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PREFACE

tt Is estimated that nearly 100 milllon bicycles are used today by Americans of all
ages. Each year, some 1,000 bicyclists are killed and 80,000 are injured in bicycle/motor-
vehlcle accidents, representing an economic loss of $275 millien annually. When you add
the total number of bicycle accidents occurring each year which do not Invelve a motor
vehlcle, it is estimated that cur annual bicycle-accident tell is 1,220 deaths and 727,000
injuries.

Bicycle-safety education pregrams have been developed over the years without the
benef!t of important empirical accident data. Dr. Kenneth D. Cross, of Anacapa Sclences,
Inc,, Santa Barbara, Callfornla, is perhaps the nation's foremost investigator and analyzer
of bicycle accidents through his work with grants from the U. S. Department of Transporta-
tlon's National Highway Traffic Safety Administration.

Because of the extensive data base now available on bicycle accidents, It Is Impor-
tant that we evaluate our current educational activities for bicyclists at all age levels
to redirect, 1f necessary, our goals and objectives in bicycle-safety education so that
local community programs can be strengthened and made more effective in minimizing the
losses suffered from blcycle accidents.

The AAA Foundatien for Trafflc Safety has asked Dr. Cress fto present his data and,
more Impertantly, his views con what educaticnal countermeasures can be most effective in
meeting the needs in bicycle safety today and in the years to come.

Dr. Cross is eminently quaiified to accomplish this task. He has formal fraining In
experimental psychelogy and has been engaged in applied research for the past 15 years.
In addition to his accident studies for the Federal Government, Dr. Cross has worked with
state and local governments in the development of bicycle-safety educatien programs for
school-age ¢hildren. ’

It is a privilege for the AAA Foundation for Traffic Safety to make this important
work by Dr. Kenneth Cross available to educators and community leaders for their use in
improving bicycle-safety education programs.

Sam Yaksich, Jr., Executlive Director
AAA Foundation for Traffic Safety
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SECTION |
INTRODUCTION

For the 35-year perlod prior to 1970, bicycle sales in the United States increased
at a small and refatively constant rate. Except for a short period during World War 11,
the annual increase In bicycle sales was due principally to Increased usage by juveniles,
There has been a steady increase In the size of the juvenile population In the Unlted
States and, owlng to the Increased affluence of most famllles, an increasing proportion
of the juvenile population has been provided a bicycle at an early age. Survey data
indicate that by 1968 nearly 90% of al] juveniles over seven years of age were bicyc!ists
(Vilardo & Anderson, 196%9). A similarly high incidence of blcyclling among juveniles was
reported In a more recent survey conducted by Chiapecka and his colleagues (1975). Since
most juventles rode blcycles regulariy in 1968 (and possibly before), the so-catled "blke
boom" that commenced in 1969 was due principally to a dramatic increase in the use of

bicycles by the teenage and adult populations.

The increased use of the bicycle by teenagers and adults was the resuft of many
interacting factors, but probably the most Important single factor was the dlscovery of
the great effeciciency of the !ightwelight multi-gear bicycle., Bsaginning In the mid-
sixties, an Increasing number of adult Americans discovered that the efflciency of the
| Ightwaight bicycle enabled them to ride faster and farther than was possible with the
heavy, baltoon-tire bicycle that most Americans rode prior to that time. Moreover, it was
discovered that the head winds and steep gradients that would exhaust riders of standard

bicycles could be negotiated with relative ease on a |ightweight blcycle.

Given the same constraints on time and physlcal capaclity, the efficiency of the
| ightweight model bicycle has Increased the namber of functional trlps that can be made on
a bicycle and has increased the range of areas where recreational riding Is possible. With
proper physical condltioning and a gocod lightwelght bicycle, blcyclists are able to travel
some of the steepest roadways in the nation. An extreme example of the capabilities of
well-conditioned bicyclists riding modern |ightweight bicycles is provided by Forester
(1975) who described an elght-day trip that traversed every Sierra pass with a roadway
over it. The trip, compieted by 47 bicyclists, covered 801 mlles and a total of 57,900
feet of climb. Forester described the seventh day of the frip as follows:

The seventh day, [t was 65 miles and 5,900 feet of climb to the

start of the real climb. Then, after that easy start came the

real climb--3,500 feet in nine mlles with the grade peaking at

20% for 700 feet, followed by ten miles of descent and 25 mlles

of desert {(Forester, 1975, p. 2.3-7)}.

Although the blke boom probably would not have occurred if the lightweight bicycle

had not been available, it cannot be said that the availability of the 1ightweight bicycle
caused the bike boom. Indeed, lightweight bicycles were In widespread Use In many European

countries long before they caught the fancy of the American consumer, The most fundamental



cause of the bike boom was the emergence of a set of needs that were most fully satisfied
by riding a lightweight bicycle. Most adults were motivated to purchase and use a bicycle
by the nead for a convenient and economical recreational activity or by the need for a
more enjoyable form of physical exercise. However, a growing number of both teenagers and
aduits have been motivated by the desire to curtail their use of motor vehicles. The
bicycling advocates of today do not hesitate to point out that the use of bicycles for
both recreational and functiona! trips serves to decrease air pollution, conserve fossl|
fuel, decrease transportation and parking costs, decrease traffic congestion, and can
decrease travel time for relatively short +rips in congested areas.

The Increasing Interest in bicyclling has been recognized and promoted by a variety
of governmental agencies at all levels and by a variety of commercial and private organlza=-
tions as well. Many local, state, and federal agencles have offlcial |y endorsed bicycling
and have supported bicycling through legislative action to guarantee the rights of the
bicycltist and to provide resources for research and development programs. Resources have
been al located to promote both safety and the quallty of the blcycling experience. Many
commerclial and civic organizations have contrlbuted their time and resources in promoting
the safe use of blcycles; some of the most signlflcant contributions have been made by
organizations with no financial Interest In bicycling whatscever.

The Increased use of bicyctes has beneflted socliety In mény ways and the future
beneflts promise to be even greater. Unfortunately, the societal benefits reallzed from
increased bicycle usage have been partially offset by an Increase in the number of deaths
and Injurles resulting from bicycle acclidents. The Natlonal Safety Councll (1977) reports
that the current death rate {(number of deaths per 100,000 bicycles In use) 1s one-thirteenth
the rate in 1935; but even so, the annual toll of fatalities and serious Injuries resuiting
from bicycle accidents remalns at an Intolerably high level. The Intolerablllty of the
current lavel| of bicycle-related acclidents Is evidenced by the fact that hundreds of
agencies and thousands of Indlviduals have'expended +ime and resources In attempting to
develop ways to reduce the incidence of bicycle accldents. The attempts to reduce bicycle
accldents can be grouped into three general approaches: enforcement and adjudlcation,
englneering, and education. Each of these approaches is discussed briefly below.

In recent years, considerable effort has been expended in an attempt to deveiop a

set of blcycle laws and ordinances that are more speclflc than those of the past. It has
been recognized that the rules governing blcycliing in trafflc cannot meaningfully be de-
fined by simply stating that bicyclists are subject to the same rights and responsibllitles
as motor-vehlcle operators. The excellent work of a panel formed by the Natlonal Committee
on Unlform Traffic Laws and Ordlnances resulted in a thoughtful and comprehensive document
that describes the pane!'s recommendations about unlform bicycle laws and ordinances, and
the conslderatlions that led to these recommendations (Natlonal Committee on Uniform Traffic
Laws and Ordlnances, 1975). In addition to the development of more meaningful laws and
ordinances, many law enforcement agencies have expended conslderable tIme and resources in
developlng effective procedures for apprehending viclators and In developlng deterrents
that are both equlitable and effective. Contrary to popular bellef, pollce officers derive



no pleasure from issulng a bicyclist a citation; in fact, most of them feel that citing
blcyclists Is the most distastefu! and least Important part of their job. As a conse-
quence, it has been recognized by many enforcement agencies that a prerequisite of an
effective enforcement program is a program to educate patrol officers about the severity
of The bicycle-acclident problem and the necessity to apprehend and cite bicycllsts who
violate the laws.

Attempts to reduce bicycle accidents through engineering have taken two forms--
Improving the design of the bicycle and Improving the design of the roadway system. With
vary few exceptions, both foreign and domestic bicycle manufacturers have long recognized
that the continued success of thelr industry is heavily dependent on producing safe
bicycles. Through the years, there have been many design lnnovatlons which have lIncreased
the safety of the bicycle. To ensure that all bicycle manufacturers comply with generally
accepted safety standards, the Consumer Product Safety Commission (CPSC) recently establishe
a set of safety standards that define minimum design and performance requirements for all
parts of the bicycle and many bicycle accessories as well, These standards were documented
In the Federal Register in June of 1974 and became law on January 1, 1975 (Consumer
Proeduct Safety Commlssion, 1974), Although some of +he CPSC design standards remain con-
troversial, there is |ittle doubt that The establlshment of these standards represents an
Impertant benchmark in the continuing effort to enhance safety through bicycle design.
Future deslgn Innovations that further enhance t+he safety of the bicycle undoubtedly will
be incorporated Inte CPSC design standards.

As Indlicated above, a second engineering approach to accldent reduction 1s to design
the roadway system to better accommedate bicycles. In the early 1970's, there were few
blcycle enthusiasts who were not captlvated with the ldea of developing a comprehensive
system of bicycle faclllties that would Include: off-street bike paths, on-street bike
lanes, signed bicycle routes, grade-separated crossings, special intersection treatments,
bicycle-storage facilities, and so on. When viewed in an abstract sense, It appeared that
such a system was certain to effect a large reduction In bicycle accidents. However, when
thls approach to accident reduction was submitted to more careful study, the views on the
utili+y of bicycie facillties became fractionated and a stormy controversy arese. Persens
who oppose the construction of bicycle facilities argue that most facilltlies are unaccept-
ably costly and may create as many safety problems as they solve. Alsc, some opposition
stems from the fear that the construction of bike lanes and bike paths will lead to laws
which restrict all bicycle riding to bike lanes and bike paths. Persens who advocate
blcycle facilities have come to recegnize that they must be carefully designed if they are
t¢ reduce accidents, but still belleve that safe bicycle facllities can be designed.
Moreover, they belleve that bicycle facilities will serve to increase bicycle usage and
that the benefits of increased bicycle usage Is sufficient justiflcation for tThe construc-
tion of bicycle facillties. Readers who are interested in the design and lecatlen criteria
for bicycle facilitles are referred to the works of Fisher et al. (1972}; Smith (1975,
1976a, 1976b); and the Callfornia Department of Transportation (1978)}. Those Interested
in the views of one opponent of bicycle facl!Ities are referred to the work of Forester
{1975),



Education is the third general approach to reducing bicycle accidents and s the
approach of primary Interest for this report. The need for bicycle-safety education has
been recognlzed for many years, probably from the time the first kid was hurt on the first
bike. However, unt!| after the onset of the "bike boom," there were only a few organiza-
tions that were concerned enough with the bicycle-accident problem to spend thelr time and
resources developlng bicycle-safety education materfals. The Bicycle Manufacturers
Assoclation, formerly the Bicycle institute of America, Is among the organizations that

have a long history of developling bicycle-safety education materials,

When the news medla began to publiclize the dramatic increase in bicycle accidents
that accompanied the "bike boom," the public outcry for solutions to the problem led to a
great demand for bicycle-safety education materials. A large number of private organlza-
Tions and governmental agencies responded to this demand. The result was a deluge of
safety films, safety posters, pamphlets listing blcycte laws and ordinances, blcycie-
safety comic books, and numercus other kinds of one-shot educational materials. The
development of these materlals was followed shortly by the development of a few comprehen-
sive bicycle-safety education programs, most of which were designed for use In publlc
schools, These early materials and programs have been severely criticized for their sim-
plicity and their fallure to address the particular knowledge and skill deflciencles that
lead to bicycle accidents. Howevar, to be falr, any criticism of the products of these
early efforts must be tempered by an acknowledgment that they were developed under severe
tIme and budgetary constralnts and with !t+le empirical data on the causes of bicycle

accidents,

The time and budgetary constralnts and the lack of Information about the causes of
bicycle accidents have been perennial probiems for persons responsible for the development
of bicycle-safety education materials. Although scores of communities have attempted to
develop a bicycle-safety education program rin recent years, the programs have not been
altogether satisfactory because there Is no single community that has sufficient time and
resources to develop the type of program needed to have a significant impact on the

bicycle-accident probiem.

The concern about the lack of progress in bicycle-safety education was a primary
mative for the organlzation of a national conference on blcycle-safety education. |In May
of 1977, the U.5. Department of Transportaticn and the U.S5. Consumer Product Safety
Commission co-sponsored the first national conference on bicycle-safety education. The
conference--titled BIKE-ED 77--was attended by more than 200 persons from 37 different
states, Together, the attendees represented a host of dlfferent governmental agencies,
commercial organizations, civic groups, professional societies, and blcycle clubs. This
large and heterogeneous group was brought together by the common belief that bicycle accl-
dents represent an Intolerable problem in the U.5. and that safety education is one of the
most cost-affective ways to deal with this problem. Another belief expressed by the
sponsoring agencles and endorsed by many of the attendees was that "...a lack of communl-
cation among people Involved [n bicycle safety (education) has fostered a dupllcation and
fragmentation of safety efforts and, 'n some cases, contributed fo the continuation of



programs and activities based on misinformation and misunderstandings" (Lawrence Johnson
and Associates, 1977, p. 1), The author Is in complete accord with this general conclu-
sion. Although this report was commenced prior to the Blke-Ed 77 conference, Its objec-
tives and content have been Influenced greatly by the recommendations formulated at the

conference and subsequently documented by the conference staff.

PURPOSE

The purpose of this document 1s to provide a compendium of current informatlon that
may prove useful to persons engaged in the development, evaluation, or use of bicycle=
safety education programs and materials. The document was prepared mainly for persons at
the local level who are given the responsibility for developing a bicycle-safety education
program and have |1ttle or no time to review the |iterature and conduct research., This
document is not intended to be a comprehensive review of the literature. Rather, an
attempt has been made to ldentify the topics and lssues most relevant to bicycle-safety
education and to cite the fewest numbser of references needed to characterize the current
state of knowledge about these topics and lssues. It Ts believed that pointing out impor-
tant gaps in our knowledge serves an Important function, so care has been taken to iden-
tify important topics for which little information [s available.

OVERVIEW

This report begins with a brief description of what Is known about the size and
composition of the U.S. population of bicycles and bicycle users (Section Il). Data are
presented on: bicycle sales and bicycles in use; the slze, age distribution, and sex
distributlion of the bicycle user population; and the purpose and frequency wlth which
blcyclists ride. Section Il describes what is known and what is not known about the
magn!tude of the bicycle-accident problem, Separate subsections are deveted to the dls-
cussion of bicycle/motor-vehicle accidents and ail other kinds of bicycle-related accl-
dents. The incidence, consequences, and costs are estimated {(natlonwide) and the probable
accuracy of these estimates Is dlscussed. Sections IV and V contain detalled data from a
recent study of bicycle/motor-vehicle accldents. Data are presented on the characteristics
of the accident-involved operators, the type and condlt+ion of the accident vehicles, the
type of trip the operators were on when the accident occurred, and the type of location
at which the accldent occurred. In addition, the accldent-generation process Is described
for 36 different types of bicycie/motor-vehicle accidents. The acclident location and the
pre-crash actions of both vehicles are !llustrated and discussed for the 25 most frequentiy
occurring types of accidents and educational countermeasures are identifled for each type
of accident. Section VI contains a detailed discussion of educational cbjectives. This
sgction is devoted mainly, but not exclusivetly, to the education of bicyclists. A large
number of specific educatlonal objectives are recommended and the basls for the recommenda-
tion is described. The report is conciuded with a summary of the problems and Issues that

must be resolved before an effective educational program can be developed and Tmplemented.
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SECTION I
BICYCLES AND BICYCLE USERS

This section of the report describes what Ts known about the size and composition of
the U.S. population of bicycles and bicycle users. This information provides a general
picture of the size and characteristics of the bicycling populatlion whoe may require bicy-

cle-safety sducation.

BICYCLES IN THE UNITED STATES
ANNUAL BICYCLE SALES

An Important indicator of the changing trends in bicycling is the number of bicyclas
sold In the Unlted States each year. Figure 1 shows the number of bicycles sold in the
U.5. each year from 1955 through 1977. The annual sales figures shown In Figure 1 Include
both domestic and foreign-made bicycles. ODuring the years between 1955 and 1970, annual
sales fncreased from slightly under three million to about seven miillon bicycles per year.
The average increase In annual sales during this perlod was about 200,000 blcycles, but
sales dld not Increase every year. In the three years followlng 1970, annual sales In-
creased from about seven million to over 1% million blcycles per year. More than 43
mltllon blcycles were sold from 1972 through 1974,

The decrease in bicycle sales In 1975 was even more dramatic than the sales In-
creases In 1971 and 1972. The Bicycle Manufacturers Assoclatlon reports that the sales

decrease of over slx milifon bicycles In a slngle year was due to the combined forces of
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Figure 1. Annual bicycle sales from 1955 through 1977 {Bicycle
Manufacturers Association, 1978).



the economic recession, the easing of the fuel shortage, and a temporary saturation of the

market (Morse, 1977). Sales increased siightly in 1976 and 1977, and the Bicycle Manufac-
turers Association anticipates an increase to nearly 10 million in 1978. Atthough annual
bicycle sales have decreased considerably from their peak of over 15 million per year,

the "blke boom" cannot be considered at an end with annual sales approaching ten miliion.

As was stated in Section |, the increase in bicycle usage was due in large part to
the increased popularity of the Ilghtwelight bicycle. As is shown In Figure 2, the growing
popularity of the 1ightweight bicycle is clearl|y reflected by the Increasing number of
lightwelght blcycles being sold in the United States, It can be seen that lightweight
bicycles accounted for only 12% of the annual sales In 1969.

fourths of all the bicycles sold in the United States were Iightweight models.

By 1974, nearly three-

The abso-
lute number and relative proportlion of lightweight bicycles sold decreased in 1975, 1976,
and 1977; but even so, annual sales exceeded four miliion in 1975 and 1976 and exceeded
five million in 1977.

The decrease In the number of lightweight bicycles belng scld is due primarily fo a
temporary saturation of the market durlng the period from 1972 to 1974. Also, because
There is no wldespread shortage of gascline, there is less pressure on adults to use bicy-
cles rather than motor vehlcles. The advent of gasoline shortage or gasoline rationing
would almost certainly result in a large and rapid increase in the sale of lightweight

bicycles.

BICYCLE SALES IN MILLIONS
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Figure 2.

Annual sales of lightweight and other model bicycles

from 1969 through 1977.




Another Interesting trend in bicycle sales is the increasing popularity of the moto-
cross model bicycle. The motocross blcycle--styled after the motocross motorcycle--is a
rugged!y constructed bicycle built for Jumping and dirt riding by juveniles. Representa-
Tives of the Blcycle Manufacturers Assoclation report that the motocross bicycle, intro-
duced on the market less than three years ago, Is selling at an annual rate excesding
700,000 (Morse, 1977)., It will be Interesting to see if a bicycle ideally suvited to
stunting and rough use wlll have a significant impact on accidents among the juvenile user

population.

BICYCLES IN USE

Bicycles in use In the United States has been estimated by both the National Safety
Council (1976) and the Bicycle Manufacturers Association {(Morse, 1977), The National
Safety Council assumes an average bicycle |1fe of ten years, so estimates the bikes In use
for a glven year by summing the ten-year total domestic production plus imports [ess ex-
ports. Although the Bicycle Manufacturers Association uses a similar estimation procedure
{("estimated blke life by a unlt sales figure"), their estimates of blkes In use Is between

five and ten milllon less than the National Safety Council's estimates.

Figure 3 shows the Natlonal Safety Council's estimates from 1935 through 1975 and
The Blicycle Manufacturers Assoclation’s estimates from 1960 through 1975. Although the
agencles dlffer In thelr estimates of the absolute number of bicycles in use, they agree
that bleycles are belng sold at a rate that far exceeds the annual! loss due to damage and
deterloration. The National Safety Council's estimates show a steady increase from 3.5
mlltlon in 1935 to 28.2 million in 1960. Thereafter, the number of blcycles In use in-
creased at an accelerated rate. By 1975, the number of blcycles in use had increased to

between 83 milllon {BMA) and 95 million (NSC).

Judging from the present trends, it is altogether possible that 115 milllon bicycles
may be in use by 1980. The number could be even targer 1f there is a significant increase

In oll prices or if gasoline rationing should become a reallty.
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CHARACTERISTICS OF THE BICYCLE-USER POPULATION

Bicycles in use and annual sales estimates reflect trends, but do not provide a pre-
clse estimate of the number and types of persons who ride bicycles. A comprehensive
nationwide survey to assess the size and composition of the user population has not been
conducted. However, several |Imited surveys have been located that provide some insight

Into the characteristics of the bicycle-user population.

SIZE OF BICYCLE-USER POPULATION

The slze of the bicycle-user population depends on how one defines a bicycle user.
Although fthere is no commonly accepted definltion of a bicycle user, most of the recent
survey studles have defined the user population as consisting of all persons who have
ridden a bicycle at least once during the 12-month perlod preceding the date of the inter-
view. A total of five studies have been located that estimated the proportion of the
total population that rides a bicycls at ieast once a year. Table 1 shows the sampling
areas where the surveys were conducted and the estimated percentage of the total popula-

tlon that qualifies as a bicycle user.

I+ can be seen In Table 1 that the percentage estimates vary from a low of 26% for
Washington, D. C., to a high of 49% for Santa Clara County. The areas with a temporate
climate show the largest proportion of bicycle riders {Santa Clara County, California, and
Santa Barbara, California). Areas with a more saevere ¢limate show a smaller proportion of
bicycllsts, but the difference Is not as great as might be expected. The small percentage
of persons who ride blcycles in Washington, D. C., reflects the combined effects of a

relatively severe climate and a non-optimal physical environment in which fto ride.

Based upon these data, It seems reasonable to estimate that about 40% of the U.S.
population--about 90 million persons--ride a blcycle at teast once a year. The estimate

of 90 ml}llon users corresponds clossly to estimates of the number of blcycles Tn use.

TABLE 1

SURVEY ESTIMATES OF THE PERCENTAGE OF THE TOTAL POPULATION
WHO RIDE A BICYCLE AT LEAST ONCE A YEAR

PERCENTAGE OF
SAMPLING AREA TOTAL POPULATION
SANTA CLARA COUNTY " 48.0%
{Diridon Research Corporation, 1973)
SANTA BARBARA COUNTY 46.8%
(Malsin & Silberstein, 1973)
STATE OF PENNSYLVANIA 40.0%
{Barton-Aschman Associates, 1975)
STATE OF TENNESSEE 36.0%
(Barton-Aschman Associates, 1974b)
WASHINGTON, D. C. 26.0%
(Barton-Aschman Associates, 1974a)




AGE DISTRIBUTION OF BICYCLE-~USER PQPULATION

Table 2 shows estimates of the age distribution of the blcycling population in three
areas: Washington, D. C.,, the State of Tennessee, and the State of Pennsylvania. The
soutces of these data are shown by the references at the bottom of Table 2. It can be
seen that the age distributions are nearly the same for Tennessee and Pennsylvania bicy-
clists. For both states, about one-half of the blcyclists are 15 years of age or younger
and about one-fourth are between six and 11 years of age. The bicycllists in Washington,
D. C., are somewhat older than those In Tennessee and Pennsylvania. Ffor Instance, 57% of
the Washington, D. C., blcyclists are older than 19 years of age, whereas only about 40%
of the Tennessee and Pennsylvania bicyclists are older than 19 years.

TABLE 2
AGE DISTRIBUTION OF THE BICYCLE-USER POPULATION
SAMPLING AREA
AGE |WASHINGTON, D.C.! TENNESSEE? PENNSYLVANIA®
<6 3% 6% 7%
6-11 16% 26% 24%
12-15 13% 17% 19%
16-19 1% 1% Nz
20-23 14% 174 7%
24-29 19% 8%
30-44 16% 16% 16%
45-59 6% 6% 7%
z 60 2% 1% 1%

!Barton-Aschman Associates (1974a)
ZBarton-Aschman Associates (1974b)
3Barton-Aschman Associates (1975)

Although juveniles account for only about one-half of the blcycling poputation,
numerous studies show that a very large proportion of all Juvenltes are blcyclists. Most
of the survey studies that have been revlewed Indicate that betwesn 80% and 95% of persons
between six and 15 years of age are bicyclists (Chiapecka, Schupak, Planck, Kluska, &
Dreissen, 1975; Diridon Research Corporaticn, 1973; Barton-Aschman Asscclates, 1974a,
1974b, 1975; Malsin & Silberstein, 1973; Vilardo & Anderson, 1969).

SEX DISTRIBUTION OF BICYCLE-USER PCPULATION

Because males are more fregquently invelved in blcycle accldents than females, i1t Is
generally assumed that males account for a larger proportion of the blcycle-user popula-
tion than females. However, no recent evidence has been found to support thls assumption.
Recent studies by Barton-Aschman Associates (1974b, 1975) show that the blcycling popula-
tions In the States of Pennsylvania and Tennessee are composed of about equal numbers of

males and females. Moreover, for nearly all age groups, about the same proportion of

1



females ride bicycles as males. The only appreciable difference Is that a smaller propor-

tion of females than males ride bicycies after the age of 45 years.

BICYCLE-USAGE PATTERNS
FREQUENCY OF BICYCLE USAGE

For a glven geographical area, the frequency with whilch bicyclists use their bicy-
cles Is a function of many factors, such as: ambient temperaturs, amount of precipitation,
average wind veloclty, hours of dayllight, number and steepness of hills, amenability of
the roadway system to blcycle travel, and so on. Since there are few geographical areas
that are the same with respect to all the factors that may influence the frequency of
bicycling, it is difficult to estimate the absolute frequency of blcycling In one area
from data collected In another. For this reason, the reader should exerclse caution when
attempting to generalize the findings reported below.

Table 3 summarizes the results of two survey studies that were designed to assess
frequency of bicycle usage in Tennessee and Pennsylvanlia as a function of the bicycllist's
age. The Tennessee study also tabulated blcyclling frequency as a function of bicycllsts?
sex. The Tennessee study assessed frequency of bicycle usage during a 30-day period in
the spring {April-May); the Pennsylvania study assessed the frequency of usage during the
menth of July and the month of October. The values shown are average calendar days bicy-
cled per bicycllist during the 30-day sampling period. ‘

TABLE 3

MEAN CALENDAR DAYS BICYCLED PER BICYCLIST, SHOWN BY
BICYCLIST'S AGE, SEX, SAMPLING AREA, AND MONTH

TENNESSEE?
30-DAY PERIOD - PENNSYLVANIAZ
APRIL-MAY, 1974

AGE MALE | FEMALE | AVERAGE| JULY, 1975 |OCTOBER, 1974

<6 | 17.7 12.2 14.9 22.3 17.3
6-11 19.9 19.5 19.8 21.8. 14.4
12-15 | 19.0 13.8 16.4 19.1 12.7
16-19 | 10.1 9.3 9.7 13.9 7.3
20-23 6.7 5.7 6.2 7.9 3.3
24-29 6.7 5.7 6.2 9.5 4.3
30-44 4.3 6.2 5.3 8.1 3.0
45-59 6.6 2.8 4.7 7.7 4.2
=60 | 10.6 3.4 7.0 5.3 3.0
TOTAL | 13.2 10.9 12.1 14.8 8.9

lgarton-Aschman Associates {1974b)
2Barton-Aschman Associates (1975)

NOTE: Averages are based on persons who bicycled during the
12-month period preceding the interview.
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Although the total number of bicycling days shown in Table 3 cannot be considered
representative for all areas in the United States, the data show patterns of usage that
are probably common to most areas. For example, it is believed that the observaticns

fisted below would be egqually valid for most areas In this country.

% The frequency of bicycle usage is greatest among juveniies under the age of 16,

m The frequency of blcycle usage is conslstently greater in the summer than either
the spring or fatll.

E Bicycllsts between 16 and 19 years of age ride about half as often as younger
bicyclists and about twice as often as older blcyclists.

® The frequency of bicycle usage tends to remain relatively constant after the age
of 19.

® On the average, males ride more often than females (although thlis is not true for
the 30 to 44 years-of-age group, and the difference Is insignificant for several
other age groups).

® Persons who ride bicycles at all tend to do so relatively often each month.

PURPOSE OF BICYCLING TRIPS

The data presented in Tabie 4 summarize the purposes for which bicyclists ride; the
values represent the proportion of bicycle days for which a bicyclist rode for a given
purpose. A bicycle-trip day is defined here as a bicycllist riding for a single purpose
on a slipgle day.

TABLE 4
PROPORTION OF ALL BICYCLE-TRIP DAYS AS A FUNCTION OF TRIP PURPOSE AND SAMPLING AREA
SAMPLING AREA
TRIP PURPOSE WASHINGTON, D.C.! TENNESSEE? PENNSYLVANIA®
TO WORK 8.5 - 1.3 3
TO SCHOOL 4.9 2.9 3
PERSONAL BUSINESS 12.9 4.7 9
TO RECREATIONAL ACTIVITY 18.7 10.8 14
TO VISIT FRIENDS 14.8 17.2 2
RECREATIONAL 9.0 7.2 6
(OVER TWO HOURS)
RECREATIONAL 3.4 35.3 44
{UNDER TWO HOURS)

lparton-Aschman Associates (1974a)
2Barton-Aschman Associates (1974b)
3Barton-Aschman Associates (1975)

Although percentage values differ somewhat as a function of sampling area, the data
reflect the same general trends in all three areas. The majority of trips are purely
recreational as opposed to functional, and recreational riding within the neighborhood
funder two hours) accounts for the largest proportion of trips--varying from about 31% in

Washington, D. C., to over 55% in the State of Tennessee. Longer recreaticnal trips (over



two hours) account for a much smaller, but nevertheless significant, number of trips
(between six percent and nine percent).

Rlding a bicycle to a speclfic recreational activity or to visit friends are the
most frequently occurring types of funetional trips. The next most frequently occurring
functional trip purpese Is to conduct personal business. Commuting to work and commuting
to school account for a relatively small propertion of all bicycle-trip days, although
commuting trips are clearly more prevalent among residents of a metropo!itan area
(Washington, D. C.) than among the resldents of a state as a whole (State of Tennessee
and State of Pennsylivanla).

Other survey studies have been conducted that have attempted to determine the pur-
poses for which bicyclists ride. The findings of these studies are generally the same as
those shown in Table 4, but cannot be compared directly because the trip-purpose cate-
gorles are not the same. Other Information about the purpose for which bicyclists ride
can be found in reports by Chiapecka et al. (1975), Malsin and Silberstein (1973), Diridon
Research Corporaticn (1974), Kansas State University (1973), Bivens and Assoclates (1973),
Walsh and Watt {1974}, among others.
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SECTION Ili
MAGNITUDE OF THE PROBLEM

The purpose of this section Is To discuss what is known and what is not known about
the magnitude of the bicycle-accident problem. The first part of the section presents
recent data on the incidence, consequences, and costs of bicycle/motor-vehicle accldents.
The incidence and consequences of bicycle-related accldents that do not involve a motor
vehicle are dlscussed in the second part of this section. The relative bravlty of the
second part of this section reflects the pauclty of Information about the kinds of bicycle-
related accidents that are not the result of a conflict between a bicycie and a moving
motor vehlcle.

BICYCLE/MOTOR-VEHICLE ACCIDENTS

Bicycie/motor-vehlicle accidents are defined here as accidents that résulf from an
actual collision between a blcycle and a motor vehicle, or a colllslon with another ve-
hicle or obJect (including the ground) that was the direct result of actlons--by one or

both parties--to avold a colllslon between a bicycle and a motor vehicle.

INCIDENCE OF BICYCLE/MOTOR-VEHICLE ACCIDENTS

The only systematic data on the incidence of blcycle/motor-vehicle accldents come
from record-kesping agencies that tabulate annuafly the number of traffic accldents that
are reported to the police. Each year, the Natlonal Safety Councii compiles data on ths
pol ice=reported accidents that occur in a sample of states and uses the sample data to
estimate the number of Injury=-producing accldents that occurred throughout the Unlited
States during that year. The Nationat Safety Council reports that blicycle/motor-vehicle
accldents have resulted In about 1,000 fatalities and about 40,000 disabling injuries?
each year sfnce 1972 (National Safety Councl}, 1977). Although the Natlional Safety
Counci)'s estimates are the best available gauge of the incldence of bicycle/motor-vehicte
accidents, the estimates are highly conservative because they are based only on police-
reported accidents. The findings of several recent studies Indicate that a substantiat
number of bicycle/motor-vehicle accidents that occur each year are not reported to the
police. For Instance:

® A survey of 1,307 motorists In Santa Barbara County revealed that 4.2% of the

motorists had been involved in a bicycle/motor-vehicle accident In the recent

past, and that only 25% of the accidents were reported to the police {Cross &
deMille, 1973).

lThe National Safety Council defines a disabling Injury as one causlng death, permanent
disability, or any degree of temporary total disability. Temporary total dlsabllity is
defined as an injury which renders the injured person unable to perform regular duties on
one or more full calendar days after the day of the injury.



® {n a nationwide survey of 23,699 elementary schoal children, students were requlred
to describe thelr most serlious acclident during the past year or, |f none, thelr
most serious accident during the past five years. Of the 393 students who indi-
cated that their most sericus accldent was a blcycle/motor-vehicle accident, only
37% Indicated that thelr accldent was reported to the police {Chlapecka et al.,
1975),

® in a study by Cross and Fisher (1977), a total of 525Hbicyclls?s and 385 motorlsts
who had been Tnvolved 1n a pollice-reported blcycle/motor-vehicle accident were
asked if they had been Involved In any other bicycle/motor-vehicle accidents during
the past 24 months. I+ was found that the combined sample of 910 persons had been
Involved in a total of 47 other blcycle/motor-vehicle accldents and that only 27%
of these accidents were reported to the police.

Based upon the above findings, It seems reasonable to assume that at least two-thlrds
of all bicycle/motor-vehicle accidents go unreported. One explanation for the largse pro-
portion of unreporfed accidents is that many bicycle/motor-vehicle accidents result in
I1ttle or no Injury, and 1t is these inconsequentlial accldents that are not being reported
to the police. Although |ittle is known about the consequences of unreported bicycle/
motor-vehicle accidents, some information on this lssue was obtained from the data
compiled by Chlapecka and his colleagues (1975). A special analysis of Chlapecka's data
was performed to determine the consequences of unreported bicycie/motor-vehicle accldents
in the sample. The results showed that more than 50% of the unreported accidents were
severe encugh to require some form of medical treatment (Schupak, 1975}, Unfortunately,
The data were not in a form that enabled a more precise assessment to be made of the de-

gree of inJury sustalned by the bicycllists In the unreported accidents.

Although data on the incidence of blcycle/motor-vehlcle accidents are meager, 1t 1Is
nevertheless possible to define the general bounds of the problem, Since the Naticnal
Safety Councl|'s estlmates are based on police-reported accldents, 1t seems reasonable to
assume that these estimates--1,000 fatalltlies and 40,000 disabling Injuries--represent the
lower limit of the problem, But, what abog+ the upper bounds? Flrst, consider the number
of fatalltles that occur each year. Because nearly all fatal accidents are reported to
the police, the Natlonal Safety Counclli's estimate of 1,000 fatalitles per year should be
qulte accurate. Thls view Is relnforced by the fact that the National Safety Council's
estimate of fatallties corresponds closely with estimates of the National Highway Traffic
Safety Administration, who publishes a monthly running total of all types of fatal traffic
accldents. Next, conslder non-fata! but inJury-producing accidents. |f the survey data
cited above are assumed to be representative of the natlon, 1+ can be estimated that about
one-third of all bicycle/motor-vehicle accldents are reported to the pollice, and that
about one-half of the unreported accldents are injury producing. Using 40,000 as the
astimated number of police-reported accidents, 1t can be estimated that a total of about
80,000 Injury-producing bicycle/motor-vehicle accidents occur sach year.

BICYCLE/MOTOR-VEHICLE FATALITY RATE

Although there has been a substantial Increase In the total number of persons killed
each year In bicycle/motor-vehicle accldents, data reported by the National Safety Counclil
indicate that the increase in fatallties has been proportionately less than the Increase



TABLE 5 in bleycles over the last four decades. Table
FATALITY RATE PER 100,000 BICYCLES IN 5 shows the fatallity rate per 100,000 bicycles

(RATIONAL SAFETY coomen 13Ty In use from 1935 through 1976 (National Safety

Council, 1977), There Is a high correlation
YEAR Bigvﬁégi DEATHS DEATH between the number of blcycllists kliled and
(MILLIONS) RATE the number Injured each year. So, [+ can be
1935 1.5 450 12.80 assumed that the rate for non-fatal accidents
}gﬁg ;.g ggg g.gg would show the same trends reflected by the
1950 | 13.8 240 3.48 | ¢ate [nTable 5.
}ggg gg:; ﬁ;g }:gg It can be seen In Table 5 that the
1865 38.8 680 1.75 fatallty rate has decreased from a high of
}g;? 59:5 Zf? 1:38 nearly 13 in 1935 fo less than one in 1976,
1972 71.4 1000 1.40 Slnce 1955, the annual decrease in the fatality
}g;i gg:g ]ggg }:f? rate has been smal{ in comparison to the previ-
1975 95.0 1000 1.05 ous perlod. Even so, if the fatallity rate had
1976 95.0 900 -94 remalned the same since 1955, there would have
*Bioycles in use for a given year is been nearly 1,700 bicycllsts killed in 1976

the ten-year total of domestic produc-

tion plus imports lese exports. rather than the 200 that were reported. Assum-

ing the number of bicycles in use remalns the
same, reducing the fatality rate by only 0.1 will resulft In about 100 fewer deaths each
year, Thus, the reduction In fatality rate since 1955 cannot be considered Inconsequential.

CONSEQUENCES OF BICYCLE/MOTOR-VEHICLE ACCIDENTS

Although most experts agree that bicycle/motor-vehlcle accldents are an important
problem, few attempts have been made to assess the consequences of such accidents. A
smal! amount of data ls avallable on the sevqu+y of personal Injuries and the extent of
property damage resulting from bicycle/motor-vehicle accidents. However, the consequences
ot such accidents go far beyond personal Injuries and property damage. Bicycle/motor-
vehicle accidents also may result in undesirable consequences for the non-injured party
and for persons not directly Involved in the acclident. Some of these other undesirable
consequences are discussed below, following a description of the data on severlty of in-
Juries and the extent of property damage.

Personal Injuries

Although it is usually the bicycle operator who Is Injured, some blcycle/motor-
vehicle accidents result in injuries to the motor-vehicle operator or to a passenger of
one of the vehicles. Table 6 shows the total number of operators and passengers killed
and Injured In a sample of 166 fatal and 753 non-fatal acclident cases (Cross & Fisher,
1977). |+ can be seen that the 166 fatal caseé resulted In a total of 172 fatalltles; the
753 non-fatal cases resulted in 765 persons injured. One case was found In whlch two blcy-
clists, who were riding separate bicycles, were killed In the same accident. Also killed

were one motorist, one motor-vehicle passenger, and three bicycle passengers. The fatally



TABLE 6 Injured motorist and the fataliy Injured

PERSONS KILLED AND INJURED IN A SAMPLE OF motor-vehicie passenger were riding a

166 FATAL AND 753 NON-FATAL ACCIDENTS motorcycle at the time of the accident and
KILLED | INJURED were kllled In separate accidents. Study

VEHICLE BICYCLISTS 167 720 of the 753 non-fatal cases revealed that
OPERATORS MOTORISTS 1 25 3.3% of the accidents resulted In injuries

VEHICLE BICYCLE 3 16 to the motor-vehlcle operator, 2.1% of the
PASSENGERS |MOTOR VEHICLE 1 4 accidents resulted In iInjuries to a bicy-
cle passenger, and .5% of the cases result-

COMBINED OPERATORS

AND PASSENGERS 172 765

ed in injuries Yo a motor-vehicle passenger,

In the Cross and Fisher study (1977,
information on injury severity was obtained only for the injured bicyclists; Injury sever-
ity was assessed during face-to-face Interviews with a total of 525 bicyclists. |t was
found that 92% of the bicyclists suffered injuries severe enough to cause them pain and
discomfort for at least one day followlng the accldent. The Injurles sustained by 55% of
the bicyclists were severe enough to prevent them from going to work or school for at
least one day; 18% of the bicyclists were hospitalized for one or more days. Based upon
the injury data compiled on the sample of 525 bicyclists, a bicyclist who 1s involved In a
non-fatal bicycle/motor-vehicle accldent, on the average, can be expected to suffer the
followlng consequences:

® 1.4 days in the hospital;

® 1.4 days In bed at home;

4.3 days mlssed work or schooi;

23.6 days suffering pain or discomfort.

a

a

Analysis of the non-fatal Injuries revealed that 76.4% of the InjJuries were body-
surface fnjuries, 17% were skeleta! Injuries, and six percent were internal non-skeletal
Injurles. Considering the body-surface Injuries first, It was found that abrasions and
bruises together accounted for nearly two-thirds of the InJuries, and about 11% of the
Injurles were lacerations. Consldering next the skeletal injuries, It was found that 7.5%
of the injuries were fractures, 5.6% were sprains, 2,7% were concussions, .9% were dlsloca-
tions, and .6% were broken teeth. Neariy flve percent of the Injuries were aches and
palns In the muscles and jolnts, and sllghtly over one percen+ were ruptures of subcutan-

eous tissue, arteries, vessels, or organs,

The distribution of injurfies for fatal acclidents would certainly be different from
the distributlion of inJuries for non-fatal accidents. Although Cross and Flsher (1977)
did not Investlgate Injury type for the fatal cases, other research indicates that the
relative frequency of head Injuries and internal injuries would be much greater for fatal
than for non-fatal accidents. For instance, autopsies performed on 181 bicyclists killed
in traffic accldents during the period 1935-1963 {(Tenge, ®©'Reilly, Davison, & Derrick,
1964) showed that brain damage was evldenced in over 80% of the fatalities with an associ-
ated skull fracture occurring In 71% of the cases. InJury to abdominal organs was found In
over 50% of the victims. Simllar findings are reported by Bowen (1970} and by Glssane,
Bull, and Roberts (1970).
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For each injury identified in the Cross and Fisher study, the bicyclist was asked to
define what caused the injJury. It was found that 60.4% of the injuries were the result of
the bicyclist's impact with the roadway and 24.1% of the injuries resulted from impact with
the motor vehicle. I+ was surprising to find that only 6.2% of the Injuries resulted from
the bleyctlst!s impact with the blcycle he was riding. The finding that most injuries are
caused by the bicyclist's Impact with the roadway suggests that one potentially effective
at-crash countermeasure may be training the bicyclist in how to abandon his bicycle or

fall In order fo minimize injuries.

Property Damage

In the study by Cross and Flsher, the bicycllsts and motorists who were Interviewed
were asked fto estimate the cost of repairing their vehicle to I+s pre-crash conditlon or,
if damaged beyond repair, the replacement cost of the vehicle. For the fatal accidents,

estimates of the cost of vehicle damage was obtained from traffic accident reports.

On the average, the cost of the combined damage to vehicles invelved in a non-fatal
accldent was §120: 365 for the bicycle damage and $55 for the motor-vehicle damage. The
extent of damage was conslderably greater for fatal than for non-fatal accldents. The aver-
age cost of the damage to the two vehicles involved in fatal accidents was about $325; the
average cost was $100 for the bicycle damage and $225 for the motor-vehicle damage. There
were some Instances in which the motor vehlcle collided with another motor vehicle after
having collided wlth the bicycle. However, no data were obtalned on the cost of the dam-
age to other obJects or vehicles that were struck by the motor vehicle Involved in the
bicycle/motar-vehlcle accldent.

Other Undesirable Consequences

The undesirable consequences of blcycle/motor-vehicle accidents extend far beyond
operator injuries and property damage. Whether or not an accident-involved operator is
culpable, he or she Is nearly always grief stricken at the sight of another person who was
InJured in the accldent. Culpable motor-vehicle operators are often involved in litigation
which Is both costly and emoticnally painful. Relatives and friends of an injured operator
also suffer. In addition to the emotional stress associated with an injured loved one,
relatives and friends often suffer substantlal losses of money and time in caring for the

inJured operator.

Bicycle/motor-vehicle accidents often are pubticlzed widely--particularly those that
result in fatal injJurles. It has been suggested that many of the persons who read or hear
of blcycle/motor-vehicle accldents conclude that riding a bicycle is simply Too dangerous.
As a consequence, the occurrence of accidents serves to curtall blcycling in favor of
driving. The resulting societal losses due to Increased fuel consumption, pollutlon, and
traffic congestlion are as real and Important as the losses due to injuries and property

damage.



COST OF BICYCLE/MOTOR-VEHICLE ACCIDENTS

Implicit In every non-arbitrary decision about safety-education programs is a trade-
off of socletal costs and socletal benefits. In principle, the implementation of a safety-
education program can be Justlified only If the societal benefits resulting from the pro-
gram outweigh the cost of developing and Implementing the program. Thus, if judlcial
declstons are to be made about safety-education programs to curtall bicycle/motor-vehicle
accidents, It Is necessary to conslider the total socletal costs associated with accidents
of this type.

Table 7 lists estimates of the

COST OF SOCIETAL LOS;ABLE / cost of societal losses resulting from
ET ES RESULTING FROM FATAL AND .
NON-FATAL BICYCLE/MOTOR-VEHICLE ACCIDENTS fatal and non-fatal bicycle/motor-
{POLICE REPORTED) vehicle accidents that are reported to
AVERAGE COST PER the pollice. Most of the cost estimates
ACCIDENT (DOLLARS) presented In Table 7 were derived from
COST CATEGORY FATAL | NON-FATAL cost data contalned In a recent report
on the cost of motor-vehicle accidents
MARKET AND MARKET-PROXY
PRODUCTION LOSSES $171 .B]? $ 73 (Falgln, 1976). Cost estlmates for
HOME, FAMILY, AND most losses resulting from tratfic
gOHMUNITY SERVICES 48,281 21 accidents dl+fer as a functlion of the
RODUCTION LOSSES age and sex distrlibutions of the acci-
EMERGENCY TRANSPORTATION 5 9 dent population, the average severlty
EMERGENCY ROOM TREATMENT 156 85 of InjJurles sustained i{n the accident,
HOSPITAL ?ARE 1,030 201 and the types of vehicles involved.
PHYSICIAN'S CARE 328 66 Therefore, these factors were taken
FUNERAL COSTS 987 - into consideratlon when estimating the
CORONER/MEDICAL EXAMINER 130 . cost of losses resulting from bicycle/
LOSSES TO OTHERS 3,832 138 motor-vehicle accidents. {nformation
LEGAL AND COURT COSTS 4,09 313 about the age, sex, and InjJury distri-
éggggANCE ADMINISTRAT ION 250 25 butions were taken from the Cross and
ACCIDENT INVESTIGATION - " Flsher (1977) study of bicycle/motor-
COsSTS vehicle accidents. The data and
VEHICLE DAMAGE 325 130 assumptions underlying the cost esti-
TOTAL COSTS $231,357| $1,008 mates shown in Table 7 are described

and discussed in Appendix A.

I+ can be seen in Table 7 that the average cost of the socletal losses resulting from
a fatal accldent total $231,357, Assuming 1,000 fata!l accidents each year, the total cost
of soclietal losses resulting from fatal accidents exceeds 231-million dollars., The average
cost of a non-fatal accident s estimated at $1,098. Although the average cost of non-
fatal accidents is far less than for fatal accidents, the total cost of the 40,000 police~
reported accidents that occur each year Is nearly 44-milllon dollars. Thus, according to
these estimates, the combined cost of fatal and non-fatal accidents exceeds 275-million

dol lars each year; this estimate does not include the cost of unreported accidents.

20



No attempt was made to establish a monetary value for such loss as pain and suffer-
ing, grief, loss of perscnal relationships, and so on. Although emotlonal trauma repre-
sents a real and important societal loss, no satisfactory technique has been established

for placing a monetary value on such losses.

OTHER BICYCLE-RELATED ACCIDENTS

There are many kinds of bicycle-related accidents other than bicycle/motor-vehicle
accldents. Bicycles collide with other bicycles, with pedestrians, and with fixed objects,
In addition, bicyclists lose control of thelr bicycles and fall for a great variety of
reasons. For ease of exposition, the class of bicycle accidents that do not Invelve a col-
lislon with a motor vehlcle will be referred to hereafter as non-motor-vehlcfe accidents

and, for obvious reasons, will be abbreviated as "NMY accidents."

Although 1t is generally recognized that NMY acecidents occur with far greater fre-
quency than bicycle/motor-vehlicle accidents, there Is surprisingly Iittle data on their
incldence, consequences, and causes. Thls lack of information ls the result of at least
two factors. First, the limlted resources avallable for research Into bleycle accldents
have been devoted mainly to the study of bicycle/motor-vehicle accidents rather than NMV
accldents., Bleycle/motor-vehicle accidents have been given greater emphasis because, on
the average, accldents that involve a motor vehicle result in more severe Injuries than
NMV accidents. Secondly, the study of NMy accidents Is inherently difficult because such
accldents are not routinely reported to any record-keeplng agency. Medical records main-
talned by hospitals and physicians contaln a great deal of useful information about NMV
accidents, but the records are difficult to locate and even more dlfficult to obtain.
Moreover, the study of medical records includes only the accident cases that resuited in
injurles severe enough to require professional medical care. Perhaps the only way to ob-
tain Information on the full range of NMY accidents that occur is to conduct a comprehen-—
sive survey of the general population of bicyclists. Such a survey would be expenslve and

time consuming, but is sorely needed.

ESTIMATE OF THE INCIDENCE OF NMV ACCIDENTS

Although there is much to be learned about NMV accidents, there are sufficlient data
available to enable one to conflidently conclude that NMV accidents represent a severe
problem in the United States. The best data on NMV accidents come from the Nationaf
Electrontc Injury Surveillance System (NEISS), This computerized system was developed by
the Consumer Preoducts Safety Commission to contlnucusiy monttor product-related Injuries
treated in the emergency rooms of a selected sample of 119 hospitals at diverse locations
throughout the United States.

An analysis ot NEISS data for calendar year 1975 revealed that 18% of all bicycle-
retated fatalities and 94.5% of all bicycle-related Injuries were the result of NMV acci-
donts. The remaining 82% of fatalities and 5.5% of injuries were the result of bicycle/
motor-vehicle accidents. Since the NEISS data include only the accidents that were treated
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In a hospltal! emergency room, It |s necessary to somehow extrapolate these data in order
to estimate the total number of NMV accldents that occur each year.

One extrapolation method involves the use of data on the annual number of bicycle/
motor-vehlcle accldents as a basis for estimating the total number of NMY acclidents that
occur each year. This method assumes that the ratio of bicycle/motor-vehicle accldents
versus NMV accidents found in the ME!SS data is the same as the ratio for the total popula-
tlon of accidents--whether or not they were treated in an emergency room. The assumptions
are as follows: (a) blcycle/motor-vehicle accldents account for B2% of al! blicycle-related
fatalitles, (b) blcycle/motor-vehicle accldents account for 5.5¢4 of all blcycle-related
injuries, and {c) about 1,000 fatalities and 80,000 injuries result from blicycle/motor-
vehicle accidents each year. With these assumed values, it is posslble to set up the

following equations:

1,000 = .82 (x)
80,000 = ,055 {y)
where: x = total number of fatalitles

y = total number of disabling Injuries

It is a simple matter to solve for the unknowns and arrlive at an estimate of about
1,220 for total fatallties and 1,454,000 for fotal inJuries. Subtracting the number of
deaths and injJuries resuiting from bicycle/motor-vehicle accldents from these totals
yields an estimate of 220 fatatlities and 1,374,000 serious Injuries as the annual toll for
NMV accldents.

A different extrapolatlion approach has been used by the Natlional Safety Councll.
The National Safety Counci| used the NEISS data and a set of predictlion equations to esti-
mate the total number of bicycle-related accldents that were treated in all the hospital
emargency rooms In the nation during 1976, Then, the total number of bicycle~related accl-
dents was computed with the assumption that accidents treated In emergency rooms account
for 38% of all disabling injury accldents.’ Thls method ylelded an estimate of 1,100
fatalltles and 460,000 serious InjJuries. Subtracting the number of deaths and injuries
resulting from bicycle/motor-vehicle accidents in 1976 from these totals yields an esti-
mate of 200 fatalities and 420,000 serious Injuries from NMV accidents.

These two approaches yield guite different estimates for both fatallties and dis-
abling injuries. Although It Is not known which extrapolation approach ts best, It seems
reasonable to estimate that NMV accidents account for no fewer than 100 fatalities and

one~half million serious Injurles each year.

TYPES OF NMV ACCIDENTS

Table 8 shows the relative frequency of three general types of NMV accidents:
bicycle-bicycle accidents, bicycle-pedestrian accldents, and colllsions with fixed objects
or failing. The data shown in Table 8 are from four studies conducted in dlfferent geo-
graphical areas and covering different bicycling populations. The two studles by Barton-
Aschman are probably the most representative because they sampled the full bicycling popu-
lation within the sampling area. Although the size of the accident semple 1s small, the

a
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TABLE 8
RELATIVE FREQUENCY OF TYPES OF NMV ACCIDENTS

TYPES OF NMV ACCIDENTS
COLLISION
NUMBER QF

BICYCLE- | BICYCLE- [WITH FIXED

DESCRIPTION OF SAMPLE AND SQURCE ACCIDENTS BICYCLE |PEDESTRIAN| OBJECT OR
IN SAMPLE
FALLING

SURVEY OF GENERAL POPULATION IN THE
STATE OF TENNESSEE (Barton-Aschman 47 1% 0% 89%
Associates, 1974b)
SURVEY OF GENERAL POPULATION IN THE
STATE OF PENNSYLVANIA {Barton-Aschman 98 9% 1% 90%
Associates, 1975)
SURVEY OF[A SAMPLE gF GRADE-5CHOOL
CHILDREN [AGES 7-13] IN 170 SCHOOLS
IN 110 CITIES IN 37 STATES (Chlapecka | 500! 1z 1% 88%
et al., 1975)
ALL ACCIDENTS TREATED IN THE STUDENT
HEALTH FACILITY AT THE UNIVERSITY OF
CALIFORNIA, SANTA BARBARA, DURING THE 794 42% 6% £2%
?ERI?D BETWEEN 1971 AND 1976 (Chung,
976

consistency in the percentage values shown for the two dlfferent states tend to support
the reliabitlty of the data. The study by Chlapecka et ai. (1975) was l|Imited to school=-
age children between the ages of seven and

13 years. The accident data refer to the "most

serious" accident a chlld had experienced In the recent past. Chung's data come from a
study of medical records for all accidents treated In the student health facllity on the
campus of the Universlty of Callfornta, Santa Barbara (Chung, 1976). Chung examined

records for all the accldents that occurred between September 1971 and March of 1976.

It can be seen that the data on the survey of the general population and the survey

of grade-school chlldren are quite conslstent. For these populations, It can be seen that:

® Bleyele-bieyele accldents account for between nine percent and 11% of ail NMY
accldents.

® Bicycle-pedestrian accldents account for no more than one percent of all NMY
accidents.

® Botween 88% and 90% of all NMY accidents result from the blcyctlist colliding with
a fixed object or falling.

The accidents reported by Chung Involved university students and cccurred on a unl-
versity campus that had an excel lent system of bikeways durlng the entlrse reporting period.
It can be seen that the relative frequency of bicycle-bicycle and bicycle-pedestrian acci-
dents in Chung's sample was far greater than for the other three samples; the relatlve
frequency of colllsions with fixed objects and falling acclidents was less.
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Chung reports an NMV accident rate of 20.4 accidents per 1,000 students for the 74-
75 school year. |If this accident rate 1s representative of other college and university
campuses throughout the nation, It can be estimated that about 136,000 college/university
students per year are Involved In an NMV accldent that results in injuries severe enough
to requlire professional medical treatment. This estimate does not include persons treated
in medical faciiltles other than student health facillties and does not include accidents
that result only In minor InjJuries and/or bicycle damage. Since student health facilities
are not included in the sample of NEISS hospltals, the NEISS data may underestimate the
total number of serlous NMV accidents by as much as 27%.

The NMV accldent problem on college and university campuses may be Tndicative of the
problems that may arise in other areas 1f the volume of bicycle traffic continues to rise.
I+ appears that college and university campuses would provide a fertile research environ-
ment for both bicycle~safety education specialists and the traffic engineers who are
attempting to develop deslgn standards for future bicycle facilities. Clearly, college
and universlty students must be considered one of the most important target groups for

bicycle-safety education programs.
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SECTION IV
BICYCLE/MOTOR-VEHICLE ACCIDENTS:
DESCRIPTIVE DATA

This section and Section V contaln a description of selected findings from a recently
comp |eted study of bicycle/motor-vehicle accidents (Cross & Fisher, 1977). The findings
of a traditional analysis of descriptive data are summarized in this section. Section V
contains a description of frequently occurring types of bicycle/motor-vehicle accidents--
referrad to as "problem types"--and a discussion of educational countermeasures for the

variocus problem types,

The general objectives of the Cross and Fisher study were to compile data on the
causes of bicycle/motor-vehicle accidents and to use the data to identify the full range
of countermeasure approaches that have potential for reducing the number of accidents of
this kind, The project was national In scope and encompassed both urban and rural acci-
dents.

Although the informatlon presented In Sections Y and V will meet the needs of most
readers, it may not be complete and detailed enough to meet the needs of readers who are
Involved In the development of a new bicycle-safety-education program or in the assessment
of existing programs. Persons with such responsibillties are advised to obtain and study

a copy of the original report.

METHODOLOGY

Data on bicycle/motor-vehicle accidents were collected in four sampling areas In the
Unlted States. The sampling areas were selected to provide maximum coverage of the charac-
teristics of the bicycling population and the envircnmental conditions in which they ride.
The sampling areas, esach consisting of several contiguous countles, were l[ocated in
California (Los Angeles area), Colorado (Denver/Boulder areas), Florida (Tampa/Orlando
areas), and Michigan (Detroit/Flint areas). Within each sampiing area, a proporticnate
sample of non-fatal cases was selected from those occurring during each month of calendar
year 1975; an attempt was made to select equal numbers of urban and rura! accidents at
each sampling area. A non-fatal case was rejected from the sample if it was an unwitnessed
hit-run accident or [f both of the involved operators refused to be interviewed. Because
of the smal| number of fatal accidents that occurred within each sampling area, none were
rejected from the sample. Data were compiled on 166 fatal accldents and 753 non-fatal

accidents=-919 cases in all.

A conceptual model of the accident-generation process was used in deflning the data
requirements for this study. This model focused on the sequence of functions and events
preceding the accident and the factors that influenced the function-event sequence. Data
on each accident case in the sample were compiled by trained Fleld Investigators. Field
Investigators complled and recorded data from several sources, including: the official

traffic accident report, observations and measurements taken at the accident site, and
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detalled Interviews with the vehicle operators and persons who witnessed the accident. A
structured questionnalre and a detailed scale-drawing of the accldent slite were used to

conduct the operator Interviews.

Some questicnnaire items were designed to provlde information about the characteris-
tics of the operator, his vehicie, and his trip. However, most items were designed to
provide detailed information about the accident-generation process. The interview proce-
dures and Instruments were designed to provide a clear notion of the pre-crash path of
each vehicle, the function failure of each operator, and the combination of factors that
vwere causally related to the function failures.

A classlflcation system was developed and the accident cases were classified Into
mutual ly exclusive "problem types." Cases classified into the same problem type exhibited
commonal ity in the following attributes: +he traffic context in which the accident occur-
red, the operéfors' function fallures, and the comblination of factors causally related to

the function failures.

All data items were analyzed by problem type. In addltion, selected descriptive-
data |tems were analyzed for the fatal and non-fatal| samples--pooled over probiem types.
The characteristics of individual problem types and the results of the descriptive-data
anajyses were examined systematically in an attempt to identify general countermeasure
approaches having the potential for reducing the Incidence of bleycle/motor-vehicle
accidents.

OPERATOR CHARACTERISTICS
SEX

The vehlcle operators In the study sample——both blcycllists and motorlsts--were pre-
dominantly males. Furthermore, the proportion of males was greater for the fatal sample
than for the non-fatal sample., Seventy-one percent of the non-fatal accidents and 85% of
the fatal accidents involved a male bicyeliet; a male motorist was Involved In 65% of the
non-fatal and 72% of the fatal accidents. vais probabie that the overrepresentation of
‘males is due partly to a greater amount of exposure for males--particularly male blcyclists.
However, it Is also probable that there are some Important behavioral differences between
male and femala bleyclists.

The overrepresentation of male bicyclists may suggest that a bicycle-safety-educa-
tion program should concentrate principally or exclusively on males. Although i+ may be
*rue that our educational dollars might be most cost-effectively spent 1n educating males
1o the exclusion of females, such an approach would be unfair and shortsighted. The abso-
lute number of accidents involving females 1s far too large to warrant their exclusion
from an educational program. Moreover, because an increasing number of females are be-
coming interested in bicycling, 1t can be expected that the dlfferences In male and female
Involvement In accidents will diminish in the future.
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AGE

The age distribution of the motorists in the study sample was found to be highly
similar o the age distribution of motor-vehicle operators invoived in all other types of
traffic acclidents. Since the age dlstribution of accldent-invelved motorists is well
known (see Natlonal Safety Council's deeident Facts, 1977), the following discussion will
be IImited to the age distribution of accident-involved blcyclists.

The age distributions of the fatally injured and non-fatally injured bicycllists in
the study sample are shown in Flgure 4., (It should be noted that acclident frequency Is
plotted for two-year age Intervals.) Beginning at age four, accldent frequency rises
steadily to the age of 12 and remains at this high level through the age of 15. There-
after, accident frequency declines dramatically and remains at a relatively low and con-
stant level for ages beyond 30 years. The general shape of the curves for fatal and non-
fatal accidents is simllar, but fatal accidents are more frequent among the very young and
the very old bicyclists. About 4.5% of the fatal cases involved a bicyclist younger than
six years of age, whereas only two percent of the non-fatal cases Involved a bicyclist
younger than six years, Similarly, it can be seen that 18.2% of the fatal cases involved
a bicyclist older than 35 years of age, and only 4.2% of the non-fatal cases involved a
bicyclist older than 35 years. Although not shown In Figure 4, over 10% of the fatalities
involved a bicyclist older than 55 years and three percent involved a bicyclist older
than 75 years of age. |t is of interest to note that the age dlstributions shown In

Figure 4 are quite similar to the age distributions found in a number of other studies
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Figure 4. Bicyclist age distributions for fatal and non-fatal accident
cases in the study sample.
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of bicycle/motor-vehicle accidents, including studies by: the American Automobile Associ-
ation (1973), the California Highway Patrol (1974}, the Virginia Department of Highways
(19747, Walsh and Watt (1974), and the Washington State Patrol (1973).

The age dlstribution of bicyclists In an accident sample is most meaningful ly evalu-
ated Tn terms of the reiative exposure for each age group. Although exposure data are not
available that take into account the comblned frequency and amount of bicycle usage for
each age group, Barton~Aschman Associates conducted statewide household surveys to assess
the relative proportion of persons within each age group who rode a bicycle at least once
during the year precedlng the interview. Separate surveys were conducted for the State of
Tennessee (Barton-Aschman, 1974b) and the State of Pennsylvania (Barton-Aschman, 1975).
The age distributions revealed by these surveys are shown In Table 9 along with corre-
sponding age distributions for the fatally Injured and non-fatally injured bicyclists In
the study sample.

TABLE 9

COMPARISON OF AGE DISTRIBUTIONS FOR ACCIDENT SAMPLE
AND THE GENERAL BICYCLING POPULATION

ACCIDENT SAMPLE BICYCLE USERS
BICYCLIST| FATAL |NON-FATAL| TENNESSEE | PENNSYLVANIA| COMBINED?

AGE | (N=166) | (N=753) | (N=3141) (N=6372) (N=9513)
<6 8.2% | *2.0% 5.9% 4.5% 5.0%
6-11 | 20.63 | *27.5% 25.9% 23.0% 24.0%
12-15 | 23.1% | *37.1% 17.12 19.0% 18.42%
16-18 | 16.8% | 13.9% 11.5% 12.2% 12.0%
20-23 | 13.42 | *12.2% 17.4% 15.8% 16.3%
30-44 *8.5% *3,8% "15.8% 16.7% 16.4%
45-59 5.4 | *1.8% 6.3% 7.3% 7.0%
> 60 | *7.8% 1.7% 1.22 1.2% 1.2%

lUser data from household surveys completed by Barton-Aschman Associates,
In¢,, for the Tennessee Departments of Conservation and Transportation
{Barton-Aschman, 1974b) and the Pennsylvania Department of Transporta-
tion (Barton-Aschman, 1975).

2Combined percentage = PN, + PN,
Ny + Ny

*Proportion differs significantly from the proportion of users (combined
Tennessee and Pennsylvania samples) in the corresponding age group (p <.05).

An analysis was performed to determine whether +h§ age distributlon for elther the
fatal or non-fatal sample differed signiflicantly from the age distribution of the user
poputation--as measured by the combined sample for Tennessee and Pennsylvania (see column
five of Table 9). In columns one {FATAL) and two (NON-FATAL), asterisks were placed
beside the percentage values that differed signiflicantiy from the corresponding percentage

value In column five (user population}.
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An examination of the data for the fatal sample shows that bicyclists younger than
30 years of age and those between 45 and 59 years of age are involved in fatal accidents
in about the same proportion as their numbers In the user population. Bicyclists between
30 and 44 years of age are involved in fatal accldents significantly less often than would
be expected from their numbers in the user population; bicyclists 60 years of age or older
are involved In fatal accidents significant|y more often than would be expected from the
proportion of persons in this age group who rlde bicycles, Stated differently, these data
suggest that the likellhood of being killed in a blcycle/motor-vehicle accident is Zess
than average for bicycllsts In the 30-44 age group and greater than average for bicyclists
who are 60 years old or older.

Examine next the age distribution for the non-fatal sample. 1t can be seen that
bicycllists betwsen six and 15 years of age are involved In non-fatal accidents more often
than would be expected from their numbers; bicyclists younger than six years of age and
those between 20 and 59 years of age are Involved less often than would be expected from
thelr numbers In the user population. It is of particular importance to note that:

® Accldent Tnvolvement of 12-15 year old bicyclists Is more than twice as great as
would be expected from the number of bicycle users in this age group.

® Accldent Involvement of bicyclists between 30 and 5% years of age is less than

one-fourth of that expected from the number of bicyclists in this age group.

The reader must exercise caution when using these data to deflne the educational
target group. The finding that both accident frequency and accident rate is highest among
blcyclists between the ages of 12 and 15 may suggest that safety education should be aimed
at this age group. However, If safety education dld not commence until the age of 12,
about one-fourth of all fatal accidents and one-third of all non-fatal accidents will have

occurred before the bicyclists receive the educatlon.

.

DRIVING EXPERIENCE

It was found that most blcycllsts and motorists were experienced vehicle operators
who operated thelr vehlcles regularly. In addition, most operators were driving/riding a
vehicle they were thoroughly familiar with at the +ime the accldent occurred. About 95%
of the motorists and blcyclists had more than one vear's driving experience and routinely
operated their vehlcles two or more hours each week. Seventy-flve percent of the bicy-
clists and 93% of the motorists reported that they had driven the accldent vehicle at
least 50 times before the accident occurred; only seven percent of the bicyclists and
three percent of the motorists had driven their vehicle fewer than flve times before the

accldent.

No data have been located that indicate the amount of driving/riding experience that
is required to acquire and maintain a reasonable level of vehicle~-handling skill. However,
It seems reasonable to assume that a relatively high level of vehicle-handling skill can
bse acquired by most persons in about one year and that this skill can be maintained by
operating a vehicle for one or two hours each week. |f these assumptions are valid, I+

can be concluded that few motorists and bicyclists In the non-fatal study sample lacked
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basl¢c vehicle-handling skil}l at the tIlme of the accident. |In short, these data fall to
support the assumptlon that a large proportion of bicycle/motor-vehicle accidents result

from a lack of basic vehic¢le~handling skill.

PHYSICAL/MENTAL CONDITION

With the exception of Intoxlcation, few operators reported that they were suffering
from any type of impairment at the time of the accident. I+ was found that less than one
percent of the bicyclists were impaired by alcohol. However, evidence that the motorist
had been drinkling was found in 3.5% of the non-fatal accldents and 16.9% of the fatal acci-
dents. Alcoho! was Judged contributory in nearly every case in which it was found present.
Evidence of drug use was found only infreguently, but the type of data collected during
this study cannot be expected to provide reliable information about the number of operators

who were under the Influence of drugs when the accident occurred.

BICYCLISTS' KNOWLEDGE OF THE LAW

For all accidents that resulted from the bicyclist's viclation of a traffic law, the
bicycl st was questlioned in detail about his reasons for violating the law. |+ was found

that the violation was due to ignorance of the law in only one case.

OTHER OPERATOR CHARACTERISTICS

Listed below are other items of information obtained from .the Interviews with opera-
tors In the non-fatal sample. The percentages reported are based on 525 bicyclist inter-

views and 385 motorist interviews.

w Nineteen percent of the blicyclists and 54% of the motorists reported that they had
received formalized training in the operation of a motor vehicle prior to the
accident. ’

® Fifty-seven percent of the bicyclists and 52% of the motorists reported that they
had read the laws and ordinances governing bicycles prior to the time the accident
occurread.

m Twenty-one percent of the bicyclists and 96% of the motorists possessed a valld
motor-vehlcle operator's |icense at the time of the accident. Most of the motor-
Ists who did not possess a valld motor-vehicle operator's }icense ware juveniles
who were riding motorcycles at the time of the accident.

® Six percent of the bicyclists reported that they ride a blcycle as part of their
Job {does not include commuting).

& Twenty-five pércenT of the motorists reported that they drive a motor vehicle as
part of thelr Job (dces not include commuting).

m Eight percent of the bicyclists reported that they had received some form of for-
malized training in operating a bicycle prior o the accident.

@ Forty-one percent of the bicyclists reported that they commute to school or work
on a bicycle,

m Seventeen percent of the motorists reported that they ride a bicycle at least
occaslonal ly.
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m Eight percent of the bicyclists and one percent of the motorists reported having
had at least one bicycle/motor-vehicle accident {other than the one that was belng
investigated) during the past 24 months. Only 27.7% of the "other" bfcycle/motor-
vehicle accidents were reported to the police.

®m Twenty-two percent of the bicyclists reported that they could have chosen an alter-
nate route to thair destinatfion that was safer than the route they were on when the
accldent occurred.

VEHICLE CHARACTERISTICS
VEHICLE TYPE

The type of motor vehicle Involved In the acclident was usually recorded cn the offi-
cial traffic accident report form, but the specific type of bicycle was seldom reported.
For this reason, information about motor-vehicle type was obtained for nearly every case
in both the fatal and non-fatal samples; infermation on bicycle type was obtalined only for
the non-fatal cases In which the bicyclist was Interviewed.

Bicycle Type

The relative frequency with which dlfferent types of bicycles were ridden by male and
female bicyclists In the non-fatal sample is shown in Table 10. Alsc shown Is the distri=
bution of bicycle types for the combined (male and female) sample. Considering the com-
bined sample, It can be seen that most bicyclIsts were riding a |ightwelght bicycte at the
time the accident occurred and that a smaller, but significant, number were riding a
standard or middlewelght bicycle., About five percent of the bicyclists were riding a
highrise bicycle; less than two percent were riding another type of bicycle (child tri-
cycle or big wheel,? adult tricycle, foldlng or collapsible blcycle, tandem blcycie, or
custom design).

TABLE 10

TYPE OF BICYCLE RIDDEN BY MALE AND FEMALE BICYCLISTS
IN THE NON-FATAL SAMPLE

MALE FEMALE COMBINED

BICYCLE TYPE N 7 N % N %
LIGHTHEIGHT 186 51.0 BO 50.3 1 266 650.8
STANDARD/MIDDLEWEIGHT| 148 40.5 74 46.5 | 222 42.4
HIGHRISE 23 6.3 4 2.5 27 5.1

OTHER 8 2.2 1 .6 9 1.7
TOTAL 365 100 | 159 100 | 524 100

Zaccidents involving child tricycles and "big wheels," are clearly underrepresented In this
sample. Discussions with representatives of Dunlap and Associates (Biomberg, 1977) re-
vezled that accidents Tnvelving tricycles and blg wheels are usually reported as pedes-
trian accidents. For a large sample of pedestrian accidents that occurred in Los Angeles,
it was found that tricycle and big wheel accidents together accounted for about two per-
cent of all pedestrian accidents and five percent of all e¢hild pedestrian accidents.
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A comparison of the distributions of bicycle type for males and females shows that
nearly identical percentages of males and females (about 50%) were riding a lightwelght -
bicycle. A standard or middlewsight bicycle was ridden by a slightly larger percentage of
females (46.5%) than males (40.5%), whereas a siightly larger percentage of males than
females were riding a highrise or "other" type bicycle. Statistical tests revealed that
nore of the differences betwsen corresponding percentage values were statistically signif-
fcant (p <.05). Therefore, these data suggest that there are no important differences In
the types of bicycles ridden by male and female accident victims,

There have been few survey studies that attempted to assess the relative number of
bicycles of each type that are in use by the general blcycling population. Most surveys
that have addressed the Issue of bicycle type are limited to only one segment of the popu-
lation (school-age chlldren, college students, etc.) or are outdated. One recent study
has been located that surveyed the general population in Santa Clara County, California
(Diridon Research Corporation, 1973)., The distribution of blcycie types revealed by this
survey is shown in Table 11 along with the distribution of blcycle types for the study
sample. I+ can be seen that 1lghtweight bicycles are overrepresented In the acclident sam-

ple, and that all other bicycle types are
TABLE 11 underrepresented, Although no data are

DISTRIBUTION OF BICYCLE TYPES FOR THE available on the distribution of bicycle

STUDY SAMPLE (NOW-FATAL CASES) AND
A RECENT HOUSEHOLD SURVEY

accident sample was drawn, it Is unllkely

BICYCLE TYPE éﬂﬁg?% Hgﬂaﬁgekn that +he number of |ightwelght bicycles Iin
(N=524) | {N=3187) use within the sampling areas would be

greater than the lightweights in use within

types in use within the areas from which the

LIGHTWEIGHT 51% 32%
STANDARD/MIDDLEKEIGHT 42% 529 Santa Clara County, Callfornla, where the
HIGHRISE 59 122 adult ridership 1s very high. For this rea-
OTHER 29 4% son, the data shown in Tabte 11 suggest that

IDiridon Research Corporation. 1973 a disproportionate number of blcycle/motor-
* " vehicle accldents Involve |ightweight bicy-
cles. Although it is possible that accident
rate would be constant across bicycle types if exposure {(type, frequency, and amount of
riding) was held constant, I+ is also possible that accident rate is higher for lightweight

bicycies because the average speed ls far greater than for other types of bicycles.

Motor-Vehicle Type

The distributions of motor-vehicle type for the fatal and non-fatal samples are shown
in Table 12. The parenthetlcal values adjacent to the name of the vehicle type represent
the percentage of total vehlcle reglistrations for the associated vehicle type (National
Safety Counci!, 1976). For instance, 77.5% of all vehicles registered in the United States

are passenger cars, 18.4% are trucks, and so on.

As would be expected, most of the motor vehicles involved in bicycle/motor-vehicle
accidents are passenger cars. |t can be seen that about 80% of the fatal accidents and
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TABLE 12

TYPE OF MOTOR VEHICLE DRIVEN BY MOTORISTS
IN THE FATAL AND NON-FATAL SAMPLES

FATAL NON-FATAL
VEHICLE TYPE N % N 7
PASSENGER CAR (77.5%) 126 79.8 658 84.1
TRUCK {18.4%) 30 19.0 70 9.4
Pickup or Van 24 15.2 61 8.2
Other Truck 6 3.8 9 1,2
MOTORCYCLE (3.7%) 1 .6 18 2.4
BUS (.4%) 1 .6 1 .1
TOTAL 158 100 747 100

lparenthetical values show percentage of total vehicle registrations
for the associated vehicle type.

88% of the non-fatal accidents Involved a passenger car (a significantly larger percentage
of non-fatal than fatal accidents involved a passenger car [p <.01]). Comparisen of the
distribution for the study sample with the distribution of all registered motor vehicles
shows that passenger cars are on!y slightly overrepresented in the fatal sample but are
overrepresented In the non-fatal sample by more than ten percent. Although the reasons
for this overrepresentation of passenger cars In blcycie/motor-vehicle accidents is not
known for certain, the most probable reason is that passenger cars are more often driven
in the areas where bicycle density 1s greatest.

Table 12 shows that trucks are involved in a proportionately greater number of fatal
accidents (19%) than non-fatal accidents (2.4%). More than 80% of the trucks were pickups
or vans; the remainder were larger types of trucks. These data suggest that the Ilkellhood
of fatal injuries increases as a function of the size of the vehicle. For instance, divid-
ing the proportion of fatal cases by the proportion of non-fatal cases yields a ratio of
.9 for passenger cars, 1.9 for pickups and vans, and 3.2 for larger types of trucks. How-
ever, because of the small number of cases invoiving a truck, these data can only be con-
sidered suggestive.

Onty one fatallty resulted from a collision betwsen a blcycle and a motorcycle.
Motorcycles were Involved in a proportionately greater number of non-fatal accidents (2.4%).
Although motorcycles were involved In blcycle/motor-vehlcle accldents less often than
would be predicted from thelr numbers, it Is possible that the accident rate per mile
driven may be greater than for other types of motor vehicles,

The small number of bicycle/motor-vehicle accidents involving a bus was somewhat
surprising. Considering the width of a bus and the types of areas in whilch they travel,
it seems reasonable to expect a greater number of bicycle-bus accidents than was revealed
by the sample. This result Is probably a function of the skill of the bus drivers and a
recognition by blcyclists that buses constitute a serious threat.
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VEHICLE CONDITION

The blcyclists who were interviewed were asked to ldentify both the safety equipment
and the vehlcle defects for the blcycle They were riding at the time of the accident. To
minimize the effects of recalt, checklists of safety equipment and defects were provided.
The motorists who were Interviewed were asked to identify equipment defects for the motor
vehicle they were driving at the time the accldent occurred. A checklist was alsc used to
assess motor-vehicle defects.

Bicycle Safety Equipment

Blcyctists were asked to ldentify the safety equipment that was on the bicycle they
were rlding when the accident occurred and 4o Indicate whether or not the items they
checked were In good worklng order. The bars In Figure 5 indicate the proportion of
bicyctes Iin the non-fatal sample that were equlpped with the associated safety ltem. The
shaded portion of the bar indicates the proportion of cases In which the item was defective.

PERCENT BICYCLES EQUIPPED WITH ITEM (N=499)
SAFETY EQUIPMENT 10 20 30 40 50 60 70 &
] ) 1 1 |

HANDLEBAR GRIPS OR TAPE
REAR REFLECTOR

REFLECTORIZED PEDALS |
CHAIN GUARD
FRONT REFLECTOR ]
REAR SIDE REFLECTOR |
FORWARD SIDE REFLECTOR |
TAILLIGHT
REFLECTORIZED TAPE
HEADLIGHT

BASKET OR RACK
SAFETY FLAG

ITEM ON BICYCLE
i

REAR-VISION MIRROR —
ITEM
HORN OR BELL DEFRCTIVE

oo

REFLECTORIZED CLOTHING |

Figure 5. Safety equipment on the bicycies in the sample of non-fatal
accidents.

I+ can be seen that the vast majority of bicycies were not equipped with all the
safety Items that most experts consider essential for safe riding and, In some cases, that
are required by law. Only four of the safety-equlipment items were found on the majority
of bicycles: handlebar grips or tape (83%), rear reflector (763), reflectorized pedals
(68%), and chalin guard (62%). Although a front reflector and a forward and rear side re-
flector are requlred by law, it can be seen that only about 47% of the blcycles were




equipped with a front reflector and about 38% were equipped with a forward and rear side
reflector. Twenty percent or fewer of the bicycles were equipped with the remaining
safety items. It Is interesting to note that although about 20% of the bicycles were
equipped with a taillight and headlight, about five percent of all #aillights and head-
lights were defective or otherwlse inoperable at the time the accident occurred. |t is
also of interest to note that only seven percent of the bicycles were equipped with a
safety flag and that less than five percent were equipped with a rear-vision mirror (this

percentage includes head-mounted rear-vision mirrors}.

I+ might be argued that although many bicycles are not equipped with the necessary
lighting equipment, such 1ll-equipped bicycles are not often ridden at night. For this
reason, the availabllity of lighting equlpment was tabulated separately for daytime and
nighttime accidents. This tabulation is shown in Table 13. It can be seen that the pro-
portion of bicycles equipped wlth the various lighting equipment was similar for the day-
time and nighttime accidents. The proportions differed significantly only for reflector-
ized clothing where it was found that a skgnlficantly larger percentage of bicyclists
Involved in nighttime accidents were wearing reflectorized clothing (p <.05). However,
the absolute number of blcyclists who were wearing reflectorized clothing at the time of
the accident was so small that this difference has {1ttle practical significance.

These data would be most meaningful

TABLE 13 if it were possible to compare the safety
LIGPJISIC\;Y%IQ#EITIESTN?gHTI?'I!ICr-}'ECLEgCIIggh?'II:gED equipment on bicycles in the accident sam-
{NON-FATAL ACCIDENT SAMPLE) ple with the safety equipment on the gen-

PERCENT BICYCLES eral population of bicycles in the sampling
EQUIPPED WITH ITEM areas, Unfortunately, no data have been
DAYTIME |NIGHTTIME located that enable one to estimate the

LIGHTING EQUIPMENT ACCIDENTS|ACCIDENTS percentage of bicyctes In the general popu-
{N=477) (N=52)

latlon that are equipped with the safety

REAR REFLECTOR 72.7% 67.3% items investigated in this study. However,
REFLECTORIZED PEDALS 73.1% 63.3% based upon casual observations, it is
FRONT REFLECTCOR 44 .4% 40.4% believed that bicycles in the accident
REARWARD SIDE RELFECTOR| 36.7% 38.5% sample would not differ significantly from
FORWARD SIDE RELFECTOR 35.4% 40.4% those in the general population.

TAILLIGHT 19.7% 21.1% As 1s discussed in more detail later,
REFLECTORIZED TAPE 19.1% 15.4% iighting equipment and devices to increase
HEADLIGHT (OPERATIONAL)| 19.1% 13.5% the daytime conspicuity of the bicycle
REFLECTORIZED CLOTHING 2% 1.9%

(safety flags, for example} are clearly

the most crucial items of safety equipment.
Other items are either present on most bicycles or, If absent, seldom contribute to

bicycle/motor-vehicle accidents.

35



Bicycle-Equipment Defects

During the interviews, the bicyclists were first asked to indicate on the checklist
the squipment that was defective at the time of the accident, and then were asked to indi-
cate whether the defect contributed to the accident in any way. The bars in Figure 6
Indicate the proportion of bicyclists who reported the presence of the associated defect.
The shaded portion of the bar indicates the proportlon of cases in which the defect was
present and Judged contributory by the bicyclist.

BICYCLE DEFECTS

BRAKES WORN/BROKEN

SPOKES LOOSE/BROKEN

REAR REFLECTOR BROKEN/SOILED
HEADLIGHT INOPERABLE
TAILLIGHT INOPERABLE
HANDGRIPS LOOSE

CHAIN OUT OF ADJUSTMENT

RIMS BENT

CHAIN GUARD LOQSE/BROKEN
PEDALS BENT/BROKEN

TIRES WORN

TIRES LOW ON AIR

FRONT FORKS BENT/SPRUNG
HANDLEBARS LOOSE DEFECTS

]

]
WHEEL BEARINGS WORN REPORTED
FRAME BENT '

1

GEARS STICKING

CRANK BENT/WORN
SPROCKET WORN/BROXEMN
SEAT LOOSE/BROKEN

DEFECTS JUDGED
CONTRIBUTORY

Figure 6. Bicycle defects reported and defects judged contributory by
bicyclists in the non-fatal accident sample.

Although a significant proportion of the bicycles were defective, few of the defects
werg judged contributory by the operator. The one exception to this observation 1s defec-
tive brakes, Nearly 11% of the blcyclists reported that their brakes were defective at
the time of the accldent, and over half of them Indlcated that thelr defective brakes con-
trlbuted to the acclident. The researchers' assessment of the contributlon of bilcycle
defects did not always correspond with the judgment of the bicyclists., In a significant
number of cases, it was found that the accident was Imminent by the time the bicyclist
first attempted to brake; so the defective brakes were judged non-contributory, even
though the blcyclists believed that the brake defect did, in fact, contribute to the
accldent.
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The main implication of these findings is that programs to eliminate bicycle defects,
wilth the possible exception of defective brakes, cannot be expected to make a significant
impact on the number of bicycle/motor-vehicle accidents that occur. This conclusion is
supported by the findings of a study by +he Virginia Department of Highways (1974) in
which a bicycle defect was found to be a contributory factor in less than three percent of
all blcycle/motor=vehicle accidents.

Motor-Vehicle Condition

It was found that nearly all motor vehicles 1n the sample were properly equipped and
free of defects when the accident occurred. This finding corresponds closely with the
findings of other studies which Indicate that less than one percent of all bicycle/motor-
vehlicle accidents lnvoive a defective motor vehlcle {see Walier and Relnfurt, 1969;
Washington State Patrol, 1973).

CHARACTERISTICS OF ACCIDENT TRIP
TRIP PURPOSE

About 80% of the bicyclists and 96% of the motorists were on a utilftarian trip to a
specific destination when the accident occurred. Approximately equal numbers of bicyclists
were traveling for the followlng purposes: shopping or errands (22%), commuting to a place
ot recreation (21%), vislting friends {19%), and commuting to school or work (19%),
Although only 18% of the accidents occurred while the bicyclist was on a recreational trip
with no destination, household surveys have revealed that between 50% and 60% of all bicy=-
cle trips are of this type.

The most common trip purposes for motorists include: shopping or errands (41%),
commuting to scheol or work (29%), visiting friends (14%), and commuting to a place of
recreation (13%),

TRIP LENGTH

Most operators were on a relatively short trip when the accident occurred. The
median one-way trip length was 1.1 miles for bicyclists and 5.8 miles for moforists. Less
than five percent of the bicyclists were on a trip exceeding a one-way length of 3.4 miles;
less than five percent of the motorlsts were on a trip that exceeded about 30 miles, one
way.

DAY OF WEEK

The accidents in the study sample did not exhibit the weekend rise that is typical
for other types of traffic accidents. In fact, the frequency of non-fatal accidents was
less on Saturday and Sunday than on any day of the week. For all practical purposes,
there is no day of the week that is clearly more or less important than any other day.

37



TIME OF DAY

Figure 7 shows the distributions of fatal and non-fatal accidents in the study sample
by time of day. Also shown (solid circles) is the distribution of all motor-vehicle acci-
dents by time of day {Nationa! Safety Council, 1976). It can be seen that the distribution
of bicycle/motor-vehicle accidents is similar but somewhat more pronounced than the dis-
tribution of all motor-vehicle accidents. That Is, there is a minor peak during the
morning rush hours between 7:00 and 9:00 AM and a major peak during the evening rush hours
between 3:00 and 7:00 PM.

PERCENT
TIME OF DAY 5 10 15

[ S R T N NN T N MRS JN M TN A M |
1:00- 1:59 AM} » »
2:00- 2:59 S .
3:00- 3:59 . — NON-FATAL {N=753)
4:00- 4:59 e meee- FATAL (N=166)
9:00- 5:59 . ® ALL MOTOR-VEHICLE
6:00- 6:59 r ACCIDENTS
7:00- 7:59
8:00- 8:59 <

9:00- 9:59
10:00-10:59
11:00-11:59
12:00-12:59 PM

1:00- 1:59

2:00- 2:59

3:00- 3:59

4:00- 4:59

5:00- 5:59

6:00- 6:59

7:00- 7:59

8:00- B:59

9:00- 9:59
10:00-10:59
11:D0-11:59
12:00-12:59 AM e ias

Figure 7. Distributions of fatal and non-fatal accidents
by time of day.

The distributions of fatal and non-fatal accidents differ In two Important respects.
First, a relatively smaller proportlon of fatal than non-fatal accidents occur durlng the
evening rush hours. While the absolute number of fatal accldents ls greatest during these
hours, the likellhocd of a fatal accldent apparently does not Increase as a simple func-
tlon of exposure. Secondly, the relative proportion of fatal accldents occurring after
B:00 PM Is almost surely due to darkness. As wil! be shown later, the types of accidents
that occur durlng darkness are more tikely to result In fatal Injuries to the bicycllst.

Nearly identical distrlbutions of accldents as a function of time of day are reported
by Waller and Reinfurt (196%), Walsh and Watt (1974), and the Washington State Patrol
(1973). Ali three of these studies show a secondary peak during the morning rush hours
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and a majJor peak during the evening rush hours. Furthermore, the reported percentage
values are nearty ldentical to one another and to the percentage values for the non-fatal

accldents presented In thls study.

LIGHTING CONDITIONS

About 179 of all accident trips were made during darkness. However, It was found
that a signlflcantly greater proportion of fatal (303) than non-fatal (10%) accidents
occurred during darkness. These findIngs provide strong support for the contention that
the |lkellhood of sustaining fatal Injuries from a blcycle/motor-vehicle accident Is sig-
niflcantly greater when the acclident occurs at night.

In addition to a greater llkellhood of fatal Injuries at nlght, It Is probable that
accident rate Is also far higher at night. Although no data have been located that pro-
vide an accurate estimate of the amount of all blcycle riding that is done during darkness,
casual observation and dlscusslons with a large number of bicyclists indicate that night
riding accounts for no more tham three or four percent of most bicycilsts' total riding
time.

WEATHER CONDITIONS

Most of the accident trips were made during conditlons of fair weather. A small,
but signiflcant, number of acclidents occurred when raln was falllng (three percent of the
non-fatal cases and six percent of the fatal cases). Only a fraction of one percent of
the cases occurred when 1t was snowing, during a period of heavy fog, or in an area wlth

blowing sand or dust,

CHARACTERISTICS OF ACCIDENT LOCATION
URBAN VERSUS RURAL ACCIDENTS ’

Law enforcement agencles most commonly differentiate urban and rural areas in terms
of sither the Incorporation status of the area or the number of inhabltants who reside
within a bullt=-up area. As a consequence, many accidents that are offlcially designated
as rural occur in densely populated residential communities located In the unincorporated
fringe of a large population center. Similarly, some accldents officially deslgnated as

urban occur in areas that are truly rural in character.

To avoid the ambiguity associated with the official designation, the accidents were
classlfled as urban or rural based upon Information obtained from the on-site Tnspectlons.
Accldents usually were classiflied as rural [f they occurred In an area where {a) the
posted speed |Imlt was 45 MPH or more, (b) there were no curbs or sidewalks adjacent to
the roadway, (c) street lights were not present at the intersections, and (d) at least 50%
of the area withln one=half mlle radius of the accident site was open. Cases that did not

meet all four of these classiflcatlon criterla were classified as urban.

A comparison of the officlal designations and the deslgnations based upon the on-site
Inspections revealed the following:

39



® 90.9% of the fatal accidents in incorporated areas are correctly classified as
urban,

m 67.2% of the fatal accidents in unincorporated areas are correctiy ciassified as
rural.

® 96.2% of the non-fatal accidents in incorporated areas are correctly classified as
urban.

® 41.4% of the non-fatal accidents in unincorporated areas are correctly classified
as rural.

Accordlng to the National Safety Council (1976), (a) 60% of the fatal accidents occur in
Incorporated areas, and 40% occur in unincorporated areas; (b) 80% of the non-fatal acci-
dents occur In incorporated areas, and 20% occur in unincorporated areas, These data are
based upon police reports, so are subject to the biases discussed above. Therefore, the
above estimates of the magnitude of this bias were used to adjust the Mational Safety
Council's estimates of the distribution of incorporated and unincorporated accidents. The
adJusted estimates are shown below:

FATAL NON-FATAL

URBAN 68% 89%
RURAL 32% 11%
These data leave no doubt that the likelihood of sustaining fatal injuries is greater
for accidents that occur in rural areas. It is also probable that acclident rate 1s higher
in rural areas, but it will be necessary to obtaln data on the relative amount of riding

that is dome In urban and rural areas in crder to assess the differences In accident rate.

PROXIMITY TO OPERATOR'S RESIDENCE

Most accldents occurred In close proximity to the operator's residence. The median
distance between the accident site and the operator's residence was .6 miles for blcyclists
and 2.6 miles for motorists. These findings, along with the finding that most operators
had driven through the accident site many times before the accident occurred, enable one
to confidently conclude that lack of familiarity with the accident site is seldom a factor
In bicycle/motor-vehicle acclidents.

POSTED SPEED LINMIT

The majority of accidents occurred on roadways with a posted speed |Imit of 30 MPH
or less. However, the |lkelihood of fatal accidents was found to be positively correlated
with the posted speed limit for the roadway on which the accident occurred. The distribu-
tion for non-fatal accidents showed that over 80% of the non-fatal accidents occurred on
roadways with a posted speed |imit of 35 MPH or less. In contrast, more than half of al)
fatal accidents occurred on roadways with a speed |Imit greater than 35 MPH; less than one-
third of the fatal accldents occurred on roadways with a posted speed limit of 25 MPH or

less,
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LATERAL AND VERTICAL CURVATURE OF ROADWAY

It was found that one or both operators' pre-crash path was on a taterally curved

roadway in only 3.6% of the cases. About seven percent of the motorists and ten percent

of the bicyclists were traveling on a measurable hill at the Time of the crash or shortly
before. For motorists, egual numbers were traveling uphill and downhill. Howaver, a
significantiy larger proporticn of the bicyclists were traveling downhill than uphill.

This finding undoubtedly Is due to the higher speeds bicyclists travel when riding down-
hill, and indicates that, on the average, accldent risk is greater when traveling downhill.
Riding downhill at an excessive speed was judged contributory in about six percent of the

cases.

ROADWAY-SURFACE DEFECTS

About 12% of the accidents occurred on a roadway with one or more signlficant de-
fects. However, roadway-surface defects were found to be qonfribuTory In less than three

percent of the cases.
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SECTION V
BICYCLE/MOTOR-VEHICLE ACCIDENTS:
PROBLEM TYPES AND EDUCATIONAL COUNTERMEASURES

Bicycle/motor-vehicle accidents exhibit great diversity in the situations In which
they occur and the reasons for which they occur. When every case is viewed as a unique
event, the universe of bicycie/motor-vehicle accidents presents an overwheimingly complex
picture to even the most capable researcher. The nature of the problem, and therefore
approaches to reducing the problem, simply cannot be comprehended without structuring the
universe of accidents in some meaningful way. The traditional approach to structuring
information about accidents is to examine the distribution of data one or two variables at
a time. The descriptive data presented in Section IV typlfies the traditional analytic
approach, This approach Is useful and necessary, but descriptive data seldom provide the

type of structure that stimulates innovative ldeas about accident countermeasures.

Another approach to structuring a complex universe of objects or events Is to develop
a ctassificatlon scheme that enabies one to subdivide the universe of cases into mutually
exclusive "sets" by grouping together objects or events that exhibit commonality in one or
more of their attributes. Classlfication schemes have beean developed and used since the
days of the early Greeks (Crowson, 1969), and much of the progress In the physical and
biological sciences can be attributed to this too! for sclentlfic lnquiry (Sokal, 1974).
More recently, classification schemes have been developed and successfully used In the
study of pedestrian accidents (Snyder & Knoblauch, 1971) and alcohoi-related motor-vehicle
accldents (Perchonok, 1975).

This sectlon describes the results of a classification of blcycle/motor-vehicle
accidents., To convey the full range of similaritles and differences among accldent cases,
a hierarchical classification system was developed that consisted of problem classes,
types, and subtypes, Problem classes reflect commonallity at the most general level. Prob-
lem types represent variations of acclidents within the same class, and subtypes represent
variaticns of accidents within the same type, Problem types generally provide the most
useful definition of a problem for which specific countermeasures can be tallored; but for
some kinds of countermeasures, problem classes or problem subtypes may constitute a more
meaningful problem definition,

ORGANIZATION AND CONTENT

For ease of exposition, preblem types within the same class are discussed together
in a separate subsection. Each subsection begins with a brief description of the distin-
guishing characteristics of the problem class and the similarities and differences among
the probtem types within that class. Then, each problem type and subtype in the class Is

described in turn.
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The descriptions of Problem Types 1 through 25 are accompanied by perspective draw-
Ings that illustrate the trafflic contexts In which the accidents occur and the proximal
pre-crash paths of both vehlcles. Some drawings Illustrate two or more subtypes of the
same probtem type. The Illustratlion of subtypes Is accomplished by showing a separate set
of vehlcles (a blcycle and a motor vehicle) for each subtype. Each [llustraticn shows the
percentage of fatal and the percentage of non-fatal accidents accounted for by the problem
type that Is 1llustrated. When two or more subtypes are 1llustrated, percentage values
are shown In close proximity to each vehicle set. These values show the percentage of
cases within the problem type that |s accounted for by each subtype; the combined percent-
age values for the subtypes shown on each illustration total 100%. Although the illustra-
tlons provide a useful aid In understanding how accldents of a glven type occur, the
reader |s cautioned against using the illustrations to draw inferences about the charac-

teristlcs of the roadway(s), the presence or absence of visual obstructions, the exact
impact points, the exact collision polnts, and so on. The problem-type descriptions for
each class are followed by a dlscusslion of the educationa! countermeasures that appear to

have potential for reducing the Incldence of one or more problem types within that class.

CLASS A PROBLEM TYPES: BICYCLE RIDEOUT--DRIVEWAY, ALLEY, AND OTHER MID-BLOCK

Table 14 |Ists the generic titles of the four Class A problem types and shows the
proportions of cases In the fatal and non-fatal samples that were classified Into each
problem type. The proportion of cases in the total class Is shown at the bottom of the
table.

TABLE 14
PROBLEM CLASS A--BICYCLE RIDEQUT: DRIVEWAY, ALLEY, AND OTHER MID-BLOCK
' FATAL [NON-FATAL
(N=166) | (N=753)
TYPE V BICYCLE RIDEQUT: RESIDENTIAL DRIVEWAY/ALLEY, 6.7% 5.7%
PRE-CRASH PATH PERPENDICULAR TO ROADWAY
TYPE 2 BICYCLE RIDEOUT: COMMERCIAL DRIVEMWAY/ALLEY, 2.4% 3.2z
PRE-CRASH PATH PERPENDICULAR TO ROADWAY
TYPE 3  BICYCLE RIDEOUT: DRIVEWAY/ALLEY APRON, 2.4% 2.5%
PRE-CRASH PATH PARALLEL TO ROADWAY
TYPE 4 BICYCLE RIDEQUT: ENTRY OVER SHOULDER/CURB 3.6% 2.5%
TOTAL CLASS (N: FATAL = 25; NON-FATAL = 105} 15.1% 13.9%

All Class A accldents occurred at a mid-block location shortly after the bicyc!ist
entared the roadway from a drlveway, aliey, or over a curb or shoulder. |In almost every
case, the bicyclist entered the roadway without slowing, stopplng, or searching for on-
coming traffic. Because of the blcyclist's suboptimal pre-crash course (path and/or
speed), the motorist had Insufficient time to avoid the accident once the bicyclist became
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visible and the bicyclist's intended path became apparent to the motorist. The function
failures and contributing factors are similar for the four Class A problem types. The main
differences among the problem types are the type of location at which the bicyclist entered
the roadway, the factors that served to limit the operator's preview time,® and the bicy-

clist target group.

PROBLEM-TYPE DESCRIPTIONS
Problem Type 1 (6.7% Fatal; 5.7% Non-Fatal)

Figure 8 Tllustrates the traffic context and crltical actions for Problem Type 1.
Accidents of this type occur when the bicyclist rides straight out of a residentlial drive-
way or alley and collldes with a motor vehicle approaching from the left or right. Figure
B shows that 72 of the collisions occurred Inm the first half of the roadway (the half

nearest the point at which the bleyclist entered the roadway); the remaining 28% occurred
In the second half of the roadway.

FATAL=5.7% S . /
N

ON-FATAL=5.7%

1T

Figure 8. Illustration of Problem Type 1, Bicyele Rideout: Restidential
Driveway/Alley, Pre-Crash Path Perpendicular to Roadway.

Problem Type 1 includes only the bicycle rideout accidents that occurred at the Junc-
tion of a roadway and a residential driveway (48%), a residential alley (33%), or a drive-
way serving a rural residence (19%). Seventy-nine percent of the cases occurred on a two-
lane* urban street with light traffic and a posted speed |Imit of 25 MPH or less; 19%

cccurred on a two-lane rural roadway, and two percent occurred on an urban street with more

*The term "preview time" Is used here to refar to the time available between the point at
which the operator flrst observed the other vehicle and the point at which the collision
occurred.

%Unless stated otherwise, all the roadways referred to throughout this sectlon are two-way
roadways.
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than two lanes. Acclidents of this type occurred almost exclusively during daytime hours,
and the frequency of occurrence was greatest in the afterncon; 95% of the cases occurred
during the daytime and B4% occurred between 2:00 PM and 7:00 PM,

A visual obstruction was a contributing factor In 63% of the accidents; parked motor
vehlclies and vegetation were the most common ftypes of obstructing oblects. When the opera-
tors' views were not obstructed, the accldent was usually the result of one or both opera-
tor's failure to search in the direction of the other vehicie until an accident was immi-
nent. In about nine percent of the cases, the motorist observed the bicyclist early
enough 1o have avolded the accident but proceeded wlth the assumption that the bicyclist
would slow or stop before entering the roadway.

The motorist’s failure to search in the bicyclist's direction was usually due fo his
expectation that all fraffic entering the roadway from intersecting driveways and alleys
would yisld the right of way. In short, the motorist did not search In the bicyclist's
direction because he saw no necesslty to do so in that traffic context. The factors that
contributed fo the blcyclist's failure to search are more numerous and complex. The most
common contrlbuting factors revealed by the Interviews include:

Distracted by riding companion or pedestrian (26%),

Distracted by play activity (19%),

Distracted by factors other than play or interaction with another person (16%),
Assumed area would be vold of traffic (19%), and

Assumed riding companion would search (13%).

Accidents of this type nearly always occurred close to the bicyclist's home; many
occurred as the bicycllst was exlting the driveway serving his own residence. Consequently,
most bicyclists were thoroughly famillar with the physical and operational characteristics
of the accident location. Mainly because of his familiarlty with the area, the bicycllst
did not consider elther the environment or his actions o be partlicularly hazardous.
Therefore, risk assessment rather than rlsk'acceptance must be considered an important
tactor for Problem Type 1, Although the bicyclists! actlions would be perceived as risk-
taking behavior by adults, [t would be misleading to suggest that the bicyclists who were
Involved In this type of accident were any more willing to engage in risk-taking activities
than the general population of bicyclists In the same age group.

Problem Type 1 involved bicyclists who were younger than those Involved In any other
problem type. The median age of the bicyclists was 9.8 years, and about flve percent were
five years of age or younger. Fewer than five percent of the blcyclists were 16 years of

age or older.

Problem Type 2 (2.4% Fatal; 3.2% Non-Fatal)

As is shown in Figure 9, Problem Type 2 occurred in much the same way as Problem
Type 1. The dlstinguishing characteristic of Problem Type 2 is that all the collisions
occurred at the junction of a roadway and a commercigl driveway (75%) or alley (25%). That
Is, the bicyclist rode straight out of a commercial driveway or alley Into the approaching

motor vehicle's path.
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FATAL=2.4%

NON-FATAL=3.2% 63%

Figure 9. ITlustration of Problem Type 2, Bicycle Rideout: Commercial
Driveway/Alley, Pre-Crash Path Perpendicular to Roadway.

{NOTE: The building was drawn in the above illustration to indicate that
this type of accident occurs at the junction of a commercial rather than
a residential driveway/alley. Although a building sometimes obstructed
the operator's view in accidents of this type, buildings were not the
most frequent type of obstructing object.)

The accldents occurred with about equal frequency on two-lane urban streets (54%)
and urban streets with more than two lanes (42%). But, in either case, the roadway was
usua]ly carrying moderate to heavy traffic at the time the accident occurred. Accidents
of this type nearly always occurred during the daytime (96%) and the frequency was clearly
greatest between 2:00 PM and 5:00 PM (58,4%).

v

In 39% of the cases, the motorist's preview time was critically limited by a visual
obstruction. Parked motor vehicles, fences, and walls were the most common types of visual
obstructions. The remalning 61% of the cases occurred even though the visibility condl-
tions were good and the operators had a clear view of the other vehicle long before the
collision occurred, About elght percent of the motorists observed the bicyclist in Time
to have avolided the accident but incorrectly assumed that the bicyclist woutd stop or turn
at the junction. In about 42% of the cases, however, the motorist failed to search in the
direction of the clearly visible bicycllist because he assumed that all traffic entering

the roadway from intersecting driveways would yield to him.

The bicycllist's suboptimal course and his failure to search were the result of a wide
range of different factors. The most common are |isted below.

®m Distracted by play activity (23%),

® Distracted by riding companion (23%),

® Competing neads-—-need to catch up with riding companion (15%), and

® Competing needs--need for excitement generated by high speed (15%).

There were few cases in which the presence of informatlon overload could clearly

be established from the interview data. That s, few bicyclists believed that their
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information processing capacity was severely taxed by the information processing require-
ments that existed at the time of the accident. Even so, it Is believed that a substantial
portion of the bicyclists were heavily loaded (if not overloaded) by the task of entering
a heavily trafficked, multiple-lane roadway, and that information overload or attentional

conflict often contributed to the bicyclist's search failure.

Although the bicyctists involved in Type 2 accidents were usually juveniles, there
was a substantial number who were in their late teens or older. The median age of the
blcyclists for this problem type was 13.8 years; five percent of the blcyctists were seven

years of age or younger and five percent were 25 years of age or older.

Problem Type 3 (2.4% Fatal; 2.5% Non-Fatal}

Problem Type 3 is simllar in many respects to Problem Types 1 and Z, As is illus-
trated In Figure 10, the distinguishing characteristic of Problem Type 3 is that the bicy-
clist entered the roadway from a parallel aidewalk by way of a driveway apron. About
three-fourths of the collisions occurred in the near |ane(s) and one-fourth occurred in
the far lane(s}. Problem Type 3 includes accident cases that occurred at elther a resi-
dential or a commercial drlveway, but most accidents (89%) occurred at a resldential drive-
way. (In this respect, Problem Type 3 is most simllar to Problem Type 1.) Eighty-four
percent of the collisions occurred on a two-lane residential street; the remaining 16%
occurred on a roadway with more than two lanes. Eighty-nine percent of the accidents
occurred during the daytime; 63% occurred between 2:00 PM and 7:00 PM.

I\

FATAL=2.4% ! /

NON-FATAL=2.5%

]

Figure 10. TIilustration of Problem Type 3, Bicyecle Rideout: Drivevay/
Alley, Pre-Crash Path Parallel to Roadway.

Like the previous two problem types, there.were many cases (47%) In which the bicy-
clist's pre-crash course combined with vlsual obstructions to !imit the motorist's preview
time +o such an extent that there was no chance to avoid the accident once the bicyclist

emerged from behind the obstructing object. In 22% of the cases, however, the motorist



observed the bicyclist early enough to have avoided the accident, but Incorrect!|y assumed
that the bicyclist would continue riding on the sidewalk. In 17% of the cases, the bicy-
clist was visible, but the motorist failed to search in his direction because he assumed

that all Intersecting traffic would yield to him.

Even when visual obstructlons were present, there were many instances in which the
bicyclist could have observed the motor vehicle early enough to have avoided the accident.
Thus, search failures accounted for 72% of the bicyclist's precipitating function failures.
Most of the bicyclists'! search fajlures were due to the presence of some type of distractor.
The most frequent distractors were interacting with another person (36%), play activity
(27%), and non-traffic-related mental activity (18%). |In 18% of the cases, the bicyclist
falled fo search because he incorrect|y assumed that a riding companion would search for

hazards and select a safe course through the accident area.

The blecyclists who were involved In Type 3 accidents were slightly older than those
involved in Type 1 accldents but were younger than those involved in Type 2 accidents,
For Problem Type 3, the median age of the bicyclists was 11.5 years; about five percent of
the bicyclists were five years of age or younger and about five percent were 16 years of

age or older.

Problem Type 4 (3.6% Fatal; 2.5% Non-Fata])

All Type 4 accldents occurred shortly after a bicyclist entered the roadway over a
curb (74%) or shoulder {26%) at a mid-bjock location. Thirty-seven percent of the bicy-
cllsts stopped or slowed before entering the roadway; the remaining bicycllists made no
attempt to slow their speed. As Is shown In Flgure 11, the blcyctist's pre-crash path was
sometimes parallel to the roadway (42%) and sometimes perpendicular to it (58%). This
type of accident most often occurred on a two-lane urban street (74%), but occasional ly
occurred on an urban street with more than two lanes (10%) or on a rural roadway (16%}.
Ninety-five percent of the accidents occurred during the daytime; 68% occurred between
3:00 PM and 6:00 PM,

The motorist's preview time was critically |imited by visual obstructions in 41% of
the cases; a parked motor vehlcle was the most common type of visual obstructlon. In 32%
of the cases, the motorist observed the bicyclist well In advance and could easily have
avoided the accident had he known that the bicyclist would enter the roadway. In the
remaining 21% of the cases, the motorist falled to search In the bicyciistt!s direction and
therefore failed to observe the bicyclist (clearty visible) until it was too late to avoid
the accident.

The obJects that obstructed the motorist's view also obstructed the blcyclist's view
in many instances {26%), but in the majority of cases, the blcyclist made no attempt to
search In the motorist's direction before entering the roadway {53%}. Of the factors that
were found to contrlbute Yo the bicycllists! function failures, 67% were found to be dis-
tractions of one type of another. A wide range of distractors were revealed by the data,
but there was no single type of distractor that was clearly more important than any other.
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FATAL=3.6%

NON-FATAL=25% 7

Figure 11. Illustration of Problem Type 4, Bicycle Rideout: Entry Over
Shoulder/Curb.

Surprlsiﬁgly. there were few bicyclists who reported that they were distracted by the act
of riding over the curb or shoulder. It seems almost certain that most bleyclists! atten-
tion would be focused on the curb/shouider they are preparing to ride over; the cloeer the
bicyclist's position to the curb/shoulder, the more his scan would be directed downward.
Thus, although not directly supported by the data, 11 seems reasonable to assume that the
bicyclist's failure to search was often due, in part, to the distractions inherent in the
act of riding over a curb or shoulder.

EDUCATIONAL COUNTERMEASURES FOR CLASS A PROBLEM TYPES

It seems clear that the education and training of motorists and bicycllists would
prove effective In reducing the incidence of all four problem types within Class A. How-
ever, 11 Is also possible that educating and training could prove effective for the parents
of juvenile bicyclists, law enforcement officers, and bicycle-design engineers. The obJec-
tTives of an education and training program for each of these groups is dlscussed briefly
below.

Bicyclists

If education and training of bicyclists is to be effective in reducing Class A accl-
dents, It must be administered at a very early age--preferably In kindergarten and certaln-
ly not later than the fourth grade. For Instance, conslder the age of the blcyclist for
Problem Type 1. The data show that more than five percent of the Type 1 accldents involved
bicyclists who were flve years of age or younger, and 25% of the cases Involved blcyclists
who were younger than elght years of age. The age of the 5th and 25th centile bicyclist
for the other three Class A problem types Is only one or two years older than for Problem
Type 1. Clearty, the requirement Yo Impart, to very young chlidren, the knowledge and
skills necessary to avoid Class A accldents represents a formidable task.
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There were very few iInstances In which a bicyclIst rode Into a motor vehlcle's path
because he mlsjudged the motor vehicle's approach veloclty. Therefore, it seems reasonable
to assume that most Class A accidents would be avoided if the bicyclist could be taught to
stop at the edge of the roadway and search carefully for oncoming motor vehicles. In fact,
substantial gains would probably be achieved 1f the bicyclist could merety be induced to
stop at the Jjunctlon or slow hls speed considerably, thereby giving the motorist sufficient
time to observe the bicyclist and Initlate evasive action., To counter Class A accidents,
an ideal educational program for young bicyclists would accomplish at least the following:

B Modify bicyclists' assessment of the risk associated with entering any roadway at
any mld-block location.

® Teach the bicyclist to search for and recognize all types of visual obstructions
and the exact behavioral sequence to follow when obstructing objects are present.

® Teach the bicyclist the Importance of momentary distractions and how to cope with
them.

®m Teach the bicyc!lst the proper behavioral sequence when entering the roadway when
visual obstructions are not present.

®m Teach the bicyc!ist about the typical scan patterns of motorists in this traffic
context.

® Teach the bicyc!Ist to recognize his own lack of conspiculty even when clearly
visibie fo an approaching motorist,

Motorists

This study revealed no indication that the motorists who were involved in Class A
accidents were atypical in their skills or their concern for safety. Even so, 1t is pos-
sible that some accidents of this type could be avoided if the general motoring public was
informed of the frequency with which Class A accidents occur, where they occur, and the
reasons for which they occur. The main objectives of an education and training program
for the general motoring public would be to;

B Modify motorists' search patterns in a manner that would increase the likelihood
of detecting bicyclists who are riding on the sidewalk or in intersecting drive-
ways.

w Modify motorists' expectations about bicyclists emerging from behind visual ob-
structions suddenly and without warning.

® |nduce motorists to modify their speed and path through high-hazard areas.

Bicyclists' Parents

The education of parents of bicyclists in the target Qroup could result in parents
assuming more responsibility for the bicyclists' tralning and, more Importantly, a greater
degree of parental control of where and how young blcyclists are permitted to ride. Casual
observation indicates that most parents generally recognize that riding a bicycle may be
dangerous for very young children, but few parents appear to have a clear understanding of
the types of locations where bicycle/motor-vehicle accidents occur or the types of bicy-
clist actions that most often lead to such accidents. 1t is altogether possible that mis-
Informed parents may be giving their children instructions that are counterproductive.

For instance, the instruction to "ride close to home" may cause the blcyclist to ride in

an area that is less safe than available alternative areas.
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The main cbjective of a parent-education program is to inform parents of the fre-
guency with which Class A accidents occur, how they occur, and why they occur. |If parents
are to be effective in educating their children, they must have a clear understanding of
the function failures and contributing factors that lead to an accident. It is particufar-
ly important that parents understand that quiet neighborhood streets and thorough faml|iar-
Ity with the area do not ensure the bicyclist's safety.

Law Enforcement Officers

Educating patrol offlcers about the importance of Ciass A accidents and the reasons
for which they occur could prove useful in curtalling the behavior that leads to these
types of accldents. That is, an understanding that many bicycle/motor-vehicle accidents
occur as the bleyclist enters the roadway would increase the |ikelihcod that an officer
would abserve and Issue cltations to blicyclists who enter the roadway In an unsafe manner.
However, an education and tralning program for law enforcement officers must be preceded

by the passage of ordlnances that make unsafe entry into the roadway unlawful.

Bicycle Designers

A first step In the development of methods to Increase the vertical dimension and
conspleuity of blcycles would be to educate bicycle-design englineers about the need for
such devices. Thus, persons who are involved dlirectly or indirectiy with bicycle design
should be educated on the importance of Class A accidents and the nature of the accident-

generation process for these types of accldents.

CLASS B PRDBLEM TYPES: BICYCLE RIDEQUT--CONTROLLED INTERSECTION

Table 15 lists the problem types within Class B and shows the relatlve frequency with
which they occurred. The distingulshing characteristic of all Class B problem types is
that the blicycilst entered a controlled intersectlon In an unsafe and usually unlawful
manner. In all Class B accldents, the motorist and bicyclist were traveling on orthogonal

legs of the [ntersectlcn.

TABLE 15
PROBLEM CLASS B--BICYCLE RIDEOUT: CONTROLLED INTERSECTION

FATAL |NON-FATAL
(N=166) | (N=753)
TYPE 5 BICYCLE RIDEQUT: INTERSECTION CONTROLLED 7.8% 10.2%
BY SIGN
TYPE 6 BICYCLE RIDEQUT: INTERSECTION CONTROLLED .6% 3.1%
BY SIGNAL, SIGNAL PHASE CHANGE
TYPE 7 BICYCLE RIDEQUT: INTERSECTION CONTROLLED 2.4% 2.0%
BY SIGNAL, MULTIPLE THREAT
OTHER BICYCLE RIDEQUT: INTERSECTION CONTROLLED 1.2% 1.7%
CLASS B BY SIGNAL, OTHER
TOTAL CLASS (N: FATAL = 20; NON-FATAL = 128) 12.0% 17.0%
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PROBLEM-TYPE DESCRIPTIONS
Problem Type 5 {7.8% Fatal; 10.2% Non-Fatal)

Problem Type 5 includes "bicycle ridecut" accidents that occurred at a slgned inter-
section. The approach leg traveled by the bicyclist was controlled by a "stop" sign in
96% of the cases and a "yleld" sign In only four percent of the cases. The approach leg
on which the motorist was traveling was uncontrolled, except for three percent of the
cases which occurred at an intersection controlled by a four-way stop sign. Eighty-two
percent of the bicycllsts entered the Intersection without slowing or stopping; 18% slowed
signlficantly or stopped at the Intersection before riding Into the path of the oncoming
motor vehicle. About six percent of the motorists were traveling at a speed that exceeded
the posted 1imit, but in the remaining cases, the motorist's speed was judged to be well

within the normal range.

Seventy-five percent of the cases occurred at the junction of a pair of two-lane
streets, 1n 17% of the cases, the motorist was traveling on a four-lane street and the
bicyclist was traveling on a two-lane street, The remaining cases cccurred at the junction
of a pair of four-lane streets (4%) or at the Junction of a palr of two-lane rural road-
ways (4%)., Most accidents occurred during the daytime (94%) and they occurred with about
the same frequency throughout the perlod between 7:00 AM and 7:00 PM.

Flgure 12 shows that 22% of the blcyclists were riding facing traffic prior o the
accident. Riding facing traffic was an important contributing factor because it decreased
the likellhood that the bicyclist would be detected by the motorist in this situation.
But, the most critical factor was the bicyclist's fallure to slow or stop at the junction.
That is, riding facing traffic contributed to the accident only because the bicyclist
failed to stop at the junction.

It can be seen In Flgure 12 that almost two-thirds of the collisions occurred before
the bicyclist reached the center of the roadway. This finding can be attributed to the
tact that motorists approaching from the left, 1n the near traffic lanels), have very
little time to Initiate evasive action once it becomes apparent that the bicyclist does
not Intend to stop, Motorists approachlng from the right have more time to respond because
the bleyelist must travel across an entire traffic lane before he Intersects the motor

vehicle's path,

Seven percent of the cases classifled into Problem Type 5 were "multiple-threat"
accldents--a variation of Problem Type 5 that 1s not portrayed in Figure 12. in these
cases, a motorist observed the bicycl|ist and slowed or stopped to let him pass. The bicy-
cltst observed the motorist slow or stop, assumed it was safe to cross the roadway, and
proceeded intc the Intersection where he collided with a second motor vehicte. Every case
of thls type occurred in Californla where motorlsts are accustomed to yielding the right
of way to pedestrians. Apparently, the motorists In these cases treated the bicyclist as
a pedestrian rather than as a vehicle operator.

The motorist's view of the bicyclist was obstructed in about 31% of the cases—-
usually by vegetation. It was surprising to find that parked motor vehicles obstructed
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Figure 12. Il1lustration of Problem Type 5, Bicycle Rideout: Intersection
Controlled by Sign.

the operator's view in only three percent of the cases. About five percent of the motor-
ists falled to detect the approaching bicyclist because of darkness, inadequate bicycle
lighting, or both. |In alil of the cases that involved obstructions or degraded visibility,
it was judged that the metorist's preview time was critically limited and that the acci-
dent was imminent at the point at which the blcyclist could first have been observed/
detected. '

The motorist had sufficient preview time to have avolded the accident in the major-
ity of cases. The motorist failed to search in the direction of the blcyclist (clearly
visible) in about 40% of the cases. The motorlst's search failure was usually because he
assumed that all Intersecting traffic would vyield the right of way to him, or because the
bicyclist was riding in an unexpected location (wrong slde of street). |In 13% of the
cases, the motorist observed the bicyciist soen enough to have avelded the accident, but
failed to inltiate evasive actlion because he assumed the bicyclist would slow, stop, or

turn at the Intersection.

The bicyclist's speed control at the intersection is a critical factor in explaining
his roie in Type 5 accldents. The classification of cases in terms of the bicyclist's
speed control at the junction revealed the following variations or subtypes for Problem
Type 5:

w Bicyclist stopped and concluded it was safe to proceed {13%),
--Multiple treat (7%)
-=Other (6%)

® Bicyclist slowed significant!ly and concluded 11 was safe fo proceed (5%), and
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® Bicycllst falled +o slow (82%).
~-Attempted to stop but could not (7.8%)
--lNo attempt to slow or stop (74%)

The bicyclist's function failures are discussed for each of these variations of Praoblem

Type 5.

First, consider the accidents in which the bicyclist stopped at the Junction and con-
cluded that it was safe to proceed (13%). More than half of These accldents were multiple-
threat accidents (described above); the remainder involved a bicycllist who failed to search
properly (3%) or who misjudged the motor-vehicle's approach speed (3%). MNext, conslder the
cases In which the bicyctist slowed significantly and concluded it was safe to proceed (5%).
These accidents were due to the bicyclist's failure to search effectively or his failure

to take Into account the presence of visual obstructions.

Finally, consider the accidents In which the blcyclist clearly failed to slow his
speed. In 7.8% of the cases, the bleyelist attempted to stop at the junction but was
unable to do so because of a skill deficlency, defective brakes, wet callper brakes, wet
pavement, or a combination of these. The bicyclist In these cases misJudged hls ability
to manipulate the brakes or mlsjudged stopping distance under the conditions that exlsted
at the time of the accident. |In 74% of the cases, the bicyclist made no attempt to stop
or slow prior to entering the Intersection. The interview data clearly show that the
bicyclist's failure to stop or slow at the Intersection was not the result of his fallure
to observe the stop sign. The accidents nearly always occurred at an intersection through
which the bicyclist had ridden many times before the accldent, so most bicyclists knew
perfectly well that a sign was present at that location. Furthermore, it Is ¢lear that
the bicyclist's failure to stop was not the result of ignorance of the law. Even the
youngest blcyclist admitted knowing that the law requires bicyclists to stop for stop
slgns and to yield the rlght of way at Intersections controlled by a yieid sign. So,
failure to observe traffic signs and ignorance of the law definitely are not Important

contributing factors for Problem Type 5.

0f the bicyclists who failed to slow or stop, [t was judged that nearly 70% could
have avoided the coflision if they had searched In the direction of the motor vehlcle
prior to entering the Intersection. In the remaining cases, because of the combined
effects of the bicyclist's speed and an obstructed view, it was judged that the bicyclist
could not have avoided the accident at the point where the motor vehlcle first could have
been observed. Tha bicyclist's failure to slow or stop and his fallure to search must be
explained in terms of the following factors:

m Operator distractions (41%),
-=Tnteracting with riding companion or pedestrian (31%)
--Play activity (3%)

® Faulty expectations/assumptions (32%),
--Assumed area would be void of traffiec (most casee probably)
--Ezpected riding companion to select safe couree (9%)

® Competing needs (25%}), and
—~Need to coneerve time (14%)
--Need for emoitement generated by high speed (73)

a Information overiocad {17%).
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Although a variety of factors contributed to the bicyclist's failure to stop at the
intersection, it appears that faulty risk assessment was an overriding factor in most
cases. This opinion is based upon three facts. First, most accidents occurred at a rela-
tively safe-appearing intersection; in most cases, the operators were traveling residential
roadways on which both traffic volume and operator speeds were low. Secondly, most accil-
dents occurred at an intersection that the bicyclist had ridden through many times before
the accident--probably without stopping in many instances. Thlrd, the bicyclists' self-
ratings provided no indication that their actions were due o a high wiilingness to accept
risks. For these reasons, |t seems reasonable to assume that t+he overriding reason for
most bicyclists' failure to stop was their expectation that the roadway would be void of
traffic. Although few bicyclists admitted to this fact during the interviews, it is to be

expected that bicyclists would be reluctant to report such an unrealistic expectation.

Although bicyclists of ali ages frequently fail to stop or slow at signed Interssc-
tions, Type 5 accldents nearly always involved a juvenile bicyclist. The median age of
the bicyclists involved in this type of accident was 11.8 years; less than 25% of the
bicyclists were older than 14 years of age and about five percent of the bicyclists were
older than 18 years of age.

Problem Type 6 (.6% Fatal; 3.1% Non-Fatal)

All accident cases classifled into Problem Type 6 occurred at a signalized intersec-
tlon. Eighty-three percent of the acclidents occurred as the blecyclist was crossing an
intersecting street with four or more traffic lanes. Although the majorlty of these accl-
dents occurred during the daytime, 17% occurred during darkness. About 70% of all Type 6
accidents occurred during the period between 1:00 PM and 7:00 PM.

The distinguishing characteristic of Problem Type 6 1s that the bicyclist entered
the intersection as the slgnal phase was changing and failed to clear the intersection
before the slIgnal turned red. |In al] cases, the motorist entered the intersection after
the signal controtling his approach had turned green. Problem Type 6 does not Include
cases In which the bicycllst entered the intersection more than one or two seconds after
the onset of the red-signal phase. In addition, Problem Type 6 does not Include "multiple-
threat" accidents. Multiple-threat accidents were classified into Problem Type 7 and are
described below. As is shown In Figure 13, 38% of the collisions occurred before the bicy-
cilist reached the center of the roadway he was crossing; the remaining 62% occurred In the

second half of the roadway the blcyc!ist was crossing.

In 78% of the cases, the motorist failed to search In the bicyclist!s direction
until it was too late to avold the accident. In the remalning cases, the motorist elther
{a) searched adequately but failed to detect the blcyclist because of darkness, Inadequate
bicycie lighting, or both (4%}, or (b) searched for and detected the bicyclist soon enough
to have avoided the accident but assumed the bicycllst would s+o$ or slow before entering
the motor vehicle's path (13%}. The motorist's fallure to search in the bicyclist's direc-
tion was due partly to his faulty assumption that all Intersecting trafflc would vield to
him and partly +§ information overload. It Is clear that the motorist's Information-
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Figure 13. Illustration of Problem Type 6, Bicyele Ridecut: Intersection
Controlled by Signal, Signal Phase Change.

processing capacity was heavily loaded by the requiremant to watch the signal, search for

pedestrian and vehicle traffic, control the speed and position of his vehicle, and so on.

Nearly 57% of the bilcyclists failed to search in the direction of the motor vehicle
until an accldent was immlnent; 30% of the bicyclists observed the motor vehicle but
assumed i+ would stop or remain stationary until| the intersection was clear. Only four
percent of the accidents were due to an action failure by the bicyclist. The evidence
available for this problem type Indicates that some bicyclists falled to stop at the inter-
section because they were unaware that the signal had changed since they last checked it.
Other blcycllsts knew that the signal had changed but assumed they could clear the Inter-
sectlon before the termination of the amber phase. However, because admitting to trying
to beat the red light is more incriminating than admitt+ing +o a failure to notice the
signal phase change, It is not possible to estimate accurately the relative proportion of
the blcyclists who made each type of error. However, it was found that 16% of the bicy-
clists were followlng a riding companion whom they assumed would search for hazards and

select a safe course.

Because of the complexity of the traffic context and the usually high speed of the
bicycllist, 1+ s assumed that Information overload contributed to the blcyclist's fallure

to carefully monitor the traffic signal, to search for approachlng traffic, or both.

The relatively low incidence of fatal accidents for Problem Type 6 is due to the low
motor-vehicle speeds at impact. Because the collision occurred as the signal phase was
cnanging, the motorist was either accelerating from a stopped positlon or, more commonly,
had slowed to a low speed for the red ‘signal! and accelerated when the signal turned green

a moment before the collision.
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About half the bicyclists involved in Type 6 accidents were juveniles, and half were
young adults or aduits. The median age of the bicyclists was 16.1 years; about 15% were
18 years of age or clder. Only five percent of the bicyclists were younger than 11 years
of age. As a group, the bicyclists involved in Type 6 accidents were considerably older

than those involved in any of the problem fTypes discussed previously.

Problem Type 7 (2.4% Fatal; 2.0% Non-Fata?l)

Problem Type 7 1s highly similar to Problem Type 6 with respect to target location,
target period, and the nature of the bicyclist's pre-crash course. Problem Types 6 and 7
differ In one important respect. For Problem Type 7, the bicyclist's decision to proceed
across the intersection was influenced by the presence of other motor vehicles that were
stopped at the Intersectlon, apparentiy walting for the bleyclist to pass. The nature of
the accident-generation process for Problem Type 7 Is 1llustrated in Figure 14. |1 can be
seen that 14% of the accidents occurred in the first half of the roadway and involved a
bicyclist who was riding facing ftraffic. The remaining 86% of the cases occurred in the
second half of the roadway and Involved a bicyclist who was riding on the correct slde of
the street. In all cases, the bicyclist passed In front of one or more stopped vehlcles

before colliding with the accident vehicle.

Standing motor vehicle(s) 0b5+ruc+ea the motorist's view of the bicyclist In 53% of

the cases. In thase cases, there was noc chance for the motorist to Initiate successful

FATAL=2.4%

‘%‘ NON-FATAL=2.0%

Figure 14. Illustration of Problem Type 7, Bicycle Rideout: Intersection
Controlled by Stignal, Multiple Threat.
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evasive action once the bicyclist emerged from behind the stopped vehlcles. In 40% of the
cases, it was judged that the motorlst could have observed the approaching bicyclist, but
he failed fto search in the bicyclist's direction. In about seven percent of the cases, the
motorist searched In the blcyclist's direction but falled to detect the bicyclist because
of darkness, inadequate blcycle lighting, or both.

The standing motor vehicle{s) obstructed the bicyclist!s view of the approaching
motor vehicle in nearty 27% of the cases. Given the speed the bicyclist was traveling
prior o the collision, it was judged that there was insufficient time to have avolded the
accident once the bicyctist first could have observed the motor vehlcle. In 40% of the
cases, it was judged that the bicyclist could have observed the approaching motor vehicle
early enough to have avoided the accldent but falled to search in the direction of the
motor vehicte until an accident was imminent. |In about one-third of the cases, the motor
vehicle was stopped at the intersection and was observed by the bicyclist long before the
accident; the blcyclist proceeded with the assumption that the stopped vehicle wouild remain
stationary until he had passed.

Unlike Problem Type 6, it was found that only 20% of the bicycllsts underestimated
the length of the amber phase. Most bicyclists were perfectly aware that the amber phase
was about to fterminate but assumed that all motor-vehicle traffic would remaln statlonary
or yield to them.

The bicyclists age distribution for Problem Type 7 was similar to that for Problem
Type 6. The median age of the blcyclists was 15.2 years; about 25% were 16 years of age
or older. Only five percent of the bicyclists were younger than 12 years or older than 33
years of age.

Other Class B {(1.2% Fatal; 1.7% Non-Fatal)

The sample contalned a smal|l number of cases in which the blcyclist entered a signal-
ized Intersection well after the onset of the red-signal phase. Because of the smal!
number of such cases and because of the lack of commonality in the accident-generation
process, [t was not possible to define one or more clear-cut problem types for these cases.

Therefore, the cases were classified into "Other Class B."

If the data base for blicycle/motor-vehicle accidents 1s expanded in the future, it
is probable that at least three additional Class B problem types would be revealed. One
type would include cases In which a bicycle failure or a skill deficlency prevented the
bicyclist from stopping for the red signal. A second type would include cases in which
the blcyclist was suffering from a physical or mental Impairment (particularly alcohol}
and therefore falled to monitor the signal carefully. A third type would include cases
in which the bicyclist knowingly failed to stop at the Intersectlion because he assumed he
could successful ly dodge or otherwise evade approaching motor vehicles. [Examples of each
of these types of accidents were found among the cases classified into "Other Class B."
However, the findings of the present study indicate that such problem types would occur

Infrequently. The present data, and other samples of accident reports that have been
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examined by the author, indicate that few bicycle/motor-vehicle accidents oceur when bicy-
ctists enter an Intersection when the signal is clearly red. Although most readers know
that failing to stop for a red signal Is not at all uncommon for bicyclists, the bicyclists
who engage in this hazardous activity apparently exercise a good deal of caution when

dolng so.

EDUCATIONAL COUNTERMEASURES FOR CLASS B PROBLEM TYPES

The evidence is clear that Type 5 accidents seldom occur when the bicyclist stops or
slows his speed significantly before entering an Intersection controlled by a stop or yield
sign. Although It is necessary for bicyclists to search for and evaluate the closing
velocity of approaching motor vehicles, bicyciists usually perform the search and evalua-
tion functlons in an adequate manner when they consider it necessary to slow or stop at an
intersection. Thus, a primary goal of countermeasures for Problem Type 5 is to Induce
bicyclists 1o slow their speed considerably or, preferably, come to a complete stop before
entering a signed intersection. The other objective of countermeasures for Problem Type 5

Is to teach bicyclists to avoid multiple-threat accidents at signed intersections.

The objective of countermeasures for Probjem Types 6 and 7 is to prevent bicyclists
from entering a signalized intersection when it is not possible for them to clear the
intersection before the termination of the amber phase. An additional obJective for Prob-
lem Type 7 Is to teach bicyclists and motorists to avoid multiple-threat accldents at
slgnalized Intersections. The objective of countermeasures for Other Class B accidents is

to prevent blcyclists from entering a signalized infersectlion against a red signal.

Bicyclists

A careful study of the accldent-generation process for Problem Types 5, 6, and 7
shows that these accldents were seldom due to the blcyclist!s willingness To accept an
uncommonly high degree of risk, and were never due to the bicyclist's misunderstanding of
the laws governlng behavior at controlled intersections. Rather, the bicyclist's critical
actions were primarily due to misjudament of the risk associated with the critical action,
misjudgment of the length of the amber phase, failure to recognize a "multiple-threat"
situatlon, competing needs, and momentary distractions. Therefore, an educational program
for bicyclists must be developed to accomplish the followling objectives:

w Modify blcycllsts' assessment of the risk associated with entering a signed Inter-
saction without slowlng or stopping.

w Modify blcyclists! assessment of the risk associated with entering a signalized
Intersection during the amber phase.

m Teach bleycllsts to ssarch for and recognize all types of visual obstructions and
the exact behavioral sequence to follow when ocbstructing objects are present.

a Teach bicycilists to recognize and cops with a "multiple~threat" sltuation at both
slgned and signallzed intersections.

® Teach bicycllsts the proper behavioral seguence when entering a controlled Inter-
sectlon when visual cobstructions are not present.

® Teach bicyclists the importance of momentary distractlons and how to cope with
them.
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tf the education Is to be received before a significant number of accidents already
have occurred, education to curtail Type 5 accidents must be introduced during the second
or third grade (7- or 8-year-old blcyclists), Education to curtail Types 6 and 7 accidents
may be delayed until the fifth or sixth grade (146- or ll-year-cld bicyclists) without sus-

taining signlficant |osses.

Motorists

An education program that would serve to Increase motorists' awareness of multiple-
threat situations may prove beneflcial in reducing multiple-threat accidents, particularly
at signed Tntersections. Certainly, motorists In standing vehicles should be taught to
always check for other approaching motor vehicles bafore motioning bicyclists to cross in
front of them. [t may be possible to develop a standardized hand signal or horn signal
that motorists can use to inform bicycllsts that it is not safe to pass. Also, some bene-
fit may result from educating motorists that slow-moving blicyclists may not have enough

time to clear the intersection during the amber phase.

CLASS C PROBLEM TYPES: MOTORIST TURN-MERGE/DRIVE THROUGH/DRIVEOUT

Problem Class C consists of five problem types that together zccounted for 2.4% of
the fatal cases and 18.7% of the non-fatal! cases. The Class C problem types are listed in
Table 16 along with the proportions of fatal and non-fatal cases classified into each
problem type. All Class C accidents occurred as the motorist entered an uncontrolled road-
way from a driveway, alley, or from a controlled leg of an Intersection, Except for Prob-
lem Type 12, all the motorists stopped or slowed slgnificantly at the junction before pro-
ceeding into the intersecting roadway. In nearly every case, the motorist entered the
Intersection without having observed the blcyclist who was approaching the junctlon. The
motorist's faliure to observe the blicyclist was often the result of the blcyclist's unex-
pected location--on the sidewalk or on the wrong side of the roadway. Many of the bicy-

clists involved in Class C acclidents observed the motor vehicle soon enough to have avoided

TABLE 16
PROBLEM CLASS C--MOTORIST TURN-MERGE/DRIVE THROUGH/DRIVEOUT
FATAL [NON-FATAL
(N=166) | (N=753)
TYPL 8 MOTORIST TURN-MERGE: COMMERCIAL GRIVEWAY/ ~—- 5.3%
ALLEY
TYPE 9 MOTORIST TURN-MERGE/DRIVE THROUGH: 1.2% 10.2%
INTERSECTION CONTROLLED BY SIGN
TVPE 10 MOTORIST TURN-MERGE: INTERSECTION - 1.9%
CONTROLLED BY SIGNAL
TYPE 11 MOTORIST BACKING FROM RESIDENTIAL DRIVEWAY -—- .8%
TYPE 12 MOTORIST DRIVEQUT: CONTROLLED INTERSECTION 1.2% .5%
TOTAL CLASS (N: FATAL = 4; NON-FATAL = 141) 2.4% 18.7%
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the accident, but failed to inltiate evasive action because of the erroneous assumption
that they had been or would be observed by the motorist.

The vast majority of collisions occurred shortly after the motorist accelerated from
a stopped posltion. This fact accounts for the low Incidence of fatalitles for Class C
accidents. When the motor vehicle struck the bicycle, the Impact veloclity was low and the
bicyclist usually careened off the front of the motor vehicle. When the bicyclist struck
the motor vehicle, the Impact velocity was solely a function of the bicyclist's speed.
Apparentty, the bicycle speed was not often great enough to produce fatal injuries. Be-
cause of the low incidence of fatal accldents, Class C accidents must be considered less
important than other types of accidents that account for fewer accidents but more fatal

Injuries.

PROBLEM-TYPE DESCRIPTIONS
Problem Type 8 (5.3% Non-Fatal; No Fatal)

All of the cases classified into Problem Type 8 occurred as the motorist was entering
a roadway from a driveway that served one or more commercial establishments. In a slight
maJority of cases, the motorist was entering a street with four or more lanes (55%); most
of the remaining cases occurred as the motorist was entering a two-lane street (40%). Oniy
flve percent of the cases occurred on a rural roadway., MNInety-three percent of the acci-
dents occurred durlng the daytime; 88% occurred between 11:00 AM and 7:00 PM,

It was found that 82% of the motorists came to a complete stop at the roadway junc-
‘Tion. Eighteen percent of the motorists slowed to a low speed when approaching the junc-
tion but failed to bring thelr vehicle to a complete halt before proceeding Into the
roadway. In every case of thls type, the motorlst fallied to observe the approaching bicy-
clist even though [t was judged that the search functicn was performed In a manner that
would be considered normal for motorists ih this situatlon. As is explained below, the
reason for the motorist's failure to observe the bicyci..f was found to differ somewhat

for each of the subtypes Tllustrated In Figure 15.

@ Bicycllst on sidewalk approaching from the right (32.5%)--11 was found that the
motorist's view of the bicyclist was obstructed in over half of these cases. In
the remaining cases, the motorist failed to search far enough along the driveway
to observe the approaching bicycllist. Apparently, the motorists searched In a
manner that they considered adequate to detect aprpoaching pedestrians. That 1s,
they judged that a pedestrian located more than a few feet from the driveway Junc-
tion could not possibiy arrive at the junction before they had passed, so con-
sidered It unnecessary to scan the sidewalk more than a few feet from the junction.
Because of the search pattern of motorists in this sltuation, it [s probable that
the removal of visual obstructions would have little effect on the Incidence of
accidents of this type.

w Blcycllst on roadway approaching from the right (30%)--1+ was found that the motor-
1st's view of the approaching bicyclist was obstructed in about 25% of the cases.
In the remalning cases, the motorist failed to search in the bicyclist's direction
because he dld not expect a hazard to be approaching from that direction. This
pattern was found to be particularly prevalent when the motorist was intending to
make a right-hand turn. Agaln, it is unlikely that the removal of visual obstruc-
t+ions would effect a reductlion in accidents such as these.
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Figure 15. I1lustration of Problem Type 8, Motorist Turn-Merge: Commercial
Driveway/Alley.

(NOTE: The building was drawn in the above illustration to indicate that this
type of accident occurs at the junction of a eommercial rather than a resi-
dential driveway/alley. Although a building sometimes obstructed the operator's
view in accidents of this type, buildings were not the most frequent type of
obstructing object.)

# Bicyclist on sldewalk approaching from the left (5%)--This varlation of Problem
Type B occurred so Infrequently that It [s not possible to draw valid Inferences
about the reasons for the motorist's. fallure to observe the approaching bicycllst.
However, it [s probable that the reasons are the same as for the cases In the next
paragraph.

® Bicyclist on street approaching from the left (22.5%)--In slightly over half of
these cases, the motorist searched In the bicyclist's direction but failed to
observe the bicyclist even though he was clearly vislble and the lighting condl-
tions were good. Apparently, the bicyclist's Image appeared In the motorist's
field of view (on motorist's retina} one or more times but was not consclously
percelved, This phenomencn is sometimes referred to as "selectlve perception.™
In about one-fifth of the cases, the motorist's fallure to detect the bicyclist
was because of darkness, Inadequate bicycle lighting, or both. In the remalining
cases, the motorist failed to search in the bicyclist's direction. Surprisingly,
not a single case was found in which the motorist's view of the bicyclist was
cbstructed.

w Bicyclist in far lane approaching from the right (10%)--This variatlon of Problem
Type 8 occurred Infrequently. However, in every case of this type, It was found
that the motorist searched in the bicyclist's direction but falled to observe him,
Only one-fourth of the cases of this type occurred at night and invelved [nade-
quate bicycle {ighting., Judging from the characteristics of the traffic context
in which accidents of this type occurred, it seems reascnable to assume that Infor-
matjon overload and/or attentional conflict would be contributing factors In a
substantial number of cases. Information overload is particularly tikely In cases
in which the motorist was attempting to turn left across a busy multiple-lane
roadway.
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The finding that fewer sidewalk accidents occurred when the blcyclist was approaching
from the motorist's left is a significant finding. There is no reason to expect that bicy-
clists ride on the sidewalk in one direction more frequent!ly than another, so it seems
reasonable to conclude that accident |ikelihood [s less when the bicycllist is traveling in
the same direction as traffic in the adjacent traffic lane, The apparent reason for this
finding is that motorists must search almost 90 degrees to thelr left in order to check for
traffic that may be approaching in the near traffic lane. Since the bicyclist is often
only a few feet from the traffic lane, he is Ilkaly to be detected, even though the motor-

ist is mainly concerned with checking for approaching motor vehicles.

The blcyclist's preview time was critically limlted by a visual obstruction in about
154 of the cases, In all but one of these cases, the blcyclist was riding on the sidewalk.
In 25% of the cases, the bicyclist falled to search In the directlon of the motorlst until
an accident was Imminent. In 60% of the cases, the blcyclist observed the motor vehicle
ear{y enough to have easily avoided the accldent but proceeded with the assumption that
the motor vehicle would not enter the roadway until he had passed. Many of the blicyclists
reported that they temporariiy slowed their speed unti! they observed the motorist scanning
in thelr direction. The eye contact with the motorist led the bicyclist to assume that he
had been detected by the motorist when, in fact, he had not.

The data revealed that the bicyclist's decislon to ride facing traffic was based
upon convenience rather than ignorance of the law. Every bicyclist was questioned about
this matter, and every blcyclist reported that he knew--before the accident occurred--that
It is unlawful to ride facing traffic.

Problem Type 8 Involved bleyc!ists whose ages varied widely. The median age of the
bicycllsts was 15.4 years. Only five percent were seven years of age or younger, and
five percent were 49 years of age or older. About 50% of the bicyclists were between 13

and 17 years of age. '

Problem Type 2 {(1.2% Fatal; 10.2% Non-Fatal)

Problem Type 9 was one of the two most frequently occurring problem types, but only
1.2% of the fatal accidents were classifled into this problem type. The reason for this
large difference, as was explained sarller, is the generally low motor-vehlcle speeds and
resultant Impact velocities for accidents that occur in this manner. The nature of the
accident-generatlon process for Problem Type 9 Is highly simifar to that deflned above for
Problem Type 8. The main difference Is that ail the cases in Problem Type 9 occurred at
a signed Intersection rather than at the Junction of a roadway and a commerclal driveway.
For Problem Type 9, the bicyclist approached the junction on an uncontrolled leg of the
intersection, and the motorist approached the junction on an orthogonal leg that was con-
trofled by a stop slgn (97%) or a yiseld sign (3%3). Accidents of this typs occurred In
both urban and rura! areas and occurred on a variety of roadway types. The characteristics
of the uncontrolisd roadways are as follows: (a) a two-lane urban street (46%), {b) an
urban street with more than two lanes {43%), {(c} a two-lane rural roadway (8%), and (d) a
rural roadway with more than two lanes (3%). Thls type of accldent typically occurred
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during the daytime, but a slgniflcant number (17%) occurred during darkness. Ten percent
of the accidents occurred between 7:00 AM and 9:00 AM, and another 66% occurred between
12:00 PM and 8:00 PM,

NInety-four percent of the motorists came to a complete stop before entering the
intersection, and 95% of the motorists entered the intersection without having observed
the approaching bicycllst. When the motorist observed the blcyclist before entering the
intersection, the accident occurred because the motorist misjudged the bicyclist's Intend=-
ed path. Usually, the motor[st Incorrectly assumed that the bicyclist was golng to turn
before intersecting the intended path of the motorist., The reasons for the motorist's
failure to observe the bicyclist before entering the intersection are described below,
within the context of the four subtypes i1|lustrated in Figure 16.

i

FATAL= 12%
RON-FATAL=10.2%

Figure 16. Illustration of Problem Type 9, Motorist Turn-Merge/Dnive
Through: Interseetion Controlled by Sign.

m Bicyclist in near lane(s), approaching from the right (54%)--Although not iflus-
trated in Flgure 16, about cne-fifth of these cases Involved a bicyclist who was
riding on the sidewalk before entering the roadway. In the remaining cases, the
bleyclIst was In the roadway riding facing traffic. However, the reason the motor-
ist failed to observe the bicyclist was the same for all of these cases; namely,
the motorist failed to scan In the direction of the bicyclist because he did not
expect a8 hazard to be approachlng from that directlon. In this context, the typi-
cal motorist searches to hls right for traffic approaching in the far lanes and to
his left for traffic approaching in the near lanes; motorists seldom search 9C
degrees to thelr right because they have seldom, 1f ever, encountered a threat
approaching from that direction. '
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® Bicyclist In near lanels), approaching from the left (22%)--When the motorist fail-
ed to observe the bicycllst approaching from the teft in the near lane, It was most
often due to Inadequate search or selective perception. However, about one-third
of these cases occurred during darkness and involved a bicyclist with inadequate
blcycle lighting.

® Bjcyclist In far lane(s), approachling from the right (16%)--In these cases, the
motorist's fallure to observe the blcyclist was usuaity due to lnadequate search,
but about one-fourth of the cases occurred during darkness and involved a bleycllist
with Inadequate lighting,

B Bicyclist In far lane(s), approaching from the left (8%)--More than half of the
accldents of this type occurred during darkness and Involved a bicyclist with In-
adequate lighting. In the remalning cases, the motorist falled to search In the
bicyclist's direction because he did not expect a hazard to be approaching from
that direction,

In 13% of the cases, the bicyclist falled to search In the motorist's direction until

I+ was too late to avold the accident. The bicyclist proceeded through the Intersection
without searching because he knew he had the right of way and assumed vshicles on Inter-
secting roadways would yleld to him. However, in 83% of the cases, the bicyclist observed
the motor vehicle scon enough to have easlly avoided the accident. The bicyclist's failure
to initiate evasive action was due Yo hls faulty assumptlon that he had been or would be
detected by the motorist, and that the motorist would remaln stationary until he had passed
through the Intersectlon. Surprisingly, nearly all *the bicyclists who were riding facling
traftfic observed the motor vehicle long before the colllsion. All of these bicyclists were
aware that riding facing traffic was unfawful, but still assumed that they would be ob-
served by the motorlst. The faulty assumption that they would be detected by the motorist

was also prevalent among blcyclists who were riding during darkness.

Problem Type 9 involved an older group of blcyclists than any problem type discussed
previousty. The median age of +he bicyclists involved In this type of accident was 16.3
years, and few of the bicyclists were very young. For instance, 1t was found that less
than five percent of the blcyclists were younger than ten years of age; siightly over 50%
of the blcyclists were between 13 and 20 vears of age.

Problem Type 10 (1.9% Non-Fatal; No Fatal)

Problem Type 10 occurred Infrequently and is simple and straightforward to explain.
In all cases of this type, the motorist came to a complete stop at a signalized intersec-
tion, searched for +raffic approaching from the left in the near traffic lanes, and pro-
ceeded to make a right-turn-on-red. in every case, the motorist falled to observe the
bicyc!ist before entering the intersection. Figure 17 illustrates that 85% of +he Type 10
accidents involved a bicyctist who was riding faclng traffic. The motorist failed to
observe the blcyclist because he did not search in *the bicyctist's direction. in 86% of
the cases, *the bicyclist observed the motor vehicle but proceeded through the intersection
with the faulty assumption that he had been or would be detected by the motorist.

Although +he sample slze was too small +o provide an accurate indication of the age
distribution of bicyclists invoived in Type 10 accidents, it was found that the smalt num-
ber of bicyclists who were involved Tn thls type of accident varied in age from ten years
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Figure 17. 1Illustration of Problem Type 10, Motorist Turn-Merge: Inter-
geation Controlled by Signal.

to over 70 years of age. Very young bicyctists are probably Involved in thls type of accl-
dent only Infrequently because they seldom ride In the types of locaticns in which such

accidents occur.

Problem Type 11 (.8% Non-Fatal; No Fatal)

Acclidents classified into Problem Type 11 occurred when a motorist backed from a
residential driveway into the path of an approachling bicyclist (see Figure 18). All of
the bicycllsts were riding in the s+ree+,‘and only one bicyclist was riding facing trafflc
prior to the collision. The motorist's view of the bicyclist was degraded in every case.
One-third of the accidents occurred during darkness; the motorist's view of the bicyclist

was obstructed by vegetation or parked motor vehicles in all of the remaining cases.

One of the main reasons for including this problem type Is to show the infrequency
with which 11+ occurs. Since bicyclists must encounter motor vehicles backing from resi-
dential driveways very often and since the motorist's view in this situation Is often ob-
structed by external objects or parts of the motor vehicle's structure, one would expect
that Type 11 accldents would occur quite frequently. However, the research findings showed
that this type of accident occurs far less often than accldents In which motorists are
exiting a driveway In a forward direction (Problem Type 8), Although the reason for this
large dlfference is not known for certain, it seems reasonable to assume that bicyclists
percelve backing vehicles as potential threats and seldom make the errcneocus assumption

that they have been detected by the driver of a backing vehicle. It is also possible that
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Figure 18. Illustration of Problem Type 11, Motorist Backing from
Reeidential Driveuvay.

motorists recognize the hazardousness of thls situation and exercise more caution when
backing from a driveway than when exitlng a driveway In a forward direction.

The age range of the bicyclists who were involved tn Type 11 accidents varied from
five to 25 years of age.

Problem Type 12 (1.2% Fatal; .5% Non-Fatal)

As Is Jllustrated In Flgure 13, Problem Type 12 occurred when the motorist passed
through a stop sign without making any attempt to stop or slow. Thts type of accident
occurred Infrequently, but is Ilketly to result In fatal Injuries to the bicycllist when it
doas occur. No Iinferences can be made about the nature of the accident-generatlion process
for thls type of accident because of the small sample size. However, it is interesting to
note that three out of four motorists in the non-fatal sample failed to observe the stop
sign; the remalning motorist In the non-fatal sample was unable to stop because of faulty

brakes. All of the fatal! cases Involved an intoxlicated motorist.

EDUCATIONAL COUNTERMEASURES FOR CLASS C PROBLEM TYPES
Bicyclists

1+ was found that 52% of all Class C accldents Involved a blcyclist who was riding
on the wrong side of the roadway (riding facing traffic). Nearly all blcyclists are aware
that rlding facing traffic Is unlawful, so there is no need to educate bicyclists about
the law. Some persons have suggested that blcycllists should be taught the technliques that
are required to ride facing tratfic In a safe manner. However, it is unlikely that It
would be possible to teach bicycllists techniques that would be as safe as riding on the
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Figure 19. ITlustration of Problem Type 12, Motorist Drivecut: Controlled
Intersection.

correct side of tThe roadway. Furthermore, it is probable that such training would serve
To promote wrong-way riding and thereby increase the number of wrong-way riding accidents,
even though the training reduced accident rate for this type of accident. For these rea-
sons, 11T seems that the most effective alternative Is to design a training program to cur-
tall wrong-way riding. To be effectlve, the program must convince the bicyclists (and
their parents) that riding facing traffic Is a hazardous thing to do and that accident
ITkel lhood is increased greatly when a bicyclist chooses to ride on the wrong side of the
roadway. At the same time, the blcyclists and their parents must be informed that riding
on the correct side of the roadway will not lead to increased numbers of accidents if the

bicyclist exercises reasonable caution In selecting where and when he will ride.

For every problem type in Class C, it was found that a large proportion of the bicy-
clists observed the motor vehicle early enough to have easily avoided the accident. Thls
finding was the same regardless of the bicyclist's location and direction of travel. The
relatlvely small number of cases in which the bicyctist failed to search in tha motorist's
direction were due mainly to the bicyclist's fundamenta! assumption that all intersecting
traffic would yield to him. One means of preventing such accidents is to modify bicy-
¢lists? views about the infallibillty of motorists. A safety-education program developed
for bicyclists should teach them the typical search patterns of motorists In this type of
traffic context, the |imitations of the human visual system, and the types of accldents
that occur because a motorist fails to observe a bicyclist that may be clearly visible.

This information must be presented in a manner that will serve to modlfy bicyclists!
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assumptions that they have been or will be detected by motorists who are preparing to enter
an uncontrolled roadway from a driveway or from a controlled leg of an intersection.

Many existing educational materials instruct both bicyclists and pedestrians to es-
tablish eye contact with a motorist before proceeding across a stopped motor-vehicle's
path. This education Is probably counterproductive; it suggests that the bicyclist or
pedestrian can safely assume that he has been detected by the motorist if he has estab-
tished eye contact. This [s a clearly Invalid assumption that led to a substantial propor-

tion of Class C acclidents,

Many bicycl ing experts advocate riding in the center of the trafflc lane rather than
along the right-hand edge of the roadway. They claim that riding in the center of the
traffic lane Increases the chances of being observed by motorists who are preparing to
enter the roadway from intersecting streets or driveways., Also, they argue that riding in
the center of the lane provides a greater buffer zone betwesn the bicycle's path and the
posltion at which motor vehicles stop before entering the roadway. Thus, rlding In the
center of the fraffic lane provides additional time for the blcyclist to Inltiate evasive
action once it becomes apparent that a motor vehicle is going to enter the roadway. It Is
belleved that the following Important questions must be answered before 1t 1s possibie to
recommend that blcycllsts be taught to ride In the center of the traffic lane.

® Would riding in the center of the traffic lane Increase the likelihood of detection
by a margin that has practical significance?

® Would ridling in the center of the trafflc lane Increase the bicyclist's preview
Time by a margin that has practlical significance?

® How would traffic efficiency be affected if riding In the center of the fraffic
lane became a common practice?

® Should riding in the center of the fraffic lane be prohibited on some types of
roadways and/or during certaln time-periods? |f so, what types of roadways and
what time perlods?

® Should young bleyclists and/or slow-moving bicycles be permitted to ride in the
center of the traffic lane? If not, what is the cutoft age/speed?

®m Would riding fn the center of the traffic lane increase the incldence of other
types of bicycle/motor-vehlicie accidents or the Incidence of accidents Involving
fwo motor vehicles?

Motorists

An education and tralining program for motorists has the potential for reduclng the
incidence of most problem types within Class C. The main objective of an education program
would be o Increase the effectiveness with which motorists search when entering uncon-
trolled roadways from driveways or from a controlled leg of an intersection. It is partic-
ularty important to modify the typical search patterns of motorists such that they make a
concerted effort to scan for wrbng-way blcyclists and for bicycllsts riding on the sidewalk.
When designing a tralning program for motorists, care must be taken to avoid promoting
wrong-way riding. For Tnstance, motorist=training materials developed for presentaticn on
public felevision--and therefore cbserved by both motorists and bicyclists--should always
Include a message that stresses the danger and iliegality of wrong-way riding.
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CLASS D PROBLEM TYPES: HMOTORIST OVERTAKING/OVERTAKING-THREAT

Ciass D includes five probiem types that occurred when (a) a vehicle overtook and
colllded with a bicyclist traveling in the same dlrection, or (b) the threat of an over-
takling motor vehlcle caused the bicyc|lst to colllde with an object that obstructed the
path he would have taken 1f the obstruction had not been present. Class D does not include

cases In which the bicyclIst turned or swerved Into the path of an overtaking motor vehicle.

Table 17 lists the problem types and subtypes for Class D and shows the proportion
of fatal and non-fatal cases that were classlfled Into each problem type and subtype. I+t
can be seen in Table 17 that Class D accounted for nearty 38% of all fata! cases and that
nearly one-fourth of all fatal accidents were classlfied Into Problem Type 13. Since
Class D accounted for only 10.5% of the non-fatal cases, It Is clear that the {ikellhood
of suffering fatal Injurles |s far higher for Class D acclidents than for any other acci-
dent class. The hlgh Incldence of fatal Injurles 1s malnly the result of the high speed
of the motor vehlcle on Impact. About 45% of both the fatal and hon-fatal accldents In
Class D occurred in a rura! area. I+ also was found that 56% of all rural accidents In
the fatal sample and 31% of the rural accldents In the non-fatal sample were classlfled
Into Class D.

TABLE 17
PROBLEM CLASS D--MOTORIST OVERTAKING/OVERTAKING-THREAT
SUBTYPE TYPE
FATAL  |NON-FATAL
TYPE 13 MOTORIST OVERTAKING: BICYCLIST NOT 24.6% 4.0%
0OBSERVED
m RURAL NIGHTTIME ' 9.0% 1.3%
m RURAL DAYTIME 5.4% 4%
= URBAN NIGHTTIME 8.4% 1.3%
m URBAN DAYTIME 1.8% 1.0%
TYPE 14 MOTORIST OVERTAKING: MOTOR VEHICLE OUT 4.2% 7%
OF CONTROL
TYPE 15 MOTORIST OVERTAKING: COUNTERACTIVE 2.4% 1.7%
EVASIVE ACTION
TYPE 16 MOTORIST OVERTAKING: MOTORIST MIS- 1.B% 2.0%
JUDGED SPACE REQUIRED TO PASS
TYPE 17 MOTORIST OVERTAKING: BICYCLIST'S PATH 6% 2.0%
OBSTRUCTED
w BICYCLIST COLLIDED WITH OVERTAKING .6% .8%
MOTOR VEHICLE
w BICYCLIST COLLIDED WITH OBSTRUCTING - 4%
OBJECT
® BICYCLIST COLLIDED WITH OPENING - .8
T¥p MOTOR-VEHICLE DOOR
E . .
UNKNOWN MOTORIST OVERTAKING: TYPE UNKNOWN 4,2% A4
TOTAL CLASS (N: FATAL = 63; NON-FATAL = 79) 25.2% 6.0% 37.8% 10.5%
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PROBLEM-TYPE DESCRIPTIONS
Problem Type 13 (24.6% Fatal; 4.0% Non-Fatal)

Although seven other problem types occurred more frequently than Problem Type 13,
this problem type must be considered one of the most important because it acocounted for
nearly one-fourth of al| fatal accidents in the sample--three times as many as any other
problem type. The distinguishing characteristic of Problem Type 13 is that the operator
of the overtaking motor vehicle failed to observe the bicycllist untit the vehicles ware in
such close proximity that successful evasive action was Impossible, FIfty percent of the
non-fatal accidents and 59% of the fatal accidents of this type occurred in a rural area.
About three-fifths of the rural acclidents and about one~half of the urban accldents occur-
red on a narrow, two-iane roadway with no ridable shoulder. Thus, about 60% of the Type
13 accidents occurred on a narrow, "rural-type" roadway with ftwo traffic lanes and no
ridable shoulder or sidewalk, Thls type of roadway context is depicted in the 1|lustra-

Tion of Problem Type 13 (see Figure 20).

S~ Problem Type 13 is the only prob-
lem type for which nighttime accidents
were more frequent than daytime acci-
dents. [+ was found that 63% of the

- —_— - non-fatal accidents and 71% of the

FATAL = 24.6%
NON-FATAL = 4.0%

fatal accidents occurred during darkness.

The exact position of the bicy-
Figure 20. Illustration of Problem Type 13,

Motorzst Overtaking: Bicyelist Not Observed. clist and motorist at impact was diffi-

cult to determine with sufficient
precision to know whether the bicyclist was traveling too far to the left or the motorist
was traveling too far to the right. |In about 20% of the cases, it was clearly establ!ished
that the motorist was traveling farther to ;he right than he should have been. tIn the
remaining cases, neither the motorist!s position nor the bicyclist's position was judged
to be clearly abnormal; [+ is probable that both operators were slightly out of position

when the colllsion occurred.

The interviews revealed that bicyclists tend to ride farther from the right-hand
edge of the roadway during darkness than during the daytime, Because of the comblned
effects of darkness and inefficiency of the bicycle headlight (if any), bicyclists are
unable to detect and dodge road-surface defects and debris that often are present along
the extreme edge of the roadway. To avoid such hazards, blicyclists ride farther to the
left where the roadway is usually swept clean by the draft of motor-vehlcle traffic,
Because of this practice, i1t Is probable that most of the bicyclists Involved In nighttime

accidents on narrow roads were riding farther to the left than 1s safe on such roadways.

Since Problem Type 13 includes only the overtaking accidents in which the motorist
failed to observe the bicyclist until too late to avoid the accident, the main question
about this problem type concerns the reasons for the motorist's failure fo observe the

bicyclist. In nearly every case, the motorist's fallure to observe the bicyclist was the

12



result of one or more of the following factors: darkness, inadequate bicycle lighting,
alcohol use by the motoris+t, and operator distractions. Since vehicle speeds are usually
considerably faster on rural than on urban roadways, the type of location can also be con-
sidered a contributing factor for this problem type. The reasons for the motorist's fail-
ure to search can be most meaningfully described by subdividing Probiem Type 13 into the
fol lowing subtypes:

E Rural nighttime (9% fatal; 1.3% non-fatal). For this subtype, the motorist's
failure to observe the bicyclist must be explained in terms of the relatively high
speed of the motor vehlcle, darkness, [nadequate bicycle lighting, and alcohol use
by the motorist. I+ is Interesting to note that one-third of the fatal accidents

of this type invoived a motorist who had been drinking; none of the non-fatal
accidents Involved an intoxicated motorist,

B Rural daytime (5.4% fatal; .4% non-fatal). The motorist's failure to observe the
bicyclist must be explained in terms of high motor-vehicle speeds, alcohol use by
the motorist, and search failures by the motorist due to momentary distractions.
Again, it Is of interest to note that one-third of the fatal cases, but none of
the non-fatal cases, involved an intoxicated motorist.

® Urban nighttime {(B,4% fatal; 1.3% non-fatal). The factors contributing to the
motorist's failure to search in this situation are essentially the same as for
rural nighttime accidents, except that hlgh motor-vehicle speed is not a factor.
Like rural nighttime accidents, urban nighttime accidents often involved alcohol
use by the motorist. An intoxicated motorist was involved In 43% of the fatal
cases and eight percent of the non-fatal cases.

® Urban daytime (1.8% fatal; 1.0% non-fatal). This subtype occurred so Infrequently
that It is not possible to draw valid Inferences about the motorist's failure to
search. However, [t Is almost certain that the motorist's attention was temporar-
ily distracted from the roadway ahead shortly before the collision.
The atove findings can be summarized by saying that it is dangerous to ride in rural
areas at any time and it is dangerous to ride during darkness at any location, but acci-

dent likellhood is Increased even more when riding in a rural area during darkness.

r

It is interesting to note that about 60% of the bicyclists who were involved in
nighttime accidents had lawful talltights on their bicycles when the accident occurred.
This finding suggests that the standards that have been established for bicycle rear re-
flectors are inadequate under some circumstances. |In establishing standards for tail-
lights, the question s not how far away a motorist can observe the rear reflectors under
optimal conditlons, but what is requlred to attract a motorist's attention under non-
optimal conditions, For instance, what type of taillight woulg be required to attract the
attention of a fatigued drunk driver who is traveilng at a relatively high speed on a
rural roadway where he does not expect to encounter a bicyclist? It is probable that this
type of accident will continue to occur until a device is developed that will increasej+he
nighttime conspicuity of the bicycle to such an extent that the previously described motor-

ist will detect and identify the blcyclist most of the time,

Few young bicyclists were involved in Type 13 accidents. For example, it was found
t+hat the age of the Sth centile bicyclist in the fatal and non-fatal samples was 12.9 years
and 11,2 years, respectively. Apparently, bicyclists younger than 11 or 12 years of age

are not permitted to ride during darkness and In the types of areas where Type 13 accidents
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occur. The median age was 18,3 years for the bicyclists in the non-fatal sample and 20.5
years for bicyclists In the fatal sample.

Problem Type 14 {4.2% Fatal; .7% Non-Fatal)

Problem Type 14 Includes overtaking accidents that occcurred because the motorist was
unable to maintain controt of his vehlcle. The |llustration of Problem Type 14, shown in
Flgure 21, Is somewhat misleading in its suggestion that the motor vehicle was in an un-
controlled slide or spih prior to the collision. Although the motor vehicle was totally
out of control In some cases, more offen the motor vehlcle veered too far to the right due
to the motorist's inability to maintain precise control of the vehicle. -

FATAL=4.2%
KOK-FATAL= .7% hd

Figure 21. ITlustration of Problem Type 14, Motorist Overtaking: Motor
Vehicle Out of Control,

Alcohol use by the motorist was the main contributing factor in 71% of the fatal
cases and 40% of the non-fatal cases. In these cases, it was judged that the motorist's
capability was impaired to such an extent that he was unable to steer the vehicle along
his intended path. These accidents would ‘have occurred whether or not the bicyclist had
been observed by the motorist. In the remalning cases, loss of control was due to vehicle
fallure, snow and ice on the roadway, or a prior collision with another motor vehicle, It
might be expected that accidents of this type would occur most often on narrow roadways
where the space Is marginally adequate for both motor vehicles and bicycles. However, it
was found that 86% of the fatal cases and all of the non-fatal cases occurred on an urban
street with more than two traffic lanes. Although the preponderance of accidents on wide
roadways may be an artifact due to the small number of Type 14 accidents In the sample, |t
seems safe to conclude that [Imited roadway width Is not an important contributing factor
for Problem Type 14. Twenty-nine percent of the fatal accidents and 40% of the non-fatal
accidents occurred during darkness, but degraded visibility was not judged to be a con-
tributing factor. The higher incidsnce of Type 14 accidents during darkness Is stmply
bacause the number of intoxicated motorists on the roadway Is greater at night than during

the daytime.

The number of cases classified into Problem Type 14 was too smail to define a blecy-
clist target group, but it seems reasonable to conclude that involvement In thls type of



accldent would be totally Independent of the age of the blcyclist. The small number of
bleyclists Involved In this type of accident varied In age from six to 17 years.

Problem Type 15 (2.4% Fatal; 1.7% Non-Fatal) .

Problem Type 15 includes overtaking accidents that resuited from both operators mis-
Judging the direction of the other operator's evasive actlon. In the typical case, the
motorist observes the bicycllst ahead, riding close to the center of the traffic lane. As
the motorist approaches the bicyclist from the rear, he honks hls horn and swerves left to
pass the blcyclist. Upon hearing the horn (or the sound of the overtaking motor vehicle
In some cases), the bicyclist evades to the left with the assumption that the motor vehicle
Is going to pass on the right. In

FATAL=24% short, the bicycllst's evaslve ac-
NON-FATAL=1.7% =
tlon counteracts the evasive action
taken by the motorist. Although
/ Figure 22 shows both operators
i evading to the left, there were
some accldents of this type that
occurred when both operators
evaded to the right.

Figure 22. I1lustration of Problem Type 15, Motorist More than three=fourths of
Ovartaking: Counteractive Evasive Action. the accidents of thls type occurred
in a rural area on a two-lane roadway (52%) or on a roadway with more than two lanes (25%).
The remaining 23% of the accidents occurred on a two-lane urban street. All accidents
classifled Into Problem Type 15 occurred during the daytime between noon and B8:00 PM,

Thls type of accldent usually involved a juvenlle bicyclist. The median age of the
bleyclists was 12.3 years, and fewer than flve percent werea older than 16 years of age.
Slightly over five percent of the bicyc!ists were younger than six years of age.

Problem Type 16 (1.8% Fatal: 2.0% Non-Fatal)

An overtaking accldent was classifled Into Problem Type 16 only when there was clear
avldence that the accldent resulted from the motorist's misjudgment of the space required
to avertake and pass the bicycllist. As Is shown In Figure 23, the blcycllist usually was
struck by the extrems right-front portion of the motor vehicle. In 13% of the cases, the
moIorlsT mls)udged the space and +ime required to scan behind and change tanes before
closing on the bleyelist riding ahead. These accidents could easlily have been avolded If
the motorist had slowed hls speed before scanning behind to determine If It was safe to
change lanes. In the remalning cases, the motorist observed the blcycllist ahead and in-
correctiy concluded that there was sufficlent space to overtake and pass the blcycllist
without changing lanes. In some cases, the motorlst was temporarlly prevented from chang-
Ing lanes; In other cases, the motorist could have changed lanes but did not deem 1t

necessary to do so.
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e — Type 16 accidents occurred

FATAL=1.8% on a varlety of roadways, Includ-
NON-FATAL=2.0% Ing: an urban two-lane street
—— —_— — —— (29%), an urban street with more

than two lanes (29%), a rural two-
lane roadway (29%), and a rural
roadway with more than two lanes
(13%). AIl) Type 16 accldents oc-
curred durlng the daytime.

Figure 23. Illustration of Problem Type 16, Motoriet
Overtaking: Motorist Miejudged Spase Required to

Pasa. The age of the blcyclists

Tnvoived In Type 16 accidents var-
jed widely. The median age of the bicyclists for this problem type was 15 years; about
five percent were younger than nlne years of age and flve percent were older than 42 years
of age. Older motorists are clearly overrepresented In this problem type. It was found
that 25% of the motorlists were older than 66 years of age and flve percent were older than
85 years of age,

Problem Type 17 (.61 Fatal; 2.0% Non-Fatal)

The dlstingulshing characteristic of Problem Type 17 [s that the bicycllist was con-
fronted simulteneous!y with the threat of an overtaking motor vehicle and an object that
obstructed the path that he otherwlse would have followed. Reference to Flgure 24 shows
that the blcyctist in this situation sometimes collided with the overtaking motor vehicle
and somatimes collided with the cbstructing object. In 40% of the cases, the blcyclist
collided with the overtaking motor vehlicle while swerving around an obstruction in his
path (parked motor vehicle, roadway defect, pole, etc.). The motorlist in these accidents
observed the blcyclist but misjudged the magnitude of the bicyclist's turn to the left.
in 20% of the cases, the blcycllist collided with the rear of a parked motor vehlcle that
obstructed his path. Many accidents involving a parked motor vehicle probably go
unreported.

—— ——

FATAL= 6%
NON-FATAL-2.0%

*Bicyclist collided with
open motor-vehicle door.

Figure 24, Illusfration of Problem Type 17, Motorist Overtaking: Bioyolist's
Path Obetructed. )
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Forty percent of the Type 17 accldents occurred when the occupant of a parallel-
parked motor vehlcle opened the feft-hand door into the blcyclist's path. Although some
motorists reported that they searched to the rear for traffic, none observed the bicyclist
prior to the collision. Similarly, the bicyclist failed to observe that the parked motor
vehicle was occupied. The relative frequency with which bicycles collide with an opening
motor-vehicle door may be higher in some areas than was found in this study. In an un-
reported study by the author, 931 trafflic accldent report forms from areas within five
different states were studied. It was found that car-door-opening accidents accounted for
2.6% of ali reported bicycle/motor-vehicle accidents. However, the fregquency with which
this type of accident occurs was found to vary widely from one area to anocther. For
Instance, in a sample of 220 reports from Washlngton, D, C., It was found that 6.4% of all
reported bicycle/motor-vehicle accidents were car-door-opening accidents. Conversely, not
a single car-door-opening accident was found among a sample of 184 bicycle/motor-vehicle
accidents that occurred In Fairfax County--an area located only a few miles from Washington,
D. C. Based upon the information presently available, it is estimated that car-door-
opening accidents account for between two and four percent of the accldents that occur In
urban areas. The percentage would probably be highest In the central business districts

where the number and turnover of parallei-parked motor vehicles is high.

Most Type 17 accidents occur in urban areas; 574 occur on an urban two-lane street
and 29% on an urban street with more than two lanes. Only 14% occurred on a rural road-

way. All accldents of this type occurred during the daytime.

Surprisingty, few very young bicycllists were involved in this type of accident. The
median age of the blcyclists was 16.3 years; only five percent were younger than nine years
of age. The Interquartile range for Problem Type 17 accidents was 12.9 years to 23.2
years.

i}

Motorist Overtaking, Type Unknown (4.2% Fatal; .7% Non-Fatal)

In 4.2% of the fatal cases and .1% of the non-fatal cases, the information on the
traffic accident report form was sufficient fo establish that the accident was an over-
taking accident but was not sufficient to determine the motorist's function fallure and,
therefore, the specific problem +ype into which the case should be classified. About half
of the accidents occurred at night and about half occurred in rural areas. From the infor-
mation that was avaiiable for these accidents, it is probable that most of them would have
been classified into Problem Type 13, |If this assumption is correct, the proportion shown
in Table 17 for fatal accidents represents an underestimate of the frequency with which

Type 13 fatal accidents occur.

EDUCATIONAL COUNTERMEASURES FOR CLASS D PROBLEM TYPES
Bicyciists

With only a few exceptions, there s little that a bicyclist can be taught that

would help him avoid Class D accldents once he has decided o ride where and when such
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accidents are most likely to occur. As a consequence, the primary objective ot an educa-
tion and training program for bicyc!ists should center on modifying the bicyclist's choice
of where and when he will ride. Until more effective rear-tighting systems are available,
bicyclists should be taught to minimize the amount of night riding they do on any type of
roadway, but particularly night riding on rural roadways. Bicyclists must also be taught
to be highly selective In choosing the type of rural roadways they will ride on, regard-
less of the |1ghting conditions that prevail at the time of their trip. Specifically,
bicyclists should be taught to aveid riding on any type of rural roadway untess operating

speeds are low and a ridable shoulder is present.

ldeally, bicyclists could be taught to monitor overtaking motor vehiclies using a
rear-vision device and to always evade to the shoulder when overtaking motor vehicles are
observed. Although most overtakling accidents In rural areas would be avoided if bicyclists
could be Induced to follow thls procedure, it is unrealistic to expect them to do so as a
common practice. Such a procedure would become so tiresome that all the pleasure would be
lost from bicycle touring.

Bicycl ists must be taught to recognize situations in whlich the space Is so limited
that a motorist's misjudgment of the width of his vehicle might result in an overtaking
accident. In some Instances, the bicyclist can slow his speed enocugh that the motor
vehicle and bicycle do not arrive at a bottleneck at the same moment. When traffic Is
heavy and the lateral space Is limited for some distance, |ittle can be done other than to
avoid riding In such areas. Similarly, bicyclists should recelve speclal Instructions on
how to behave when they must ride to the left of objecfs that obstruct the path along the
right-hand edge of the roadway. When the street is narrow and there are many parked cars
along 1ts length, bicyc!lsts should be taught to search the parked cars for occupants who

may open the left-hand door of the parked motor vehicle.

In some Instances, It may be safer o ride In the center of the traffic lane than to
attempt to antlcipate an opening motor-vehlcle door. However, as was stated earller, con-
siderable study ts required before [t can be recommended that blcyclists be taught to ride
In the center of the traffic lane.

Bicyclist's Parents

The objective of parental educatlon would be to induce parents to prohiblt their
children from rlding their bicycles In rural arsas at any time, during darkness in any
location, and on any type of roadway for which oparating speeds are high and space Is
limited. Essentlally, the parents should recelve the same typa of education as the
blcycl Ists.

Motorists

It Is unlikaly that any type of training would Increase the |lkellhcod that motor-
ists wlll observe bicyc!ists under the clircumstances in which Type 13 accldents occur.
Howaver, It Is possible that motorist training would serve to decrease the Incidence of
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accldents that resutt from a motorist's mlsjudgment of the space required to overtake and
pass a blcyclist and accidents that occur when a motorist opens the left-hand door of his
motor vehicle into the path of a blcyclist.

CLASS E PROBLEM TYPES: BICYCLIST UNEXPECTED TURN/SWERVE

All the actcldent cases classified into Problem Class E occurred when a bicyclist--
suddenly and wlthout warning--turned or swerved into the path of an overtaking motor
vehicle or a motor vehlcle approaching from directly ahesad of the bicyclist. The cases
within Class E were classlfied Into four problem types that together accounted for 16.2%
of the fatal cases and 14.2% of the non-fatal cases. Table 1B |ists the descriptive title:
for the Class E problem types and shows the proportton of fatal and non-fatal cases classi-
fled Into each problem type.

TABLE 18
PROBLEM CLASS E--BICYCLIST UNEXPECTED TURM/SWERVE
FATAL |NON-FATAL
(N=165) | (8=753)
TYPE 18 BICYCLIST UNEXPECTED LEFT TURN: PARALLEL 8.4% 8.4%
PATHS, SAME DIRECTION
TYPE 19 BICYCLIST UNEXPECTED LEFT TURN: PARALLEL 3.0% 3.2¢
PATHS, FACING APPROACH
TYPE 20 BICYCLIST UNEXPECTED SWERVE LEFT: PARALLEL 3.6% 1.5%
PATHS, SAME DIRECTION (UNOBSTRUCTED PATH) :
TYPE 21 WRONG-WAY BICYCLIST TURNS RIGHT: PARALLEL 1.24 1.1%
PATHS
TOTAL CLASS (N: FATAL = 27; NON-FATAL = 107) 16.2% 14.2%

PROBLEM-TYPE DESCRIPTIONS
Problem Type 18 {8.4% Fatal; 8.4% Non-Fatal)

Problem Type 18 Is one of the most Important problem types, both In terms of fre-
quency of occurrence and Injury severity. Every Type 1B accident occurred when a blcy-
clist suddeniy turned left Into the path of an overtaking motor vehicle. About one-half
of the bleyclists turned left at the junction of a roadway or driveway, and the remaining
bicyclists inltiated their turn at a point that was not In close proximity to any type of
Junction. (This finding 1s 1llustrated by the two sets of wvehicles shown in Figure 25.)
Problem Type 18 does not include cases in which the blcyclist lost control of his bicycle
and Inadvertently swerved left,

About one-half of the accidents occurred on a two-lane urban strest and about 30%
occurred on a two-lane rural roadway. The remaining 20% occurred with about equal fre-
quency on urban and rural roadways with more than two lanes. Only seven percent of the
fatal and two percent of the non-fatal accidents occurred during darkness, so dedraded
vislbll1ty Is seldom a factor in accldents of this type. The apparent reason for the low
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FATAL=8.4%
NON-FATAL=8.4%

*Bicyclist turned at **No junction nearby.
Junction.

Figure 25. Illustration of Probiem Type 18, Bicyelist Unexpected Left
Turn: Pargllel Pathe, Same Direction,

incidence of nlghttime accldents Is that bicyclists can detect the headllghts of overtaking

motor vehicles without searching to the rear.

In 92% of the cases, It was Judged that the motorist observed the bicyclist far
enough in advance to have easily avolided the accldent, The motorist failed to Initiate
any type of evasive action because he had no ldea that the bicyclist intended to turn. A

search failure by the motorist was found in slightly less than flve percent of the cases.
Conversely, a search faillure by the blcyclist was evident In 94% of the cases. In the
remaining six percent of the cases, the blcyclist was aware of the overtaking motor vehicle
but Incorrectly assumed there was sufficlent time to cross the roadway before the ap-
proaching motor vehlicle arrlved.

It was known from pllot studles that accldents of this Type occur frequently, so

the Fleld Investigators were instructed to make a special attempt to determine why bicy-
clists fail to search behind before inltiating a left turn., Although the interviews
revealed a variety of different factors that may have contributed to the bicyclist's fall-
ure to search, It Is belleved that the most important contrlbuting factors simply were

not revealed by the Interviews. Knowledge of the locations at which Type 18 accidents
typlcally occur and informal discussions with many different bicyclists have led the
author to the tentative conclusion that bicyclists often fail to search behind because
they assume an overtaking motor vehicle can be heard if It is near enough to pose a threat.
Some accidents may occur because the sound of the overtaking motor vehicle is masked by
other auditory stimuli. Wind nolse, conversations with riding companlons, and the nolse
generated by motor vehicles approaching in the opposing lane are examples of common nolses
That may serve to mask the sound of an overtaking motor vehicle. The interview data
Iindicated That other accldents may occur when a bicycllst hears an overtaking motor vehicle
but misjudges Its proximity or i{ts approach veloclty. However, whether the sound of the
overtaklng motor vehicle is masked or misinterpreted, the fundamental error is a total

rellance on audlfory cues.
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A probable secondary factor contributing to the bicyclist's failure fo search con-
cerns the degree of skill and effort required to search 180 degrees to the rear while main-
taining lateral control of the blcycle. Searchlng to the rear without losing control of
the bicycle is difficult under the baest of clrcumstances, but Is even more dlifflcult when
the bicyclist must simultaneously rotate the head and tilt 1t forward as is required whan
riding a bicycle with dropped handlebars. When riding a bicycle with dropped handlebars,
many blcycllsts look under thelr |left arm when searching to the rear. Thils action requires
the head to be t1lted down about 90 degrees from vertical and rotated about 45 degrees to
the left. Consequently, when searching to the rear, the vestlbular mechanism is placed in
a highly unusual position, and the signals from the vestibular system are equally unusual.
Pitots of high-performance aircraft know that placing the head in an unusual position
{(tilting and/or rotating) while undergolng even moderate "g" forces creates unusual vestibu-
lar signals that, in furn, cause instant vertigo. [t is hypothesized that blcyclists

experlence the same type of problems as aircraft pilots, only less severa.

In summary, 1t Is belleved that bicycllsts are reluctant to search behind because It
is difficult to do so. The reluctance to search behind has led biecycllsts to rely on audi-
tory cues to detect overtaking motor vehicles whenever possible. When bicyclists are
traveling a roadway with heavy and continuous traffic, they recognize the necessity to
search behind before turning left, Howaver, when travellng a roadway with {ight and/or
sporadic traffic, they believe that audltory cues are adequate to detect overtaking motor
vehicles and conslder it safe to turn left when they fail to hear the sound of a nsarby
motor vehicle. Although auditory cues are reliable in most sltuatlions, there are some
cireumstances In which the sound of the overtaking motor vehicle 1s masked or distorted.
It Is In these situations that bicyclists turn left into the path of an overtakling motor
vehlcle,

In about six percent of the Type 18 accidents, the blcyclist dId search to the rear
before turning but failed to observe the overtaking motor vehicle or misjudged its speed.
In several cases, the motor vehicle that collided with the blcyclist was masked from view
by another motor vehicle. The bicyclist searched behind and observed the lead vehicle,
searched In a forward direction until I+ had passed, and turned Into the path of the second

{trailing) motor vehicle.

At least three percent of the Type 1B acclidents resulted from one bleyciist "blindly"
fol lowing another. The lead bicyclist searched to the rear and correctly judged that he
had enough time to turn left and clear the roadway before an overtaking mctor vehicie
arrived, Without searching to the rear, the trailing bicyclist followed the lead bicy-
clist--assuming that it was safe to turn. Although the tralling bicycllist turned shortly
after the lead bicyciist Initlated hls turn, the lag time was great enough to place the
trailing bicyclist on a collislon course with the overtaking motor vehicle. Because
bicyclists may be reluctant to admit that they were blindly foliowing a lead bicyclist,

[+ is probable that this bshavior was a factor in mors Type 18 accidents than was revealed
by the interview data,
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Most of the bicyclists who were Involved In Type 18 accidents wers Juvenlles. The
medlan age of the blcyclists was 12.7 years; five percent of the bicycllsts were younger

than seven years of age and 75% were 14 years of age or younger.

Problem Type 19 (3.0% Fatal; 3.2% Non-Fatal)

Like Problem Type 18, Problem Type 19 includes cases fn which the bicycllst suddenly
turned left Into the path of the motorist. However, Problem Type 19 includes only the
cases In which the bicyclist turned into the path of a motor vehlcle approaching from
stralght ahead. Functlonaily, the most important differences between Problem Types 18 and
19 are the ease with which blcyclists can perform a search for the approaching motor
vehicle (stralght ahead vs. straight behind) and the amount of time the motorist has to
respond once the blecyclist Initiates his left=-hand turn.

Although It might be assumed that Type 19 accldents would occur most often on busy
multiple-lane roadways, it was found that oniy 17% of the cases occurred on a roadway with
more than two lanes. The remaining cases occurred on eifther a two-lane urban roadway
(58%) or a two-lane rural roadway (25%). It was found that 96% of the accidents classi-
fied Into Problem Type 19 occurred during the daytime.

Flgure 26 shows that only three-fourths of the bicyclists inltlated thelr left-hand
turn at a point that was In close proximity to a roadway or driveway Junction. fn the
remaining cases, there was no Junction of any kind near the point at which the bicyclist
inltiated his turn. The bicyclists in Figure 26 are shown turning from a point close to
the right-hand edge of the roadway. Although such turns were most typlcal, the data show
that about 29% of the blicyclists initiated thelr turn from a polnt close to the center of
the roadway. Contrary to expectations, the bicycllsts who were riding close to the center
of the roadway prior to inltlating thelr turn were not on a multiple-lane roadway.

4

FATAL=3.0%
NON-FATAL=3.2%

—_—

Figure 26. Illustration of Problem Type 19, Bioyelist Unexpeoted Left Turm:
Parallel Paths, Facing Approach.

(NOTE: Most, but not all, bicyclists initiated their left-hand turn at a
point close to the right-hand edge of the roadway.)
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Despite the fact that the motor vehicle was approaching from directly ahead and was
clearly visible to the bicyclist, it was found that at least 75% of the bicyclists failed
to search in the direction of the motor wehicle until an accident was imminent. The pro-
portion of search failures would probably have been hlgher, but the bicyclist's function
failure could not be confidently established in 12% of the cases. Surprisingly, not a
single case was found in which the bicyclist observed the motor vehicle but misjudged its
approach veloclty. The bicyclist!'s search failure was most often due to operator distrac-
tTions. The types of distractions that most often contributed to the bicyclist's search
failure Include: Interacting with riding companion {41%), vehicles/pedestrians considered
an accident threat (24%), and game playing {12%). In another 2% of the cases, it was
found that the bicyclist's failure to search was due to his faulty assumption that a riding

companion would search for hazards and select a safe course.

About 70% of the motorlsts observed the bicyclist before he initlated his turn. Be-
cause of the narrowness of the roadway and the bicyclist's high-angle turn, 1t was judged
that only about 10% of the motorists who were searching In the bicycllist's direction had
sufficient time for evasive action once the bicyclist inltiated his turn. These motorists
failed to initiate evasive action because they assumed the bicyclist would slow or stop
before entering the motor vehicte's path. Twelve percent of the motorists failed to search
In tThe direction of the bicyclist. In eight percent of the cases, the motorist's view of

the bicyclist was temporarily obstructed by a moving vehicle.

Knowledge of the bicyclist's behavior in this situation would suggest that Type 19
accidents would most often involve very young bicyclists. Although young bicyclists were
most frequently involved, half the bicyclists were older than 13 years of age and 25% were
older than 18 years of age. The median age of the bicyclists was 13.8 years and five per-

cent were younger than seven years of age.

Problem Type 20 (3.6% Fatal; 1.5% Non-Fatal)

Problem Type 20 includes accidents in which the bicycllist inadvertently swerved left
and collided with an overtaking motor vehicle. Figure 27 shows the bicyclist swerving into
the path of am overtaking motor vehicle, but some bicyclists swerved Into the side of the
motor vehicle. Accidents of this type occurred on urban two-lane streets (46%), urban
streets with more than twe lanes (27%), and on rural two-lane roadways (27%). Every case

classified intc Problem Type 20 occurred during the daytime.

= — ' The most frequent reason

FATAL=3.6% for the blcyclist's inadvertent
NON-FATAL=1.5%

swerve was a prlor collision

— = with a curb (25%) or another
bicycle (17%). Vehicle fail-
ures, operator skill deficlen-

cies, and roadway-surface

defects were each found to be
Figure 27. Illustration of Problem Type 20, Bicyelist
Unexpected Swerve Left: Pavallel Paths, Same Direction
(Inobstructed Path). 17% of the cases. In nearly

a contributing factor In about
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every case, the motorist cobserved the bicyclist well

to avoid the accident once the blecyclist swerved.

c¢lists for Problem Type 26 was 11.5 years.

Acclidents of thls fType seldom involved adult bicyclists.

in advance but had insufficient time

The median age of the bicy-

Only five percent of the bicyclists were older

than 17 years of age; 75% of the bicyclists were between 8.5 and 15.1 years of age.

Problem Type 21 (1.2% Fatal; 1.1% Non-Fatal)

Problem Type 21 Includes accidents in which a bicycllist who had been riding facling

traffic suddenly Initiated a right-hand turn into the path of an approaching motor vehicle.

FATAL=1.2%
NON-FATAL=1.1%

‘Ns,“_“-_-__-

Figure 28.
Bieyclist Turns Right:

manner.

INMustration of Problem Type 21, Wrong-Hay
Parallel Paths.

all Type 21 accldents occurred during the daytime.

Figure 28 shows the bicyclist
turning into the path of a
motor vehicle approaching from
the opposite directlon. Al-
though most accidents occurred
In this way, Problem Type 21
also includes accldents in
which the bicyctlst crossed

the first half of the roadway
and collided with an overtaking
motor vehicle in the second
half.

was found that occurred In this

However, only one case

Seventy-five percent of the accidents ocecurred on a two-lane urban street, and

In one case, |t was found that the bicycllist's view of the oncoming motor vehicle

was obstructed by a parked vehicle.

search In the motorist's direction because of a momentary distraction.

bicyclist was distracted by another person with whom he was riding (57%).

In the remaining cases, the bicyclist falled to

In most cases, the
Other distrac-

tors contributing to the bicyclist's search fallure Include abnormal functioning of the

bicycle (14%}, riding an unfamiliar bicycle (14%}, and riding a bicycle that was too large
for the blcycllst (14%).

Except for the one case In which the bicyclist emerged suddeniy from behind a parked

motor vehicle, the motorist observed the bicyclist scon enough to have avoided the accl-

dent if he had been able to anticipate the blcyclist's intenticn to turn.

The bleyclists involved In Problem Type 21 varied In age from seven to 13 years.

The sample was too small to obtain a reliable estimate of the centlles.

EDUCATIONAL COUNTERMEASURES FOR CLASS E PROBLEM TYPES

Bicyclists

clists.

A study of Class E accldents suggests two types of education and training for blcy-

B4

First, education and training is needed to Tncrease the blcyclist's propensity to



search--both ahead and to the rear--and to signal prior to turning across the roadway. An
Important part of thls training Involves convincing bicycllsts that auditory cues alons
are not sufflcient to slgnai the presence of an overtaking motor vehicle. Specifically,
bicyclists should be taught that they should be alert fo audltory cues but not to assume
the absence of a motor vehlcle because one cannoct be heard. Because distractions often
contributed to the blecyclist's search fallure, bicyclists should be taught the importance

of momentary dlstractors and how to overcome them.

It 1s possible that the bicyclist's reluctance to scan to the rear can be overcome
by training. Expert bicyclists claim that, through proper trainlng, blcyclists can becoma
qulte proficient at scanning to the rear without veering. However, before such tralning
is Introduced on a large-scale basis, It would be necessary to conduct research to deter-
mine the type of training that Is best and the extent to which proficiency at thls task
can be increased through training the target population for Class E accidents.

Finally, when effective rear-vision devices become available, biecyclists should be
taught how and when to use such devlces.

Motorists

It is possible that some benefit would be derived from an educatlon and tralnling
program designed to inform motorlsts of the frequency with which Class E accldents occur
and to modlfy motorists' assumptions that a blcyclist wlll search and signal before ini-
tlating his turn. Certainly, motorists should be taught to give the bicyclist as wide a
berth as possible when overtaking and passing. However, because of the suddenness of the
bicyclist's turn, it Is unlikely that such training would result Tn a substantial decrease
in accidents of this type.

CLASS F PROBLEM TYPES: MOTORIST UNEXPECTED TURN

Problem Class F includes accidents that occurred when a motorist turned into the
path of a blecyclist approaching from the motorist's front or rear. |In nearly every case,
the motorist failed to observe the bicyciist before initlating his turn--usually because
the bicyclist was ridlng in an unexpected location. |n some cases, the blcycllist failed
to observe the turning motor vehicle untll the accident was imminent. In most cases, how-
ever, the bicyclist observed the motor vehicle and elther failed to anticlpate the motor-
Istts turn or Incorrectly assumed that the motorist would delay hls turn untll the Inter-
section was clear. As is shown In Table 19, Problem Class F accounted for 2.4% of the
fatal cases and 14,5% of the non-fatal cases. The three problem types wlthin Class F
differ In terms of the motorlst's direction of turn and the bicycilst's position and

directlion of travel relative to that of the motorist.
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TABLE 19

PROBLEM CLASS F--MOTORIST UNEXPECTED TURN

FATAL [NON-FATAL
(N=166) | (N=753)
TYPE 22 MOTORIST UNEXPECTED LEFT TURN: PARALLEL .6% 1.3%
PATHS, SAME DIRECTION
TYPE 23 MOTORIST UNEXPECTED LEFT TURN: PARALLEL --- 7.6%
PATHS, FACING APPROACH
TYPE 24 MOTORIST UNEXPECTED RIGHT TURN: PARALLEL 1.8% 5.6%
PATHS
TOTAL CLASS (N: FATAL = 4; NON-FATAL = 109) 2.4% 14.5%

PROBLEM-TYPE DESCRIPTIONS
Problem Type 22 (.6% Fatal: 1.3% Non-Fatal)

Problem Type 22 includes accidents in which the motorist turned left into the path
of a bicycllist approaching from the left-rear of the motor vehicle. figure 29 shows that
accldents of thls type occurred In two dlstinctly different ways. |In 60% of the cases,
the blecycllist was traveling in the same direction and in the same lane as the motor
vehicle. As the motor vehicle slowed in preparation for a left-hand turn, the bicyclist

overtook and collided with the furning motor vehicle. In the remaining cases, the

FATAL= 6%
NON-FATAL=1.3%

Figure 29. Illustration of Problem Type 22, Moterist Unexpected Left Turn:
FParallel Baths, Same Direction,
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bicyclist was riding facling traffic along the left-hand edge of the roadway prior to the

collision.

Twenty percent of the accidents of this type occurred on a two-lane rural roadway.
The accidents that occurred In an urban area occurred with equal frequency on a two-lane
street and on a street with more than two lanes. Although 30% of the accldents occurred
during darkness, darkness was judged to be a contributing factor in only one case. In all
other cases, the bicyclists were riding In a location that was not searched by the mo¥or-
Ist. That lIs, It was judged that the accldent would have occurred even [f the lighting

condltions had been optimal.

in 90% of the cases, the motorist faiied to search In the bicyclist!s dlirection
before initiating his turn because he simpiy did not expect a threat to be approaching
from that direction. Thlrty percent of the bicyclists also failed to search and conse-
quent|ly falled to observe the motor vehicle until it was too late to avold the accldent.
All the search fallures were committed by the wrong-way-riding bicyclists. In the remain-
ing cases, the bicyclist observed the motorist early enough to have avolded the accident.
The bicyclist's failure to Initlate evasive action upon observing the motor vehicle was
due to his fallure to anticipate the turn or his assumption that he had besn detected by
the motorist and that the motorist would yleld to him.

The median age of the bicycllsts involved in Type 22 accidents was 15,9 years; fewer
than five percent were younger than 12 years of age. Conversely, 25% of the bicyclists
were older than 23.5 years of age.

Problem Type 23 {7.6% Non-Fatal; No Fatal)

Problem Type 23 Includes cases In which the motorist turned left into the path of a
bicyclist approaching from the opposite direction. Specific subtypas of Problem Type 23
are as follows:

w [ntersection, bicyclist in street (68%),

a Intersection, bicyclist rode off sidawalk (74},

® Driveway/alley Junction, blcyclist in street (16%), and

w Driveway/alley junction, blcyclist on sidewalk (9%).

Only three problem types accounted for more non-fatal cases than Problem Type 23;
yot, not a single Type 23 accident was found among the fatal sample. Flgure 30 shows that
B6% of the bicyclists were riding legally In the roadway prior to the accident; the re-
maining bicyclists had been riding on the sidewalk before entering the Junction where the

collision occurred.

Sixty percent of the acclidents class!fied Into Problem Type 23 occuryed on an urban
street with four or more lanes; 39% occurred on a two-lane urban street, Only four percent
of the accldents occurred In a rural area. Accldents of this type occurred at a signifi-
cant rate throughout the period between 6:00 AM and 11:00 PM; 13% of the accidents occurred

durlng darkness.

The operator's view was obstructed by vegetation {bicyclist on sldewalk} or moving
motor vehlcles in only six percent of the cases, so visual obstructlions clearly are not an
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FATAL= 0%
NON-FATAL=7.6%
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Figure 30. Illustration of Problem Type 23, Motorist Unexpected Left Turn:
Pgrallel Paths, Faeing Approach.

important factor for this probiem type. |In nearly one-fifth of the cases, the motorist
failed to observe the bicyclist because of degraded visibility conditions. In these cases,
the motorist's visibillty was degraded by one of the following: darkness (14%), sun glare
{6%), or glare from artificial lights (2%). Of the bicyclists who went undetected by the
motorist at night, one-half were equipped with an operational head|amp.

!n 68% of the cases, the bicyclist was not observed by the motorist even though the
motorist's view was unobstructed and the visibillty conditlons were good. Thirty-eight
percent of the motorists reported that they scanned in the bicyclist's direction several
times before turnfng but still falled to observe the bicyclist until the vehicles collided,
or a moment before. |t is probable that all the motorists who committed a search failure
did, in fact, scan In the general direction of the blcyclist at least once. Thirty-six
percent of the moterists reported that their search fallure was at least partly due to
distracticns by vehicles or pedestrians that were considered an accldent threat.

An examlnation of the traffic context In which Type 23 accidents occurred would lead
one to expect that information overload may have often contributed to the motorist's search
failure. Although the Information was seldom sufficient to clearly establish the presence
of information overload, an evaluatlon of the trafflc context indicates that this may have
been a factor in at least half the cases in which a search failure was identifled.

Thirty percent of the bicyclists falled to search in the direction of the motor
vehicle until it was too late to avoid the accident. The remaining bicyclists observed
the motor vehicle but dld not, or could not, Inltiate evasive action until the accldent
was imminent. Typlcal patterns of failures by the bicyclist are as follows:

m The bicyclist faited to search in the motorist's direction because he falsely
assumed that all turning traffic wouid yleld to him (30%).
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® The bicyclist observed the motorist, correctly concluded that the motor vehicle
was golng to turn, but falsely assumed that he had been detected and that the
motorist would yield (29%).

® The bicyclist observed the motor vehicle stopped in the center of the roadway
waiting for an opportunlity to turn. The bicyclist continued because he assumed
that the motor vehicle would remain stopped untl| he had cleared the junction (24%),

® The bicyclist correctiy concluded that the vehicles were on a collislion course but
was unable to avold the collision because of a vehicle failure (wet or defective
brakes) or a skill deflcliency (9%).
It was found that the bicyclists Involved In this type of accident were older than
for any other problem type. The medlan age of the blcyclists was 20.1 years. Only 25%
of the bicyclists were younger than 16 years of age and only flve percent were younger
than 11 years of age.

Prablem Type 24 (1.8% Fatal; 5.6% Non-Fatal)

The dlstinguishlng characteristic of Problem Type 24 Is that a motorist colllded
with an approaching blcyctist whlle In the process of making a right-hand furn. Flgure 31
shows that 74% of the accldents Involved a blcycilst who was approaching from the motorlst's
right rear. This subtype typlfies the classical right—turn accldent that has been so
widely publicized. |In the remaining cases, the motorist turned Into the path of a bicy-
clist approaching from stralght ahead--riding faclng trafflc.

|

FATAL=1.8%
NON-FATAL=5.6%

__Be

4%

Figure 31. Illustration of Problem Type 24, Motorist Unexpected Right Turn:
Parallel Paths.

Every accident of this type occurred in an urban area. In 59% of the cases, the
motorist was traveling on a two-lane urban street prior to the coflision. In the remalin-
Tng cases, the motorlist was traveling on a street with more than two lanes. Most acci-
dents occurred at elther the Junction of two roadways (64%) or the junction of a street
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and driveway (29%), but Problem Type 24 also includes a smal! number of cases {72} in
which the motorist turned right to enter an on-street parking space. |In most cases, the
bleyclist was traveling on the same roadway as the motorist. However, in eight percent of
the cases, the bleycllst entered the Junction from a sldewalk., Nlnety-five percent of the
accldents occurred durlng the daytime; 83% occurred during the perfod between 11:00 AM and
6:00 PM,

More than 97% of the motorists reported that they falled to observe the approaching
bleyctIst at the tIme they Initiated thelr right-hand turn., 1In about five percen+ of the
cases, the motorist's view of the bicyclist approaching from the rear was obstructed, In
about 93% of the cases, however, the blcycllst was clearly visible to the motorlst but
went undetected because the motorist falied to scan carefully in the bicycllst's direction.
The most common reasons given for the motorlst's fallure to search In the bicyclilst!s
direction include:

& Bicycllst in unusual/unexpected location (40%),

® Assumed bicycllst overtaken before turn was far behind and posed no threat (37%),

® Expected all traffic to yleld or evade (13§),

& Motorlst was momentarlly distracted (13%), and

& Motorlst mlsjudged the speed of the approaching bicyclist (3%).

About 12% of the bleyc!ists failed to search in the motorist's direction—-usually
because of momentary distractions. The remaining bicyclists observed the motorist far in
advance but falled to correctly evaluate the motorist's intentions. in 24% of the cases,
the motor vehicle was stopped in a queus of motor vehicles when first observed by the
bleyclist, As the bicyclist approached the junctlon at which the accident occurred, the
queue of motor vehicles began moving, which enabled the motorist to move to the junction
where he Intended to turn right. The bicycllist either falled to anticlpate the motorist's
turn or assumed he could clear the Junction before the motorigst turned. Only one case of

thils type involved a wrong=-way-riding bicycllIst.

In about 64% of the cases, the blcycilst did not expect the motorist to turn, even
though he observed the moter vehicle slow at the approach to the Junctlon. In some cases
the motorlst falied to signal before turning; In other cases the motorist slgnaled but the
bicycllist did not, or could not, see the signal. Because of conflictling testimony by the
operators, I+ was Impossible to estimate the number of cases In which the motorist failed
to signal, the bleyctist falled to observe a clearly visible signal, or the bleyclist was

riding atongslide the motor vehlicie and could not see the motor-vehicle's turn-signal light.

However, 1t Is estimated that these three situations occurred with about equal frequency.

I+ was found that the blcyclists Involved In acclidents of this type varied widely in
age. The medjan age was 16.8 vyears; about flve percent of the bicycllsts were 12 years of

age or younger and 25% were older than 22 years of age.
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EDUCATIONAL COUNTERMEASURES FOR CLASS F PROBLEM TYPES
Bicyclists

About one-third of all Class F accidents were the direct or Indirect result of bicy=-
clists riding In an unexpected location (exctuding bicyclists approaching from the right-
rear of the motorist). Thus, bicyclist education and training programs should be designed
To curtaitl the following behavior:

® Wrong-way riding (14% of Class F),

W Entering @ junction from a sidewalk (10% of Class F}, and

m Overtaking and passing on the left of a motor vehlcle at a junction (5% of Class F).

Whether or not bicyclists are riding in an expected location, they should be taught
to search for motor wvehicles that are In a position to turn (right or left) into their
path. Although bicyclists should be taught to search for turn-signal |ights and hand sig-
nals, they should also be taught that the lack of a signal does not necessarily mean that
the motorist does not intend to turn. Bicycllists must be Informed of the low consplcuity
of the bicycle/bicyciist unit and taught to never assume that they have been observed by
The motorist--even when the vislbillt+y conditlons are good and the motorlst scans in the
bicyclist's direction. FlInally, blcyc!ists must be informed of the dangers of overtaking
and passing slow-moving or standing motor vehicles at junctions. Greatest emphasis should
be placed on +training to curtail passing on the rlght~hand side of slow-moving or standing

motor vehicles.

Some blicyelIng experts balieve that many Class F accldents would not occur 1f blcy=-
¢lists were taught to ride In the center of the trafflc lane rather than along the right=-
hand curb. They clalm that riding in the center of the traffic lane would increase the
Ifkel ihood that the bicyclist will be detected by the motorist and would ellIminate the
right-of-way conflicts with right-turning accidents. As was dlscussed earllier, a number
of critical questlons must be answered before recommending that bicycllsts be taught to
ride in the center of the traffic lane {(see discussion of countermeasures for Class E

accidents).

Motorists

The main objective of a motorist educaticn and tralning program Is to modlfy motor-
1sts' search patterns In the trafflic contexts where Class F accldents occur. An effective
training and education program must increase motorists! expectations of encountering
bleyclists and must teach them preclsely where to search when preparing fto make a left-

hand or right-hand turn.

CLASS G PROBLEM TYPES: OTHER

Class G includes the problem types that couid not meaningfully be classified Into
any of the previously described classes {see Table 20). With the exception of Problem
Types 25 and 26, the problem types within Class G occurred so infrequently that 1t was not
possible to draw valid inferences about the nature of the accident-generation process.
For this reason, Problem Types 27 through 36 are described in only enough detall to provide

a general notion of how the accldent occurred.
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TABLE 20
PROBLEM CLASS G--OTHER

FATAL |NON-FATAL
(N=166} | (N=753)
TYPE 25 VEHICLES COLLIDE AT UNCONTROLLED INTER- .6% 2.8%
SECTION: ORTHOGONAL PATHS
TYPE 26 VEHICLES COLLIDE HEAD-ON, WRONG-WAY 2.4% 3.6%
BICYCLIST
TYPE 27 BICYCLIST OVERTAKING .6% .9%
TYPE 28 HEAD-ON, WRONG-WAY MOTORIST 1.8% .8%
TYPE 29 PARKING LOT, OTHER OPEN AREA: ORTHOGONAL .6% .8%
PATHS
TYPE 30 HEAD-ON, COUNTERACTIVE EVASIVE ACTION - %
TYPE 31 BICYCLIST CUTS CORNER WHEN TURNING LEFT: .6% —--
ORTHOGONAL PATHS
TYPE 32 BICYCLIST SWINGS WIDE WHEN TURNING RIGHT: - .3%
ORTHOGONAL PATHS
TYPE 33 MOTORIST CUTS CORNER WHEN TURNING LEFT: —-- A%
ORTHOGONAL PATHS
TYPE 34 MOTORIST SWINGS WIDE WHEN TURNING RIGHT: —-- 1%
ORTHOGONAL PATHS
TYPE 35 MOTORIST DRIVEQUT FROM ON-STREET PARKING --- .3%
TYPE 36 WEIRD --- 1.1%
-=—  INSUFFICIENT INFORMATION TO CLASSIFY 7.2% -
TOTAL CLASS (N: FATAL = 23; NON-FATAL = 84) 13.8% 1.2%

PROBLEM-TYPE DESCRIPTIONS
Problem Type 25 (.6% Fatal; 2.8% Non-Fata])’

Problem Type 25 includes cases In which (a) the collision occurred within an uncon-
trolled Intersection and (b) the two vehicles approached on orthogonal legs of the Inter-
sectlon. Every case classified into Problem Type 25 occurred at the junction of a pair of
two-lane roadways; 86% occurred in an urban area and 14% occurred in a rural area. Flgure
32 shows that a slight majority of the accidents of this type occurred in the second half
of the roadway (57%). Although not illustrated in Figure 32, about 25% of the blcyclists
ware rlding on the wrong side of the roadway prlor to the colllsion. Ninety percent of
the acclidents occurred during the daytime when visIbility conditions were near optimal.

Visual obstructions |ocated close to the Junction served to |imlt the motorist's
preview time In 38% of the cases. Vegetatlion and parked motor vehicles were the most
common type of obstructing objJects. Darkness and Inadequate bicycle ll1ghting prevented
the motorist from detecting the bicyclist in about ten percent of the cases. The remain-
Ing cases Involved either a search fallure or an evaluation failure by the motorist. In
about 24% of the cases, the motorist failed to search In the directlon of the bicyc|Ist--
usually because the blcyclist was traveling In an unexpected location {wrong-way riding).
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FATAL= 6%
/ NON-FATAL=2.8%

Figure 32. ITlustration of Problem Type 25, Vehieles Collide at Uneontrolled
Intersection: Orthogonal Paths.

The motorlst observed the bicyclist early enough to have avolded the accident in 19% of
the cases. The motorist's fallure to initlate evaslve action was usually due to his faulty
assumption that the bicyc!list would slow or turn before entering the junction.

More than half the bicyclists falled to search effectively on thelr approach o the
Jjunction. Usually, the bicyclist's fallure to search was due, in part, to distractions
from game playlng and interacting with a passenger or ancther blcyclist. About 19% of the
bicyclists observed the motor vehicle early enough to have avoided the accident but incor-
rectly assumed the motorist would turn or slow before reaching the bicyclist's Intended
path. About ten percent of the cases were due to an action failure--usually due to faulty

brakes or a skill deficlency In operating caliper brakes.

A substantial number of the bicyclists who were involved in accidents of this type
were very young., The medlan age of the bicyclists was 12.4 years. Five percent were six

years of age or younger and only 25% were 14 years of age or older.

Problem Type 26 (2.4% Fatal; 3.6% Non-Fatal)

The accident cases classified into Problem Type 26 are hlghly similar to those clas-
sified Into Class D (Motorist Overtaking/Overtaking Threat). The main difference is that
all Type 26 accidents involved a wrong-way-rldinglbicyclisf and, therefore, a head-on
collision, MNinety-six percent of all Type 26 acclidents occurred on a relatively narrow
two-lane roadway; 55% of the accidents occurred In an urban area and 41% occurred in a

rural area. Seventy-elght percent of the accidents occurred during the daytime.
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Problem Type 26 contains flve distinctly dlfferent subtypes; these subtypes are
described briefly below. 1+ should be noted that several of the subtypes of Problem Type
26 correspond closely to problem types within Class D.

8 Blcycllst detected by motorist-~The blcyclist was riding facing trafflc and was

located In or near the center of the traffic lane. The motorist observed the
bleyelist approaching and slowed or stopped his vehlcle. Because the bleycllist

was scanning elsewhere, he rode into the front of the slow-moving or stopped motor
vehicle. Thls subtype accounted for 18% of the Type 26 accldents.

® Blcycllst not detected by motorist--The bleyclist was riding facing traffic but
was located close to the edge of the roadway. The motorist falled to observe the
blcycl st because of a search fallure {three cases), degraded visibi!|1ty condl-
tions at night (five cases), or because an oblect obstructed his view {six cases).
The motorist's view was obstructed by a parked or moving motor vehicle in three
cases; an embankment along a curve obstructed the motorist's view in the remaining
three cases. Fifty-two percent of the Type 26 accidents were classified into this
subtype.

® Counteractlive evasive action--When on a head-on approach, both operators evaded
In the same directlon. This subtype accounted for 11% of the Type 26 accidents.

® Motor vehlcle control failure--The operator permitted the motor vehicle to drift
too far to the right on a curve (4% of Type 26).

® Bicycle contrel failure--The bicycle drifted/swerved toc far to the right (15% of
Type 26).

Most of the blcyclists Involved In Type 26 accidents were juveniles. The median age
of the bicycllists was 12.9 years; about 70% of the bicyclists were between six and 15 years

of age.

Problem Type 27 (.6% Fatal; .9% Non-Fatal)

Probiem Type 27 Includes cases in which the bicyclist collided with the rear of a
stopped or slow-moving motor vehicle. About 43% of the accidents were the result of a
search failture by the bicycllst, and an equal number were due to the bicyclist's failure
to anticlpate a sudden reduction Tn the motor vehicle's speed. In 14% of the cases, the
bleyelist was unable to stop because of a skill deficiency In manipulating the callper

brakes.

Problem Type 28 (1.8% Fatal; .8% Non-Fatal)

All Type 28 collislons were head-on and Invotved a motor vehicle that was traveling
on the wrong side of the roadway. Two cases Involved a motor vehlcle that was out of

control. The other cases occurred as follows:

® A fruck offloading cement inched forward as a blcyclist approaching from stralght
ahead was preparing to swerve around the front of the truck.

® The motorist was leaving an unpaved area adjacent to the roadway and drove a short
distance on the wrong slide of the roadway.

8 The motorist veered into the left lane when preparing to make a sharp right-hand
turn.
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Problem Type 29 (.6% Fatal; .8% Non-Fatal)

All Type 29 accidents occurred in a parking lot or ancther large open area (83%
occurred in a commercial parking fot); the vehicles were traveling orthogonal paths in
every case. Visual obstructions were a factor in about one-third of the cases, Otherwise,

the accidents resulted from a search falliure by one or both operators.

Problem Type 30 {.1% Non-Fatal; No Fatal)

Problem Type 30 includes accidents in which the vehicles collided head-on becauss
both operators evaded in the same direction. Type 30 includes only the accidents that
occurred on a roadway so narrow that neither vehicle can be sald fo have been travellng

on the wrong side of the roadway.

Problem Type 31 {.6% Fatal; No Non-Fatal)

Problem Type 31 accldents (one case) occurred when a bicyciist cut a corner when
turning left and collided with a motor vehicle approachling on an orthogonal leg of the
Intersection.

Problem Type 32 (.3% Non-Fatal; No Fatal)

Problem Type 32 includes cases In which the blcycllst swung too far to the left when
making a high-speed right-hand turn. The blecyclist colllided with a parked motor vehlcle,
a standing motor vehicle, or a moving motor vehicle located on the roadway onto which the
bicyclist turned.

Problem Type 33 {.4% Non-Fatal; No Fatal)

Preblem Type 33 Is slmitar to Problem Type 31 except that Type 33 accidents resulted
from the motorist {rather than the bicyclist) cutting a corner when making a left-hand
furn.

Problem Type 34 (.1% Non-Fatal; No Fatal)

Problem Type 34 Includes accidents In which the motorlst swung wide when making a
right-hand turn and collided with a blcyclist approaching an intersection In the roadway
onto which the motorist turned. Problem Type 34 1s the counterpart of Problem Type 32,

Prablem Type 35 (.3% Non-Fatal; No Fatal}

Problem Type 35 includes accidents that occurred when a motorist drove into the path
of an approaching bicyclist when exiting an on-street parking space (one case parallel-
parklng space and one case diagonal-parking space).
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Problem Type 36 (1.1% Non-Fatal; No Fatal)

Problem Type 36 Inctudes a varlety of accidents termed "welrd" because of the unusual

clrcumstances that 1ed to thelir occurrence. Examples include:

® Blcyclist felt while belng towed by a motorcycla.
® Blcycle struck by objJact that fell from a truck.
® Blcyclist was pushed Into motor vehlcle's path by pedestrian.
® Motorlst dellberately collided with bicyclist (hostile act),

® Motor vehlcle was struck in the rear by another motor vehicle and pushed into the
blcyclist's path.

Blcyclist stopped In the center of a traffic lane to retrieve dropped object and
was struck by a motor vehlcle.

EDUCATIONAL COUNTERMEASURES FOR CLASS G PROBLEM TYPES

The educational countermeasures required to counter Type 25 accidents (vehicles
cofllded at uncontrolled Intersection) are similar to those suggested for the blcyclist
driveout and motorlst turn-merge/drive through accidents. Among the most Important educa-
tlonal countermeasures for Problem Type 25 are:

® Teach bicyclists to search for, recognlize, and cope with all types of visual

obstructions.

® Teach both bicyclists and motorists to search more effectivaly at uncontrolled
Intersections.

B ModTfy both bicycllsts! and motorists' assessments of of the risk associated wlth

uncontrolled intersections.

The educatlonal countermeasures for the remalning Class G accidents are simllar to
the countermeasures suggested for other problem types. Because of the great dlfferences
among Class G problem types, no attempt will be made to |lst the educational countermeasures
for each of them. ’

DESCRIPTION OF QUICK-REFERENCE TABLE

The persons who reviewed the materlal presented in this section of the report
expressed a need for a single table that presents selected information about the composite
set of problem types. Table 21 was prepared !n response to that need. The first two
columns of Table 21 show the deslgnator for each problem type; the next column shows the
generlc description of each problem type. Columns four and flve show the proportion of
the fatal and non-fatal samples accounted for by each problem type. The remaining flve
columns show the 5th, 25th, 50+h, 75th, and 95th centile age of the bicyclists who were
involved in the assoclated problem type. A dashed Iine In these columns indicate that the
sample was too small Yo provide a rellable estimate of the bicyclist age distributlon for
that problem type. Because of the small number of cases in the fatal sample, the centiles
are based solely on the age of the bicyclists In the non-fata! sample.
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TABLE 21

QUICK-REFERENCE TABLE SHOWING RELATIVE FREQUENCY OF OCCURRENCE AND
BICYCLIST AGE DISTRIBUTION FOR EACH PROBLEM TYPE

DESIGKATOR PROBLEM-TYPE DESCRIPTION OF OCCURRENCE
CLASS| TYPE FATAL |NON-FATAL| 5TH|25TH|50TH|75TH|95TH

A 1 |BICYCLE RIDEOUT: RESIDENTIAL 6.7% 5.7% 5.2| 7.4] 9.8]|12.3]15.9
DRIVEWAY/ALLEY, PRE-CRASH PATH
PERPENDICULAR TO ROADWAY

A 2 |BICYCLE RIDEOUT: COMMERCIAL 2.4% 3.2% 7.6] 9.4113.8|14.9124.9
DRIVEWAY/ALLEY, PRE-CRASH PATH
PERPENDICULAR TO ROADWAY

A 3 |BICYCLE RIDEQUT: DRIVEWAY/ALLEY 2.4% 2.5% 5.9( 9.6|11.5|13.1]16.0
APRON, PRE-CRASH PATH PARALLEL
TO ROADWAY

A 4 |BICYCLE RIDEOUT: ENTRY OVER 3.6% 2.5% 6.9] 9.5|11.5]14.5]15.0
SHOULDER/CURB

B 5 |BICYCLE RIDEOUT: INTERSECTION 7.8% 10.2% 6.8] 9.1111.8|14.3]19.4
CONTROLLED BY SIGN

B 6 |BICYCLE RIDEOUT: INTERSECTION .6% 3,1% |10.1|13.3(16.1|17.8]32.8
CONTROLLED BY SIGNAL, SIGNAL
PHASE CHANGE

B 7 |BICYCLE RIDEQOUT: INTERSECTION 2.4% 2.0% |11.8(12.9}15.215.9]33.2
CONTROLLED BY SIGNAL, MULTIPLE
THREAT

B - |8ICYCLE RIDEOUT; INTERSECTION 1.2% 1.7% 9.6(13.9{16.9|23.9(34.4
CONTROLLED BY SIGNAL, QTHER

c 8 [MOTORIST TURN-MERGE: COMMERCIAL == 5.3% 7.9113.3]|15.4(17.5]49.9
DRIVEWAY/ALLEY

C 9 |MOTORIST TURN-MERGE/DRIVE 1.2% 10.2% |10.4|13.8(16.3(20.5(35.6
THROUGH:  INTERSECTION '
CONTROLLED BY SIGN

c 10 |MOTORIST TURN-MERGE: INTER- -—- 1.9% ]10.6]12.1]13.3|24.4|72.4
SECTION CONTROLLED BY SIGNAL

c 11 |MOTORIST BACKING FROM RESIDEN- --- .8% - - - - -
TIAL DRIVEWAY

c 12 |MOTORIST DRIVEQUT: CONTROLLED 1.2% .5% - - - - -
INTERSECTION

D 13 JMOTORIST OVERTAKING: BICYCLIST 24.6% 4.0% |11.2(15.4(18.1|23.2]|59.6
NOT OBSERVED

D 14 JMOTORIST OVERTAKING: MOTOR 4.2% 7% - - - - -
VEHICLE OUT OF CONTROL

D 15 |MOTORIST OVERTAKING: COUNTER- 2.4% 1.7% 5.7| 9.2(12.3|14.4]15.7
ACTIVE EVASIVE ACTION

D 16 |MOTORIST OVERTAKING: MOTORIST 1.8% 2.0% 8.7|13.5(15.0]25.2|41.3
MISJUDGED SPACE REQUIRED TO PASS

D 17 |MOTORIST OVERTAKING: .6% 2.0% 9.1112.9(16.3|23.2(32.2
BICYCLIST'S PATH OBSTRUCTED

D - |MOTORIST OVERTAKING: TYPE 4.2% A% - - - - -

UNKNOHN
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TABLE 21 (CONTINUED)

CLASS/TYPE RELATIVE FREQUENCY
BICYCLIST AGE (CENTILES)
DESIGNATOR|  pRoBLEM TYPE DESCRIPTION OF OCCURRENCE
CLASS| TYPE FATAL |NON-FATAL| 5T |25TH|50TH[ 75TH| 95TH
E | 18 |BICYCLIST UNEXPECTED LEFT TuRN: | 8.4% | 8.4 | 7.2[10.612.7]14.5]20.9
PARALLEL PATHS, SAME DIRECTION
E | 19 |BICYcLIST unexpecTED LEFT Tumn: | 3.0 [ 3.2z | 6.2[11.7]13.8]18.5(35.8
PARALLEL PATHS, FACING APPROACH
E | 20 [BICYCLIST UNEXPECTED SWERVE a.68 | 1.52 | 8.5[10.2[11.5[15.1]16.4

LEFT: PARALLEL PATHS, SAME
DIRECTION (UNOBSTRUCTED PATH)

E 21 |WRONG-WAY BICYCLIST TURNS RIGHT: 1.2% 1.1% - - - - -
PARALLEL PATHS

F 22 |MOTORIST UNEXPECTED LEFT TURN: 6% 1.3% ]11.5]|13.5115.9|23.5]37.5
PARALLEL PATHS, SAME DIRECTION
F 23 |MOTORIST UNEXPECTED LEFT TURN: -—- 7.6% |10.8|15.7]20.1|26.6]46.2
PARALLEL PATHS, FACING APPROACH
F 24 |MOTORIST UNEXPECTED RIGHT TURN: 1.8% 5.6%2 |12.1]14.6]16.8|22.9(33.9
PARALLEL PATHS
G 25 VEHICLES COLLIDE AT UNCONTROLLED .6% 2.8% 6.0] 9.3/12.4/13.9]19.9
INTERSECTION: ORTHOGONAL PATHS
G 26 JVEHICLES COLLIDE HEAD-ON, WRONG- 2.4% 3.6% 6.5(10.9]12.9]/15.3|20.5
WAY BICYCLIST
27 |BICYCLIST OVERTAKING .6% .8% - - - - -
28 JHEAD-ON, WRONG-WAY MOTORIST 1.8% .B% - - - - -
29 JPARKING LOT, OTHER OPEN AREA: .6% .B% - - - - -
ORTHOGONAL PATHS
G 30 |HEAD-ON, COUNTERACTIVE EVASIVE --- 1% - - - - -
ACTION
G 31 |BICYCLIST CUTS CORMER WHEN ° .6% -—- - - - - -
TURNING LEFT: ORTHOGONAL PATHS
G 32 |BICYCLIST SWINGS WIDE WHEN -—- .3% - - - - -
TURNING RIGHT: ORTHOGONAL PATHS
G 33 |MOTORIST CUTS CORNER WHEN --- 4% - - - - -
TURNING LEFT: ORTHOGONAL PATHS
G 34 |MOTORIST SWINGS WIDE WHEN -—- A% - - - - -
TURNING RIGHT: ORTHOGONAL PATHS
G 35 |MOTORIST DRIVEOUT FROM ON-STREET --- 3% - - - - -
PARKING
G 36 [WEIRD -— 1.1% - - - - -
G 37 JINSUFFICIENT INFORMATION TO 7.2% --- - - - - -
CLASSIFY
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SECTION VI
DISCUSSION OF EDUCATION AND TRAINING OBJECTIVES

The establishment of a set of conclse educational’® objectives is among the most
important and most difficult tasks to be accompllshed In developing an educatlonal program,
so [t seems appropriate to devote a separate section to the discussion of bicycle-safety
education objectives. This section begins with a discussion of what are consldered the
most Important sources of the controversy associated with bicycle-safety education objec-
tives. Then, educational objectives for bicyclists, motorists, bicyclists' parents, !law
enforcement offlicers, and bicycle designers are dlscussed In turn. Bicyclist education
is discussed far more extensively than the education of the other groups. Bicyclist
education has been stressed for two reasons. First, it Is believed that the education of
bicyclists has more accident reduction potential than the educatlion of other groups.
Secondly, the education of bicyclists is Inherently more difficult than the education of

other groups because bicyclists must be educated at a younger age.

Education objectives for traffic and transportation engineers are not discussed
because of the raging controversy surrounding the safety benefits to be derived from
modifying the traffic system to better accommodate bicycles, Simijarly, this section con-
tains no discussion of educational obJectives for legislators, officlals of governmental
agencies, traffic-safety researchers, school administrators, classroom instructors, or the
many other persons who may benefit from education about the incidence, consequences, and
causes of bicycle accidents. The discussion of educational obJectives for these persons

must be left for another time and another report.

The reader should keep in mind that the educational obJectlves discussed In the
fol lowing pages are based almost entirely on a consideration of the behavioral causes of
bicycle/motor-vehicle accidents. Hopefully, the type of educatfon that witl effect a
reduction In bleycle/motor-vehicle accidents will also serve to reduce NMV accldents.
However, it fs almost certain that the set of educational objectives presented here wll)
have to bgs expanded once detailed data on the causes of NMV accldents become avallable.

SOURCES OF CONTROVERSY ABOUT EDUCATIONAL OBJECTIVES

A careful review of blcycle-safety educatlon programs deveioped In the recent past
reveals a great many differences In the objectives that the programs were designed to

*Throughout this section, the term "education" will be used in two different ways. When
referring to general education and training programs or general education and tralning

objectives, only the term “education" will be used; the term "tralning" will be dropped
to avold repeating "education and training” again and agaln. When referring to specific
education and training activities, the term "education™ will be used to refer to

activities that impart knowledge; the term "training” will be used to refer to activities
that enhance specific perceptual or motor skills.
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accomplish®, Many of the dIfferences are the direct result of the lack of valid informa-
tlon about the speclfic knowledge and sklil deficiencles that lead to bicycle accidents,
Other reasons for the differences are discussed below.

MOTIVES OTHER THAN PROMOTING SAFETY

1T is apparent from an examination of existing educational materials that the
promotion of safety was not aiways the sole motive in operation when the materials were
developed. Other apparent motives Include: promoting greater bicycle usage, increasing
bicyclt!sts! ablllty to ride efficlently, modlfying patterns of blcycle usage, and modifying
attitudes toward the bicycte and bicycle users. There are few who baelieve that the inclu-
sion of such toplcs In an educatlon program will serve to reduce accldents. Rather, they
are Included because of the belief that (a) greater and more efflclent use of the bicycle
will result in socletal beneflts that are at least as great as reducing accidents, and (b)
2 blcycle-safety education program provides a convenient vehicle for promoting bicycting
and teachlng bicyclists to ride more effliclently., Those who oppose the tnclusion of such
toplcs argue that the time and resources available for safety education are so |imited
that a safety-education program should be limited to the toplics and activities that are
known to reduce accldents.

FAILURE TO DEFINE UNDERLYING RATIONALE

It Is believed that much of the controversy about educational objectives stems from
the fallure to define the ratiocnale that led to the selection of a specific educational
objective. This is particularly true when the objective is to enhance rudimentary knowl-
aedge or skllls that a student must possess before he can be taught more complex and more
directly relevant concepts or skills. For example, on first examination, It may be diffi-
cult to see why a bicycle-safety educatiom program would include material about the
functlioning of the human visual system. However, the usefulpess of this information
quickly becomes apparent when it is explalned that some knowledge of the functioning of
the visual system Is required to teach students why bicyclists sometimes fail to observe
ciearly vislble cues to hazard, why motorists sometimes fal) to observe cleariy visible
blcyclists, and so on, I+ Ts belleved that much of the controversy about educational
obJectlves would vanish if each educational objective was accompanlied by a brief descrip-
tion of the ratlionale that led to the establishment of that objective. To be effective,
the description should be complete encugh to enable readers to easily perceive the link(s)
between an educational objective and the accldent-producing behavior to be modlfied.

ASSUMPTIONS ABOUT THE TARGET GROUP

There appears to be almost universal agreemant that bicyclists in general and juve-

nile bicyclists in particular constlitute the primary ftarget group for bicycle-safety

SReaders who have not had the opportunity to review a sampie of bicycle-safety education
programs and materials are encouraged to review the inventory of educational objectives
presented In Appendix B. This inventory was compiled from a study of ten recent bicycle-
safety education programs.
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education. However, there Is no universal agreement about the specific age at which
blcycle-safety education must be introduced. Some persons belleve that blcycle-safety
education should commence in kindergarten and contlnue In every grade through high school.
Others believe that 1t Is futile to attempt to educate very young children, so have
developed programs only for older children. Obviously, the speclfic obJectives of a pro-
gram are going to vary greatly as a function of the age at which bicycle-safety education
is to be introduced.

To compllcate matters even more, the objectives of programs developed for the same
young age group often differ because of differences in cpinion about what young children
can and cannot be taught. Chlld development experts agree that certain concepts simply
cannot be learned by children before they reach a certaln maturational level, no matter
how much effort is expended In trying to teach the child the concepts. However, chlild
development s not wel! enough understood to enable even the most knowledgeable experts to
define exact!y how old the average child must be before he can be taught a given safety-
related concept. Estimates about the earliest age at which a child can be taught a given
concept may vary over a range of several years. Concepts that fajil in this range of un-
certainty may be included or excluded from an educational program designed for a speclfic
age group, depending on the opinion and biases of the program developer. Controversies of
this type can be resclved only through research,

ASSUMPTIONS ABOUT RESOURCES AND CONSTRAINTS

Parhaps the most Important source of controversy about educatlonal objectives Is the
assumptions that are made about the resources that can be devoted to blcycle-safety educa-
tlon or, conversely, the constralnts withln which a program must operate. Examples of
assumptions that may have an Important Impact on educational objectives include:

® The agency who 1s responsible for developing and Implementing the program (schools,
police departments, bicycling organfzaflons, clvlc groups, etc.).

& The amount of time students will be avallable for education and training.

® The funds and other resources available for developlng educaticnal materlals and
activitles, '

& The educational madia and methed (the distribution of reading materfals, public-
service radlo or television spot announcements, one-shot rodeos, c¢lassroom
trainlng, on-the-road tralning, training In driving simulators, or some combina-
tion of these).

® The knowledge and sophistication of the Instructional personnel.

Until now, there has been a strong tendency to tallor educational programs to the
capabilitles and !imitations of the organization that will be responsible for admlnistering
the program, Slnce organizatlons dlffer great!y In thelr capabillties and |imitations, It
15 not surprising to find important dlfferences in the specific educational objectives
they have adopted for thelr programs. Talloring educational objectives to the capabilities
and limitations of an organlzatlon Ts a dangerous practice that can lead to programs which
are so incomplete and superflclal that they have Iittle or no Impact on accidents. A
better approach is to deflne the objectives of an ideal program and then identlfy the

organizations who are most capable of administering that program. The same is true for
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educational methods and media. That Is, the educational methods and medla to be employed
should be dictated by the educational objectives rather than attempting to tailor educa-

tional obJectives to a speclfic method or medla.

MULTIPLE EDUCATIONAL STRATEGIES

For most types of accidents, there are several educational strategies that may prove
effectlve In reducing accldent likellhood. One strategy might focus on education that
would induce blcyclists to avoid riding In high-hazard areas; another strategy might focus
on education that would induce bicyclists to modify their speed and path at high-hazard
locations; a third strategy might focus on training that would increase the bicyclists!'
ablllty to make emergency stops and turns. Differences In educational strategy account
for some of the dlfferences In the obJectives of contemporary bicycle-safety education
pregrams. The controversy about such differences would be greatly reduced if (a) the
varlous educatlon strategles were defined more explicitly, and (b) the rationale for

selecting one strategy over another was explained by educational program developers.

OBJECTIVES OF BICYCLIST EDUCATION

Because an accldent Is the end product of a sequential chaln of events, it is pos-
sible that the causal chain may be broken and the accident avoided by modifylng any one of
the events In the causal chain. The Implication of this assertion is that there may be
several different educational solutions for the same type of accldent. When discussing
educational obJectives, 1t Is important that the full range of potential educational soiu-
tions be considered, and 1t is important that they be considered In an organized fashion.
To provide an organizational framework for discussing the full range of educationa! objec-
tlves, the bicycle=riding task has been divided Into three sets of functions. The first
set of functions=-the Preparatory-Phase fuchions——are those ordinarily accomplished
before the bicyclist departs on a trip. The second set of functions--the Anticipatory-
Phase functions=-are those required to select a safe course (both path and speed) through
an area, The thlrd set of functions--the Reactive-Phase functions--are those required to

raspond to a speclfic threat in the envlronment.

For each of the three sets of functions, educational objectives are discussed at two
levels of speclflclty. At the most general level (lLevel 1), the objJectives are defined in
broad behavioral terms. Level || obJectives are defined In terms of the knowledge and
sklilis that must be enhanced and the values that must be modified In order to achleve the
behavioral changes specified by the Level | objectives. |If the educatlonal objectives

deflned here prove valid and meaningful, 1t will be necessary to define objectives at a
third level of speclficity. ObJectlves at Level Il would define the specific methods and
technlques required to accompiish the Level 1) objectlves. An effort is presently under-

way to conduct the research, development, and evaluation needed to define objectives at

the third level of specificlty., The effort Is being funded by the National Highway Traffic
Safety Adminjstration (NHTSA) and shou!d be completed by late 1979 or early 1980. Readers
who have ldeas about speciflic methods and techniques for accompllshing the Level |1
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objectives defined below are encouraged to convey thelr ldeas to NHTSA directly or to
convey them indirectly through the AAA Foundation for Traffic Safety.

The dlscussion of educational objectives follows a brief dliscussion of the target

groups for bicyclist education.

COMMENTS ABOUT THE TARGET GROUPS FOR BICYCLIST EDUCATION

Decislons about the target groups for bicycllst education must be based on a joint
consideration of two factors: (a) the age distribution of the accident population of
bl¢yclIsts, and (b} the relationship between educational costs and the age of the blcy-
cllsts being educated. On one hand, there s a need to introduce educatlion at an early
enough age so that substantial numbers of accldents wll! not have occurred before bicy-
clists recelve the educatlon. On the other hand, there Is a desire to delay educatlon for
as long as possible because the ease and efficlency of accompllshing the educatlional objec-
tlves tends to increase as a function of the age of the student. That is, within limlts,
It Is easier to teach complex concepts and skills to older chii{dren than to younger child-

ren. The following paragraphs address this dllemma.

Consider flrst the age distribution of the bicycling population. The curves In
Figure 33 show the proportion of fatal and non-fatal blcycle/motor-vehlcle accidents that
occur after each age from four to 18 years. The proportion of accldents occurring after a
specified age provides an indication of the maximum payoff that could be reallzed from
education Introduced at that age. For Instance, Figure 33 shows that only 36% of the
fata! accidents and 21% of the non-fatal accidents Involve a blcyclist who Is older than
18 years of age. Thus, the maximum beneflt that could be reallzed from educatlon intro-
duced at this age level 1s a 36% reduction In fatal and a 21% reduction In non-fatal

accidents.

The findling that accident ratse Is hlgﬁes+ for bicyclists between 11 and 13 years of
age has led some persons to conclude that education should be focused on blcyclists withln
this age group. Examination of Flgure 33 shows that the potential payoff would be con-
slderably reduced if education was delayed until bicyclists had reached the age of 11, 12,
or t3 years. For Instance, If educatlon was delayed untll the age of 13, the potentlal
payoff would be reduced to 64% for fatal and 52% for non-fatal accidents. The potential
payoff would be higher if the education was Introducsd at age 1i; but, even so, |t would

be oniy 75% and 70% for fatal and non-fatal accldents, respectively.

The data In Flgure 33 make it clear that a major educatlonal effort must be Intro-
duced at the elementary school level If bicycle~safety educatlion Is to have a significant
impact on accldents. However, this conclusion gives rise to several important questions
that are difficult to answer with the data presently available.

m What is5 the earllest age at which children can be taught the necessary concepts,
principles, and skills?

m How long can children of different ages be expected o retaln the concepts,
principles, and skills they are taught?
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® (f retention is a problem, what are the requirements for educatlon to refresh
students' recollection of key concepts and principles in the years after they have
completed a comprehensive education program?

® What 75 to be done to educate bicyclists who are older than the educational target

group at the time a bicycle-safety education program 1s first introduced?

A final answer to the above questions must await the development and evaluation of
prototype educational methods and materfals. And yet, even prototype methods and materials
cannot be developed without making initial assumptions about the age of the educational
target group. What must be done to answer these guestions is: make best guesses about
the educational target group; develop methods and materlals to educate that target group;
conduct a formal evaluation of the effectiveness of the education; and use the research
findings to better define the optimal target group, refine the metheds and techniques, or
both. 5o, at this stage of development, the task at hand 13 +o make "best guesses" about
the educational target group. These "best guesses” will form the basis for developing
prototype methods and materials which will subsequently be evaluated. The authorfs "best
guesses” are described below along with the supporting raticnale.
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The ease and efficiency of almost any type of education Is importantly determined by
the language skills of the student, particularly the student's ability to read and write.
According to experts in elementary education with whom the author has discussed this prob-
lem, the language skills of a typlcal student represent a serious barrier to efficient
education until the student has completed the third grade (about nine years of age}. For
this reason, most elementary education experts ldentified the fourth grade as the earllest
age at which bicycle-safety education could be accomplished with reasonable efficlency.
Some experts believed that education should not be introduced until the fifth grade, but
few expressed the view that it would be effective to introduce a truly comprehensive educa-

tion program earlier than the fourth grade.

The data show that +he potential payoff of a comprehensive educational program intro-
duced at the fourth-grade level would be about 87%. But, what about the 13% of the acci-
dents that wi}l have atready occurred before the education is Introduced? When attempting
to formulate an answer to this question, the data ware examined to determine the type of
accidents that Involve bicyclists who have not yet reached the fourth grade (bicyclists
younger than about nine years of age)., It was found that bicyclists younger than nine
yYears of age are involved in a relatively small number of different types of accidents.
About 60% of the accidents are "bicyclist-rideout" accidents that occur at the junction of
a street and driveway/alley, at an intersection controlled by a stop sign, or at an uncon-
trolied intersection., Another 153 of the accidents occur when a bicyclist makes an unex-
pected leff-hand turn into the path of an overtaking motor vehicle, This finding suggests
the possibility of a |Imited educational program that would focus sclely on the behavioral
errors that contribute to "bicycle-rideout" and "unexpected-left-turn" accidents. Such a
program would have maximum potential payoff 1f it was Introduced at the kindergarten level;
but because of the difficulty of educating kindergarteners, it is believed that the pro-

gram would be most effective If introduced at the first-grade fevel.

A limited educational program introduced at the first grade and a comprehensive edu-
cational program Introduced at +he fourth grade would have a combined potential payoff in
excess of 90%. The actual payoff would be a function of the program's effectiveness in
achleving the desired behavioral changes and the extent to which the educational material
is retained by the students. Even if a program proved highly effective in achieving the
desired behavioral changes, it is unlikely that the effects would be long lasting without
subsequent education to refresh bicyclists' recollection of key concepts and principles.
If a comprehensive program 1s Introduced at the fourth-grade level, it is believed that
"refresher™ education should be Introduced at least every other year thereafter, through
the tenth grade. it must be emphasized, however, that the recommendation about the grade
levels for administering refresher education is based upon-precious littie empirical infor-
mation. Once a comprehenslve program has been developed, this issue can be resolved
empirfcally by retesting students each year for several years after they have received the
education. With such test data in hand, it would be a relatively simple matter to judge

when retention has degraded enough to warrant refresher education.

In summary, the author's "best guesses" about the target groups for bicyclist educa-

tion are as fol lows:
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® First graders (six-year olds)--limlted program aimed at "blcyclist-rideout" and
"unexpected-left-turn" accidents.

m Fourth graders (nine-year olds}--comprehensive education program aimed at all types
of accidents, including NMV accidents,

® Sixth graders (11-year olds)--reinforcement education aimed at all types of
acclidents,

m Eighth graders (13-year oids)--reinforcement education aimed at all types of
accidents.

Tenth graders {15-year olds}--relinforcement education wlth emphasis on Problem
Types 6, 8, 9, 10, 13, 16, 17, 19, 22, 23, and 24.

Assuming that 1t Is possible to introduce a program to educate the target groups
defined above, 1t is then appropriate to ask, What is to be done to educate bicycllists
who are older than the primary target group (fourth graders) at the time the program is
first introduced? The answer to this question depends almost entlirely on the funding
available. Ideally, it would be possible to commence a long-term educational program by
educating the entire population of bicyclists during the flirst year and educating only the
primary target group in each subsequent year. However, a one-shot program to educate the
entire populatlon of bicyclists in a single year would Involve monumental costs and count-
less logistics problems., In all likelihood, It would be impossible to obtain the funds
needed to accomplish such an ambitious task. This means that educatling the population

must be accomplished over a number of years.

In the author's view, the education of each year's crop of first and fourth graders
should be consldered first priority. {f additional funds can be obtained, they shouid be
spent providing eomprehensive education to as large a group of older blcyclists as Is
possible with the funds available, rathar than providing limited education to every blcy=-
clist older than the primary target group. A declslon to exclude some bicycllsts from a
safety-education program may seem callous, but it woulid be far worse to declde upon expend-
Ing the }imited educational rescurces on a. program that would provide only superficlal

education to large numbers of blcycilsts.

EDUCATION TO ENHANCE PREPARATORY-PHASE FUNCTIONS

By definitlon, the Preparatory Phase of a blcycling trip commences when the operator
makes a declsion to execute a trlp and termlnates at the polnt at which the operator begins
the task of sefecting a course through a particular area. During the Preparatory Phase, a
bicyclist must evaluate hls own capabllity and that of hls vehlcle to complete the anticl-
pated trip under the environmental conditlons that wif| be encountered during the trip.

In addition, the blcyclist must evaluate alternate routes to hls destinatlon and select

the one that best sults hls momentary needs. Education almed at the Preparatory-Phase
functions Ts based upon the assumption that bicycle accidents can be prevented by education
that would increase bicycllists' ablllty and Inclination to perform the Preparatory-Phase
functions. The Level | and Level |l educatlional obJectives for enhancing the performance
of Preparatory-Phase functlons are Yisted In Table 2Z and discussed below. The discussion
Includes objJectives that are clearly important as well as some whose importance is margi-

nal or has yet to be determined.
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TABLE 22

EDUCATIONAL OBJECTIVES FOR ENHANCING PERFORMANCE OF PREPARATORY-PHASE FUNCTIONS

LEVEL I OBJECTIVES

LEVEL II OBJECTIVES

Increase bicyclists’ ability and
inclination to perform a safety
check of bicycle before departing
on a trip.

Increase knowledge of parts of bicycle and their
functions.

Increase knowledge of procedures and criteria for
evaluating the bicycle's state of repair.

Increase knowledge of procedures and criteria for
evaluating the adequacy of safety equipment for the
contemplated trip.

Increase knowledge of procedures and criteria for
determining whether the bicycle fits the rider.

Increase knowledge of risk associated with riding a
bicycle that has mechanical defects, is i11-fitting,
and/or is not equipped with needed accessories.

Increase bicyclists' ability and

inciination to repair bicycle and
perform necessary maintenance and
adjustments before departing.

Increase knowledge of maintenance, adjustment, and
repair procedures/techniques.

Increase knowledge of maintenance, adjustments, and
repairs that should be accomplished by a parent or
professional bicycle mechanic.

Increase bicyclists' ability and
inclination to evaluate the impact
of weather and 1ighting conditions
that will be encounterad during
trip.

Increase knowledge of the effect of inclement
weather on accident 1ikelihood.

Increase knowledge of the effect of darkness on
accident 1ikelihood.

Increase knowledge of the necessity for lighting
equipment when night riding cannot be avoided.

Increase bicyclists' ability and
inclination to consider alternate
routes to destination and to
select the safest route.

(Level I1 objectives cannot be defined until addi-

tional research is conducted to determine the type

and weighting of criteria to be used for evaluating
the relative safety of alternate routes,)

Increase bicyclists' ability and
inclination to consider their own
capabilities for completing the
contemplated trip safely.

Increase knowledge of the effect of specific mental
and physical impairments on accident 1ikelihood.

Increase awareness of the effect of specific knowl-
edge and skill deficiencies on accident likelihood.

Increase awareness of the knowledge and skills
required to complete various types of trips with
reasonable safety. ‘

Perform Safety Check of Bicycle

Mechanical condition.

Importance of performing a safety check of the bicycle before departing on a trip.

Nearly every bicycle-safety program In existence stresses the

Some

programs merely attempt to Induce the bicyclist to perform the safety check, whereas
others are designed to teach blcyclists how the safety check 1s to be accomplished, |If
education Is to be Introduced at the fourth-grade level, It seems certain that many bicy-

cllsts will not possess the knowledge required to perform a safety check.

Thus, if young

bicycllists are to be taught to perform an effective safety check, I+ will be necessary to

Increase thelr knowledge of:
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® The parts of a blcycle and their functions.

% The procedures and criteria for evaluating the state of repair of each bicycle
part.

& The procedures and criteria for evaluating the adequacy of safety equipment for
the contemplated trip.

® The procedures and criteria for determining whether the bicycle fits the rider.

Assuming a blcyec!ist can be taught how to perform the safety check, education alse
will be required to Induce him fo do so on a regular basis, This will require education
to increase bicyclists' knowledge of the risk associated with riding a bicycle that has
mechanfcal defects, is ill fitting, 1s not equipped with the necessary safety equipment,
or a combination of these. In short, the bicyclist must be educated about the extent to
which accident I|lkelihood Is Increased when they fail to perform a safety check before
departing on thelr trip.

Although there Is evidence that a substantial proportion of bicycles have defects
which are potentially accident producing (see Figure 6 in Section iV}, it was found that
a bicycle defect contributed to less than three percent of all bicycle/motor-vehicle acci-
dents. The maln contributor was defective brakes, whlch was a factor in about one percent
of the bicycle/motor-vehicle accidents. The role of bicycle defects in NMV accidents 1s
not known for certaln, but many experts feel strongly that mechanical defects contribute
to a substantial portion of NMV accidents. In summary, teaching bicyclists to check the
mechanical condition of thelr bicycle could have a small, but significant, Impact on

bicycie/motor=-vehicle accidents and possibly a far greater impact on NMV accidents,

Bicyele eize/fit. The Vlterature contains a great deal of Instructional material

that has been deslgned to teach bicyclists how to select the proper size bicycle and how
to adjust the blcycle handlebars and seat to fit the rider., This fact reflects the common

belief that many bicyclists ride il1l1-flt+ting bicycles, that a bicycl|ist's abillty to main-
tain propsr control 1s seriously degraded when riding an §ill-fitting bicycle, and that
accldents frequently result from bicyclists riding 111-fi+ting bicycles. These views are

so loglcally appealing that it Is difflcult to argue wl+th them; yet, there is |Ittle

recent empirical data to support them. The author knows of no systematic research that

has been conducted to determlne the number of bicycllsts who ride ill-fitting bicycles or
to assess the extent to which control is degraded when bicycle fit is non-optimal. In
Section V, It was mentloned that riding an oversized bicycle was a contributing factor in
about one percent of all bicycle/motor-vehicie accidents. Although it seems probable that
non-optimal fit would contribute to an even larger proportion of NMV accidents, no data
have been located to support or refute this assumption. In addition to fit, as measured by
the operator's ability to reach the pedals and handlebars, a small number of accldents

were noted tn which the bicyclist's hands were too smal! to grasp caliper-brake handles.

Although only one or two bicycle/motor-vehicle accidents of this kind were noted, it is
possible that thls aspect of bicycle fl+ accounts for an important number of NMV accldents.

After reading the above paragraph, the reader may be surprised that teaching bicy-
cllsts to check the size and fit of their bicycle has been included as an educational
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objective, Although such education appears to have the potential for eliminating only a
smal| number of bicycle/motor-vehicle accidents, it 1s the type of education that can be
accompl ished quickly and In a straightforward manner. The low cost of teaching bicycllists
to check blcycle size and fit, combined with the possibllity that such education would
serve To reduce NMY accidents, seems sufficient Justlfication for the inclusion of this

educational objective.

Safety equipment, Education to induce blcyclists to check the type and condition of
safety equipment on thelr bicycle appears to have considerabie potentlal for reducling
accidents. The maln emphasis should be placed on }ighting equipment. It wll| be recalled
from Table 13 (Section !ll} that a large proportion of bicycllists involved In night acct-
dents were riding a bicycle with Inadequate lighting equipment. For Instance, only 13% of
the bicycles were equipped with an operational headllght, about 40% were equipped with
side reflectors, about 40% were equipped with a front reflector, about 63% were equlpped
with reflectorized pedals, and 67% were equipped with a rear reflector. Although there [s
a clear need for the development of more effective bicycle-llghting equlpment, it seems
reasonable to assume that a substantlal proportion of night accldents would be avoided If
bicycles were equipped with the best tlghting equipment that Is presently on the market.

Thers is virtually no questlon that a safety-education program should place heavy
emphasis on checking the adequacy of a bicycle's lighting equipment before departing on a
trip that will involve night riding. tindeed, It Is appalling to find that only 13% of the
bicycles Involved In night accidents were equipped with an cperatfonal headllght. Riding
at night without a headlight reduces the bicycle's vislbility to motorists and also may
increase the likellhood of NMV accidents, Standard headlights provide sufflcient I1lumina-
tion for the bicyclists to observe major street-surface defects and other large hazards.
Headlights with greater than standard power will be required to provide the 1ltumination
needed to observe less visually promlnent hazards, such as speed bumps, small debris In

the roadway, cables across driveway entrances, and s0 on.

Other types of safety equipment that may decrease accident |lke!lhood Include safety
flags, baskets and racks, chain guards, handlebar grips or tape, rear-vision mirrors, and
auditory warning devices (horn or bell}. Unfortunately, there are no data to use in esti-
mating the number of accidents that would be eliminated If bicycles were equipped wlth such
devices. It 1s known that lack of daytime conspliculty Is a contributing factor in many
bicycle/motor-vehicle accidents, and it is highly probable that daytime consplcufty would
be increased by safety flags. However, the potential benefit of educating bicyclists to
equip their bicycles with safety flags cannot be estimated untll research Is conducted to
evaluate thelr effectiveness. Additional ressarch Is also needed to evaluate the benefit

of educatlon to equip blcyclies with the other safety-equipment [tems |lsted above.

In summary, 1+ is highly probable that considerable beneflt would derive from
educating blcyclists about the need for effective lighting equipment. Educating them about
the benefit of other safety-equlpment Items remains uncertain at this time, but providing
such education would certatnly not be harmful if It could be accomplished without reducing
the time avalilable to educate bicyclists about more important matters.
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Bicyele maintenance, adjustments, and repairs. As was stated above, about three
percent of all bleycle/motor-vehicle accidents are the direct or indirect result of
bicycle dofects. Some experts believe that a substantial number of NMV accidents result
from bicycie malfunctions, but no data are avallabie to estimate thls number accurately.
Unless the number of NMV accidents resulting from bicycle defects proves to be large, the
accident reduction potential of education about bicycle repair and adjustment must be con-
sldered marginal at best. In |ight of these facts, educatlon about bicycle repair and
adJustment would not be cost-effectlve unless methods can be developed to accomplish this
educational obJective with only a small expendlture of +ime and resources.

It is unlTkely that cost-effective methods could be developed to teach young bicy-
clists the full range of skllls required to fully malntaln their bicycles and repair any
malfunction that could arise. However, 1t is possible that 1+ would be cost-effective to
(a) teach bicyclists to perform the most simple maintenance, adjustment, and repair tasks,
and (b) teach blcycllsts the speciflc tasks that should be performed by a parent or pro-
fessional bicycle mechanic., For instance, 1t should be a relatively simple matter fo
teach young blicyclists to adjust thelr seat and handlebars, tighten loose nuts and bolts,
replace dead batterles In headlights, clean reflectors, adjust the chain, and perhaps

other simple maintenance and repair tasks as well.

As of now, the advisability of educating bicycllsts to maintain, adjust, and repair
their bicycles remains uncertain. Whether or not teaching such skills should be estab-
lished as an educational objective will depend on the leve! of skill that must be acquired,
the efficiency of the methods that are developed to teach the skill, and the time and
resources needed to accomplish more important educational obJectives. In any event,

teaching such skllls cannot be considered a primary educational objective.

Evaluation of Weather and Lighting Conditigns

Declislions about whether or not to make a trip and decisions about an optimal route
to a destination should be based upon a careful consideration of the weather and |ighting
conditions that will be encountered during the trip. Judicious decisions can be made
only If bicyclists have a ciear knowledge of the effect of lnblemen+ weather on accldent
I1kelihoed, the effect of darkness on accident Ilkelihood, and the necessity for effective
Vighting equipment when riding at night. According to the evidence presently available,
the Incidence of bicycle riding is reduced drastically at nlight and during periods of
inclement weather. Even so, night accidents account for about one-third of all fatalities
and ten percent of all injuries resulting from bicycle/motor-vehicle accidents. About
three percent of the bicycle/motor-vehicle accidents in the Cross and Fisher study (1977)
sample were found to occur during Tnclement weather, but the number of Inclement-weather
accldents may be considerably higher in some geographical areas. Moreover, [t Is probable
that inclement weather contributes to a substantial number of NMV accidents.

For the above reasons, educating bicyc!ists to carefully evaluate weather and 1ighting
conditions is considered a worthwhile objective for a blcycle-safety education program.
The education should induce bicyc!ists to either refrain from riding at night and during
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pericds of inclement weather or, at least, select routes that are safest when 11ghting and/
or weather conditions are suboptimal. Education about route selection Is dlscussed in

detail below.

Route Selection

Teaching bicyclIsts to setect the "safest" route 1s among the most common objectives
of existing educational programs. However, programs differ greatly In what blcyclists are
taught about route selection. Some programs accomplish |1t+ie more than making an emotional
appeal to always select the safest route. These programs make no reference whatscever to
the criterla to be used In evatuating the relative safety of alternate routes. Some safety-
education programs developed for school-age chlldren provide explicit Instruction on safe
routes to school. The safe routes to schoo! are usually defined by an employee of the
local traffic engineering department. Although the criteria used to select safe routes to
school are seldom defined explicitly, it appears that heavy welghting Is placed on: road-
way width, traffic volume, traffic speed, parking density, number of intersecting roadways
(Including driveways and alleys), number of trafflc slgns and slignals, complexity of
intersection configuration, rcadway-surface condlitlon, and number of left-hand turns
required to travel the route. No program has been found that identifies both the types

and relative importance of route seiection criteria.

There are three problems that must be addressed before It wlll be possible to
Increase bicyclists' ablility and [nclination to select the safest route to thelr destina-
tion, First, [t will be necessary to conduct research to clearly establish the relation-
ship between accident likelihood and varlous routs characteristics. A careful search of
the |lterature has revealed no such data, so it must be concluded that existing materials
on route selection criteria are based upon logical considerations rather than on empirical
data. Although it s probable that accident llikellhood is far greater on scme types of
roadways than on others, It 1s also probablé that the most dangercus routes are not the
onas that would be judged most dangerous by a panel of experts. As a whole, blcyclists and
motorlsts are capable of recognizing dangerous situaticns and countering the hazard by
exerclsing more cautlion than normal. Because of thls fact, accident Iikellhood may very

well be Inversely related to the apparent hazardousness of the sltuation.

i route selectlon criteria can be establlished empirically, the next problem that
must be dealt with is that of developlng techniques that will enable young bicycllsts to
evaluate alternate routes in terms of these criteria. Unless all criteria are of equal
Importance, a comparison of alternate routes will require a bicycllst fo formulate a
composlte safety Index for each route based upon different combinattions of differently
walghted varlables, Such a task would be difficult for adults and quite Impossible for
children If the number of criterla is ilarge and their weights highly varlable.

A third problem 1s that of Inducing bicyclists to select the safest route when an
alternate route [s-faster, shorter, flatter, or otherwlse more deslrable to the bicyclist.
Bicyclists are notorious for their reluctance to: deviate significantly from the most
direct route, climb long or steep hilis when they can be aveolded, ride on rough roads when
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a smoother route Is available, and ride on a roadway with many stop signs/signals when a
more continuous route is available. Therefore, it will be difficult fo develop educational
methods that will modify bicyclists' values to such an extent that safety considerations
.will always have priority over rlding ease, efficiency, and enjoyment.

As Is shown in Table 22, the uncertainties about educating bicycllists to select safe
routes are so great that It is not presently possible to define Level 1} objectives; the
above discussion shows tThat the possibility and desirabillty of accomplishing this educa-
tional objective remains In serious doubt. However, one fact seems certain: it would be
extremely difflcult to teach young children the complex computational skills needed to
make an objective assessment of the safety of alternate routes. This suggests that it may
be necessary for an expert to make an objective assessment of all or most roadways in a
community and to use the results to develop a special map that classifies each roadway in
terms of its safety for bicycle ftravel. Such a map would be a valuable training ald for
young bicycllsts and a valuable route-selection aid for bicyclists of all ages.

Bicyclists' Evaluation of Their Own Physical/Mental Capabilities

IT would be highly desirable If bicyclists could be taught to make a rational assess-
ment of thelr own capablliity to complete a trip safely--given the bicycle they intend to
ride, the conditions under which they intend to ride, and the characteristics of the route
they plan 1o take to the destination. In order to provide such education, it Is first
necessary to deflne, In some reasonably exacting terms, the types of blcyclists that are
Incapable of safely completing certain types of trips. |In principle, a bicyclist may be
Incapable of completing a certaln type of trip safely because of speciflic knowledge defi-
clencles, physical Impalrments, sensory Impalrments, or mental impairments. The Impair-
ments may be temporary or permanent. In practice, 1t is very difficult to establish a
firm relationship between accldent Iikellhgod and any of the types of deficiencies or
Impairments that may contribute to accldents. Furthermore, [t would be necessary to mea-
sure the capablilitles of individual riders before It would be possible to instruct them
about thelr abllity to complete a trip with reasonable safety. For these reasons, It Is
necessary to ldentify specific groups with easily measurable characteristics that are

known to be related to accidents.

Since there Is a high correlation between age on the one hand and knowledge and skil
leve! on the other, it seems safe to assume that age can be used to identify bicycllists
who are incapable of making certaln types of trips with reasonable safety. A second group
of blcyclists who are incapable of bicycling with reasonable safety are those who are
temporarily impaired by alcohol or drugs., The study of bicycle/motor-vehicle accidents
showed that about two percent of the accidents Involved a bicyclist who was under the in-
fluence of alcohol or drugs. A third high=-risk group is bicyc!lists who are retarded.
Surprisingly, It was found that about one percent of the bicycle/motor-vehicle accidents
Involved a retarded bicyclist, and it is altogether possible that the actual proportion is
somewhat greater. Clearly, even moderately retarded bicyclists must be considered incap-
able of blcycling safely. A fourth high-risk group includes bicyclists with sensory or
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motor [mpairments. Impalred vision and impaired 1lmbs, together, were found to contribute

to about one percent of all bicycie/motor-vehicle accidents.

ls it reasonable to believe that education would be effective In inducing young
bicycllsts, permanently impaired bicycllsts, or temporarily impaired bicyclists to refrain
from riding? With one exceptlon, 1t is believed that this gquestion must be answered nega-
tively. It is belleved that education has scme potential for Inducing young bicyclists to
refraln from taking trips’ that are clearly beyond their capabil ity to complete with a
reasonable degree of safety. |+ is believed that this education would be partlicularly
effective If combined with a program to educate parents about the types of trips that
young children should not be permitted to take unless accompanled by an adult, Some addi-
tional research will be required to identify the types of trips that are excessively

hazardous for bicyclists In various age groups.

A program to Induce retarded blcyclists to refrain from riding would be difficult to
develop and costly to administer. It would be equally difflcult to devetop education that
would Induce bicyclists to aveid riding a bicycle when they are under the Influence of
alcohol or drugs. Hlstorlcally, education has not proved highly effectlve In reducing the
number of motor-vehlcle operators who drive while under the Influence of alcoho! or drugs,
and there 1s no reason to expect that such education would be more effective for bicyclists
than for motorists. In short, education to increase retarded and impaired bicyclists’
abll 1ty and Inclination to consider thelr own capabiilties for completing the contemplated

trip safely must be considered of secondary importance.

EDUCATION TO ENHANCE ANTICIPATORY-PHASE FUNCTIONS

Once a bicyclist has decided to travel a glven segment of roadway, he must decide
upcn the specific path he will foliow and the speed he wil| travel as he traverses that
segment of roadway. The term courge selection refers to the selection of a path and a
speed to be traveled along a roadway segment and should not be confused with the term
route selection. By definltion, the Anticipatory-Phase functions are those that a blcyclist
must perform to select the safest course through an area, The safest course through an
area ls the lawful and reasonable course for which accldent |ikelihocd Is smallest. A
course is not considered reasonable if it is so inconvenient or uncomfortable that even a
skilled, safety-consclous blcyclist would never select that course. All courses other
than the safest one are referred to here as "suboptimal" courses; only the safest course
is referred to as "optimal." As is discussed |later, It is often difficult to define the

single course that is optimal In some traffic contexts.

't was found that about 75% of all bicycle/motor-vehicle accidents were either the
direct or Indirect result of the bicyclist's selection of a suboptimal course. In about
15¢ of the cases, the bicycilist's suboptimal course led directly and immediately to the

crash. That 1s, because of the bicyclist!s suboptimal course, neither operator had

’The term trip Is used here In the broadest sense of the word. It Includes both travel to
a specific destination and¢ recreational riding with no speciflic destination.
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sufficient time to Initiate successful evasive action once the other vehlcle could first
be seen. These accldents became lnevitable at the moment +he bicyclist declded on the
suboptimal course. In another 60% of the cases, I+ was Judged that the blcyctist's sub-
optimal course was not the most Immediate cause of the accident, but contributed to the
accldent by (a) decreasing the time and space available for evasive actlon and/or {b)
increasing the level of skltl required for successful evasive action. That s, whlle
there was sufficlent time and space for successful evaslive action once the other vehicle
first became cbservable, successful evasive action required far more skill or a higher
level of alertness than would have been requlired If the blcycllst had not selected a
suboptimal course.

The contributlon of bicyclists' suboptimal pre-crash courses to blcycle/motor-
vehicle accldents has Important Implications for bicycle-safety education. These fIndings
emphas(ze the fact that there are some accldents that simply cannot be avoided by educating
bicyclists to respond to potentialty threatening motor vehicles In the environment. Rather,
the education must concentrate on decisions that are made before a potentially threatenling
motor vehlicle can be observed. This is not to suggest that educating vehicle cperators
about course selection is new, Indeed, many of the laws, ordinances, and safety rules
that have been developed for both motor-vehicle and bicycle operators have been designed

to induce vehlcle operators to select the safest possible path and speed through an area.

The educational objectives for enhancing the performance of the Antlcipatory-Phase
functions are listed in Table 23 and are discussed below. Level | and Level Il cobjectlves

are discussed In turn.

Education on Course Selection--Level I Objective

I+ Is unilkely that there would be sufficlent time In even the most extenslive educa-
tlon program to teach bicyclists the optimal course to follow in every trafflc context
they mlght encounter. And yet, with only a few exceptlions, It 1s Impossible to formulate
general rules about course selectlon that are valid for all trafflc contexts and effective
In prescribing the exaet course that minlmizes accldent likelihood. It Is therefore neces-
sary to focus on the course-selection behavior that has the greatest accident reduction
potentiat. The course-selection behavior that is most crltical for bicycle/motor-vehlcle
accidents can be defined from a study of the accident Illustrations presented in Section V.
Other important course-selection behavior undoubtedly would be revealed by the study of
NMV accidents.

The general objectives of education to enhance the performance of Antlclpatory-Phase
functions Is to Increase the bicyclists' abillty and InclInatfon to seiect the optimal
course through an area. The specific behavior the education must Induce is outlined in
the left-hand column of Table 23 and Is discussed in more detall below. It Is important
that the reader keep in mind that the obJectives included here do not Include teachling
bicycllsts the evasive actions that are required when a potentially threatening motor ve-

hicle Is observed. Evaslve action is one of the Reactlive-Phase functions discussed later.
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TABLE 23

EDUCATIONAL OBJECTIVES FOR ENHANCING PERFORMANCE OF ANTICIPATORY-PHASE FUNCTIONS

LEVEL I OBJECTIVE

LEVEL IT OBJECTIVES

Increase bicyclists' ability and
inclination to select the optimal
course through an area:

Always ride with traffic.

m Select optimal course when

entering the roadway.

Stop at signed intersections.
Avoid entering signalized inter-
sections after the onset of the
amber phase.

Select optimal course at uncon-
trolled intersections.

Increase ability to identify optimal course for
high-hazard locations, maneuvers, and conditions.

Increase the validity of bicyclists' assessment of
the relative degree of risk associated with optimal
and suboptimal courses.

Increase knowledge of needs that are in competition
with the need for safety, and decrease the perceived
need satisfaction associated with suboptimal
courses,

Increase ability and inclination to search for,
recognize, and cope with visual obstructions,

= Select optimal course when
making left-hand turns.

m Select optimal course when course selection.
visual obstructions are Increase knowledge of the time and space required
encountered, to respond to a threat {as a function of bicycle

= Ride an 05t13a1 distance from handling skill and bicycle speed).
right-hand edge of roadway. .

m Select optimal speed when riding Increase knowledge of amber-signal phase.
downhill, when riding during
darkness, and when riding on wet
or debris-covered roadway.

Increase validity of expectations that may influence

Ride with traffie. One of the most Important educatlonal objectlves Is to teach
bicyclists to always ride with traffic. This is one of the few rules about course selec-
tion that Is expllclt and generalizable to nearly every trafflc confext. The only case In
which the rule does not apply 1s the roadway with a two-way bike lane along it. However,
two-way bike lanes do not represent a serious problem because there are so few of them; It
Is unllkely that additional t+wo-way bike lanes will be bullt since they are unlversally
disapproved in the contemporary |iterature dealing with blcycle=facilities design.

Entering roadugy. About 15¢ of all fata! and 14% of all non-fatal bicycle/motor-
vehicle accidents occurred as a bicyclist was entering the roadway at a mid-block location;
the bicyclist's course was judged suboptimal in nearly every case. It Is tempting to pro-
pose that bicyclists be educated to always stop and walk their blcycle Into the roadway.
However, 1t is unllkely that education could ever Induce blcycllsts to adopt such an In-
convenient behavior pattern, especially when there are no laws and ordinances to motlvate
them to do so. |+ seems more reasonable to develop educational methods to accomplish the
following objectives:

m Teach bicyclists to never enter a rcadway by riding over a curb or any other dis-
contlnuity at the roadway edge that 1s so large/rough that they must scan downward
at the curb/d1scontinuity rather than searchlng for approaching traffic.

w Teach bicyclists to slow their roadway-entry speed to the extent needed to pro-
vide sufficient TIime to search for approaching traffic and to initiate successful
evaslve action.

m Teach bicyclists to select an entry path that minimizes the time they are exposed
to traffic.
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These educational objectives cannct be accomplished by requiring bicyclists to learn
a few general rules, because the coptimal course for entering the roadway varies greatly
with the physical characteristics of the traffic context and the intended direction of
travel by the bicyclist. Rather, bicyclists must be taught the exact course to follow in
a wide range of speclific traffic contexts, Including those -in which visual obstructions
are present. For each traffic context, the bicyclist must be taught the best course to

foliow when turning right, turning left, and proceeding straight across the roadway.

Signed intersections. The Importance of education that will induce bicyclists to
setect an optimal course at signed Intersections cannot be emphasized enough; a suboptimal
course at signed intersectlons was a prime contributor to about elght percent of all fatal
and 10% of all non-fatal bicycle/motor-vehicle accldents. There Is no question that young
bicyclists should be taught to come to a complete stop at ail signed Intersections. Whether
older bicyclists should be taught to come to a complete stop or to merely siow to a very

iow speed remains open to questiocn.

One fact is certain: +this educational objective will not be accomplished by teaching
bicyclists the law., Bicyclists know full well that the law requires bicycles to stop at
signed intersectlions, even very young bicyclists., To be effectlive, education must con-
vince bicyclists of the necessity for stopping (or at least slowing significantly) at ail
'signed intersections, Including those that carry light trafflc and are not perceived as
hazardous by the bicyclist.

Signalized intersections. Inducing bicyclists to avoid running red lights probably
should be Included among the objectives of an educatlon program, but few accidents cccur
because bicyclists blatantly ride through a red |lght. Instead, the accidents usually
occur because a bicycllst enters the Intersection after or shortly before the onset of the
amber phase., The problem is sometimes compounded by a muitiple-threat situation in which
the blcyclist Is struck after passing In front of one or more lanes of standlng motor
vehicles whose operators have observed the bicyclist and are waiting for him to pass.
Accordingly, two important objectives are:

®m Toach bicyclists to avoid entering a signalized intersection after the onset of
the amber phase,

w When blicycllists see they cannot clear the Intersection before the onset of the red
lIght, teach them to stop at a centrai island or, If none is available, continue
at a slow speed and search the traffic lanes beyond any motor vehicles that are
stopped—--apparently waiting for the bicyclist to clear the Intersection--before
proceeding.

Unoontrolled intersections. Less than three percent of all bicycle/motor-vehlicle
accidents occur at uncontrolled intersections. Even so, educatlon on course selection
must be conslidered an Important objective. Except for the different tratfic context,
these accidents occur in much the same way as those occurring when bicyclists enter the
roadway from a mid-block location. Speed control Is of primary importance but path selec-

tion may be important when visual obstructlions are present.

Left-hand turna. Most accidents that occur when a bicyclist turns left into the
path of a motor vehicle are the direct result of the bicycllst's failure to search.
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However, It is possible that the blcyclist's inclination to search may be Influenced by
the specific course he adopts for making the left-hand turn. Analytical ceonsiderations
and casual observations have led the author fo conclude that the course many bicyclists
select for left turns imposes excessive demands on their information-processing system.
For Instance, a sharp left-hand turn from The right-hand curb requires the blcyclist to
search simultaneocusiy both the overtaking and the opposing lanes of traffic. The diffi-
culty of this task ls a direct function of the number of traffic lanes In each direction
and the volume of motor-vehicle traffic at the tIme. The Information-processing load on
the bicyclist would be less If he executed a two-phase turn. He would first scan behind
for overtaking traffic and proceed to the center of the roadway when 1t was safe to do so.
He would then rlde aiong the center of the roadway untl! he had scanned ahead and deter-

mined that 1t was safe to turn left across the opposing traffic lane(s).

Education on left turns requires that bicyclists be taught to evaluate the traffic
context In terms of l+s general complexity and select a course that does not place exces-
sive demands on the bicyclist's Information-processing system. The greatest benefit would
result from expliclt demonstrations of the optimal course for a left-hand turn in a wide
variety of trafflc contexts, Including those that clearly overload the bicycllst's infor-
mation-processing system.

Vieual obstruetions, The importance of visual obstructlons for course selection
has been mentloned In the above discussion of course selectlion when entering the roadway
at a mid=block Jocation and when entering signed, signallzed, and uncontrolled intersec-
tions. Vlsual obstructions are also Important when riding on sidewalks that intersect
alleys and driveways and when rilding on uncontrolled roadways that intersect controlled
streets and controlled or uncontrolled driveways/aileys. It Is in these slituations that
motorlists lnadvertently drive into the path of the bicyclist because the blcyclist is
obscured from view. Since visual obstructions are a contributor to such a large number of
different types of accldents, 11+ seems worthwhile to establish as a separate objectlve the
education of blcyclists to recognize and cope with visual obstructions. Obviously, there
Is a great deal of overlap between this objective and those discussed earlier In this

section.

Proximity to right-hand edge of roadway. Most communitles have a law or ordinance
stating that "bicyclists must ride as close to the right-hand edge of the roadway as Is
practicable.” Such a law Is difficult to enforce because what is "practicable" depends on
such a wide variety of factors. Simple rules about how close to the edge of the roadway
bicyclists should ride are more likely to be counterproductive than productive. What ls
needed Is highly specific Instruction on the best path to follow (relative to the edge of
the roadway) on each of a wide variety of traffic contexts and for bicyclists with varlous

skill flevels.

Unfortunately, there is considerable disagreement, even among bicycling experts,
about how close to the edge of the roadway bicyclists should travel Tn order to minimize
accident Ilkellhood. The problem stems from the fact that riding too far to the right in-

creases the |ikellhood of some types of accidents and riding toc far to the left increases
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the llkelthood of other types of accidents, Fer instance, when riding along a row of
parallel-parked motor vehlcles, riding toc far to the right increases the chances of col-
liding with an opening car door, and riding tco far to the left increases the chances of
belng struck by an overtaking motor vehicle., The path that is optimal in this situation
depends on such factors as: the width of the roadway, the volume and speed of overtaking
motor vehicles, the bicycllst's ability to see whether the parked vehicles are occupied,
the bicyclist's ability to maintain accurate lateral control, and perhaps others as well.
The bicyclist is faced with a simllar dilemma when there are other obstacles or roadway-

surface debris In the area where he would ordinarily choose to ride.

The author is not yet prepared to make speclflc recommendations about how close to
the right bicyclists should be taught to ride in various trafflc centexts., it Is belleved
that analytlical study by a group of experts and perhaps additicna!l field research wlll be
required to formulate specific recommendations about where bicyclists should be taught +to

ride in variocus traffic contexts.

Other course control. In the above paragraphs, the educational requirements for
course selection were deflnad in terms of hazardous traffic contexts, hazardous maneuvering,
or both. There are additlional educaticnal requirements for course selection that must be
defined In terms of general conditions or sltuations rather than spec!fic traffic contexts.
All of the Important requirements of this type are for speed control, Inciuding:

Speed control when riding downhill.

Speed control when rlding on a wet roadway.

m Speed control when riding with wet caliper brakes.

Speed control when riding on a roadway covered by sand, gravel, or other debris,
Speed control during darkness,

There was no one of the above conditions In which suboptimal speed control contrib-
uted to large numbers of accidents; but tcgether they easily constitute a significant
enough problem to warrant attention in a safety-education program. What must be accom-
plished Is to teach bicyclists the fastest speed that Is safe under sach of these

cond itlons.

Education on Course Selection--Level II Objectives

At Levetl Il, educaticnal objectives are deflned in terms of the knowledge that must
be imparted, the skllls that must be developed, and the values that must be modifled In
order to achieve the behavioral changes specifled by the Level | objectives, Accordingly,
the Level !l obJectives described below were formulated through a study of the reasons why
bicyclists in the accident sample selected a suboptimal course. The Level |} objectives
for enhancing the performance of the Anticipatory-Phase functions are listed in the right-
hand column of Table 23 and are discussed below.

Inerease ability to identify optimal course. Although bicyclists often select a
course they know is less safe than another, there are many cases in which bicyclists lack
the knowledge and skl!l needed to differentiate the optimal course from the many suboptimal
courses that are available. Thus, a primary educational objective s to teach bicyclists
to identify the optimal course for a wide variety of trafflc contexts, maneuvers, and
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condltions. First priorlty should be glven to the high~hazard traffic contexts, mansuvers,
and conditions that were Identified In the discussion of Level | obJectives.

Education to increase bicyclists'! ability to Identify optimal courses must commence
with Instruction that wlil {a) increase bicyclists' Inclination to search thelr Immediate
surroundings and (b} increase thelr ability to recognlze the physical and operational
attributes of the traffic context that Influences the relative safety of alternate courses
through that area. The acquisitlon of this skill Involves dlscrimination learning. The
bicycllst must learn to scan a highly complex visual field and discriminate the relatlvely
smafl number of stimuli that are relevant for course selectjon. Although the acquisition
of this skl|) sounds dIfficult, humans can often acquire such a sklll in less time than I+
takes to describe 1t.

The second task is to teach bicyclists to recognlze the high-hazard locations, maneu-
vers, and conditions. This education must establish a powerful assoclatlon between
speclfic sets of cues and a bicyclist's expectation that a hazardous situation will arlse,
If the associatlons are powerful enough, [t would be difficult for bicyclists to avold
becoming more alert and attentive when such cues are encountered In the traffic environ=
ment. The sole purpose of this type of training--often referred to as hazard-recognition
training—-is to increase a vehicle operator's Jevel of alertness and attantiveness under
selected circumstances. In some Instances, hazard-recognlition tralning is all that Is
required, That Is, once an operator is alerted to the fact that he Is In a potentialiy
hazardous situation, he has both the motivation and capabllity to cope wlth the situation.

A third task is to eliminate any uncertaintles and mlisconceptlons about the exact
path that Is safest. As was suggested earlier, thls task cannct be accomplished by teach-
ing bteyclists a few genesralized rules, Rather, 1t wlll be necessary to demonstrate the
exact course that is optimal for a large and representative sample of high-hazard traffic
contexts, maneuvers, and conditions. Specifylng the optimal course 1s simple and stralght-
forward for some situations; In other cases, I+ may be difflcult or Impossible with the
Information present|y available., Although there is stl!] a considerable amount of contfro-
versy about the course that is optimal in some situatlions, this fact In no way changes the
need to provide highly explicit Instructions on course selection.

The final task ls to relnforce the education described above through exerclses In
course selectlon. Such exercises would expose bicyclists to a varlety of sltuations and
require them to ldentify the optimal course for each situation. The exercises must cover
the ful! range of trafflc contexts, maneuvers, and conditions. An essential part of such
exercises Is immediate feedback on the correctness of the blcyclist!s cholce and reltera-

tion of the reasons why one course ls safer than others.

Risk gesesement. There are countless cases In whilch blcyclists select a course that
they know 1s less safe than another they could have chosen., RI1ding through a stop sign Is
a good example; even very young bicyclists know 1t 1s safer to stop than to proceed wlth-
out stopplng. Such acts, when committed knowlngly, are often assumed to reflect an abnor-
mally high wiltingness to take risks; persons who commlt such acts are often called "risk

takers." However, there 1s no evidence that more than a minute fraction of the so-called
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risk takers are any more willlng to accept risk than the blcycling population at targe.
That Is, the thought of an accldent, with it+s attendant pain and suffering, is no less
repulsive to the so-caltled "risk taker" than to persons who ride more safely. The results
of the bicycle/motor-vehicle acclident study showed that most bicyclists who knowingly
select a suboptimal course do so because of the fallacious belief that the added risk
assoclated with the suboptimal course s Inconseguentlal. In short, the problem s that
of risk assessment rather than risk aceeptance.

Conventionally, bicyctlsts acquire their notions about the relative risk of alter-
nate courses through long-term observation of near accldents or through analytical consld-
erations. This Is an Inefficient and often unrellable way to acqulre knowledge about how
much more risky one course is than another. Young children are at a particular disadvan-
tage because both their experlence and thelr analytical skiltls are more |imited than an
aduit’s. Consequently, an Important objective of a safety-education program is to Increase
the validity of bicyclists' assessment of the relative degree of risk associated wlth
optimat and non-optimal courses that may be chosen. |t Is presumed that this education
would be administered at the same time bicyctlsts are taught to ldentify the optimal

course for the varijous high-hazard situations.

It Is unlikely that Tt would be possible to obtain the data needed to develop an
obJective, numerical index of risk for each course that could be selected 1n the many
trafflic contexts that bicycllists encounter. Hewever, It is believed that sufficient Infor-
matlon is avallable (research data, analytical findings, and expert oplnion) to convince
bicyclists that (a} the optimal course is significantly safer than any other and (b) the
absolute risk associated with suboptimal courses is great enough to justify aveiding them.

Competing needs. Blcyclists sometimes have momentary heeds that are best served by
a suboptimal course. Such needs are referred to here as "competling needs" because they
are In direct competition wi+h the need fot safety. A need to conserve time Is an example
of a competing need. Every bicyclist knows that stopping for stop slgns serves to frus-—
trate a need to conserve time; the need is better served by failing to stop. Even though
a bicyclist Is fully aware of the risk associated with both courses and has a normal need
for safety, he will always choose to ride through a stop sign when his need to conserve
time becomes very strong., |If the bicycllst is rushing to the aid of a sick relative, his
decision to ride through a stop sign may be altogether rational.

How does one induce bicycllsts to select the optimal course when competing needs are
present? In principle, this can be done In two ways: Increase the composite need satis-
faction associated with the optimal course, or decrease the composite need satisfaction
associated with suboptimal courses, There is much uncertainty about how to achieve either
of these results through education. One potential technique is to educate bicyclists
about undesirable consequences of selecting a suboptimal course other than accidents. At
present, the number of other undesirable consequences are few. Howsver, with effective
law enforcement, parental guidance, and schoo! programs, the relative need satisfaction
associated with optimal and suboptimal courses might be modifled by informing bicyclists
of the likelihood and consequences of receiving a traffic citation and/or getting caught
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and punished by parents, school authorities, or both. In principle, this technique would
serve to increase the positive value of the optimal course and increase the negative value

of the suboptimal courses,

Another approach is to reduce the perceived need satisfaction associated with a sub-
optimal course, For instance, bicyclists might be presented with objective data that
demonstrate the small| amount of time saved and energy conserved by failing to stop for
stop signs, taking a shortcut that requires riding against traffic, and so on.

There s no reason to expect that it will be easy to develop educational methods
that will be effective in offsetting the influence of competing needs on course selection.
Hopefully, one or more readers wlll be able to offer suggestions about how best to deal

with this difficult problem.

Visual obstructions. A course that 1s optimal under ordinary circumstances may
be highly hazardous when an object is present that obstructs the bicyciist's view, the
motorist's view, or both. The failure to adopt a course that best offsets the effects of
a visual obstruction may be due to the bicyclist's failure to observe the obstructing
object, his failure to recognize that the object obstructs his view of a critical part of
the traffic environment, or his lack of knowledge about the course that minimizes accident
likelihood in such situations. Therefore, education is needed to accomplish the following:

W Increase bicyclists! ability and inclination to search for and recognize objects
that obstruct thelr view, the motorist!'s view, or both.

® |ncrease bicyclists' understanding of the degree to which visual obstructlions may
reduce response time and, thereby, decrease the possibllity of successful evasive
action.

® Teach bicyclIsts the best course to follow to compensate for visual obstructions.

Teaching bicyclists to recognize and cope with visual obstructions is a special case
of the education to increase their ability to ldentify the optimal course through an area
(discussed above}. In order to accomplish the above objectives, blcyclists must be taught
the types of objJects that frequently obstruct vehlcle operators' views, the types of loca-
tions where ¢ritical visual obstructions are frequently encountered, the types of accidents
that most frequentiy result (who!ly or in part} from visual obstructions, the relatlonship
between the size of the obscured field and the slize and distance of the obstructing object,
and the exact course (speed and path) that should be followed in each of a wide range of
the traffic contexts where visual obstructions often contribute to accidents. Young bicy-
cllsts have the most urgent need for such education, but the need is by no means limited

to juveniles,

Invalid expectations. All vehicle operators develop a set of expectations about the
physical characteristics of the traffic system and about the behavior of those who use the
traffic system. This set of expectations has an Important influence on both the path and
speed a vehicle operator chooses to travel. Some expectations are developed from a knowl-
edge of the laws and ordlnances that govern the behavlor of the various users of the fraf-
fic system. Other expectations are based upon dlirect observations of the physical charac-

teristics of the traffic system and the behavior of persons who use 1+. Vehicle operators
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frequently develop expectatlions that do not correspond with reality. These invalid expec-
tations usually stem from the assumption that the physical characteristics of the traffic
system and the behavior patterns of roadway users are more predictable and uniform than

they are In fact.

The results of the study of bicycle/motor-vehicle accidents showed that invalid
expectations were a frequent contributing factor to bicyclists' selection of a suboptimal

course.?

Invalid expectations most often led bicyclists to travel at an excessive speed,
but path selection was adversely affected in a significant number of cases. finvalid expec-
tations that frequently had an adverse influence on course selection include: expectations
that an area will be void of motor-vehicle trafflc, expectations that motor-vehicle opera-
tors can and wil{ observe bicycllsts, and expectations that motor-vehicle operators will
always behave in a lawful manner. There were a small, but important, number of bicyclists
whose suboptimal course resulted from invalid expectatlons about the behavior of another

bicyclist., The most important expectations that must be corrected through education

include:
® The expectation that all traffic on intersecting roadways will stop/yield in accor-
dance with the law.
®m The expectation that all traffic in opposing lanes will yield before turning left=-
in accordance with the |aw,
® The expectation that a riding companion will select a safe course,
® The expectatlion that a specific roadway will be void of ail traffic at a specific

time.

® The expectation that blcyclists will always be observed by motorists when visibil-
Ity conditions are good.

®m The expectation that lawful 1ighting equipment on a bicycle ensures that it will
be observed at night by all motorists.

® The expectation that parallel-parked vehicles will not be occupied.

Probably the best way to eliminate invalid expectatlons is to illustrate and discuss
the types of accidents that result from invalid expectations. Invalid expectations cannot
be eliminated by Instructing the bicyciist to "expect the unexpected." Such worthless bits

of advice are worse than no education at all.

Time/space required to respond to threat, Much of the Instruction discussed above
presumas that bicyclists will be taught to estimate, with reasonable accuracy, the time and
space required to stop and to change directions as a function of such factors as: bicycle
speed, roadway-surface condition, the direction and magnitude of the roadway slope, the
bicyclist's reaction time and vehicle-handling skill, the type of bicycle, and the type of
brakes. It would be quite impossible to define a safe course without knowing the amount
of time and space required to reduce the bicycle's speed and/or change directions In

response to an actual or potential threat.

®Invalid assumptions alse had an adverse effect on bicyclists' assessment of the need to
search for hazards and the need for evasive action once a potential threat had been ob-
served. However, these are Reactive-Phase functions and will not be discussed until
later.

122




Unfortunately, no data are avallable to use In estimating the frequency with which
bicyclists setect a suboptimal course because they underestimate the time/space required
to stop or to turn. However, there is evidence that bicyclists sometimes delay the initia-
tion of evasive action unnecessarlly because they mlsjudge their abl{lty fo stop or furn
under unusual conditions. The study of bicycle/motor-vehicle accidents revealed a small,
but significant, number of accldents that were caused partly by the bicyclist's misjudg-
ment of the time/space required to stop/turn when riding on @ wet roadway, when riding
with wet caliper brakes, when rliding down a steep slope, and when riding on a roadway
surface covered by sand or gravel, There were also a few cases In which the bicyclist mis-
Judged the amount of time required to grasp and manipulate the callper-brake levers, |f
these misjudgments adversely affect evasive actions, 1t seems reasonable to assume they

also would adversely affect course selection.

Some attention has been given to educating bicycllsts about the stopplng distance of
both bicycles and motor vehicles. Several films have been produced for this purpose.
Additional ly, tables and graphs have been developed for use in demonstrating the relation=-
ship between stoppling distance and vehicle velocity. |In the avthor's view, classroom
instruction must be supplemented with outdoor training and demonstrations. To be maxi-
mally effective, the training must cover a wide range of speeds and a wide range of condi-
tions (wet roadway, wet caliper brakes, traveling downhill, and sand-covered roadway

surface). Moreover, the tralning must address both stopping dlstance and turning radius.

Length of amber-signal phase. |In order to counter the bicycle/motor-vehicle acci-
dents that occur at signallzed Intersectlons, bicyclists must be taught to avoid entering
the intersection after the onset of the amber phase. An Important part of this education
is to Inform bicyclists of the length of the amber phase and the distance a blcyclist can
travel during this brief period. Since the length of the amber phase is varlable, bicy-
clists should be taught to base thelr decisjons on the shortest amber phase that may be
used for roadways with two, four, and more than four lanes. Bicyclists must also be
taught exactly what to do if they are unable to clear the Intersection before the light
turns red. The primary objective, however, is to teach bicyclists to avoid this situa-

tion.

EDUCATION TO ENHANCE REACTIVE-PHASE FUNCTIONS

The Reactive~Phase functions are those required for a bicyclist to observe a motor
vehicle that poses a threat and to perform the actions necessary to avold a collislon with
that motor vehicle. Speclfically, the bicyclist must: (a) search the relevant portions
of the environment fer threatening vehicles, (b} detect the presence of vehicles that con-
stitute a threat, (¢) assess the velocity vector of the other vehicle with respect to his
own and judge whether the vehicles are on a collislon course, (d) 1f the vehicies are not
on a colllslon course, determine whether a probable action by the motor-vehicle operator
could place the vehicles on a collision course, (e) identify the action that Is most Iikely
to result In accident avoldance, and {e) perform the motor behavior required to implement

the action decided upon. When deflining accldent causatlen, a function failure during the
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Reactive Phase can occur only if the threatening motor vehlcle could have been observed
soon enough for the bicyclist to have successfully completed all of the Reactive-Phase
functions. Thus, when critical visual obstructions are present, it must be said that
the critical function failure occurred during the Anticipatory rather than the Reactive
Phase.

The types of Reactive-Phase function fallures that most often contribute to bicycle/
motor-vehicle acclidents are reflected in the educational objectives that were formulated
to enhance the performance of the Reactive-Phase functions., In the following discussion
of these obJectlives, the description of each Leve! | objective is followed immediately by
a descriptfon of the associated Level || obJectives, The Level | and Level Il objectives
are summarlized in Table 24,

Education to Enhance Search Behavior

The first Level | objective Iisted In Table 24 is to "increase bicyclists! abllity
and Inclinatlon to search effectively for motor vehicles that pose a threat." This is the
most Important single obJective discussed In this report. The data on bicycle/motor-vehicle

TABLE 24
EDUCATIONAL OBQECTIVES FOR ENHANCING PERFORMANCE OF REACTIVE-PHASE FUNCTIONS
LEVEL I OBQECTIVES LEVEL II OBJECTIVES

Increase bicyclists' ability and Increase knowledge of the limitations of the visual
inclination to search effectively | system.

zz:ezgtor vehicles that pose a Increase inclination and ability to search selec-
* tively and to recognize cues signaling the presence
of a threat.

Increase validity of expectations that may influence
bicyclists' assessment of the need to search.

Increase knowledge of stimuli that may distract
attention, and increase ability to cope with
distractions.

Increase ability to cope in situations where infor-
mation-processing capacity is overloaded.

Increase the validity of bicyclists' assessment of
the degree of risk associated with failures to
search,

Increase bicyclists' ability to Increase validity of expectations that may influence
evaluate situations and to recog- | bicyclists' assessment of the need for evasive
nize the need for evasive action. | action.

Increase bicyclists' ability to make critical
spatial judgments.

Increase bicyclists' ability to Increase bicyclists' ability to estimate stopping

select and execute optimal evasive| distance and maximum turning radius as a function

action. of speed, roadway gradient, type of bicycle, type
of brakes, roadway-surface condition, and condition
of brakes.

Increase bicyclists' ability to execute emergency
braking, turning, and controlled slides.
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accidents showed that a search failure by the bicyclist contributed to 50% of the fatal
and 41% of the non-fatal! accidents. In all of these cases, the motor vehicle with which
the bicyclist collided could have been observed early enough for the bicyclist to have
avoided the accident; the accident occurred because the blcyclist falled to search in the
motor vehicle's direction until it was too late to avoid the collision. Unquestionably,
education to enhance bicyclists' search behavior has great potential for reducing bicycle/
motor-vehicle accidents; I+ is probable that such education would effect a reduction in
NMV accldents as well.

Significant improvements in bicycllsts' search behavior cannot be achieved by merely
informing them of the Importance of visual search and advising them to increase their
search activity, Such Instruction has no more effect on bicyclists' behavior than telling
them o "ride.safely." Rather, what Is needed is highly speclfic instruction on where
bicyclists must search in various trafflc contexts, the types of factors and events that
may momentarily disrupt search behavior, and the types of situations in which effective
search is difficult or Impossible without a substantial reduction in speed. The Level Il
objectives described below reflect the author's views on the instruction needed to enhance
bicyc!Ists' search behavior. These objectives were formulated from a careful study of the
varlous factors that contributed to the search fallures that, in turn, led to a bicycle/
motor-vehicle accldent,

Limitations of the visual system. Vision Is such a highly developed skll| that 1t
Is difficult to keep in mind that the visual system has some highly important |imitations.
Because the eyes usually function without conscious effort, children and some adults tend
to think of the visual system as an autonomous mechanism that automatically supplies them
with all the visual information required to perform the task at hand, Because the eyes
perform so many functions with such a high level of efficiency, It is difficult to avoid
behaving as if the visual system Is a perfect!y functioning mechanism with no Iimitations
whatscever. These fallacious notions are not conducive to the development of effective
search behavior. t+ is difflcult to induce bicyclists to deliberately and systematically
search the trafflc environment tf they belleve that their eyes will automatically detect
hazards, and it 1s difficult to teach bicyclists how to scan effectively if thay have no
understanding of the limltatlions of the visual system and the reasons for these Iimitations.
Therefore, It was reasoned that a basic understanding of the !imitations of the visual

system Is a prerequisite for the development of effective search behavior.

Listed below are the educational objectives that are considered most essential.
These objectives ware derived analytically from a consideration of what bicyclists in the
primary target group (fourth graders) must know about the visual system in order to be
fully receptive to education about the necesslty for visual search and the techniques
required to search effectively.

®m Teach bicyclists the concepts of central and peripheral vision and demonstrate
differences in visual aculity for central and peripheral vision.

® Teach bicyclists the functions served by central and peripheral vision and why
both are essentlal for the safe operatlion of a bicycle in traffic.
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B Teach blcyclists the slze of the central and peripheral flelds of view and the
extent to which these fieids of view are Increased by eye, head, and torso
rotation.

® Teach blcycllists the concepts of scanning and fixation and demonstrate (a) the
amount of time requlred for the eyes to search for and fixate on an obJect and
(b)Y the lImited number of obJocts the eye can locate and fixate upon per unit of
time.

® |Introduce the concept of Information overload and explain how and why the vlsual
system may become overloaded when riding in traffic.

B Teach bicycllsts that Increasing bicycle speed increases the Information-processing
load on the visual system; also, demenstrate thls fact by exposing bicyclists to
condltions that overload the visual system (high speeds, complex traffic environ-
ments, and a comblnation of the two).

® Teach bicyciists how to determine when thelr visual system [s overloaded and how

to compensate when thls occurs.

Education on the above topics should provide the background knowledge needed for
bicyclists to understand why they must learn to search selectlvely, why they must avold
overloading thelr visual system, and how visual-system overload can be avolded. Education
about the iImitations of the visual system s also needed to teach bicyclists why they may
not be observed by motor-vehicle operators.

Selective search and threat detection. In discussing the Anticlpatory-Phase func-
tions, 1t was stated that searching the environment is necessary to select an optimal
course through an area. The purpose of search durlng the Reactive Phase is to detect
visual cues that signal the presence of an actual or potentlial threat. Because of the
complexTty of the visual environment and the IImltations of the vlsval system, the llkeli-
hood of threat detection would be low If the bicycllst searched the visual scene In a
random or unsystematic manner; instead, the bicyclist must learn to search selectively,
Selective search means the maximum allocation of avallable search time to the areas where

cues signaling the presence of a threat are most ITkely to appear.

In some instances, the cue to a threat Is a motor vehlcle travellng in the bicycilst's
direction that obviously Is on a collislion course with the bicyclist. The threat is so
obvious in such instances that it Is unnecessary to teach bicyclists that an approaching
motor vehicle Is a cue to threat. However, there are many valld cues to threat that are
less obvious. That is, a signlficant portion of the bicycling populaticn has not learned
to assoclate a cue with the occurrence of a threatening event. Some cues to threat are
recognized by most adults but few children; others are recognized by only the most experi-
enced bicyclist. For instance, most adult bicyclists recognize that a standing motor
vehlcle In the opposing traffic tane constitutes a potentlal threat because that motor
vehicle may turn teft fnto the blcyclist's path. This cue to threat [s less apparent 1o
young bicyclists who have not yet learned that motorists sometimes fail to observe bicy-
clists., Highly experienced bicyclists report that they attend to such subtle cues as:

® The scan patterns of motorists, Including the direction of head movements and
length of pause.

m The direction and length of the bicyclist's shadow In daytime (a long shadow polnt-
Ing in a motorist's directlon Indlcates that the motorlst may be bilnded by sun
glare).
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® The movement of the bicyclist's shadow at night {an overtaking motor vehlcle 1s on
a collision course with the bicyclist 1f the bicyclist's shadow, cast by the motor-
vehicle's headllghts, fails to move In a right-hand direction).

B The presence of movement in the side mirror of a parallel-parked motor vehicle
(slgnals the presence of an occupant that may open the vehicle's door).

® The presence of activated stop or backup |ights or the movement of the front wheels
of a parallel-parked vehiclie (slgnaling that the vehicle may emerge from the
parking spacel.
1+ Is believed that the method used to enhance bicyclists! selective search and
threat detection skllls must meet four Important requirements. First, It must provide for
the teaching of selectlive search and threat detection In concert. It wouid be difficult
to teach bicyclists when they should search without telling them what they are searching
for. Secondly, the education must be highly speclfic In both its content and context.
Bicyclists must be Instructed on exactly where to search and what to search for, rather
than being taught abstract rules and principles about selective search and threat detec-
tion; this specific instruction must be administered in a real-world context or within the
context of a high-fidelity slmulatlion of real-world imagery. Thirdly, the instruction
should be almed speciflcally at the typas of traffic contexts In which accidents most
frequently occur. The relevant trafflic contexts for bicycle/motor-vehicle accidents are
illustrated and described In Section V. Finally, the method should enable bicycllists to
actively practice the selective search and threat detection tasks, with provision for
immediate feedback after each practice trial. Lectures are useful to a point, but active
practice with immediate and detailed feedback probably will be required to refine the
skllls to an acceptable level,

Invalid expectations. The invalid expectations that Iead bicyclists to select a
suboptimal course also lead them to fail to search when I+ Is appropriate to do so.
Because of invalid assumptions, bicyclists incorrectly conclude that 1t is unnecessary to

search in a particular direction. As was stated above, most of the invalid expectations

are that an area or location will be vold of motor-vehicle traffic, that blcyclists will
be observed by motorists, that motorists will adhere to the law, and that a riding compan-
lon will search for and detect threats.

Many of the bicyclists! invalid expectations will be eliminated by the education on
selective search and threat detection. An Important part of learning to search affectivety
and to detect threats consistently is the recognition that behavior must be gulded by a
consideratlon of both the typica! and the atypical events that occur in the traffic
environment,

Coping with distractions. |t was found that about one-half of the search fallures
by bicyclists were due partly to the presence of a momentary distraction. In the vast
majority of cases, the bicyclist was distracted by a riding companlon. Other distractions
include: another vehicle considered an accident threat, non-trafflc-related mental activ-
ity, abnormal street-surface condition, unfamiliar vehicle, carrying object In hands, mal-
functioning vehicle, Tmproper size bicycle, scenic attractions, hostile animal, and
Tnclement weather.?

%These distractions are |isted in the approximate order of their importance.
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One can only guess how many of the bicycllsts would have searched effectively if the
distraction had not been present, but it is Iikely that many would have searched. |f so,
considerable benefit would be realized from education that would serve to offset the
effects of momentary distractions. |In conslidering methods of accomplishing this education-
al objective, it must be kept in mind that few of the distractors were of the type that
cause a reflexive or involuntary shift of attention, such as a gunshot, an elephant in the
roadway, and so on, Rather, the distractors were common persons or things that the bicy-
clist voluntarily attended t+o because, at the moment, the distracting person or thing was
considered of greater importance than traffic-related stimuii. In other words, the bicy-
clist was voluntarily directing his attention to environmental stimuli in accordance with
his system of priorities at the moment, It follows that the only way to offset the effect
of such distractors is to modify the bicyclist's system of priorities; the perceived Impor-
tance of traffic-related stimuli must be increased or the percelved importance of distrac-

tors must be decreased.

Some beneflt may result from a stralghtforward explanation of this problem, including:
a description of the meaning of the word distractor, the types of distractors that are most
important, the manner In which distractors may influence search behavior, and the conse-
quences of being momentarlly distracted from the search task. However, it is believed that
some more active form of education and practice is needed to produce the desired behavioral
changes. Unfortunately, no definltive ideas about an effective educational approach can
be offered at this time.

Information overload. Some search faillures occurred because bicyclists simply had
insufficient time to search for and detect all of the relevant stimuli In the environment;
the search requirements exceeded the bicyclist's information=-processing capacity. Infor-
mation overload is a Joint function of the complexity of the traffic environment and the
bicyclist's speed. An educational solution,to this probiem requires that bicyclists be
taught to recognize when their information-processing capacity Is becoming overloaded.
That is, bicyclists must be taught to recognize when they have Insufficient time to accom-
plish all the search tasks that are necessary in order to ride safely, |If this difficult
objective can be accomplished, it then becomes necessary to teach bicyclists that speed
reduction is usuaily the best way to decresase the intformation-processing load to a manage-

able level.

The author knows of no educational technlques that have been developea to teach
bicyclists, or any other vehicle operator, to recognize when their information-processing
capacity has become overloaded. However, it should not be too difficult to develop a use~
ful technique. One promising approach would involve the use of a simple cinematic simula-
tor. A falrly low-cost system could be developed whereby bicyclists would be shown 16-mm
films of typical street scenes on a variable-speed projector. With this system, the Infor-
mation-processing load could be Increased systematically by Increasing the speed of the
projector from one frame per second to 24 frames per second. The Information-processing
load would also vary as a function of the visual compiexity of the street scenes that are
filmed. This system would proﬁide the capability for increasing the information-processing
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load In a systematic manner, and could be used to demonstrate an information-overload con-
dition for any bicyclist, regardless of his individual information-processing capacity. A
critical requirement of such a system Is an objective performance measure that would pro-

vide a valid and precise Indlcaticn of when the blcyclist's informatlon-processing capacity

was approachling an overload condition.

Risk agsessment. Invalid risk assessment is another factor that sometimes contrib-
utes to bicyclists' search failures. RIsk assessment is a particularly important factor
for accidents that occur In quiet residential areas that appear very safe. As a conse-
quence, education must focus on risk assessment in safe-appearing traffic contexts. The
education must somehow convince bicyclists that the likelihood of an accident in such
areas is great encugh to warrant effective search behavior on every occasion, even though

potential ly threatening motor vehicles are present only rarely.

Education to Enhance Evaluation Behavior

An evaluation failure occurs when the bicyclist performs the search function and
observes the threatening motor vehicle, but fails to recognize the need for evasive action.
An evaluation failure was the precipttating cause of about seven percent of the fatal and
36% of the non-fatal bicycle/motor-vehicle accidents. In each of these cases, the blcy-
clist observed the motor vehicle early enough to have avoided the accident; the bicycllst
failed to Inltiate evasive actlon scon enough because of a misjudgment or an invalid expec-
tation concerning the motorist's behavior. These findings make 1+ clear that there is an
important need for education to Increase blcycllists! ability to evaluate situations and to
recognize the need for evasive action. Thls is the second of the three Level | objectives
for enhancling the performance of the Reactive-Phase functions. The Level |l objectives
are discussed below.

Invalid empeetations. In the preceding paragraphs, It was explained that invalid
expectations may adversely Influence bicyclists' selection of a course and their assess-
ment of the need to search, The same types of invalid expectations often have an adverse
Influence on bicyclists' assessment of the need for evasive action. That is, Invalid
expectations lead bicyclists to the conclusion that there is no need for evasive action
when, in fact, an accident [s about to happen. The Invallid expectations most often
reported by bicyclists invelved in bicycle/motor-vehicle accidents of this kind are:

®m The expectation that the motorist had or would cbserve the bicyclist.

m The expectation that a stationary motor vehicle would remain stationary until the
bicycltst had passed.

® The expectation that a turning vehicle would proceed straight ahead.

a The expectation that a stopplng/slowing vehicle would proceed at a constant
velocity,

w The expectation that occupants in parallel-parked motor vehicles would not open
+he vehlcle's door until the bicyclist had passed.

® The expectation that a motor vehicle was going to turn when, In fact, it proceeded
straight ahead.

w The expectation that a motor vehicle was golng to turn in a direction opposite to
that of Its actual turn.
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® The expectation that lawful lighting squipment on the bicycle would ensure that

the bicyclist would be observed by the motorist.

The most Important of the invalid expectations is the expectation that the bicyclist
had been or would be perceived by the motorist. In recognition of this fact, some existing
educational materials Instruct bicyclists to establish eye contact with the motorist before
assuming that they have been observed. This education implies that the bicyclist can
safely assume that he has been observed by the motorist if he can see that the motorist
has scanped fn his direction. This education 1s counterproductive; many instances were
found in which bicyclists reported that they decided to proceed only because they observed
that the motorist had looked directly at them. Most motorists involved in accidents of
this kind verified the bicyclist's claim that they had searched in the bicyclist's direc-
tion, but st11l insisted that they had not observed the bicyclist. In short, the direction
of a motorist's search is not a valid indication of what he has observed.

The education on the limltations of the human visuai system should prove useful in
increasing the validity of bicyclists' expectations about belng observed by motarists.
That is, bicyclIsts who clearly understand that a motorist's visual system is subject to
the same |imitations as thelr own will be less |likely to assume that they have been or will
be abserved by motorists. However, education on the limitations of the visual! system is
not enough. Bicycllsts must also be given highly explicit Instructions on how to behave
when the actions of motorists cannot be predicted with a high degree of reliability. For
Instance, when a bicyclist encounters a motor vehicle waiting to enter the roadway from a
driveway or alley, the blcyclist must be taught that the motor vehiclie may proceed into
the roadway without having observed the bicyclist, But, what is a bicyclist supposed fo
do when confronted with this situation? The bicyclist must be taught to modify his speed
and/or path in a manner that provides sufficlent time for evasive action in the event that
the motor vehicle does, in fact, proceed Into the bicyclist's path. Decreasing speed, in
turn, decreasss stoppling distance; moving fef+ increases the buffer zone between the blcy-
clist and motorlist and thereby provides additional time and space for evasive action.
Since it is not possible tfo formutate any generallized principles or rules about the best
way to respond in situations of this kind, bicyclists must be instructed on how to respond

in each of a wide range of specific situatlons and trafflc contexts.

I+ has been suggested that bicyclists should be taught methods for attracting motor-
ists' attention in situations where accidents could occur because the motorists fail to
observe the bicyclists. Hand signals, voice warnings, and the use of auditory-warning
devices (bells or horns) have been suggested. Few expert bicyclists are enthusiastic
about this approach to the problem, Although voice warnings are effectlve In some sltua-
tions, they cannot be relied upon in all situations because motorists often drive with
thelr windows closed and with their radio playing at a high volume. Hand signals require
the bicyclist to remove one hand from the handlebars at a time when contro! of the bicycle
may be highly critical. Although hand signals may be used effectively In some situations,
thera are other sltuations in which the hands would be more effectlvely used In steering

the bicycle, braking, or both. Auditory-warning devices have the disadvantages of both
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voice warnings and hand signals; they reguire that the bicyclist remove one hand from the
handiebars in order to operate them, and one cannot depend upon the motorist hearing the

warning device under all conditions.

One expert bicyclist reported that he installed a powerful air horn on his bicycle
for use in alerting motorists of his presence. His first opportunity to use his air horn
came when a motor vehicle in the opposing traffic lane turned feft in front of him. The
blast of the air horn startled the motorist to such an extent that he came fo a complete
stop in the bicyclist's path, making it impossible for the bicyclist to avoid an accident.
Anecdotal evidence such as this suggests that extreme caution should be used before

deciding to teach bicyclists to use some form of signal to attract motorists' attention.

Critical spatial judgments. There were relatively few bicycle/motor-vehicle acci-
dents that resulted from faulty spatial judgments. A small number of bicyclists misjudged
the space required to clear an opening door of a parallel-parked motor vehicle. Addition-
ally, there were a few instances in which a bicyclist was clearly riding Too far to the
left because he misjudged the space reguired for a motor vehicle to overtake and pass him.
This type of misjudgment is most often a factor in nlght accidents on narrow roads; bicy-
clists are Inclined to ride as far left as possible to avoid roadside debris that would be
difflcult to see at night, so they sometimes ride so far left that they are well within
the path of overtaking motor vehicles.

Although it [s believed that some attention should be devoted to increasling blcy-
clists' ability to make such spatlal Judgments, this educational oblective appears to be

among the least important objectives discussed in this report.

Education to Enhance Selection/Performance of Evasive Actions

The evidence on bicycle/mofor-vehiclq accidents indicated that only about three per-
cent of the accldents were clearl|y the resuit of an incorrect choice of evasive actions or
an inability to execute the evasive action decided upon. In most of these cases, some
type of unusual condition contributed to the bicyclist's failure to select the correct
evasive action or his fallure to initiate the evasive actlon soon enough to avoid the

accident.

It must be admitted that it is extremely difficult to evaluate the appropriateness
and effectiveness of a bicyclist's evasive actions from post-accident Interview data. It
is partlculariy difficult to judge whether or not a high level of proficiency in performing
emergency turns and stops would have enabled a bicyclist to aveid the accident. As a con-
segquence, the potential benefits of increasing bicyclists' ability to select and execute
optimal evasive actions remains somewhat uncertain. This Level ! objJective was incliuded
because much of the education needed to accomplish this objective Is also required to edu-

cate bicyclists on course setection. The Level |I obJectives are described below.

Stopping distance and turning radius. Judiclal decislons about the optimal evasive
action must be based upon an ability to estimate accurately the stopping distance and maxi-

mum turning radius of the bicycle. Since stopping distance and furning radius are
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Influenced by a variety of factors, the education should teach bicyclists to estimate
stopping distance and turning radius as a function of such factors as: bicycle speed,
roadway gradient, type of bicycle, type of brakes, condition of brakes, and roadway-

surface condition,

There appears to be no type of classroom Instruction that would be effective in
enhancing bicyclists! ability to judge stopping distance and turning radius. Outdcor
training with repetitive trials under a range of conditlons appears to be the most effec-
tive way to teach bicyclists the necessary judgmental skills, but this approach would be
highly costly and time consumlng. If it Is impossible to develop a less costly educational
approach, there ls serious reason to question whether or not this objective should be

Included in an educational program.

Emergency stops, twrms, and siides. Expert bicyclists report that the ability to
execute emergency stops, turns, and slides has enabled them to avold accidents that could
not have been avoided by bicyclists who do not possess these skills. Although no empirical
data are available to verify these opinjons, the anecdotal evidence is sufficiently impel-
Ilng to consider training in emergency evasive action as a possible objective. Based upon
the author's Iimited knowledge, it appears that training in emergency evasive action
requires That bicyclists be instructed on the appropriate vehicle-hand!ing procedures and
be given the opportunity for supervised practice untit the skills have been reflned. No
Information is avaliable on the amount of time that would be reguired ‘o acquire the
necessary skills, but it Is probable that a considerable amount of practice would be re-
guired to achieve a high leve! of proficiency. Clearly, it will be necessary to make a
more ob jective assessment of the accident-reduction potential and the training time/costs
before i+ wil|l be possible to evaluate the cost-effectiveness of training in emergency

evasive actions.

OBJECTIVES OF MOTORIST EDUCATION

In some respects, motorists are more easily educated than bicyclists. As a group,
motorists are older and therefore more capable than bicyclists of understanding explana-
tions of complex concepts, applying abstract rules and principles to decisions about the
behavior that is appropriate for specifi¢ sltuations, and synthesizing instructional infor-
mation with the body of knowledge acgquired through direct experience in the traffic system.
By the time persons reach driving age, they have acquired a reascnably high level of per-
ceptual and motor skills and have acquired a reasonably extensive knowledge of the physical
and operational characteristics of the traffic system. For these reasons, there is no
necessity to spend valuable education time developing motorists! fundamental perceptual
and motor skills and teaching them about the basic physical and operational characteris-

tics of the traffic system.

Although motorists may be more easily educated than bicyclists, the job of educating
motorists is complicated by the sheer size of the motorist population and, more importantly,
by the lnaccessibility of motorists for education. Access to a large portion of the bicy-

cling population is possible through the public school system and perhaps other institutions
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as well. However, there is no one or small number of institutions that provides easy
access to a large proportion of the motorist population. The accessibility of motorists
Is such a critical issue that it seems worthwhile to comment briefly on possible methods
for conveying educational material to motorists before proceeding to the discussion of

motorist educational objectives.

The discussion of educational objJectives for motorists follows the same format used
for discussing educational objectlives for bicycllsts; objectivas for enhancing Preparatory-
Phase functions, Anticipatory-Phase functions, and Reactive-Phase functicns are discussed

in turn.

POTENTIAL METHGDS FOR EDUCATING MOTORISTS

The methods that appear to have some potential value for educating motorists include:
{a) incorporate bicyclie=safety education into the existing driver-training programs taught
in the public high schools or taught by commercial driver-training organizations, (b} con-
vey educational messages through the publlic communications medla {newspapers, magazines,
radle, and television), and (c) convey the educational materials through special publica-
tlons developed for widespread distributien. Each of these methods has important advan-
tages and disadvantages; so all may be required to do an effective job of educating
motorists. The advantages and dlsadvantages of each method are discussed briefly below.

Incorporating bicycle-safety education inte existing driver-training programs has
several important advantages: this method ensures a captive audlence of motorists who are
motivated to learn (because learning is a prerequisite for driving privileges); it provides
an opportunity for face-to-face instruction and interaction between instructors and stu-
dents; it provides access 1o stduents for a sufficient amount of time for reasonably com-
prehensive education; it enables education to be administered before undesirable behavior
patterns have become flrmly entrenched; and 11 could be easily implemented at a relatively
low cost. The obvious disadvantage of this method is that many years would pass before a
substantlal proportion of the motorist population would have been educated. For instance,
after the onset of a driver~training program in high schooc!, it would be about 20 years
before one-half of all licensed motorists would have received the education; more than 35

vears would pass before three-fourths of al! licensed motorists would have been educated.

The public media provides widespread exposure of educaticnal materials and may prove
to be a highly cost-effective method for accomplishing some educational objectives. How-
ever, educational messages conveyed through the putlic media must be brief, simple, and
highly engaging. Some of the necessary educational Tnformation could easily be drafted in
the form of a brlef, straightforward message; other information is too complex to be stated
in a brief message. Even If it 1s possible to develop brief messages with educational
value, considerable expertise will be required to develop materials that have sufflcient
appeal to attract and malntaln the Interest of the motoring public. The material drafted
for publication In newspapers and magazines must compete for motorists' attention with

news articles about Inflation, Proposition 13, the mid-East conflict, earthquakes, and so
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on. Massages prepared for radlo and television must compete with product commercials,

rock music, Charlie's Angels, and so on.

Educational publlications provide an effectlve and low-cost method of conveying Infor-
matlon if motorists can be induced to read them carefuily. Even If an effective publica-
Tlon was developed and distributed widely, it seems unlikely that a substantial proportion
of the motoring public would read it unless there was some impelling reason to do so. One
approach Is to distribute such publications through the Department of Motor Vehicles and
require motorists to pass an examination on the publication in order to obtain a driver's
llcense. Another approach Is to distribute the publication through insurance companies and
provide reduced Insurance rates to motorists who pass an examination on the publication.
The difflculties In Implementing elther of these approaches are so obvious that there is
no need to anumerate them here.

The above discussion wlll have accomplished its purpose if the reader recognizes
that the method for educating motorists is a critically important problem that warrants

the attention by knowledgeable and innovative persons In several different fieids.

EDUCATION TO ENHANCE PREPARATORY-PHASE FUNCTIONS

The data from the study of bicycle/motor-vehicle accidents provided no indication
that an Important number of accidents coutld be prevented by education to enhance motorists?!
Inclination and ability to perform the Preparatory-Phase functions. Fewer than one percent
of the accidents involved a defective motor vehicle, and only a fraction of the motor-
vehicle defects that were present were Judged to be contributory. Neither vehicle-hand!ing
skill deflclencies nor operator-vehicle Incompatlbilities were found to be important con-
tributors to accidents; together these factors were found to contribute to less than .1%
of the accidents In the sample. With one exception, few accidents were caused wholly or
in part by a motorist's permanent or temporary Impalrment. The exceptlion was that a sig-
nificant number of motorlsts were Impaired by alcohol. Evidence that the motorist had
been drinking was found In over three percent of the non~fatal acclidents and about 17% of
the fatal accldents,

In light of the abeve discussion, It is concluded that the only education on
Preparatcory=-Phase functions that might prove beneficlal is education to curtail driving
whlle intoxicated. However, since there are many ongoing programs to curtall driving while
Intoxicated, 1t seems unnecessary to establish this as a primary objective for a bicycle-

safety education program.

EDUCATION TO ENHANCE ANTICIPATORY-PHASE FUKNCTIONS

It will be recalled that the Anticipatory-Phase functions are those that must be
performed in order to seiect an optimal course (speed and path} through an area; by defini-
tion, the selection of a suboptimal course means that an Anticipatory-Phase function fail-
ure has occurred. The results of the bicycle/motor-vehicle accident study showed that

Anticipatory-Phase function fallures were much less frequent for motorists than bicyclists.
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Even so, [t was found that about 214 of the fatal and 11% of the non-fatal accidents were
the direct or indirect result of the motorist's selection of a suboptimal course. Of the
cases in which the motorist's course was suboptimal, about 80% Involved a motorist who was
travel ing unnecessarily close to the right-hand edge of the roadway, traveling at an exces-
slve speed, or both. Unlike bicyclists, there were few motorists who traveled through

controlled Intersections without stopping, followed an unusual or unexpected path when
turning, or traveled against the flow of traffic.

The factors found to most often contribute to the motorist's selectlon of a subopti=
mal! course include the fellowing: the motorist's judgment was serlously impaired by
alcohol, the motorist falled to observe a visual obstruction or failed to evaluate its
tmplications for safety, and the motorist expected that the area would be vold of bicycle
traffic at the time the accldent occurred. For the fatal cases, B0% of the motorists who
selected a suboptimal course did so because thelr judgment was impaired by alcohel. Fall-
ure to observe/evaluate visual obstructions was the most Important contributor to the

selection of a suboptimal course by motorists In the non-fatal sample.

It Is clear from ¥he above dlscusslon that some beneflts would be realized from
education that wouid induce motorists to drive at a safe speed and that would Induce them
to aveid drifting too far to the right of the roadway. MNothing whatsocever wlll be accom-
plished by simply telling motorists to aveid speeding and driving too far to the right;
motorists are perfectiy aware that such actions are dangerous and may result In a varlety
of different kinds of accldents. Instead, motorists must be glven explicit Instructions
about whers and when speeding and driving too far to the right are most likely to result
in a bicycle/motor-vehicte accident. The education should be designed to accomplish the
following objectives:

® Teach motorists to search for and recognlze critical visual cbstructlions, Inctluding
the standing motor vehtcles that obstruct an operator's view in "multiple-threat"
accidents.

®m Modify motorists' expectations about the llkelihood that a bicyclist wlil emerge
suddenly from behind a visual obstruction.

B Teach motorists to reduce thelr speed and medify thelr path In a manner that best
offsets the effects of a visual obstruction.

& ModIfy motorists' expectations about the llkelihood of encountering a blcyclist at
night,

® Teach moterists that when driving at nlght, *hey should (a) avoid driving farther
to the right than is necessary for safety and (b) reduce thelr speed substantially
when travel!ing on a narrow roadway,
Such education may also prove benaficial in reducing accidents for which the motor-
Ist's course cannot be judged suboptimal In the strict sense of the werd, For Instance,
it was noted sarlier that most of the motorists who were Involved In bicycle-ridecut accl-
dents were travellng a path and at a speed that would be considered safe by normal stan-
dards. However, it is al+oge+her possible that the incidence of blcycle~rideout accldents
could be reduced by educating motorists to recognize the kinds of areas where bicycle-
rldeout accidents most often occur (quiet residentlal areas) and modify their course In

such areas to provide an lncreased amount of time/space for evasive actlons., Motorists
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should be taught to (a) drive In the center of the roadway when no vehicles are approaching
in the opposing traffic lanes and (b) reduce their speed well below the legal |imit when
they are unable to drive in the center of the roadway and/or when visual obstructions are

present.

IT ts belleved that most motorists have both the abllity and inclination to modlfy
their course appropriately if they are able to anticipate a potentlally hazardous situa-
Tion, Thus, even motorists who ordlinarily select a safe course would benefit from a
detaiied explanation of the acclident-generation process for each of the important types of
accidents and a description of the kinds of traffic contexts In which these accldents
occur., This information, along with an increased expectation of encountering blecyclists,
would enable motorists to recognize hazardous locatlions and to modify their speed and path
accordingly. Indeed, this Is the basic premise underlying all defensive-driving tralning.

EDUCATION TO ENHANCE REACTIVE-PHASE FUNCTIONS

It will be recalled from an earller section that (a) the Reactive-Phase functions
are those required to observe and respond to a potentially threatening vehicle that is
visible, and (b) a function failure during the Reactive Phase is possible only If the
threatening vehicle could have been observed early enough for a norma! operator to have
Inltiated successful evasive action (see pp. 123-124 for a description of the Reactlve-
Phase functlons). The education to enhance the motorist's performance of the Reactlve-
Phase functions must be almed primarlly at the search function, the detectlion function,
and the evaluation function. It was found that very few accldents resulted from the
motorist's fallure to perform the decision function or the actlon function in a proper

manner,

Education to Enhance Search Behavior

:

The data from the bicycle/motor-vehlcle accldent study indicated that a search
fallure by the motorist contributed to about 20% of the fatal and 40% of the non-fatal
accidents. About one-half of the motorists' search failures were the dlirect result of the
bicyclist riding on the wrong side of the roadway; the motorist failed to search In the
blcyclist's direction because he didn't expect a hazard to be approaching from that direc-
tion. When the bicyclist was rlding lawfully, the moterist's search fallure typically was
due to one or more of the following confributory factors:

w The motorist was temporarily distracted--usually by a passenger or by a pedestrian
or vehicle that the motorist consldered an accident threat.

m The motorist's information-processing capaclty was temporarily overloaded because
of a highly complex traffic environment, excessive speed, or both.

m The motorist expected that all vehicles approaching on intersecting roadways would
yield the right-of-way in accordance with the law.

®» The motorlst expected that the general area would be void of blcycle traffic,

m The motorist falled to search effectively enough to percelve the bicycllist, even
though he scanned In the bicyclist's direction one or more times.
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The objectives of education to enhance motorists' search behavior are qulite similar
to those established for enhancing bicyclists' search behavior (see Table 24, p. 124). |t
is believed that most mature and experlenced motorists understand the limitations of the
visual system and the need to search selectively for cues signaling the presence of a
threat; so, general educatlon on these topics could be limited to young and Inexperienced
motorists. The following obJectives apply equally to all motorists:

® Increase validity of expectations that may [nfluence motorists' assessment of the
need to search,

® Increase knowledge of the stimult that may distract attentlon, and increase ability
to cope with distractions.

® Increase ability to cope in sltuations where information-processing capacity is
overjoaded,

m |[ncrease the validity of motorists! assessment of the degree of risk assoclated

with fallures to search.

As has been emphasized repeatedly throughout this section, 11 is necessary that the
instruction be highly specific; motorists must be informed of the speclfic situation In
which search failures most often lead to accidents--Including the ftraffic context and the
pre-crash maneuvers of both vehlcles, For each hlgh-hazard situation dlscussed, motorists
must be Instructed on exactly where to search and what to search for. The contributlon of
motorlsts!' search fallures should be discussed for each of the problem types defined in
Section V, but major emphasis should be placed on the following obJectives:

®m Teach motorists to search for bicyclists approaching on intersecting streets,
driveways, and alleys.

® Teach motorists to search for bicyclists riding on parallel sidewalks and other
off-street locations.

a Teach motorists to search more effectively for bicyclists during darkness.

® Teach motorists to search to the left-rear before opening the left-hand door of
their (parallel-parked) vehlcle.

m Teach motorists to search for bicyclists approaching In the opposing lane of
traffic before initiating a left-hand turn.

m Teach motorists to search to the right-rear befere Initiating a right-hand furn.

® Teach motorists to search more effectively for bicyclists approaching from the
right or left before entering a street from an intersecting street, driveway, or

alley,

There 1s reason to question the advlisabl!ity of educating motorists to search for
wrong-way-riding bicyclists, even though such education is certain to reduce the number of
bicycle/motor-vehicle aceldents. 1t is possible that bicycllists would be more inciined to
ride facing trafflc if they knew that motorists were belng educated to search for wrong-
way-riding bicyclists. More importantly, requiring motorists to search for wrong-way-
riding bicyclists increases thelr workload and may, in turn, cause an increase in other

kinds of accidents.

Education to Enhance Detection of Bicyclists

A detection failure by the motorist was found in about 28% of the fatal and 10% of

the non-fatal bicycle/motor-vehicle accidents. All of these cases occurred under conditions
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of degraded visibility. A small percentage involved sun glare; the remainder occurred
during darkness. Although sun glare is not a major contributor to accidents, it is
believed that minimal effort would be required to inform motorists that glare scmetimes
leads to blcycle/motor-vehicle accidents and that they must slow their speed and exerclse

extreme caution when temporariiy blinded by sun glare.

It seems unlikely that any type of education would significantly Increase a motor-
ist's ability to detect bicycles at night that are not equlipped with lawful lighting equip-
ment. Moreover, It Is unlikely that any type of education would increase the chances that
an Intoxicated motorist would detect a bicycle at night, whether or not It Is equipped
with lawful llghting equipment. However, I+ Is altogether possible that motorist education
would greatly Increase the |lkelihood that sober motorlsts would detect properiy equipped
bicycles at night. This education should be aimed principally at overtaking accidents,
Motorlsts should be informed of the frequency, consequences, and causes of overtaking
accidents; they must be Instructed about the necessity for searching the area ahead more

thoroughly; and they must be instructed on what to search for.

Instructicnal films are avallable that show the appearance of a properly equlpped
blcycle at nlght. Unfortunatety, the films show the appearance of the bicycle when It Is
Il luminated by a motor-vehicle's high beams and when viewed against a totally black back-
ground. The films make it difficult to Imagine how any motorist could fall to detect a
blcycle at night. Obvlousiy, such films have no Instructional value. What Is needed are
methods that Tllustrate the visibility of blcycles under worst-case conditions. For
Instance, the appearance of bicycles should be shown when: the bicycie 1s equipped with
tawful but marginal |ighting equipment, the bicycle is 1ituminated by a motor-vehiclse's
low beams, the bicycle Is viewed against a background that contains many I1ght sources,
the motorist!s eyes have been exposed to the Iights of an oncoming motor vehlcle, and so
on. If films are used for this purpose, considerable expertise will be required o pro-

duce films that accurately simulate real-world Imagery.

Education to Enhance Evaluation Behavior

An evaluatlon fallure by the motorlist occurred In about 20% of the fatal and 24% of
the non-fatal bicycle/motor-vehicle accidents. In all of these cases, the motorist
observed the bicycllst early enough to have easliiy avoided the accident. The motorist
falled to Tnltiate some form of evasive action because of an invalld expectation or
because of some form of faulty judgment. About one~fourth of the evaluation fallures
resulted from a motorist's Incorrect expectation that a bicyclist approaching on an Inter-
secting roadway would stop or turn before rlding Into the motorist's path. About 10% of
the evaluation fallures were the result of a motorist's misjudgment of the space required
to overtake and pass a blcyclist. The remalning cases were the result of a motorist's
failure to anticlpate a sudden left-hand turn by a blcyclist riding In front of him. That
s, the motorist observed the bicyclist well in advance of the accident but expected the
blcyelist to proceed stralght ahead (rather than making an abrupt left-hand turn Into the
motorist's path).
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Most readers will have observed many cases in which an alert motorist was able to
avoid an accident because he anticipated the bicyclist's actions. Nearly every tIme the
author discusses bicycle safety with a motorist, the motorist volunteers an anecdote about
a serious accident that was avoided only because of the motorlst's ability to anticipate
a Ycrazy action" by a bicyclist. {1 is believed that such anecdotal evidence provides
support for the assumption that the vast majority of motorists are both willing and capable
of going to great lengths to avoid an accident with a bicyclist. It follows that motorists
would be highly receptive to education that would help them better anticipate the bicy-
clist's actions and to develop defensive-driving skills that would enable them to counter
these actlions. The accldent data Indicate that education to enhance motorists! evaluation
behavior should concentrate on the following objectives:

® Increase motorists! expectations that a bicyclist riding ahead of them will turn
suddenly into their path. Teach motorists to slow thelr speed and give the
blcyclist as wide a berth as Is possible when overtaking and passing him.

® Increase motorists! expectations that bicyclists approaching on Intersecting road-
ways will contlnue without stopping. Teach motorists to slow their speed and veer
in a direction opposite to that of the approaching blcyclist as far as Is possible
under the circumstances.

¥ [ncrease motorists' ability to judge the width of thelr vehicle and the space
required to overtake and pass a bicyclist safely. Teach motorists to avoid
attempting to pass the bicyclist when space is marginal,

OBJECTIVES OF EDUCATION FOR BICYCLISTS' PARENTS

There are at least three important benefits of educating bicyclists! parents. First,
parents can be educated to teach thelr children about bicycle safety. Secondly, parents
can be faught the need for a greater amount of supervision and control of thelr child's
bicycle-riding hablts and practices. Thirdly, parents can be educated about the necessity
for formal blcycle-safety education for the children and the need to support a comprehen-
sive bicycle-safety education program for their community.

MINIMUM AGE FOR UNSUPERVISED RIDING

There are many parents who purchase their c¢hild a blcycle as soon as they feel he
has the motor skills required to contrel it. In fact, the competitive spirit leads some
parents to encourage thelr chlldren to learn to ride a bicycle at an age younger than
their child's peers., Parents must Le taught that certain perceptual and cognitive skills
are as essentlal to safe ridling as vehlcle-handiing skills, and that Juvenile blcyclists
should be carefully supervised until they have acqulred these essential skills. But, how
are parents to know when their child possesses the fundamental perceptual and cognitive
skills that must be present to form the foundatlion for specific Instruction on bicycle
safety? '

ldeally, parents would be provided wlth an objective test that could be used to
assess the adequacy of their child's perceptual and cognitive skills. Unfortunately, no
such test has been developed. The only alternative Is to define the average age at which
the necessary skl!ls are developed through the natural maturation process; more specifically,
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define the age that the normative child must reach before he has the perceptual and cogni-
tlive skiltls needed To understand the principles and rules of safe riding and perform the
tasks required to impiement these principles and rules. This age would be considered the

minimum age for unsupervised riding on the public streets.

Defining tThe minimum age for unsupervised riding witl be a difficult and highly con-
troversial task, but 1+ should be done. Based upon a careful study of the accident data
and numerous discussions, the author believes that the minimum age should be about elght
years old. Admittedly, there are many who believe the minlmum age should be younger and
a nearly equal number belleve the minimum age should be older. However, there are few
safety-education experts who believe that five- and six-year olds should be permitted to

ride on publlc streets without being accompanied by an adult.

BICYCLE SIZE, TYPE, AND FIT

Parents who purchase their chlidren a new bicycle are usually given expert advice
about the appropriate size, type, and fit by the sales personnel, However, there are some
parents who fail to follow this advice and buy their chlid a bicycle that he can "grow
intfe." Parents must be educated about the risk associated with purchasing their child a
blcycle that is too large, too sophisticated, or both., 1f parents are not taught the
specific criteria for evaluating the size, type, and fit of the blcycle they purchase for
thelr child, they certainly should be taught to seek the advice of an expert and to follow
this advice.

Although the author knows of no data on young childrens' abllity to operate hand
brakes and to manipulate gear shifts on muiti-speed bicycles, some persons have argued
convincingly that young children cannot be taught to safely operate bicycles equipped with
efther hand brakes or multi-speed gears. It is claimed that operating hand brakes in an
emeorgency situation requlres a greater degree of strength and coordlnatlon than many young
children possess. Similar claims are made about multi-speed gears. Not only does the
manipulation of the gears require a relatively high level of skill, but the multi-speed
gears enable young bicyclists to travel faster than they should be traveling., !f these
clalms are supported by research, parents should be advlsed agalnst purchas[ng their child
a blcycle that is equipped wlth elther callper brakes or multi-speed gears.

ACCIDENT TYPES AND LOCATIONS

Parents are in a unique poslition to teach their chlldren safe riding habits and to
reinforce these habits. Education administered by parents can be partlcularly effective,
because It can be administered within the specific traffic contexts where the child will
be riding. However, before parents can be expected to educate thelr child effectively, 1t
wlll be necessary to elimlnate many misconceptions that could lead to counterproductive
education. Specifically, parents must be educated about the types of accidents that most
often Involve young children, the factors that contribute to these accldents, and the
types of traffic contexts in which they occur. This general information sheuld enable

parents to evajuate the area In which thelr chlild will be rlding and formulate highiy
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specific rules to guide his riding behavior. For instance, knowledge of the bicycle-
rideout accldents may lead parents to recognize the Iimportance of a hedge that obscures
thelr driveway and the need for a rule that prohibits their child from riding into the
roadway at that location without stopping. Parents may also see the danger in advising
their child to ride on the sldewalk at certain locations, and certainiy should learn that
they should teach their child to never ride facing traffic.

NECESSITY FOR FORMAL EDUCATION ON BICYCLE SAFETY

Parents should be informed that some essential bicycle~safety education can best be
accomplished by a highly trained instructor using equlpment and materlals specially de-
signed for this purpose. Hopefully, the knowledge of this fact wlil lead parents to
demand the establishment of a formal bicycle-safety educatlon program in thelr community
and to provide the support needed to Implement such a program. In these days of tax
revolt, 1t Is unllkely that an effective bicycle-safety education program could ever be
implemented In a community without widespread support by the parents of schoo!-age
children,

OBJECTIVES OF EDUCATION FOR LAW ENFORCEMENT OFFICERS

Most agree that an education program for bicycllsts would lose much of [ts effective-
ness If it was not reinforced by a good law enforcement program. In most communities, the
patrel officers consider the enforcament of bicycle laws to be among the least important
and least desirable part of their Job. As a consequence, few bicyciists who are observed
violating the law are stopped and admonished by patro! officers; fewer still are issued
citations. Therefore, the first objective of an education program for law enforcement
officers is to educate them about the necessity for enforcing blcycle laws. They must be
given explicit and factual [nformation about the magnitude of the bicycle-accident problem
and the beneficial Impact that enforcement has on curtalling accldent-producing behavlor.

A second objective is to inform law enforcement officers of the violatlons that are
most [ikely to be accident producing, and to induce them to be particularly conscientious
In citing or otherwise admonishing bicyclists who viclate these critical laws. The viola-
tions most |lkely to be accident producing include:

B Bicyclist enters a roadway from a driveway, alley, or over a curb or shoulder
without slowing or stopping for traffic on the roadway.

® Bicyclist rides Into intersectlon against traffic contrel device {stop sign, yleld
slgn, traffic signal).

BicyclIst rides on the wrong side of the roadway, facing traffic,
Bicyclist rides on sidewalk where prohibited by local ordinance.
Bicyclist rides at night without lawful 1ighting equipment.

Bicyclist Initiates left-hand turn without signaling or searching for approaching
motor vehlicles.

m Bicyclist attempts to pass motorist on the right or left at a roadway junction.
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OBJECTIVES OF EDUCATION FOR BICYCLE DESIGMERS

There Is |ittle question that bicycle designers have had a long-standing concern for
the safety of the bicyclist. This concern has manifested itself in many innovative design
characteristics that have increased the safety of the bicycle. Recently, considerable
attention has been devoted to Increasing the effectiveness of bicycle=-lighting equipment,
Increasing the effectiveness of bicycle brakes (partlicularly caliper brakes), and increasing
the structural strength of critical parts of the bicycle, It is belfeved that educating
bicycle designers about the causes of accidents will motivate them to seek Innovative
solutions to the bicycle-design deficlencies that often contribute to accidents.

Perhaps the most important need Is for one or more devices that will increase the
bicycle's conspiculty during both daytime and at night. It is important fto emphasize to
bicycle designers that the criterion that should be used to evaluate potential devices is
conspicuousness {attention-getting quallty) rather than visibllity. Some recent attention
has been given to the development of devices to increase the consplculty of motorcycles;
it is possible that some of the insights gained from the study of motorcycie consplculty
will also apply to bicycles.

Another equipment item that should be gfven speclal attention by blcycle designers
Is rear-vision devices. The rear-vision mlirrors that are presently on the market appear
to have Important disadvantages. The blcycle-mounted mirrors are subject to vibration and
have such a limited view that the blcyclist may be unabie to see the area of interest to
him even If vibration were not present. The main dlsadvantage of the mirrors that are
attached to eyeglasses or helmets is that it is difficult to induce young bicyclists to

wear them each time they ride.

A third design feature that should receive attention is the braking efficiency of
cal iper brakes when wet. Apparently, this problem has received some attention by blcycls

designers, and improved braking pads and rims may now be availabls.

SUMMARY OF CRITICAL PROBLEMS AND ISSUES

Throughout this report, a special attempt has besn made to identify problems and
issues that must be dealt with before it will be possible to develop and implement an
effective bicycle-safety education program. The problems and Issues considersed of greatest

importance are summarized below.

ADDITIONAL ACCIDENT DATA
NMV Accidents

It has been mentioned repeatedly that there is a great need for comprehensive data
on the bicycle accidents that are not the result of a conflict between a bicycle and a
motor vehicle (NMV accidents}. Enough is known to conclude that NMV accidents represent
an [mportant problem, but there are Insufficient data to deflne the type of education that
is required to solve this problem. In order to obtain data on NMV accldents, it will be

necessary to survey a large and representative sample of the general blcycling population.
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Since there is evidence that NMV accidents occcur with great frequency on college and uni-
versity campuses, it is essential that a study of NMV accidents include a representative
sample of college and university students who ride their bicycles on campus. The study of
NMY accidents must provide data on the incidence, consequences, and causes of such accl-
dents. Personal interviews with bicyclists will be required to obtain information that Is

detailed enough to identify the full range of factors and events that cause NMV accidents.

Unreported Bicycle/Motor-Vehicle Accidents

In order to more accurately assess the magnltude of the bicycie-accldent problem,
additional data are needed to estimate reliably the incidence and consequences of the
bicycle/motor-vehicle accidents that are not reported to the police. If a survey was con-
ducted to obtain data on NMV accidents, It would be a simple matter to Include Items that
would provide data on the number of unreported bicycle/motor-vehicle accidents a blcyclist
has had and the consequences of these accldents.

Reasons for Bicyclists' Failure to Search Behind Before Turning Left

In Section V, 11 was mentioned that additlonal data are needed to fully define the
reasons why bicyclists frequently fail to search behind before Initiating a left-hand turn.
It was hypothesized that bicyclists' failure to search may be due to (a) fear that search~
Ing behind may result In a loss of control of the blecycle, and/or (b) fallactous belief
that auditory cues wilf always signal the presence of an overtaking motor vehlcle. Data
are needed to support or refute this hypothesls. If I+ is found that fear of loslng con-
trol Is a factor, research will be required to determine whether bicyclists can be taught

to search behind without losing control of their bicycle=-particularly Juvenile bicyclists,

ORGANIZATIONAL PROBLEMS AND ISSUES

¥

Impiementation Agency

Many persons, Including the author, believe that a maJor part of blcycle-safety edu~
catlon must be accompllished within public and private schools. However, thers is no one
within a local district who has the formal responsibility for implemsnting and supervising
bicycle-safety education. Even though the interest in blcycle-safety education 1s high in
some areas, [t Is pure folly to assume that someone wlthin each school district will volun-
tarily assume the responsibility for bicycle-safety education In thier district. The same
is true for education that would be accompllshed through the public media. That is, there
is no person or agency that clearly has the responsibility for seeing to It that educa-
tional messages appear In tocal newspapers and magazines or are alred on local radio and

telavision.

Essential ly, the same condition exlsts for federal and state agencies. It might be
supposed that the Department of Heatth, Education, and Welfare would be willing to estab-
lish an office that would be responsible for the implementation of safety education on a
nationwlide scale. However, no such offlce ex!sts at this time. It also might be supposed
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that a safety-education office could be established within the Departments of Education
for each state. Such offlces exlst In some states but not all of them. |In short, there
Is no agency at any level of government that can be expected to champion bicycle-safety

education and assume responsibility for |+s implementation on a broad scale.

"There appears to be no simple and easy solution to this problem. [t will be neces-
sary to elther establish an independent Implementation organization or assign the responsi-
bility for implementing bicycle-safety education to persons within existing agencies.
Although both approaches would require a major effort, It Is beileved that even the best
safety-education program wil} simply dle on the vine If there Is not an agency at the

federal, state, and local leve! who has the formal responsibltity for implementing it.

Sources of Funding

Traditional ly, federal and state funds have bean made avallable for t+he development
and evaluation of educational materials, but have not been available to support the routine
administration of education at the local level. Since it Is unlikely that this tradition
will changé in the near future, It seems reasonable to assume that most, if net all, of the
fundIng needed to admlnister a bicycle-safety education program must come from l|ocal
sources. local ftax revenues are a logical source of funds for bicycle-safety education,
but the combined forces of inflation and tax revolt have increased the competition for
local funds and have caused local administrators to be extremely reluctant to adopt new

programs of any type.

If publlc funds cannot be cbtained, It will be necessary to support bicycle-safety
education with private funds. There are many private agencles who are interested in +the
bicycle-accident problem and who would be willing to contribute funds to a program that
wouid serve to curtai! this problem. However, it would be difficult to maintain continu-
Ity of a bicycle-safety education program if it was necessary to depend solely upon annual

contributions from individuals and private organlzations.

I+ has been suggested that bicyclists should and would be willing to bear the cost
of educatlon; blcycllists could elther be charged directly for their education, or revenues
from bicycle registration could be used for bicycle-safety education. Since funding con-
straints will have a large impact on the type of educational materlals and methods that
will prove most effective, It Is Important that the problem of funding be dealt with
during an early stage of a developmental program.

Instructor Qualifications

I+ is Impossible to commence developing instructional methods and materials untl]
assumptions are made about the qualifications of the persons who will serve as instructors.
The job of developing Instructional methods and materials would be easiest if the instruc-
tional staff was composed of perscns who were accredited teachers, experienced bicyclists,
and who had recelived speclflc training In bicycle-safety education. !f instructors lack

any one or more of these qualifications, [+ will be necessary to offset the deficiency by
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(a) developing instructional materials that are more simple to use and more self-sufficient
In technical content, and/or {(b) providing additional training to offset the deficiency in
knowledge and experience. In general, the fess quallfled the instructor, the more diffi-
cult and costty it will be to develop effective educational methods and materials, unless

this deficiency Is offset by instructor training.

A considerable amount of analytical study will be required to defline the optimal
strategy for selecting and training instructor personnel. However, it i5 believed that
this is a task that can and must be done before any attempt is made to develop the educa-
tional metheds and materials that will be administered by instructor personnel, elther in

the classroom or In the field.

Incentives to Learn

The effectiveness of any educational program is influenced greatly by the trainees'
motivation to learn. Motlivation Is importantly influenced by the skill of the instructor
and the quallty of the instructional materials, However, educational efficiency might be
increased greatly if it is possible to create Incentives that would further motivate the

tralnees to acqulre the necessary knowledge and skills.

[t has been suggested that an effective incentive for both blcyclists and motorlsts
could be created by making licensing contingent upon the acquisition of the necessary
knowledge and skills. Whether this practice would prove cost-effectlve remains uncertain.
The idea of licensing bicyclists is offensive to many because they consider it to be
another attempt fo create an unnecessary government bureaucracy and further stifle indlvid-
val freedom. Moreover, 1t is unlikely that the Department of Motor Vehlcies would be
enthusiastic about assuming the extra burden of |icensing blcyclists and making motorlists'
licensing contingent upon a knowledge of bicycle-safety principles and practices. Despite
the obvicus disadvantages of this approach, 'it cannot be discounted without further

consideration.

The author would welcome ideas from readers about incentives that would increase the
motivation to learn, particularly incentives for motorists. |f motorists are to be edu-
cated through published materials, 1t 15 certain that effective incentives will be required

to motlvate them to spend the time needed to carefully study the instructional materials.

Legal Liability

The Issue of legal llability arises when it becomes necessary to conduct any type of
on-bike training, particularly when the training is to be conducted on publlc streets.
There have been a number of instances in which schoo!l adminlstrators have refused permis-
sion to conduct on-bike tralning because of their concern about the school's {lability In
the event of an accident. !t is believed that this issue should be studled carefully by
legal experts and an officlal opinlon formed about the school's Tlability in the event
that an accident occurred during the course of a bicycle-safety education pregram. 1{f it
is judged that the school would be held iiable, insurance experts should determine the type
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and cost of additional insurance that would be required +o protect the schoots from signlf-
lcant financial loss in the event of a law sult. I+ is unlikely that any local school
administrator is going to agree to routine on-bike training until he has detailed Informa-
tion about his schocl's Itabiilty In the event of an accldent and the cost of Insurance
protection.

Access to Motorists and Bicyclists

Educational methods and materials are more dependent upon techniques for gaining
sducational access to motorlsts and bicyciists than any other factor. As a consequence,
It Is essential that considerable time and effort be spent ldentifying and evaluating
potentlal techniques for gaining access to motorists and blcycllsts for a sufflcient
amount of time to accompliish the educational objectives. When evaluating alternate
methods, it Is not sufficlent to Identify the approaches that are best; I+ also ls neces-
sary to deftermine If any of the approaches judged best are truly cost-effective. It 1Is
altogether possible that there Is no cost-effective way for gaining educaticnal access to
bicyclists and/or motorists and that the best strategy Is to simply abandon the notion of
educating blcyclists, motorlsts, or both.

In an earller part of thls section, the author discussed the advantages and dls-
advantages of various techniques for educating bicyclists and motorists. Also, recommenda-
Tlons were made about the techniques that are considered most feasible. It Is not
recommended that the author's views on this Important matter be accepted without further
study. Rather, It 1s hoped that these recommendatlons will stimulate others to consider
This important problem and to express their views about the best way to deal with if.

TECHNICAL PROBLEMS AND ISSUES

Discussed below are problems and Issues that are more technical and [ess political
than those discussed above. The reader may find the dlstinctlions between organizational
and technical problems somewhat arbltrary, since the solutlons to both types of probiems
may require careful analytical study. The main dlfference Is that the fechnical probiems
and issues, as defined here, can best be dealt with by persens who possess expertise in
blcyeling, educational methods, or both.

EDUCATIONAL TARGET GROUPS

One of the first fechnical issues that must be resclved in developing a blcycle-
safety education program is fo define specifically who is to be educated. The author's
views about the factors that must be considered in deflning the educational target groups
were discussed In an earlier part of this section (see pp. 103-106), so there 15 no need
to repeat them here. However, It 1s Important fo emphasize that these views represent one
person's opinlon and that a considerable amount of additlonal analytical study and discus-
sion will be required to define the educational farget groups fto everyone's satlisfaction.
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DEFINITION OF OPTIMAL BEHAVIOR

It is generally recognized that the purpose of bicycle-safety education is to modify
behavior in a manner that will reduce accident likellhood. In many [nstances, defining
the manner in which bicyclists and motorists should be taught to behave Is a simple and
straightforward task. However, there are some situations in which It is difficult to
specify the exact behavior that will minimize accident likelihood, Discussed below are
situations in which there 1s some uncertainty about the behavior that is optimal.

Route Selection

Little Is gained by instructing bleycllists to select the safe route If they are
incapable of evaiuating the retative safety of alternate routes to their destination. In
the author's view, additional study is required to ldentlfy the criteria that should be
used In evaluating alfernate routes and the relative weight that should be placed on each

criterion, This Issue Is discussed |n more detail on pages 111-112,

Course Selection

Bicyelists. Since about three~quarters of all bicycle/motor=vehicle accidents were
either the direct or indirect result of the bicyclist's selection of a subgptimal course,
it 1s essential that blcyclists be taught the optimal course through an area and induced
to follow that course on all occasions. Unfortunately, blcyclling experts disagree on the
course that s optimal for some traffic contexts. Thus, it will be necessary to conduct
further study to deflne the course that Is, In fact, safest for certaln trafflc contexts,
maneuvers, and conditions. It Is particularly Important to define:

® The optimal course for making left~hand turns in a varlety of traffic contexts.

® The optimal course when exiting driveways with visual obstructions nearby.

® The optimal course when riding aleng narrow roadways (during daytime and during
nighttime).

® The optimal course when riding along a row of parallel-parked motor vehicles.

There also is a need to deflne the maximum speed that is safe when riding In a
variety of traffic contexts and under a varlety of different weather and lighting condi-
tions. In some cases, it may be possible for a group of bicycling experts to define the
safest course. In other cases, analytical or experimental study may be required to define

the optimal course,

Motorists. Simllar uncertainties about the optimal course exlst for motorists.
Additional study 1s required to define the optimal course for the following sltuations:

m When driving along residential roadways with many intersecting driveways and alleys
(bicycle~rideout accidents).

® When driving on narrow rural~type roadways at night (metorist-overtaking accldents).

m When exiting a driveway or alley with visual obstructions present {motorist-driveout
accidents).

» When preparing to make a right-hand turn at a location where an on-street bike lane
is present.
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Responding to Uncertainty

Bicyelists. There were a number of accidents in which the bicyclist observed the
motorist well in advance but failed to initiate evasive action because of an invalid
assumption about the motorist's intentions. Thus, an important objectlive of any bicycle-
safety education program is to teach bicyclists to recognize when the motorist's actions
cannot be predicted with certainty. However, teaching the bicyclist to recognize situa-
tions in which the motorist's actions are uncertain is not enough; bicyclists must also be
taught exactly how to respond in the face of such uncertainties. For instance, what is
the bicyclist to do when he observes a motor vehicle waiting to enter the roadway from an
Intersecting driveway and the bicyclist is uncertain about whether or not he has been
observed by the motorist? Some bicycling experts belleve that the bicyclist should attempt
to attract the motorist's attention with some type of signal; others believe that the
bicyclIst should medify his path, his speed, or both.

In the author's view, additional study Is required to answer questions such as these.
That is, there ls insufficient information to define precisely how a bicyclist should be-
have In the face of uncertainty. Therefore, an Important technical issue that must be
resolved Is to define precisely how a blcycllst should be taught to behave when he Is
uncertain about +he actions of a motorist In each of the following situations, and perhaps
others as well:

® A motorist {s stopped on an Intersecting roadway and may drive out into the path
of the bicyclist.

® A moving motor vehicle is approaching on an intersecting roadway and may continue
Into the path of the bicyclist.

® A motorlst is approaching In an opposing traffic lane and may turn left Into the
path of the bicyclist.

& A motorist, travelling in the same direction as the blcyclist, may turn right into
the path of the bicycllist.

m A parallel-parked motor vehicle ma& be occupled by a motorist who may open the car
door into the path of the bicyclist.

® A paral lel-parked motor vehlcle may ex!t the parking space into the path of the

bicyclist.

Motorieta, Although motorists appear to be Inclined to expect aberrant behavior by
bicycllsts, there Is an important number of accldents that result from a motorist's uncer-
tainty about the bicyclist's Intentions. !t is important to define precisely how a motor-
ist should be taught to behave In the following situations:

® A bicyclist is approaching on an intersecting roadway and may continue into the
path of the motorist.

8 The motorlst is preparing to overtake and pass a bicyclist who may suddenly turn
left.

m The bicyclist is approaching in an opposing traffic lane and may turn left into the
path of the motorist.

FINAL SELECTION OF EDUCATIONAL OBJECTIVES

The educational objectives discussed In this report must be considered potential
objectives; further study will be necessary to ldentify which of these potentlal objectives
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will, In fact, be Included in a bicycle-safety education program., Final declisions about
the objectives to be Included must be based upon the accident-reduction potential, the

cost In time and rescurces to accomplish the educational objective, and the likelihood that
the education will, in fact, produce the desired behavicral change. It is also necessary
to consider whether changing behavior to reduce one type of accident may increase the |lke-
IThood of other types of accidents. Teaching motorists to search for wrong-way-rliding
bicyclists is an exampie of an education that may decrease one type of accident but increase
others. It also will be necessary to consl!der whether a blcycle-safety education program
should be |Imlted to objectives that have accident-reduction potential. There are a number
of reasons why [t mlght be beneficial fo include auxillary objectives, such as teaching
bicyclists to be more effective and efficient riders, and promoting bicycling. Further-
more, considerable thought and study will be required to define the rudimentary knowledge
and skills that must be taught before 1t 1s possible to teach young bicyclists the safety

concepts and skills that are more directly relevant to blcycle safety.

EDUCATIONAL TECHNIQUES

The educational oblectives discussed earller in this section identify what must be
taught but not how best to teach It. Considerable work wil| be required to develop educa-
tional techniques that are both effective and efficient. Questions about educational
technlque can be posed for virtually every aducational objectlve dlscussed in thlfs section.
However, technique is a more critical question for some educatlonal objectives than for
others. The need to develop innovative technliques is partlicularly great for the following
obJect|ves:

m Teaching bicyclists the precise course that Is safest In a wide variety of traffic
contexts.

a Motlvating bicycllsts to refrain from unsafe behavior, even though it [s highly
- unlikely that such behavior will lead to an accident on a particular occasion.

® Teachlng bicyclists and motorists to search selectively for features that dlctate
the optimal course and for cues that signal a potential hazard.

® Teaching bicyclists and motorists to recognize specific cues to actual or potential
hazard.,

& Teaching bicycl!ists and motorists to correct|y assess the risk associated with
specific accident-producing behavior.

Increasing bicyclists' ability to make speciflc temporal and spatial judgments.
Teaching blcyclists and motorists to cope with momentary distractions.
Teaching blcycllsts to cope with competing needs.

Teaching bicyclists and motorists fo respond correctly to sltuations in which the
other operator's actions are uncertaln.

a Teaching bicyclists and motorists to recognize and cope with information overload.
® Eliminating, through education, invalid expectations that often lead to accidents.

® |ncreasing bicyclists' vehicle-handling skills, including searching behind, emer-
gency stops, and emergency swerves/turns,

m Teaching bfcyclists' parents to educate their children and to exercise control over
where and when They ride.
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® Motivating law enforcement officers to apprehend and cite blcyclists who violate
criticatl laws and ordinances.

m Increasing the |ikellhood that motorists will observe bicyclists when they scan in
the dlrection of a clearly vislble bicyclist.

m Motivating bicyclists to select the safest route when an alternate route Is faster,
shorter, flatter, or otherwise more deslrable.
It is hoped that the readers who wish to pursue research in the bicycle-safety area
will consider the study of one or more of the above problems. [t also is hoped that readers

who have opinltons about one or more of the above problems will convey their opinions o
the author.
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APPENDIX A
BASIS FOR ESTIMATING THE COST OF SOCIETAL LOSSES

Described below are the data and assumptions underlying the cost estimates for the
lossas that result from bleycle/motor-vehicle accldents. Most of the cost estimates pre-
sented In Table 7 were derived from cost data contalned In a recent report on the cost of
motor-vehicle acclidents (Falgin, 1976). Cost estimates for most losses resulting from
tratfic accidents differ as a functlon of the age and sex dlstributions of the accldent
populatlon, the average severlty of Injuries sustalned In the accident, and the types of
vehlcles [nvolved. Therefore, these factors were taken into conslderation when estimating
the cost of losses resulting from bicycle/motor-vehicle accidents. |Information about age,
sex, and Infury distributions was taken from a recent study of blcycle/motor-vehlcle accl-
dents (Cross & Flsher, 1977).

No attempt was made to establish a monetary value for such losses as paln and suffer-

ing, grief, loss of personal retationshlps, and so on.

PRODUCTION LOSSES

When a person 1s disabled or kllled, society Is temporarlly or permanently deprlved
of the goods and services that would have been produced by that Individual if he had not
been kllled or injured. One component of lost production Is that associated with the
person's regular job. Thls component Is referred to as "Market and Market-Proxy Produc-
tion Losses." A second compornent--referred to as ""Home, Famlly, and Community Services
Production Losses"--Is the lost production assoclated with a person's work in the home and

community, apart from his income-producling’job.

Market compensation (Income) was used as the measure of Market and Market-Proxy
Production Losses. Since market compensation varies as a functlion of both age and sex,
the age and sex distrlbutions of bicycle/motor-vehicle accident victims were taken Into
conslderatlon In computing market compensation. The method used to estimate the market
compensation losses resulting from fatal accidents [s the same as that used by Falgin
{1976). Thls method assumes that production commences at age 20 and contlnues to age 64.
For males and females In each age group, the national average Income was increased three
percent per year and dlscounted at seven percent per year through age 64. The totals for
each sex and age group were then averaged to produce the average loss fligure shown In
Table 7. The estimate of the market compensation losses resulting from non-fatal acci-
dents was based on the followlng parameters:

® On the average, each non-fatal bicycle/motor-vehicle accident {police reported)

results In 4.3 days missed work or school (Cross & Fisher, 1977).

® The average value of a mlssed work day is $65 (Falgin, 1976},

B The average valus of a missed school day Is 35 (assumption).

m Of all days lost as a result of bleycle/motor-vehicle accidents, 18% are work days
and 82% are school days (Cross & Fisher, 1977),
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Based upon the data reported by Faigin (1976), the value of Home, Family, and
Community Services Production Losses was estimated to be B.1% of the value of the Marker
and Market-Proxy Production Losses.

MEDICAL CARE COSTS

Faigin compiled data on the medical costs associated with the treatment of persons
killed and injured In motor-vehicle accldents. The estimates of medical costs for persons
killed In bicycle/motor-vehicle accidents was assumed to be the same as for persons killed
in other types of motor-vehicle accidents. However, specific data on the severity of
injuries was used In estimating the cost of madical care for non-fatal accidents. The
parameters used in computing the cost of medical care for the average non-fatal accident
are listed below.

® About one-third of all bicycle/motor-vehicle accidents result In an injured party
being transported to the hospital in an ambulance (Cross & Fisher, 1977).

& Fifty-three percent of all blicycie/motor-vehicle accidents result In injuries that
are treated In a hospital emergency room (Cross & Fisher, 1977).

® On the average, 1.4 days of hospital care are required as a resutt of each bicycle/
motor-vehicle accident that Is police reported (Cross & Flsher, 1977).

® On the average, 3.1 visits to a physiclan are required as a result of each bicycle/
motor-vehicle accident that 1s reported to the police (Cross & Fisher, 1977).

® The average cost of a visit to a physictan [s $20 (estimate based upon discussions
with a limited sampie of physicians). .
The above parameters were used in estimating (for an average non-fatal accident) the
cost of emergency transportation, emergency room treatment, hospital care, and physician
care.

FUNERAL COSTS

Since future money is worth less than present money, funeral costs experienced in
the current year are hfgher than funeral costs experienced in future years. The funeral
costs shown In Table 7 represent the difference between average funeral costs in the cur-
rent year and the costs that would occur in a future ysar--assuming a normal |1fe expsc-
tancy for the fatally Injured persen. The value shown In Tabie 7 is based on: ths medlian
age of males and females Involved In blcycle/motor-vehicle accldents (16.2 years for males
and 17.5 years for females); the remalning years of |ife expectancy for males and females
(54.3 years for males and 60 years for females); the weighted average remalnlng years of
1 fe expectancy {55.2 years); average funeral costs for 1975 (3$1,125); productivity price
increase at three percent per year (3$5,717); present worth factor, assuming 2 seven percent
discount rate ($138); and net difference between present and future cosi ($987).

LOSSES TG OTHERS

The costs of tosses to others Include employer losses (temporary or permanent re-

placement costs, time spent visiting patients, transportation for medical attention, home
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care, and tIme spent in vehicle repair and replacement. Faigln {1976) has estImated the
cost of losses to others resulting from fatalities and from five different injury levels.
The cost estimates shown in Table 7 are the same as Falgin's estimates for fatalities and

for level-two injuries.

LEGAL AND COURT COSTS

No data are available on the proportion of bicycle/motor-vehicle accidents that
result in Iltigation, so it was necessary to formulate a number of assumptlons in order to
estimate the legal and court costs assoclated with bicycle/motor-vehicle accidents. The
most fundamental assumption is that the only bicycle/motor-vehicle accidents that result
in litigation are those In which the motorist is clearly culpable. Data compiled by
Cross and Fisher {1977) indicate that the motorist was clearly culpable in 34% of the fatal
accidents and 28% of the non-fatal accldents. Other assumptions are as follows:

® A suit is filed against the motorist in all of the fatal cases in which the motor-

Ist is culpable and 20% of the non-fatal cases in which the motorlst Is culpable.
® Fjfteen percent of the suits are trled In court.

& When a sult T1s filed against the motorist, a settlement In favor of the bicyclist
s awarded in 90% of the fatal cases and 60% of the non-fatal cases.

® All motorists who are clearly culpable are Issued a traffic cltation.

The average settlement is $50,000 for a fatal acclident and $4,500 for a non-fatal
accident.

The plaintiff's legal costs are 25% of the settlement.
The defendant's legal costs average $1,800 per suift,
The average court cost for suits settled by ftrilal s $7,370.

The average citation costs are 350 for fatal accidents and $20 for non-fatal
accldents.

All of the above estimates of costs are based upon cost data presented in Falgin's
report {1976), and all cost estimates are in terms of 1975 dollars.

INSURANCE ADMINISTRATION COSTS

The insurance administration cost represents the cost of Insurance overload that
could be saved with the reduction of bicycle/motor-vehicie accidents. The cost estimates

shown In Table 7 are based upon cost data presented In Faigin's report (1976).

ACCIDENT INVESTIGATION COSTS

The accident investigation costs refer to the cost of time and resources expended by
enforcement officials in investigating the accident. The cost estimates are based upon

cost data presented in Faigin's report.

VEHICLE DAMAGE

The estimates of The cost of vehicle damage are based upon data compiled by Cross
and Fisher (1977).
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APPENDIX B
INVENTORY OF OBJECTIVES FROM A SAMPLE
OF RECENT BICYCLE-SAFETY EDUCATION PROGRAMS

The fo!lowing inventory of educational obJectives was compiled from a study of ten
bicycle-safety education programs. Ali the programs reviewed were developed since the
onset of the "bike boom™; over half of them were developed within the past three years.
For ease of Interpretation, the objectives have been organized into 15 basic categorles.
The first category--rudimentary knowledge and skills—-contalns a |lsting of what might be
considered prerequislite objectives for educatlng very young children. Slince the rudimen-
tary knowledge and skllls are normal ly acquired through the standard education process,
these objectlives are relevant onty 1f It ls necessary to provide bicycle-safety education
before the rudimentary knowledge and ski!ls have been acguired in a normal fashion.

1. DEVELOP/ENHANCE RUDIMENTARY KNOWLEDGE AND SKILLS

BASIC DISCRIMINATION AND RECOGNITION SKILLS

®» Baslc colors

® Baslc shapes

® Dlstance

m Direction (right, left, and cardinal directions)
® Absolute and relative size of objects

® Absolute and relative velocity of moving objects

m Basic auditory stimull

8 Blcycle types

s Motor-vehicle types

® Types of vehicle operators {e.g., young vs. old)

KNOWLEDGE OF BASIC RELATIONSHIPS AND ASSGCIATIONS

Slze-d]lstance relationships ,

Associate colors with basic action

Assoclate shape and meaning of traffic signs

Assoclate colors with position on signal

Relatlonship between speed and accuracy In performing complex psychomotor tasks
Effect of roadway surface defects (sand, water, lce, snow) on stoppling dlstance
Ef fect of weather and |ighting on vision

Relationship between safety and effective vision

Relatlonship between safety and effective hearing

Relationship between safety and vehicle speed

KNOWLEDGE QF BASIC WORDS AND CONCEPTS
B Words and concepts needed to describe the physical and operational characteristics
of the roadway system (lanes, one-way streets, turn pockets, permanent markings,
etc.)
® Words and concepts needed to describe the capablllties and limitations of the
human visual system (central/peripheral vision, focus, flxation, scan, search,
| ight/dark adaptation, etc.)

& Words and concepts needed to describe the capabillties and |imitations of the
human audltory system (pl+ch, amplitude, audltory masking, etc.)

® Words and concepts needed to describe human response time (search time, declslon
time, and reaction time)
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® Words and concepts needed to describe the formal and informa! rules of the road
(law, ordinance, safety rule, yleld, right-of-way, etc.)

& Words and concepts needed to describe human perceptual processes (attention,
selective attention, distractions, information-processing overload, etfc.)

® Other key words and concepts (visual obstruction, reflection, glare, visiblllty,
consplcuity, fault, culpability, predliction, anticlipation, defensive driving,
balance, friction, dawn/dusk, etc.)

BAS|C PSYCHOMOTOR SKILLS

m Practice balancing on beam or narrow |lne on floor
B Basic visual search/scan exerclses
wm Baslic eye-hand coordination exerclses

BASIC ATTITUDES AND VALUES

® Generate respect for pollce officers and safety patrols

®m Generate respect for laws, ordinances, and safesty rules

m Modify subjective belief In own Invulnerability

® Modify subjectlve assessment of accident |likelthood

® Develop attitude that a bicycle is a vehicle rather than a toy
® Develop attitude that bicycllsts are vehlcle drivers

m Davelop attitude that accldents are avoidable

DEVELOP/ENHANCE KNOWLEDGE OF HUMAN PERCEPTION AND INFORMATION PROCESSING

CAPABILITIES AND LIMITATIONS OF THE VISUAL SYSTEM
CAPABILITIES AND LIMITATIONS OF THE AUDITORY SYSTEM

ATTENT ION AND ATTENTIONAL CONFLICT
NFORMAT I ON-PROCESSING LiMITAT IONS

SELECTIVE PERCEPTION

DEVELOP/ENHANCE KNOWLEDGE OF ACCIDENT PROBLEM

TYPES AND NUMBER OF BICYCLE ACCIDENTS AT LOCAL, STATE, AND NATIONAL LEVEL
CONSEQUENCES CF BICYCLE ACCIDENTS (DEATHS, INJURIES, PROPERTY DAMAGE, AND OTHER)
ACCIDENT TARGET GROUPS

DEVELOP/ENHANCE KNOWLEDGE OF THE BICYCLE

ELEMENTARY

m Hlstory of bicycle development

Benefits of bicycling

Past and present trends In bicycle usage

Bicycle types

Advantages and disadvantages of each tipe of bicycle
Name and function of blcycle parts (standard)

Name and function of optional accessories
Performance of bicycle-safety check

Setection of bicycle type and slize

Adjustment of seat and handlebars to fit rider

ADVANCED

W Pgrformance of bicycle repalr and maintenance
w Selection of gear configuration
® Selection of speclal-purpose equipment
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5.  DEVELOP/ENHANCE VEHICLE-HANDLING SKILLS

ELEMENTARY

® Mounting/d!smounting

® Balancing at slow speed
Straight=line riding
CirclIng/weaving

Riding In a narrow space
Stopping at a designated spot
Balancing while scanning behind
Balancing while signaling
Balancing while shifting gears

ADVANCED

Special pedaling techniques
Mountain-riding techniques
Cross-country tourling technlques
Bicycle racing technliques
Blicycle commuting technlques
Inclement weather technlques
Emergency swerving

Emergency brakling

6.  DEVELOP/ENHANCE KNOWLEDGE OF ROADWAY SYSTEM

PHYSICAL CHARACTERISTICS

m Signs/signals

® Roadway types
Intersection types
Special-use l|anes
Bicycle paths and lanes

OPERAT IONAL CHARACTERISTICS

®m Formal Jaws and rules-of-the-road

Informal rules and practices

Traffic density as a function of time and location of roadway
Operating speeds as a function of type and location of roadway
Hazardous locations

When and where DW| drivers are most often encountered

7.  DEVELOP/ENHANCE ABILITY TO SELECT SAFE ROUTES
ROUTE-SELECTION CRITERIA (ROADWAY WIDTH, PARKED, CARS, TRAFFIC VOLUME, OPERATING
SPEED, NUMBER AND TYPE OF INTERSECTIONS, ETC.)
LOCATING AND USING MAPS

8.  DEVELOP/ENHANCE ABILITY TO SEARCH FOR AND RECOGNIZE HAZARDS

OPTIMAL SEARCH BEHAVIOR
HAZARDOUS TRAFFIC CONTEXTS (STREET INTERSECTIONS, HIGH-SPEED RURAL ROADWAYS, ETC.)
HAZARDOUS MANEUVERS (EXITING DRIVEWAYS, LEFT TURNS, ETC.)

SPECIF{C CUES THAT FORECAST HAZARDOUS EVENTS/SITUATIONS (ACTIVATED TURN SIGNALS,
OCCUPANT IN PARKED CAR AHEAD, ROAD-SURFACE DEFECTS)
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10.

CORRECT FAULTY ASSUMPTIONS AND JUDGMENTS

ASSUMPTION THAT MOTORISTS WILL ALWAYS ADHERE TO LAW
ASSUMPT ION THAT MOTORISTS WILL ALWAYS SEARCH FOR AND OBSERVE BICYCLISTS

JUDGMENT OF STOPPING DISTANCE {BICYCLES AND MOTOR VEHICLES) AS A FUNCT!ON OF VELOCITY
AND ROADWAY-SURFACE CONDITIONS

JUDGMENT OF SAFE GAP IN TRAFFIC

ASSUMPT |ON THAT RIDING COMPANION WILL SEARCH FOR AND DETECT HAZARDS
ASSUMPT ION THAT A NORMALLY QUIET STREET WILL BE VOID OF TRAFFIC

JUDGMENT OF SPACE REQUIRED TO OVERTAKE AND PASS ANOTHER VEHICLE

JUDGMENT OF SPACE REQUIRED FOR ANOTHER VEHICLE TO OVERTAKE AND PASS BICYCLIST

DEVELOP/ENHANCE KNOWLEDGE OF GENERAL DO'S AND DON'TS

DON'T RIDE TWO OR MORE ABREAST

DON'T RIDE FACING TRAFFIC

ALWAYS STDP FOR STOP SIGNS AND RED TRAFFIC SIGNALS
DON'T HITCH A RIDE ON A MOTOR VEHICLE

DON'T CARRY A PASSENGER ON BICYCLE

DON'T PLAY GAMES OR CLOWN IN THE STREET

ALWAYS GIVE PROPER HAND SIGNAL BEFORE TURNING

KNOW ALTERNATE METHODS FOR MAKING A LEFT TURN AND ALWAYS USE THE METHOD THAT 1S SAFE
FOR THE SITUATION

WEAR CLOTHING THAT 15 VISIBLE AND CONSPICUOUS (DAY/NIGHT)
WEAR A HELMET AND PROTECTIVE CLOTHING

RIDE AS FAR TO THE RIGHT AS PRACT!CABLE

KEEP BICYCLE IN GOOD MECHANICAL CONDITION
OBEY ALL TRAFFIC RULES AND SIGNS

WALK BIKE ACROSS BUSY INTERSECTIONS

BE SURE ROADWAY 1S5 CLEAR BEFORE ENTERfNG
WATCH FOR OPENING CAR DOORS

BE SURE LIGHTING EQUIPMENT 1S IN GCOD REPAIR BEFORE RIDING AT NIGHT
AVOID RIDING AT NIGHT

AVOID BUSY STREETS AND INTERSECTIONS

YIELD RIGHT=OF=WAY TO PEDESTRIANS

RIDE DEFENSIVELY

WATCH FOR STORM DRAINS AND DEBRIS ON ROADWAY
DON'T RIDE OVER CURBS

DON'T COMPETE WITH MOTORISTS

ALWAYS BE PREPARED TO YIELD THE RIGHT-OF-WAY
DON'T RIDE TOO FAST WHEN TRAVELING DOWNHILL
DON'T RIDE TOO FAST FOR CONDITIONS

WATCH OUT FOR ANIMALS IN ROADWAY

PRACTICE RIDING IN A SAFE AREA

DON'T RIDE ON SIDEWALKS
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11.

12.

13.

14.

15.

DEVELOP/ENHANCE ABILITY TO RECOGNIZE AND CONTROL COMPETING NEEDS

TIME CONSERVATION

ENERGY CONSERVAT ION

NEED FOR EXCITEMENT/COMPETITION
NEED FOR SELF ASSERTION

NEED TO DEFY AUTHORITY

DEVELOP/ENHANCE ABILITY TO RECOGNIZE AND COPE WITH DISTRACTIONS

RIDENG COMPANIONS
PEDESTRIANS

HOSTILE ANIMALS
TRAFFIC
ROAD-SURFACE HAZARDS

DEVELOP/ENHANCE ABILITY TO SELECT AND EXECUTE QPTIMAL EVASIVE ACTION

SPEEDY SITUATION ASSESSMENT
SPEEDY DECISION MAKING
EXECUT ING EMERGENCY TURNS, STOPS, VOIGCE WARNINGS, AND CONTROLLED SKIDS/FALLS

DEVELOP/ENHANCE KNOWLEDGE OF ACCIDENT-GENERATION PROCESS FOR FREQUENTLY OCCURRING
TYPES OF ACCIDENTS

TRAFFIC CONTEXT IN WHICH ACCIDENT OCCURS

PRE-CRASH COURSE (PATH AND SPEED) OF BOTH VEHICLES

FUNCTION FAILURE OF BOTH OPERATORS

COMBINATION OF ENVIRONMENTAL, VEHICLE, AND OPERATOR FACTORS LEADING TO FUNCT{ON
FAILURES

v

MODIFY UNSAFE ATTITUDES

ANYONE CAN LEARN TO RIDE A BICYCLE SAFELY WITHOUT FORMAL TRAINING
RULES-OF-THE-ROAD DO NOT APPLY TO BICYCLISTS

INFORMAL SAFETY RULES ARE UNIMPORTANT

THE BICYCLE 1S A TOY
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