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ABSTRACT

A study of the accident reports involving pedalcycles 
filed in 1977 by the Tucson Police Department, was conducted 
applying the methodology of epidemiologic analysis. The 
standard variables of age and sex of cyclist and motorist 
are related to specific behavioral actions immediately pre
ceding the motor vehicle/pedalcycle collision. The specific 
behavioral actions, or proximal causes, are according to 
the classification scheme of Dr. Kenneth Cross.

The effects of other variables, such as time and 
place of accident, are also considered; however, no data 
relating to cyclist exposure (in miles traveled) were 
available. Thus, only subjective inferences are drawn con
cerning these variables.

Severity of injury is related to the age and sex of 
cyclist, with some additional inferences concerning the . 
effect of vehicle speeds on injury.

The conclusions reached are related to the basic 
loss reduction countermeasures developed by Dr. William 
Haddon, Jr., as applied to pedalcycle accident injury by the 
author. There is also some discussion of comprehensive 
transportation planning and traffic safety management's 
relationship to planning.
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CHAPTER 1

INTRODUCTION

History
The 1970s "bicycle boom," the largest in United 

States history, is not, however, the first. There have been 
a number of bicycle booms and busts during the last century. 
The first was in 1893. Prior to then, it is estimated that 
at least half the bicycles sold were priced at $135 each, a 
value that represented about four months' pay for the average 
factory hand (R. Smith, 1972). In 1893, a price war, pre
cipitated by improved mass production techniques, resulted 
in a substantial drop in the cost of the bicycle. In fact, 
the reputation of the American automobile industry not
withstanding, mass production techniques for all vehicles 
were originated by bicycle makers.

The most lasting social result of the first bicycle 
"craze" was the effect it had on the American woman's 
clothing styles. Commenting on these changes, R. Smith (1972) 
said that the "New Woman" wanted to dress as she pleased, to 
take a position of equality with men, and not be treated as 
a hothouse plant. The drive to wear "rational dress" in 
the 1890s might be considered quite innocuous in light of 
the sometimes silly costumes the bicyclettes affected, but 
to discard the bustle, eliminate multiple petticoats, and 
get rid of yard upon yard of heavy serge material was a much
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greater blow in behalf of emancipation of woman than taking 
off her brassiere. .

Inevitably, the first bicycle boom in the United 
States died out with the advancing technology of the street 
railway and the automobile. Like present day bicycles, 
earlier versions required a smooth riding surface for common 
use. Horseshoes constantly tore up streets in the few 
areas where bicycling advocates had been successful in 
having them paved. The League of American Wheelmen, 
founded in 1880, was the first national organization of 
bicyclists. This group was responsible for the establish
ment of America's first paved roads and streets. These 
paved streets in turn helped bring about the automobile 
revolution, which led to the decline of bicycling. Conflict 
between bicycles and horses were replaced by the dangers 
inherent in conflicts between the bicycle and the auto
mobile.

Interest in the bicycle did not completely vanish, 
however. In 1936, over a million bicycles were sold. It 
is estimated that over 12 million bicycles were in use in 
this country in 1948. At this time, however, the vast 
majority of bicyclists were children rather than adults 
(R. Smith, 1972).

This brief historical perspective shows that 
bicycling is not just a current fad. There has been interest 
in the bicycle since its introduction on the American scene.
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Bicycling has often been called "America's favorite 
participant sport." In 1969, bicycling had some 67 million 
participants compared to 43 million boaters, 41 million 
campers, 24 million roller skaters, and 19 million softball 
players (Park and Recreation Department, 1971).

Since the beginning of motor vehicle production, for 
the first time, in 1971, more bicycles than automobiles were 
sold. New bicycle sales have more than doubled since 1965 
and tripled since 1960. The Bicycle Institute of America 
estimated that 13.7 million bicycles were sold in 1972, a 
65% increase over 1971. In 1977, the Bicycle Manufacturers 
Association estimated that there were 100 million bicyclists 
in America. All types of bicycles are being purchased, 
including adult three-wheelers, tandem (two-seater) bi-" 
cycles, and children's bicycles. However, the lightweight 
multi-speed bicycle accounts for the greatest percentage of 
new bike sales. As a result of this demand, manufacturers 
have geared 85% of their production to lightweight multi
speed bicycles. This is a complete reversal from the mid
fifties when children's bicycles (single speed) accounted 
for 85% of production (Germane et al., 1973).

Although statistics by age of per capita ownership 
are not available for the nation, a bicycle survey conducted 
by H. Smith (1972) in Ann Arbor, Michigan, revealed the 
following:
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4
1. Bicycle use prior to school age is usually re

stricted by parents to areas very near the child's 
home. For this reason, ridership before age six is 
minimal.

2. Ownership rises sharply between ages six and fifteen. 
Ownership peaks among 15-year olds (0.7 bikes per 
capita) .

3. Between the ages 15 and 17 there is a pronounced 
decline in per capita ridership, correlated with a 
rapid rise in car ownership. Bicycle ownership then 
levels off and remains fairly stable until about 
age 40.

4. There is a gradual decline in bicycle ownership in 
the 40 to 60 age group. Ownership becomes insig
nificant above age 60.

5. The age span between 18 and 45 is where the greatest 
increases in bicycle owernship and use can be 
expected.

Recently, another vehicle, with riding character
istics similar to the bicycle, has been introduced to this 
country. The moped is defined as a pedalcycle with helper 
motor. The moped engine size is limited to 50 cubic centi
meters or about 3 cubic inches, must have less .than 2 horse
power, and is limited to a maximum speed of 30 miles per 
hour. These restrictions give the moped a behavior in
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traffic very similar to the bicycle. Moped sales in the 
United States have jumped from 25,000 in 1975 to 150,000 in 
1977, and in three years from now the annual sales figures 
are expected to be in the millions.

The bicycle, the tricycle, and the moped are all 
included in the generic term, "pedalcycle."

Problem
With the present nationwide emphasis on energy con

servation and the need to reduce air pollution, along with 
the desire of many for exercise, the adult pedalcycle rider 
is a growing part of the cycling population. The adult 
cyclist views the pedalcycle as a valid mode of transporta
tion and desires that bicycle facilities be established for 
that purpose. While the child cyclist still represents the 
majority of the cycling population, there is very little 
advocacy for their needs.

The problem arises from the fact that urban juris
dictions are spending hundreds of thousands of dollars in 
planning and constructing bicycle facilities without having 
adequate information about the accident characteristics of 
the different segments of the cycling population. Basic 
transportation planning philosophy should not allow this to 
happen. The bicycle boom and the resulting demand for some 
action to be taken have not been properly integrated into
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the process of traditional planning and engineered con
struction.

Until recently, countermeasures to traffic accidents 
have focused on modifying driver, cyclist, and pedestrian 
behavior. This could be called the "change the nut behind 
the wheel" approach. Although education and on-the-road 
training will always remain important countermeasures to 
traffic accidents, an analysis of urban accidents may sug
gest other countermeasures or other aspects of accident 
initiation to be included in the education program.

An analysis of accidents may also indicate some ways 
to improve the emergency medical service system to respond 
to future accidents in a more effective manner.

Objective
The primary objective of this study is to apply the 

methodology of epidemiologic analysis to the official Tucson 
Police Department traffic accident reports for 1977 that 
involved pedalcycles.

There are no statistics available for the Tucson 
area with regard to bicycle ownership or use. However, it 
is estimated that there are between 150,000 and 200,000 bi
cycles in eastern Pima County. Many of these bicycles are 
used only rarely and it is estimated that about 45 to 50 
thousand trips are made daily by bicycle in the Tucson area. 
The ownership per capita by age probably follows the Ann



Arbor statistics fairly closely. An exception may be 
expected, however.

From observation of the Tucson area, many elderly 
people have adult tricycles, enough to make their numbers 
more than insignificant.

To have optimum value, the countermeasures developed 
as a result of this analysis should be a part of the compre
hensive planning process for the metropolitan surface trans
portation system. In view of Tucson's current transportation 
system and problems our ability to plan comprehensively is 
questionable. To plan most effectively, we are required to 
both look at and see comprehensively. While many are quite 
capable of the former, few appear able to do the latter. 
Looking comprehensively at the transportation system seems 
largely to result in the coining of slogans and jingles. 
Examples include "the three E's of traffic safety: Educa
tion, Engineering, and Enforcement1.1; or the new "buzz word" 
"bicycle driver." The difference in the role of a bicycle 
rider and a motor vehicle driver, is. at least as great as the 
difference in the actions of a horseback rider and a horse 
and buggy driver. A comprehensive look requires slight, if 
any, investment of mental effort, and seldom produces new 
insight. Seeing comprehensively, however, incorporates 
understanding of what is being looked at. It requires the 
investment of considerable thought and may be characterized 
by an impatience with platitudes and pat answers. Seeing
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comprehensively implies an ongoing relationship with a 
problem and should be accompanied by action. The present 
study is not intended to be a purely academic exercise.



CHAPTER 2

THE PHILOSOPHY OF COMPREHENSIVE PLANNING AS 
RELATED TO LOCAL TRANSPORTATION SYSTEMS

To integrate pedestrian and pedalcycle modes into any 
transportation planning process, information similar to that 
needed for motor vehicle and mass transit planning is neces
sary. Characteristics of the transportation system users, 
trip lengths, origins and destinations, and purposes for 
trips are among the information that aids planners and 
engineers in developing facilities. Environmental con
siderations also play an important role in transportation 
system development, especially in view of the Environmental 
Protection Agency requirements for non-attainment areas such 
as Tucson. Specific information concerning traffic acci
dents will also be helpful in avoiding or modifying certain 
designs and traffic management practices that may show a 
higher incident frequency or seriousness rate than alter
native approaches.

Recent U. S. history shows that of the 40 to 60 
thousand people killed each year in traffic accidents, 25% 
are pedestrians and non-motor vehicle accident victims.
This increases to more than 50% in metropolitan areas of 
over one million in population. According to National 
Safety Council statistics for 1976, Tucson had the highest 
rate of traffic fatalities per capita of all cities of

9



10
comparable size nationwide. In 1976, 35 of the 66 traffic 
fatalities were pedestrian and pedalcyclists. In 1977, 23 
pedestrians and one pedalcyclist were among the 75 traffic 
fatalities. One may question the basis of a philosophy 
which apparently implies that this much risk is necessary to 
attain the increase in mobility represented in the normal . 
operation of our present transportation system.

Webster's New International Dictionary of the
English Language, 1918 edition, defines system as:

An aggregation or assemblage of objects united by 
some form of regular interaction or interdependence; 
a natural combination, or organization of part to 
part, conceived as formed by a process of growth 
or as due to the nature of the objects connected; 
an organic whole; as, the solar system; a system of 
railways (p. 2102).

This early definition of system is well suited to our 
metropolitan transportation complex because it indicates 
the formation as due to a process of growth. The inter
dependence of all the components leads to the desirability 
of comprehensively planning the extension and improvement 
of the system.

The justification for this approach stems from the 
idea that specific parts of a pattern, the local designs, 
can be derived from the general design, the comprehensive 
system. The reverse, however, is not true; in nature, 
society, and government-industrial complexes, wholes express 
more than the simple effect resulting from the sum of .their 
respective parts. Smith (1937) believed that through the
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operation of the "invisible hand" a society of acquisitive 
individuals could promote the general welfare even though 
the actions of the individual members of society were 
appraised not in terms of how well they promoted the welfare 
of all but only their own self interest. We all, I hope, 
have grave doubts about Smith's invisible hand. But there 
is nothing absurd in supposing that the results of one kind 
of activity aiming at one kind of goal might then be useful 
in promoting other objectives. Fuller and Marks (1960) 
define the term synergy as the behavior of a whole system 
unpredicted by the behavior of its components— or any sub- 
assembly of its components. The Compact Oxford English 
Dictionary (1971) gives the modern scientific use of synergy 
as combined or correlated action of a group of bodily organs 
(as nerve-centers, muscles, etc.); hence in extended use, 
of mental faculties, of remedies, etc.

By enumerating all of the viewpoints concerned with 
transportation in the Tucson area and then clearly defining 
the purpose's for transportation, as formulated by each of 
the various viewpoints, we will obtain a first approximation 
of the subsystems for a transportation system. In de-r 
veloping the functions necessary to fulfill the purposes of 
the varous subassemblies we will begin to see indications 
of the interaction of the subsystems. It will be seen that 
some purposes complement one another while others are in 
conflict. Following the argument of Levi (1967) with regard
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interrelating purposes, it must be remembered that the "a 
priori" assumptions required for the resolving of problems 
are by no means always "given" in the sense that they are 
clearly nonproblematic at the time when the problem arises 
and inquiry begins. A decision maker concerned with 
identifying an optimal policy to promote a particular 
project will often have to engage in subinquiries aimed at 
adding to the knowledge of the project, including sufficient 
background assumptions to enable the identification of 
optimal policies. The choice of assumptions to add to the 
background knowledge, which becomes the basis for deciding 
on a policy, will often completely determine the policy 
which will be adopted.

How we formulate the coordinating and prioritizing of 
the purposes of the project has an important effect on how 
we form our policies to promote the given ends of that 
project. Relative to that portion of the background in
formation which is already assigned a truth value, one might 
conceivably be able to regard the adoption of new items of 
evidence as part of a strategy designed to promote the given 
ends-in-view. Sometimes such evidence is admitted because 
it will improve our basis for identifying optimal policies 
relative to our objectives. That is to say, the background 
information we already have is insufficiently strong to 
enable us to make satisfactory decisions.



If we regard the adding of new evidence as part of 
the strategy to gain our objectives, are we doing what we 
set out to do? The addition of the new evidence may not 
provide an additional basis for policy formation, but may 
be a part of the policy formed and should be clearly stated 
as such. Instead of requiring the basis for policy forma
tion to remain the old evidence with which we began and 
which we regarded as inadequate, we may indicate the deriva
tion of new evidence. Hence, criteria for admitting new 
items into the background assumptions could be derived from 
the application of a general theory of comprehensive systems 
goal attainment. Ensuring the just consideration of all 
viewpoints and their related purposes in arriving at an 
optimal policy will be a more logical process with the aid 
of this approach.

To develop the functions needed to efficiently 
satisfy the transportation goals of all concerned viewpoints 
it will be necessary to develop a model of the interaction 
of these goals and purposes and the corresponding functions, 
including explicit statements of all assumptions. This 
study may be viewed as the beginning of that development 
process.

The goal of any responsible traffic safety program 
should be to reduce fatalities, injuries, and material 
losses associated with traffic accidents. To achieve this 
goal three major activities are required: observation.

13
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deduction, and intervention. Kontaratos (1974) states that 
the deduction activity requires analysis of the collected 
data in an effort to recognize epidemiologic patterns 
against which appropriate regulatory action should be 
directed on a priority basis. The correctness of problem 
definition depends, however, upon the ability to correlate 
accident experience with contributing causes. While this 
view represents the ideal goal of problem definition and 
will be aimed for, it is possible to take action before 
complete understanding is achieved. McFarland (1963) sug
gests that measures which can be applied to all the indi
viduals at risk, without requiring their voluntary coopera
tion in carrying out the measure, are likely to be more 
effective. Effective measures may sometimes be introduced 
to interrupt a sequence of events prior to complete under
standing of the causal chain and the specific details of 
the etiology.

Epidemiologic analysis could be the focus from which 
to develop a dynamic process of observation-deduction- 
intervention, including feedback, to deal with accident 
phenomena.

It is proposed that this study will form a part of 
the first step in a dynamic, iterative program directed at 
traffic loss reduction.

It is also proposed that this study act as a 
catalyst in the interdisciplinary development of a model of
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Tucson's metropolitan surface transportation system. This 
system will eventually supply decision makers with informa
tion concerning the synergistic effects of the various sub
systems upon the community. It is proposed that this study 
add to the process of rethinking the place of the pedestrian 
and cyclist*in urban transportation.

Transportation Goals
Mobility, frequently acclaimed as our fifth freedom, 

is essential to our mechanized society. It is the backbone 
of industry and the principal sustenance of the urban com
munity. Mobility manifests itself in transportation, the 
movement of people and goods. The desires of people to get 
from one place to another and their need for goods create 
the demand for transportation. Our preferences in terms of 
time, money, safety, comfort, and convenience dictate the 
modes of transportation to be used. The efficient movement 
of goods and the freedom of individual mobility requires 
that all modes of transportation share the same system of 
roads and streets in. metropolitan areas.

Society is becoming aware of certain restraints that 
may be desirable to impose on the expansion of the system, 
however. These include the need for energy conservation, 
environmental concerns, and safety considerations. But 
personal mobility will not be denied as long as we have the 
affluence to support it.
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Delineation of Local Transportation Modes 
Presently in the Tucson area, according to the Pima 

Association of Governments, there are about 450,000 persons 
making an estimated 1.44 million trips each day. The break
down of trips by mode is given in Table 2.1.

Table 2.1. Tucson Area Travel Mode by Percentage

82.1% Personal motor vehicle. Of the approximately 
270,000 motor vehicles in eastern Pima County, 
there are 203,000 autos, 48,000 vans and pick-ups, 
and 15,000 heavy trucks; 19% of trips are car 
pool.

2.2% Mass transit. This figure is for eastern Pima 
County and increases to 5% of the trips for Tucson 
proper.

3.1% Pedalcycle.
6.5%
6.1%

Pedestrian.
Motorcycles, taxis, and all others.6.1%
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Description of Transportation Facilities 

City of Tucson Transportation Engineering Department 
reports that there are 1,168 miles of paved streets. There 
are about 530 miles of major streets (arterials and col
lector streets), highways, and interstate freeways. Thus, 
the remaining 638 miles are composed of residential, uni
versity, and central business streets. There are 47 miles 
of unpaved streets and about 700 miles of alleys.

There is one transit system in the Tucson area that 
carries about 33,000 passengers daily on 208 miles of 
routes. There are about 375 miles of sidewalks (on both 
sides of the street) and 65 miles of designated bikeways.
The interstate highways primarily serve as intercity and 
interstate transportation links, but do carry a significant 
amount of local traffic. The access roads paralleling the 
interstates would provide for bike travel since pedalcycles 
are prohibited on the interstates. The access roads are not 
continuous within the city limits, however, and only a few 
short stretches get much use.

Figure 2.1 gives the major motor vehicle traffic 
volumes for the Tucson area in 1977. Unfortunately, there 
were only a few locations where bicycle volumes were counted, 
shown in Figure 2.2. Figure 2.3 shows the present bikeway 
sytem for the City of Tucson.
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LOCATION TOTAL
Mountain north of Speedway MB 414 SB 589 1003
Mountain north of Grant NB 181 SB 279 460
Cherry north of Third St. NB 484 SB 567 1051
Cherry north of Speedway NB 359 SB 400 759
Third St. east of Campbell EB 523 WB 727 1250
Thire St. east of Alvernon EB 81 WB 102 183
University west of Euclid 
St. Mary's west of Silverbell

EB 291 WB 302 593
EB 30 WB 37 67

Figure 2.2. City of Tucson Selected Bicycle Volumes —  The 
bicycle counts were taken by the Traffic 
Engineering Division between April 18th and 
April 28th. Variables which would affect 
riders, such as weather conditions, day of 
week, were kept constant. Counts were taken 
in good weather conditions and only between 
Monday and Thursday of each week.
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Estimation of Transportation System 
User Exposure
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Road user exposure is measured in either vehicle or 
person miles. The volume of traffic is used to estimate the 
total number of vehicle miles traveled within the metro
politan area, and is computed using a series of 24-hour 
traffic counts. The traffic counts are taken along a number 
of screen lines strategically placed throughout the metro
politan area, resulting in a very high recording accuracy. 
This measure of exposure is necessary to calculate certain 
basic rates which are related to insurance rates. The rates 
most commonly developed are death rates (with the greatest 
accuracy), injury, and property damage rates (with a lesser 
degree of accuracy). Hansson (1976, p. 307), reporting on an 
in-depth investigation of traffic accident injuries con
ducted in all the hospital emergency departments near 
Goteborg, Sweden, states:

Of the 770 patients with injuries, 324 (42%) were 
reported to the National Central Bureau of Statis
tics. Even more interesting, however, is the com
parison of the official report with the actual 
injury. Only 270 (35%) casualties were correctly 
reported.

All fatalities were correctly reported. Of 
those seriously injured, 43% were correctly re
ported, and of those slightly injured the accuracy 
was only 29%. Protected road users had a higher 
percentage of correct reports than unprotected.

From this study in Sweden the following conclusions
were drawn:
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1. There are equal numbers of protected and unprotected 

road users among road traffic casualties.
2. A small majority of road traffic casualties are 

injured in collision accidents.
3. Unprotected road users receive the most severe 

injuries.
This study defined road users in five categories, as shown 
in Table 2.2.

Table 2.2. Road Users Inj ured in Goteborg, Sweden

Number Per cent

Car drivers 188 24
Car passengers 219 28
Motorcyclists 148 19
Pedalcyclists 192 24
Pedestrians 44 6

Corbett (1978) estimates that pedalcycle exposure is 
60,000 miles traveled per day for the City of Tucson, which 
is the area considered in the present study. The 174 pedal- 
cycle accidents reported by the Tucson Police in 1977 
probably represents between 25% and 45% of the motor 
vehicle/pedalcycle collisions actually occurring. . This is 
not meant as a negative reflection on the members of the
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Tucson Police Department, who have been very helpful in
supplying information for this study. It does, however,
point out the difficulty of determining rates for unprotected
road users in general and for pedalcyclists in particular.
Waller (1973, p. 76), commenting on this issue, cautions:

An urgent warning is necessary regarding sources and 
quality of data commonly available. Most epidemi
ologists are quite aware of the limitations of data 
sources in their own particular areas of interest.
Judging from the papers of those who do only 
isolated epidemiologic studies of injury, caution 
is commonly discarded when entering this new 
territory. Data collected by police, physicians, 
motor vehicle authorities, and others commonly are 
assumed to have face validity.

Due to the lack of complete data necessary to deter
mine an accident rate related to bicycling miles of exposure 
for local bicyclists, estimates developed in other surveys 
will be reported. Very few surveys that provide basic 
accident rates related to miles of exposure have been con
ducted. In a study of 397 school children aged 6 through 19 
in Raleigh, North Carolina, Campbell, Foley, and Pascarella 
(1971) found that there was no significant difference in 
accident rates among highrise, lightweight, and standard 
bicycles. They found that a minor accident would occur on 
an average of once in two years, and a serious accident 
requiring medical attention once in 25 years (of average 
bicycle riding exposure). However, the youngest of the 
riders more often are involved in accidents than older • 
riders. Chlapecka et al. (1975), in a study using bicycle
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odometers for accuracy, report that elementary school 
children rode an average of 500 miles a year with an acci
dent rate of 720 per million miles. Schupack and Driessen 
(1976) in a survey of college cyclists report an average of 
600 miles a year per cyclist with a rate of 500 accidents 
per million miles. In a survey of the Leage of American 
Wheelmen, Kaplan (1975) found that they averaged 2400 miles 
per year with 113 accidents per million bike-miles. For 
elementary school cyclists, car/bike collisions accounted 
for only 10 per cent of all accidents, about 80 per cent of 
the accidents were due to simple falls. In the survey of 
college cyclists, 16 per cent of all accidents reported were 
car/bike collisions and about 60 per cent resulted from 
falls. An estimate of the rates for accidents involving 
either physical damage to the pedalcycle or sufficient 
injury to require medical treatment is shown in Table 2.3. 
Table 2.4 shows the types and percentages of the accidents 
reported by the League of American Wheelmen (Kaplan, 1975). 
These studies support the hypothesis that more years of 
experience for hikers lowers the accident rate. The Con
sumer Product Safety Commission (1973) reports that 17 per 
cent of the accidents it has investigated were caused by 
mechanical failure. What percentage was due to struc
tural failure and what part due to lack of proper mainten
ance was not reported. However, the League of American 
Wheelmen survey (Kaplan, 1975) shows that with even the most
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Table 2.3. Accident Exposure Estimate for Different Types 

of Bicyclists —  Based on review of available 
literature.

Miles Miles per
per Car/Bike

Type of Cyclist Accident Collision
Elementary School Children 1,500 15,000
College or Adult Recreational Rider 2,000 12,500
Experienced or Club Cyclist 10,000 55,000

Table 2.4. Percentages of League of American Wheelmen 
Accident Types —  From Kaplan (1975).

Accident
% of

Type All Accidents
% of

Serious Accidents
Fall 44 38
Bike/Motor Vehicle 18 26
Bike/Bike 17 13
Bike/Dog 8 10
Parked Car 4 2
Mechanical Failure 3 3
Bike/Pedestrian 1 1
All Other 5 7



complex and delicate of bicycles, when properly used and 
maintained, mechanical failure is an insignificant cause of 
cyclist accidents.

Another source for estimating accident rates is the 
National Electronic Injury Surveillance System (NEISS) 
(National Injury Information Clearing House, 1978 [hereafter 
NIIC]), which is the primary Consumer Products Safety Com
mission source of information on product-related injuries. 
NEISS estimates that there were 493,234 injuries from bi
cycles and bicycle equipment during 1977 in the United 
States. Table 2.5 shows the estimated number of injuries in 
1977 per 100,000 population which were treated in hospital 
emergency rooms.
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Table 2.5. Bicycle Related Injuries per 100,000 Population

By Age By Sex
0-4 266.6 Male 314.6
5-14 867.5 Female 151.9

15-24 196.5
25-64 43.3

65 10.0
All
Ages 231.3
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The NEISS estimates seem high? they are extrapolated 

from 21,265 accidents at 120 locations. If we take the 
population in metropolitan Tucson to be 315,000 and use the 
estimate given for "all ages" the result is 728 injuries 
(treated in hospital emergency rooms). This is about seven 
times higher than the number of serious injuries reported 
to the police. Since the police reports involve only car/ 
bike collisions, this is close to what is shown in Table 2.3. 
It is safe to say that this number represents the upper 
limit on the number of bicycle related injuries actually 
occurring that required medical treatment.

Another area of concern related to vehicle or person 
miles of travel is the exposure to air pollution. In a 
matched study of motorists and bicyclists along identical 
routes in urban Washington, D.C., Waldman, Weiss, and 
Articola (1977) measured levels of specific air pollutants. 
They concluded that no major adverse short-term health 
effects were noted for ten healthy male subjects while bi
cycling or driving in the levels of pollution encountered in 
the study. Other major findings of this study are: (1)
CO levels in the atmosphere experienced by bicyclists were 
approximately the same as those experienced by their 
motorist controls traveling the same routes at the same 
times; (2) carboxyhemoglobin levels measured for motorist 
controls were slightly higher than those measured in the 
bicyclists; (3) symptoms of wheezing, dyspnea, and
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substernal pain were never experienced by bicyclists and 
motorists exposed to the pollutant levels and thermal stress 
encountered in this study; (4) most symptom changes en
countered by the bicyclists and motorists were transitory 
in nature and disappeared readily; and (5) all of the bi
cyclists participating in this study stated that the hazards 
to bicyclists from traffic outweighed the hazards to bi
cyclists from air pollution. Everett (1974) reports that 
bicyclists and joggers are less likely to experience ill 
effects from air pollution when separated from the traffic 
stream by 30 to 50 feet. However, the pollutant generally 
recognized as the most prevalent and the most hazardous (at 
its typical concentrations) is ozone. Ozone is regionally 
variable and can be found in even smaller concentrations 
within the traffic stream than apart from it at certain 
times of day.

A desirable goal is to reduce exposure to air 
pollution for all road users.. Tucson is currently a "non- 
attainment" area under the Clean Air Act of 1977. Trans
portation countermeasures to reduce air pollution to levels 
acceptable by the Environmental Protection Agency are now 
being developed. One pollutant that is prevalent in the 
Tucson area is suspended particulates resulting from certain 
chemicals mixing with dust. A major strategy to reduce this 
hazard is the surfacing of unpaved roads and road shoulders. 
This measure will contribute to cyclist safety if the
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shoulders are stabilized with a smooth riding surface, 
thereby allowing for a greater separation between cyclists 
and motor vehicles. The bicycle and moped have the poten
tial to replace the larger motor vehicle, especially for 
the shorter metropolitan trips under four miles in length. 
This will reduce the amount of air pollution while in
creasing exposure to pedalcycle accidents. The role of the 
pedalcycle in urban transportation should be defined more 
clearly to help reduce conflicts between different trans
portation modes.

Transportation System Failures
A transportation system failure is any unintended 

disruption of a roadway network operation or the failure of 
any system element (Alexander and Lunenfeld, 1975). Serious 
failures result in loss of property, injury, or death and 
usually cause some delay in the flow of traffic. The A. D. 
Little report (The State of the Art of Traffic Safety, 1966) 
concludes that traffic accidents are most meaningfully 
viewed as failures of the system rather than as failures of 
any single component.

A simple but useful conceptual model of accident 
causation is that initiating incidents produce "chains" 
leading to an event that has a number of outcomes. The 
event is socially defined as an accident. Initiating in
cidents result principally from one of three factors: (1)
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improper activities and procedures, (2) incompatibility, and
(3) overload. As can be seen in the analysis of the pedal- 
cycle accidents in the fourth chapter, the majority of 
accidents result from improper procedures (failure to follow 
the rules of the road) on the part of at least one of the 
involved vehicle operators. Figure 2.4 illustrates the 
range of transportation system failures.

Delay
Minor

Lost
Stranded

Erratic
maneuver

Near-miss
accident
Property
damage
accident

In j ury 
accident

SevereFatal
accident

Figure 2.4. Transportation System Failures



CHAPTER 3

LITERATURE REVIEW AND SCOPE OF STUDY

The term epidemiology has become familiar as an 
extension of the medical term, epidemic. Its meaning is now 
taken very broadly to include the systematic study of things 
which are, literally, epi + demos: "upon the people."

Epidemiology may be defined as the study of the 
distribution of a disease or a physiological condition in 
human populations and of the factors that influence this 
distribution (Lilienfeld, 1976). The epidemiologist is 
interested in the occurrence of a physiological condition 
by time, place, and persons; and whether the character
istics of persons with a particular condition distinguish 
them from those without it. The main purpose of epidemi
ological studies is to provide data to elucidate the 
etiology of a disease or physiological condition and provide 
the basis for the development and evaluation of preventive 
measures, public health practices, and other types of health 
services, such as traffic crash first aid and emergency 
medical service.

Epidemiology has many similarities with sociology, 
particularly in the use of similar methodology; i.e., 
population surveys. However, whereas sociology deals with

31
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sociological inferences, epidemiology is mainly concerned 
with biological inferences. Therefore, the present study 
may properly be considered an example of medical sociology. 
The point is that the terminology is not as important as 
the conceptual approach, that is, the method of reasoning 
about a subject.

Mausner and Bahn (1974) give the following scheme 
for an epidemiologic study cycle:

1. Descriptive studies— data 
aggregation and analysis

4. Analysis of 2. Model-building
results sug- ________ ;______and formulation
gests further of hypotheses
descriptive 
studies and 
new hypotheses

3. Analytic studies 
to test hypotheses

The present study is descriptive in nature, being an 
analysis of 174 traffic accident reports involving 170 
bicycle, 2 tricycle, and 2 moped (pedalcycle with helper 
motor) accidents in the City of Tucson for the calendar 
year 1977.

Techniques for applying epidemiologic methods to 
the analysis of accidents are still in the process of 
evolution. Gordon (1949), in one of the first papers on 
the epidemiology of accidents, compares different types of



accidents with various diseases. He develops the tradi
tional classification model of Host-Agent-Environment 
(Figure 3.1).

33

HOST (driver/rider 
or pedestrian)

(harmful energy ex
change between host 
and vehicle and/or 
immediate environ
ment)

AGENT ENVIRONMENT
(micro environ
ment of incident 
and socioeconomic 
environment)

Figure 3.1. The Interaction of Host, Agent, and Environ

significance of the socioeconomic aspect of the environment 
and summarized accident research as follows:

Each of the three broad factors in causation 
(host, agent, environment) has been considered 
individually to the end of demonstrating principle, 
but the illustrations themselves, and more partic
ularly the concept of epidemiology as medical 
ecology, show this to be an over-simplification.
All factors are intimately interwoven, each in
fluenced t>y the other... . -For a given kind of 
accident the values are determined by subjecting 
adequate quantitative data to partial and multiple 
correlations in search for those conditions of 
actual importance in the particular situation.
Too often the emphasis is on amassing facts with 
a failure to muster the power that lies in

ment

Gordon (1949, p. 4) was the first to point out the
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generalization, to develop information from prin
ciple, or to collect data for a specific purpose 
and to meet a demonstrated need.

The kind of information basically essential 
to a comprehensive prevention program is that 
which relates to the bulk of lesser events, the 
accidents that result in temporary and often 
minor disability. This is to be obtained most 
surely through organized survey and special 
studies in selected areas.

Edward Suchman (1960-1961, 253) adds:
It is probable that, in the case of accidents, 

these host, agent, and environment factors will 
prove to be only indirectly related to the actual 
causation of accidents, and the real need will be 
to study those forces underlying the observed 
differences in accidents.

McFarland (1963) notes that until about 15 years ago 
there has been very little interest in developing a theo
retical framework for accident research and in developing 
conceptual models. The lack of interest in conceptualiza
tion which has characterized the accident research field is 
further illustrated by the rarity of satisfactory defini
tions and the need to develop the operations required for 
accurate measurement of accident processes.

As an example of the complexity in the problem of 
definition let us consider the word "accident." The Compact 
Oxford English Dictionary (1971,p. 14) defines accident as 
"1. a. An occurrence, incident, event, b. Anything that 
happens without foresight or expectation; as unusual effect 
of a known cause; a casualty, a contingency. 2. Chance, 
fortune."
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Suchman (1960-1961, p. 241) describes the term 

accident as "not a scientific construct but rather a 
common-sense word generally used to describe some unfore
seen or chance event that produces bodily injury or property 
damage." He suggests that we can only hope to develop a 
"range" definition rather than a "class" definition and 
proposes that the term accident will more likely be used 
when the event manifests the following three major charac
teristics (Suchman, 1960-1961, p. 241):

(a) Degree of expectedness— the less the event 
could have been anticipated, the more likely it 
is to be labeled an accident.
(b) Degree of avoidability— the less the event 
could have been avoided, the more likely it is 
to be labeled an accident.
(c) Degree of intention— the less the event was 
the result of deliberate action, the more likely 
it is to be labeled an accident.

Taylor (1976) in showing that both the traditional 
idea of a scientific cause-effect model and the purposive 
model of cognitive psychology are required to produce a 
satisfactory definition, has considered four aspects of 
the term accident.

1. Definition by consequence— an event resulting in 
damage and/or injury.
Definition by antecedent— a set of events whose 
occurrence in the prevailing conditions is suffi
cient for the occurrence as an accident.

2.
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' 3. Definition by intention— logically, the absence of

intention is a necessary condition for an accident 
to occur.

4. Definition by justification— there is a certain
sense in which an accident loses some of its charac
ter if it cannot be blamed on someone, however 
tenuously. It is possible to analyze a behavior 
sequence for cause and concomitantly to analyze it 
as actions with reasons.

Taylor further explains that, in general, it is not 
possible to view action-reason explanations from a strictly 
deterministic position, and it is this, perhaps more than 
anything else, which tends to distinguish them from formal 
scientific explanations. Another perspective on this dis
tinction is the "purposive, rule-following model" of man.
It is evident that most of what one does relates to rules 
and objectives. Rules are not causes, but they are cer
tainly explanations, and whether or not one uses them 
depends upon whether <bne admits "reasons" as a worthwhile 
form of explanation.

The rules that apply to the metropolitan surface 
transportation system are the "rules of the road" as 
described in the Uniform Vehicle Code and Model Traffic 
Ordinance (English, Conrath, and Gallavan, 1974). Whenever 
the laws that apply to pedalcycles are different than those
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that apply to motor vehicles it causes problems. Almost 
all motor vehicle drivers are somewhat familiar with the 
rules of the road; this allows them to know what to expect 
from one another. When bicyclists must follow different 
rules it leads to a loss of expectancy which hampers co
operation and reduces the safety of different modes inter
acting. An example is the rule that bicyclists must ride 
as far to the right-hand edge of the road as possible. This 
rule is intended to increase the safety of bicyclists when 
motorists are passing the bicycle. However, when a 
motorist is entering the flow of traffic from a side street 
he scans in the direction of oncoming traffic. The bi
cyclist riding as far to the right as possible may be out
side of the field of view of the motorist because the 
motorist does not expect to see a vehicle outside of the 
normally traveled lane. The more the rules of the road 
apply to all vehicles, the more we will know what to expect 
from each other. This will lead to a safer, more efficient 
sharing of our roads and streets.

The Driving/Riding Task
The task of bicycle riding, considered from a human 

factors viewpoint^- requires different skills than that of 
driving a motor vehicle. The following definitions are 
adapted from Alexander and Lunenfeld (1975).



Control Level of Driver/Rider 
Performance

This level of the driving/riding task involves the 
actions and perceptions relating to the physical manipula
tion of the vehicle. The driver controls the lateral 
position of the motor vehicle through the steering wheel 
and controls the longitudinal position through the 
accelerator, transmission shift lever, and brake. The 
rider controls the lateral position of the bicycle through 
the handlebars and by "leaning" the bicylcle, and controls 
the longitudinal position through the pedals, gear shift 
lever(s), and hand and/or pedal brakes. Information about 
the rate of change in position of either vehicle is re
ceived through the natural sense mechanisms primarily from 
the vehicle itself. Balance is a more important sense 
mechanism for the bicycle rider than for the driver because 
of the inherent instability of the bicycle. Because of the 
bicycle's small mass relative to the rider and the fact 
that there is no shock absorbing or cushioning built into 
the bicycle, the cyclist is in more direct contact with the 
road and is affected more by irregularities in the road 
surface.

Guidance Level of Driver/Rider 
Performance

This level involves the task of selecting a safe 
speed and path on the roadway. While performing at the

38
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control level is overt action, performance at the guidance 
level is a decision-making process. The.driver/rider must 
evaluate the immediate physical environment, make appro
priate speed and path decisions, and translate these deci
sions into the correct control actions needed to survive in 
the traffic stream. Activities at this level are similar 
for the driver and rider. The most critical skills neces
sary in avoiding hazards are scanning, detecting the 
presence of a potential hazard in a complex visual field, 
judging distances and velocities, and anticipating erratic 
behavior of other vehicle operators.

The U. S. Department of Transportation (1975, p. 84) 
reports the following observations.

The consumption of alcohol results in a signifi
cant degradation of the ability to scan effectively. 
When faced with a scanning task, intoxicated sub
jects (1) tend not to distribute their attention as 
efficiently as sober subjects; (2) tend to fixate on 
the middle of the road, generally neglecting the 
periphery; (3) miss more relevant objects that are 
part of a complex situation; and (4) tend to have 
less flexible perception patterns.

Visual acuity, which appears to be relevant to 
driving skills, is relatively insensitive to 
alcohol. When peripheral vision is examined while 
other information is being processed, however, a 
substantial performance decrement is noted even 
under the influence of moderate doses of alcohol.
Since motorists and bicyclists are nearly always 
engaged_in multiple tasks, it seems reasonable to 
assume that alcohol would result in a degradation in 
the operator's ability to detect relevant stimuli in 
a complex stimulus field, especially if the stimuli 
appear in the periphery.
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Specific types of evaluation and decisionmaking 

skills (such as judgment of distance, velocity, and 
clearance distance) which are required of drivers 
and bicyclists are dependent upon information
processing capability, a skill degraded by alcohol. 
Hence, it is likely that the requisite skills would 
show some degree of degradation.

The consumption of alcohol results in a dramatic 
degradation in an individual's ability to control a 
vehicle and increases time delays associated with 
making corrective actions.

Inferences from these findings thus point to the 
fact that skills required to avoid bicycle-motor 
vehicle crashes are degraded by alcohol. This seems 
equally valid for motorists and bicyclists.

Alcohol has a greater effect on bicycle riding ability than
motor vehicle driving ability because of its effect on
balance.

Navigation Level of Driver/
Rider Performance

This level includes those activities which relate 
to the driver/rider's ability to plan and accomplish a trip 
from origin to destination. Information at this level 
comes from maps, guide signs, land marks, and other in
structions. The tasks are similar for both driver and 
rider. Because the street and road system has been de
veloped primarily to match the characteristics of motor 
vehicles, the cyclist must take certain factors into account 
when planning a route. For example, cyclists are excluded 
from many bridges, underpasses, and limited access highways.

The three levels of performance are continuously 
multiplexed, switching from one activity to another as the
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situation demands. There is an overwhelming amount of evi
dence that there are definite limits to human information 
processing capacity, just as there are to human capabilities 
for muscular work. When the driving/riding task load is 
greater than the individual's capacity to handle it, over
load occurs. There are only a limited number of possible 
compensating behaviors (Miller, 1962):

1. Store: remember an input and act on it later.
2. Parallel: make two responses at once (two deci

sions cannot be made at once).
3. Recode: respond to several inputs as a unit.
4. Compromise: give the right response but with less

accuracy.
5. Err: attempt a response but with a greater

probability of its being the wrong one.
6. Filter: attend selectively to only part of the

situation.
7. Omit: unselectively fail to respond to an input.

Under heavy overload, only the last two are common, but all 
of these coping behaviors compromise performance and create 
initiating incidents.

The driving/riding task should be designed to "fail 
safe'.' or at least to "fail soft." Ferrell (in press) suggests 
that it should be designed so that:

1. Unacceptable alternatives are impossible.
2. Failures to act have acceptable consequences.
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3. What is to be done next is predictable.
4. The speed and path are determined by the driver/ 

rider.
5. The criteria for good performance and the standards 

for judgments made by the driver/rider are clear 
and well understood.

Description of Classes of Road Users 
The moving components of the metropolitan surface 

transportation system may be divided into six broad classes 
according to their traffic characteristics. Each class or 
mode of transportation can be described in terms of mass, 
velocity, and the amount of road space required by each 
road user.

The six classes of transportation system users can
be divided into two major groups: the protected road users
and the unprotected road users. The protected road user
group includes those to which methods of "crash packaging"
apply— the users are enclosed in the vehicle.

The first class of road user is the pedestrian.
This class has the smallest amount of momentum (= mass x 

2velocity ), per individual member, of all classes of road 
users. Class I may be characterized by the speed range of 
0-15 miles per hour, with the majority having speeds in the 
3-5 miles per hour range. Having the least amount of 
inertia of all road user groups, the speed and direction
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of this class can change in the shortest amount of time and 
in the shortest distance— usually one step. According to 
Claxton (1975), a pedestrian occupies a space of about 10 
square feet as he or she strides along, and this space needs 
to proceed along for the duration of the journey. If a 
pedestrian walks a mile in 18 minutes, it is equivalent to 
180 square feet minutes because the measurement has both a 
time and an area dimension.

Human-powered cycles (bi, tri, etc.) and human- 
powered cycles with helper motors make up the second class 
of road users. Class II, or pedalcycles, may be charac
terized by speeds in the 1-30 miles per hour range with the 
majority in the 5-15 miles per hour range. The mass of the 
individual members of this group is only one to two times 
that of the pedestrian; however, the speed is 5-10 times 
greater. Since the momentum increases with the square of 
the velocity, by increasing the speed 5 times the momentum 
is increased 25 times. Because of this greater momentum it 
is more difficult for cyclists to change speed or direction 
as rapidly as pedestrians. Traveling at higher speeds, the 
cyclist may be placed in a hazardous position in less time 
than the pedestrian, yet needs more time and space for an 
avoidance maneuver. A pedalcyclist occupies about 60 square 
feet, and at ten miles per hour would take six minutes to 
ride a mile. This is equivalent to 360 square feet minutes, 
twice that of the pedestrian.
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Class III is made up of motorcyclists. Their mass 

may be only two or three times that of the pedalcyclist, but 
their greater acceleration and top speed give these vehicles 
different traffic characteristics than Class II road users. 
Motorcyclists can change their speed and direction fairly 
rapidly because of their high power-to-weight ratio. The 
speed range for Class III is about 15-55 miles per hour.

These first three classes make up the group of un
protected road users, in the sense that "crash packaging" 
strategies are limited to protective clothing, including 
helmets. Motorcycles, however, have a unique set of 
momentum characteristics, with their mass range being 
similar to the first two classes while their speed range 
is closer to the higher classes which havemultiples of 10 
times greater masses. Because of the motorcycle's greater 
acceleration and speed it is more compatible with the 
larger vehicles and can assume a space in a regular lane 
of traffic more readily. Pre-crash movement characteristics 
of the motorcycle are somewhat different than other classes 
of unprotected road users. This leads to the need for a 
different set of loss reduction/prevention strategies and 
is not being considered in the present study.

Class IV consists of automobiles and light trucks 
in the 1000 to 10,000 pound mass range. The normal 
operating speed range is about 15-55 miles per hour. 
Presently, this class represents the overwhelming majority
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of road users, mainly because of the versatility in 
satisfying a wide range of trip needs. These vehicles are 
designed to travel long distances at speeds of 55 miles per 
hour or more, consequently losing much of their efficiency 
in stop-and-go traffic at much slower average speeds. These 
vehicles have a momentum 10 to 20 times greater than road 
users in the first three classes at comparable speeds.
Thus, the forces that must be dissipated in a collision 
with a lighter weight road user have a very great relative 
difference. An automobile occupies 225 square feet and in 
a high density area may only average 15 miles per hour. At 
this average speed the motorist would take four minutes to 
travel a mile, which is equivalent to 900 square feet 
minutes. Thus, in high density metropolitan areas the 
motorist occupies five times the space of a pedestrian, 
and two and one-half times the space of a pedalcyclist.

Class V vehicles are large trucks and buses in the 
10,000 to 80,000 pound weight range. This class is also 
characterized by a speed range of 15-55 miles per hour. 
Although these vehicles can stop in about the same distance 
as Class IV vehicles, their momentum is so much greater 
that collisions with lighter vehicles usually result in 
very serious damage and injury.

A public transport bus requires 3000 square feet 
minutes of space to travel one mile at 10 miles per hour, 
non-stop. However,. many buses stop four to eight times in
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a mile to pick up or discharge passengers. This lengthens 
the journey time from six minutes to seven and one-half 
minutes, and reduces the average speed to no more than 
eight miles per hour.

The non-stop bus occupies only three times the space 
of a car and therefore breaks even with a car if it carries 
as many passengers as do three cars. It breaks even with 
the pedalcycle provided it carries nine passengers, and 
with pedestrians when it carries seventeen passengers.

If the time waiting at bus stops is accommodated 
through the use of turn-out bays, only the slowing down and 
reacceleration impedes other traffic. However, if the bus 
stops in the nearside traffic lane it obstructs that lane 
for the duration of the wait, and this is carried down the 
line until the total area-time consumed— by the bus itself 
and that lost by the other obstructed vehicles— amounts to 
five times that consumed by the non-stop bus. The bus 
which stops in turn-out bays breaks even when it carries as 
many passengers as do five cars, seventeen pedalcycles, or 
thirty-three pedestrians. The bus that must stop in the 
traffic lane rarely breaks even because it must carry as 
many passengers as twelve cars, forty-five pedalcycles, or 
ninety pedestrians.

The final class of vehicles in the metropolitan 
surface transportation system is railroad trains. Class 
VI has its own set of roads, resulting in relatively few
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intersections with the road system shared by all the other 
classes of road users. Railroad crossing arms and signals 
prevent many interactions with trains which have the 
greatest inertia of all classes. However, more needs to be 
done to prevent these collisions from occurring. According 
to the Federal Highway Administration (Insurance Institute 
for Highway Safety, 1978a), there are about 220,000 grade 
crossings throughout the United States, only 50,000 of which 
are equipped with active warning devices. With approxi
mately 1,000 fatalities resulting from 12,000 train/motor 
vehicle crashes annually, there is a ratio of 1 fatality 
per 12 crashes, compared to a ratio of 1 fatality per 278 
crashes for all other types of highway crashes.

Mechanisms of Pedalcyclist Injury
The present state of knowledge regarding the 

mechanisms of injury to pedalcyclists is primarily derived 
from investigations of motorcycle accident injuries and 
through inferences drawn about studies of motor vehicle 
related trauma. Braunstein, Moore, and Wade (1957) noted 
the increased risk of injury to automobile occupants thrown 
from vehicles. McCarroll et al. (1962) described mechan
isms of injury to pedestrians struck by motor vehicles. 
Recently, our understanding of these mechanisms was in
creased by the experiments of Weis, Pritz, and Hassler 
(1977). Accidents of falling bicyclists were described by
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Forester (1975) and Kraus, Riggins, and Franti (1975) have 
analyzed motorcycle collision injuries. Although there is 
no published study clearly correlating the mechanism of ' 
bicycle/motor vehicle collisions with the anatomical 
injuries of the cyclists, certain observations can be made 
from the sources given above.

Pedalcycle accidents that do not involve collision 
with a moving motor vehicle can be grouped into four major 
causal mechanisms. These are stopping, skidding, diverting, 
and insufficient speed. Other mechanisms of injury, how
ever, such as projectiles thrown at cyclists, also result 
in falls and therefore are included in these categories.

Stopping accidents result when bicycles suddenly 
stop forward motion because of chuckholes, parallel-bar 
drainage grates, speed bumps, curbs, other fixed objects, 
animals, pedestrians, or stopped motor vehicles. A shoe or 
or other object caught in wheel spokes will stop the 
pedalcycle. Extreme use of the front brake may also cause 
this type of accident. When the bicycle, traveling faster 
than walking speed, stops forward motion suddenly, the 
cyclist continues forward over the handlebars. The lower 
torso and legs sometimes hit the handlebars and the cyclist 
then may land on head, shoulder, or outstretched arms. The 
force of suddenly stopping the bicycle may bend back the 
front forks or indent the front wheel, dissipating some of ! 
the crash forces. Typical injuries sustained at lower



49
speeds -are abrasions and contusions of hands, upper arms, 
shoulders, scalp, and face. Injuries incurred at higher 
speeds are fractures of skull and facial bones, clavicle, 
and forearm. Puncture wounds may result when the cyclist 
strikes sharp portions of the bicycle in the handlebar area, 
or from rocks or other sharp objects on the roadway. Blunt 
trauma may occur when the cyclist, at high speed, strikes 
the pavement or another fixed object.

Skidding accidents result when bicycle tires lose 
sideways traction. The cyclist's centrifugal force over
balances the force of friction between the tires and road 
surface. The bicycle slides sideways on its side, usually 
with the cyclist still astride, sliding on his side.
Common causes are turning on slippery surfaces, wet roads, 
slippery portions of a road (i.e., oil spots), painted 
areas if wet, manhole covers, and gravel; or simply taking 
a turn too fast for the curve. Using the brakes while 
already, traveling at maximum speed for the curve may cause 
the bicycle to skid out. Cyclists may also skid and fall 
from applying too much power in low gear on slippery 
surfaces. This may occur after stopping and then acceler
ating across crosswalk lines in the rain. The cyclist 
may land on thigh, hip, upper arm, or shoulder with the 
head sometimes striking the pavement. Typical injuries 
are abrasions of the outer surfaces of legs and arms, an 
occasional fractured clavicle, and rarely a fractured hip.
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Many times there will be abrasions of the side of the head 
and less frequently a skull fracture. Abrasion injuries 
occur more frequently than impact injuries because the 
cyclist falls relatively slowly as the bicycle skids out 
from underneath.

Diverting accidents (in which the front wheel is 
diverted from its path) result from the bicycle steering 
out from under the cyclist. Some of the more common causes 
are crossing diagonal railroad tracks or parallel-to-traffic 
expansion joints in concrete roadways, attempting to jump 
back on the pavement after traveling along the shoulder, 
passing over parallel-bar grates or bridge expansion joints, 
and negotiating inequalities between gutter or driveway and 
roadway pavement. Slippery road surfaces aggravate these 
causes. Another cause may be high speed instability in the 
steering. When the front wheel of the bicycle is diverted, 
the cyclist is no longer supported by the bicycle, and falls 
face first onto the pavement. The diverting type of fall 
is the most unexpected and unpleasant. The cyclist feels 
slammed down by an outside force.

Diverting accident injuries incurred include 
abrasions of face, hands, elbows, knees, and thighs.
Impact fractures appear to be more frequent with this than 
with any other type of fall. Especially frequent are the 
fatal, disabling, and disfiguring skull and facial impact 
injuries resulting from high-speed diverting injuries.
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Insufficient speed accidents occur when the cyclist 

slows too much and makes a mistake. The cyclist falls 
either because of failure to extend the proper foot for 
support, or fails to get a foot out of the toe strap in 
time. Miscalculation of velocity or need to steer suddenly 
with insufficient speed to develop a prior lean may cause 
a fall; although injuries, if any,: are usually minor.

In all of these accident types not involving motor 
vehicles, the cyclist's speed when the incident occurs 
determines to a large extent the location and severity of 
injuries. When the cyclist is traveling slowly, the loca
tion of impact will probably be the leg, hip, or extended 
extremities. The amount of energy involved in an impact is 
directly proportional to the square of the cyclist's 
velocity before impact occurred. When the cyclist comes 
to a sudden stop, he is ejected with the same momentum that 
was attained before the accident occurred. His lower body 
may strike the cycle after impact, imparting a rotating 
movement that may make him tumble. In such circumstances, 
impact may be maximal to the upper torso, head, or 
extended arms. The velocity of impact, character of 
objects struck, as well as net force transferred to specific 
body parts all affect the nature of the injury.

Many of these factors are also included in the 
mechanisms of pedalcycle/motor vehicle collisions, but the 
interaction of two moving vehicles increases the complexity
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of the analysis. The high momentum of the motor vehicle 
and the great difference in the masses of the colliding 
objects results in a large amount of force being dissipated 
on the small mass of either a pedestrian or cyclist. This 
large force, applied by the smooth surface of the vehicle, 
may cause severe internal damage with little evidence of 
injury on the body surface.

While much of this information has been derived 
from the observations by McCarroll et al. (1962) of 
pedestrian/auto accidents, some analogies can be made to 
the auto/pedalcycle accident since the mass of the cycle is 
small, resulting in a momentum comparable to the pedestrian. 
Because of the high probability of multiple impacts, 80% 
of the fatally injured pedestrians studied by McCarroll et 
al. sustained significant injuries to two or more body 
areas. Of these multiple injury victims, 50% died within 
two hours of the collision. Almost 60% of the fatally 
injured pedestrians studied suffered head injuries. Of 
those with head injuries, one-third sustained significant 
damage to the brain without skull fracture or perceptible 
injury to the superficial soft tissue to signal this 
damage. Twenty-seven per cent of all skull fractures were 
basilar— usually the most difficult type to diagnose by 
X-ray. Discoloration of the eyelids not extending out of 
the orbit was evident, however, and this was found to occur 
in almost every case. .



The two most common causes of death occurring more 
than 24 hours after injury were subdural hematoma following 
head injury and pulmonary embolization secondary to leg 
fractures. McCarroll et al. point out that since effective 
therapeutic measures exist which often prevent or correct 
both of these conditions, death from either must be con
sidered particularly unfortunate.

For the very serious or fatal pedestrian or cyclist
injury, the major factors determining the seriousness of
injury are the impact velocity of the motor vehicle, the
angle of impact, the body part receiving the initial impact,
and the pre-event health of the injured person. If the
bicycle strikes the motor vehicle, the cyclist is ejected
from the cycle and usually passes over the front of the car
and then hits the pavement or other fixed object. In this
case, the momentum of the motor vehicle does not contribute
to the cyclist's injuries. Energy transfer damage may be

2expressed by E = MV , where V is pre-crash velocity of 
cyclist and M is the mass of cyclist. There is consider
able increase in risk of serious or fatal injury to occu
pants who are ejected from the vehicle in an accident.
The cyclist has similar risk. If the motor vehicle strikes 
the cycle on the side, the cyclist may receive multiple 
traumatic blows— the first from the automobile and suc
ceeding impact from the pavement or other objects. When 
struck from the front, behind, or at an angle, the force
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will vary with the impact angle. With the trend toward the 
streamlining of vehicles and recent federal mandates for 
more pedestrian protection, almost all injuries resulting 
from direct impact with motor vehicles are due to blunt 
impact caused by the front of the hood.

While data from cadaver studies simultating auto/ 
pedestrian accidents vary from what might be expected in 
auto/pedalcycle accidents, certain inferences can be made. 
In a study of fifteen fresh cadaver impacts simulating 
auto/pedestrian collisions, Weis et al. (1977) investigated 
mechanical energy exchange injuries. High energy transfer 
injuries include penetrating injuries by pointed surfaces 
and fractures to fibula, tibia, and the knee area by the ; 
front bumper. Blunt traumas include fractures around the 
ilium, sacrum, and transverse processes. Secondary impact 
on windshield and/or ground or other stationary object 
results in intra-abdominal injury, and fractures in the 
spine and upper extremities. High speed photos reveal a 
slight vertical velocity induced in the cadavers by the 
front bumper as the knee displaces laterally about six 
inches. The simulated pedestrian's weight was partially 
supported by the impacted leg in the walking position. 
Obvious surface waves appear in the skin traveling upward 
from the point of impact at vehicle speeds above 20 miles 
per hour. The vertical velocity component of the initial 
impact propels the cadaver up onto the hood. The hood adds
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to the vertical velocity as the cadaver rotates into a 
horizontal position on the front of the vehicle. The 
energy absorbed in turning the torso may act to reduce 
injury. This energy is great enough to cause the arms to 
fly outward as the cadaver spins 90 degrees before braking 
is over. At this point the analogy of the pedestrian to 
the pedalcyclist is not complete because of the cyclist's 
higher center of gravity, and the difference between the 
coefficient of friction of the foot with the ground and 
the bicycle tire with the ground. The cyclist is not as 
stabilized as the pedestrian and therefore may not sustain 
lower leg fractures and extensive knee separation to the 
degree suffered by the pedestrian.

The figures represent the author's conception of 
possible collision configurations. Figure 3.2 compares the 
momentum of a cyclist with that of an automobile colliding 
at 20 miles per hour. The vector diagram represents the 
case in which the car strikes the cyclist. The relative 
change in momentum experienced by the cyclist is not the 
cause of injury, it is a rapid rate-of-change in the 
momentum that results in injury. Let AP be the change in 
momentum, let At be the time duration of the momentum 
change, then

F = A P /A t .
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Mc * Vc = momentum vector of bicycle

V Jv
Ma * Va = momentum vector of outomobile

M  *V + M (V cos6) = V * (M + M )
d  a . v  C  JT a , C

Ma = mass of auto, assume 4,000 lbs.
Mc = mass of cyclist & bike, assume 200 lbs.
V = velocity of auto, assume 25 mph 
Vc = velocity of bicycle, assume 20 mph 
6 = angle of impact

For 9 = 0°: 4000(25) +200(20) = Vr*(4000+200)
resultant velocity, ^ = 24.7 mph

velocity change for auto is 0.3 mph 
velocity change for cycle is 4.7 mph

For 6 = 90°: 4000(25) + 200(0) = V^* (4000 + 200)

resultant velocity, vr = ~T^'206"” 23.8 mph
velocity change for auto is 1.2 mph 
velocity change for cycle is 23.8 mph

For 6 = 180°: 4000(25) + 200(-20) = V^*(4000 + 200)

resultant velocity, Vr = = 22.8 mph
velocity change for auto is 2.2 mph 
velocity change for cycle is 42.8 mph, 
assuming cyclist remains impacted on auto.

Figure 3.2. Auto/Bike Collision Momentum Vectors



It is not exactly correct to use pounds as a measure of 
mass, since the pound is a weight measurement, giving the 
influence of gravity on a mass.

Assume mass of auto is 2,000 kilograms and 
velocity, V , of auto is 10 meters per second; this repre
sents a 4,400 pound car at about 27 miles per hour. Assume 
mass of pedalcycle and rider is 80 kilograms and 
velocity, V , is at right angles to auto at 5 meters per 
second. This represents a cyclist plus cycle weight of 176 
pounds traveling about 14 miles per hour.

M V + M (V *cos 90°) = V (M +MJcL Si G  C  J . a .  C

where is the resultant velocity

2000(10) + 80(0) = Vr (2000+80)

Vr = --2q-qq° = 9.6 meters per second in direction of auto.

Since the collision was at right angles, the 
cyclist's original velocity in the direction of the auto 
was zero, it now changes to 9.6 meters per second, assume 
this to take place in 1/10 second. This value is large for 
the duraction of the initial impact. Weis et al. (1977) 
report .06 seconds before rotation onto hood begins for 
pedestrian. Then,
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AP/At = 80 kg(9.6 meters/sec)/.1 sec = 7,680 Newtons
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One Newton is approximately .22 pounds. Therefore, a 1690- 
pound force is applied to the cyclist for 1/10 second.

The seriousness of the injury resulting from this 
force depends on the amount of surface area of auto that 
directly applies the force to the same amount of surface 
area of the cyclist. The larger the surface area, the less 
severe the injury will be in most cases.

Figure 3.3 gives the dimensions reported and the 
author1s conception of the series of high speed photographs 
shown in the article by Weis et al. (1977). Figure 3.4 
shows the author's estimation of dimensions for a child and 
adult cyclist compared with dimensions of Weis et al.1s 
auto. Figure 3.5 represents one possible car/bike collision 
configuration involving a child pedalcyclist. Figure 3.6 
shows the configuration of a cyclist striking an auto on 
the side. Figure 3.7 illustrates one possible collision 
configuration of an auto striking a cyclist on the side. 
These figures are only examples of possible collisions and 
are based on extrapolations of auto/pedestrian collisions.

Ten Countermeasures for Injury and 
Loss Reduction

Haddon (1970) increased our understanding of accident 
causation with the concept of the harmful energy exchange, 
describing the method, rate, and amount of energy transfer 
as the underlying variables that are combined to produce 
injury and damage. He enumerates the ten basic strategies



Figure 3.3. Auto/Pedestrian Collision:—  From Weis et al.
(1977). (A) Dimensions for an adult pedestrian
and dimensions for auto that result in minimum 
injury to the pedestrian in experiments conducted 
on cadavers. (B) Auto strikes pedestrian at 
right angles. Initial impact produces the 
common "bumper fracture," t = 0.00 sec.
(C) There has been some artistic license taken, 
the impacted knee should be bent back, with the 
leg in a vertical position; t = 0.06 sec.
(D) At vehicle speeds above 20 miles per hour 
the pedestrian's head may strike the windshield; 
t = 0.20 sec.
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Figure.3.3. Auto/Pedestrian Collision
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Figure 3.4. Representative Dimensions for Child and Adult 
Pedalcyclist —  The automobile’s dimensions 
represent an unrealized ideal at present. 
Bumpers are found to be between 20 and 30 
inches above the ground on most 1978 American 
automobiles. The center of gravity of the 
cyclist ranges from about 20 inches above the 
ground for children to 48 inches for tall 
adults. The adult cyclist's higher center of 
gravity, along with the lower force of 

• friction of the bicycle tires with the ground, 
may cause the cyclist to rotate onto the hood . 
without severe injury from the initial impact. 
If a wheel or another part of the bicycle 
strikes the auto before the cyclist does, 
additional rotation may be imparted to the 
cyclist before secondary impact on hood, 
windshield, or ground.



Figure 3.5. Auto/Pedalcyclist Collision, Child —  (A) While 
applying brakes at point of impact, auto strikes 
cyclist at right angles. (B) With the child's 
lower center of gravity and the auto stopping 
at impact, the cyclist may fall away from auto. 
(C) Cyclist may receive more severe injury from 
striking ground than from being struck by auto.
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C

Figure 3.5. Auto/Pedalcyclist Collision, Child



Figure 3.6. Pedalcyclist Strikes Auto —  (A) Cyclist 
collides with auto at right angles, both 
vehicles traveling at 20 miles per hour.
(B) At 90° angle, the momentum of automobile 
does not contribute to cyclist's injury, just 
as if cyclist had collided with a fixed 
object. (C) Cyclist hits ground with velocity 
of 20 miles per hour.
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B

Figure 3.6. Pedalcyclist Strikes Auto.



Figure 3.7. Auto Strikes Pedalcyclist —  (A) Auto collides 
with cyclist at right angles, vehicle speeds 
are both 20 miles per hour. Cyclist may 
sustain fracture of ankle or foot. (B) Be
cause of higher center of gravity, cyclist 
may rotate onto hood with greater force than 
a pedestrian. (C) At right angles the 
cyclist's momentum does not contribute to the 
severity of injury. Because of the rotational 
velocity, impact speed may be greater than 
20 miles per hour.
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Figure 3.7. Auto Strikes Pedalcyclist.



for reducing these losses. They are given with specific 
examples that apply to pedalcycle safety.

1. Prevent the marshalling of the form of energy in
the first place.

For example, prevent the starting and movement of 
vehicles. Williams (1976) suggests establishing a minimum 
age for children to ride bicycles on roads used by motor 
vehicles. Possibly restricting young riders from riding on 
major arterial streets would be an effective countermeasure. 
They could still walk their bikes across busy streets.

2. Reduce the amount of energy marshalled.

For example, reducing the mass and speed of 
vehicles, reducing motor vehicle speed in residential areas, 
and lowering the heights of children's bicycles.

3. Prevent the release of energy.

Haddon states that this position is fundamentally 
at variance with the position of those who regard harmful 
interactions between man and his environment as problems 
requiring reforming imperfect man rather than suitably 
modifying his environment. For example, prevention of 
vehicle malfunction through establishment of minimum 
strength and performance requirements for bicycles, in
creasing the conspicuousness of the cyclist, increasing
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decision sight distances, and improvement of road shoulders, 
and elimination of roadside debris.

4. Modify the rate or spatial distribution of release 
of the energy from its source.

The third strategy is the limiting case of such 
release reduction, but is identified separately because in 
the real world it commonly involves substantially different 
circumstances and tactics. Examples are modifying handlebar 
ends, gearshift and brake levers so they are less hard, 
sharp, and unyielding.

5. Separate in space or time, the energy being released 
from the susceptible structure whether living or 
inanimate.

For example, the use of sidewalks, bikeways, over
passes, and underpasses. Also the phasing of pedestrian and 
vehicular traffic with signalization, and the elimination 
of vehicles from community areas commonly used by children 
and adult pedestrians.

6. Separate the energy being released from the 
susceptible structure by interposition of material 
barrier.

For example, safety glasses, protective clothing, 
and helmets. This strategy, although also a variety of 
rate-of-release modification is separately identified



because the tactics involved comprise a large and usually 
clearly discrete category.

7. Modify the contact surface, subsurface, or basic 
structure.
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An example of this strategy is the smoother front 
ends on some cars that are also made of deformable plastic, 
which reduces the severity of injury to pedestrians and 
cyclists. Also, the elimination of sharp protrusions on 
bicycles would be an effective countermeasure.

8. Strengthen the structure, living or non-living, that 
might otherwise be damaged by the energy transfer.

For example, 10 mph damage-proof bumpers on cars, 
or strengthening the bicycle frame and front fork. Methods 
of strengthening a person's resistance to injury are rarely 
effective at present.

9. To move rapidly in the detection and evaluation of 
damage that has occurred or is occurring, and to 
control its continuation and extension.

Examples are emergency treatment at the scene and 
rapid transfer to the Emergency Room with rapid and correct 
diagnosis and treatment.

10. All measures between the emergency period following 
the damaging energy exchange and the final
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stabilization of the process, including appropriate 
intermediate and long-term reparative and rehabili
tative measures.

Reducing fear and related stress when participating 
in an activity in which one was previously injured is an 
example of this countermeasure.

Haddon explains that there is no logical reason why 
the rank order (or priority) of loss-reduction measures 
generally considered must parallel the sequence or rank 
order of causes, contributing to the resultant damaged people 
or property. Failure to understand this point in the con
text of measures to reduce highway losses underlies the 
common statement: If it's the driver, why talk about the
vehicle? This confuses the rank or sequence of causes, on 
the one hand, with that of loss-reduction measures— in this 
case "crash packaging"— on the other.

One point that particularly applies to the study 
of pedestrian and bicyclist accidents is that the larger 
the amounts of energy involved in relation to the resistance 
to damage of the structures at risk, the earlier in the 
countermeasure sequence must ah effective strategy lie. 
Prevention of the injury producing event is always the most 
effective strategy. This does not mean that strategies to 
reduce injury once the collision has occurred should be 
ignored.



Figure 3.8 shows a matrix of Host, Agent, and 
Environment factors related to each phase of pre-event, 
event, and post-event with additional factors influencing 
the choice of transportation mode used. The matrix was 
developed in conversations with Dr. John Hughes during the 
summer of 1978.



FACTORS H f U B O J G  CHOICE OF TRANSPORTATION HDDE

EDUCATIONAL AND SOCIAL ATTITUDES 
NATIONAL MORES 
FUEL AVAILABILITY 
MASS TRANSIT AVAILABILITY 
TRIP PURPOSE & TRIP DISTANCE

POPULATION DENSITY 
VEHICLE DENSITY 
TERRAIN
ROAD CONDITIONS, SAFETY 
AND SMOOfTWESS

F A C T O R S  A S S O C I A T E D  W I T H  I N I T I A T I O N  O F  I N C ID E NT  P R E - E V E N T
HOST SPECIFIC VEHICLE SPECIFIC MICRO ENVIROmENTAL
PHYSICAL CONDITION 
FATIGUE, PRIOR STRESS 
PHYSICAL ABILITY 
REACTION TIME 
ATTITUDE, TRAINING 

EXPERIENCE 
SENSORY RESPONSE 
PERCEPTION OF TIME,
DEPTH AND VELOCITY 

CLOTHING MARKERS, CONSPICUOUSNESS

MECHANICAL CONDITION 
PRESENCE AND CONDITION OF 
LIGHTS AND REFLECTORS 
TYPE AND CONDITION OF 

TIRES

WEATHER 
VISABILITY 
TIME AND SPACIAL 
SEPARATION FACTORS 
COEFFICINET OF FRICTION 
OF PAVEMENT WHEN WET 
TRAFFIC CONTROL 

DEVICES
INTERSECTION DESIGN

F A C T O R S  A S S K I g g J W l T H  I NC ID E NT
HOST SPECIFIC
CONCURRENT DISEASE 
PRE-EXISTENT DISEASE 
DRUG EFFECTS 
NATURE OF INJURIES 
SECONDARY INSULTS 
PROTECTION, RESTRAINT 
PROTECTIVE CLOTHING, »

VEHICLE SPECIFIC
MASS, VELOCITY, ANGLE 
PEDESTRIAN/CYCLIST 

PROTECTION
GASOLINE STORAGE SYSTEM

ENVIRONMENTAL
FACTORS

ENVIRONMENTAL 
EXPOSURE 

SOIL CONDITION

F A C T O R S  / ^ C ^ T ^ C n E  O F  I N C I D E N T
SYSTEM OF CARE SITUATION SPECIFIC
DOT INDEX 
BAKER INDEX 
MORBIDITY AND 
MORTALITY

DISTANCE FROM INCIDENT TO
EMERGENCY ROOM

TIME DURATION FROM INCIDENT UNTIL
EMERGENCY VEHICLE REACHES SCENE

Figure 3.8. Matrix of Host-Agent-Environment with Pre 
Event, Event, Post-Event



CHAPTER 4

PRESENTATION AND ANALYSIS OF DATA ,

Anticipating increased bicycle use resulting in in
creased bicycle accidents, Congress charged the National 
Highway Traffic Safety Administration (NHTSA) through the 
1973 Highway Safety Act (U._S. Department of Transporta
tion, 1975) to identify the specific nature of bicycling 
accidents and to take positive steps toward significant 
reduction.

NHTSA has responded to this mandate by initiating a 
three-phase bicycle accident research program. The first 
phase, a research study identifying basic bicycle accident 
types, causal factors, and target populations, was completed 
in January, 1978, by Dr. Kenneth Cross, of Anacapa Sciences, 
Inc.

This study investigated 166 fatal and non-fatal 
bicycle/motor vehicle collisions during the 1975 calendar 
year. The sample was drawn from four locations in the 
United States: Los Angeles, California; Denver, Colorado;
Detroit, Michigan; and Tampa, Florida. Data were taken from 
both urban and rural counties in each of the four locations. 
The locations were selected to represent areas in the North, 
South, East, and West as well as wet, dry, hot, and cold
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climates. For each case included in the study there was an 
interview conducted with at least one vehicle operator, 
either the bicyclist or the motorist, and at least one 
reliable witness. Thus, the accident descriptions are 
quite reliable. It was found that these accident types 
occurred with about the same frequency in each of the four 
sampling locations. The classification scheme developed as 
a result of Cross's study was applied in the analysis of 
Tucson's car/bike collisions.

Photocopies of both sides of all traffic accident 
reports involving pedalcycles in 1977 were obtained from 
the Tucson Police Department. The traffic accident report 
form is shown in Figures A.l and A.2. Out of 174 pedal- 
cycle accidents reported, 169 involved pedalcycle/motor 
vehicle collisions. The diagrams drawn by the investigating 
officers were analyzed to determine the accident type 
according to the classification developed by Dr. Cross. 
Tables 4.1 through 4.13 and the associated figures— 4.1 
through 4.13— describe the pedalcycle accidents analyzed.for 
this study.

Responsibility for initiation of incident was 
determined from the diagram, citations issued, and officer's 
estimate of vehicle speed along with officer's estimate of 
reasonable speed.

Environmental factors include a few unusual factors 
related to the cyclist or the bicycle. The digits inside



Table 4.1. Tucson Police Department Pedalcycle Accident Report Data 1977,
Types 1 and 2

Cyc. Hot. Speed Incorrect Action
Type Date Time Age Sex Age Sex Injury* Cyc MV

Prob
Resp

Intersection
Related

Environment
Factors Cyclist Motorist Location

Loc.
Code

1 1/16 12:24 6 M 77 F 5 10 25 Bike Alley Failed 
to yield

Jones Blvd. btw. 
26th 6 27th 6/7

1 1/19 16:20 28 M 38- F 1 3 35 Bike Alley Failed 
to yield

12th Ave. S. of 
Bilby 2/7

1 2/01 15:40 39 M 29 M 3 5 20 Bike/ Priv. Dr. 
Car

Failed 
to yield

Driving 
wrong In

Helen East of 
6th Ave. 6/8

1 3/16 10:15 7 M 75 M 4 10 20 Bike Alley Constr.
Zone

Failed 
to yield

S. Clark Ave. i 
Clark St. 6/7

1 7/07 17:28 9 H 26 F 4 5 20 Bike Priv. Dr. Failed 
to yield

5th Ave. N. of 
4th St. 6/8

1 7/09 18:35 8 H 32 M 2 5 20 Bike Priv. Dr. Failed 
to yield

26th W, of Dodge 6/8

1 9/30 16:00 13 M 24 F 2 15 15 Bike Alley Vision obs. 
by trees

Failed 
to yield

Paseo San Andres 
West of Kolb 6/7

1 10/21 17:35 9 M 27 M 1 2 10 Bike Priv. Dr. Failed 
to yield

26th St. E. of 
Van Buren 6/8

1 11/3 17:11 7/5 M/M 44 M 3/2 10 20 Bike Alley Riding dbl. 
Dusk
Bad brakes

Failed 
to yield

Turquoise Vista 
N. of Juarez 6/7

2 3/27 18:00 12 F 57 F 3 3 10 Bike Comr. Dr. Failed 
to yield

Campbell Ave. 
S, of Glenn 2/8

2 10/3 8:55 59 F 22 F 3 5 15 Bike Comr. Dr. Failed 
to yield

Carondelet 
E. of Wilraot 6/8

“injury type codes: 1 - no injury; 2 - minor injury; 3 - non-incapacitating; 4 - incapacitating; 5 - death.
^Street type codes: 1 - freeway access; 2 - arterial; 3 « collector; 4 * C.B.D. street; 5 - Univ. st.; 6 - residential street; 
7 ■ alley; 8 - private or commercial driveway.
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9 TYPE 1'S, 2 TYPE 2'S REPRESENTING 6.5% OF ALL CAR/BIKE COLLISIONS. 
6 OF T>€ 11 IN THESE ACCIDENT TYPES WERE LNDER ID YEARS OLD.
2 WERE 10-15 YEARS OLD; 21-30 YEARS OLD; AND 2 OVER 30 YEARS OLD.
1 DEATH, 2 INCAPACITATING, 4 NON-INCAPACITATING, 3 MINOR AND 2 
NO INJURY (ONE EXTRA INJURY WAS A PASSENGER.)

Figure 4.1. Accident Class A; Bicycle Rideout; Driveway, 
Alley, and Other Mid-Block —  In the national 
study. Type 1 represented 6.7% of all fatal 
accidents and 5.7% of all non-fatal accidents. 
Type 2 represented 2.4% of all fatal accidents 
and 3.2% of all non-fatal accidents investi
gated. These types are primarily associated 
with young children.



Table 4.2. Tucson Police Department Pedalcycle Accident Report Data 1977,
Type 4

Cyc. Mot Speed
Prob
Heap

Intersection
Related

Environment
Factors

Incorrect Action
Type Date Time Age Sex Age Sex Injury* Cyc MV Cyclist Motorist Location Codeb
4 1/23 16:14 7 F 30 F 3 1 15 Bike Driveway Failed 

to yield
Wedwlck near 
Santa Clara 6/8

4 2/05 15:20 12 F 30 M 4 10 25 Bike Yes
Sidewalk

Cyclist's
vision
obscured

Failed 
to yield

Stella & 
Watson 6/6

4 2/06 12:20 13 F 37 F 4 3 45 Bike Curb at 
Priv. Dr.

Failed 
to yield

Golf Links 6 
Camino Seco 3/8

4 2/06 15:25 15 H 23 M 3 2. 30 Bike Curb near 
intersection

Failed 
to yield

Craycroft S. 
of Broadway 2/2

4 2/26 13:17 14 M 51 M 2 10 10 Bike No; pathway Bldg. Obsc. 
vision

Failed
to yield

S. of 19th St. 
E. of Kolb 6

4 3/17 16:30 3 M 51 M 2 1 15 Trike No Failed 
to yield

Roberto W. of 
Hearthstone 6

4 5/31 20:35 16 M 24 M 1 7 5 Bike Yes Curb Darkness Failed 
to yield

Grant Rd. S 
First Ave. 2/2

4 6/01 16:14 15 M 35 F 4 7 40 Bike No Failed
to yield

Golf Links 
W. of Kolb 3

4 6/22 14:45 22 F 67 M 3 10 10 Bike No Rain Failed 
to yield

Arcadia N. of 
Speedway 6

4 8/05 16:30 8 M 31 F 3 10 20 Bike Priv. Dr. Failed 
to yield

W. St. Mary's 
Rd. W. of 
Grande 3/8

4 9/03 15:35 16 M 18 M 3 10 25 Bike/
Car

No Failed
to yield

25 mph 
in 15 
zone

Pierce Dr. 
near Manana 
Grande 6

4 10/2 22:10 18/
18

M/M 47 M 3/3 3 40 Bike Priv. Dr. No lights 
darkness

Failed
to yield

Nogales Hwy. 
S. of Drexel 2/8

4 12/19 12:15 15 F 51 M 2 5 15 Bike No Failed 
to yield

Grant near 
Margaret 2

aInjury type codest 1 - no injury; 2 - minor injury; 3 » non-incapacitating; 4 - incapacitating; 5 - death.
^Street type codes; 1 - freeway access; 2 - arterial; 3 ■ collector; 4 ■ C.B.D. street; 5 - Univ. at.; 6 - residential street; 
7 - alley; 8 - private or commercial driveway.
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TYPE 4 — BICYCLE RUBDUT: BfTRY TO ROftlHAY (NER SHHEER/CURB. 
NO TYPE 3 's  WERE REPORTED IN 1977.
13 TYPE Vs, REPRESENTING 7.7% OF ALL CAR/bike COLLISIONS.
3  CYCLISTS YCRE ITOER ID YEARS OLD, 6  WERE 10-15 YEARS OLD.
3  WERE 16-20 YEARS OLD, 1  22 YEAR OLD CYCLIST.
3 INCAPACITATING, 7 NON-INCAPACITATING (ONE PASSENGER)
3 MINOR INJURIES AND 1 NO INJURY.
2  OCCURRED IN DARKNESS, ONE CYCLIST HAD NO LIGHTS.

Figure 4.2. Accident Class A; Bicycle Rideout: Other
Mid-Block Entry Over Shoulder/Curb —  In 
the national study. Type 3 accounted for 2.4% 
of all fatal accidents and 2.6% of all non- 
fatal accidents. Type 4 represented 3.6% of 
the fatalities and 2.5% of the non-fatal 
accidents. These accident types were mainly 
initiated by 10-15 year olds.



Table 4.3. Tucson Police Department Pedalcycle Accident Report Data 1977,
Type 5

Cyc. Mot. Speed Incorrect Action
Type Date Time Age- Sex Age Sex injury® Cyc MV

Prob
Reap

Intersection
Related

Environment
Factors Cyclist Motorist Location

5 2/15 8 s 10 20 F 21 F 2 2 30 Bike/ Yea 
Car

Cyclist in 
X-walk

Failed 
to yield

Inatten
tion

6th St. 6 
Fremont 3/6

5 2/21 18155 7 F 45 M 2 2 5 Bike Yea X-walk
darkness

Failed 
to yield 
no lights

Grande & 
Sonora 3/6

5 4/1 16:30 13 M 40 M 2 2 35 Bike Yes Ran stop 
sign

Speedway 6 
N. Arbor Cir. 2/6

5 4/1 18:15 23 F 28 M 3 5 30 Bike Yea X-walk Failed 
to yield

6th St. 6 
Park Ave. 3/3

5 4/28 15:50 13 F 26 F 2 5 5 Car/
Bike

Yes X-walk Failed 
to yield

Inatten
tion

Craycroft t 
Waverly 2/6

5 6/11 19:10 19 M 22 F 3 5 30 Bike Yes U-turn 
failed 
to yield

Ajo Way £
S. Lundy Ave. 2/6

5 8/1 17:55 15 M 64 F 3 5 35 Bike Yes X-walk Failed 
to yield

Delano £ 
Flowing Wells 6/3

5 8/12 11:55 7 M 43 M 4 5 5 Bike Yes Wrong way 
failed 
to yield

Westmoreland
£ Alameda 4/4

5 8/30 18:36 15 M 18 M 3 5 40 Bike Yes Down
grade

Ran stop 
sign

Anklam t
Greasewood 3/6

5 9/4 9:45 35/
3

F/F 24 M 4/3 5 30 Bike Yes Motorist
vision
obscured

Ran stop 
sign

Blacklidge 
£ Treat 3/6

5 9/9 12:45 21 F 45 M 4 15 25 Bike Yes Failed 
to yield

Lester £ 
Tyndall 6/6

5 9/12 19:23 10 M 50 M 4 10 30 Bike Yes Darkness 
no street 
light

Wrong way 
no lights 
failed to 
yield

Grant £ 
Palo Verde 2/3

5 9/30 15:01 16/
15

M/M 49 M 4/1 2/2 35 Bikes Yes Failed 
to yield

Grant £ 
Palo Verde 2/3

5 10/03 16:15 10 M 71 M 2 5 30 Bike Yes Rain Failed 
to yield

Campbell £ 
Edison 2/6

5 10/12 15:50 8 F 41 F 3 5 25 Bike Yes Failed 
to yield

Chesin £ 
Nicaragua 6/6



Table 4.3.— Continued

Cyc. Hot Speed
Prob
Reap

Intersection
Related

Environment
Factors

Incorrect Action
Type Date Time Age Sex Age Sex Injury® Cyc MV Cyclist Motorist Location Codeb

5 10/20 7:25 13 F 51 F 2 10 25 Bike Yes Ran
stop sign

Park Ave. 6 
8th St. 3/6

5 11/28 17:10 13 M 18 F 3 5 35 Bike Yes Motorist's 
vision obs. 
by another 
car

Failed 
to yield

Ft. Lowell 6 
Geronlmo 2/6

aInjury type codesi 1 - no injury; 2 * minor injury; 3 ■ non-incapacitating; 4 - incapacitating; 5 » death.
^Street type codes; 1 • freeway access; 2 ■ arterial; 3 ■ collector; 4 ■ C.B.D. street; 5 - Univ. st.; 6 ■ residential street; 
7 - alley; 8 - private or commercial driveway.
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TYPE 5  —  BICYCLE RIDEtUT: g^R gC T lC H  COfTROUE)

17 TYPE 5 ACCIDENTS, HE OF ALL CARZbIKE COLLISIONS.
5 INVOLVED CYCLIST IN CROSSWALK.
2 CYCLISTS WERE GOING THE VRONG HAY, ONE HAS RIDING DOUBLE.
2 ACCIDENTS OCCURRED IN DARKNESS, BOTH CYCLISTS DID NOT HAVE LIGHTS.
2 ACCIDENTS WEN MOTORIST'S VISION HAS-OBSCURED BY ANODER CAR
3 CYCLISTS VERB UNDER ID YEARS OLD, 8 HERE 10*15 YEARS OLD.
3 WERE 1&-1Q YEARS OLD, 2 21-30 YEARS AND 1 OVER 30 YEARS OLD.
5 INCAPACITATING, 7 NON-INCAPACITATING (ONE PASSENGER)
6 MINOR INJURY AND 1 NO INJURY (passenger)

Figure 4.3. Accident Class B; Bicycle Rideout: Inter
section Controlled by Sign —  In the national 
study. Type 5 accounted for 7.8% of the fatal 
accidents and 10.1% of the non-fatal 
accidents. Almost half involved 10-15 year 
olds in the Tucson analysis.



Table 4.4. Tucson Police Department Pedalcycle Accident Report Data 1977,
Types 6 and 7a

Cyc. Hot Speed
Prob
Reap

Intersection
Related

Environment
Factors

Incorrect Action
Loc.
CodebType Date Time Age Sex Age Sex Injury* Cyc MV Cyclist Motorist Location

6 1/24 13<45 21 P 23 M 2 25 10 Bike Yes Bikeway II Ran red 
signal 
phase 
change

Grant Rd. t 
Mountain 2/3

6 1/28 16:14 17 F 67 M 2 2 5 Bike Yes Going on 
don't walk

Failed to 
see cycl.

Broadway 6
Rosemont 2/3

6 3/9 19:49 23 F 26 M 3 10 20 Bike/ Yea 
Car

Bikeway
darkness

Signal 
phase 
change 
ran red

Failed 
to yield

Campbell Ave. 
6 3rd St. 2/3

6 10/10 18:24 18 F 19 M 1 3 3 Bike/ Yes 
Car

Darkness 
no light 
on bike

Signal
phase
change

Failed 
to yield

Campbell Ave. 
6 6th St. 2/3

7a 1/22 14:35 12 H 69 M 4 2 20 Bike Yes Wet road Ran red 
light <

Broadway & 
Swan 2/2

7a 2/23 14:30 32 F 52 F 3 2 25 Bike Yes Ran red 
light

6th Ave. 6 
Congress 2/4

7a 4/19 19:24 14 M 22 F 1 5 35 Bike Yes Darkness Ran red 
light

22nd St. 6 
Kolb Rd. 2/2

7a 5/6 10:30 22 M 28 M 1 10 20 Bike Yes Wrong way 
ran red 
light

29th St. 6 
Craycroft 3/2

7a 8/8 13:06 13 F 46 M 3 5 5 Bike Yes Ran red 
light

Broadway 6 
Wilmot 2/2

7a 10/11 17:15 10 F 32 F . 1 3 5 Bike Yes Ran red 
light

Pima 6 
Craycroft 3/2

7a 10/19 11:34 23 M 54 M 1 5 0 Bike Yes Turning 
Ran red 
light

6th Ave. s 
Toole 4/4

^Injury type codest 1 - no Injury; 2 ■ minor Injury; 3 • non-incapacitating; 4 - incapacitating; 5 - death.
^Street type codes; 1 - freeway access; 2 - arterial; 3 » collector; 4 » C.B.D, street; 5 - Univ. st.; 6 - residential street; 
7 - alley; 8 • private or commercial driveway.
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TYPE 6 —  INTERSECTION CONTROLLED BY SIGNAL, SIGNAL PHASE CHANGE
TYPE 7 —  INTERSECTION CONTROLLED BY SIGNAL, MJLTIPLE THREAT.
TYPE 7a—  INTERSECTION CONTROLLED BY SIGNAL, RAN RED LIGHT.
4 TYPE 6'S AND 7 TYPE 7a's REPRESENTING 6.5% OF ALL CAR/BIKE 
COLLISIONS. TTERE V€RE NO TYPE 7 ACCIDENTS REPORTED.
4 CYCLISTS WERE 30-15 YEARS OLD, 2 WERE 15-20 YEARS.
4 ICE 21-30 YEARS, 1 OVER 30 YEARS.
1 INCAPACITATING, 3 NON-CAPACITATING, 2 MINOR INJURY AND 5 NO INJIRY. 
3 OCCURRED IN DARKNESS, ONE BIKE DID NOT HAVE LIGHTS.

Figure 4.4. Accident Class B; Bicycle Rideout: Inter
section Controlled by Signal —  In the national 
study. Type 6 accounted for no fatal accidents 
and only .6% of all non-fatal accidents. Type 
7 represented 2.4% of the fatalities and 2.8% 
of all non-fatal accidents. Type 7a accounted 
for 1.2% of all fatalities and 1.7% of all non- 
fatal accidents. All ages are equally repre
sented in these accident types.



Table 4.5 Tucson Police Department Pedalcycle Accident Report Data 1977,Type 8

Cyc. Mot. Speed
Prob
Reap

Intersection
Related

Environment
Factors

Incorrect Action
Type Date Time Age Sex Age Sex Injury* Cyc MV Cyclist Motorist Location Codeb

8 1/24 20 s 45 19 H 7 7 2 7 7 Car Comr. Dr. Darkness Hit 6 Run 22nd St. near 
Rosemont 8/2

8 2/4 15s 59 16 M 17 M 3 2 2 Car/
Bike

Comr. Dr. Loose sand 
view obsc.

Wrong way Failed 
to yield

Flowing Wells 
S. of Thurber 8/3

8 2/20 19s00 22 H 56 M 3 2 2 Car/
Bike

Priv. Dr. Darkness 
No street 
light

No lights Failed 
to yield 
on turn

3rd St. W. of 
Dodge 8/6

8 3/16 17 s 50 11 M 31 M 3 5 15 P.U./ Alley 
Bike

Dirt Road 
shoulder

Wrong way Inatten
tion

N. of Calle 
Lerdo t 12th 
Ave. 7/2

8 5/26 15 s 30 13 F 22 F 3 5 10 Bike Priv. Dr. Riding on 
sidewalk

Grant Rd. E. 
of Beverly 8/2

8 7/28 11s 45 18 M 38 F 3 10 15 Car/
Bike

Comr. Dr. Wrong way Failed
to yield 
turning

Flowing Wells 
S. of Thurber 8/3

8 8/24 12 s 10 14 F 24 M 1 2 4 Bike Comr. Dr. Wrong way 22nd St. opp. 
Bryant 8/2

8 8/31 8:15 20 F 25 F 3 5 2 Car Comr. Dr. Failed 
to yield

22nd St. opp. 
Magnolia 8/2

8 9/2 11:00 21 H 48 F 1 3 2 Car Comr. Dr. Failed 
to yield

St. Mary's Rd. 
w. of Grande 8/3

8 9/16 12:20 17 F 40 F 3 7 2 Car Priv. Dr. Bikeway Rt. turn 
Failed 
to yield

St. Mary's Rd. 
W. of San 
Rafael 8/3

8 12/27 10:38 40 M 24 M 2 10 5 Car Comr. Dr. Darkness
Rain

Failed
to yield

Stone S. of 
Speedway 8/2

“injury type codess 1 ■ no Injury; 2 - minor injury; 3 - non-incapacitating; 4 ■ incapacitating; 5 - death.
^Street type codess 1 - freeway access; 2 - arterial; 3 ■ collector; 4 * C.B.D. street; 5 ■ Univ. at.; 6 ■ residential street; 
7 ■ alley; 8 - private or commercial driveway.

00H
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TYPE 8 —  TURN fERGE: CDWERC1AL DRIVEHAY/aLLEY 
11 TYPE 8 ACCIDENTS, 6.5% OF ALL CAR/BIKE COLLI SIGNS.
3 CYCLISTS WERE 10*15 YEARS, 5 WERE 16*20 YEARS.
2 WERE 21-30 YEARS, 1 OVER 30 YEARS.
7 NON-INCAPACITATING, 2 MINOR, 2 NO INJURY.
3 OCOFRED IN IWtiOCSS, ONE BIKE DID NOT HAVE LIGHTS.
4 CYCLISTS WERE RIDING TVE WONG WAY, ONE ON SIDEWALK.

Figure 4.5. Accident Class C; Motorist Driveout: Com
mercial Driveway/Alley —  In the national 
study. Type 8 represented none of the fatali
ties and 5.4% of the non-fatal accidents. This 
may be due to the slow motor vehicle speeds 
in this accident type. These accidents mainly 
involve young adults riding along major 

_ arterial streets.



Table 4.6. Tucson Police Department Pedalcycle Accident Report Data 1977,
Type 9

Cyc. Hot. Speed
Prob
Reap

Intersection
Related

Environment
Factors

Incorrect Action
Type Date Time Age Sex Age Sex Injury® Cyc MV Cyclist Motorist Location Codeb

9 1/3 15:35 7 M 35 M 2 3 10 Car Yes Ran stop 
sign

Park Ave. 6 
2nd St. 5/5

9 1/12 17:25 14 M 42 F 2 2 1 Car/
Bike

Yes Wrong way Failed 
to yield

Oak Park t 
29th St. 6/6

9 1/15 12:30 22 F 80 F 2 10 5 Car Yes Bikeway Failed 
to yield

Mountain Ave. 
6 Glenn 3/3

9 1/28 18:35 13 M 26 H 4 10 5 P.U./ Yes 
Bike

Darkness 
no street 
light

No lights Failed 
to yield 
left turn

Euclid Ave.
6 N. 1st Ave. 6/2

9 2/1 18:50 32 M 59 M 3 15 . 2 Car Yes Darkness 
no street 
light

Failed 
to yield 
left turn

Alvernon & 
Justin Lane 6/2

9 2/19 12:15 27 F 37 F 3 5 35 Car Yes Ran stop 
sign

Cherry t 
Mabel 6/6

9 4/7 18:20 17 M 28 M 2 1 2 P.U./ Yes 
Bike

Vision 
obscured by 
trees

Walked
bike off 
sidewalk

Failed 
to yield

Stone Ave. 6 
Delano 6/2

9 4/18 8:00 34 M 36 M 2 5 15 Car Yes Failed 
to yield 
left turn

Alvernon t 
2nd St. 2/6

9 4/18 14 130 16 F 24 M 3 10 3 Car Yes Failed 
to yield

Campbell & 
Water 6/2

9 8/9 17:18 24 M 82 M 3 15 5 Car Yes Failed 
to yield

Stone Ave. 6 
Lester St. 6/2

9 8/23 16:36 31 F 35 F 2 10 5 P.U. Yes Bikeway Failed 
to yield

Mountain 6 
Glenn 3/3

9 8/31 21:56 34 M 58 F 2 5 5 Car/
Bike

Yes Darkness 
no street 
light

No lights Failed 
to yield 
after 
stop

Cherry 6 
9th St. 6/6

9 9/1 7:20 25 F 32 F 3 10 5 P.U. Yes Failed
to yield

7th St. 6 
Highland 6/6

9 9/11 17:02 14 F 19 M 3 10 10 Car Yes Rain 6 fog Failed 
to yield

Norris 6 
10th St. 6/6

9 9/16 14:50 11 M 21 F 3 2 5 Car/
Bike

Yes School X-ing Failed to 
control

Failed 
to yield

Tucson Blvd. 
6 Blacklidge 3/3

rt. turn



Table 4.6.— Continued

Cyc. Hot. Speed
Prob
Reap

Intersection
Related

Environment
Factors

Incorrect Action
Type Date Time Age Sex Age Sex Injury8 Cyc MV Cyclist Motorist Location Codeb
9 9/21 14:10 30 M 20 F 2 10 4 Car Yes Failed 

to yield 
left turn

6th St. t 
Tyndall 6/3

9 9/21 15:00 21 M 44 F 3 10 10 Car Yes Vision obsc. 
by trees

Failed 
to yield 
yld. sgn.

5th Ave. t 
15th St. 4/4

9 9/21 15:49 11 M 46 F 2 6 3 Bike/ Yes 
Car

Loose dirt Wrong way Failed 
to yield

Greenlee t 
Cherry 6/6

9 9/26 12:00 19 M 58 M 1 20 4 Car Yes Ran stop 
sign

Cherry fc 
2nd st. • 5/5

9 10/17 22:10 19 F 26 M 3 10 10 Car/
Bike

Yes Darkness 
no street 
light

No lights Failed 
to yield 
after stp,

Tyndall 6 
Mabel 6/6

9 10/24 17:20 22 M 52 F 3 10 5 Car Yes Bikeway Failed 
to yield

Mountain t 
Lester 6/3

9 10/25 19:00 24 F 7 F 1 10 5 Car Yes Darkness 
no st. light 
X-walk

Failed 
to yield

Escalante 
6 Pantano 3/3

9 10/26 17:45 13 M 47 M 3 5 15 P.U. Yes X-walk
dusk

Failed 
to yield

Kolb Rd. fc 
Kenyon 2/6

9 11/29 23:35 20 M 41 M 3 3 5 Car Yes Darkness Failed 
to yield

8th St. 6 
Sawtelle 6/6

9 12/1 8:30 21 F 24 M 3 15 2 Car Yes Bikeway Ran stop 
sign

Mountain t 
Waverly 6/3

9 12/9 12:59 18 F 82 M 4 5 30 Car Yes X-walk
Walking bike

Failed 
to yield

Alvernon S 
27th St. 2/6

9 12/15 17:00 28 F 37 F 2 25 5 P.U. Yes Darkness Failed 
to yield

Highland t 
7th St. 6/6

9 12/17 18:55 19/
20

F/F 26 M 3/3 3/3 5 Car Yes Darkness Failed Tyndall 6
to yield 4th St. 
after stop

5/5

9 11/27 16:40 11 M 30 F 4 5 45 P.U. Yes Failed 
to yield

Ajo Way t 
Freedom Lane 2/6

aInjury type codest 1 - no injury; 2 - minor injury; 3 - non-incapacitating; 4 - incapacitating; 5 - death.
^Street type codesi 1 - freeway access; 2 - arterial; 3 - collector; 4 - C.B.D. street; 5 - Univ. st.; 6 - residential street; 
7 - alley; 8 - private or commercial driveway.
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TYPE 9 —  INTERSECTION CONTROLLED BY SIGN.
29 TYPE 9'S, REPRESENTING 17.2% OF ALL CAR/BIKE COLLISIONS.
8 ACCIDENTS OCCURRED IN DARKNESS, 5 WITH NO STREET LIGHTS.
3 CYCLISTS HAD NO LIGHTS.
2 INVOLVED MOTORIST'S VISION OBSCURED BY TREES.
4 CYCLISTS WERE IN BIKEWAYS, 3 WERE IN X-WALKS. 1 SCHOOL X-ING.
2 CYCLISTS WERE RIDING TIC WONG WAY.
3 MOTORISTS FAILED TO YIELD AFTER STOP AT SIGN (DID NOT SEE CYCLIST.)
4 MOTORISTS RAN STOP SIGN.

Figure 4.6. Accident Class C; Motorist Driveout: Inter
section Controlled by Sign —  In the national 
study. Type 9 represented 1.2% of all fatal 
accidents and 10.1% of all non-fatal accidents. 
The large difference between the percentage of 
fatal and non-fatal accidents may be due to the 
slower speed at which the motorist is usually 
moving in this type of accident.
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SCHOOL CROSSING

"  V  "

TYPE 9 — INTERSECTION CONTROLLED BY SIGN.
4 MOTORISTS FAILED TO YIELD TURNING LEFT.
1 FAILED TO YIELD TURNING RIQTT (IN SCHOOL X-INC).
NO CYCLISTS WIDER ID YEARS, 7 10-15 YEARS, 8 16-20 YEARS (ONE PASSENGER) 
7 21-25 YEARS, 7 OVER 25 YEARS, 1 WKNOW AGE.
3 INCAPACITATING INJURIES, 15 NON-INCAPACITATING (ONE PASSENGER)
ID MINOR AND 2 NO INJURIES.

Figure 4 .6 Continued —  Type 9 represents the largest
number of accidents in the Tucson study and 
all ages of cyclists are represented. The 
motorist usually failed to spot the cyclist 
and when no other motor vehicles were 
approaching the motorist pulled into the path 
of the cyclist.



Table 4.7. Tucson Police Department Pedalcycle Accident Report Data 1977,Types 10 and 11

Cyc. Mot Speed
Prob
Reap

Intersection
Related

Environment
Factors

Incorrect Action
Type Date Time Age Sex Age Sex Injury® Cyc MV Cyclist Motorist Location Codeb
10 3/7 16:50 14 F 31 F 3 2 1 Car Yes X-walk Failed 

to yield 
Rt. turn

Flowing Wells 
t Prince 3/2

10 6/17 16:30 13 M 24 F 1 1 30 Car Yes Ran red 
light

Campbell 6 
Broadway 2/2

10 8/2 17:45 21 H 18 F 2 5 10 Car Yes Failed 
to yield 
1ft. turn

22nd St. 6 
Park Ave. 2/2

10 8/21 18:35 13 F 28 M * 2 2 35 Car Yes Vision
obscured

Failed 
to yield

Stella 6 
Kolb 2/3

10 11/10 8:25 8 H 23 F 2 5 5 Car Yes Failed 
to yield 
rt. turn

Broadway 6 
Cherry 3/2

11 8/23 12:25 23 F 25 F 3 10 2 Car Comr. Dr. Failed 
to yield 
backing

University 
Blvd. W. of 
Park Ave. 8/5

aInjury type codesi 1 ■ no injury* 2 ■ minor injury* 3 ■ non-incapacitating* 4 - incapacitating* 5 • death#
^Street type codes: 1 ■ freeway access* 2 ■ arterial* 3 * collector* 4 - C.B.D. street* 5 ■ Univ. st.* 6 ■ residential street* 
7 - alley* I ■ private or commercial driveway#



88

TYPE 1 0 - T lim O G E : ItOERSECTim CCffTRDLLED BY S IQ K
TYPE 11 — BACKING FRCfl PESHEHTlALyCCTT ETCIAL DRIVEWAY
TYPE 12 — MI-STOP DRBBXIT: cdmcrcial driveway/comiroujed intersection.
5 TYPE ID'S AND 1 TYPE 11, REPRESENTING 3.5S op-CAR/bIKE COLLISIONS.
(0  TYPE 1 2 's  VOE REPORTED IN 1977.
2  MOTORISTS FAILED TO YEILD TURNING RIGHT, GTE CYCLIST Y&S IN X-WLK.
1 MOTORIST FAILED TO YIELD TURNING LEFT. 1 MOTORIST RAN RED LIGHT.
1 MOTORIST'S VISION HAS OBSCURED.
1 CYCLIST UCER ID YEARS, 3  CYCLISTS gARS, AND 2 CYCLISTS

2 NON-INCAPACITATING, 3 MINOR INJURY AND 1 NO INJURY.

Figure 4.7. Accident Class C; Motorist Driveout: Inter
section Controlled by Signal —  In the national 
study. Type 10 accounted for no fatalities and 
1.7% of the non-fatal accidents. Type 11 had 
no fatalities and .8% of the non-fatal 
accidents. Type 12 accounted for 1.2% of the 
fatal accidents and 1.0% of the non-fatal 
accidents.



Table 4.8. Tucson Police Department Pedalcycle Accident Report Data 1977,
Types 13, 14, and 17a

Cyc. Mot. Speed
Prob
Reap

Intersection
Related

Environment
Factors

Incorrect Action
Loc..
Code*)Type Date Time Age Sex Age Sex Injury8 Cyc MV Cyclist Motorist Location

13 3/11 21:40 16 H 31 M 3 15 35 P.U./ NO • 
Bike

Darkness 
no st. It.

No lights Inatten
tion

Golf Links W. 
of Sahuara 2

13 4/7 18:25 21 F 26 M 3 10 30 PiU. No Dusk Inatten
tion

Grant E. of 
Plumer 2

13 9/13 23:12 25 H 19 F 3 20 20 Car No Darkness 
no st. It.

(Moped) Inatten
tion

Pantano N. 
of 5th St. 3

13 11/8 21:31 20 M 34 F 4 5 40 Car No Darkness Inatten
tion

Golf Links 
W. of Rook 3

13 12/17 16:44 9/
10

M/M 31 M 3/3 3 10 Bike No Sunset glare Walking on 
wrong side

Lakeside Dr. 
E. Of
Lakeside PI. 6

14 2/5 15:24 27 M 21 M 3 5 45 Truck No Speeding 
lost con
trol

29th St. E. 
of Irving 3

17a 5/28 20:10 17 F 7 7 4 20 7 Car/
Bike

No Darkness 
no st. It.

No lights Over 
taking 
hit 6 run

Speedway W. 
of 3rd Ave. 2

17a 8/6 22:34 57/
60

M/F 7 7 2/4 5 40 Car No Darkness Hit 6 run Winsett W. of 
Paseo Luisa 6

“injury type codes: 1 ■ no injury; 2 • minor injury; 3 - non-incapacitating; 4 - incapacitating; 5 - death.
^Street type codes: 1 ■ freeway access; 2 - arterial; 3 ■ collector; 4 * C.B.D. street; 5 » Univ. at.; 6 - residential street; 
7 ■ alley; 8 « private or commercial driveway.
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TYPED-BICYCLE NOT DETECTED.
TYPE 14 — TUTOR VEHICLE CUT OF QJTTKL.
TYPE 15 — COUNTERACTIVE EVASIVE ACTION.
TYPE 15 -  MISJUDGED SPACE REQUIRED TO PASS.
TYPED-BICYCLIST PATH OBSTRUCTED.
TYPE D a-  WERTAKIMG, HIT AID RUN.
5 TYPE B'S 1 TYPE 14, AND 2 TYPE Da's, REPRESENTING 4.7% OF ALL
„ ALL CAR COLLISIONS.
5 ACCIDENTS OCCURRED IN DARKNESS, 3 OF TKESE WITH NO STREET UMTS, • 
, 2 WITH NO LIGHTS ON BIKE.

Figure 4.8. Accident Class D; Motorist Overtaking —  In 
the national study. Type 13 accounted for an 
overwhelming 24.6% of the fatal accidents and 
5.1% of the non-fatal accidents. Type 14 
represented 4.2% of the fatalities and .8% of 
the non-fatalities. Type 15 represented 2.4% 
of the fatal accidents and 1.7% of the non- 
fatal accidents. Type 16 represented 1.8% of 
the fatal accidents and 2.0% of all non-fatal 
accidents. Type 17 represented .6% of the 
fatalities and 2.0% of the non-fatalities.
Type 17a represented 4.2% of all fatal acci
dents and .1% of the non-fatal accidents. It 
is assumed that rural accidents account for the 
high fatality percentage. Almost all the acci
dents of these types occurred during darkness 
in the Tucson study.



Table 4.9. Tucson Police Department Pedalcycle Accident Report Data 1977,
Types 18, 19, 20, and 21

Cyc. Hot. Speed Incorrect Action
Type Date Time Age Sex Age Sex Injury® Cyc MV

Prob
Reap

Intersection
Related

Environment
Factors Cyclist Motorist Location

Lo g..
Code"

18 4/1 14*05 15 F 21 H 2 10 35 Bike Yes Left turn 
Changed 
lane in 
front of

Golf Links t 
Calle Yucatan 3

car
18 7/1 17*01 14 F 63 M 2 10 30 Bike Yes Failed 

to yield 
left turn

Tucson Blvd. 6 
Hedrick 3/6

18 8/8 13*15 17 M 21 H 3 3 35 Bike Yes Failed 
to yield 
left turn

Swan t Glenn 2/3

18 9/19 17*00 9 M 24 F 2 3 25 Bike Yes Failed
to yield 
left turn

Columbus 6 
Cooper 3/6

18 9/27 8*28 8 F 44 F 3 5 25 Bike Priv. Dr. Failed 
to yield 
left turn

Tucson Blvd.
S. of Kleindale 3/8

18 11/18 17*25 9 F 26 M 3 3 25 Bike Alley Darkness 
no st. It.

Failed 
to yield 
left turn

Mountain S. of 
Spring 3/7

19 2/5 11*00 25 F 70 M 3 10 20 Bike Yes Left turn 
failed to 
yield

Flower 6 
Richey 6/6

19 4/24 23*10 22 F 33 H 2 5 20 Bike Yes Darkness Left turn 
failed to 
yield

Speedway 
t Park 6/2

19 5/15 18*45 19 M 42 F 3 5 30 Bike Yes Left turn 
failed to 
yield

Swan 6 Glenn 2/3

19 10/12 17*05 21 M 64 F 3 10 3 Bike Corar. Dr. Failed to 
yield 
left turn

Speedway 
E. of Howard 8/2

20 6/17 14*12 35 H 25 M 3 5 25 Bike No Epileptic
seizure

Swerve left 
failed to 
control

Camino Seco 6 
E. Wildcat Dr. 3

20 8/8 19:06 9 F 19 F 3 5 15 Bike No Swerve
left

Liberty N. of 
Calle Francita 6

voH



Table 4.9.— Continued

Cyc. Hot. Speed
Prob
Reap

Intersection
Related

Environment
Factors

Incorrect Action
Type Date Time Age Sex Age Sex Injury* Cyc MV Cyclist Motorist Location Code*)

20 9/19 14 159 13 M 64 F 2 3 25 Bike Ho U-turn 
failed to

Richey S. of 
Glenn 6

21 * 6/2 20:04 8 F 29 H 3 5 20 Bike Ho Darkness 
no street 
lighy

Ho lights 
wrong way 
rt. turn

18th St.
E. of 8th Ave. 6

21 9/8 17:08 15 M 47 H 3 10 40 Bike Ho Wrong way 
cut over

Golf Links 
E. or Marc 3

"aInjury type codesi 1 - no injury; 2 • minor injury; 3 - non-incapacitating; 4 ■ incapacitating; 5 » death.
^Street type codesi 1 - freeway access; 2 ■ arterial; 3 ■ collector; 4 - C.B.D. street; 5 - Univ. at.; 6 ■ residential street; 
7 - alley; 8 - private or commercial driveway.
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Vr

3^000 oil—

■rrros -mn^2

TYPE 18 -  CYCLIST l£ H  TURN, PARALLEL PATHS, SHE  DIRECTION.
TYPE 1 9 - CYCUST LEFT TURN, PARALLEL PATHS, F O G  APPROACH.
TYPE 20 - CYCLIST SWEWE LEFT, PARALLEL PATHS, SATE DIRECTION.
TYPE 2 1  -  WRONG HAY CYCLIST TURNS RIGHT, PARALLEL PATHS.
6 TYPE 18's, 4 TYPE 19's, 3 TYPE 20'S AfO 2 TYPE 21's REPRESENTING 3.92 OF ALL CAR/BIKE COLLISIONS.
3 OCCURRED DURING DARKNESS, 2 WITH NO STREET LIGHT.
5 CYCLISTS UNDER ID YEARS. 4.CYCUSTS,1D-15 YEARS, 2 CYCLISTS 
16-21) YEARS, 3 CYCLISTS 21-25 YEARS, 1 OVER 25 YEARS.
10 NON-INCAPACITATING AND 5 MINOR INJURIES.

Figure 4.9. Accident Class E; Bicyclist Unexpected
Turn/Swerve —  In the national study, Type 18 
accounted for 8.4% of the fatal accidents and 
8.4% of the non-fatal accidents. Type 19 
accounted for 3.0% of the fatalities and 3.1% 
of the non-fatalities. Type 20 represented 
3.6% of the fatal accidents and 1.5% of the 
non-fatal accidents. Type 21 accounted for 
1.2% of the fatalities and 1.2% of the non
fatalities. In the Tucson study, young 
cyclists were involved in the majority of 
these accidents.



Table 4.10. Tucson Police Department Pedalcycle Accident Report Data 1977,
Type 23

Cyc. Mot. Speed Incorrect Action
Type Date Time Age Sex Age Sex Injury8 Cyc MV

Prob
Reap

Intersection
Related

Environment
Factors Cyclist Motorist Location

Loc.,
Code'

23 1/6 19:10 24 M 60 M 3 15 5 Van/
Bike

Yes Darkness no 
street light

No lights Failed to 
yield 
left turn

29th St. £ 
Van Buren 3/6

23 1/10 18:24 27 M 21 F 4 35 25 Bike/ Yes Darkness
X-walk

No lights Failed to 
yield 
left turn

6th St. 6 
Fremont 5/3

23 1/14 16:30 23 M 31 M 3 15 10 Car Comr. Dr. Bikeway Failed to 
yield 
left turn

St. Mary's Rd. 
W. of Grande 8/3

23 1/19 15:45 20 M 22 M 2 25 5 Car Yes Curve in 
street

Failed to 
yield 
left turn

Park Ave. 
6 Lowell 5/5

23 3/9 7:40 23 F 28 M 3 15 20 Car Yes Failed to 
yield 
left turn

6th St. £ 
Stone 3/2

23 3/11 1:30 23 M ? ? 3 10 20 Car/
Bike

Yes Darkness 
no at. 
lights

No lights Failed to 
yield 
left turn 
hit 6 run

9th St. £ 
Fremont 6/6

23 4/6 19:20 22 M 20 M 2 15 5 Bike Park
entrance

Darkness No lights Left turn Tucson Blvd. 
opp. 2nd St. 8/3

23 4/28 16:00 19 M 29 M 2 15 5 Car Yes Failed to 
yield 
left turn

Euclid £ 
Speedway 2/2

23 4/29 14:45 19 M 62 F 3 15 5 P.U. Yes Failed to 
yield 
left turn

1st Ave. £ 
Ft. Lowell 2/3

23 8/31 8:12 26 M 36 F 3 10 5 Car Priv. Dr. Failed to 
yield 
left turn

Columbus 
N. of 5th St. 8/3

23 9/6 17:17 25 F 16 F 3 5 10 P.U. Comr. Dr. Failed to 
yield 
left turn

Park Ave.
N. of Speedway 8/6

23 10/17 18:15 19 M 44 F 4 15 10 Car Priv. Dr. Rain
Darkness
Bikeway

Failed to 
yield 
left turn

Mountain 
S. of Prince 8/3

23 10/17 18:50 34 M 23 M 1 10 5 Bike Yes Rain
Darkness

No lights Left turn Speedway fc 
7th Ave. 4/2

kd



Table 4.10.— Continued

Cyc. Hot. Speed Incorrect Action
Type Date Time Age Sex Age Sex Injury* Cyc MV

Prob
Reap

Intersection
Related Factors Cyclist Motorist Location

Loc.,
Code'

23 10/24 16:30 21 M 42 F 4 5 10 Car Yes X-walk Failed to 
yield 
left turn

Swan & 
Broadway 2/2

23 10/31 14:45 22 H 33 F 3 10 15 Car Yes Sun glare Failed to 
yield 
left turn

Pima t 
Alvernon 2/3

23 11/9 16:58 20 M 23 F 4 15 5 Car Yes Sun glare Failed to 
yield 
left turn

Speedway 6 
N. Freeway Ave. 2/1

23 12/8 12:33 19 M 30 H 1 10 10 Car Yes Failed to 
yield 
left turn

Cherry 6 
2nd St. 5/5

23 12/15 13:00 26 M 78 M 2 10 5 Car Comr. Dr. Failed to 
yield 
left turn

Park Ave.
N. of Speedway 8/3

23 12/19 13:25 14 M 34 M 4 15 5 Van Yes Failed to 
yield 
left turn

Liberty 6 
Ohio 6/6

23 12/29 11:28 12 M 78 M 4 10 10 Car Yes Failed to 
yield

Roseieont 6
Broadway 2/6

left turn

aInjury type codest 1 ■ no injury; 2 ■ minor injury; 3 ■ non-incapacitating; 4 - incapacitating; 5 - death.
^Street type codes: 1 - freeway access; 2 • arterial; 3 - collector; 4 - C.B.D. street; 5 - Univ. st.; 6 - residential street; 
7 ■ alley; 8 « private or commercial driveway.
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TYPE 22 -  UEXPECIED LEFT H R I, PARALLEL PATHS, SflfE DIRECTim.
TYPE 23 -  UEXPECIED LEFT TURN, PARALLEL PATHS, FACINTi APPRQAGI.
NO TYPE 22'S AND 20 TYPE 23*S REPRESENTING 11.K  OF CAR/filKE COLLISIONS.
6 OCORRED IN DARKNESS, 2 WITH NO STREET LIGHTS, 5 WITH NO LUMPS

ON BIKE.
2 INVOLVED SIM GLARE.
2 CYCLISTS WERE IN BIKEWAYS. 2 WERE IN X-WALKS.
7 OCCURRED ON ARTERIALS, 11 ON COLLECTOR STREETS, 8 ON RESIDENTIAL/

DIVERSITY STREETS.
2 CYCLISTS 10-15 YEARS, 6 CYCLISTS 16-20 YEARS, 3 CYCLISTS 21-25 YEARS 

AND *1 CYCLISTS OVER 25 YEARS.
6 INCAPACITATING, 8 NON-INCAPACITATING, A MINOR AND 2 NO INJURIES.

Figure 4.10. Accident Class F; Motorist Unexpected Left
Turn —  In the national study, Type 22 repre
sented .6% of the fatal accidents and 1.3% of 
the non-fatal accidents. Type 23 represented 
none of the fatalities and 7.6% of the non
fatalities. Type 23 represents the second 
largest number of accidents in the Tucson 
study. In May, 1978, a bicyclist was killed 
in Tucson in a Type 23 accident. The 
severity of this accident type is not 
apparent from the national data. Notice the 
increase in severity of injury between 
cyclist left turn and motorist left turn in 
the Tucson study.



Table 4.11.— Continued

Cyc. Hot Speed
Prob
Reap

Intersection
Related

Environment
Factors

Incorrect Action
Typo Date Time Age Sex Age Sex Injury8 Cyc MV Cyclist Motorist Location Codeb

24 9/7 7:50 23 M 35 M 3 20 10 Car Comr. Dr. Rt. turn 
in front 
of bike

Grant Rd. W. of 
Country Club 8/2

24 9/20 16:50 23 M 25 F 3 20 10 Car Comr. Dr. Failed to 
yield 
rt. turn

Broadway E. of 
Manchester 8/2

24 10/18 9:32 22 H 40 M 3 5 5 Bike/ Yes 
Car

Failed 
to yield

Rt. turn 
in front 
of bike

2nd St. t 
Warren 5/5

aInjury type codes: 1 - no injury; 2 - minor injury; 3 - non-incapacitating; 4 ■ incapacitating; 5 ■ death.
^Street type codes: 1 - freeway access; 2 ■ arterial; 3 ■ collector; 4 - C.B.D. street; 5 ■ Univ. st.; 6 ■ residential street; 
7 - alley; 8 - private or commercial driveway.
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13

1

TYFE 24 — MOTORIST IIEXPECTED RIGHT TUHI, PARALUEL PADS.
15 TYPE 21<'S, REPRESENTING 3.92 OF ALL CAR/BIKE COLLISIONS.
ONE OCCURRED IN DARKNESS.
ONE CYCLIST WAS ON BIKEWAY, ONE IN X-WALK.
ONE CYCLIST WAS RIDING "DC WRONG WAY.
ONE CYCLIST RAN INTO ANOTHER CYCLIST AVOIDING RIGHT TURNING CAR.
2 CYCLISTS 30-15 YEARS, 2 CYCLISTS 36-20 YEARS, 5 CYCLISTS AND I passenger 21-25 years, 6 cyclists oyer 25 years.
15 NON-INCAPACITATING INJURIES (2 PASSENGERS), 1 MINOR INJURY AND 
1 NO INJURY.

Figure 4.11. Accident Class F; Motorist Unexpected Right 
Turn —  In the national study. Type 24 
accounted for 1.8% of all fatal accidents 
and 5.6% of the non-fatal accidents. This 
is only about half of this type‘s representa
tion in the Tucson study. Many older 
cyclists were involved in this accident 
type in Tucson.



Table 4.12. Tucson Police Department Pedalcycle Accident Report Data 1977,
Type 25

Cyc• Hot. Speed
Prob
Reap

Intersection
Related

Environment
Factors

Incorrect Action
Type Date Time Age Sex Age Sex Injury1 Cyc MV Cyclist Motorist Location Code**
25 2/23 17:00 7 M 39 F 4 10 25 Bike Yes No sign Failed 

to yield 
wrong way

Andrews St. 4 
Francis Ave, 6/6

25 4/20 17:45 38 H 17 F 3 5 20 Bike Yes No sign Failed 
to yield

Edison 6 
Fremont 6/6

25 5/3 10:35 8 F 21 H 3 5 25 Bike Yes No sign Failed 
to yield

Treat fc 
24th St. 6/6

25 5/4 18:24 16 M 23 F 3 10 25 Car Yes No sign Failed to 
yield

H. 19th St, 6 
S. 8th Ave. 6/6

25 0/12 19:59 8 M 43 F 3 10 20 Bike Yes Darkness 
no sign 
no st. It.

Failed 
to yield

Riverview 6 
Aztec 6/6

25 10/4 7:25 17 M 26 H 3 5 20 Bike Yes Road repair 
gravel 
no sign

Failed 
to yield 
left turn

Lee t Woodland 6/6

25 11/30 7:50 24 F 42 H 2 2 3 Car/
Bike

Yes No sign Failed 
to yield

Failed to 
yield 
left turn

Anderson 6 
1st St. 6/6

aInjury type codesi 1 - no injury; 2 - minor injury; 3 - non-incapacitating; 4 - incapacitating; 5 - death.
^Street type codes: 1 ■ freeway access; 2 - arterial; 3 ■ collector; 4 - C.B.D. street; 5 - Univ. st.; 6 - residential street; 
7 • alley; 8 - private or commercial driveway.
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TYPE 25 — VEHI
7 TYPE,25's AT RESlDENriAL INTERSECTIONS WITH NO SIGN, REPRESENTING 4.1% OF AUL CAR/BIKE COLLISIONS.
1 OCOJtRED IN HARNESS WITH NO STREET LIGHT.
2 CYCLISTS UNDER 10 YEARS, 2 CYCLISTS 16-20 YEARS, 1 CYCLIST21-25 YEARS, 1 CYCLIST OVER 25 YEARS AND I CYCLIST OF INKNOW AGE.
1 INCAPACITATING, 5 NON-INCAPACITATING AND 1 MINOR INJURY.

Figure 4.12. Accident Class G; Other: Type 25 —  In the
national study. Type 25 represented .6% of 
all fatalities and 2.8% of all non
fatalities. The higher percentage of this 
accident type in Tucson may indicate that 
there is a higher percentage of uncontrolled 
intersections here than in the national 
average.



Table 4.13 Tucson Police Department Pedalcycle Accident Report Data 1977,
Types 36, 37, 38, and 29 Along with Non Car/Bike Accidents

Cyc Hot Speed
Prob
Reap

Intersection
Related

Environment
Factors

Incorrect Action
Type Date Time Age Sex Age Sex Injury® Cyc MV Cyclist Motorist Location Codeb
36 2/2 10:45 21 H 22 M 3 10 0 Car No Opened 

car door 
into 
traffic

Congress E. 
of Stone 4

36 4/18 15:05 22 M 22 M 3 10 0 Car No Bikeway Pass.
opened
door in 
front of 
bike

Mountain N. 
of 2nd St. 5

—  — 2/6 17:15 34/
4

M/F 3/3 25 Bike No Bump in 
road

Lost
control

Gollob N. of 
9th St. 6

—  — 2/16 8:50 32 F 3 20 Bike No Purse 
caught in
wheel

Alvernon 
N. of Grant 2

36 3/30 16:45 39 M 19 F 1 0 15 Car Y#e Trike 
stopped at 
signal

(Adult
trike)

Following 
too. close 
rear end

Ft. Lowell 
6 1st Ave. 2

36 7/10 23:27 17 M 20 M 3 0 10 P.U. Ye# Bike
stopped at 
light

Following 
too close 
rear end

6th Ave. 6 
1-10 Access 2/1

37 1/26 15:01 18 F 64 M 3 25 0 Bike Comr. Dr. Car stopped 
for car in 
drive

Failed
to yield 
rear end

Speedway 
W. of D odge 8/2

36 9/21 18:45 14 F 20 M 2 10 40 P.U./ NO 
Bike

Darkness Wrong way Swerved 
into 
cyclist 
hit t run

5th St.
W. of Arcadia 3

— —  , 10/6 19:40 20 F 3 7 Bike Rain dark
ness no 
st. light

Drinking
lost
control

4th Ave.
N. of Linden 3

9/5 ,18:26 51 M 4 7 Bike No Dusk Inatten
tion ran 
into
parked car

5th Ave. S. 
of Broadway 4

11/14 19:08 25 F 3 15 Hoped No Darkness Lost
control

Stone N. of 
5th St. 2

“injury type codest 1 - no injury; 2 - minor injury; 3 - non-incapacitating; 4 - incapacitating; 5 - death.
^Street type codes; 1 - freeway access; 2 - arterial; 3 - collector; 4 - C.B.D. street; 5 - Univ. et.; 6 - residential street; 
7 - alley; 8 - private or commercial driveway.
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shp
TYPE 36 - mrORIST PEAR ENDS CYCLIST STOPPED foR TRAFFIC.
TYPE 37-CYCLIST FEAR ENDS M3TORIST STOPPED FOR TRAFFIC.
TYPE 33 - MOTORIST OR PASSENGER OPENS CAR DOOR INTO CYCLISTS PATH. 
TYPE 39 - MOTORIST SERVES INTO CYCLIST, HH AID RUN.
2 TYPE 36's, 1 TYPE 37, 2 TYPE 38'S, AND 1 TYPE 39, REPfESENTlNG 

3.6% OF ALL CAR/B1KE COLLISIONS.
1 CYCLIST ID-15 YEWS, 3 CYCLISTS 16-20 YEARS, 3 CYCLISTS 21-25 YEARS, 
4  CYCLISTS OVER 25 YEARS AND 1 PASSEN5ER 4  YEARS OLD.
1  INCAPACITATING, 9 NON-INCAPACITATING Q  PASSENGER) 1  MINOR INJURY 

AND 1 NO INJURY.
There were 5 accidents reported by the Tucson Police involving 
BICYCLES THAT DID NOT INVOLVE MOTORISTS REPRESENTING 3% OF ALL 
ACCIDENTS REPORTED.

Figure 4.13. Accident Class G; Other: Types 36-39 —
These accident types were not included in 
the national study by Dr. Cross (1978). 
Evidently these types were not encountered 
or are included under other accident types. 
The accident types appear to be fairly 
common— there is no indication of why they 
do not show up in the national data.
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the figures, next to each car/bike configuration, represent 
the number of accidents of that type.

The street types (arterial, collector, residen
tial, etc.) were assigned according to the data presented 
by Wright (1975) in his study of accessibility and land use 
in Tucson. The types were confirmed in conversation with 
Corbett (1978).

Cross (1978) investigated the following types of 
accidents not represented in the study of Tucson's car/bike 
collisions in 1977. Type 26: Vehicles collide head-on, 
wrong way bicyclist; representing 2.4% of all fatal acci
dents and 3.6% of all non-fatal accidents. Type 27: Bi
cyclist overtakes car; representing .6% of the fatal acci
dents and .9% of the non-fatal accidents. Type 28: Vehicles 
collide head-on wrong-way motorist; representing 1.8% of 
the fatal accidents and .8% of the non-fatal accidents.
Type 29: Collision in parking lot or other open area, 
orthogonal paths; representing .6% of the fatal accidents 
and .8% of the non-fatal accidents. Type 30: Vehicles 
collide head-on, counteractive evasive action; accounting 
for no fatalities and only .1% of the non-fatalities. Type 
31: Bicyclist cuts corner while turning left, orthogonal 
paths; representing .6% of the fatal accidents and no non- 
fatal accidents. Type 32: Bicyclist swings wide while 
turning right, orthogonal paths; representing no fatalities 
and .3% of the non-fatalities. Type 33: Motorist cuts
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corner while turning left, orthogonal paths; representing 
no fatalities and .4% of the non-fatalities. Type 34: 
Motorist swings wide while turning right, orthogonal paths; 
representing no fatalities and .1% of the non-fatalities. 
Type 35: Motorist driveout from on-street parking; repre
senting no fatalities and 1.1% of the non-fatal accidents. 
Type: Freak, insufficient information to classify; repre
senting 7.2% of all fatal accidents and none of the non- 
fatal accidents.



CHAPTER 5

FINDINGS, CONCLUSIONS, AND 
RECOMMENDATIONS

Findings
The analysis in Chapter 4 has shown many of the 

behavioral factors associated with car/bike collisions. The 
more standard epidemiologic variables of time and place of 
incident and age of cyclist related to injuries are analyzed 
in these findings. The accident report form (shown in 
Appendix A) supplies quite detailed information, much of 
which has not been extensively analyzed in this study. 
However, many questions are raised just with the variables 
considered here.

Table 5.1 shows the percentage of accidents attrib
utable to each age group. The three categories of ages 
were determined using sociological rather than biological 
criteria. The first age group, under 16, covers the period 
of one's behavioral development. It is assumed that at age 
16, everyone has the right to apply for a driver's license. 
It is at age 16 that most of us accept the rights and 
duties of the rules of the road. Age 25 was arrived at 
from the observation that most insurance companies have 
higher rates for those under 25. The boundary 25 was in 
eluded in the second age group. In Table 5.2, it can be

106
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Table 5.1. 1977 City of Tucson Car/Bike Collision

Statistics

63/169 or 37.3% under 16 years old.
76/169 or 45.0% 16 through 25 years old.
28/169 or 16.6% over 25 years old.
2 car/bike collisions with cyclist age unknown.
Ill serious injuries or 65.7% of car/bike collisions.
58 minor or no injuries or 34.3% of car/bike collisions.
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Table 5.2. Age of Pedalcyclists 

1975-1977
Involved in Accidents,

Relative Cum
Absolute Freq Freq

Age Freq (pet) (pet)
0-2 18 3.6 3.6

3 1 0.3 3.8
5 6 1.2 5.0
6 13 2.6 7.5
7 10 2.0 9.5
8 17 3.4 12.9
9 14 2.8 15.7
10 15 3.0 18.7
11 15 3.0 21.6
12 28 5.6 27.2
13 29 5.8 32.9
14 19 3.8 36.7
15 32 6.3 43.1
16 21 4.2 47.2
17 19 3.8 51.0
18 29 5.8 56.7
19 23 4.6 61.3
20 27 5.4 66.7
21 20 4.0 70.6
22 20 4.0 74.6
23 15 3.0 77.6
24 20 4.0 81.5
25 13 2.6 84.1
26 12 2.4 86.5
27 6 1.2 87.7
28 7 1.4 89.1
29 9 1.8 90.9
30 3 0.6 91.5
31 3 0.6 92.1
32 4 0.8 92.9
33 2 0.4 93.3
34 3 0.6 93.8
35 1 0.2 94.0
36 2 0.4 94.4
37 1 0.2 94.638 2 0.4 95.0
39 1 0.2 95.2
40 1 0.2 95.4
41 1 0.2 95.6
42 1 0.2 95.8
44 2 0.4 96.2
45 4 0.8 97.048 1 0.2 97.2
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Table 5.2.— Continued

Relative Cum
Absolute Freq Freq

Age Freq (pet) (pet)
51 2 0.4 97.6
53 1 0.2 97.8
54 1 0.2 98.0
55 2 0.4 98.4
57 1 0.2 98.6
59 1 0.2 98.8
62 1 0.2 99.0
67 1 0.2 99.2
72 1 0.2 99.4
74 1 0.2 99.6
81 1 0.2 99.8
96 1 0.2 100.0

Total 504 100.0
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seen that there is a substantial drop in accident involve
ment from an average of 3.5% each for 23 and 24 year olds 
to an average of 2.5% each for 25 and 26 year olds. There 
were four people that were 25 years old and sustained a 
reported accident; this is 2.3% of the 174 accidents 
reported in 1977. There were three 25 year olds involved 
in car/bike collisions, which is only 1.7% of all car/bike 
collisions.- The over-25 age group had the least number of 
accidents of the three groups, with no estimate for the 
total miles traveled for each group, no inferences can be 
made. The 0-2 age group is assumed to include those of 
unknown age and at least one 3 year old and one 4 year old 
who were passengers on their parents' bicycles.

In Table 4.13, we saw that there were five acci
dents that did not involve car/bike collisions in 1977.
From the national data we know that non-car/bike collisions 
account for almost 90% of all pedalcycle accidents. There 
is no logical explanation for the.inclusion of these five, 
and only these five, in the police accident reports. The 
base maps (ChartAmerica Corporation, 1977) in Figures 5.1 
and 5.2 were drawn in by hand, the round dots were on the 
original maps. The locations for all 174 reported acci
dents are plotted. All age groups are fairly evenly dis
persed geographically, with a slightly higher concentration 
of 16 through 25 year olds near The University of Arizona
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area. It is difficult to determine why some of the minor 
and no-injury accidents were reported.

It is interesting to note that a study of Figure 
5.2 along with Table 5.3 shows that almost 10% fewer 
serious accidents occurred along arterial streets than on 
either collectors or residentials. There are also about 
10% more minor accidents reported on arterials than on 
other streets— this may be because the police are on 
arterials a greater amount of time and see more accidents 
that would not be reported otherwise. One hypothesis is 
that there is not a very great exposure or volume of 
cyclists on the arterials. Another is that the majority of 
people who ride on arterials are fairly experienced cyclists 
and do not make as many mistakes as less experienced 
cyclists. However, we should not equate age with experience 
in all cases and there are no data on the report form that 
gives riding experience. Age does indicate experience, as 
can be seen from Table 5.4— the cyclists over 25 were 
responsible in less than half of their collisions, 13/28, 
while auto drivers were responsible in 15/28. This is also 
true for the 16-25 year olds with 36/76 their responsi
bility and 40/76 the responsibility of the auto driver.
This suggests that once a person has learned the rules of 
the road, the responsibility for the initiation of the 
collision is fairly equally divided among drivers and 
riders. In Table 5.4, "P.U.11 represents pickup trucks and
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Table 5.3. Accident Percentage According to Location

Arterial Streets Collector Streets Residential Streets
42 or 60.9% Serious 30 or 68.2% Serious 39 or 69.6% Serious
27 or 
No

39.1% Minor/ 14 or 
No

31.8% Minor/ 17 or 
No

30.4% Minor/

34.8% under 16 yrs 36.4% under 16 yrs 41.1% under 16 yrs
49.3% 16-25 years 43.2% 16-25 years 41.1% 16-25 years
15.9% over 25 yrs 20.4% over 25 yrs 14.3% over 25 yrs 

3.5% unknown age

Table 5.4. Responsibility for Initiation of Collision

Bike Bike/Car Bike/P.U.(44.4%) (13%) _ (3.5%)
45 under 16 yrs 5 under 16 yrs 3 under 16 yrs
20 16-25 yrs 13 16-25 yrs 3 16-25 yrs
9 over 25 yrs 4 over 25 yrs
1 unknown age

Car P.U.
(32%) (7.1%)

7 under 16 yrs 3 under 16 yrs
34 16-25 yrs 6 16-25 yrs
12 over 25 yrs 
1 unknown age

3 over 25 yrs
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vans. It was thought that they were over-represented in 
the sample, but these vehicles do account for about 25% of 
the total for automobiles in number of vehicles registered, 
as well as 25% of accident involvement.

Figure 5.3 shows that late summer and fall have 
the greatest number of accidents. This is probably 
directly related to exposure, with more, people riding during 
that time. However, another peak in the spring can be seen, 
indicating a mild riding climate almost year-round in 
Tucson.

Figure 5.4 shows that Saturday arid Sunday have the 
least number of accidents. This is contrary to what would 
be expected if a large part of the riding was recreational 
in nature. There is no reason to suppose that accidents 
are under-reported on the weekeneds.

It can be clearly seen in Figure 5.5 that pedal- 
cycle accidents are grouped around 8:00 a.m. and 4:30 p.m. 
This would suggest that pedalcycle accidents are linked to 
the volume of motor vehicle traffic or else that there is 
a higher than expected number of bicycle commuters in the 
Tucson area. University students are out riding at all 
times of day, and do not account for the peaks matching the 
rush hour traffic times.

Figure 5.6 shows the number and severity of in
juries sustained by each age group. Females are involved 
in accidents a little over half as much as males in the .
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first two age groups and under half in the over 25 age 
group. This may represent a difference in exposure, as 
has been found in other studies. There is no way to know 
for sure— with the data presently available— how to best 
explain the number of each sex involved in accidents.
Males under 16 have a higher proportion of minor injuries 
and a higher proportion of incapacitating injuries. This 
may be due to their higher involvement in collisions in 
which the auto strikes a bicycle that is suddenly in the 
auto's path, whether the auto is traveling slow or fast.
This is the case with the only pedalcycle death in 1977, in 
which a 6 year old boy suddenly emerged from an alley in 
front of a lady driving straight along at 25 miles per 
hour.

It can be seen in Figure 5.7 that there is some 
correlation between motor vehicle speed and severity of 
injury. However, there is no sharp increase in the number
of incapacitating injuries as vehicle speeds increase.\
This suggests that severity of injury also depends upon the 
cosine of angle of impact, body parts struck, age of 
cyclist, and pre-event health of cyclist. Only the age with 
respect to severity of injury can be determined from the 
accident reports, as was shown in Figure 5.6. An incapaci
tating injury, denoted by the digit 4 in the proper location 
on the report form, represents any injury in which the 
victim had to be carried from the scene of the accident.
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This could be anything from a leg fracture to a skull 
fracture and indicates one of the shortcomings in the 
available data. v

As can be seen from a study of Chapter 4, many of 
the collisions were the result of failure to yield right- 
of-way by both motorist and cyclist. While failure to 
yield is usually the result of inattention, some may be due 
to a driving or riding task overload. This is suggested by 
the higher number of accidents occurring in rush hour 
traffic when both driver and rider may find it necessary to 
divide their attention among more than one potential 
hazard. There is no explanation given for the failure to 
yield right-of-way on the accident report. Therefore, at 
present, this inference is unsupported.

It was expected that many of the car/bike collisions 
might be due to a conflict over road space while both 
vehicles were traveling in the same direction. However, 
less than 4% of all car/bike collisions were the result of 
the motorist overtaking the cyclist. The surprising 
result was that over 90% of all car/bike collisions took 
place at either street intersections or the intersections 
of streets with alleys or driveways. Motorist overtaking 
cyclist is a relatively insignificant threat to pedal- 
cyclist safety, even though it is perceived as a).major 
threat by the cyclists. As was seen in Chapter 4, most 
overtaking collisions occurred at night. As long as the

122
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motorist can see the cyclist there appears to be very little 
danger of this type of collision, according to the data for 
1977.

Kaplan (1975), in his survey of the League of 
American Wheelmen, found that older, more experienced riders 
had a lower accident rate than younger riders. However, 
when only those accidents requiring medical treatment were 
considered, this trend is reversed. The youngest group, 
16-25, had a rate of 24.3 serious accidents per million 
miles, the rate for the 26-35 age group was 33.8, the rate 
for the 36-45 age group was 27.4, for the 46-55 group it was 
37.2, 41.7 for the 56-65 age group, and dropping to 22.8 
for the 66-82 age group. This may indicate a greater 
vulnerability to injury in older cyclists.

Many other relationships of cyclist age to accident 
type (behavior preceding accident) have been noted in 
Chapter 4. It appears that all age groups are represented 
to some extent, in each accident type. No conclusive in
ferences should be drawn, however, without a valid and 
reliable estimate of the riding exposure in each age group.

The metropolitan transportation system appears to 
operate in three basic states. The system is in the empty 
state, characterized by very little traffic and almost no 
accidents, from about 2 a.m. until 5 or 6 a.m. The system 
operates in the rush hour state from 6 a.m. until 9 a.m.



and from 3:30 p.m. until 6 p.m. At all other times the 
system is in the normal operating state.

A comparison of the motor vehicle traffic volume 
map in Figure 2.1 with the maps in Figures 5.1 and 5.2 
suggests that there is not a high rate of pedalcycle acci
dents on major arterials, compared to what might be
expected with the high volume of motor vehicles on the

\

arterial streets. Again, without knowing the amount of 
cycling exposure on arterial streets, compared with miles 
of travel on residential streets, no definite conclusions 
should be inferred.
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Conclusions
The present epidemiologic study suggests a variety 

of countermeasures that may be developed to reduce injury 
and loss due to motor vehicle/pedalcycle collisions. The 
countermeasures will be presented according to their place 
in the conceptual structure of the matrix of Host, Agent, 
and Environment with each phase of pre-event, event, and 
post-event.

Before presenting the specific countermeasures, a 
few remarks about their implementation are in order. Many 
studies cited by the Insurance Institute for Highway Safety 
(1978b) point out the difficulty of assigning value to 
human life and suffering and the resultant problems involved 
in a cost-benefit analysis. In his text on the application



125
of general systems methodology to large, complex problems, 
Wymore (1976) points out that some confusion exists in 
economic analysis concerning criteria. On the one hand, 
there is benefit/cost analysis and on the other hand there 
is cost/effectiveness analysis. Benefit/cost analysis 
assumes that only certain limited resources are given and 
asks for the economic value of alternate outputs or ob
jectives. Cost/effectiveness assumes a given objective and 
asks for alternate ways, with varying costs, of achieving 
that objective.

We must also consider the question of pedalcyclist 
safety within the context of the safety of all road users 
of the system. Pedestrians, many of which are children, 
disabled, or elderly should be given special consideration 
when developing the safety modifications to the metro
politan surface transportation system— we are all pedes
trians to some extent.

Until the recent substantial financial commitment 
by the Federal government toward increasing the avail
ability and ridership of mass transit, our transportation 
system has been dominated by Highway Trust Fund money. This 
has created a continuously expanding and increasing type of 
system known as a positive feedback system. This type of 
system is characterized by the output "feeding back" the 
message to produce more, in this case, streets and highways.
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and motor vehicles. Figure 5.8 shows the present state of 
this aspect of our transportation system.
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Disease

Figure 5.8. The Highway Trust Fund and Its Consequences 
as a Positive Feedback System —  From 
Robertson and Heagarty (1975, p. 24).

Robertson and Heagarty (1975) point out that the 
broken line in Figure 5.8 indicates the counter-lobby (to 
try to divert some of the funds to mass transit or other 
uses) has not yet been effective in converting the system 
to a negative feedback, and therefore more stable, system. 
Attempts to control pollutants emitted from vehicles by 
modifying the engines and exhaust systems are underway, but
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their success in substantially reversing the concentrations 
in the environment is problematic at this point.

Motor vehicles are necessary to our way of life, 
but we are learning that there are limits to the auto
mobile's practicality in high density urban areas. As we 
learn to use alternate modes of transportation for trips 
with differing purposes and of varying lengths, there will 
be an increasing exposure to hazards as the different modes 
interact in undefined and uncontrolled situations.

When concerns for the reduction of air pollution 
and congestion are included in the development of road user 
safety measures, it is worthwhile to study the cost/ 
effectiveness from the standpoint of the amount of time, 
as well as money, expended. Goodwin (1974) suggests that 
there are some a priori reasons for a constant marginal 
utility of time to be a more plausible assumption than a 
constant marginal utility of money. Time is, by..its nature, 
equitably and unalterably distributed, not subject to the 
accidents of theft, inheritance, chance, inflation, social 
system, or government decree. Everybody starts off with 24 
hours a day. Table 5.5 shows one of the results of Goodwin's 
study. It may be seen from Table 5.5 that the relative 
importance of different modes of transportation is changed 
substantially when judged from the point of view of time or 
amount of money spent, or distance traveled. Goodwin points 
out that it may well be that the traditional methods of
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Table 5.5. Weekly Travel for an Average Household in the 

United Kingdom —  From Goodwin (1974, p. 3).

Vehicle employed
Distance
travelled
(miles)

Time spent 
travelling 
(hours)

Expenditure 
(L p)

Car, van, truck. 128.3 5.55 2.03
motorcycle, taxi (61%) (40%) (78%)
Train, bus, coach 64.9 4.09 0.57

(31%) (30%) (22%)
Walk, pedalcycle 16.3 4.02 0.01

(8%) (30%) (— )
Totals 209.4 13.6 2.61

assessment have given walking (and pedalcycling) less 
attention than they deserve. Secondly, the distance 
traveled, the time spent traveling, and the money spent on 
travel all increased with income, though at different rates.

The pedalcycle is a mode that allows one to have 
mobility equal to the auto in high density areas at con
siderably less expense. This would tend to counteract the 
second point raised by Goodwin.

In his informative book on science and the deter
mination of safety, Lowrance (1976, p. 87) gives the array 
shown in Figure 5.9 and concludes: "According to most
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Risk assumed Risk borne
voluntarily involuntarily

Effect immediate Effect delayed

No alternatives Many alternatives
available available

Risk known with Risk not
certainty known

Exposure is an Exposure is a
essential luxury

Encountered Encountered
occupationally non-occupationally

Common hazard "Dread" hazard

Affects average Effects sensitive
people people

Will be used as Likely to be
intended misused

Consequences Consequences
reversible irreversible

Figure 5.9. An Array of Considerations Influencing Safety 
Judgments —  From Lowrance (1976, p. 87).
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conceptions of regulatory control, risks that citizens have 
to bear involuntarily are the ones the government has the 
greatest responsibility to regulate: urban traffic and
noise; the quality of the air and drinking water; and 
bridges, dams, power transmission lines, and other public 
works."

There is a greater probability of effectively 
improving the transportation system when all aspects of the 
problem are considered together. Measures taken in one 
specific area, i.e., in the reduction of air pollution and 
congestion, may have positive effects on other areas, such 
as road user safety. Examples of complementary actions, 
aimed at different aspects of the transportation system, 
leading to greater cost/effectiveness, will be pointed out 
as the countermeasures are presented.

According to National Safety Council (1978) statis
tics, the City of Tucson has the highest traffic accident 
fatality rate per capita for cities of its size nationwide. 
In 1976, the rate was 20.7 deaths per 100,000 population. 
The fatality rate for 1977 is 23.7 deaths, a 12 per cent 
increase. The injury experience is also high:-. Traffic 
deaths and injuries for the last five years are summarized 
in Table 5.6. As the table shows, the current high rate is 
not a statistical quirk. Rather, the city has had a rela
tively high number of traffic fatalities for a number of 
years. In addition to a high total fatality rate, Tucson
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Table 5.6. City of Tucson Police Department Fatality 

Statistics

Year Traffic Accident Victims
Deaths Injuries

1977 75 5,251
1976 65 4,850
1975 42 4,566
1974 55 4,170
1973 60 4,806

has a high incidence of pedestrian fatalities. Pedestrians 
account for nearly half the total traffic accident deaths 
in the city.

This suggests the desirability of developing a 
comprehensive approach to reduce our high rate of trans
portation system failures. Comprehensive planning in the 
Tucson area has been very slow in developing. Part of the 
problem may be that various meanings of the term are used 
by different people in the decision-making process. Compre 
hensive means area-wide or regional to land use planners.
It means the inclusion of all modes of transport to trans
portation planners. It also means the inclusion of all 
ages and types of cyclists to pedalcycle transportation 
planners. The modification of the metropolitan
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transportation system will lead to a more efficient system 
the more the modification development is a cooperative, 
interdisciplinary process.

Pre-event countermeasures concerning the host are 
primarily achieved through legislative, educational, and 
enforcement means. The term pedalcycle must be recognized 
as encompassing a wide variety of vehicles, from the 
child's bike to the adult trike and moped. Legislative 
measures include defining the legal status of all types of 
pedalcycles as well as all types of road users. Forester 
(1975) has put for the thesis that the bicycle is a 
legitimate wheeled vehicle and, as such, is best suited to 
our roads and streets, if people will learn to ride 
correctly and follow the rules of the road for vehicles. 
The problem is that our current Uniform Vehicle Code 
(English et al., 1974, p. 10) defines "vehicle" as:

Every device in, upon or by which any person or 
property is or may be transported or drawn upon a 
highway, excepting devices moved by human power . 
or used exclusively upon stationary rails or 
tracks.

The definition of bicycle is given by the Code as:
Every device propelled by human power upon 

which any person may ride, having two tandem 
wheels either of which is more than 16 inches 
in diameter (p. 3).

The adult tricycle and moped (pedalcycle with 
helper motor) are in a legal "no-man's land", because they
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are not covered under any current definition in the 
Uniform Vehicle Code.

Arizona excludes any pedalcycle with a wheel 
diameter of less than 16 inches, in order to protect chil
dren from punishment under traffic law. This raises the 
question of the child cyclists' rights and responsibilities. 
Are they pedestrians when riding a bicycle with wheels less 
than 16 inches in diameter? It is suggested that licensing 
the operators of all wheeled vehicles and the registering 
of such vehicles, normally used on the streets and roads, 
will increase the safety for all road users.

The classification scheme used in Chapter 4 was 
developed to facilitate the identification of the proximal 
causes of motor vehicle/pedalcycle collisions. Cross (1974, 
p. 4) defines proximal causes as the behavior of the 
motorist or cyclist that immediately precedes the collision. 
Cross contends that "all accidents occur because operators 
behave in an inappropriate manner while in a particular 
traffic context. Thus, the most proximal cause of accidents 
is a 'specific behavioral act' performed within a specific 
traffic context" (Cross, 1974, p. 4).

Educational countermeasures for the reduction of 
initiation of incidents can now be developed by examining 
each accident type in turn, and defining potential solu
tions for that accident type for each cyclist age group.
It is also necessary to include awareness of these accident
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types in driver-training courses and make the subject of 
bicycling a part of the written exam for a state driver's 
license. We must define cost-effective methods for 
achieving these specific educational objectives.

An effective educational program must include three 
basic approaches to increase cyclist safety. First is the 
cognitive aspect; knowledge accumulation, interpretation, 
and understanding. Second is the affective aspect; atti
tudes and values must be accepted willingly rather than 
imposed as rules. The third area is sensory/motor; 
balance, agility, visual and sound perception— including 
depth and rate-of-closure perception— and coordination, 
including the ability to stop and/or change direction 
rapidly.

Training is most effective when it takes place in 
a setting similar to that in which it will be used. This 
general principle, when applied to traffic safety, sug
gests that at least some of the cyclist education should 
take place on "field trips," i.e., residential streets for 
young children and busier streets for older children and 
adults. The importance of signaling one's intended actions 
to other road users should also be included.

Because of the cyclist's small mass or size, a 
motorist often does not see the cyclist. To improve the 
cyclist's conspicuousness, the use of brightly colored



and/or reflecting clothing and better bicycle lighting 
should be included in the educational program.

Engineering countermeasures to improve the pre
event environment include signing and pavement marking 
designed to increase awareness of potential hazards, im
proved road widths and surfaces, street lighting, improved 
intersection design, and electro-mechanical traffic control 
devices. It is desirable, both for safety and efficiency, 
to design travel lanes for the various modes of transporta
tion according to their width and speed. Minimum lane 
widths are: three feet for pedestrians, four feet for
pedalcycles, eight feet for cars, and ten feet for buses. 
Proper organization of available space and some degree of 
separation of modes will facilitate safe, efficient use. 
Separation of the various transportation modes will lead 
to safer, more efficient use of road space. However, for 
traffic traveling in a parallel direction, a separation of 
one to two feet is all that is necessary. It is suggested 
that the outside lanes of arterial streets be made 14 to 
16 feet wide. If this were done, mass transit would not 
impede the other traffic and would permit safe travel for 
pedalcycles.

The analysis of pedalcycle accidents shows that 
over ninety per cent of the motor vehicle/cycle collisions 
occurred at intersections of streets, alleys, and driveways.
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This implies the need for a greater amount of separation at 
intersections.

There are only two methods for separating traffic 
at intersections, either in time or in space. Separation 
in time is achieved with signalization. Separation in 
space is achieved with an overpass or underpass. This 
optimum method uses grade separation for cyclists and 
pedestrians as well as motor vehicle traffic. Grade 
separation is better than traffic signal separation because 
it does not imped the flow of traffic in either direction.
For cyclists and pedestrians to pass under motor vehicles 
a difference in grade level of ten feet is needed. A twenty 
foot climb is no hardship for motor vehicles, but even a ten 
foot climb is a sufficient deterrent to most pedestrians to 
cause them to run the gauntlet between motor vehicle traffic. 
The very young and the elderly are both especially vulner
able to collisions with motor vehicles. In addition to the 
climb with an over- or underpass, there is a loss of 
directness and time. Crossing without loss of directness 
can be achieved wherever the pedestrian and pedalcyclist 
maintain the normal street level and motor vehicle traffic 
climbs ten feet to pass over or descends twenty feet to 
pass underneath. This method would allow the pedestrian 
crossings to be wheelchair accessible. It has been shown 
in a recent study of traffic flow in the Tucson metropolitan 
area, by the Pima Association of Governments (Peat, Marwick,
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Mitchell, and Co. , 1977) that signalized intersections account 
for the majority of bottlenecks. Intersections are also 
the locations of the greatest number of motor vehicle 
traffic collisions. Signalized intersections contribute to 
the creation of high levels of air pollution. When all 
these factors are considered the cost/effectiveness of 
grade separation, instead of signalization, at major 
intersections becomes evident.

However, the maximum benefits will only be realized 
after, a comprehensive application of this method to the 
transportation network. Until this can be accomplished it 
is suggested that the present city transportation network 
be modified to accommodate cyclist and pedestrian use of 
the signalized intersections. Another engineering counter
measure is the establishment of well-planned bikeways. Off- 
street bike paths should be constructed with decision-sight 
distances for speeds of 25-30 miles per hour to allow for the 
broadest range of cyclist usership. Intersections of off- 
street bike paths with motor vehicle traffic should be kept 
to a minimum and those that are unavoidable should be un
ambiguously controlled.

In an accident study of streets with no special 
bicycling facilities compared with on-street bike lanes,
Lott and Lott (1976) report a large overall reduction in 
bike/auto collisions on streets with bike lanes. Most 
people consider bike lanes to increase their feeling of



security and peace of mind while traveling on streets so 
designated. The bike lane acts as a continuous reminder for 
motorists to be aware of the possibility of cyclists' 
presence. Kaplan (1975) reports an accident rate for on
street bike lanes to be half that for streets with no 
special bicycle facilities. Forester (1977) has pointed 
out some traffic hazards caused by the reduced space avail
able to motor vehicles on streets with bike lanes. It is 
the author's opinion that bike lanes are valuable in 
alerting the motorist to expect bicyclists. However, 
motorists should be allowed to use the space when no 
cyclists are present, especially when making right turns.

Pre-event countermeasures related to the vehicle 
include improving the mechanical reliability and conspicu
ousness of the pedalcycle. This points out the need to 
include proper maintenance techniques in the safety training 
program. Lights and reflectors must be used during 
darkness. The front light should be powerful enough to 
expose any potential hazard in the roadway ahead. The rear 
light and/or reflector should be increased to three inches 
in diameter. The use of flags should be encouraged to 
help make the approach of bicycles more evident during the 
daytime.

The event phase countermeasure applicable to the 
host is protective clothing, and most importantly a helmet. 
The Insurance Institute for Highway Safety (1978a) reports
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that according to the National Highway Traffic Safety 
Administration, the pattern of moped crashes is much more 
similar to that of motorcycles than to that of bicycles, 
and that moped riders need helmets as much as motorcyclists 
do. The author argues that mopeds are more similar to 
bicycles than to motorcycles because of their slow accelera
tion and limited top speed of 30 mph. However, it is sug
gested that all cyclists should be encouraged to wear 
helmets for their protection.

Preliminary findings from a study of motorcycle 
crashes in Colorado, which repealed its helmet law January 
1, 1977, showed that from 1976 to 1977:

1. Deaths increased from 14 per 1,000 riders in 
reported crashes to 22 per 1,000 riders.

2. The proportion of crashes involving severe head 
injuries increased 250 per cent.

3. Helmet use declined from almost 100 per cent to 
less than 60 per cent. •

Helmets and protective clothing are the only ways that the 
methodology of crash packaging can be applied to unpro
tected road users.

The event phase countermeasure for the agent is a 
deformable front bumper and hood on motor vehicles. We 
have seen that vehicles are injury producing "agents" only 
indirectly and that the actual agent is the harmful me
chanical energy exchange between vehicle and host. Goddard
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and Haddon (1961) estimate that one out of every 50 motor 
vehicles will strike and injure a pedestrian at some time 
during the period of the vehicle's use. Additionally, while 
only 12% of all pedalcycle accidents are car/bike colli
sions, about 90% of all pedalcycle accident deaths are due 
to collisions with motor vehicles. Therefore, modifica
tions to motor vehicles to eliminate or reduce pedestrian 
and cyclist injuries could be less expensive than the 
typical cost of treatment and rehabilitation of these 
injuries.

Weis et al. (1977) concluded that a front bumper 
with a "cowcatcher" design, so that the pedestrian or 
cyclist does not slip off, produces the least- severe in
juries. They found that a bumper and leading edge of hood 
configuration as shown in Figure 3.3 produces the slightest 
injury when these vehicle components are made of deformable 
materials, only if the unprotected road user stays' on the 
front of the car. The cadaver usually stayed attached to 
the front of the sled at velocities up to 20 miles per hour. 
At 30 miles per hour there would be severe injury from 
windshield impact or a series of impacts following the 
initial impact.

An event phase countermeasure applied to the en
vironment could be the use of a softer type of asphalt 
pavement. However, this may not be feasible because this



type of pavement would probably wear out faster than 
currently available pavements.

Post-event countermeasures for transportation 
system failures have the potential to greatly reduce the 
effects of traffic accident injuries (Haddon and Baker,
1978). Countermeasures include first aid at the scene of 
the incident and emergency medical services at the hospital 
that is best suited to treat each victim's specific in
juries. Bietz (1977) has developed an algorithm to cate
gorize each hospital in an area according to its ability to 
treat various classes of injuries. This type of emergency 
medical system will offer the most effective treatment 
available to each individual injury case. The effective
ness of treatment depends, to a great extent, upon;.rapid 
and correct diagnosis and treatment of injuries. The major 
mechanisms of injury were discussed in Chapter 3.

Rehabilitation means to restore to a previous state 
or condition. Vocational rehabilitation does not usually 
include teaching a person how to live with a disability. 
Fortunately, this situation is beginning to improve as .we 
learn more about the psychological aspects of disability.

Rehabilitation should also include the removal or 
reduction of fear associated with traffic accidents.
Berman (1975) has observed that many of the people injured 
in traffic accidents become afraid again when placed in a 
situation similar to the injury producing event. This
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fear could lead to inappropriate action resulting in another 
injury-producing event.

Much work needs to be done in coordinating educa
tional and enforcement countermeasures to reduce loss for 
all road users. The optimum types of facilities for each 
different category of trip (children, recreational, and 
commuter-utility) are in the process of development and 
improvement. However, the installation of stop or yield 
signs at uncontrolled intersections should be carried out 
immediately. Many of these conclusions point to the de
sirability of a comprehensive approach to developing 
countermeasures using a cooperative, interdisciplinary 
process.

Recommendations for Further Study 
In a methodological study of the structure of 

mortality from all causes to the inhabitants of a metro
politan area, Manton and Myers (1977) indicate some exten
sions of epidemiologic analysis. As shown in Appendix C, 
they developed multi-dimensional measures for urban density 
and socioeconomic conditions. One of Manton and Myers' 
findings was that the existence of numbers of people with 
restricted external space clearly increases the risk of 
accidents. An indication of this effect may be seen 
around the University area in Figures 5.1 and 5.2.
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It would be worthwhile to develop a set of measures 

of density variables and socioeconomic variables more 
specific to metropolitan areas in the United States or even 
more specifically to southwest metropolitan areas. These 
variables could then be related to many types of diseases 
and injuries occurring in a metropolitan population.

There were no bike/bike or bike/pedestrian colli
sions reported to the police in 1977. It would be worth
while to study the effect of density on these types of 
collisions as well as pedalcycle/motor vehicle collisions.

It would also be valuable to study the effect of 
vehicle impact speeds (along with other variables related to 
the collision and to the injured person's physical charac
teristics) on the nature and severity of injuries sustained 
in the collision. Pedalcyclist injury data from the 
emergency departments of all hospitals in the metropolitan 
area for a three-year or longer period could be obtained 
for this purpose.

Kurakawa (1969) demonstrated a difference in 
accident levels among children from three different racial 
backgrounds. Black and white children consistently had more 
accidents (not necessarily pedalcycle accidents) than 
oriental children from the same community. Ornstein (1970) 
has shown that all people, even with similar socioeconomic 
characteristics, have differing perceptions of time dura
tion. The differences in perception, including distance.



rate of closure of vehicles, and time duration may affect a 
person's potential for accident involvement in a measurable 
way. The locations of interaction in the transportation 
system could be modified to compensate for these differ
ences, if they were found to be important. This might 
involve increasing some decision sight distances and 
lengthening the time interval of the signal phase change 
at signalized intersections.

As improvements to the transportation system are 
made, it will be worthwhile to compare the findings of this 
study with future pedalcycle accident experience in a 
manner that will indicate the effectiveness of the 
modifications. One of the reasons for taking measurements 
is to have objective baseline criteria to compare to future
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APPENDIX B

SUMMARY OF PEDESTRIAN FATALITY STUDY

Table B.1. Fatal Victim Collisions by Type —  In Tucson in 
1977, there were 9,274 collisions between two 
motor vehicles in transport, resulting in 36 
fatalities. During the same period there were 
183 auto/pedestrian collisions resulting in 23 
fatalities. This gives some indication of the 
difference between "protected" and "unprotected" 
road users' vulnerability to injury.

Pedes
trian

Motor
cycle Compact Bike Standard

1975 18 6 6 2 6
1976 30 7 7 2 12
1977 26 _7 15 1 11
Total 74 20 28 5 29
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Table B.2. Pedestrian

Hitchcock
Fatals by Time 
(1975-1977).

—  Data from

1975 1976 1977 Total
0600
0800 2 2
1000 2 2
1200 2 1 3
1400 1 1 2
1600 1 1
1800 4 12 13 29
2000 4 6 3 13
2200 5 5 4 14
2400 2 4 6
0200 1 1 2
0400 _
Totals 17 31 26 74

Note: Sixty-four out of 74 pedestrian fatals or 86% 
occurred between 1800 and 2400. This suggests the impor
tance of conspicuousness, especially during darkness, for 
unprotected road users. Hitchcock concludes with these 
observations: two other significant factors stand out in 
this study:

1. Nearly all the vehicles were going straight ahead.
A logical assumption is that they were not looking 
for people on foot in the dark. They were probably 
not too attentive about their driving.

2. Nearly all the pedestrians studied in these areas 
(four exceptions) came under two categories:
a. They had been drinking.
b. They were very old.



APPENDIX C

METHODOLOGICAL STUDY OF URBAN MORTALITY

To design a health delivery system with an emergency 
service that matched the needs of the community optimally, 
a study of the density and socioeconomic characteristics of 
the population is needed.

The methodology of Manton and Myers (1977) relates
accident frequency to a combination of social and demographic
factors along with measures and indicators of population
density. The Manton and Myers study of Hannover, Germany
used 78 of the 90 statistischer bezirke that each contained
at least 1000 inhabitants (similar to U. S. census tracts).
Analyzing the differences at the census tract level is in
agreement with the growing acceptance of the notion that the
provision of health services must emphasize a community-
level approach to prevention and control. The following ten
measures were used to describe the concept of density:

Measure Density "type"
X^ Persons per hectare "Classical" density
Xg Living space (sq. m.) Internal crowding

per person
Xg Persons per dwelling unit
X^ % single person households
Xg Households per dwelling unit
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Internal crowding 
Internal crowding 
Internal crowding
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X6 Meters of street front/ 
person

External crowding

X7 Road area(hectares)/person External crowding

X8 % structures with three or 
more dwelling units

Housing type

X9 Rooms per dwelling unit Housing type

X10 % developed land Housing type

The use of a number of "density" variates implies that
density in the strict sense is not a one-dimensional
concept, the same with the sociodemographic concepts. The 
standardized regression of the 10 density measures on the 
accident death rate was:

Accidents = .059%^ + .053X2 + .753X3 + .368X^ - .187Xg

- .157X6 + .192X? - .212Xg + .008Xg - .170X10

This regression shows that accidents are most highly cor
related with persons per dwelling unit and per cent single 
person households. Note that accidents are linked to 
crowding, but clearly not to the classical concept of 
density.

Manton and Myers (1977) state that the existence of 
numbers of people with restricted external space clearly 
increases the risk of accidents. Kurokawa (1969) demon
strated a difference in accident levels among children from 
three different racial backgrounds. Black and white



children consistently had more accidents than Oriental
children from the same community.

The sociodemographic measures that are related to
death rates by Manton and Myers (1977) are as follows:

X. = per cent of dwellings in structures built before 
1 1900.

X9 = per cent of dwellings in structures built after 
1948.

Xg = Average rental in D.M. per square meter.
X . = per cent of population whose highest level of 

schooling is elementary school.
Xg = per cent of population married.
Xg = per cent of population Roman Catholic.
X^ = per cent of population who migrated from bezirke.
Xg = per cent of population five years old or less.
Xg = per cent of population sixty-five years old or 

more.
X10 = per cent of women in labor force.
X^^ = per cent of males whose livelihood depends on 

pensions, interest and social security, etc.
X^2 = per cent of males employed as laborers.
X^g = per cent of population male.

The standardized regression of the 13 sociodemographic 
measures on the accident death rate was:

Accidents = -.031X^ + .001X2 - .042Xg + .0914X4 - .460Xg 

- .060X6 - .036X? + .061Xg - .025Xg - .256X10 

+ .238Xi;l + .117X12 - .049X13
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This shows that accident death rates are negatively 
correlated with per cent of population married and per cent 
of women in labor force and positively correlated with per 
cent of males whose livelihood depends on pensions, etc. 
and per cent of males employed as laborers. A list of 
density and sociodemographic measures suited to the Tucson 
area could be developed and applied to the data from the 
next census, for example.



APPENDIX D

BIKEWAY PLATFORM OF THE LEAGUE OF AMERICAN WHEELMEN

League of American Wheelmen, Inc.
wi h«i |« Ltll •-

LEAGUE OF AiimiCAM WHEELMEN 
PLATFORM

BIKEWAYS:

1. The L.A.W. believes that the bicycle is a 
roadway vehicle and is entitled to share 
public streets, roads, and highways with 
motorized traffic.

2. The L.A.W. believes the key to solving 
traffic safety problems is by the education 
of roadway users, and by improving the 
driving skills, riding proficiency, and 
hazard awareness of motorists, bicyclists, 
and pedestrians. Strict and impartial 
enforcement of traffic laws is necessary.

3. The L.A.W. believes that conventional, 
standardized roadway improvements such as 
adequate lane and shoulder widths, smooth 
pavements, edge stripping, bicycle-responsive 
traffic signals, wheelproof drainage features, 
and frequent maintenance is the safest and 
most cost effective way to meet the needs of 
bicyclists and motorists. In some cases, 
bikelanes striped on roadways of adequate 
width may be a helpful addition to other 
roadway improvements.

4. The L.A.W. supports the development of well 
engineered and maintained separate bicycle 
path facilities in suitable locations.
Separate paths are recommended where no safe and 
convenient public roadway exists; or to bypass 
limited access highways and other barriers; as 
trails through scenic, recreational and park 
regions; to enhance commuter and utilitarian 
trips in urban areas; or to avoid corridors
of high congestion and poor air quality.

5. The L.A.W. opposes any bikeway development, 
plan, or policy which would deny bicyclists 
the full use of a public street, road, or 
highway.

NINETEEN SOUTH BOTHWEIL PALATINE. ILLINOIS 60067 Phone: 312 /99 1 1 20 0
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