that opted out (33% use). Counties
observing the law showed a difference in helmet use by race. A significantly higher proportion of
Caucasian young riders were helmeted than African-American young riders (83% and 62%,
respectively). This difference was also observed in the 3 counties exempt from the law (38% of
Caucasian children were helmeted compared to 12% of African-American children) (Kanny et
al., 2001).
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A review of the impact of legislation on bicycle helmet use by Karkhaneh, Kalenga, Hagel,
& Rowe (2006) showed an increase in helmet use after the passage of a law. One study reported
an increase of 10%; 5 reported an increase of 10 to 30% and 7 studies showed an improvement
greater than 30%. The long term impact of legislation, defined as the impact between 2 and 11
years post-law, showed an increase in helmet use ranging from 10 to 40% (Karkhaneh et al.,
2006). Overall, helmet use was four times higher after legislation, with the largest effects found
in communities with the lowest initial helmet use rates and where laws covered riders of all ages.

Studies have shown that legislation in conjunction with education is more effective in
increasing helmet use rates than education alone (Dannenberg, Gielen, Beilenson, Wilson, & Joffe,
1993). A study by Gilchrist et al. (2000) showed that a program delivered in Georgia that
combined legislation, education, giveaways and enforcement had some success in increasing
helmet use rates. However, while it succeeded in increasing helmet use from a baseline of 0% to
an average of 45% after helmets were distributed, the programmatic effects were short-lived, as
helmet use dropped to 5% once the giveaway program ended.
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CONCLUSIONS

This section comments on broader pedestrian and bicycle issues with general recommendations
for both programs and research. Additional research recommendations as well as additional
discussion on topics in the chapter may be found in the NHTSA/FHWA Pedestrian and Bicycle
Strategic Planning Workshops report (NHTSA, 2000a).

It’s clear that substantial pedestrian and bicycle safety research has been conducted
recently. But while effort has been concentrated on a number of areas, others have remained
understudied and are not well understood. The following discussion points out some areas where
additional research is recommended.

Epidemiology

The literature contains many pedestrian and bicycle epidemiological studies that describe
the overall safety problems with the available data. Additional similar studies would add little to
the overall understanding of pedestrian and bicycle problems. Rather, epidemiological data and
studies on pedestrian and bicycle crashes and injuries are needed, separated into two types. The
first type would aim to accurately estimate the overall problem, which includes the number of
pedestrian injuries and fatalities according to amount of walking and other exposure measures.
The second type of studies would aim to provide a better understanding of crash causation.

Problem size: Published estimates of the number of injured pedestrians and bicyclists
vary considerably. For example, NHTSA estimates 53,000 bicycle injuries were reported to
police in 1998; CPSC estimates about 500,000 were treated in hospital emergency rooms
annually and suspects that as many as 500,000 more may have been treated elsewhere. Part of
this difference is due to inconsistency in defining the problems, i.e., whether or not motor
vehicles are involved and whether or not the injuries occur on public roadways; this also affects
countermeasure development and implementation. Stutts and Hunter (1999) estimate that as
many as two-thirds of pedestrian injuries did not involve a motor vehicle and are not reported in
official transportation statistics. When official sources consistently underestimate pedestrian and
bicyclist injuries and fatalities, pedestrians and bicyclists fail to receive an appropriate share of
societal attention and resources. As noted in the NHTSA/FHWA workshop report (NHTSA,
2000a), methods should be sought to link or combine data from police reports, hospitals,
emergency rooms, and other medical sources. If necessary, surveys or other sampling methods
could be used to estimate crashes and injuries that do not appear on official records.
Epidemiological studies then can access these combined data sources to quantify and describe
the pedestrian and bicycle safety problems more accurately and completely than can be done at
present.

Another critical lack is exposure data. Available exposure data for both pedestrians and
bicyclists are limited and sporadic. Better exposure data will help understand pedestrian and
bicycle safety trends and causal factors.

Crash and injury causation: Pedestrian and bicycle safety countermeasures requires
data of high quality that include information on crash causes and contributing factors. While
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police reports provide the best data source for pedestrian and bicycle safety research, they often
lack critical pieces of information.

The rapid automation of State crash reporting systems provides an opportunity to collect
and report additional useful data. States are designing their crash reporting systems so that police
officers in the field can enter data through a laptop or hand-held computer, at the crash scene. A
laptop system could include separate pedestrian and bicycle modules that are used only if a
pedestrian or bicycle is involved in the crash. A computer-based system could include substantial
explanations for unfamiliar data. Research is needed to define the crash data needs and determine
how they can best be met, so that the necessary data can be incorporated into State automated
crash reporting systems. See NHTSA (2000a) for additional detail.

Laws and enforcement

Many traffic laws attempt to regulate drivers, bicyclists, and pedestrians as they interact
with each other on the roads. Research shows that many of these laws are ignored regularly:
drivers do not yield to bicyclists or pedestrians; bicyclists fail to observe stop signs, pedestrians
cross midblock and against signals. Some laws may not be known or understood. Others may be
ignored because they appear unnecessary or silly or because compliance would be inconvenient.
Enforcement is sporadic and ineffective in improving behavior.

The most obvious need is to establish a strategy regarding these laws and their
enforcement. One possibility is to accept the current situation and recognize that these laws
describe ideal behavior but will not be obeyed regularly. This strategy accepts that laws and
enforcement have little role in improving pedestrian and bicycle safety. A second possibility
would attempt to raise traffic law compliance by pedestrians, bicyclists, and motorists alike. To
do this, the laws must be generally accepted as sensible and reasonable. The appropriate first step
is to review all traffic laws applying to pedestrians and bicyclists and all laws applying to drivers
when they interact with pedestrians and bicyclists.

A final possibility is to concentrate on situations where conflicts are frequent, risks are
high, and the public supports action. School zones and red light running (by pedestrians,
bicyclists, and motorists alike) may be examples. Education and enforcement, aided by
technology as appropriate, can be used to increase public support and compliance. Preusser
Research Group (2000) outlines a broad range of situations, laws, research findings, and
recommended future research to support action.

Public information and education

Pedestrian and bicycle safety education is absolutely essential for children. Many of the
basic facts and concepts are common sense, but poorly understood among children. Parents are
the first source of facts, and guided practice. Research shows clearly that formal pedestrian
safety programs for children have been successful. Additional research should develop improved
programs appropriate for children at different developmental ages and should determine effective
ways to deliver this information to children. The evidence is far less clear for children’s bicycle
safety education programs, where basic research and evaluation are needed.
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Most adults receive little or no pedestrian or bicycle safety information or education,
even though many adults lack basic safety information (such as an understanding of the traffic
laws applying to bicyclists or the meaning of the various phases of a WALK — DON’T WALK
sign). Basic research is called for to investigate what information is needed and how it best can
be transmitted.

Facilities and infrastructure

Extensive research has been conducted on facilities used by pedestrians and bicyclists.
Much of this research lies outside the scope of this report, so that detailed discussion and
recommendations are not appropriate. As this research continues, it should seek methods to
accommodate and balance the sometimes conflicting needs and desires of pedestrians, bicyclists,
and vehicle drivers. It also should consider how technology can be used to improve safety, for
example by automatically detecting pedestrians and bicyclists at controlled intersections and
adjusting traffic signals accordingly.

Alcohol

Epidemiological studies have shown that many pedestrians and bicyclists in crashes are
impaired by alcohol. A few studies have investigated the pedestrian alcohol problem but little is
known about alcohol-impaired bicyclists. Considerable research is needed in both areas to
understand the problem and countermeasures.

Conspicuity

The research on technical aspects of pedestrian and bicycle conspicuity — driver visual
capabilities, recognition distances under different lighting conditions, retro-reflective materials,
and the like — is quite extensive. Freedman et al. (2000) document this research and suggest gaps
that should be filled. One critical open area is to investigate through strategic and marketing
research how research findings on clothing conspicuity can be implemented such that these
materials can be incorporated into a wide variety of outer clothing for everyday use.

Older pedestrians

As the United States population ages, many aspects of society are being designed to
accommodate older as well as younger people. Pedestrian (and, in some instances, bicycle)
facilities and programs should do the same. Some needs are obvious such as longer WALK
cycles to cross a street and public education directed at older people, with all future pedestrian
researchers keeping the older pedestrian firmly in mind.

Bicycle helmets

Research has demonstrated conclusively that bicycle helmets can substantially reduce
head injuries. The remaining issues include increasing rates of helmet use among riders.
Research should continue to evaluate the effects of the various helmet use laws in the United
States and around the world. Research also should continue to evaluate the effectiveness of
various helmet use promotion programs. Research may be useful to develop more sophisticated
methods of marketing helmet use to different cyclist audiences.
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