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the relative hazardousness of a pedestrian crossing by

a measure such as conflict rate. If this is desired, then
a comparison of data from many other locations is re-
quired to produce a measure of hazardousness Lo pedes-
trians. Once this is accomplished, a few hours of data
collection at a site may produce important information
on the relative hazardousness of a crossing, as well as
safety deficiencies.

Further investigation is needed to determine the
amount of data collection required at a site to provide
reliable results, Studies are also recommended to in-
vestigate the repeatability of results from one day to the
next, and comparisons of results from similar locations
are desired to further investigate reliability of this
technique.

During this study, it was assumed that pedestrian
conflicts are a measure of vehicle-pedestrian accident
potential, It was not within the scope of this study to
determine the exact relationship that exists between con-
flicts and accidents. However, this relationship should
he investigated; this can be accomplished by comparing
pedestrian accident histories with conflict data collected
at various locations, Investigations can also be con-
ducted to determine which types of pedestrian conflicts
are more hazardous. The results of these studies will
assist in providing more concise information from this
confliet technique regarding hazards to pedestrians at
roadway crossings.
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Causal Factors of Non-Motor-

Vehicle-Related Bicycle
Accidents

Patricia I,, Wheatley and Kenneth D, Cross

The Santa Barbara County Bicycle Safety Project was created in Septem-
ber 1977 and funded through September 1979. The primary area of de-
velopment in this project involved research into the causal factors of
non-motor-vehicle-related hicycle accidents. Many types of accidents fail
into this category—bicycles hitting other bicycles, pedestrians, or fixed
ohjects. In addition, bicyclists fose control of their bicycles and fall for
many reasons. Although considerable emphasis has been given to
hicycle-motor vehicle accidents in the last few years, relatively little at-
tention has been given to the non-motor-vehicle-related bicycle accident.
The purpose of the project research has been to provide comprehensive
material on the nature and cause of noen-motor-vehicle-related bicycle ac-
cidents in Santa Barbara County. In addition, the project performed a
study on the nature and cause of hicycle-related accidents on separated
off-read bicycle faciiities in the county. To provide proper perspective
on this information, a survey was first taken of the general population
of hicyclists in the county.

The Santa Barbara County Bicycle Safely Project was
created in September 1977, funded by the California
Office of Traffic Safety to the University of California

at Santa Barbara. The funding for this project con-
tinued through Septermber 1979,

A major emphasis of the Santa Barbara County
Bicycle Safety Project, and the topic of this report, was
research into the causal factors of non~-motor~vehicle~
related bicycle accidents. Many accidents fall into this
category. For the purposes of this report, all bicycle-
related accidents that do not invelve a motor vehicle
will be referred to as non-molor-vehicle (NMV) acei-
dents.

Bicycle-motor vehicle accident research has received
considerable attention over the last few years. On the
average, accidents thal involve a motor vehicle result
in more severe injuries than do NMV accidents. In
addition, the study on NMV accidents is difficult because
such accidents are rarely reported tc any record-
keeping agency. In spite of this scarcity of information,
it is generally recognized that NMV accidents oceur
with far greater frequency than do bicycle-motor ve-
hicle acecidents. For this reason, the study of NMV
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accidenis was chosen for this project.

Because of the dearth of data on NMV accidents, we
decided that a comprehensive survey of the general
population of bicyclists might be the only way to obtain
information on the full range of NMV accidents.

The purpose of the project research has been (o
provide comprehensive material on the nature and
cause of NMV-related bicycle accidents in Santa Barbara
County, In addition, the project performed a study of
the nature and cause of bicycle~related accidents on
separated off-road bicycle facilities in the county. To
provide proper perspective on this information, a survey
was first taken of the general population of bicyclists
in the county.

Throughout the following narrative, reference will
be made to the differences between northern and
southern Santa Barbara County. In order to eliminate
possible confusion, the following community descriptions
are included.

The county of Santa Barbaya provides an unusual
blend of urban and rural populations. Bounded on the
gouth by the Pacific Ocean, the county lies 148 km
(92 miles) northwest of Los Angeles, One-third of
the county's area is located in the Los Padres National
Forest. A significant portion of the county's 288 000
population resides in the southeastern metropolitan
coastal region, including the city of Santa Barbara.

The moderate climate enables continuous outdoor
recreation that has increasingly included bicyeling.
Surveys conducted during the initial research stage of
the Santa Barbara County Bicycle Project found that
there are 152 528 hicycles and 151 064 bicyclists in
Santa Barbara County. Of this number, 96 528 bicy-
clists live in the southeastern part of the county. A
large portion of these bicyclists are adults,

To facilitate the expanded use of bicycles in the
southern section of the county, several kilomeiers of
separaled bikeways have been and are being buill. Santa
Barbara County is a pioneer in the arvea of off-street
bikeways.

The coordinating agency, the University of California
al Santa Barbara, has a student population of 14 400.
The bicyecle is the major means of transportation on
the university campus. Currently, there are an esli-
mated 10 500 bicycles on campus on any given day.
Along with the rise in the bicyeling population has been
an increase in bicycle accidents. In order Lo avoid a
serious accident problem, a tremendous amount of
effort and stalf expertise has gone into the development
of one of the finest bicycle systems in the nation,

METHOD

The research plan specified four separate surveys: (@}
a random posteard survey of county residents, (b) a
questionnaire survey of a large sample of bicyclists
who reside in Sanfa Barbara County, (c) an interview
survey of those bicyclists who reside in Santa Barbara
County, and (d) an interview survey of those bicyclists
who had recently been involved in accidents.

Postecard Survey

The objective of the postcard survey was o obiain data
on a representative sample of county residents to de~-
termine the following:

Number of bicycles per household,

Number of riders per househoid,

Ages and sexes of the riders,

. Number of bicycles stolen per household, and
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5, Type of area (urban or rural) in which the
bicyclists reside.

The prime consideration for the selection of the in-
terview sample was to obtain an unbiased, random
sample of county residents. The self-addressed,
stamped posteard surveys were then mailed to 8 percent
of the persons on the list. A total of 7674 posticards
were sent to residences as well as to post office boxes
and rural delivery routes. The relurn cards were num-
ber coded so that records could be kept of the return
rates for each zip code area in the county.

A total of 1874 posicards were returned, reflecting
a 24.4 percent return rate. Resulis of a subsequent
tally of age disiributions and household sizes were com-
pared with census data to validate the survey results,
The survey returns were consistent with census data
in nearly every case, provided that the ages and number
of persons per household revealed in the survey is con-
gistent with that of the general population,

To further validate the results and to discover any
possible biases in the posteard gquestionnaire, a lele-
phone survey was conducted after all of the postcards
had been returned. Telephone numbers were obtained
for a sample of those residents who did not respond
by using the telephone company's Cross Reference
Directory.

The interviewer asked these residents the same
questions as those on the posteard survey. Again, no
serious biases were discovered,

A computer mask was designed to enter posteard
responses, The following information was computed:

1, Number of accidents for males and females by
specific age groups;

2. Number of males, females, and tolal populalion
of each geographic area;

3. Number of urban, rural, and tofal residents in
each geographic area;

4, Number of male and female cyclists and total
number of cyclists;

5., Number of urban, rural, and tofal number of
residents in each age group;

6. Total number of bicyecles in each geographic
area;

7. Average number of bicycles per household in
cach geographic area;

8, Average number of bicycles pexr person in each
geographic area; and )

9. Total number of bicycles stolen in each geo-
graphic area.

Bicycle User Survey

The objeclive of the bicycle user survey was 10 obtain
population estimates of the riding habits and experiences
of Santa Barbara County residents.

A four-page, fold-out survey was designed lo include
21 questions, which covered the following areas of in-
terest:

Operator characteristics,
Rider experience and exposure,
Bicycle usage patierns,
Bicycle characteristics, and
Accident experiences.

& Lo Do =

The bicycle user survey was laken to elementary,
junior high, and senior high schools throughout the
county; the University of California; and a two-year
college in northern Santa Barbara County. To obtain
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the adult bicyele-riding populations, surveys were
given at the department of motor vehicles in northern
and southern Santa Barbara County.

The following is a breakdown of surveys obtained
through this effort:

North South
Agg____G_fg_l_J_E County County Total
Elementary 306 k35 B4t
Junier high schoo! 185 320 514
Senior high school 221 266 487
College 68 317 385
Aduits 58 320 378
Total 836 1767 2603

Telephone Surveys

The objective of the telephone interview was to deter-
mine the function failure, environmental, psychological,
and contributing factors of the particular types of ac-
cidents isolated in the bicyele user survey. Ullimately,
the similarities and differences hetween the types of
accidents were determined as a result of this interview
survey.

All of the bicyele user surveys were reviewed to
isolate those thal included accidents that took place
during the last 24 months as well as those that resulted
in either physical injury or property damage, No sur-
veys were inciuded in the telephone interviews unless
prior permission from the victim had been secured
(this was determined by the victim's signature on the
user survey),

Al the same time the telephone surveys were being
conducted, a bicycle-use survey was being developed
by the Sania Barbara County Transportation Study,
which was funded by the Federal Highway Administra-
tion and the state of California., The Atascadero Creek
and Cabrillo surveys were conducied on new separated
bike paths in southern Sanla Barbara County. Al our
request, this research team included on their survey a
question thal asked for the name and phone number of
bicyclists who had accidents on separated bikeways.
Through these surveys we were able to add to the num-
bers of documented adult accident experiences on
separated bikeways other than on the university campus.
After all telephone interviews were completed, the
surveys were grouped into accident types, Similarities
and trends were evaluated on the basis of the following:

Accident types,

Sex of viclim,

Riding experience,

Road type and configuration,
Speed of the bicyclist,

Type of bicycle used,

Condition of the bicycle,

Amount of property damage, and
Other contributing factors.
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A total of 206 accident victims were contacted for tele-
phone interviews; 38 telephone surveys were faken
from the Atascadero and Cabrillo bikeway surveys.

OVERVIEW OF PROJECT

Information from the posicard survey yielded estimates
of the proportion of residents of Santa Barbara County who
ride a bicycle atl least once per year. The percentage

of bicyclists who ride was tabulated by age, sex, and
census tract. Information concerning the size and dis-
tribution of the entire resident population of Santa
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Barbara County was obtained from z special census
conducted in 1975, This special census yielded data
on the size of the resident population by age, sex, and
census tract, The size of the bicycling distribution
for each subpopulation was obtained by mulliplying the
number of residents in that subpopulation by the esti-
mate of the percentage of residents within that sub-
population who ride bicyeles, This procedure yielded
estimates of the size of the bicycling population by age,
sex, and census tract,

The postecard survey also yielded data on the per-
centage of bicyelists who have had at least one accident
during the past 12 months, This percentage of hicy-
clists was tabulated by age, sex, and census tract.

The number of bicyclists in each subpopulation was
multipied by the estimales of the percentage of that
subpopulation who have had an accident during the past
12 months. This task yielded estimates of the size of
the accident population by age, sex, and census tract.

One of the main objectives of this study was to
identify the types of NMV accidents that occur and the
factors that contribute to each type of accident. The !
detailed data on accident types and contributing factors Lo
were oblained during telephone interviews of accident
victims whose names and telephone nurmbers were
identified by the bicycle user survey.

Anocther product of the bicycle user survey was data
on the bicycle usage patterns of Santa Barbara County
bieyclists. The primary objective in obtaining infor-
mation on bicyele usage was to obtain quantitalive data
to use in comparing the relative exposure of the accident
population and nonaccident population. The final index
of exposure was estimates by bicyclists of the numbexr
of kilometers {raveled on a bicycle during an average
week. Such exposure data are needed to {ully interpret
the information on accidents.

When attempting to assess the cost-effectiveness of
accident countermeasures, it is useful to be able to
compare the estimated cost of countermeasure programs
with the magnitude of societal loss that results from PER
accidents. Accident cost data were estimated through ey
a consideration of the accident consequences derived o
from the telephone survey and information on the aver-
age cost of generic types of property damage and in-
juries.

FINDINGS

Posteard Survey Results

A total of 1874 posteard guestionnaires were returned,
which provided information on a total of 4674 residents.
Toassess the representativeness of the sample of residents
who responded to the postcard survey, the age distribu-
tion of the respondents to the postcard survey was com-
pared with the age distribution of county residents as
measured by a special countywide census taken in 1975,
Residents younger than 5 and residents older than 65
years of age were underrepresented in the postcard
survey, whereas residents whose ages fall between
these two extremes were overrepresented slightly.
Although these biases are statistically significant, they
are exceedingly small for any mailback survey. Dis-
counting the two exireme age groups, a difference be-
tween percentage values for the various age groups never
exceeds 1.4 percent and, for most age groups, the dif-
ference is less than 1 percent.

The representativeness of the postcard data was
also assessed by comparing the posteard data and
census data in terms of the average number of residents
per household. It was found that these two percentage
values differed by less than 0.3 percent. Based on
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these findings, the biases in the posteard survey are so
small that they have Little eifect on the population esti-
mates of the size and distribution of the bicycling
population and the accident population,

Careful study of the census data and the data obtained
by the postcard survey indicates that the county could
be geographically subdivided into two subpopulations,
hereafter referred to as North County and South County.
The residents who reside within each of these sub-
populations are homogeneous, but the residents residing
in North County differ in several important respects
from the residents who reside in South County. It was
also found that bicyele usage by males differed from
bicycle usage by females. For these reasons, the size
and distribution of the Santa Barbara bicyeling popula-
tion was derived for four subpopulations: North County
males, North County females, South County males,
and South County females. The number of bicyclists
in each age group was derived by multiplying the num-
ber of residents in that age group {(as indicated by the
1975 census) by the percentage of residenis in that age
group who identified themselves as bieyclists on the
posteard survey. The results of this analytical proce-
dure are presented in Table 1.

Estimates of the size of the bicycling population in
Santa Barbara Countly are shown in Table 1 by geo-
graphical area, sex, and age. The bottom row of
Table 1 provides estimates of the size of the hicycling
population for all ages combined; ihe three colurans on
the right-hand extreme of Table 1 show estimates of
the size of the entire bicycling population. The reader's
attention is directed to the foliowing findings:

1. Ttis estimated that there are about 179 000 bicy-
clists in all of Santa Barbara County,

2. About 59 percent of the bicycling population
reside in South County and 41 percent reside in North
County, For the entire county, about 33 percenl of the
bicycling population are males and 47 percent are
females. The ratio of male to female bicyclists is
higher in North County {65 percent males~45 percent
females).

3. TFor females, the 15 - to 19-year-old group con-
tains the most bicyclists, but the 20~ to 24-year-old
group is only slightly smaller.

The age distribution was found to be typical of the age
distributions reported for many other U.S. communities.
That is, the relative number of bicyclists increases
rapidly after age 5, reaches a peak between ages 10 and
14, and declines steadily thereafter, The age distribu-
tion of bicyelists who reside in South County is con-
siderably differenti from the age distribution of North
County bicyelists, In Scuth County, the relative mum-
ber of bicyelists is greatest for the group aged 20-24;
and the group apged 10-14, which was larger than
any other in North County, is the fourth largest
age group in South County. The large number of young
adult bicyclists in South County is partly the result of
the large number of college and university students
who reside in the Sania Barbara area and parily the
resuit of different hicycle usage patterns by young
adults who are not students, Combining North and
South County bicyelists results in an age distripution
that indicates that the relative size is nearly the same
for the groups aged 10-14, 15-19, and 20-~24; it also
indicates thal the groups aged 5-9 and 25-29 are about
the same size,

The relative size of the male and female bicycling
population is nearly the same for every age group. The
oniy notable difference is that, in North County, a
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iarger proportion of females between the ages of 25
and 40 are bicyclists.

Tixamination of the differences between the age dis-
tributions of North County and South County bicyclists
shows that the trends are the same for male and female
bicyclists but are more pronounced for female than
male biecyelists. The trend, as discussed above, is that
the largest age group in North County is the group aged
10-14, whereas the largest age group in South County
is the group aged 20-24. Note that about 18 percent
of the male bicyeclists and more than 23 percent of the
female bicyelists in South County are between the ages
of 20 and 24, Figure 1 shows in graphic form the age
distribution of North and South County bicyclists with
male and female combined.

The respondents to the postcard questionnaire were
asked to identify for each bicyclist in the household the
number of bicycle accidents experienced in the last 12
months, Bicyelists who had experienced a bicycle
accident in the past 12 months were grouped together
and will be identified hereafter as the accident group.
Bicyclists who had had no accidents in the past 12
months were grouped together and will be referred to
hereailer as the nonaccident group.

Table 2 shows the age distributions of the accident
group and the nonaccident group for North County and
South County separately and combined. Age distribu-
tions are not shown by sex because the number of in-
dividuals in the North County accident group is too
small to enable a comparison to be made between the
age distribution of male and female accident victims
in North County. Moreover, an examination of the age
distributions for the male and female accident victims
in South County revealed no major differences. Table 2
shows that the age distribution of the North County
accident group is bimodal. That is, a secondary peak
is reached for the group aged 5-9 and the primary peak
is reached al the group aged 15-19, The age distribu-
tion of the South County aceident group is quite different.
It can be seen that nearly 48 percent of bicyclists in the
South County aceident group are between the ages of 20
and 24, The group aged 15~19 is the next most frequent,
accounting for nearly 15 percent of all bicyclists in the
accident group. The group aged 10-14 is the third most
frequent, accounting for about 14 percent of the bicy-
clists in the accident group,

Figures 2 and 3 enable an easy comparison of the age
distributions for the accident and nonaccident groups;
Figure 2 shows the data for North County and Figure 3
shows the data for South County. Figure 2 shows that
bicyclists between the ages of 15 and 24 are grossly
overrepresented in the aceident group; the overrepre-
sentation is greatest for the group aged 20-24, With
only three minor exceptions, all other age groups are
underrepresented in the accident group. TFigure 3 shows
that South County bicyclists between the ages of 10 and
24 are overrepresented in the accident group, and that
all other age groups are underrepresented in the accident
group. The over-representafion is only slight for bicy-
clists in the groups aged 10-14 and 15-18. However,
the over-representation of 20~ to 24-year-olds in the
accident group is extremely large; bicyclists between
the ages of 20 and 24 account for only 17 percent of the
bicyclists in the nonaccident group, but they account for
nearly 48 percent of the bicyclists in the accident group.
It is clear from the above findings that aceident counter~
measures aimed at 20- 1o 24~year~old hicyclists have
the potential for reducing total accidents by a sub-
stantial margin, However, as is true in most other
communities, substantial accident-reduction benefits
can be expected from effective countermeasures aimed
at younger bicyclists.
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Table 1. Estimated number of bicyclists in north and south Santa Barbara County.

North County

South Counly

Female

Male Male Female Total Bicyclists
Ape 7 B R 13 R 13 R B Male Female Combined
-5 4 373 30.2 1321 3963 7.1 678 3172358 19.1 113 3 866 24.5 947 2034 1625 3 659
5-9 5230 92.8 4 853 4 914 92.8 4 565 5 045 92.0 4 641 5154 85.4 4 402 9 494 467 18 461
16-14 G 665 98.1 § 538 § 014 91.8 § 521 6102 99.2 G 052 6 348 98.3 § 240 12 591 11 761 24 3562
15-19 G 565 86.3 5 665 5620 81.1 4 558 8476 87.9 7 450 9 224 91.2 8412 13 116 12 970 26 086
20-24 G 985 1.7 5 008 4 342 72.2 3135 10 589 87.3 9 244 10 605 89.8 9 523 14 252 12 658 26 910
25-29 1 875 48,5 3339 4 058 3.7 2 991 8 157 87.7 7 154 7 463 85.7 6 398 10 493 0389 18 882
30-34 3783 61.9 2342 4 064 56.9 2312 5 467 70.7 3 865 5375 69.7 3746 G 207 5 068 12 265
35-39 3 887 55.1 2 142 3827 73.0 2 794 4170 67.¢8 2 827 4 360 617 2 959 4 949 5 150 10 719
40-44 3715 60,7 2 255 3 483 54.8 1 898 4 001 T1.6 2 865 4 055 49.4 2 003 5120 3901 ¢ 021
45-49 3 268 6.6 2 079 1 154 49,1 1 549 3917 §1.8 2 421 4170 57.6 2 402 4 500 3951 § 451
50~ 54 3074 56.4 1734 3098 333 1432 4112 40.3 1 857 4 624 47.1 2118 3391 3210 6 601
55-59 2 476 36,4 901 2286 200 459 3 442 52.9 1 821 3831 30.9 1184 2122 {643 4 365
G0- 64 1 876 36.4 684 1972 27.6 5ad 3005 37.9 1139 3791 i7.8 675 1823 1218 3042
65- 68 1641 273 448 1580 0.1 2 2 81t 30.4 857 4 071 14.6 594 1308 596 1901
70-74 1075 55.6 598 1065 75.0 799 2174 27.9 607 3073 4.0 123 1205 g22 2 127
=15 1213 50.0 ..607 1676 111 146 2 942 3.0 88 b 369 0.1 5 695 151 886
Total 60 704 667 40 515 55 126 59.9 33023 78 153 68,3 53402 85 407 60.6 57 788 83 917 84 811

178 728

Notes: R = number of residents {from 1975 to census datal; % = percentage of residents who ride a bicycte (from 1878 postcard survey); and B = estimated number of bicyclists {R x %).

Figure 1. Age distribution of Santa Barbara
County bicyclists.
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Table 3 gives estimates of the total number of per-
sons in North County and Scuth County who have had at
least one accident duxing the last 12~month period.
Estimates were derived for each age group by multiply-
ing the total number of bicyclists in that age group who
have reporied having an accident during the last 12~
month period by census group, Again, the data used
to derive these estimates were obtained from the posi-
card survey and from a special census faken in 1975,

The data in Table 3 reveal several important findings.
First, the incidence of NMV accidents in South County
is about four times as greatl as that in North County. A
relatively small amount of this difference is attribut-
able to the larger bicycling populaticn in South County
than that in North County. Note in Table 3 that the esti~

mated number of bicyclists in North County is 74 000
whereas the estimated number of bicyclists in South
County is approximately 105 000. Thus, if the accident
rate were the same in North and South County, the
number of accidents in South County would be only about
25 percent preater than the number of accidents in
North County. It is clear from these results that the
accident rate in South County is considerably greater
than that in North County. The extent of this difference
is made clear by comparing columns 3 and 6 in Table 3.
These proportions can be interpreted as accident
rates for the corresponding age group, For instance,
the number associated with the 10-14 year age group
in North County indicates that about 1.46 NMV acci-
dents/100 bicyclists can be expected to occur each year.
The largest accident rate for both North County and
South County is associated with the group aged 20-24.
However, it can be seen that South County bieyclists in
this age group experience more than 18 accidents/100
bicyclists, whereas North Cownty bicyelists in this age
group experience about 6 accidents/100 bicyclists. The
accident rate is higher in South Cownty for 10 of the 16
age groups, and the rate is essentially the same for the
remaining six age groups.

Hems were included on the postcard questionnaire to
obtain information akout the number of bicycles in use
in Santa Barbara County and the number of bicycles
that are stolen each yvear. The [lindings are summarized
in the table below. The data are shown for urban areas,
rural areas, and for urban and rurak areas combined,

Item Urhan Rural Cembined
Total bicycles 295400 397.00 3351.00
Mean bicycles per household 1.90 2.16 1.93
Mean bicyeles per resident 0.71 0.76 0.71
Mean bicycles per bicyclist 1.05 1.23 1.07
Total bicycles stolan, past 12

months 221.00 18.00 239.00
Bicycles stolen per 1000 in

use 74.8 4563 71.3
Bicycies stolerr per 3000

househclds 142.2 87.3 137.5

DESCRIPTION OF TYPES OF
ACCIDENT AND CONTRIBUTING
FACTORS

The accident types and the factors that contribute to
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Tahle 2. Age distributions of the accident and nonaccident groups.

Accident Group

Nonaceident Group

North County Soulh County Tolal North Counly Seuth County Total
Ape No. Percent No. Percont No. Percent No. Percent No. Percent No. Porcent
“§ 1 3.3 0 1 0.5 I 0.9 17 0.8 28 0.9
5-9 5 16.7 13 8.1 18 9.4 226 4.4 166 a.7 g1 128
10-14 3 10.0 22 13.8 25 13.1 202 7.3 221 11.7 423  13.8
15-19 7 23.4 24 14.9 K3l 16.2 164 4.6 242 12.8 411 13.4
20-24 6 20.0 71 41.49 83 43.5 88 7.5 342 18.0 430 14.0
25-29 1 3.3 10 6.2 11 5.8 110 9.4 257 13.5 361 12.0
30-34 1 3.3 G 3.7 7 3.7 83 7.1 168 8.8 251 8.2
35-39 2 6.7 2 1.2 4 2.1 72 6.2 124 6.5 166 6.4
40-44 1 3.3 2 1.2 3 1.6 57 4.9 93 1.9 150 4.9
45-49 2 G.7 2 1.2 4 2.1 53 4.5 76 4.0 129 4.2
50- 51 0 1 0.6 1 0.5 34 2.8 Gl 3.2 45 3.1
55-59 0 1 0.6 1 0.5 23 2.0 GO 3.2 83 2.7
GO- 64 4] 1 0.6 1 0.5 21 1.8 37 1.9 58 1.9
65-69 ] 4 (] 4 0.7 20 1.1 28 0.9
70-74 0 G 0 5 0.4 14 .7 19 0.6
=15 1 3.3 0 1 0.5 .5 0.4 2 g.1 o 0.2

30 161 1167 1889 3066

Total

Figure 2. Comparison of age distribution of North
County accident and nonaccident groups.
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accidents were defined from a study of the data com-~
piled from the telephone interviews with the accident
victims. Eight of the 206 accident cases invesligated
proved to be bicycle-motor vehicle accidents, so the
following results are based on interviews with 198
bicyclists who recently were involved in NMV accidents.
The information obtained for each case was studied by
three members of the project staff. Each staff member
made independent judgments about the factor that pre-
cipitated the accident and the one or more factors that
contributed to the accident. Differences in judgments
about precipitating factors and contributing factors were
resolved through discussion.

An attempt was made to conlact virtually every

Figure 3. Comparison of age distribution of South
County accident and nonaccident groups.
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bicyelist in the user survey who reported having had a
recent NMV accideni., Many bicyclists, especially
young adultg, could not be located because of an address
change. Tor this reason and others, the sample of
bicyclists interviewed cannot be considered representa-
tive of the total accident population in Santa Barbara
County. To correct for the biases in the telephone sur-~
vey data, the age distribution of the sample of bicyclists
in the telephone survey was multiplied by weighting fac-
tors such that the age distribution for ihe telephone
survey matched the age distribution of the accident
population in Santa Barbara County, as revealed by the
posteard survey. This age distribution is shown in
Table 2 and discussed above. The weighting factors
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Table 3. Estimates of the total number of persons in North
County and South County who have had at east one accident

North Counfy Bicyelists

South County Bicyclists

during the last T2-month period. Hag Estimated Had Estimated

Accident Number of celdent Number of

Ape Mumber (%) Accidents Number (9 Accidents
b 1 599 8,33 167 1 G6O 0.00 0
5-9 9 418 2,16 203 9 043 7.30 818
10-14 12 059 1.46 176 12 293 .06 1112
15-19 10 224 3.98 407 15 862 69,02 1431
20-24 8 143 6.8 520 18 767 18.28 3449
25-29 6 330 0.90 57 13 552 3.75 468
30-34 4 G54 1.18 35 T 61t 3.45 263
35-39 4 933 2,70 £33 5783 1.569 92
40-44 4 153 1.72 i 4 B68 2.11 103
i5-49 3 628 3.64 132 4 823 2.56 123
50-54 2 766 0 3 835 1,61 G2
55-59 1 368 & 3 008 1.64 48
G0- G4 1228 Q i 814 Z.63 418
65- G4 450 ¢ 1451 ]
T70-T4 1397 ] 730 o
=75 793 16.67 132 93 0
Total 73 535 2053 105 190 8018

used for each of the age groups is shown in the following
table:

Bicyctist’s Age Weighting Factor

<5 1.00
59 4.60
10-14 2.30
1519 1.18
20-24 7.13
25-29 2.32
30-34 7.40
»>3b 1.0¢

Asg the accident types are discussed in the following
pages, two percentage values are given for each type of
accident. One percentage value indicates the proportion
of accidents in the unweighted sample that is accounted
for by that accident type. The other percentage value
indicates the percentage of acecidents in the weighted
sample that is accounted for by that aceident. When
percentage values for the weighted and unweighted
sample are approximately the same, it can be concluded
that that accident type is relatively independent of
bicyclists' age; or, stated differently, accidents of that
type are experienced by bicyclists of different ages.

Class A Accidents~Collision or Near
Collision With a Moving Object

All of the accidents included in class A invelved the
collision of a bicyclist with ancther moving object or a
bicyclist falling or colliding with a fixed object while
attempting to avoid a collision with a moving cbject.
Class A accldents were subdivided into the four accident
{ypes listed in the table below. Class A accidents ac~
counted for slightly more than 28 percent of the NMV
accidents in the weighted sample.

Weighted
Sample  Sample

Accident Description (%) {95}
Type 1--Collision or near collision with another

bicycle 18.1 21.2
Type 2—Collision or near collision with animal 1.6 1.5
Type 3—Collision or near collision with

pedestrian 1.0 4.6
Type 4—Fell or struck fixed object when evad-

ing collision with motor vehicle 2.0 1.0
Total class A (N=47) 23.6 28.3

Type 1; Collison with Another
Bicycle

The table above shows that accident type 1 accounts for
slightly more than 21 percent of the NMV accidents in
the weighted sample. {(Hereafter all percentage values
cited in the text refer to the weighted sample.) Type 1
accidents can be divided into five distinctly different
subtypes, based on the factor that precipitated the acci-
dents, The subtypes are listed below along with the
percentage of all type I accidents that were accounted
for by that subtype.

Subtype 1—misjudged the intentions of the other
bicyclist—63 percent;

Subtype 2--obstructed view of another bicyclist—13
percent;

Subtype 3--distracted, not looking in direction of
other bicyclist—8 percent; .

Subtype 4—misjudged the space required to overtake
and pass—8 percent; and

Subtype 5—game playing or stunting—8 percent,

All of the accidents classified into subtype 1 involved
a bicyclist who observed the other bicycle soon enough
to avoid the accident, but failed to do so because he or
she misjudged the intentions of the other bicyclist.
Subtype 1 accidents mogt commonly involved two or
more bicyclists who were riding together, either
abreast or in tandem, The accidents cceurred when
one of the bicyclists unexpectedly turned, slowed speed,
failed to turn, or failed to slow. An unexpected turn
was the most common type of misjudgment.

A smaller, but nevertheless important, number of
subtype 1 accidents involved bicyelists who were not
riding together but were approaching one another on
¢ither an orthogonal path or a parallel path. In most
of these cases, both bicyclists misjudged the intentions
of the other.

All subtype 2 accidents occurred when one bicyclist's
view of the other was obstructed uniil the bicycles were
in such close proximity that the accident could not be
avoided. In all cases, the bicycles approached one
another on orthogonal paths. The objects that ob-
structed the bicyclist's view were vegetation or parked
motor vehicles,

All the bicyelists in subtype 3 were distracted and,
therefore, were not searching in the direction of the
other bicycHst, All subtype 4 accidents resulted from
a bicyclist's misjudgment about the space required to
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overtake and pass another bicyclis{. That is, one
bicyclist attempted to overtake and pass another
bicyclist at a point where there was insuificient space
to do so safely. All subtype b accidents cceurred when
two or more bicyclists were game playing or stunting.

Type 2: Collision or Near Collision
with Animat

Nearly every book on bicycle riding warns of the hazards
associated with animals chasing bicyclists or unex-
pectedly dashing into the bicyclist's path. The table
shows that collisions or neax collisions with animals
accounted for only 1.5 percent of the NMV accidents

in the weighted sample. The low incidence of this type
of accident may be due {o the fact that most, and per-
haps all, communities in Santa Barbara have leash
laws for dogs, I would be interesting to compare the
incidence of this accident type in Santa Barbara County
with the incidence in one or more communities that do
not have a leash law.

Type 3: Collision or Near Collision
with Pedestrian

A collision or near collision with a pedestrian accounted
for only 1 percent of the accidents in the unweighted
sample but accounted for nearly 5 percent of the acci-
dents in the weighted sample, This difference is due fo
the fact that this accident type more often involves

older riders than younger riders. The incidence of
bicyele-pedestrian accidents in the telephone survey
was too small to make a definitive statement about how
and why they occur. However, information obtained
from bicyclists who were riding on one of the two main
separated bicycle paths in Santa Barbara indicates that
the incidence of bicycle-pedestrian accidents increases
dramatically when separated bike paths are used by
pedestrians and bicyclists. It was found that 3.8 per-
cent of the bicyclists interviewed on the bike paths had
recently been involved in an accident with a pedestrian
on one of the two main paths in the city of Santa Barbara.
The data indicate that bicyecle-pedestrian accidents

most frequently occur when the pedestrian turns unex-
pectedly as he or she is being overtaken from the rear
by a bicyelist. This type accident is particularly com-
mon when the pedestrian ig roller skating or riding on

a skateboard.

In summary, the telephone survey indicated that
bicycle-pedestrian accidents are not as frequent as
other types of accidents on the public streets. However,
the evidence from the bike path surveys indicates that
hicycle-pedestrian accidents may increase dramatically
when bicyclists and pedestrians are permitled o use
the same separated bike path, Other support for this
contention comes from data on the ingidence of bicycle~
pedestrian accidents on college and university campuses.

Type 4: Fell or Struck Fixed Object When
Evading Collisicn with Motor Vehicle

Many bicyele enthusiasts claim that numerous accidents
occur when bicyclists fall or strike fixed objects as a
result of their attempt to avoid a collision with a motor
vehicle. This claim is not supported by the data com-
piled during this study. As is shown in the table, type 4
accidents accounted for only 1 percent of the NMV
accidents in the weighted sample. It is possibly thatl
the incidence of Lype 4 accidents may be far greater in
other communities within Santa Barbara County, How-
ever, we hypothesized that the bicycle enthusiasts!
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claim that this type of accident oceurs frequently is
based on the incidence of near accidents rather than
the incidence of actual accidents.

Class B Accidents: Fell or Collided with
Stationary Object After Losing Control

of Bicycle

As its title implies, all class B accidents occurred when
the bicyelist lost control of the bicycle and fell or col-
lided with a fixed object. The accident types and sub-
types within class B are differentiated in texms of the
factors that led to the loss of control. As is shown in
the lable below, class B accidents accounted for 61 per-
cent of the accidents in the weighted sample.

Weighted
Sample Sample

Accident Description (%) %)
Type §—Lost contrel because of irregular road

surface 22.6 226
Type 6—Lost control when perferming stunts 8.5 3.6
Type 7—Lost control due to vehicle handling

deficiency 136 12,6
Type 8—Lost control when carrying object in

hands 3.0 1.4
Type 9—Lost control because object caught in

moving part of vehicle 11.1 13.8
Type 10-Lost contro! because of other bicycle

failure or defect 8.0 A
Total class B (N = 129) 64.8 61.1

Type 5: Lost Control Because of Irregular
Road Surface

The data indicate that nearly 23 percent of all NMV
aceidents involve a bicyclist who lost control of the
bicycle because of an irregularity in the road surface
on which he or she was riding. Type 5 accidenls can
be further divided into subtypes based on the type of
road surface irregularity that led to the loss of control.
The type b sublypes are listed below along with an in-
dication of the proporiion of all type b accidents ac~
counted for by each subtype.

Subtype 1l--wet pavement—12 percent;

Subtype 2—sand, gravel, or dirt on paved surface-
30 percent;

Subiype 3~tire hit large rock or other debris—20
percent;

Subtype 4=—erack, bump, or hole in paved surface—
30 percent;

Subtype 5-—sewer grate—2 percent;

Subtype 6--rut or bump in unpaved surface—5 per-
cent; and

Subtype T-railroad track-—2 percent,

Speed was judged to be a contributing factor in 49
pereent of all type 5 accidents. In about one-half of
the cases in which speed was judged to be a coniribuling
factor, the bicyclist was riding down a hill, The effect
of speed manifested itself by reducing the amount of
time the bicyclist had available to respond to the
irregularity of the road surface, increased ihe bieycle's
sengitivity to road surface irrvegularities, or both. In
37 percent of the type 5 accidents, the bicyclist ob-
served the irregularity of the road surface soon enough
to have slowed speed or steered around the irregularity.
In these cases, the bicyclist's failure to change speed
or path was due to misjudgment of the effect of the
irregularity on the bicycle's performance, In short,
the bicyelist failed to perceive the irregularity as an
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accident hazard. I the remaining cases, the bicyclist
failed to observe the road surface irregularity until it
was {00 late to initiate effective evasive action. As
indicated above, the bicyclist’s failure to observe the
irregularity soon enough to respond was often due, in
part, to the bicyele's high speed,

Type 6: Lost Control When Performing
Stunts

Three-guarters of type 6 accidents occurred when a
young bicyclist was riding over a jump. It is interesting
to note that in every cne of these cases, the bicyclist
was riding a Motocross bicyele, In the remaining cases,
the bicyclist was attempting a wheelie, riding a serpen-
tine course, or riding over a curb. These three accident
subtypes accounted for about 25 percent of type 6 acci-
dents and occurred with about equal freguency.

Type 7; Lost Control Due to Bicycle-
Handling Deficiency

The preceding table shows that more than 12 percent of
the NMV accidents in the weighted sample resulted
directly from a deficiency in the bicyclist’s vehicle-
handling skill. As the term is used here, vehicle-
handling skill deficiency refers to an inadeguate level

of skill to safely perform the maneuver that the
bicyclist was attempting just prior to the accident, That
is, a bicyclist may have a bicycle~handiing skill defi-
ciency even though his or her bicycle-handling skills
are far better than those of the average bicyclist, Type
T accidents can be divided into subtypes based on the
maneuver that the bicyelist was attempting when the
accident occurred. The accident subtypes are listed
below along with an indicalion of the percentage of type 7
accidents accounted for hy each subtype.

Subtype 1-—high-speed braking—24 percent;
Subtype 2~-high~speed turning—16 percent;
Sublype 3--high-speed steering—28 percent;
Sublype 4—normal-speed braking—8 percent;
Subiype S5~—normal-speed turning—8 percent; and
Subtype 8-—normal-speed steering—16 percent.

Bicyelists involved in subtypes 1 through 3 were at
least as skilled as the average bicyelist in the age
group. Conversely, bicyclists involved in subtypes 4
through 6 were judged to have far less bicycle~handling
skills than the average bicyclist of the same age. Some
of the type 7 accidents involved an irregularity in the
roadway surface, such as wet pavement or gravel.
However, it was judged that the accident was precipi-
tated by the skill deficiency rather than by the roadway
surface irregularity.

Type §: Lost Control When Carrying Object
in Hands

Type § accidents occurred relatively infrequently, ac-
counting for only 1.4 percent of the accidents in the
weighted sample, One-half of these accidenis resulted
from the bicyelist's inability to slow or stop by manip-
ulating caliper brakes with only one hand. The other
type 8 accidents resulted from a hicyclist's inability
to steer and maintain balance when carrying an object
in one hand. The incidence of type 8 accidents is sur-
prisingly low in light of the number of bicyclists who
are seen riding 10-speed bicycles and have only one
hand available for steering and braking.
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Type 8: Lost Control Because Object Caught in
Moving Parl of Bicycle

Type 9 accidents accounted for nearly 14 percent of the
accidents in the weighted sample. Type 9 accidents can
be divided into subtypes based on the object that be~
came lodged in a moving part of the bicycle, The sub-
types of accident type 9 are as follows:

Subtype l--pant leg caught between chain and
sprocket—32 percent;

Subtype 2—passenger's hand or foot caught in spokes—
23 percent;

Subtype 3—object hanging from handlebars lodged in
front wheel or spokes—27 percent;

Subtype 4~chain lodged between spokes and frame~
5 percent; and

Subtype 5—miscellaneous—13 percent.

Type 10: Loss of Control Because of Bicycle
Defect or Failure

Subtypes 4 and b of accident type 9 involved a bicycle
failure. They were classified in acecident type 9 because
the failure resulted in an object being lodged in a moving
paxrt of the bicyele. It can be argued that these accidents
should be classified in type 10 rather than type 9. Type
10 accidents can be divided into subtypes based on the
part of the bicycle that was defective or that failed.

This classification resulted in the identification of seven
subtypes, each of which occurred with about equal {re-
quency.

Subtype 1--defective brakes,
Subtype 2-loose handlebars,
Subtype 3—wet brakes,

Subtype 4—bicycle frame broke,
Subtype bS~gears slipped,
Subtype G~chain broke, and
Subtype 7—front wheel was locse,

High speed was a factor in 41 percent of all type 10
accidents, That is, it was judged that the bicycle {ailure
would not have resulied in a loss of conirol if the bicy-
clist had been riding at a reasonable speed.

Class C: Bicyclist Collided with
Stalionary Object with Subseguent
Loss of Control

The table below shows that class C accidents accounted
for only 10.4 percent of those in the weighted sample,

Weighted
Sample  Sample
Accident Description G s
Type 11—Bicyclist’s view of object was ob-
structed 1.0 1.3
Type 12—Degraded visibility 1.5 6.4
Type 13—Bicyclist not searching ahead 90 87
Total class C (N = 22) 11.6 10.4

Type 11 and type 12 accidents resulied from the bicy-
clist's view of the object being obstructed (1.3 percent)
or obscured (0.4 percent) by degraded visibility con~
ditions. These results indicate that few NMV accidents
result from a bicyclist's inability to ohserve a fixed
object until an aceident is imminent, The distinguishing
characteristic of type 13 accidents is that the bicyclist
failed to observe the object struck because he or she
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was not searching in the direction he or she was travel-
ing. REighty percent of type 13 accidents involved the
collision of a bicyclist with the rear of a parked motor

vehicle. In over one-half of these accidents, the bicy-
© clist was interacting with a riding companion who was
riding abreast or behind the bicyclist, In the remaining
cases, the bicyclist was communicating with a pas-
senger, searching to the rear for overtaking traific, or
throwing a newspaper. These three accident subtypes
occur with about equal frequency.

RELATIONSHIP BETWEEN ACCIDENT
LIKELIHOOD AND EXPOSURE

The bicyclists who completed the guestionnaire in the
user survey were asked to indicate the number of
kilometers per week they travel on school trips, trips
to and from work, trips to visit friends and relatives,
shopping and errand trips, trips traveling to a specific
place of recreation, and recreational trips that have no
specific destination. There was no expectalion that
these items would yield precise information on the
absolute number of kilometers per week ridden for
each of these purposes. However, it was reasoned
that such items would yield data in which the bias is
constant for bicyclists in the same age group and,
therefore, would enable & comparison to be made of
the relative exposure of bicyclists in the accident group
and those in the nonaccident group.

A computer program was written to compute for
each bicyelist in the user survey the estimated dis-
tance traveled for all trip purposes combined, The
computer program then divided the bicyclists into age
groups and, for each age group, divided the bicyclists
into an accident group and a nonaccident group, The
distribution of kilometers traveled per week was
studied in the median and interquartile range for each
population; the subpopulalion was computed,

OQur findings indicate that the 25th centile bicyclist
rides about 5.6 km per week (3.5 miles per week), the
50th centile bieyclist rides about 14.3 km (8.9 miles) per
week, and the T5th centile bicyclist rides slightly more
than 25 km (16 miles) in an average week. The trends
are completely consistent with the hypothesis that ac~
cident BEkelihood increases with exposure, as measured
by the number of kilometers traveled per week. For
every age group, the accident group reported traveling
more kilometers per week than the bicyclists of the
same ape in the nonaccident group, Similarly, the
kilometers traveled per week, ke the incidence of
NMV accidents, increases consistently to the 20- o 24~
year-old group. Unfortunately, there was an insufficient
munber of older bicyclists to determine whether ex-
posure, like accident frequency, decreases with age
beyond age 24.

CONSEQUENCES OF NMV
ACCIDENTS

In order to estimate the cost of the total societal losses
from NMV accidents, the following procedure was used.
Cost were divided into four major areas:

1. Doctor, dentist, and hospital costs;

2. Cost of bicycle damage;

3. Cost of other property damage, such as damaged
clothing and books; and

4. Cost of days lost from school or work as a result
of the NMV accident,

Although the bicyclists were questioned about the
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number of days in which they were partially disabled or
suffered pain and discomfort, no attempt was made to
estimate the cost of partial disability or pain and
suffering. The method used to estimale the dollar loss
associated with each of the four categories is as follows.

Medical Cosls

Most of the eslimates of medical costs were derived
from cost data contained in a recent report on the cost
of motor vehicle accidents {1), Note that the cost esti~
mates quoted in Faigin's report are consistently low
because of the inflated cost of medical care thal has
occurred since the report was published; however, no
more accurate cost estimates could be located, Thus,
the following cosls were assumed for medical care:

1. Emergency-room treatment—$85,
2. Hospital care—$100 per day, and
3. Doctor's care—%20 per visit.

When surgery or dental work was needed, the cost
estimates used were those reported by the accident
vietim,

Bicycle and Other Property
Damage

At the time of the telephone surveys, few persons were
aware of the dollar cost of damage to their bicycle. In
numerous cases, the person simply failed o repair the
damage, or the bicyclist or a parent repaired the dam-
age ag well as possible. In order to obtain information
with which to estimate the cost of bicycle damage, local
expert bieyele repairpersons were surveyed to obtain
their estimates of the cost of paris and labor to repair
various types of damage.

For property damage other than that sustained by
the bicycle, the cost estimates used in the analyses
were those provided by the bicyelist,

Cosl of Days Lost from Work
or School

The cost of a day missed from work was assumed to be
$#65, This value was computed by Faigin in 1976 (1) and
is undoubtedly higher today. The cost of a day lost
from school was assumed to be $5. This value was
suggested by Cross in 1978 (2) in a discussion of the
cost of bieycle~motor-vehicle accidents.

Average Costs and Total Losses

By using the cost estimates described above, il was
determined that the average cost of a NMV accident was
$106. In an earlier part of this section, it was esti~
mated that 2053 Noxrth County bicyelists and 8018 South
Comnty bicyclists had al least one NMV accident during
the past 12 months. Thus, the anmual cost of NMV
accidents is estimated to be aboul $218 000 in North
Comnty and about $850 000 in South County or about

$1 070 000 for the county as a whole,

These cost estimates must be considered highly con-~
servative in that they make no allowance for pain and
sufforing, Although emotional trauma represents a real
and important societal loss, no satisfactory technique
has been established for placing a monetary value on
such a loss. In addition, no consideration has been
given for the time lost by friends or relatives who care
for an injured bicyclist. Moreover, the cost estimates
cited above were based on the number of bicyclists who
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had one or more accidenis during the past 12 months.
Since some bicyclists have more than ong bicycle acei~
dent during any 12-month period, the cost estimales
cited above should be multiplied by the ratio of total
accidents divided by total accident vietims. Finally,
the cost estimales must be considered conservative
because the assumed costs of medical care and days
{ost from work or school are based on 1975 dollars
rather than 1979 dollars.

CONCLUSION

The annual societal cost of NMV accidents has been
conservalively estimated at $1 070 000 for Santa Barbara
County, This is the first time a documented estimate

of cost has been made to confirm the magnitude of this
problem. With this documentation of cost, the need

has been established for a remedy,.

Whenever a decision is being made concerning the
development of safety education programs, a balance
between societal cost and societal benefit must be made,
The cost of education can only be justified if the potential
societal benefits outweigh the costs, We think that a
societal loss of this magnitude justifies extensive educa-
tional development.

Never before have Americans been as energy con-
scious as they have in recent times, Bicycle use has
become a logical alternative to fuel-consumptive ve-
hicles, Conseguently, more hicycles are now on the
road than ever before. With this increased bicycle use
has come a desperate need for bicycle safety education.
In the current political climate, individual slates as
well as the federal governmeni are placing high priority
on the development of facilities that will encourage
bieycle use for transportation. Without balancing
education with this acceleration, we could be crealing
a tremendous safety problem while sirviving to save
energy.
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By using research projects that have defined major
accident causes, it will be possible to direct meaning-
ful safely education to adults as well as children.
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Determination of the Characteristics
of Bicycle Traffic at Urban

Intersections

Kenneth 8. Opiela, Snehamay Khasnabis, and Tapan K, Datta

A study of bicycle traffic at urban intersections was conducted to deter-
mine the characteristics representative of this mode. The study was un-
dertaken to address information deficiencies recagnized during efforts
to develop a multimodal-intersection-simulation model, The study fo-
cused on the arrival patterns, approach speeds, and crossing gap-
acceptance characteristics of bicycle traffic. Traffic data were collected
from a number of intersection locations operating under multimodal de-
mand, which included motor vehicle, pedestrian, and bicycle modes, A
video recording procedure was used to record and subsequently retrieve
information relative to the various events of interest. Statistical analysis
of the data was conducted to establish the characteristics of bicycle traf-
fic arrivals, approach speeds, and crossing gap acceptance. The analysis
of arrival data revealed that a negative exponential distribution repre-
sented a reasonable model for low-to-medium volumes of bicycles, Other
arrival models were noted to be applicable in some cases, but the nega-
tive expontential was preferred because of its universality and simplicity.
Approach speeds were noted to range from 3.4 to 39.6km/h {2.1to 24.6
mph), with the distribution of speeds corresponding to a normal curve.

Analyses of bicycle speeds on different facilities and the impact of bicycle
lane traffic on automobile speeds were performed. Last, an analysis of
crossing gap acceptance revealed that the distribution of accepted gaps
corresponds to a log normal function. The results of the study are pre-
sented and the applicability of the findings discussed. Recommendations
are macie for improving the procedures used and condueting further in-
vestigations.

The sale and use of bicycles for both utilitarian and
recreational travel has grown since the mid 1960s (1-3).
Transportation professionals, in recognition of this
trend, had begun to give serious attention to the bicycle
mode by the mid 1970s, Many programs were initiated
to plan, design, and implement facilities for bicycle
travel (4-7),



