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FOREWORD This report will be of interest to state and city traffic engineers, highway adminis-
trators, police administrators, and other safety officials responsible for the manage- 

	

By Staff 	ment of accident record systems and for the analysis of the accident data contained 
in these systems. The information provided in this report will enable safety personnel 

	

Highway Research Board 	to develop improved accident investigation procedures, records, and statistics which 
will more accurately reveal accident causation than methods now in use. Recom-
mendations involve an improved centralized accident record system integrated with 
non-accident data and the use of multi-level accident report schemes. Typical 
demonstration studies are included to illustrate the feasibility of the proposed system 
and the techniques required. 

The completeness, accuracy, and extent of utilization of accident causation 
data collected and stored by present accident record systems are unknown. Those 
responsible for collecting information about accident causes generally have many 
pressing responsibilities at the scene of an accident. Incorrect information used 
as a basis for action will inevitably lead to wasted effort and additional accidents. 
It was with these thoughts in mind that this project was initiated during the. winter 
of 1966. 

The objective of the research was to determine and describe the most important 
methods for using traffic accident information to reduce the likelihood of accidents. 
The research presents the adequacy, reliability, and utilization of present accident 
reporting and records; recommends an accident information system that will reveal 
basic contributing factors of accident causation; presents guidelines for short- and 
long-range highway improvement programs that will effectively contribute to high-
way accident reduction; and suggests major areas of need for future accident records 
research. 

Cornell Aeronautical Laboratory in this comprehensive and well-documented 
study has extensively reviewed the state of the art and the current practices of 
accident investigation, reporting, and analysis. The report discusses the short-
comings of commonly used accident record systems and recommends specific 
methods to improve these systems. A multi-level concept of accident investigation 
is proposed which involves the basic reporting of all accidents, limited investigation 
of a selected sample of accidents, and intensive investigation of a limited number of 
accidents. Studies of accident report forms were included in the research, together 
with suggested methods for improvement. 

Pilot studies were performed to demonstrate the benefits which could be 
obtained from more rigorous analysis of the present data, the additional data which 
may be collected through intensive investigation of accidents, and the use of specially 
developed investigation equipment such as a "vectorgraph," a device designed to 
more accurately record at the accident scene the vehicle path and the angle of 
departure from the traveled way. As an aid to the practicing engineer an appendix 
includes several demonstration studies that indicate the type of information that 



can be obtained by using an improved accident record system study. Examples 
include tire failure versus vehicle speed, tire failure versus number of plies, frequency 
of accidents as a function of time since inspection, fatal accident rate by sex, accident 
involvement according to vehicle manufacturer, and relationships between vehicle 
exposure and accidents. 

Future research could involve the implementation and use of a statewide model 
accident information system designed in accordance with the concepts advanced 
in this report. 



CONTENTS 

	

I 	SUMMARY 

PART I 

	

3 	CHAPTER ONE Introduction and Research Approach 

	

4 	CHAPTER TWO State-of-the-Art Review 

Review of Literature 

Data Utilization 

Current Accident Records 

Summary Tabulations and Special Reports 

Recent Accident Records Projects 

Accident Location 

Summary of State-of-the-Art Review 

	

18 	CHAPTER THREE Improved Methods for Reducing Traffic 
Accidents 

Long-Term Improvements 

Short-Term Improvements 

Education 

	

24 	CHAPTER FOUR Proposed System Improvements 

Intensive Accident Investigation 

Analysis of Sample Data Collected 

Error Prevention and Detection 

Summary of Demonstration Study Procedures and Conclusions 

	

53 	CHAPTER FIVE Improved Use of Current Accident Data 

State Traffic Accident Summaries 

Studies Based on State Data 

	

68 	CHAPTER SIX Use of Non-Accident Records: Vehicle Exposure 
to Accidents 

Analysis of Virginia Accident and Non-Accident Data 

	

71 	CHAPTER SEVEN Applications 

Multi-Level Data System 

Cooperation Between Operational Agencies 

Roadside Obstructions 

Intensive Accident Investigation Techniques 

Accident Location System 

Education and Training 

Safety Review Board 

Special Studies of Problem Areas 

System Improvements 



	

73 	CHAPTER EIGHT Conclusions and Suggested Research 

	

75 	REFERENCES 

PART II 

	

77 	APPENDIX A Summary of Accident Report Forms and Data 

	

90 	APPENDIX B Accident Location Methods 

	

108 	APPENDIX C Demonstration Studies 

	

146 	APPENDIX D Special Forms 

ACKNOWLEDGMENTS 

The research reported herein was performed by the Transpor-
tation Research Department of the Cornell Aeronautical Lab-
oratory. The initial principal investigator, Dr. B. J. Campbell, 
left the project in its early stage to become Director of the 
Highway Safety Research Center at the University of North 
Carolina. Although he was largely responsible for the study 
design, and the initiation of many of the tasks finally per-
formed, John W. Garrett, Head of the CAL Accident Research 
Branch, assumed the task of Principal Investigator and per-
formed a large part of the work. He was ably assisted by Dr. 
Kenneth J. Tharp, Principal Systems Engineer. Statistical 
studies were performed by Jay Herson, Kenneth Perchonok, 
and Roger Fargo under the supervision of Dr. Jaakko K. KihI-
berg. The section on accident location, and some of the ma-
terial on data utilization, was prepared by Murray D. Segal, 
Transportation Consultant. Major contributions also were 
made by Norris Shoemaker, Richard Braisted, Alexander J. 

McLean, Donald Hendricks, Mary Ann Bouchard, Frank Sanel, 
and a number of other CAL personnel who aided in obtaining 
state cooperation, accident investigation, and a number of other 
tasks. 

Appreciation is extended to the administrators of the high-
way departments in the 50 states, Puerto Rico, and the District 
of Columbia, for their cooperation in responding to the survey 
on accident location and data processing procedures. 

Special thanks are extended to the administrators and tech-
nical staff in the highway, state police, motor vehicle, and other 
state organizations in a great many states, who willingly gave 
of their time to review their organization, operations, and data 
needs. Special thanks also are extended to the various state 
and local agencies in Indiana, Ohio, Utah, and Virginia that 
supplied the data used in this study and cooperated in the in-
vestigation of accidents for special topics. 



DEVELOPMENT OF 
IMPROVED METHODS FOR 

REDUCTION OF TRAFFIC ACCIDENTS 

SUMMARY 	This report seeks to develop motor vehicle accident investigation procedures, records 
and statistics that will reveal accident causation more accurately than does the 
current accident record system. Emphasis is placed on the state system, but the 
different requirements of local governments are recognized. 

An extensive review of the state of the art indicates that accident report forms 
are geared to operational and regulatory requirements. The accident report form 
was developed over a period of years to meet the contingencies of day-to-day 
operations such as driver regulation, vehicle registration, and the scheduling of 
police patrol activities. Consequently, the data collection forms and procedures do 
not meet research requirements and the reporting is not complete. 

The accident records system represents a mass data analysis problem, but few 
state agencies employ competent statistically trained personnel. Consequently, 
statistical interpretation of data is limited, and the significance of summarized data 
is unclear. Routine state data summaries .are tabulations of basic information with 
little or no cross-tabulation. The summaries would be more useful if selected cross-
tabulation, percentage distributions, statistical tests, and written interpretation were 
provided. In this report, available state data were utilized in studies that demon-
strated suggested improvements. 

States occasionally publish reports concerning subjects of special interest. The 
data for these studies may come from the regular accident report form or may be 
collected especially for the study. Some of the special studies are well designed, 
documented, and interpreted. Increased use of special subject studies for research 
purposes would be beneficial. 

Collected accident data are most frequently used by state agencies. Discussions 
with officials in various states revealed the following four major uses of the accident 
data: 

Determination of accident location and accident description. 
Maintenance and updating of driver and vehicle data files for financial respon-

sibility and driver improvement programs. 
Production of routine accident summaries. 
Furnishing copies of the accident report form to interested agencies and 

individuals. 

Because of the active interest in accident location methods, a survey of location 
practices was conducted throughout the United States. The results indicated that 
three methods are in use or are being developed—a route number-accumulated 
mileage system, a node-link system, and a coordinate system. The method most fre-
quently used is the route number-accumulated mileage system, which is simple to 



2 

use, allows direct location coding in the field, and is compatible with existing road 
inventory records. However, this system is not adaptable to complex highway con-
figurations, is difficult to use in urban areas, and produces problems when the 
highway network is modified. The node-link system has advantages similar to those 
for the route number-accumulated mileage system and, in addition, is adaptable to 
highway changes by simply adding another node. The system requires field markers. 
The chief disadvantage of the coordinate system is that each patrolman must have 
maps of his area and be experienced in map reading. 

A multi-level system of accident investigation is recommended. The multi-level 
system is designed to provide accident records that are appropriate in both quantity 
and quality for the specific tasks for which the data are intended. The suggested 
three levels of investigative effort are: 

Level 1. Basic reporting of all reportable accidents: Collected data include 
driver and vehicle identification, time and place of occurrence, and a 
brief description of the accident. Data are to be used to identify high-
frequency accident locations, drivers, and vehicles; to obtain rate and 
risk estimates; and to satisfy agency operational requirements. 

Level 2. Limited investigation of a sample of accidents for preselected research 
objectives on special topics: The information would be collected for 
statistical analysis of special study topics by technicians or specially 
trained police, and would be used to evaluate topics concerning the 
highway, the driver, and the vehicle. Sample size would be dependent 
on study requirements. 

Level 3. Intensive investigation of a limited number of accidents: Detailed in-
formation would be collected on a small number of accidents by 
multidisciplinary teams. Data would be used to improve investigative 
techniques, establish research needs, and hypothesize causal relation-
ships which may be examined further at level 2. 

Implicit in the proposed system is the need to integrate accident data with the 
appropriate non-accident data—driver, vehicle, and highway records. Thus, full 
cooperation between those agencies concerned with accident records is a require-
ment. Possible means of obtaining the necessary cooperation are: 

A state department of transportation responsible for the entire accident record 

system. 
A commission composed of members of appropriate departments. 

Until formal coordination of state agencies is achieved, voluntary cooperation 
among those agencies responsible for the operation and regulation of the highway 
system is of primary importance. Projects with similar objectives—highway depart-
ment spot improvement programs and police selective enforcement programs—
should be conducted jointly. 

State-of-the-art knowledge varies at different operational, governmental, and 
research levels. A continuing education program for practicing engineers (e.g., a 

series of seminars) is recommended. 
A safety review board is recommended for the review of all highway plans and 

programs to insure incorporation of current safety knowledge. 
A simplified accident report form should be developed to provide basic accident 

data. Use of current technology—photographs, tape recorders, license data imprint-
ing devices—could enhance data reporting and minimize reporting subjectivity. 

Based on a small sample of accidents, intensive investigation was found to be 



a promising approach for developing new investigative techniques and equipment, 

discovery of additional accident causal factors, and proposing causal hypotheses. 

A few of the specific highway and traffic problems identified included traffic signal 

failures, improper timing of signals, and inadequate warnings at highway con-

struction sites. 

A number of studies conducted as part of this project and using available state 

data, as well as specially collected data samples, demonstrated, first, that statisti-

cal analysis permitted interpretation of the significance of various observations and, 

second, that properly trained police could collect useful and reliable information. 

CHAPTER ONE 

INTRODUCTION AND RESEARCH APPROACH 

One of the more pressing domestic problems of the United 
States today concerns motor vehicle accidents. Any at-
tempt to illustrate the existence of this problem would re-
suit in needless repetition of statistics published by the 
Insurance Institute for Highway Safety, the National Safety 
Council, state traffic authorities, and others. Therefore, by 
accepting the existence of the problem as presented in the 
other published sources, this study can be directed to the 
methods used to determine the magnitude, the cause, and 
the advocated solutions of the problem. 

The almost exclusive source t  of information on motor 
vehicle accidents is the accident report, or description, 
which is prepared subsequent to the occurrence of the 
accident. The accident report is a written history of the 
occurrence and is normally prepared by either the people 
involved, a member of a police unit or, in many instances, 
both. Collectively, these reports form the base of the entire 
accident record system. Theoretically, if sufficiently ac-
curate and comprehensive, these records would indicate the 
magnitude of the problem, reveal the causes of accidents, 
and thereby suggest remedies and measure the effectiveness 
of corrective efforts. 

The present record system is one that has been con-
structed piecemeal over a period of more than half a cen-
tury. During this period, the ever-increasing number of 
automobiles and the use of these vehicles on the highways 
have been paced by an increasing number of accidents. 
The role of the police as accident investigators was a 
natural consequence of the fact that accidents occurred on 

* The National Safety CouncilU) defines accident as "That occurrence 
in a sequence of events which usually produces unintended injury, death, 
or property damage." The same source defines motor vehicle traffic acci-
dent as "a motor vehicle accident which occurs on a way or place, any 
part of which is open to the use of the public for purposes of vehicle 
traffic." These basic definitions are used in this study. 

t Various factors—such as vehicle crashworthiness, seat belts, etc.—have 
been investigaled in controlled laboratory experiments. 

public highways and often involved violations of law as 
well as damage to property and injury or death to indi-
viduals. The traditional role of the police in maintaining 
law and order, and their ready availability at the scene, led 
to the new assignment of reporting accidents. 

At first, accident reports involved a fairly simple record 
of those involved, their injuries and disposition. As time 
went on, however, litigation increased, the police officer 
often became a principal witness, and his report became a 
vital piece of evidence. Later, the needs of highway depart-
ments, financial responsibility agencies, licensing depart-
ments, etc., dictated that more and more information be 
collected. 

Today, the accident record system has become so mas-
sive, and so many individuals and agencies are involved, 
that there is often a tendency to resist any change for fear 
of its effect on the entire system or its component parts. 
This is exemplified by an increasing trend toward uni-
formity in the collection of specific items of information 
that are of questionable value. Although uniformity in the 
collection of useful data is a desirable and even laudable 
goal, uniformity for its own sake can lead to stagnation and 
impede progress. 

During recent years, there has been considerable dis-
satisfaction with the accident record system. Critics point 
to both a lack of information on the magnitude of the total 
accident picture and a lack of knowledge on accident causa-
tion, and in general claim that the system is obsolete and 
ineffective. The nation's motor vehicle accident experience 
for the last few years suggests that the criticism is justified. 

Questions concerning the adequacy and effectiveness of 
the existing accident record system led to the formation of 
the research project reported herein. The objective of 
Project 17-1 was to investigate existing motor vehicle 
accident record systems and develop accident investigation 



procedures, records, and methods of analysis that will more 
accurately reveal accident causation than the reporting 
systems presently used. 

RESEARCH APPROACH 

In this study, the approach was: (1) to review the existing 
accident record system in order to determine the weak-
nesses and limitations of the present system; (2) to outline 
the concept of an improved accident record system as a 
long-term objective; (3) to demonstrate the operation and 
feasibility of specific components of the proposed system 
(within the limits of the contract); and (4) to make 
recommendations for immediate or short-term improve-
ments to the existing system. 

State-of-the-Art Review 

The examination of the existing system consisted of the 
following: 

Available literature was reviewed to determine the 
strengths and weaknesses of the system as reported by 
others, and to enumerate some of the proposed system 
changes. 

The accident record systems in several states and a 
few local communities were examined to determine whether 
the limitations and deficiencies shown in the published 
literature were correct and complete. Some of the govern-
mental units contacted were in the process of installing new 
methods of accident reporting and making other system 
improvements. 

The recipients of published reports within states were 
contacted to determine the use of these reports and to 
determine whether the data were of benefit to the recipients. 

The state of the art of accident location procedures 
was reviewed and evaluated by means of a nationwide 
survey. 

The data available from the standard accident report 
form were re-analyzed to determine whether a more com-
plete analysis of these data would be of benefit; i.e., is it 
possible, using the present data, to obtain better and more 
statistically acceptable results? 

The physical flow of accident data was traced from 
their collection in the field, through data processing and 
analysis, to the final reports, to determine whether there 
were deficiencies, discrepancies, redundancies, etc., in the 
flow of these data, and whether specific improvements could 
be suggested. 

Equipment for data collection, processing, and analy-
sis was studied to determine whether advanced technology 
could provide data more accurately and more economically. 

Outline of Improved Accident Record System 

Upon the completion of the state-of-the-art section of the 
study, some general conclusions were drawn concerning 
data needs and system requirements so that the "ideal" 
accident record system could be defined. The basic con-
cept of such a system is outlined in broad terms. 

Demonstrations of System Feasibility 

A series of demonstration projects was initiated to show the 
feasibility of the concept, and to outline the operations of 
various segments of the recommended accident record sys-
tem. Because total development of the entire accident 
record system was beyond the capabilities of the present 
project in terms of financing and time available, demon-
strations were limited to selected key areas of the recom-
mended system. Study topics were selected which were 
thought to be of particular interest to highway and traffic 
engineers, vehicle manufacturers, the police, and other 
organizations. 

Recommendations 

Based on study findings, specific recommendations are 
made for improvement of the existing accident record 
system. Although the generic system described is thought 
to be adaptable to the needs of most state governments, 
it is recognized that because of economic and other con-
siderations, installation of the system will be a long-term 
process even if deemed acceptable. Therefore, a number 
of short-term recommendations (many based on compo-
nents of the proposed system) have been made which will 
be useful to the highway engineer and to others concerned 
with alleviating the problem of highway accidents. 

CHAPTER TWO 

STATE-OF-THE-ART REVIEW 

This study is directed toward revealing the causes of motor 
vehicle accidents. Thus, in this report the ideal record sys-
tem is defined as one that fulfills the following basic 
functions: 

Defines the problem. 
Provides data for the solution of the problem. 
Permits evaluation of the solution. 

These functions essentially represent the customary re- 



search approach to a problem and, consequently, have been 
stated in a variety of ways by many others with respect to 
the traffic accident problem. 

The first task in this study was to evaluate the present 
accident record system with respect to the service intended 
as well as to the service actually provided. To facilitate 
discussion, examination of the existing records system is 
divided in this chapter into six sections, as follows. 

Review of literature. 
Data utilization. 
Current accident records. 
Summary tabulations and special reports. 

5 Recent accident records projects. 
6. Accident location. 

REVIEW OF LITERATURE 

Functions of Accident Record Systems 

A publication by the Traffic Institute of Northwestern 
University (2) lists the following five basic purposes of 
traffic accident records: 

1. To have knowledge of traffic accidents as a cause of 
mortality, morbidity, and economic loss. 

2. To point out where, when, and to whom traffic 
accidents are a critical problem. 

3. To suggest lines of preventive action to be taken. 
4. To measure the effect of accident prevention efforts. 
5. To determine negligence or fault. 

In addition, Traffic Safety Memo No. 69 (3) lists: 

Some of the ways that good traffic accident records con-
tiibute to the traffic accident prevention efforts of agencies 
having a responsibility to take corrective actions: 

They identify problem drivers who are in need of 
corrective action by agencies concerned with driver li-
cense administtation, education, enforcement, and ad-
ministration of financial responsibility laws. 
They assist educators in the development of driver 
education programs and provide meaningful infor-
mation for the general public on traffic accident cau-
sation and prevention. 
They point Out high accident or hazardous locations 
for corrective action by traffic engineers. 
They indicate over-all deficiencies in streets and high-
ways for traffic engineers and provide general guides 
for roadway designs that assist in the elimination of 
traffic accidents. 
They define the scope of the problem with which 
traffic police must deal, and provide guidelines for 
the development of selective enforcement procedures. 
They assist legislative bodies in the preparation of 
laws and ordinances, and governmental administra-
tors in the formulation of administrative regulations. 
They identify areas in which further research is 
needed about drivers, vehicles, and traffic controls. 
They provide traffic accident prevention program data 
that allow the effectiveness of the city traffic accident 
prevention efforts, based on the "Action Program" 
(8), to be evaluated. 

Because the present study is directed toward reduction 
of traffic accidents, the most pertinent objectives for the 
accident reporting and record system are summarized in the  

following statement from the National Safety Council's 
Traffic Safety Memo No. 69 (3): 

What is to be prevented must be known before it can be 
prevented. Therefore, the economic cost of traffic acci-
dents, loss of life, and disabling injuries, as well as the 
time and money spent in traffic accident prevention work, 
warrant a reasonable investment in collecting traffic acci-
dent information and studying it to determine: 

The nature and extent of the traffic accident problem; 
The possible methods of correction; and 
The effectiveness, or ineffectiveness, of treatment ap-
plied. 

The function of the accident record system is extremely 
broad and the problem is further complicated by  the large 
variety of agencies which make use of the accident records. 
A publication of the Traffic Institute of Northwestern Uni-
versity (2) lists the following functional types of agencies 
as desiring access to traffic accident data: 

Law enforcement 
Police 
Courts 

Education 
Public information 
Legislation 
Driver licensing 

Examination 
Improvement 

Engineering 
Traffic engineering 
Highway design 

Vehicle design 
Vehicle, inspection 
Financial responsibility 

Utility of Present Accident Record System 

The next question is: Do the present accident records 
satisfy the requirements for data? 

There appears to be no staunch defender of the system 
as is, although there are those who indicate that the exist-
ing records system has provided the means of reducing the 
number of accidents per unit exposure. For example, 
Mattson (4) emphasized that the traffic accident mortality 
rate (per 100 million vehicle-miles) dropped from 16.7 in 
1934 to 5.4 in 1963. He attributed much of the gain to 
physical improvement of specific locations or areas which 
the records have shown to have either high accident fre-
quency or high accident severity, because the existing data 
allow publicity, police patrolling, geometric redesign, traffic 
operation procedures, etc., to be concentrated on these 
locations. However, he also stated: "One of the short-
comings that we now are trying to remedy is that some 
states and cities still do not realize the potential value of 
accident record systems as a key to traffic safety work." 

Other and more basic weaknesses of the present system 
are revealed by the dissatisfaction expressed by several 
researchers. As examples, Baerwald (5) lists six visible 
indications of the problems presently associated with traffic 
accident reporting, as follows: 

Incomplete or inconsistent national totals. 
Duplication of effort and excessive costs. 



Absence of the application of modern techniques for 
processing. 
Lack of intergovernmental or interbureau exchange 
and cooperation. 
Failure to produce significant facts about accidents. 
Absence of a satisfactory rate basis. 

Haddon et al. (6) list three problems encountered in 
attempting to use accident data currently collected by motor 
vehicle agencies: 

First, the extent to which reportable accidents are in fact 
reported is usually largely or totally unknown. Second, there 
is usually a complete absence of reliable information as to 
the qualitative and quantitative errors in the information 
reported. Third, collateral sources are often employed, 
which themselves suffer from the same related deficiencies. 

Haddon also lists a source of bias in the report as ". . . the 
influence of age, sex, socioeconomic level, and other charac- 
teristics of the driver on the decisions reached by police 
officers, judges, and others officially concerned with the 
driving public." 

Moynihan (7), a severe critic of the existing reporting 
systems and their resulting statistics, states: 

Traffic statistics have been neglected over the past half-
century in this country and, as far as we could see in the 
U.S. Labor Department, are useless and haven't contrib-
uted anything to our information. . . . We have no in-
formation on injuries, no information on accidents. 

The literature usually documents the absence of solu- 
tions to the traffic safety problem by drawing attention to 
the enormity of the unresolved portion of the problem. In 
addition to this, the Little report (44) on the state of the 
art displays another attitude. With few exceptions the 
summaries following each content area contain statements 
referring to the failure to achieve conclusive empirical 
results. In particular it is indicated that much of the re-
search suffers from the absence of empirically demonstrated 
relevance to accident phenomena. Some specific uses of 
accident data are suggested; these include the determination 
of the roles of vehicle malfunctions, skidding, blood alcohol 
level, and transitory psychological states. 

The report concludes that current research efforts are 
inadequate, that the multifactor nature of the problem 
must be recognized, that the interaction of these factors 
cannot be ignored, and that the available information is 
insufficient. Regarding the last conclusion, it is suggested 
that the primary requirements for data are in the areas of 
cost information and "basic observational data on the 
accident event." 

Recommendations pertaining to the safety activities of 
the motor vehicle industry call for the investigation of 
collision and injury dynamics, including the integration of 
data obtained from accidents and experimental crash tests. 
It is suggested that more information is needed about 
vehicle use and maintenance, and that the role of mal-
functions and other vehicle performance characteristics in 
traffic accidents be explained. The industry is also called 
upon to make greater efforts in the publication of non-
proprietary research findings. 

The report also makes recommendations to the Federal 
Government: It suggests that the government establish a  

professionally staffed traffic safety center to promote ef-
fective use of funds and to assess proposed and existing 
remedial measures. It calls for the government to provide 
an accident record system to collect, integrate, and dis-
seminate accident-related information. Finally, it recom-
mends that the Federal Government provide for in-depth 
accident investigation on an appropriate sampling basis. 

In summary, the existing accident record system is in-
adequate, has many obvious deficiencies, and needs im-
provement. Ihis does not deny that the use of the existing 
system has provided the means for reducing the mortality 
rate and for mitigating the severity of injuries. However, 
with the continuous increase in the daily use of the motor 
vehicle, more imaginative, more profitable, and more sys-
tematic steps must be taken in order to cope with the traffic 
accident problem. The initiation of these steps awaits 
improved investigation procedures, improved accident rec-
ords, and improved data analysis, which must be developed 
to meet the challenge presented by the motor vehicle traffic 
accident. 

DATA UTILIZATION 

To determine how accident records data are utilized, 
available literature was reviewed and visits were made to 
officials in a number of states. Two states (Maine and Con-
necticut) were selected as typical, although there are sub-
stantial variations in state organization, accident records 
system, and data use throughout the country. These two 
states were chosen primarily because a research agency 
consultant had worked with them and was thoroughly 
familiar with the state organization and accident records 
system. General findings concerning data use in most states 
are summarized in this section. 

A major problem in this phase of the study involved the 
definition of the term "data utilization." Although many 
organizations and individuals receive and use accident data, 
relatively few use these records for the purpose of reducing 
traffic accidents. The improved use of accident records for 
that purpose is the objective of this report. Among the 
generally accepted users of accident data in various forms 
are police, courts, legislators, highway departments, motor 
vehicle departments, financial responsibility agencies, in-
surance firms, involved individuals, and attorneys. 

In most states there is a legal requirement that accidents 
be reported to a specified state agency on a report form 
developed by that agency. This agency then becomes the 
repository for accident records and usually is regarded as 
a principal user of the data. In practice, the amount of 
accident information required by this agency and the other 
agencies involved varies (Table A-i) and no single agency 
uses a major amount of the information collected. Often, 
the approach of the involved agencies is not integrated, and 
coordinated activities involving several agencies are rare. 
Consequently, the use of accident data is circumscribed 
severely and many of those involved most deeply with the 
problem of highway accidents are not considered data users 
at all. Physicians, public health officials, and automobile 
manufacturers, to name a few, receive little useful informa-
tion. In this section, the various uses of accident data, and 
other factors influencing data use, are discussed and an 



effort is made to describe the relative importance of these 
uses for purposes of perspective. 

The extent to which data are used by various agencies 
is dependent on many factors other than the need for 
information. The sheer volume of accident data was a 
limiting factor before the advent of the computer. (It 
should be noted that the use of the computer for storage 
and manipulation of accident data is relatively recent in 
most states.) Initial use of the computer in most states 
involved accounting and other large-scale data handling 
problems such as the processing of driver licensing and 
vehicle registrations. Driver violation data and sufficient 
accident information to determine the need for reexamina-
tion or license revocations also received a high priority. 
Although periodic routine summaries of accident data were 
produced, the manipulation of accident data rated a rather 
low priority. 

In part, this problem arose because the orientation of the 
present system is largely operational. As a rule, one agency 
(often the motor vehicle department) receives and proc-
esses accident data. Despite the large number of accidents, 
these data represent a relatively small part of the total 
information system handled by the department. Because 
driver licensing and vehicle registration are the principal 
functions of the motor vehicle department, it is natural that 
these operations have taken precedence over accident data. 
Similarly, requests for accident information from other 
state agencies, when indeed there were any, were handled 
when routine processing permitted. This led to redundancy 
in data handling and processing until, at times, several 
agencies were processing the same accident report forms, 
and often for the same purpose. 

Other factors also influenced data utilization. Lack of 
confidence in the accident location and description informa-
tion reported by involved individuals, and sometimes by 
police, resulted in minimal use of these records by some 
traffic and highway departments. Many police organiza-
tions received no data for accidents reported by other police 
groups operating within their area. Consequently, even 
selective enforcement efforts often were based on incom-
plete information. In some instances, accident data were 
prepared periodically for use by police or other agencies 
without any assurance that the data ever were used. 

Although the structure of the state government and the 
systems employed varied from state to state, the response 
from state officials was remarkably consistent regarding the 
use of data, the type of information required, and the 
format in which it was required. Four of the major uses 
for accident data that were reported by all of the states 
contacted (not necessarily listed in order of importance for 
all states) were: 

Determination of accident location and description of 
accident type. 

Maintenance and updating of necessary records; li-
censing, registration, driver violations, accidents, financial 
responsibility. 

Producing routine (monthly, quarterly, annual) acci-
dent summaries. 

Providing copies of the accident report form, usually 
for purposes of litigation. 

Accident location is used primarily by police and high-
way departments in selective enforcement and spot im-
provement programs. Except for intersection accidents, the 
police require less precise definition of the accident location 
because enforcement usually entails patrol of a highway 
section. Traffic and highway engineers prefer a more pre-
cise location which may enable them to pinpoint the source 
of a specific problem. 

A spot map, or less frequently an automated procedure, 
is used to locate the accidents on the roadway and to 
identify sites of high accident frequency. When a site is 
located, copies of the original accident reports are referred 
to for determining the types of accidents and the environ-
mental conditions and other factors which may have caused 
the accidents. 

A survey of highway administrators was conducted in all 
50 states, the District of Columbia and Puerto Rico 
(Table B-4) to obtain data concerning accident location. 
The response from 44 of the 49 jurisdictions that cooper-
ated indicated that they routinely received accident reports; 
34 believed that police accident location data were reliable; 
one considered driver report data reliable; nine thought 
both were reliable; and five stated that neither report was 
reliable. Discussions with individual highway and traffic 
engineers suggested that they placed less reliance on other 
accident report data than indicated for accident location. 

Certain portions of the accident report form, particularly 
those concerned with the driver, are used in the mainte-
nance of driver records, in driver improvement programs, 
and in financial responsibility programs. These data usually 
are concerned with driver violations, the identification of 
involved drivers, information concerning the physical and 
mental condition of the driver, and other driver-oriented 
information. In certain states having financial responsibility 
laws, the accident report form provides information needed 
for the administration of the program and, in others, perti-
nent information is obtained from a section added to the 
accident form, or a separate form must be completed. In 
states having compulsory insurance laws, the need for this 
type of information is reduced drastically. 

Much of the output derived from the accident reports 
consists of routine tabulations of individual report items. 
These routine accident data summaries, are published 
periodically in every state, often with subclassifications for 
rural, urban, county, city, and other jurisdictions. This 
torrent of paper, often without appreciable change in the 
data from year to year, has questionable value in most 
action programs to reduce accidents. Their primary use 
by state public service or public information officials is to 
educate and inform the public concerning automobile acci-
dents. Because reporting is incomplete, their usefulness 
even for this purpose is questionable. The summaries vary 
but little from state to state. (A typical summary is shown 
in Figure A-i.) Cross-tabulations are rare and use of the 
data in scientifically valid research programs is virtually 
nonexistent. The consensus among officials engaged in pro-
grams to reduce accidents in the states visited is that these 
reports are not useful for this purpose, but may serve to 
inform administrators and the public of the nature and 
extent of the problem. 
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Most states provide copies of the accident report form 
to interested attorneys, insurance firms, or individuals, for 
a fee which usually covers the cost of this operation. Cer-
tain information from driver records also is provided for 
a fee, and providing this service for credit organizations, 
employers and others represents a substantial portion of the 
total activity in many motor vehicle departments. Whether 
all of these are legitimate activities for a public agency is 
largely a matter of viewpoint. It is a fact, however, that 
as the scope of these activities increases they assume a 
relative importance that is out of proportion to the original 
purpose for which the agency was established. 

By and large, it was the consensus among highway and 
traffic engineers that the accident report form requires 
improvement, and in some states changes already were 
being made. In Pennsylvania, for example, a new form has 
been introduced in which the investigator describes the 
accident in narrative form and provides a sketch of the 
scene. This, in turn, is stored in a computer and a brief 
narrative description of the accident can be retrieved as 
required. 

Programs that actively seek to modify the system in 
order to prevent or mitigate the seriousness of accidents 
have been conducted by police, highway, and motor vehicle 
departments, and other agencies. Except in limited areas, 
it is impossible to document the effectiveness of any of these 
efforts. Furthermore, even these agencies have not made 
full use of the available resources they command. Co-
operative programs are rare and few efforts have been made 
to determine accident rates in terms of drivers, vehicles, 
accident locale, or environmental conditions. 

Perhaps the most surprising results of efforts to determine 
how accident data are used are: (1) the limited extent 
to which accident data are generally used, considering the 
time and manpower consumed in obtaining the information, 
and (2) the even more limited scope of action programs to 
reduce the frequency and severity of accidents. 

CURRENT ACCIDENT RECORDS 

Origin of Accident Reports 

Motor vehicle traffic accident records originate from one—
or sometimes from both—of two sources. One of these is 
the involved drivers, the other is a police officer. Both 
sources have limitations and restrictions. Most states re-
quire that drivers involved in accidents complete a report 
on a prescribed form when the accident meets certain 
criteria in terms of injury or property damage. Similarly, 
the police are required to report accidents that meet specific 
criteria, not necessarily the same as those applied for re-
porting by the individual. The police report form usually 
differs from that supplied to the individual, and the forms 
used by police in different jurisdictions within a state 
generally differ as well. 

It is perhaps ironic that in most states all citizens are 
expected to report accidents on a uniform report form, 
whereas it is a rare state indeed in which all police agencies 
provide data on a uniform report form. This, despite the 
fact that it generally is conceded that the police report is 
less biased than that completed by involved drivers. 

The involved individuals presumably have the best op-
portunity to know the events prior to and during the acci-
dent. However, the driver report must be viewed with 
suspicion for several reasons, including the following: 

An accident is a sudden and unexpected occurrence. 
Most of the involved individuals are not prepared or trained 
to accurately describe the sequence of events leading to the 
actual accident, especially when observations are made 
under an emotional strain. 

Involved persons tend to present a biased view of the 
happenings. This bias may or may not be deliberate. 

Involved drivers generally are not familiar with the 
type of data required or how to report an accident. 

Police reports should be less biased, although, as pre-
viously mentioned, bias may be present even in a police 
report. To understand other limitations of the police report, 
it is necessary to realize that accident reporting is normally 
only one of many police duties: care of the injured and 
restoration of traffic flow receive attention prior to securing 
accident data; the police report often consists of descrip-
tions provided by drivers and witnesses; the police are more 
likely to be trained in accident reporting than in scientific 
accident investigation—if trained at all; if a report form 
is used, reported information usually is limited to those 
items listed; if a report form is not used, the investigating 
officer often reports only apparent—and possibly super-
ficial—information. 

Disposition of Accident Reports 

In most states, accident reports are received and maintained 
by a state agency that usually is selected by legislative 
decree. The agencies most commonly assigned the responsi-
bility for accident records are the department of motor 
vehicles, the state police, or the state highway department. 

Despite legal requirements, the data received by the state 
usually are far from complete. All states require an acci-
dent report from the driver of each vehicle involved in a 
reportable accident. In addition, certain accidents are 
investigated by a police unit and, if the investigating police 
unit is at the state level, a copy of that report is automati-
cally sent to the agency that receives the driver reports. 
Local police units generally are required to submit acci-
dent reports, but compliance often is poor because no report 
form is completed or a form different than the state form 
is used. In many states, large cities merely provide a 
periodic summary of accidents rather than the individual 
reports. These summaries are not always compatible with 
the method of reporting used by the states. In brief, records 
available are not complete and the bulk of the reporting is 
done by the least qualified and most biased individuals—the 
involved drivers. 

Superficially, it would appear to make little difference 
which of the three state agencies mentioned receives the 
accident data, because all are concerned with the problem 
of highway accidents (although this is not the major func-
tion of any of the three). In practice, departmental needs 
and interests dictate the priorities assigned to various tasks, 
in terms of the total work load borne by the department. 



As a consequence, accident records have rated a relatively 
low priority until recent years. 

Because the responsibility for accident records resides in 
a single agency, and because that agency usually is re-
sponsible for only one element in the system, such as the 
vehicle or the highway, the accident data recorded often 
reflect agency interest. This tends to minimize the useful-
ness of the data to other agencies with different require-
ments, and has led to considerable redundancy because the 
other interested departments obtained copies of the com-
pleted report forms and even coded much of the same 
information. Further confusion occurs because some state 
agencies place more reliance on the police report than on 
the driver report and, consequently, secure copies of only 
the police report for their use. 

The agency which receives both the police and driver 
reports matches these reports to provide complete coverage 
of the accident event. When this agency is also responsible 
for the processing and coding of the accident records, it 
proceeds directly to this task. However, in many instances 
data are processed and coded by a different government 
agency than the one that first receives them. Often, prior 
to forwarding the records for processing, the first agency 
will process and code certain data which are required for 
its own activities. For example, if the responsibility for the 
collection of accident records resides in the motor vehicle 
department, which is also responsible for driver licensing, 
an automated record of specific items concerning drivers of 
accident vehicles may be maintained. This driver informa-
tion file generally represents a partial duplication of the 
file maintained for the complete accident record. 

During this process, other groups may also code all or 
part of the accident record. For example, the state police 
may record certain items from the accident records (gen-
erally using only the state police reports and not the driver's 
report) in order to maintain a current summary of acci-
dent information for purposes of selective enforcement 
(scheduling personnel requirements, shifts, and patrol 
areas). The reason given for this duplication is that 
response to requests for information is slow and the data 
are obsolete by the time they are obtained. 

Until the creation of the U.S. Department of Transporta-
tion, there was no federal agency responsible for accident 
records. The National Safety Council attempted to fill this 
gap by summarizing annual accident experience as reported 
by the states. Thus, when coding was completed, initial 
state efforts attempted to satisfy the criteria of the National 
Safety Council, with respect to a summary of accidents in 
terms of accident type, general highway type, and pertinent 
data concerning driver, time of day, day of week, etc. 
These criteria generally were met by the routine summaries 
described in other sections of this report. 

Data Contained on Current Accident Report Forms 

A review of the accident report forms currently in use in 
various states was undertaken. For this task, accident re-
port forms used by all but 8 of the 50 states were available 
in the (Cornell) Automotive Crash Injury Research 
(ACIR) files. As part of an ongoing program at the re-
search agency, a file of state police report forms and state 

accident summaries is maintained and updated periodically. 
This file was brought up-to-date in February-March 1967; 
at that time, 42 of the 50 states provided copies of their 
current state police report forms. The eight states from 
which current report forms were not available were ex- 
cluded from this review. These were: Colorado, Hawaii, 
Illinois, New Hampshire, North Carolina, Rhode Island, 
Tennessee, and West Virginia. 

Accident forms for the 42 states were examined and the 
information appearing on each was tabulated (Table A-l). 
Some of these report forms have since been revised by the 
reporting states or are currently undergoing revision. Many 
items appearing under the headings of time and weather, 
location, roadway, and accident description are used rather 
uniformly in all states. Even within these headings, how-
ever, a number of items apparently have been added by 
individual states. Moving down the list of subheadings, 
however, the degree of uniformity among the states tends 
to decrease and the questions asked apparently are chosen 
by the individual states for specific purposes of their own. 

The greatest uniformity was found among items under 
the headings of date, day of week, and time of accident. 
Light and weather conditions were also requested almost 
unanimously by reporting states, in respect to accident 
location, the town and county in which the accident oc-
curred were requested by nearly all states, as were the road 
or route number, and whether the accident occurred at an 
intersection. If the accident occurred in a rural area, most 
states requested either the distance to the nearest town, or 
the mileage from the nearest intersection. Seven states 
asked if an engineering study of the accident location was 
necessary. 

Some roadway data were requested in every state. The 
surface condition (wet or dry), the character of the road-
way (level, etc.), and traffic control information were 
required in virtually all states. Information on items such 
as obstructions to view, road condition in terms of defects, 
highway type, railroads, bridges, etc., was requested less 
frequently. 

Considerable uniformity with respect to accident descrip-
tion was also found. A written description and a diagram 
were requested in all states. The severity of the accident 
(property damage, injury, or fatal) was normally obtained 
by recording the names and addresses of the injured or 
killed. Pedestrian actions were required in 39 states. 
Information pertaining to witnesses was requested in 37 
states. Items such as overturn, burning, or the distance 
traveled after impact were requested in only 2 to 5 states. 

A total of 23 items pertaining to the vehicle (Table A-1, 
Subject Vehicle No. I) appeared on the report forms in the 
42 states studied. Except for such items as year, make, 
type of vehicle, registration, and name and address of 
vehicle owner, there was little agreement or uniformity with 
respect to vehicle items requested. Many states requested 
information concerning such factors as directional analysis, 
estimated speed, the speed limit, and whether seat belts 
were installed and used. Few were concerned with vehicle 
color, whether the vehicle was legally parked, or the names 
of insurance companies. 

Similar observations may be made concerning driver 
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information. Except for name, address, age or birth date, 
sex, driver's license number, and licensing state, there was 
little agreement as to the kind of items that appeared here. 
Information on driving experience was required by 15 
states; whether the driver had completed a driver educa- 
tion course was required in 9; driver's race was recorded 
in 15 states; questions concerning alcohol tests were asked 
in 9 states; violations were asked in 19 states; and driver 
license rstritions were required by 17 states. 

Occupant and injury information revealed much the 
same picture. Except for name, address, sex, and age of 
occupants killed or injured, there was little consistency in 
the types of questions asked. Thirteen states requested 
information concerning the race of the occupants, and 
9 required information concerning the occupation of in-
volved pedestrians. Information concerning the police in-
vestigation followed this pattern as well. The source of 
report information was asked in 12 states and the arrival 
time of the police was asked in 13. Badge number, and 
arrest and charge information were requested by most, but 
not all, states. 

Although there is a considerable lack of uniformity with 
respect to the items that appear on the forms, a certain 
pattern emerges upon careful examination of Table A-i. 
More than 30 items that appear in at least 40 of the 
42 states can be identified. In general, these reveal when 
and where an accident occurred, describe the accident, and 
provide data concerning the vehicles, the occupants, the 
injuries in the accident, and the investigating agency. Many 
of these are items that are routinely summarized for the 
National Safety Council annual accident reports; it may be 
surmised that this is one of the reasons for uniformity. 

Beyond these central points of agreement, many specific 
items on the report form appear to have been added almost 
as an afterthought. Indeed, the types of items requested 
indicate that these were requested by a specific individual 
or agency for a specific purpose. As an example, many of 
the items concerning the roadway that appear on individual 
state reports very likely were placed on the form at the 
request of the state highway department. Without attempt-
ing to evaluate the need for these items at this point in the 
study, it is apparent that need was evaluated differently by 
different states—i.e., only 2 states felt that information con-
cerning the type of median was sufficiently important to 
appear on the form, but 25 were interested in highway 
defects, and 24 in type of road surface. 

Evaluation of Completed Accident Report Forms 

To evaluate the completeness and accuracy of reporting, 
a sample of 100 accident reports was examined. These 
sample cases were from one state, as reported on the state 
form by the investigating state police. The reports were 
examined in terms of the interpretation of report form 
questions by the police; i.e., did the investigating officer 
understand the intent of the question? Photographs of the 
vehicle and accident scene also had been obtained to serve 
as a check against certain items reported. 

As far as possible, the intent here is to evaluate the report 
form and not the investigating officer. However, all errors 
detected are summarized and described. It should be noted  

that many factual errors could not be detected (e.g., age 
of driver), although photographs permitted a good check 
on vehicles and accident scene. 

In the 100 cases examined, 227 errors were detected in 
this study. An additional 41 errors previously had been 
detected and corrected by the police supervisor who 
checked these cases. The 227 errors may be summarized 
as follows: 61 omissions (no response to question), 10 
discrepancies, 30 apparent discrepancies, 39 incomplete, 
87 misinterpretations. 

Errors of omission are fairly obvious, but the reason for 
these errors is not. .The investigator simply did not provide 
the information required; but- whether this indicates an 
answer of "no," or. that he could not obtain the informa-
tion, or forgot it, is not apparent. Three areas accounted 
for most of these omissions: the distance to the nearest 
milepost, first aid given, and whether there were witnesses. 
It may be presumed that a "no" answer is intended, or that 
there were no mileposts or witnesses in many cases. This 
cannot be determined or would require additional work to 
check. 

Actual or apparent discrepancies were found in 40 cases. 
A discrepancy represented a disagreement in reporting the 
same information in two places on the form; e.g., Vehicle 
No. 1 was listed as heading north on tthe face of the form 
and west on the accident description. An example of an 
apparent discrepancy would be reporting a violation as 
a contributing factor without making an arrest (or vice 
versa). 

Incomplete items simply refer to those items where the 
investigator began to answer a question but for some reason 
did not finish his answer. 

Misinterpretation of poorly worded questions, or mis-
understanding of the question, constituted the largest body 
of errors. A question concerning whether a driver's license 
was "regular" or "other" evoked responses about either the 
type of license (e.g., "chauffeur"), or about license restric-
tions (e.g., "eyeglasses"), but never both. Vehicle body 
style and type of vehicle also produced a variety of re-
sponses describing number of doors, type of top, truck or 
car, etc., thereby suggesting a lack of understanding on the 
part of many officers. 

Although it is difficult to measure and describe errors on 
the diagram and description of the accident, this important 
part of the report often presented a poor or confusing 
picture of the accident. The sketch of the scene frequently 
left much to be desired; the accompanying remarks helped 
but little in a number of cases. Identification of the ve-
hicles, their paths, objects struck, overturn data, and physi-
cal measurements frequently were lacking. In general, it 
was difficult to get a clear picture of the accident, and even 
factual items that could have been recorded were missing. 
It should be noted that photographs at the scene often 
permitted error detection, and corrections were possible. 
However, the states do not routinely obtain photographs at 

the scene. 
Lest this description reflect unfairly on the ability of the 

investigating officer, it should be reiterated that a single 
police officer frequently must provide first aid for the 
injured, have them transported to the hospital, call for a 
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tow truck, clear the scene of the accident, direct traffic, and 
record the data being discussed. There also are great dif-
ferences between officers in terms of capability, training, 
motivation, and intelligence. If all these factors are con-
sidered, it is not surprising to find that report forms do not 
always contain the desired detail. 

Data Stored for Retrieval 

The accident report forms from eight states were selected 
and compared with the accident report code book of the 
corresponding state in order to determine which types of 
data are recorded on the report forms only and which are 
then stored in the computer record file or on the punched 
card file (Table A-2). 

In Table A-2 it will be noted that in some instances data 
are listed in the "coded" column although they do not 
appear in the "form" column. This occurs when informa-
tion that is not requested explicitly can be derived from 
another part of the report form. Some examples are: 
"member of the armed forces," information obtained when 
the driver is listed by military title and address; "accident 
class" information obtained from damage and injury listed 
for vehicles and occupants; "directional analysis" data 
obtained from sketch or description. 

Provision is made for date, day of week, time, light, and 
weather conditions almost without exception. 

Accident location information is not stored in the detail 
present on the report. In general, county, city or town, and 
route identification may be coded. To a lesser extent, a 
more precise location of the accident site is available by 
a milepost and road section number or distance from near-
est town. Often a description of the area development is 
provided, as well as a population figure. 

Roadway factors such as surface condition (wet, dry), 
character (level, curve), and traffic control are coded for 
the accident record by the vast majority of the states. 
Other roadway data (type of surface, visibility limitations, 
road defects, bridges, railroads, etc.) are coded by com-
paratively few states. 

Accident description data are stored by all ten states in 
varying degree. All ten states code severity (class) and type 
of accident; eight states code pedestrian actions. Provisions 
also are made to record data from the written description 
or diagram in many of the states. 

Vehicle data concerning the age, type of vehicle, and 
where registered are coded most frequently. Directional 
analysis information and vehicle defects also were coded 
in many states. 

Only a few items pertaining to drivers involved were 
coded. Age, sex, licensing state, contributing circumstances 
(drinking, etc.), and driver's intention were coded most 
often. Occupant data coded most often included age, sex, 
seat occupied, and injury data. 

Police activity or investigation data (source of report 
data, time notified, etc.) were recorded rarely. Even arrest 
and charge information was coded infrequently. 

Other items that rarely are coded for computer storage 
include: distance to nearest town, intersection information, 
car make, driver intention, driver license data. Many of the 
items listed are not recorded by the state agency responsible  

for storage and maintenance of accident records; but they 
may be stored by other state agencies. Thus, much of the 
roadway data ignored by the department of motor vehicles 
when that agency is responsible for accident records may 
be stored by the highway department. Also, the police may 
store certain data concerning police activity under similar 
circumstances. Even if not actually stored, some of the 
data may be used on a case-by-case basis when copies of 
the report form are studied. 

The net effect is that it becomes difficult to determine 
how many data are stored and how many are retrieved at 
a later date. However, there is a definite redundancy in 
data recorded and a duplication in equipment, personnel 
and operations when various agencies record only those 
data pertinent to their own operations. 

SUMMARY TABULATIONS AND SPECIAL REPORTS 

Routine Accident Data Summaries 

Copies of routine accident data summaries are obtained 
periodically from all states. 

A sample of ten of these summaries was selected and 
reviewed in detail in order to evaluate the information 
contained thereon. The items listed on these ten reports 
are given in Table A-3. The ten states follow a somewhat 
standard presentation of statistics with respect to both 
format and the items presented. The Florida summary 
shown in Figure A-i was arbitrarily selected as being 
representative of the general form and layout of the ten 
summaries reviewed. 

In the following review, the standard statewide sum-
maries are considered. Many of the states produce similar 
summaries for jurisdictions within the state, listing only 
urban accidents, city accidents, or, for counties, using only 
accidents on county roads. 

Initially it can be observed that there is far more agree-
ment between states with respect to data tabulated than 
was observed for data reported or stored for retrieval. In 
this section, specific summary categories are described and 
discussed. 

Type of Accident.—As given in Table A-3, all ten states 
provide a listing of the type of accident. There are only 
a few variations in the types used: four states use the 
category "collision with other motor vehicle" without sub-
dividing as to whether the motor vehicle was in traffic or 
parked; three provide for "collision with animal-drawn 
vehicle"; one lists "collision with street car"; and one pro-
vides for "collision with another vehicle and pedestrian." 

For each type of accident all ten states provided a tabula-
tion of: (1) the number of accidents categorized as total, 
fatal, non-fatal injury, and property damage (California 
also carries a category of the sum of fatal and injury acci-
dents); (2) the number of persons killed, total number 
injured, and the total injured in each of three classes of 
injury severity; (3) comparative totals for the same month 
last year of all accidents, persons killed, and persons 
injured (California does not use all accidents and adds 
fatal accidents and injury accidents). Nine states (New 
York being the exception) provide similar comparative 
totals for this year to date and the same period last year 
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with a calculated percentage change cumulative death 
record. California provides an additional tabulation of the 
number of drivers for combined fatal and injury and for 
fatal and injury accident types independently. The New 
York report gives a cross-tabulation of the type of accident 
with age, sex, and class (in terms of driver, passenger, 
pedestrian, or other) for each fatality or injured person. 

Rates.—All ten states provide a death rate per 
100,000,000 vehicle-miles. Eight list fatal accident rate 
per 100,000,000 vehicle-miles. Utah gives persons injured 
per 100,000,000 vehicle-miles and South Carolina tabulates 
an estimated economic loss in dollars. 

Accident Location.—Nine of the ten states provide on 
the standard summary a tabulation of the number of acci-
dents (same classifications as above) for cities or urban 
areas by population grouping. The exception, New York, 
has the data available, but only on summaries for rural 
populated areas, urban populated areas, and New York 
City. All ten states list the road system in various refine-
ments ranging from extremely broad classifications such as 
roadways in urban areas and in villages (under 2,500 popu-
lation), rural state highways, and other rural roads, to a 
comparatively narrow classification such as state routes, 
county routes, town routes, municipal streets, parkways, 
thruway, other limited, non-traffic, and Interstate highways. 
Half of the summaries provide space for the listing of 
accidents on roadways administered by independent agen-
cies (turnpike, parkways, etc.), although this space was 
used in only two of the reviewed summaries. 

Time.—Eight of the ten states provide a tabular listing 
of the number of accidents of different severity by time of 
day and day of week. 

Victim.—Two state summaries (North Carolina and 
South Carolina) contain no statistics on the victims of 
accidents. The other eight states report age, sex, and 
whether the victim was a pedestrian or bicyclist. New York 
and California list whether the victim was a driver or 
passenger in the vehicle. 

Directional Analysis.—Seven summaries include a brief 
description of the accidents in the form of directional 
analysis. The Florida summary (Fig. A-i) is typical of the 
data presented—intersection or non-intersection accidents, 
movement of vehicles, etc. Also, the table of pedestrian 
actions is typical for these seven states. The other three 
state summaries (California, North Carolina, South Caro-
lina) do not tabulate traffic movements prior to the 
accident. 

Contributing Circumstances.—Six states list contributing 
circumstances, which is directed to a driver cause of acci-
dent (such as passing stop sign, speeding). New York also 
tabulates special conditions involved, which includes addi-
tional information on driver condition, vehicle defects, road 
defects, etc. California tabulates driver violation as a 
separate item. 

Driver.—Two states (North Carolina, South Carolina) 
do not present information on drivers involved in accidents. 
California tabulates age only. The remaining seven states 
provide information on age, sex, and residence. New York 
and Nebraska summarize driver conditions (normal, fa- 

tigued, ill, etc.), and Nebraska also lists driver's occupation 
and whether the driver had taken a driver education course. 

Vehicle Type.—Eight states summarize vehicle type in 
their reports. The listing of Florida is typical. California 
has the most complete coverage in that trucks and truck 
combinations are subdivided by number of axles. 

High way.—New York presents the most inclusive sum-
mary of highway conditions in that a listing is presented of 
road conditions (dry, wet, snowy), road character (grade, 
curve), road location (bridge, railroad, underpass), and 
traffic control devices (signals, sign). Five of the other 
states tabulate surface condition only. The remaining four 
present no information on roadway character or condition. 

Kind of Location.—Five states summarize the number 
of accidents by areas which are built up or not built up. 

Light Conditions.—Seven states give a tabulation of how 
many accidents occurred during the daylight, dawn or dusk, 
and darkness. 

Seat Belts.—Florida and Nebraska summarize whether 
seat belts were installed and used. 

County.—Six states provide a summary of accidents by 
county of occurrence. 

City.—North Carolina lists the number of accidents 
occurring in each city of the state. 

Weather Conditions.—New York lists the number of 
accidents for various weather conditions (clear, rain, etc.). 

Position of Occupants.—Nebraska lists the number of 
victims in each seated position of the vehicle. 

Discussion of Typical Summary Tabulations 

A study of routine state summary tabulations reveals that 
certain information needed for the determination of acci-
dent causation is presented in these publications. In gen-
eral, this information relates to the magnitude of the prob-
lem, with some isolation by type of accident, age and sex 
of driver, age and sex of victim, etc. The value of these 
data is best demonstrated by an example, such as the tabu-
lation of the number of accidents of various types. The 
December 1965 Florida summary (Fig. A-i) reveals that 
there were 12,106 motor vehicle collisions with other motor 
vehicles in traffic, and that 3,221 of these accidents were at 
intersections with the two vehicles entering at angles, 536 
were at intersections with both vehicles entering from the 
same direction and going straight, 669 were at intersections 
with both vehicles entering from the same direction but 
one turning and the other going straight, etc. The break-
down of accidents by type allows the isolation of broad 
segments of the accident problem and suggests a measure 
of the relative importance of each accident type. In the 
foregoing example, the 3,221 two-vehicle collisions at 
intersections with the vehicles entering at angles indicates—
or rather reinforces previous knowledge of—the need for 
improvement of traffic control devices and intersection 
design. 

Some summary data are listed in extremely broad classi-
fications and as a consequence are of little use. One of 
these broad classifications is the "location" heading, where 
urban accidents are placed according to a population 
grouping of the urban areas, or where rural accidents are 
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placed according to such broad highway classifications as 
Interstate routes, controlled-access highways, state routes, 
county routes, etc. 

Another data presentation which is of little value in 
determining accident causation in its present form contains 
items such as time of accident, kind of location, type of 
vehicle, road surface condition, etc. To illustrate the 
shortcomings of this grouping, consider the listing of the 
numbers of accidents for day of week and hour of day. 
First, the general time distribution of accidents is similar 
from month to month and the presentation represents 
needless repetition. Second, the accident distribution is 
similar to, but not the same as, the weekly and hourly 
traffic volume distribution. Howcvcr, without knowledge of 
the traffic volume or a suitable measure of exposure, the 
number of accidents per time period is of little value. For 
example, the 133 accidents (Fig. A-l) that occurred 
between 5 and 6 AM, a period of low traffic volumes, may 
represent a much higher accident rate (accidents per unit 
exposure) than the 1,428 accidents between 5 and 6 PM, 
a period of high traffic volumes. This particular inadequacy 
of the data reflects the lack of a convenient usable measure 
that would permit meaningful interpretation. 

There is also a need to improve the method of presenta-
tion of much of the data listed on the summaries. The 
increments of age used for casualties, and especially those 
used for drivers, are excellent examples of how possible 
errors may be read into the tabulations. The driver's age 
listing begins with age increments of one year, then changes 
to a two-year increment, to a five-year increment, and 
finally to a ten-year increment (ignoring the two extreme 
age groups). The number of drivers involved in accidents 
naturally shows large changes in the different age brackets 
because of the variation of the incremental change. As a 
result, an inexperienced observer could easily reach an 
incorrect conclusion from the given table. Equal age 
increments would allow a proper appraisal without further 
interpretation by the reader, and reduce the possibility of 
incorrect conclusions. 

It is concluded that the routine state data summaries 
provide minimal aid in the determination of accident causes. 
The primary benefits are the identification of problems in 
terms of total numbers of reported accidents, injuries, 
and fatalities, and the isolation of broad areas which require 
specialized study. The limitations of the summaries point 
out the need for an exposure rate and the difficulty of 
itemizing the complex causes of accidents. 

Special State Reports 

A sample of 12 special studies was selected randomly for 
review. One restriction placed on the selection was an 
attempt to limit the number from any one state. This re-
striction was adopted because two states have been much 
more productive in the publishing of special reports, and 
thereby would tend to dominate the choices. The reports 
selected were: 

1. Motor Vehicle Accidents involving Excessive Speed: 
December 1962 through November 1963. New York 
State Dept. of Motor Vehicles (1964). 

913 Compact Car Accidents. Indiana State Police 
(1964). 

Comparison Between Single-Car and Multiple-Car 
Accidents. New York State Dept. of Motor Vehicles 
(1964). 

Comparison of In juries Sustained by Occu pants—
Standard Car vs. Small Car. Traffic Division, Connecticut 
State Police (July 1963). 

The 1964 California Driver Record Study. Dept. of 
Motor Vehicles, State of California (Mar. 1965). 

Study of Compact Vehicles Registered in New York 
State 1962. New York State Dept. of Motor Vehicles 
(Sept. 1963). 

A Re-evaluation of Group Driver Improvement Meet-
ings. Dept. of Motor Vehicles, State of California (Jan. 
1965). 

Accident Characteristics of Four Types of Passenger 
Automobiles. California Highway Patrol (Apr. 1964). 

Causes and Characteristics of Single-Car Accidents: 
Part Two. California Highway Patrol (Oct. 1964). 

The Small Car in Motor Vehicle Traffic Accidents 
in Illinois-1962, State of Illinois, Dept. of Public Works 
and Buildings (Oct. 1963). 

The Motor Vehicle Inspection Program and its Re-
lationship to Highway Safety in New Jersey. State of New 
Jersey, Dept. of Law and Public Safety (Sept. 1963). 

The Roles of Carbon Monoxide, Alcohol and Drugs 
in Fatal Single-Car Accidents. California Highway Patrol 
(Nov. 1965). 

Special reports are prepared in response to a variety of 
needs—to answer a particular question or problem, to jus-
tify a special program or public service, to indicate a 
problem area, etc. The individual study concentrates with-
in a somewhat narrow field of investigation in an effort to 
provide a solution to a specific problem. Although some 
of the special studies have their limitations, this type of 
research undoubtedly has considerable value. 

Sources of Data 

Many special studies use data acquired from the regular 
accident report form. The general procedure in these 
studies is to compare the effect of the subject factor against 
the effect produced by the entire population, a sample 
population without the factor, or a sample population with 
the opposite factor, etc. (i.e., the age grouping of drivers 
having accidents may be compared with the age grouping 
of all drivers or of accident-free drivers; the accident 
records of drivers under the influence of alcohol may be 
compared with the accident records of drivers not under 
the influence of alcohol; the accident severity associated 
with small cars may be compared with the severity ob-
served in large cars, etc.) 

Other special studies, requiring the collection of specific 
data for utilization in the study, may involve anything from 
a special question on the regular accident form to complete 
and elaborate observations. Examples are: a specialized 
compact-car accident investigation form used by the 
Indiana State Police for a study of compact-car accidents; 
the collection of data for the California study on carbon 
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monoxide, alcohol, and drugs involved testing of blood 
samples, medical opinions, criminal histories of decedents, 
and other data not usually collected. 

Regardless of the source of data; the quality of data 
varies drastically from report to report—even within a 
particular state. Certain studies have employed adequate 
and statistically accepted methods of experimental design, 
whereas others appear to use a haphazard collection of 
those facts which may relate to the subject at hand. 

Presentation of Data and Findings 

All 12 reports present the original and processed data in 
tabular form. Seven reports also used a graphic represen-
tation to emphasize the points of interest. The general 
approach to data presentation is sufficient to inform the 
reader of the information involved. However, the accuracy 
and details of presentation are often poor and in need of 
improvement. Examples of these deficiencies are: 

Poor choice of labels for selection titles, tables, and 
graphs. For example, one report used "accident severity" 
for a heading while the accompanying discussion and chart 
(also labeled "accident severity") dealt entirely with injury 
severity categories. 

Poor choice of increments in constructing frequency 
diagrams. By definition a frequency distribution is com-
posed of frequencies for a given constant unit. For ex-
ample, a chart illustrating the distribution of the number 
of licensed drivers by age should use a constant increment 
of age and not variable increments of age. Figure 1 shows 
the different visual interpretation evident from observation 
of a graph based on unequal age increments and one 
based on equal age increments. The same comments apply 
to a tabular listing of frequencies. 

Lack of definition of terms employed. Occasionally, 
the reader of a report must assume that his interpretation 
of a term is the same as the author's definition. For 
example, one report contains the term "excessive speed" 
in the title and in various places within the report without  

definition. However, "excessive speed" means different 
things to different people, and the report reader needs the 
author's definition in order to properly understand the 
report's full meaning. 

These comments appear to be minor in content, but the 
reader of a report containing discrepancies, errors, or a 
lack of information tends to distrust the entire report and 
thus to minimize the results regardless of their value. The 
reports generally reflect a need for adequate interpretation 
and review to avoid misleading the less informed reader. 

Statistical A nalyses 

There are tremendous differences in the amount of statis-
tical analysis undertaken or attempted in the 12 reports re-
viewed. One report is basically a tabulation of data with 
superficial remarks (which is all that the authors intended). 
The other extreme is represented by a report which used 
standard statistical tests for the significance of observed 
variations and provided a brief appendix explanation of the 
procedure. 

The quality of the statistical analyses is as diverse, as the 
quantity (there is definitely not a relationship between 
quality and quantity in the subject reports). Some of the 
reports indicate that the writers had a good knowledge of 
the limitations of their data, knew the pitfalls to be avoided, 
and. in general drew their conclusions with caution. Other 
reports reveal the use of poor comparisons, emphasize 
small random variations, appear to use correlation coeffi-
cients in a mechanical manner, and in general give the 
impression of little knowledge of proper use of statistical 
methods. 

Results 

The results of the special studies generally reflect the 
workmanship involved in the data collection and analysis. 
Therefore, a report is generally either good, mediocre or 
poor in its entirety—that is, if the researcher was capable 
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of selecting the proper data and if he knew how to analyze 
these data, he also knew how to interpret the findings. 

Occasionally, writers allow personal convictions or opin-
ions to supersede the findings of their study. In such cases, 
the report usually reflects this fact with a high degree of 
certainty. 

Summary 

The special studies are a very useful tool in determining 
the causes of accidents. Nevertheless, they must be con-
sidered in the proper perspective; namely, they are limited 
in scope and are directed toward finding or disproving a 
specific relationship. A good report will reveal the limita-
tions of the study and present clear concise results. 

There are dangers in some of the reports reviewed. 
These contain errors in analysis, reveal poor judgment in 
the interpretation of findings, and produce misleading 
results. This is not to suggest that special reports should 
be abandoned, but rather indicates the need for careful 
research and emphasizes the need for caution in the use 
of the results. The special study can be one of the most 
useful research tools when properly designed and con-
ducted. 

RECENT ACCIDENT RECORDS PROJECTS 

National Safety Council 

The National Safety Council Traffic Accident Data Project 
has adopted a "bi-level concept" of accident reporting (29). 
The basic level of reporting consists of those items necessary 
to place the accident (temporal or spatial), identify drivers 
and vehicles, briefly describe the event and its consequences, 
and list police activity. These data would identify the 
problem, indicate solutions, and measure the results. 

The second level of reporting would provide greater 
detail and provide statistical samples of data on any 
desired specific factor of highway, vehicle, or driver. The 
supplemental report is of the variable content form, and the 
specific data sought could be varied to meet requirements. 

The Traffic Accident Data Project also urges: (1) more 
extensive use of magnetic storage devices, with the goal 
of storing all information produced by the accident form; 

improved means of locating the accident scene; and 
a better description of the sequence of events (less 

emphasis on one particular event) prior to the accident. 

Pennsylvania Study 

The Commonwealth of Pennsylvania has made a number 
of revisions in its accident record system during the past 
few years, as follows: 

The police accident report form has been simplified 
and stresses the use of narrative reporting of accident 
investigations. 

Efforts have been made to induce all police units in 
Pennsylvania to use this standardized form in reporting 
motor vehicle accidents and to provide a copy to the state 
agency responsible for accident data. 

The police records are matched with the reports 
received from the drivers involved. 

Accuracy in the location of accidents is emphasized 
during processing. 

The cases are analyzed to determine a maximum of 
three basic causal factors in the particular accident event. 

The description of the accident event is stored in the 
computer in simple narrative form. 

During the past few months Pennsylvania has also under-
taken the use of specially trained teams to investigate 
certain accidents which occur throughout the state. This 
program is supported by Pennsylvania and the National 
Highway Safety Bureau. The teams consist of a highway 
engineer and a Pennsylvania state highway patrolman, and 
may include mechanics and physicians. These teams were 
given a two-week course of training by representatives of 
the research agency. The objective of the team approach 
is to study accident causation factors in detail in order to 
obtain data that will aid in reducing the frequency and 
severity of accidents. 

Surveys and Research Corporation 

The subject of a 1966 Surveys and Research Corporation 
report (30) advocating the creation of a national highway 
records center can best be expressed in the following words 
from that study: 

This report provides the basis for establishing and operating 
a national Highway Accident Records Center (HARC). 
As the authors see it, the operations of HARC will result 
in a fund of comprehensive accident data that has not been 
available before. With such improved accident facts in 
hand, the lack of fundamental information will be rectified, 
accident situations of importance can be better identified, 
and specific action to prevent accidents can be taken. 

Minnesota Records System 

This is a joint Minnesota-Automotive Safety Foundation 
study which recommends a state central records system 
for accident, driver, and vehicle data. The report (10) 
contains estimated cost figures, benefits obtained, uses, etc., 
of the proposed system. 

It also indicates a need for dual-level accident reporting 
and recommends: (1) better locating of accident scenes 
on the highway; (2) the use of plastic vehicle registration 
cards (similar to their present driver license cards) with 
card imprinters for police use; and (3) better training of 
accident investigators, police reporting of a larger per-
centage of accidents, and a change to a requirement that 
all property damage accidents of $100 or more be im-
mediately reported to police. 

National Highway Safety Bureau 

The National Highway Safety Bureau is one of three agen-
cies reporting to the Federal Highway Administration in the 
recently created U.S. Department of Transportation. In 
turn, NHSB consists of three groups: the Motor Vehicle 
Safety Performance Service, the Highway Safety Programs 
Service, and the National Traffic Safety Institute. 

The area of operation of the Motor Vehicle Safety 
Performance Service centers on standards for motor ye- 
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hides. It is concerned with the complete accident picture: 
avoidance, injury reduction, and post-crash factors. Thus, 
although the area of occupant protection may be most 
familiar to the public, the service is also concerned with, 
as examples, vehicle-driver interactions, crashworthiness, 
and post-crash fire prevention. 

The Highway Safety Programs Service is concerned with 
standards for state highway safety programs. The Highway 
Safety Act requires that each state have a highway safety 
program which meets the uniform standards of the office 
of the Secretary of Transportation. Several standards are 
germane to accident-related information systems and pro-
vide state and local governments with guidelines for traffic 
records, motor vehicle registration and inspection, driver 
education and licensing, identification of accident locations, 
etc. 

The third agency, the National Highway Safety Institute, 
is responsible for the research and development activities 
of the two services, and contains within its framework 
three working units. The National Traffic Safety Data 
Center is responsible for all safety data and its analysis, 
and computer systems with their transmission links. The 
National Traffic Safety Documentation Center is respon-
sible for safety documentation, such as training films. The 
National Traffic Safety Research Center is responsible for 
research, evaluation, and development activity in the 
Bureau. It will operate regional facilities at several loca-
tions. Currently all research is performed by existent non-
government research groups, with the exception of the 
National Bureau of Standards. As this report is written, 
the National Highway Safety Bureau has two studies 
in progress that involve the accident investigation process 
and accident records. 

ACCIDENT LOCATION 

The ability to locate the site of an accident as precisely as 
possible—many states would like to be within 0.01 mile—
is considered of major importance by both highway engi-
neers and police. The requirements of the engineers are 
more stringent because their task is to determine if a 
relationship exists between the accident and the highway at, 
or near, the accident site. For selective enforcement pur-
poses, the police do not require such precision because 
patrol areas cover larger distances. 

Because both the highway engineer and the police ad-
ministrator are interested in accident location—the highway 
engineer for design and reconstruction and the police for 
law enforcement—both require much the same informa-
tion, and the location system should be compatible for both 
users. Ideally, there should be complete compatibility and 
a cooperative working arrangement between appropriate 
police and highway engineer personnel. The objective of 
both is identical in studying a high-frequency accident 
location—to make it safer for the motorist. Only the 
method is different; the police use selective enforcement 
procedures, the highway department uses a spot improve-
ment program. 

A survey of state officials thioughout the U.S. was 
conducted to obtain pertinent information concerning  

location criteria, data processing, and accident analysis 
procedures. The results are summarized in Table B-4. 
Appendix B contains the detailed report on accident loca-
tion and this section summarizes that report. 

Review of Accident Location Methods 

Basically, three types of accident location methods now 
are being used or are under serious development. They 
are: 

A route number-accumulated mileage system. 
The node-link system. 
The coordinate system. 

Of the three methods under consideration, the route 
number-accumulated mileage system has been employed 
most frequently by the various states. Some definite ad-
vantages of this system include comparative simplicity of 
use, direct coding of the location in the field, a compara-
tively short period of training for proper use, and com-
patibility with the existing road inventory records. Con-
versely, the route-mileage system has some disadvantages 
in that it is not adaptable to complex highway configura-
tions (interchanges and channelized intersections, etc.), 
is difficult to use in urban areas, requires a change in logic 
of concept or a change in reference markers when 
modifications are made to the highway network, and may 
require an addition or subtraction procedure by the inves-
tigator, which increases the possibility of an error. 

The coordinate system (not in use at the present time, 
but in the testing stages) also has certain advantages and 
disadvantages. Among the advantages are: presents no 
need for field reference markers; permits direct coding of 
locations in the field; can be expanded to cover all streets 
and highways; and does allow for ease in computer accept-
ability. Some of the disadvantages of the coordinate 
system are: if coded in the field, each patrolman must 
be supplied with maps of the entire area which he covers; 
the map scale is normally small and therefore requires 
fine reading for close location of accidents; the user must 
have some experience in reading maps; modifications to the 
highway network require new maps; and the map-reading 
process permits additional errors to enter into the data. 

The node-link concept has the advantages of being simple 
to use by the man in the field; can be used in rural and 
urban areas; can be adapted to complex highway configura-
tion; can be expanded to all streets and highways; the 
simplicity of use suggests a potential for fewer field errors; 
and changes in the highway system can be handled by the 
placement of another node. To be effective, the node-link 
system must have field reference markers. Computer pro-
grams have been developed for node-link network systems 
and the methods and procedures could be borrowed for use 
by the highway data accident record system. 

In summary, any method chosen for the location of a 
large number of accidents should meet certain require-
ments, such as (a) be simple to use; (b) be economical in 
the cost of this use; (c) provide location data within the 

* A fourth method, using the Public Land Survey grid as reference 
locations for intersections, is being tried in one state. 
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required precision; and (d) provide for compatibility of 
accident data with highway data. 

In reviewing the various accident location methods, no 
specific recommendation is made with respect to the three 
methods discussed. It is perhaps apparent that the node-
link system is regarded as most flexible in a changing 
system. However, the route number-accumulated mileage 
system has been more extensively developed and is com-
patible with a variety of uses other than accident location. 
It obviously would not be reasonable to change such a 
system for the sake of change. The method used should 
fit the conditions and requirements of the individual state. 

Factors Involved in Accident Location 

There are several problems involved in locating an accident 
which require additional consideration and emphasis. One 
of these is to determine what part—or parts—of the acci-
dent event is to be located. For example, a ran-off-roadway 
accident may initiate on a curve, with the vehicle running 
off the paved surface on the subsequent tangent and 
striking a roadside pole still farther along the roadway. 
The question then is which location or locations to place 
in the records system. 

There also is a need for a built-in quality control check 
allowing confirmation of the accident location during 
processing. In the current operating systems many location 
errors occur; the process of correcting them is time con-
suming and difficult. 

As a matter of economics and convenience, the highway 
data should be coded and stored using the same location 
system as that used for accidents, because the two sets of 
data will often be used together. The matching of the 
accident to the highway will become even more important 
once the engineer begins to use a predictive method of 
analysis with the intention of determining the relationship 
between geometric features, traffic operation conditions, 
and sites of high accident frequency. 

SUMMARY OF STATE-OF-THE-ART REVIEW 

It is stated elsewhere in this report that "the purpose of the 
accident records system is to provide statistically adequate, 
accurate and useful information upon which an effective 
control program can be based." 

Based on the review of literature, the investigation of 
organizations concerned with motor vehicle accidents, dis-
cussion with those responsible for various segments of the  

system, and observations of the results obtained by the 
system, the only possible conclusion is that the present 
accident record system does not fulfill its intended function; 
in brief, the system fails to produce significant results. 
Accident records do not provide an accurate measure of 
the problem; data use for accident prevention is minimal; 
and there are major inadequacies in virtually every area 
of the system, including the reporting, processing, analysis, 
and interpretation of the data, and the use of the findings. 

Inadequacies exist for a number of reasons: 

Highway accidents represent a complex, multi-dimen-
sional problem with numerous interrelationships between 
factors, most of which are poorly understood. 

The accident report forms currently used are oriented 
to operational and regulatory functions and as such are not 
responsive to research requirements. 

Accident reporting is incomplete at best, and the 
bulk of the reporting is done by the least qualified and 
most biased individuals—the involved drivers. 

Many states do not have an adequate means of 
locating the site of an accident—an item considered by 
many engineers and police as the most important single 
bit of data obtainable. 

Published routine summaries are of little value to 
programs to reduce accidents. Hence, efforts to use them 
for this purpose are rare. 

Accident record systems seek to correct existing 
hazards. For optimal benefits, the accident records system 
also must be designed to provide predictive information 
so that the frequency and cost of accidents become a part 
of future operational and planning procedures. 

Various agencies are responsible for the operation of 
various parts of the system. This separation of responsi-
bilities promotes a lack of cooperation, inefficient use of 
data, duplication of effort, unwarranted delay, and poor 
acceptance of results. 

There is a general apathy, and in some instances a 
strong negative attitude, not only on the part of the public 
but also on the part of many who are concerned with 
corrective action. Some engineers refuse to accept the 
fact that a geometric design may be inferior, even after 
a series of fatal accidents; some courts of law and some 
police are lenient with proven hazardous driving practices; 
legislators hesitate to appropriate adequate funds to correct 
the situation. 
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CHAPTER THREE 

IMPROVED METHODS FOR REDUCING TRAFFIC ACCIDENTS 

The problem of highway accidents is a multi-dimensional 
one involving a system comprised of man, machine and 
environment and all of the complex interrelationships that 
are possible between these variables. It is clear that there 
can be no single solution and, indeed, suggested improve-
ments have been numerous, but generally have been con-
fined to specific subject areas such as report forms, accident 
investigation, specific data needs, data use, and modifica-
tions in system operations. 

Suggestions for improvement generally may be described 
as representing a piecemeal approach wherein system com-
ponents are improved individually to correct what are 
regarded as weaknesses in the system. Unfortunately, in 
many instances neither the requirements nor the capabili-
ties of the total system are considered. It does little good, 
for example, to improve report forms and to mandate that 
all police use the forms if only a small proportion of all 
officers are trained to use them properly. One may argue 
that it would be desirable for all police officers to be well 
trained in accident investigation, but there are many rea-
sons why this argument is specious. One is that the 
primary function of the police is not accident investigation 
and the inroads into time that could be spent in other areas 
already is considered intolerable by many police officials. 
A second is that it is not economically feasible to attain 
such a training level in view of the more pressing problems 
facing society. Even if possible, it is neither desirable nor 
necessary to obtain details on all of the estimated 
13,600,000 accidents that occur annually—and the 
24,300,000 drivers (1) involved in these accidents. The 
majority of the accidents are minor and the costs incurred 
in obtaining data, delaying traffic flow, and clogging the 
record system with useless paper probably would be 
greater than the damage losses involved. 

It will be recalled that the functional types of agency 
needing accident data previously were listed as: law en-
forcement (police and courts), education, public informa-
tion, legislative, driver licensing, engineering (highway and 
vehicle design), vehicle inspection, and financial responsi-
bility. To this list should be added the automotive and 
insurance industries and the medical profession. All three 
are responsible for major areas of the problem. 

In this chapter, the broad outlines of an improved acci-
dent record system for the reduction of traffic accidents 
are provided. This concept represents a long-range objec- 
tive and no attempt is made to define the system in detail; 
that was beyond the scope of the present effort. Demon- 
strations of various parts of the system in operation are 
described in later chapters. Specific short-term improve-
ments that can be made now, and that would facilitate 
transition to the longer-term program, also are suggested. 

LONG-TERM IMPROVEMENTS 

Basic to any program concerned with improving the use 
of accident records for accident reduction is a closely co-
ordinated, cooperative program that utilizes the skills and 
capabilities of responsible state and local agencies. At the 
state level, three agencies have primary responsibility for 
accident reduction—the state police, the highway depart-
ment and the motor vehicle department. In many respects, 
the data requirements of the first two agencies are similar: 
both need accident location, driver violations, type of 
accident, weather conditions, and other data pertinent to 
an action-oriented program. The motor vehicle department 
can provide much-needed driver and vehicle data. 

Economic considerations necessarily impose restrictions 
on the operations of all government agencies. With respect 
to personnel in the highway department, for example, this 
means that available funds provide for a limited number of 
trained professional personnel who must be allocated to the 
various design, traffic, maintenance, and other operations as 
judiciously as possible. Methods of enhancing their capa-
bility or operations should be sought actively. Therefore, 
a close operating relationship, particularly between the 
police and highway engineers, is regarded as essential 
if accident reduction programs are to achieve maximum 
success. 

The police are at the accident scene, they collect the 
data, and they patrol the highway day after day. Their 
experience complements that of the highway engineer, 
who must design, maintain, and when necessary improve 
the highway facility, using available accident data. It is 
ludicrous that at high-frequency accident locations the 
police and the highway engineer work independently to 
solve the same problem through spot improvement and 
selective enforcement programs. A collaborative effort is 
clearly called for in this, and a number of areas, involving 
signing, traffic, and other mutual problems. 

If one accepts the fact that highway accidents represent 
a multi-dimensional problem—and this appears to be widely 
accepted—then a multi-level approach that is responsive 
to current requirements, and sufficiently flexible to respond 
to future requirements, is needed. 

Multi-Level Concept (MLC) of Accident Investigation 

The functional agencies listed earlier require data of vary-
ing sophistication, ranging from simple frequency tabula-
tions to detailed information obtained only through a 
comprehensive coverage of a single accident event. The 
task of meeting all of these requirements suggests a need 
for variable reporting in terms of quantity and quality of 
investigation. A variable data collection approach using 
a sampling procedure and three levels of investigative effort 
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based on data requirements is recommended. The recom-
mended three levels of investigation are: 

Basic reporting of all accidents. 
Limited investigation of a sample of accidents. 
Intensive investigation of a limited number of ac-

cidents. 

Basic Reporting 

The basic report is designed to provide the information 
necessary to determine frequencies and rates. Basic data 
would include time and date, location, individuals involved, 
vehicles involved, pertinent ambient factors, injury or 
property damage, and a brief description of the event. The 
basic form would serve those administrative and opera-
tional needs requiring a measure of the total problem or 
general classifications of accident types, participants, loca-
tions, etc. Used in conjunction with driver, vehicle, and 
highway records (stored in automated files) studies could 
be undertaken to isolate specific drivers, vehicles, and high-
way locations subject to a higher than normal frequency 
of accident events. 

The basic accident form prepared by the police would 
inevitably contain more data than that required for use 
in the state accident record system. The routine operations 
of the police require information concerning the disposi-
tion of damaged property and accident victims, law en-
forcement action, accident details for use in legal proceed-
ings (civil or criminal), etc. Although these data are 
needed for local operations, it is not necessary to code or 
process them for use in the accident record system. 

The basic form would be completed by all police units 
in a state for all accidents above a minimum predetermined 
severity. (The level of severity is an appropriate subject 
for a research project.) Improved compliance with com-
pulsory reporting regulations could be obtained through a 
state law requiring a state police permit for automobile 
repairs (Utah has such a requirement) or possibly a state 
form to be filled out at the repair shop prior to commence-
ment of work (this would allow for verification of cost of 
vehicle repair). In case the vehicle is destroyed, notifica-
tion of the event could be made through the vehicle regis-
tration system. 

Limited Investigation of a Sample of Accidents 

Special topic investigations would be conducted on a sta-
tistically controlled sample to overcome the statistical limi-
tation of the intensive investigations. Technicians would 
be specially trained and, where necessary, equipped to 
collect the pertinent factual data from the specified sample 
of accidents. Data collection would be concluded when 
sufficient data were available. The data to be collected 
would pertain to particular subject matter as desired and 
would be useful for confirming or rejecting hypotheses 
formulated by the professional teams and by state agencies. 
The procedures and equipment used by the technical 
investigators would be determined by the professional 
team personnel. 	 - 

The technical report could be prepared by the police, 
if desirable, or by technicians trained or hired for the 

particular task. The sample size and approximate study 
duration would be determined through proper statistical 
design of the experiment. 

Use of the technician report would provide an economi-
cal means of collecting data, would free professional inves-
tigators for research functions, and would provide statisti-
cally reliable results. 

Intensive Investigation 

Multi-disciplinary teams would undertake intensive investi-
gation of a limited sample of accident events in order to 
accomplish several objectives, as follows: 

Determine those factors that contribute to accidents. 
Develop new techniques and investigative procedures 

and aid in data analysis. 
Obtain sufficient information to establish hypotheses 

and direction for a larger-scale investigation effort em-
ploying technicians. 

The intensive investigations should be conducted by a 
team of professionals from different disciplines—highway 
engineers, vehicle engineers, psychologists, medical doctors, 
etc.—so that a broad and diversified approach to the prob-
lem would be possible. Limitations to the extensive use 
of the teams are the lack of professionally qualified investi-
gators and the high cost per investigation (a minimum of 
at least $1,000 per case), which would limit the sample 
size. 

Benefits of Proposed Investigation System 

The recommended reporting scheme should overcome many 
of the deficiencies in the present system. Among the bene-
fits that should accrue from this approach, the following 
deserve particular attention: 

Data quantity. The requirement that a basic form be 
completed prior to repair would assure minimum data 
loss and would provide gross frequency data for deter-
mining magnitude and cost of the accident and injury 
problem. The simplified form should reduce the over-all 
work load of the police, although a portion of their effort 
would be diverted to the technician level. 

The quantity of data on the entire range of causal factors 
that result in accidents provided by in-depth investigations 
and augmented by technician programs would provide suf-
ficient data for statistical studies. Emphasis would be 
placed on statistically adequate samples for use in many 
phases of the system. 

Data quality. By drastically reducing the amount of 
data reported on every accident and providing a built-in 
check system (vehicle identification number and make and 
year of manufacture), more accurate information can be 
obtained. Also, the emphasis on factual data would 
eliminate much of the bias now present in reports. Use of 
appropriate professional personnel for the in-depth studies 
should assure accuracy and completeness of data. In some 
disciplines it should be possible to draw upon existing state 
personnel. Emphasis on factual data in the technician 
studies and the use of the multidisciplinary team for cor-
relation and control purposes also should insure good data. 
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Non-Accident Data 

Non-accident data from state agencies should be in auto-
mated storage available for use. The data files should 
include: files containing pertinent information concerning 
each licensed driver, each vehicle registered in the state, 
including its inspection record, a file on the highway system 
containing information on geometric elements, traffic vol-
umes, types of construction, etc. Statistical studies of 
drivers, vehicles, highway, and other exposure variables 
(such as odometer readings, driver mileages) would permit 
the design of scientifically controlled experiments that are 
not feasible today. The non-accident data also could be 
used for many purposes other than accident studies. Con-
siderable care would have to be exerted in the design of 
this phase of the system to insure protection of the indi-
vidual against misuse of personal information. Some of 
the non-accident data could be available to the police at 
the scene of the accident for law enforcement reasons--
i.e., checking the validity of a driver's license, checking 
ownership of a vehicle, etc. File data conceivably could 
be useful in other phases of law enforcement as well. 
Adequate communication between the police in the field 
and the record files therefore would be of utmost im-
portance. 

Political and Technical Organization 

Insuring complete coordination of the activities of the 
various agencies cooperating in the system is essential. 
As noted earlier, examination of this subject at the state 
level indicated that there was duplication of effort in data 
processing and the maintenance of accident record files. 
It was evident that even in states where several state 
agencies claimed to have cooperative programs, there was 
little agreement concerning the nature and degree of 
cooperation. 

The magnitude and complexity of the accident problem 
indicates the need for a collaborative effort to insure an 
efficient program. A study of the structural organization of 
the state government may be needed in many states to 
establish such a venture. Although the design of the 
necessary state structure is beyond the scope of this 
program, two obvious approaches could be used, as follows: 

- Establishment of one agency responsible for the entire 
highway .system, vehicle registration, driver licensing, and 
policing of the highway system—in effect, a Department of 
Transportation similar to that of the Federal Government 
and some states. This approach is logical because many 
of the problems of the present system derive from the 
decentralized and often overlapping functions of different 
state agencies. A central research organization could be 
established to handle the data. 

2. Establishment of a commission representing appro-
priate departments and reporting directly to the chief ex-
ecutive. The responsibility and authority for directing the 
data collection center which would collect and maintain 
data files for the various participating departments would 
reside with the commission. The commission would es-
tablish study priorities and objectives and generally operate 
in a fashion similar to a central department. 

No recommendation can be made concerning the de-
sirability of either approach because of the many variations 
in state government organizations. 

Success of the system also would depend on many specific 
technical improvements. Several of the more important 
are: 

The exclusive or high-priority use of central data 
processing equipment for the data records system. At 
present, computers assigned to individual state departments 
are used heavily for routine projects such as accounting 
and other departmental tasks, thereby drastically restricting 
the use of the computer for research purposes. 

Creation of an integrated data system. Traffic acci-
dent information must be collected with information on 
road characteristics, traffic volumes, vehicles, and drivers. 
Therefore, accident report data must be stored with identi-
fication of location and participants, either vehicles or 
individuals. Once this has been accomplished—and this 
is perfectly feasible with modern computer technology—
it is possible to pool data from a large number of accidents 
having similarities and thus obtain sufficient data for mean-
ingful statistical analysis.* 

Use of qualified personnel. Analysis and interpreta-
tion of a volume of data as large as that in the accident 
records system represents a major statistical problem. Only 
recently, however, have statistical personnel been brought 
into the system in some states. 

Constant review of the procedures employed, equip-
ment used, and technique involved should be provided. 
Rapid changes in technology require that new develop-
ments be appraised constantly. 

Cost of the proposed system is an important factor. 
Many of the necessary data files are available now and 
primary emphasis would involve creating a compatible 
record system. In states that are now revising their systems, 
data compatibility can be planned at minimum cost. 

* The possibilities of this approach are exemplified in NCHRP Report 
47(41). In an entirely computerized research program the highway net-
works of several states were described on the computer tape as consecu-
tive segments of equal length, the record for each segment carrying in-
formation on gradient, curvature, Structures, intersections, traffic volume, 
and nature of traffic on that segment. Into the highway data were merged 
data on the number and nature of accidents on the same segments, the 
accidents being located by milepost information in the same way as the 
segments were identified. 

The procedure made it possible to assemble large numbers of segments 
of any given type (e.g., straight segments without any disturbing features 
as contrasted to segments with some curvature and intersections in them) 
and to calculate volume-based accident rates for each type of segment for 
comparison. The findings of the report show that the method is very 
powerful in identifying road features which interfere with traffic and con-
tribute to traffic accidents, and in ranking those features in terms of in-
crease in accident rates. 

The data system outlined could be used in other ways as well. Use of 
mass data from the recent past makes it possible to calculate for any por-
tion of the road the number of accidents that should be expected to hap-
pen during any given period of time, taking into account the traffic volume 
and specific characteristics of that portion. The actual accident experience 
then can be compared with that expected, and if statistically significant 
deviations from expectation are found, it becomes possible to geographi-
cally identify highway portions either favorable or dangerous in terms of 
the number of accidents. From there, the highway engineer can determine 
the nature of the problem and take the necessary corrective actions. Ulti-
mately such a system could be used as a predictive model for design pur-
poses, as well. 
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Uses of Accident Records 

Purpose of Present System 

It is appropriate in the beginning of this discussion to 
establish the scope and purpose of the present system. 
Primary concern is accident records at the state level, and 
this discussion is limited to state uses of the records. In a 
sense, the criteria developed at the state level in the past 
have influenced or controlled the development of records 
systems at all levels. The most vivid illustration of this is 
the accident report form. To some extent, the model forms 
developed by the states are used at the local level by 
accident investigators. At the same time, it should be 
realized that the development of a model and uniform 
report form for use at the state level need not limit the 
amount of data collected by the towns, cities, or counties. 
It would be more fruitful to consider the state criteria as 
minimum criteria, which could and should be exceeded by 
local authorities. This, in fact, now exists to some degree. 
The local police agency, for example, needs to keep records 
about the garages to which accident vehicles are removed. 
This information actually appears on some state forms 
and certainly is completely useless at this level. 

It is suggested that the accident records system be 
regarded as a state mechanism, develop the criteria so that 
state-level programs are adequately served, and at the same 
time clearly encourage the local agencies to collect other 
data for their own needs. 

In this context, the following is suggested as a generalized 
statement of purpose for a state-level accident records 
system: 

The purpose of the accident records system is to 
provide statistically adequate, accurate, and use-
ful information upon which an effective control 
program can be based. 

One other point should be emphasized here. In the past 
much energy has been devoted to the fatal accident, and 
as a result the rural aspects of the safety problem have 
been emphasized. Economic losses due to accidents are to 
a large extent an urban problem, and should be recognized 
as such in the development of accident records systems. 

Uses of the Proposed Accident information System 

Given the multi-level structure for an accident information 
or records system, Table 1 gives a summary of the proposed 
uses for the information generated at each level of investiga-
tion. Each of these proposed uses is described in brief in the 
following. 

The first use of the routine police investigation would 
be to provide necessary frequency and operational data. 
Such a program would ensure that the records system 
provides complete and accurate information. This aspect 
of the records system should be emphasized as much as 
possible, because current accident reporting is incomplete 
at best. Evaluation of both the quality and the quantity 
of the records obtained should be a routine procedure, and 
should form the basis for corrective actions on weak points 
in any area of the reporting system. 

Second, most selective enforcement programs have been 
aimed at keying police enforcement activities to locations 
known to have high accident frequencies. Although some 
recent studies have indicated that all these programs are 
not effective, they nevertheless remain a part of many 
national programs and will undoubtedly continue for some 
time in the future. Modifying these programs so that they 
are keyed to driving situations rather than location might 
be worth some thought. 

The third use of the basic police investigations would 
be the identification of locations with high accident fre-
quency. This subject has been given much consideration 

TABLE 1 

PROPOSED STRUCTURE OF STATE ACCIDENT INFORMATION SYSTEM 

SOURCE OF SCOPE OF 

INFORMATION OPERATIONS USES 

A. Basic reporting—routine police in- Minimum data, maximum number of  Frequency data 
vestigations cases  Selective enforcement program 

 Identification of high-frequency locations 
 Identification of high-frequency drivers 
 Identification of high-frequency vehicles 
 Formulation of some highway design and 

Operating policies 
B. 	Limited investigations of a sample Broad-scale investigations on specific  Refinement of motor vehicle 	inspection 

of accidents by special police or variables for a valid sample procedures 
technicians  Evaluation of causal hypotheses resulting 

from level C investigations 
 Evaluation of physical driver characteris- 

tics 
 Relation of highway design and operating 

elements to accident production 
C. Intensive investigations by profes- Very intensive investigations, limited  Improvement of investigative techniques 

sional personnel number of cases  Hypothesis of causal relationships 
 Establishment of research needs 
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in recent months, and nearly all states are now involved in 
planning or operating such programs. Basic to the success 
of these programs is location of the accident expressed in 
terms which are readily understandable at the state level 
and amenable to computer language. As the number of 
accident cases which are reported increases, so will the 
reliability of this program. In theory, only the location is 
required in order to identify the high-frequency spots on 
the highway system. However, the ability to classify the 
accidents in some uniform and consistent manner will make 
the analysis of corrective actions an easier task. 

The fourth proposed use of the data would be the identi-
fication of drivers with high accident frequency. This is 
also a subject which has had considerable attention in past 
years, and there is some continuing controversy concerning 
the relative benefits that might accrue from such a program. 
There can be little doubt, however, that there are a 
number of drivers who have had abnormal accident and 
violation frequencies and that their identification and 
elimination from the highway is a useful program. The 
key to this program is a tie between the accident file and 
the driver licensing and violation file. The ability to ac-
complish the identification via high-speed computers makes 
the program easy to accomplish on a regular periodic basis. 
Here again, the greater the number of accidents reported, 
the more efficient the program. 

The identification of vehicles with high accident fre-
quency is related to the state's motor vehicle inspection 
program. The identification of specific vehicle manufac-
turers, models, or body types can be a first step in un-
covering vehicle defects. Compatibility and coordination 
of vehicle identification information from the accident file 
and the motor vehicle registration file are required. 

Combining the accident locations from the accident 
records file with a computer file of road inventory data 
will allow formulation of some highway design and 
operating policies. It should be realized, however, that the 
full range of questions involving highway design and 
operation cannot be answered from these data sources. 

The refinement of motor vehicle inspection procedures 
should be a high-priority program. It seems reasonable 
to expect that the data on which this program can be 
based could come from the second level of investigations 
to be performed by police investigators or technicians. The 
collection of a wide range of data for accident-involved 
vehicles should provide the keys to improved inspection 
procedures. 

Under the proposed multi-level data scheme, profes-
sional-level investigators would hypothesize causal relation-
ships and design statistical procedures to evaluate these 
hypotheses using the second-level investigations. 

The data from the second-level investigations should be 
designed to describe the physical characteristics of the 
accident-involved drivers. Evaluation of these data would 
be related to the driver licensing function. 

Very detailed environmental descriptions will allow a 
more sophisticated analysis of highway design and operating 
characteristics. This approach will carry the work several 
steps further than is possible using records sources. 

Finally, professional-level work, conducted on a very 
limited number of cases and involving very intensive in-
vestigations, would be used primarily to improve investi-
gative techniques and to hypothesize causal relationships. 
Obviously, these personnel would also play an important 
role in the development and maintenance of the other two 
sources of accident information. Establishment of general 
research needs would be another important function of 
this group. 

It should be emphasized that other research approaches 
must be tried in order to combat the accident problem. 
Obviously, there is a need for laboratory research in all 
three areas (human, environmental, and vehicle factors). 
The more difficult the problem may be, the more likely 
that special research conducted by universities and other 
agencies will be required. 

Application in a National Program 

Development of the type of accident records system 
described would provide a simple means of obtaining uni-
form basic accident frequency data on a national scale. It 
also would be a relatively simple task to coordinate 
research programs conducted by several states when re-
search needs warranted a large-scale program. In this 
context, an approach that has considerable merit is the 
concentration of a large and sustained research effort in a 
few states. 

Strategically located states would be chosen in order to 
obtain data that include the variety of geographical and 
climatic conditions encountered throughout the United 
States. These states could serve as a "laboratory" for 
highway safety research. It would be difficult for a state 
to justify such a program; but as part of a federal program, 
it is probable that state participation could be obtained. 

A program of this type could, and should, include all of 
the elements of the state program outlined earlier. Although 
this would not eliminate the need for state program im-
provement, certain types of studies that currently are con-
ducted at a minimal level, or not done at all, could be 
accomplished. These might include studies of vehicle 
design or injury studies that are not done by individual 
states. 

SHORT-TERM IMPROVEMENTS 

It will take time to organize, staff, and place in operation 
a system of the type described and, as always, there are 
problems pressing for immediate solution. Although the 
present system has limitations and deficiencies, a number 
of improvements can be made to increase its utility in order 
to reduce the present accident toll and to avoid repetition 
of earlier mistakes. Recommendations are listed in the 
following. 

Cooperative Programs 

Voluntary cooperation between the various state agencies 
responsible for the operation and regulation of the highway 
system should be initiated. The highway department and 
the state police force are the key organizations, because 
they are responsible for the operation, maintenance, and 
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surveillance of the system. The research agency has con-
ducted collaborative efforts with state police units in 31 
states on a sampling basis over a period of 15 years. Co-
operation and data produced have almost invariably been 
good. 

In terms of driver and vehicle regulation, the police 
require the cooperation of the appropriate departments 
for the efficient conduct of their work. Conversely, the 
police can assist the highway department in terms of traffic 
control devices and other fixed roadway furniture. Because 
of their constant patrol activities, interested police officers 
often can detect deficiencies in the roadway system. The 
highway engineer could make use of this knowledge. 

Accident location is a factor of major interest to both 
police and engineers, because the one must modify patrol 
schedules and the other must redesign or improve facilities. 
Joint studies by police and highway engineers—from both 
engineering and enforcement aspects—could be beneficial 
in producing consistent measures. 

Because of mutual interests, both agencies would benefit 
from the establishment of a realistic and precise method 
of locating the site of an accident. An established system 
would enable the police to pinpoint the accident scene and 
allow the engineers to maintain a highway inventory on 
the same location scheme. Both agencies could use the 
reported locations as required in their work without dupli-
cation in many areas. 

Another type of cooperation is demonstrated in later 
sections of this study; i.e., the collection of specialized data 
by the police. With proper instructions and equipment, 
data on specific factors on all components of the system 
can be obtained for study. See "Analysis of Sample Data 
Collected," in Chapter Four, for the demonstration subtasks 
of the present study. 

Accident Report Forms 

Based on the examination of accident report forms in 
Chapter Two, and the interest displayed in new methods 
of reporting, some change in the forms would be welcomed 
by most users. When revised, the accident reporting pro-
cedure should be simplified. It literally is impossible for the 
police to provide all the information that is desired by 
various users. A thorough re-evaluation of the specific uses 
for each data item, the costs of obtaining it, and the benefits 
derived therefrom is warranted. 

A brief accident report form based on the Michigan 
State Police form is shown in Figure D-7, together with 
the standard form, shown in Figure D-8. The revised form 
is not to be construed as a final effort, but rather as a 
starting point for a dialogue on report form data. The 
form shown is one of several attempts to develop an 
acceptable, brief report form. It will be noted that the 
information required for police use at the local level and 
licensing use at the state level is retained. Environmental 
details have been deleted, as well as road type and driver 
intent data. (The latter can be obtained from the sketch 
if clearly drawn and described.) 

Undoubtedly many will suggest retaining certain deleted 
items and others will suggest further deletions. The evalua- 

tion of report forms should be conducted by the individual 
states to insure appropriate data. 

Modern technology also could be employed to simplify 
and accelerate the task of the investigating officer at the 
scene of an accident. Driver license and vehicle registra-
tion data could be impressed on the type of plastic or metal 
plates which are in common use for identification cards 
(mentioned previously in the Minnesota-Automotive Safety 
Foundation study). This information could then be im-
printed (in duplicate if desired) on an accident form or 
summons using a simple device that requires a single 
motion of the hand, and records without error. Symbols 
to facilitate translation to magnetic tape for computer use 
also could be imprinted. Other simple devices that could 
aid the investigating officer might also be developed. 

Personnel 

The success of the accident record system is going to 
depend on the personnel—the investigators, data processors, 
analysts, and writers—who are responsible for the com-
ponent parts of a system. Initial steps to improve the 
present system also rely on having responsible and knowl-
edgeable people in the proper positions to oversee the col-
lection, processing, analysis, and final preparation of the 
conclusions. Therefore, the following should be inaugu-
rated: 

A group of accident investigators should be trained 
for an in-depth and thorough investigation of accidents. 
These personnel would form a nucleus of experts whose 
task would be to determine the causes of accidents. 

Personnel should be hired who know the procedures 
for proper coding and checking of data prior to placement 
into the computer file. 

There is a tendency to emphasize the collection of 
data and the routine reports instead of exploring the 
data for possible trends and relationships. Competent 
statisticians with knowledge of the over-all problem should 
be employed. These positions will be difficult to fill because 
a knowledge of the highway system and the problems 
involved is required in addition to statistical training. Few 
people have knowledge in both areas. 

Writers should be employed who can effectively 
present the findings and conclusions of studies to the 
people who can take corrective action. Many research 
findings that could aid in reducing the magnitude of the 
problem are not used because the individuals responsible for 
action either do not know the findings or do not under-
stand the conclusions. 

Utilization of Present Knowledge 

There is a need for better utilization of known safety 
concepts in the design and construction of roadway facili-
ties. Present design policies and warrants are often lack-
ing—or are extremely slow in incorporating—safety factors 
which are known and published. For example, one may 
point to the hidden exits and entrances being built into 
many new expressways; the incongruously low speeds at 
exits from high-speed facilities; improved guardrails which 
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are only beginning to be incorporated into new designs; 
the slow acceptance of breakaway supports for lights and 
signs, etc. 

To overcome delays in the use of known facts, a safety 
review board is recommended. The function of the board 
would be to review all plans for highway construction and 
reconstruction in terms of safety considerations. The 
board members should be given the time and the oppor-
tunity to review current research and interpret the findings 
for use. The group's primary function would be to insure 
that safety knowledge is incorporated into design within 
justifiable economic costs. 

EDUCATION 

There is a need for additional training in highway safety 
for the personnel involved in the design and operations 
of the highway system. One course of action would be to 
place more emphasis on safety aspects in the college cur-
riculum in highway transportation. However, the en-
gineers in charge of design and operations are practicing 
engineers, far removed from the normal college curriculum. 
Therefore, a more practical and immediate solution would 
be through a continuing education program directed to 
highway engineers. Through a series of seminars stressing 
current safety knowledge in design and operations, en- 

gineers could be kept informed of the latest developments 
in the safety field. Continuing education for all individuals 
having responsibility for the design, operation, or main-
tenance of any public road system—state, county, town, 
or urban—is essential because of the numerous advance-
ments in this field. The nature of the continuing education 
for each group would be variable and would require a 
series of seminars directed toward the specific problems 
encountered in each area. At the present time, the oppor-
tunity to review and evaluate current advances in this 
engineering field is greatest at the federal level and among 
researchers and decreases as one approaches the local 
operating level. 

Another education concern is to obtain uniform training 
and experience across state lines. The economic abilities of 
states vary and quite naturally certain states have fewer 
economic resources for the continued training of highway 
engineers. A nationwide organization sponsoring the con-
tinuing education program could solve this type of problem. 

Design or operational manuals should be stressed as 
guides and not as absolute authorities on specific problems. 
There is a tendency to accept the manual provisions as abso-
lute requirements without due consideration of the existing 
conditions. There is also a tendency to interpret cautionary 
statements in a manual as if they were rules rather than 
advice. 

CHAPTER FOUR 

PROPOSED SYSTEM IMPROVEMENTS 

A key factor in attempting to improve the accident records 
system is the investigation of accidents. The police tradi-
tionally have performed this function for a number of 
reasons: they are on duty on the highways at all hours 
of the day; they have an operational communications sys-
tem; they are needed at the accident scene in their role 
of law enforcement officers to maintain order, protect life, 
and to determine if a violation of the law produced the 
accident. It is the last function that perhaps creates the 
greatest problem in the police investigation of accidents. 

At best, accident investigation is a retrospective process 
that requires a minimum of personal involvement or bias 
on the part of the investigator. This becomes virtually 
impossible when the investigator is responsible for the 
arrest of those violating the law. Because the officer's duty 
is to produce a legal case for the courts, only an exceptional 
individual can conduct a completely unbiased investigation. 
In fact, it appears in many cases that accident investigation 
ceases when a violation is uncovered. 

An accident records system can be no better than the 
source data that are recorded at the accident scene. 
Dependent on the type of data required, the data volume,  

and the purpose for which they will be used, a re-evaluation 
of data collection is necessary to determine the type of 
personnel required to collect accident data, and the proce-
dures to be used. 

Examination of current accident report forms, coding, 
and data recording procedures has indicated a number of 
shortcomings. It is clear that there is a need to reduce 
the amount of opinion or judgment data and to concentrate 
on factual data. New methods and, for certain studies, 
special equipment may be helpful in data collection. Some 
of these are discussed in other chapters of this report. 
However, if the data are to be used to reduce accidents, 
the entire question of who should investigate accidents 
needs evaluation. A basic problem in data collection pro-
cedures is that analytical and interpretive judgments are 
required of the police because there is no analytical staff 
to do this task, or because it is believed that the officer at 
the scene is in a better position to make such judgments. 
Often the officer is not trained to make the required 
judgment. In this chapter, the use of a multi-disciplinary 
team to investigate accidents is explored. 
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INTENSIVE ACCIDENT INVESTIGATION 

The concept of using professionally trained accident inves-
tigators is one that has been long accepted in civil aviation 
and this work has initiated many of the advances in the 
safety of air transportation. In automotive safety few 
studies of road accidents have been done by full -time 
accident investigators. The term "professional" investiga-
tor is avoided, for some of the workers on these studies 
were not professionally qualified in any discipline. This 
does not condemn their efforts in advance, for professional 
training is of little use unless, allied with intimate knowl-
edge of the field to be studied, it leads to an understanding 
of the nature of the problem. Indeed, the most obvious 
shortcomings of some of these studies have resulted from 
failure to appreciate this point. 

At the present time, no one can accurately predict the 
variables that should be studied in all traffic accidents. 
It is probable that an attempt to list all such variables 
would be defeated by both the size of the task and the 
difficulty in defining independent variables. With very few 
exceptions it is not possible to select an independent variable 
and study its role in accident causation without being able 
to control, or at least accurately describe, all other variables 
with which it may interact, or which may affect the sig-
nificance of the role of the chosen variable. 

This situation is not new. Despite the fact that the 
larger part of scientific research is concerned with the 
investigation of variables or factors that can be effectively 
isolated from their environment, there is much that of 
necessity deals with just an amorphous body of information 
as is available in a road traffic accident. Haddon (6), in 
discussing this aspect, quotes the classical example of 
Darwin's observations in the field: ". . . the essence 
being the open-ended observation and description of 
phenomena to discover variables which deductively seem 
to be of importance. Without continuing research of this 
type there can often be no assurance that variables more 
formally investigated have been realistically or wisely 
chosen." 

Despite such precedents, work on accidents tends, as 
Bronfenbrenner (31) says, "to count and not . . . to 
describe." Almost any police accident report form can 
be taken as an example of this. The format and content 
of these forms, and particularly the periodic summaries 
compiled from them, are biased far more toward "count-
ing" than description. There are obvious reasons for this—
by selecting a limited number of variables the report can 
be condensed to a check list, which greatly reduces the 
compilation time required. A check list also ensures that 
certain information is collected on all accidents. This is 
a worthwhile approach if, as suggested earlier, the selected 
variables are significant, independent, and cover a defined 
range of the field of inquiry. 

A major value of teams of full-time accident investiga-
tors should be in the ability to develop hypotheses and to 
determine the variables to be collected during the more 
routine accident reports. Another important task should 
be the ability to improve studies of specific accident sites—
for spot improvement or selective enforcement purposes—
through bringing greater technical competence to bear on 

the problem. Therefore, in order to test this hypothesis, 
investigations of accidents in the area surrounding the 
research agency were undertaken by agency personnel. The 
objectives of these investigations were to determine: 
(1) whether more intensive investigation of accidents is 
feasible for the state; and (2) what benefits might be 
derived in terms of improved data. 

Organization and Procedures 

The area of study included three towns in the Buffalo, N. Y. 
area—Amherst, Cheektowaga, and Clarence. Within these 
towns are included rural and suburban areas and highways 
ranging from undivided two-lane roads to modern express-
ways. Police in these towns agreed to permit CAL per-
sonnel to investigate accidents that occurred within their 
jurisdiction. The cooperation of service station and tow 
truck operators in the three towns was also solicited. 
Because it was not necessary to obtain a random sample 
of accidents to achieve the goals stated, accidents occurring 
between the hours of 8 AM and 9 PM were investigated. 
The composition of the study team varied, but generally 
consisted of mechanical or civil engineers, technicians, and 
interviewers, although many agency staff members with a 
variety of backgrounds and training participated. Investiga-
tion techniques varied from simply completing one of 
several state accident and report forms to a thorough 
investigation of the accident scene and vehicles involved, 
including photographs and interviews with drivers and 
witnesses. 

Also of interest is the normal police reporting variation 
between the three towns selected: one used the standard 
New York State accident report form; one used a form 
devised by the town police, although patterned on the state 
form; and the remaining town police merely recorded an 
entry on the police blotter. 

Police dispatchers in the participating towns alerted 
agency staff by telephone. A radio monitoring system also 
was established to pick up police calls concerning accidents 
when the dispatch system posed problems. When an acci-
dent occurred, a specially equipped vehicle bearing two or 
three investigators was dispatched to the scene. Basically, 
three major tasks were undertaken by these investigators: 
drivers and witnesses were interviewed; the vehicles and 
accident scene were photographed; and vehicle, highway, 
and other pertinent data, including measurements and 
location of vehicles, debris, etc., were recorded. 

Efforts were made to determine the possible causes or 
contributing factors in each accident by reconstruction of 
the circumstances and a post-investigation critique. Com-
parison of the various techniques and approaches employed 
demonstrated the minimum levels of effort that would be 
acceptable to achieve specific goals. 

Data Collected 

The initial investigations utilized the police accident report 
forms from the states of New York and Michigan. Ex-
perience soon indicated that several questions either were 
not answered or were incompletely answered by the agency 
personnel using these forms. The primary reason was 
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that none of the alternatives available on the form ade-
quately described certain specific aspects of the situation. 
As an example, the categories of "road character" in the 
New York State form are: (1) straight and level, (2) 
straight and grade, (3) straight at hillcrest, (4) curve and 
level, (5) curve with grade, (6) curve at hillcrest. 

One local accident investigated by an agency team was 
located on a straight road, although a curve which ended 
less than 100 ft away was a factor in the event. Neither 
category (I) nor (4) completely describes this location and 
so, to avoid probable misinterpretation, a written location 
was used. This is not an isolated example and this type of 
problem is not confined to accident report forms. Any 
attempt to represent a large and poorly defined body of data 
on a short check list, which in turn is designed for sub-
sequent storage on punch cards or magnetic tape, is bound 
to encounter such difficulties. 

Then a further problem arises. Not only is it obviously 
impossible to describe completely all types of road traffic 
accidents by means of a short check list, but even the 
data recorded may be ambiguous or misleading to an 
analyst who is acquainted only with the record and never 
sees or examines the highway, driver, or vehicle. 

There are other cases where the categories listed on the 
report forms are inadequate and require a special notation 
or the data are lost. For example, one accident covered 
by the investigating team involved a woman who lost con-
trol of her car while accelerating and turning left at a 
snow-covered intersection. This woman was short, but not 
in the lower fifth percentile. Her dissatisfaction with the 
locations of controls in her automobile was shown by large 
blocks of wood strapped to both the brake and accelerator 
pedals, and a thick cushion set against the back of the 
driver's seat. It is doubtful whether a check space for 
"blocks of wood strapped to foot controls" would be often 
used, and even less frequent that it would be related to the 
accident. It could be suggested that such contingencies 
could be allowed for with a space to "note any unusual 
features." 

Much information relating to the vehicle can be recorded 
only by direct measurement; in every case a quantitative 
measurement is preferred to a qualitative assessment wher-
ever possible (e.g., when recording the depth of tread on a 
tire). Once again, the description is unlikely to be ade-
quately performed using only a check list. 

The description of the environment, including the road 
layout and traffic control systems, if any, is similarly com-
plex. Effective data collection must depend on the judg-
ment of the investigator at the scene as to what is likely 
to be needed. The functioning, design, and reasons behind 
the installation of a traffic control device need to be known 
and understood before the investigator can feel confident 
that the role of the device in the accident has been deter-
mined. Instances of all of these arose in the accidents 
covered in this study. In one case, a speed-control traffic 
light was identified as a significant factor in a rear-end 
collision. In this case the light was poorly adjusted, and 
its actual effect on the flow of traffic was either misunder-
stood or simply not considered. To add to this unfortunate  

state of affairs, the authority responsible for the light had 
no record of when or why it was installed. 

It is becoming accepted that accident causation, to use 
a customary but ill-defined word, extends beyond the 
actions of the operators involved. As an example, an 
intersection traffic light control should ensure that traffic 
traveling at the legal speed, and probably also at some 
higher speed, should be able to either stop prior to the 
intersection or continue across under the protection of a 
red light controlling traffic on the intersecting road. This 
may require both an extended amber phase and an all-red 
phase at some locations. Yet, in a case covered by the 
investigating team, where this should have been true, only 
a short amber phase separated the two traffic streams and 
a collision resulted. One driver was charged with failing 
to stop, despite the fact that it was probably physically 
impossible for him to do so. In this case responsibility, 
if it must be assigned, would more justly have been directed 
toward the engineer in charge of the light setting. But a 
witch hunt to seek out the person at fault is scarcely likely 
to produce an intelligent understanding of the nature of the 
problem. If, for example, this light had been set according 
to recommended standard practice, who is responsible? 
Despite this, the New York State police accident report 
form, though severely limited in the data it can list, has 
space for 24 possible contributing circumstances, with the 
instruction to "check one box for each vehicle." Twenty-
two of these categories relate to the actions of the partici-
pant or the condition of the vehicle. One allows for "animal 
on highway" and the final one is marked "other." If "other" 
were to be interpreted in the sense of "not determined," it 
would be encouraging, but this may be asking too much 
of a police officer who may be called on to justify his 
opinion, enlightened though it may be. 

As a result of the limitations of the accident form, the 
intensive investigation units gradually changed to a semi-
structured approach. Certain data were collected routinely, 
but the investigators were free to pursue in depth any 
item that appeared to be a possible cause of the event. For 
example, if an investigator determined that a driver ran 
a STOP sign, he would be expected to determine whether 
visibility was poor, whether the driver was distracted or 
preoccupied, had poor eyesight, etc. 

The routine information collected by intensive investiga-
tions may include the following: 

Introductory data. Location, time of day, day of 
week, names of investigators, severity of accident. 

Atmospheric conditions. Light (day, night, dusk, 
dawn), cloud cover, precipitation, humidity, wind. 

Scene description. Direction of travel, roadway furni-
ture struck, road surface material, condition of road surface 
(dry, wet, icy, slick, worn, traffic-polished, etc.), state of 
repair (chuckholes, ruts, etc.), foreign material on pave-
ment, coefficient of friction, highway lighting, glare, sign 
and sign data (type, visibility, clarity, etc.) 

Highway data. Configuration (intersection type, 
driveway, etc.), curvature, gradient, number of lanes, width, 
roadway markings and signs, median (width, type or 
depth), curb (type, height, condition), speed limit, perma-
nent view obstructions, marginal development, crown or 
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superelevation, obstacle alongside of road, accesses to 
roadway. 

On-site accident data. Point of impact, final resting 
places of involved vehicles, skid marks and tire scuffs, 
debris, liquids, gouges, location of ejected bodies, pre-
impact travel angles, collision and departure angles, de-
scription of traffic flow and density, sketch of scene. 

Vehicle. Description (year, make, body style, color, 
etc.), license number, inspection data, vehicle identifica-
tion number, windows and their condition, tires and 
condition, lights, lubrication data, odometer readings, 
transmission type and location of selector, brake type and 
condition, steering type and condition, instrument panel 
(padded? damaged? bent knobs? etc.), power items (win-
dows, seats, etc.), restraint systems and their use, driving 
accessories (speed control device, automatic headlight 
dimmers, air conditioning, etc.), unusual controls (hand-
operated brakes, blocks fastened on foot controls, etc.), 
engine (number of cylinders, horsepower, displacement), 
power options or modifications, engine accessories (emis-
sion control), safety features (such as dual master cylin-
ders, late model windshields, collapsible steering column, 
etc.), damage to vehicle (location of initial contact, point 
of maximum penetration, depth of maximum penetration, 
damaged items of chassis, frame damage, suspension 
damage, roof buckling), towing service name, taken where? 

Driver. Vehicle identity, driving experience (years 
and mileage), driver education (type, completed?), defen-
sive driving course, familiarity with vehicle (time and mile-
age), restraint system used?, occupation, corrective lenses, 
color blindness, height, weight, age, sex, marital status, 
identification and address, trip plan (origin, destination, 
estimated time of arrival), trip purpose, familiarity with 
route and areas, injuries, description of accident (approach, 
during and after impact), lane used, traffic conditions, 
number of hands on wheel, speed before impact (how 
determined?), speed at impact, time of impact, first aware-
ness of danger, decisions and actions (if any), left or right 
foot braking, view obstructions, distractions, point of im-
pact (on road and vehicle), final resting position, assump-
tions (other car going to stop, signal changing, etc.), in 
control of vehicle?, meaning of signs or control devices, 
preferred lane of travel, safe following distances, was 
accident preventable or avoidable, action if re-occurrence, 
action of other drivers, activities prior to trip, state of mind, 
immediate condition (alcohol, drugs, fatigue), smoking?, 
eating or other activity while driving?, vehicle appraisal 
(condition, where serviced, when), luggage or cargo, doors 
opened on impact?, other vehicles owned or driven, ap-
praisal of highway and highway maintenance, opinion of 
speed limit, previous accidents (how many? where? when? 
similar type?). 

Other occupants. Identification, address, description 
of accident, description of driver's actions, age, sex, weight, 
height, restraint system, injuries. 

The foregoing data are collected on all accidents where 
and when applicable. Additional data on special condi-
tions can be collected as deemed advisable. For example, 
if brake failure is suspected, the brake system should be 
thoroughly examined, or if a driver appears to react  

abnormally, additional information on his health, medica-
tion, emotional background, etc., should be obtained. Ex-
tensions of data collection into these areas are the respon-
sibility of the investigators, as are deletions of non-essential 
data from the listing given. 

The semi-structured approach encouraged for use by 
professional investigators is difficult because the investiga-
tors at the scene are permitted rather wide latitude in the 
selection of topics to be explored in depth. Thus, experi-
ence, training, and motivation become critical factors. It 
may be inferred that the intensive investigation of accidents 
cannot be assumed by the police along with their many 
other responsibilities at the accident scene. The State of 
Pennsylvania has undertaken the intensive investigation of 
accidents. The research agency's experience was used in 
training the Pennsylvania teams, which each consist of a 
highway engineer and a state policeman. The teams also 
have access to the services of government-employed me-
chanics when needed, and collection of medical data also 
has been recommended. 

Findings 

As part of the evaluation of intensive accident investigation, 
only 50 events were investigated. This number is too small 
to obtain more than an indication of possible trends within 
the data. Because it was necessary to organize the investiga-
tion team and develop procedures, the quality of the cases 
varied considerably as improvements were made. One of 
the later cases is presented under "A Typical Intensive 
Accident Investigation Report" in Appendix C. Research 
findings were not the primary objective in this study. How-
ever, some of the data are summarized in the following 
because they are of interest and because, in many cases, 
the intensive investigation uncovered facts or causal rela-
tionships not normally revealed in the police report: 

On a 40-mph four-lane urban street, a single traffic 
signal continually flashes amber until activated by a detec-
tor on the exit from a school parking lot. When activated, 
the flashing amber changes to a solid amber for 4 sec and 
then to red. An accident investigated at this location 
involved a car on the main street traveling at 40 mph. 
The driver did not notice the change from flashing to solid 
amber and therefore failed to stop. The school bus that 
triggered the light also did not stop prior to entering the 
roadway. 

The police issued a traffic violation ticket to the driver 
of the passenger car for running a red light. Further 
investigation indicated that the school bus drivers have 
learned that by approaching the signal at a slow speed, they 
do not have to stop prior to entering the main street. It 
appeared to the investigators that the operation of the 
traffic signal constituted a "booby trap," that the single 
signal was inadequate, and that the school bus driver failed 
to take proper "defensive driving" measures. 

A red-green speed-control signal located on a two-lane 
major urban street remains red until the switch is activated 
by an approaching vehicle; then, after a variable period of 
time (seconds), the signal changes to green. Many local 
drivers have learned that for any speed near the speed limit 
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the signal will change to green before they reach its loca-
tion. Drivers unfamiliar with the area tend to obey the 
initial red phase. 

An accident investigated at this location involved a driver 
unfamiliar with the road, who was some 600 ft behind a 
lead vehicle and being followed closely by a small truck. 
The signal changed to green for the lead vehicle, the driver 
who was unfamiliar with the road started through the street 
section and the light changed back to red. Attempting to 
respond, the driver applied his brakes—and the light 
changed back to green. The driver of the small truck was 
familiar with the signal, knew that it would change to green 
in adequate time, and did not expect the vehicle in front 
of him to stop (he was a relatively inexperienced driver). 

The police issued a ticket for following too closely—
an undeniable conclusion. However, considerable investiga-
tion failed to reveal when or why the signal was placed 
here, where the activators were (approximate locations 
were determined by experimentation), or how the device 
was to be set for proper use. Although the area has a speed 
limit of 35 mph, it was—and still is—possible to drive 
through the area at speeds up to 60 mph and have the 
light change to green before reaching it. The investigators 
concluded that the signal is unnecessary. 

A rear-end collision occurred when a female driver's 
sandal caught on the brake pedal of her passenger car. 
The woman was distracted by this and was actually looking 
down at her feet when her vehicle struck the car ahead of 
her. She was unaccustomed to the vehicle which she had 
borrowed. 

A rear-end collision occurred at a construction site, 
where a vehicle failed to stop and struck the car ahead. The 
striking car had a deficient braking system and gravel spilled 
on the pavement allowed additional skidding. 

An accident occurred at a right-angle intersection 
where a STOP sign had been rotated 90° and therefore was 
not visible. 

Some of the re-occurring patterns observed in the 50 
cases were: 

Vehicles turning left from parking lots onto four-lane 
roads in front of a vehicle turning right in the curb lane, 
or in front of a polite driver who signaled the vehicle to 
exit, being struck by an oncoming vehicle in the center lane. 

On four-lane streets, vehicles turning left in front of 
opposing left-turn traffic and being struck by through 
traffic in the curb lane. 

A high proportion of inexperienced drivers, in terms 
of age and limited annual mileage. 

Conclusions and Discussion 

The findings are suggestive of the nature of the problem, 
but because of the small volume are to be interpreted with 
caution. It is concluded that: 

The intensive investigation of accidents is feasible 
for state agencies. 

This type of investigation reveals accident variables 
contributing to the accident that often are overlooked, or 
are not a part of the routine police report. 

A major disadvantage is the high cost per accident  

investigation—a minimum of at least $1,000 per case. It 
is recommended that a limited number of investigation 
teams be organized for the purpose of exposing new acci-
dent causal factors, and for developing new techniques, 
procedures, and equipment. 

These investigations also produced some information 
that can be of value in current accident investigations and 
in the sampling procedure recommended earlier. Providing 
the police or the highway engineers with the proper equip-
ment and training in its use enhances their capability. 
Cameras, tape recorders, and simple measuring devices 
all are extremely useful tools; but the camera, if used 
properly, is perhaps the most valuable of all. 

The police officer may be able to gather much more 
useful and reliable information if he is equipped with a 
camera. The techniques required to ensure reasonable 
photographic coverage of an accident scene are easily 
taught. In nighttime accidents it should generally be pos-
sible to photograph the approaches to the scene on the 
following day. Much of the data presently recorded on 
the report form could be left as a photographic record until 
such time as they are required for a specific purpose. When 
this need arises the analyst can decide whether or not the 
variables he is concerned with are present, and the respon-
sibility for accuracy in recording becomes largely his. 

The camera is, of course, invaluable for the full-time acci-
dent investigator. Unlike the aircraft accident, a road 
traffic accident is unceremoniously dealt with. The vehicles 
and any debris are cleared from the roadway as rapidly as 
possible to permit the resumption of a normal flow of 
traffic (which ironically is often "normal" in the sense that 
another accident will occur at the same location, albeit 
some time in the future). Speed is therefore an essential 
quality of any recording system, and in this regard the 
camera is unsurpassed. 

There are also other less obvious advantages. First 
among these is that the camera is not selective; it will 
record any object in its field of view. The human observer 
would find it very difficult, even when not hurried, to make 
such a comprehensive record. The camera can therefore 
compensate to some degree for poorly developed powers 
of observation on the part of the investigator. There is a 
great difference between seeing and reasoning from what 
is seen, even to the limited degree necessary to make a 
written or verbal record. This does not mean that a 
skilled observer will not make better use of a camera, 
for the selection of the field of view is still his. But the 
need to study the scene, or a vehicle, to get an informative 
photograph will often result in the collection of additional 
information which would not otherwise have been noticed. 
Furthermore, a skilled photographer can accentuate chosen 
objects of the field of view, although this is frequently done 
at the expense of reduced clarity for other objects and 
should therefore be confined to close-up shots. 

But even a well thought out and presented set of photo-
graphs cannot contain all the information that may relate 
to a traffic accident. For example, most of the data relating 
to the participants are beyond the reach of the camera. 
Medical factors, such as intoxication, can be accurately 
assessed only by well-defined tests and criteria. Similarly, 
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psychological factors demand an investigator who is an 
adroit interviewer and also well versed in the applications 
and limitations of intelligence and personality tests. Even 
the basic record of each participant's version of the accident 
can be obtained accurately only by careful questioning. 

ANALYSIS OF SAMPLE DATA COLLECTED 

Data Collection and Report Forms 

One of the basic tasks proposed in this program was to 
develop and test a sampling approach using a "variable- 
content" accident form directed toward revealing accident 
causes. Testing, as originally conceived, was to be per-
formed by a state police unit using the form in accident 
reporting. The original intention was to propose a "vari-
able-content form" consisting of some six to ten specialized 
forms in a pad. Part of each form was to be standard and 
would provide the general data as to location, driver infor-
mation, vehicle information, etc. The remainder of the 
form would be directed toward obtaining sample informa-
tion on some particular, predetermined accident causation 
factor. 

In meeting with various state police organizations to seek 
their cooperation in this task, several restrictions became 
apparent which altered the collection period. All of the 
police units contacted were willing to cooperate on the 
project, but only on a short-term and a limited basis. 
There were several reasons for the reluctance to initiate 
an extensive program at this time: several states had 
recently revised their forms and desired to minimize any 
additions or change at present; there was some appre-
hension at that time that the Federal Safety Bill of 1966 
might require drastic changes in accident reports and 
therefore a "wait-and-see" attitude was adopted; finally, 
all states have a manpower problem and desire to minimize 
any additional work imposed on their police. 

To obtain the necessary data, the scope of data collection 
for new types of forms was defined as follows: 

Collection would be accomplished in six months or 
less with a stipulated minimum number of reports. 

The data collected for the project would be in 
addition to the regular police report. 

The "variable-content form" would be used in area 
sampling; i.e., troopers in different districts would use a 
different form. 

Under, these conditions, the states of Virginia, Indiana, 
Ohio, and Utah agreed to supply certain information for 
use in the project. 

To secure useful data in sufficient quantity for at least 
preliminary analysis, data for only one study topic were 
examined for all accidents in a study area. One form 
was developed to provide data on tires; a second, to provide 
driver data; a third, to provide data on the trajectory of 
vehicles that ran off the roadway; a fourth, to provide 
data on the collapsible steering columns introduced in 
1967 models. The data from these four forms were believed 
to be sufficient to indicate whether police reporting is 
adequate to determine accident causation and effects when 
limited to specific items. All studies except vehicle tra-
jectory are reported in Appendix C. 

Data Report Forms 

The specialized form for tires is designed to record the 
maximum information that the trooper investigating an. 
accident could be expected to obtain. The tire form used 
in Virginia is shown in Figure D-3. The tire data requested 
include the manufacturer, the trade name, the number of 
ply used in construction, the size, and a check whether a 
studded, snow, and/or recap tire. These items are factual 
information either read from the side of the tire or deter- 
mined by observation of the tire. A simple measurement 
with a tire tread depth gauge will provide the minimum 
tread depth in 32nds of an inch, and an observation of the 
tread is sufficient to determine whether or not there is 
uneven wear. Air pressure is obtained by a tire pressure 
gauge; if the tire is flat, a word or two is sufficient to state 
why. The question of number of passengers is directed 
toward the problem of whether or not the vehicle was 
overloaded. Although axle load would be preferred, data 
of this type can not be expected from police. The vehicle 
is identified by year, make, and model, allowing a check 
of actual tire size versus recommended size. The odometer 
reading is recorded as a check on vehicle exposure. 

The tire form used in Virginia includes some accident 
data. The details of the accident (description and diagram 
of the accident, weather, road surface, road condition) are 
listed because Virginia law does not allow the state accident 
record to be used by outside agencies. Therefore, these 
data were obtained on the study project's own form. The 
data on vehicle license and identification number were 
used for identification purposes. The vehicle inspection 
number and month were used in conjunction with the 
records of vehicle in operation to obtain exposure data, 
further explained below. 

The Virginia form for driver data is shown in Figure D-2. 
The basic accident data and the inspection data were 
obtained only in the State of Virginia. The purposes of 
the driver data are to investigate driver experience, driver 
acquaintance with his vehicle and the roadway, and the 
purpose of the accident trip. The need for this type of 
data was indicated by data from the intensive accident 
investigation phase of the study project, which suggested 
that a sizeable percentage of accidents involved drivers 
who were relatively unfamiliar with their vehicles. 

The third form (Fig. D-1) was used in a study of the 
path of vehicles in ran-off-roadway accidents. The data 
at the top of the sheet are similar to that on the other 
two forms. This form was used in Utah and on the Ohio 
Turnpike. Estimated speed has been added 'because of its 
relative importance in vehicle trajectories. The circular 
form was developed to simplify the patrolman's work in 
locating specific points of interest. The form was used 
with a device referred to as a vector graph. Essentially, 
this was a special clipboard equipped with a plastic arrow. 
The plastic arrow can rotate around the center of the 
circle on a pivot joint. By following an accompanying set 
of instructions, the trooper aims the arrow at the object 
to be located, marks the direction, and later measures the 
distance—i.e., the angle and distance method of locating 
points used in many surveying techniques. 

The fourth form (Fig. D-4) was used in Virginia to 
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study damage to the collapsible steering columns that were 
introduced in some 1967 models. Various measurements 
were taken. A device consisting of two 1-meter sticks at-
tached together in such a way that one could slide along 
the other (Fig. D-4) was used to measure the distance 
from the upper edge of the rear window to the direction 
indicator lever on the steering column. These measure-
ment points were chosen because in front impacts most 
reference points near the steering assembly (instrument 
panel, floor, roof) may be distorted. Discussions with 
automotive engineers indicated that the method of measure-
ments used was appropriate and it was adopted by at least 
one major firm. 

Vehicle Exposure 

Arrangements were made to obtain copies of the inspection 
certificates for the sample of accident vehicles in Virginia. 
Virginia law requires all motor vehicles to be inspected 
every six months. Inspection is carried out by private 
garages under state police supervision. The record of 
inspection (Fig. D-6), sent to the state police, indicates 
whether new installations or adjustments were needed to 
put the vehicle into approved condition. A sample of 
these records consisting of non-accident vehicles with the 
sticker number immediately before or after a Virginia 
accident vehicF also was obtained. Inasmuch as inspection 
stickers are issued in numerical sequence at each inspection 
station, the accident vehicle and two non-accident vehicles 
were likely to have been inspected at the same station and 
approximately at the same time. Thus, location, seasonal, 
and driver socioeconomic factors are minimized. These 
data, with the date of inspection and odometer reading, 
were used in several studies. The supplemental accident 
forms which the Virginia State Police agreed to use in 
cooperation with the study project contained the vehicle's 
inspection certificate number so that the accident vehicles 
could be matched to their respective inspection data. 

Some of the topics studied using inspection data for 
accident and non-accident data include (see Appendix C): 

A study to evaluate a measure of roadway exposure 
for the various types of vehicles. 

A comparison of accident vehicle characteristics with 
the characteristics of the non-accident vehicles. 

A study of accident vehicles versus elapsed time from 
inspection was attempted to give some indication of the 
effectiveness of vehicle inspection. (Hypothesis: Inspec-
tion results in fewer vehicle deficiencies thereby reducing 
the number of accidents; thus more accidents should occur 
to those vehicles which are near the termination of their 
inspection period than to those recently inspected.) 

The problems and approaches to studies of vehicle ex-
posure are discussed in more detail in later chapters. 

ERROR PREVENTION AND DETECTION 

In the collection of accident data on a sample basis, using 
technicians or specially trained police officers, an adequate 
check system to insure the quality of the data is essential. 

This applies as well to the current accident data collection 
system. 

Error prevention should begin before the data are col-
lected. An earlier chapter illustrated the types of errors 
commonly found and suggested that many reflected the 
inadequacy of the report form. A better report form with 
self-explanatory titles would help. Checks that are a part 
of the report form allow a rapid assessment of certain items 
on a form. Vehicle make or year of manufacture and 
vehicle identification number are susceptible to many errors, 
taken alone. If both are recorded, errors diminish mark-
edly. A brief reference manual also is useful. 

A spot check of field procedures, preferably conducted 
by a supervisor and supplemented by an office check, 
insures completeness of reporting—reporting of all cases 
and all information in each case. The field check permits 
an evaluation of the reporting of the basic data. Photo-
graphs also provide a check of many accident variables. 
Such items as condition of road, wet or dry surface, areas 
of car impacted, and other details, can be readily discerned 
in good photographs. An office check by a trained indi-
vidual, particularly if photographs are available, is rela-
tively simple and effective. 

Editing Procedures 

In collecting data for this section of the study, photographs 
were obtained for all cases and a computer edit was de-
veloped. Because of the costs involved in supporting an 
agency engineer in the field, only a brief field check was 
done in one study (the vehicle angle of departure study). 
In a period of one week, only four incidents that could be 
checked occurred. In use by a state, it is assumed that the 
check would be conducted by an officer or engineer in a 
local area. 

The process of generating data cards and magnetic tapes 
involves many steps, each of which may result in the 
introduction of errors. The source of all data consists of 
the responses of the accident investigator and! or the drivers 
involved. As stated, errors can enter at this point as a 
result of a misunderstanding of the information required, 
incorrect judgment, or an error in writing the response. 
When the written accident report is received at the data 
processing center, the information is coded in accordance 
with a formal code book. Here errors may be generated 
by a failure to interpret the information correctly, by 
simple misreading, or by failure to select and write

'
the 

appropriate code value. The keypunching of cards is the 
final potential source of error. 

There are several points in this process where errors 
may be detected. Although the accident investigator's 
supervisor can check the accident report for errors, check-
ing and revision in itself represents an additional step 
where errors can be generated. Second, data may be 
checked, and revised if necessary, after coding. Finally, 
all punched data can be run through an IBM verifier in an 
attempt to minimize the effects of keypunching errors. 

In spite of these error detection procedures, it is im-
possible to eliminate all errors. There are three reasons 
for this. First, some errors are simply not detectable. For 
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example, if a driver says he is a foreman, it may not be 
possible to determine the validity of the statement. Second, 
those people searching out errors are themselves imperfect. 
Third, the detailed logic involved in detecting inconsisten-
cies may be too time consuming when large numbers of 
data are to be processed. For these reasons, it is desirable 
to utilize a final computerized editing procedure. 

Generally, such an editing procedure can be thought of 
as involving several classes of error checks. First, the codes 
must be readable by the particular computer facility. Of 
course, no programming is necessary for such detection in 
that cards containing such characters will not be acceptable 
to the card reader. Hence, these errors are detectable either 
via rejection by the card reader or by using card machines 
such as the sorter, printer, or, in this case, the IBM unit 
record statistical machine. 

The second class of error detection is the search for 
code values that are outside the range of defined values 
for each variable. For example, there are eight possible 
values indicating the day in which the accident occurred: 
1 through 7 for each day of the week, and 11 for "not 
reported." Thus a code value of 9 or M would be detected 
as an error. A special case within this class is a check 
of codes whose values are predetermined and independent 
of the particular accident. These include, for example, 
the state where the data were collected and the name of 
the specific study. 

The third class of errors to be detected involves impos-
sible combination of codes. This incompatibility may exist 
in terms of indexing variables which are generated at the 
time of coding. Here certain card columns are set aside 
to identify different card types for each vehicle and to 
identify different vehicles within a case. Here a rule that 
must be followed, or result in an error message, is that 
within every card type the cards must be in the same order 
in terms of the vehicles they represent; furthermore, within 
each case the card types must appear in a specified se-
quence. Another check involves the search for unused, or 
blank, columns as a function of card type. 

Another subclass of impossible combinations derives 
directly from the nature of the variables being coded. For 
example, the coded values for accident type and impact 
configuration are such that some errors are detectable as 
inconsistencies; if configuration is coded as "rollover prin-
cipal," the accident type code must also reflect the oc-
currence of a rollover. 

The fourth, and last, class of potential errors to be 
detected involves improbable combinations of codes. This 
class produces the largest number of error messages from 
the edit routine. Here the program involves the detection 
of implied relationships which are sufficiently improbable 
that it is desirable to require re-examination of the accident 
report by a case analyst to make a determination of the 
acceptability of the codes involved. For example, the 
detection of a code indicating that the driver uses the road 
daily and the accident site is more than 50 miles from 
home was cause to re-examine the accident report. Upon 
so doing, it might be discovered that there was a dis-
agreement between the coded value of the frequency of 
road use and its value on the report. Or the validity of the  

combination might be deemed reasonable or be rejected 
by considering the driver's age, occupation, destination, etc. 

Some additional examples of requirements placed on 
the coded values, or error checks, were selected from the 
edit program for the driver study, as follows: 

Hour of the accident must be between 01 and 24, 
or be coded not reportable. 

Vehicle inspection number must begin with A or B. 
Accident month must be between April and October. 
All vehicle sequence numbers must be less than or 

equal to the number of vehicles involved in the accident. 
Columns 37 to 48 on card type two give identifying 

information about the second accident vehicle; these col-
umns must be all filled or all blank. 

Rollover type, accident type, and impact configura-
tion must be consistent in reflecting whether or not a roll-
over occurred. 

Accident type cannot reflect a collision with another 
vehicle if the number of vehicles involved is one. 

If one driver is judged more culpable, the other 
must be coded less culpable. 

Vehicle model and year of manufacture must be 
compatible. 

Weather conditions may not be snow or sleet if 
the accident month is between April and October. 

Work may not be listed as the destination of the 
trip if the accident occurred more than 200 miles from 
home. 

If the driver of a 1966 or 1967 automobile is not 
a salesman, the odometer reading may not be such as to 
exceed an average of 50,000 miles per year. 

The upper limit for annual mileage for a retired 
person is 30,000 miles; if he drives two cars, the upper 
limit for the less used vehicle is 10,000 miles. 

Analysis of Vehicle Trajectory Data 

During recent years, increasing efforts have been diverted 
toward clearing the roadside of obstructions and obstacles 
which could be struck by a vehicle going out of control 
and leaving the traveled portion of the roadway. Data 
have shown this type of single-vehicle accident to be both 
frequent and severe. During recent hearings before the 
Special Subcommittee on the Federal Aid Highway Pro-
gram of the Committee on Public Works, House of Repre-
sentatives, Ninetieth Congress, a distance of 30 ft was 
mentioned in testimony as an indication of a reasonable 
distance to clear poles, trees, etc., beside the traveled area. 
Although this 30 ft was intended to be a best estimate 
based on a small volume of data and not a fixed value, it 
has virtually become a standard offset distance in the 
absence of additional data. This was not the intent of the 
committee that discussed the subject, but rather was in-
tended as an indication of the approximate distance that 
might be necessary. 

One of the deficiencies in developing suitable criteria 
for proper clear distance from edge of roadway to obstruc-
tions is a lack of data recording the distance that a vehicle 
will travel after leaving the roadway proper. The primary 
data available were contained in a publication of the 
findings from General Motors experimental test tracks and 
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compared with data obtained from the ACIR files of CAL. 
These data when plotted suggested that 80 percent of 
obstacles were struck within 30 ft of the traveled portion 
of the roadway and therefore a 30-ft clearance might 
eliminate 80 percent of the run-off-roadway accidents. 
Although the desire to clear an area along the traveled 
way is commendable, establishment of a fixed distance-
30 ft or any other value—is impractical, inefficient, and 
uneconomical. The designer must realize that in many 
accidents, vehicles struck objects far beyond 30 ft from 
the roadway and that many obstructions closer than 30 ft 
were missed. The appropriate approach would be to bal-
ance the cost and feasibility of obtaining a cleared area 
against the probability of an accident occurrence. For 
example, in certain areas a 30-ft cleared area will be next 
to impossible to obtain, whereas in others a 100-ft clearance 
may be available at little if any extra cost. The important 
consideration is to establish the relationship between acci-
dents and the cleared distance, and available data concern-
ing the relationship are sparse. 

Consequently, in reviewing topics for demonstration 
subtasks early in this program, the subject of vehicle path 
and angle of departure aroused considerable interest be-
cause such a study would provide not only an opportunity 
to test the hypothesis that police could obtain these data 
but also would provide some information concerning a 
relatively unknown highway safety factor. 

The data required included the angle of departure of the 
vehicle from the traveled portion of the roadway, the dis-
tance the vehicle traveled parallel to the roadway, the 
lateral distances traveled, and distances to objects struck. 
Where possible, these measurements were to be supple-
mented by estimates of vehicle speed prior to leaving the 
roadway and at impact. Angle of departure was defined 
as the angle of the path of the vehicle as it left the paved 
surface. 

Discussions with police officials, as well as tests by 
agency personnel, suggested that police investigators would 
have difficulty in obtaining accurately all of the measure-
ments required. A special form (Fig. D-1) and a simple 
device to aid the investigating officer were developed. 
The device, referred to as a "vector graph," is basically 
a clipboard with a peg in the center (the center hole of 
the form fits over the peg) which supports a plastic arrow 
free to rotate. In use, the form is placed on the clipboard 
and the arrow is fitted over the peg. The user places the 
device on the ground at the point where the vehicle left 
the roadway, aligns the top of the form with a reference 
point (generally parallel to the pavement edge), and then 
marks the required angles after aiming the arrow at the 
objects to be located. The appropriate distances are 
measured and recorded. The device is based on a prin-
ciple used in many surveying techniques—an angle and a 
distance from a known point on a known reference line. 

Data Collected 

The Ohio State Highway Patrol used the vector graph 
technique on the Ohio Turnpike for a period of five months 
during the summer and fall of 1967. During this time, 

324 accident events were recorded, with only three cases 
not containing an angle of departure. Speed estimates were 
not reported in several cases. The basic data are sum-
marized in Tables 2, 3, 4, and 5. 

Analysis of Data 

In analysis, measurements of angles to the left were con-
verted to negative values; for example, —45° refers to an 
angle halfway between a line straight ahead and one 90° 
to the left. This procedure facilitates the averaging of 
angles to the right and to the left. 

Many of the analyses discussed in the following are 
based on derived measures. For instance, of primary 
importance is lateral distance from the road. To avoid 
operational difficulties, lateral distance was not measured 
directly. Instead, it was computed as straightline distance 
multiplied by the sine of the appropriate angle. This 
approach might allow large errors, especially when the 
total distance was large and the angle was small. 

Findings in this sample, shown in Figure 2, were that 
58 percent of the vehicles first left the road to the right 
and that the two most frequent 10° ranges of departure 
angles were 10° to 19° and 20° to 29° to the right, as 
these two groups accounted for 42 percent of the total 
vehicles. 

Figure 3 indicates that approximately one-third of the 
vehicles involved in run-off-roadway events on the Ohio 
Turnpike travel more than 30 ft laterally before striking 
an object. This percentage is somewhat higher than that 
previously mentioned but is still within the same relative 
range. 

The speed-mean departure angle relationship is given 
in Table 6, from which it can be seen that as the estimated 
speed on the road increases, the angle of departure from 
the road moves from the right to the left. Although some 
of the speed intervals are poorly represented, the trend 
is surprisingly well exhibited throughout the speed range. 
There are several reasonable explanations for this phe-
nomenon: (1) It is easier to turn sharply at low speeds; 
and (2) the probability that a vehicle is in the left-hand 
lane increases as its speed increases. 

The data relating speed on the road to the angle of the 
first object struck appear quite similar to those just dis-
cussed. The major difference is that, for most speed ranges, 
the angle of the first object tends to be more extreme than 
the angle of departure. This suggests that vehicles leaving 
the road are, in a sense, turning off the road so that the 
path, statistically speaking, becomes "less parallel" after 
the vehicle has left the road (Table 7). 

There is a strong relationship between road speed (i.e., 
speed prior to leaving the road) and speed at impact with 
the first object (Fig. 4). 

The same data were used to plot Figures 5 and 6, which 
relate loss of speed (i.e., road speed minus impact speed) 
to road speed and impact speed, respectively. Comparison 
of these figures and their respective correlation coefficients 
shows that speed loss appears to be related more closely 
to impact speed than to road speed. This may be pri-
marily due to the larger variance in impact speed, or impact 
speed estimates, which, in the computation of the correla- 



TABLE 2 

SUMMARY OF SPEED AND LANE 
OF TRAVEL DISTRIBUTIONS 

TABLE 4 

SUMMARY OF 
DISTANCE-TO-FIRST-OBSTACLE.STRUCK 
DISTRIBUTIONS 
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NUMBER OF OCCURRENCES 

SPEED 	 ROAD 

(MPH) 	 SPEED 

IMPACT 

SPEED, 

FIRST 	 LANE OF 

OBSTACLE TRAVEL 

NUMBER OF OCCURRENCES 

DISTANCE 	 TOTAL 	 LONG. 	 LATERAL 
(FT) 	 DISTANCE 	DISTANCE 	DISTANCE 

0-9 0 9 
10-19 2 22 
20-29 5 40 
30-39 8 57 
40-49 30 59 
50-59 80 43 
60-69 127 43 
70-79 58 14 
80+ 6 0 

All 316 287 

TABLE 3 

SUMMARY OF ANGULAR DISTRIBUTIONS 

Right 	241 	21-40 38 36 60 
Left 	82 	41-60 35 23 26 

61-80 20 21 12 
81-100 20 21 4 

101-120 17 16 1 
121-140 13 11 2 
141-160 14 12 0 
161-180 7 2 0 
181-200 4 4 0 
201-300 22 20 1 323 	301-400 4 5 0 
40I500 3 2 1 
501-750. 5 4 0 
751-999 2 2 0 

All 219 203 206 

NUMBER OF OCCURRENCES 

ANGLE OF ANGLE OF FIRS1 
TABLE 5 

ANGLE (DEG) DEPARTURE OBSTACLE STRUCK SUMMARY OF NUMBER-OF-OBSTACLES-STRUCK 
Left 101-1 10 1 0 DISTRIBUTION 

91-100 0 0 
8 1-90 1 1 NO. OF NO. OF 
71-80 0 0 OBSTACLES STRUCK OCCURRENCES 
61-70 1 0 
51-60 0 0 0 35 
41-50 8 1 22 
31-40 9 5 2 4 6 
21-30 30 23 
11-20 43 29 4 

1-10 42 34 
6 0 

0-9 31 26 7+ 0 
10-19 77 64 - 
20-29 58 47 All 324 
30-39 11 14 
40-49 6 3 
50-59 2 2 
60-69 0 0 
70-79 0 0 
80-89 0 0 

Right 90-99 1 1 TABLE 6 

All 321 254 SPEED-MEAN DEPARTURE ANGLE RELATIONSHIP 
FOR SAMPLE CASES 

SPEED RANGE 	 MEPN DEPARTURE NO. OF 
(MPH) 	 ANGLE (DEG) OBSERVATIONS 

10-19 	 48.5 2 
20-29 	 8.8 5 
30-39 	 7.9 8 
40-49 	 7.1 30 
50-59 	 2.0 78 
60-69 	 3.7 126 
70-79 	 —1.6 58 
80+ 	 —1.8 6. 

All 313 
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Figure 2. Summary plot of departure angles for sample cases. 
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cases. 
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NUMBERS IN PARENTHESIS 
REPRESENT NUMBER OF 
OBSERVATIONS PER DATA POINT. 	 (6) 

50 

20 

(2) 
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ROAD SPEED 
Figure 4. Mean estimated speed as a function of speed prior to impact. 
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Figure 5. Mean estimated speed loss (road speed minus impact speed) as a function of road 
speed. 
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tion coefficients, give more weight to points near the ends 
of the curve. 

Lateral distance to the first object struck is plotted 
against road speed in Figure 7. It is seen that the relation-
ship is very weak; r = 0.16 shows a relationship which is 

TABLE 7 

RELATIONSHIP OF SPEED TO ANGLE 
OF FIRST OBJECT STRUCK FOR SAMPLE CASES 

MEAN ANGLE 

SPEED RANGE 	 TO FIRST OBJECT 	NO. OF 

(MPH) 	 (DEG) 	 OBSERVATIONS 

10-19 48.5 2 
20-29 13.0 3 
30-39 13.7 6 
40-49 12.0 23 
50-59 3.9 62 
60-69 4.8 108 
70-79 0.2 43 
80+ —3.4 5 

All 252 

just barely significant at the 0.05 level (N = 204). Cor-
relation would not be expected to be high, because higher 
speed would not cause a vehicle to miss nearby objects 
but merely increase the probability of hitting distant ones 
should objects close to the road be missed. Also, because 
high-speed vehicles tend to leave the road at narrower 
angles, lateral distance traveled would probably not be 
directly proportional to speed alone. 

The relationship between road speed and longitudinal 
distance to the first object struck was also investigated 
(Fig. 8). This relationship is stronger than that for 
lateral distance. Part of this is attributable to the narrower 
departure angles for high-speed vehicles, thereby allowing 
more longitudinal travel before the vehicle leaves the 
rather obstacle-free area close to the traveled portion of the 
roadway. 

A plot of impact speed versus lateral distance to the 
first struck object is shown in Figure 9. Objects farther 
from the road might be expected to be struck at lower 
speeds, but this was not borne out by the data. The sta-
tistically insignificant correlation coefficient suggests that 
impact speed and lateral distance were essentially inde-
pendent. 

5 15 25 35 45 55 65 75 80+ 

IMPACT SPEED (MPH) 
Figure 6. Mean estimated speed loss (road speed minus impact speed) as a function of 
impact speed. 
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The possibility that this was due primarily to measure-
ment errors was considered. However, the fairly high 
correlation for road speed and impact speed suggests that 
impact speed was estimated with reasonable reliability; 
the agreement between the angle to first object struck and 
the angle of departure tends to support the reliability of 
these two measures and gross errors in the total distance 
measurements are unlikely. In addition, the independence 
of lateral distance and impact speed was supported by an 
analysis in which impact speed was compared with total 
distance to the first object and no dependence between 
these two variables was found. 

The failure of impact speed to decrease as lateral dis-
tance increases is apparently not explainable by the data 
available. 

Comparing speed loss (road speed - impact speed) with 
lateral distance to the first object struck (Fig. 10), there 
is a very weak, although statistically significant, relation-
ship: as lateral distance increases, speed loss increases. 
The degree of correlation may be attributable to the cor-
relation between road speed and lateral distance. 

In an attempt to study further speed-distance relation-
ships, those vehicles which left the road but were not 
reported as striking any obstacles were analyzed. How-
ever, there were only 25 of these vehicles and no relation-
ships were found. 

Table 8 gives the relationships between the probability 
of hitting more than one object and (1) impact speed at 
first object, (2) lateral distance to first object, and (3) total  

distance to first object. Only vehicles which struck at least 
one object are included. 

In each case, the trend is as expected. (The interval 
sizes were chosen to attempt to equalize the number of 
observations in each range; thus change in reliability from 
range to range is minimized.) Although the trends existing 
between the variables are noticeable, t-tests were actually,  
run on more finely grouped data. Only for lateral distance 
were the results not statistically significant. 

Conclusion 

The data obtained by the Ohio State Highway Patrol are 
sufficiently complete for a number of analyses. Compari-
sons of the various analyses also indicate that patterns and 
relationships within the data are consistent. 

The actual results obtained are based on a comparatively 
small number of events and can serve only as an indication 
of possible results. There is sufficient evidence, however, 
to suggest that approaches to roadside hazards other than 
the clearing of nearby obstacles might well be explored. 
It would be desirable to conduct a similar study on a 
larger scale to confirm and amplify these findings. 

Field Check of Vector Graph Reporting 

A study was made in an effort to evaluate the data obtained 
and the use of the vector graph by a state police organiza-
tion. The state selected for the study was Utah, where 
the Highway Patrol had agreed to use the vector graph 
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in ran-off-roadway accidents. The officers using this instru-
ment had been instructed in the proper use of the device 
and also had been instructed to photograph various aspects 
of the event. The objective of the evaluation was to 
verify whether the equipment was being used in accordance 
with the instructions, and to determine whether the data 
obtained met tolerance limits judged to be acceptable for 
the particular equipment. 

Using the vector graph, acceptable measurement values 
were considered to be within ± 50 of the true value. The 
accuracy of the measuring device was limited by the 9-in. 
arrow, which the operator had to align by eye while stand-
ing behind and above the device. This necessarily restricts  

the accuracy of the unit; hence, the angles recorded repre-
sent approximate values. 

The distance measurements involved were across the 
terrain between the vehicle's point of departure from the 
roadway to the vehicle's final position and to the obstacles 
struck. A reasonable accuracy for these measurements was 
considered to be a maximum error of 1 ft for each 100 ft 
measured. Also, distances to the nearest foot were consid-
ered adequate for the proposed use of the data. 

Procedure 

After the Utah police had been instructed in the use of 
vector graph and had employed the device in a number 

250 

ROAD SPEED (MPH) 
Figure 8. Mean longitudinal distance to first object struck as a function of vehicle road speed. 
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TABLE 8 

PROBABILITY OF HITTING MORE THAN ONE OBJECT 
AS RELATED TO IMPACT SPEED, LATERAL DISTANCE, 
AND TOTAL DISTANCE TO FIRST OBJECT 

IMPACT 	PROBA- NO. OF 	LATERAL PROBA- NO. OF 	TOTAL 	PROBA- NO. OF 
SPEED 	BILITY, OBSER- DISTANCE BILITY,' OBSER- DISTANCE BILITY,' OBSER- 
(MPH) P 	VATIONS (FT) P 	VATIONS (FT) 	P 	VATIONS 

0-19 	0.06 	31 	0-20 	0.25 	99 	0-40 	0.32 	53 
20-39 	0.20 	93 	21-40 	0.15 	60 	41-80 	0.20 	55 
40-59 	0.24 	93 	1+ 	0.15 	47 	81-140 	0.14 	50 
60+ 	0.31 	52 	 141+ 	0.13 	61 

Probability of hitting more than one object. 
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Figure 9. Mean impact speed as a junction of the objects' lateral distance from the road. 
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of accidents, an engineer-land surveyor secured data for 
correlation with that obtained by the reporting officer. 
Seven days were scheduled, with the objective of collecting 
data on 12 accidents (a reasonable expectation based on 
previous experience). 

The engineer was on call with a highway patrolman as 
a partner. When an accident occurred, they drove to the 
scene and, in the few cases obtained, arrived before the 
investigating patrolman had completed his measurements. 
The engineer checked the various key points used in the 
measurement by the investigating patrolman and then took 
his own measurements and prepared a field sketch. 

The field surveying technique used consisted of establish-
ing a base line and making all measurements along the 
base line with perpendicular off-set distances to desired 
points. This procedure was employed because the engineer 
did not have experienced field assistance and had to rely 
on an accompanying highway patrolman to aid in making 
the necessary measurements. Taping measurements were 
easier to obtain accurately—the officer could be instructed 
to hold the end of the tape at a particular point with con-
fidence—whereas more sophisticated surveying equipment 
would have required lengthy explanations and elaborate 
checking of the assistant's activity to avoid introducing 
further error. 

Because the -emphasis was on angles and distances, little 
effort was made to locate the accident in terms of the 
roadway system. Therefore, the resulting sketches do not 
locate the section of roadway on which the accident oc-
curred. In a full-scale study of this subject, it would be 
desirable to include highway geometry, and other data 
from highway department records, that could influence the 
vehicle path or accident circumstances. 

Data Obtained 

During the one-week period in Utah within an area of 
roughly 75-mile radiu&from Salt Lake City, only three 
ran-off-roadway -accidents were reported by the state 
police. In addition, one traffic incident of this type was 
recorded, to produce a total of four cases for the sub-study. 
(The incident involved a vehicle that ran off the roadway 
without damage or injury and the patrolman did not report 
the event as an accident. He did, however, fill out the 
forms necessary for use in the sub-study.) 

Figures .11,-. 14,- 17, and - 20.-  record the datir from the 
vector graph as prepared by the state highway patrol 
officers. Figures 12, 15, 18;  and 21 show comparison 
sketches. as prepared by the engineer. In each case the 
engineer's sketch is more detailed and reveals the scene 
more accurately than the officer's sketch from the vector 
graph. However, the engineer's sketch also is more expen-
sive and -requires considerably more time than the officer's 
report. The sketch was prepared for presentation in this 
report and is not necessary for the check itself. 

Table 9 compares the angles and distances obtained 
by the police and those obtained from the engineer's 
sketches. The angle of departure in the three reported 
cases was within the 5° previously considered reasonable. 
The angles to the vehicle also were within allowable limits. 
However, the measured distances showed more variation 
than expected; several of the variations in distances ex-
ceed the allowance of 1 in 100. 

From observations of the methods of using the vector 
graph in the field there appeared to be some disagreement 
about or misinterpretation of the instructions. For example, 
the point: of departure from the roadway could be and 
was defined in different ways. In case No. 627, the differ-
ence between the outside edge of the tire mark and the 
center of. the mark produced a difference of approximately 
3 ft in measured distance (the vehicle left the roadway 
at a very shallow angle, recorded as 5° by the engineer and 
2° by the police). In other cases, there was indecision 
about such items as where to begin measurements: from 
the edge of the traffic lane, the edge of the paved roadway, 
or the start of the snow-covered area (these would give 
approximately the same angles but quite different dis-
tances). There also was some confusion over which wheel 
mark should be used as a reference. As a result sometimes 
a track other than the first one along the roadway was used 
as the point of departure (again, angles would be nearly 
equal but distances would vary considerably). 

Comments 

Several factors became evident during the course of the 
sub-study, as follows: 

1. It is costly to have a man (or two men) standing by 
to col1ectdata on a particular type of accident. As noted 

TABLE 9 

COMPARISON OF POLICE AND ENGINEER MEASUREMENTS 

- DISTANCE (FT) 

ANGLE (DEG) TO VEHICLE 

OF DEPARTURE OF OBSTACLE- TO VEHICLE TO OBSTACLE 
ACCIDENT ENGI- 

NUMBER POLICE 	ENGINEER POLICE 	ENGINEER POLICE ENGINEER POLICE 	ENGINEER POLICE NEER 

627 2 	5 5 1/2 	6 3 31/2  142 	139 153-5" 150 

633 33 	33 - 	- 16 171/2  - 	- 51-9" 59 
650 NR 	32 - 	- 40 44 - 	- 72 73 
Incident 18 	13 241/2 	15 13 8 59 	60 74 71 
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in this sub-study only four incidents meeting the conditions 
were reported during a period of seven days. To be 
economically feasible, a study of this type must be con-
ducted by an engineer in the immediate vicinity who can 

use his time on other projects while awaiting specific events. 
2. Not all ran-off-roadway events were reported as acci-

dents. Actually, one of the cases covered in the sub-study 
was not listed as an accident by the highway patrol. 

ACCIDENT DATA COLLECTION STUDY: PATH OF VEHICLE 	
ACCIDENT NO. 

UTAH STATE HIGHWAY PATROL 	 CORNELL AERONAUTICAL LABORATORY, INC. 

DATE 4& I/nM 198 	OFFICER 	TRANSPORTATION RESEARCH DEPARTMENT 

VEHICLE DATA 	YEAR /966 MAKE 	 _ MODEL 4'N( 500 BODY  STYLE CONV7 

ODOMETER READING 	 ESTIMATED SPEED PRIOR TO IMPACT 	AT IMPACT 30 
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Figure 11. Vector graph record of Utah accident No. 627 
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During the period that the engineer was in Utah, there 
was a light snow and individual patrolmen indicated that 
many vehicles slid off the roadway. Generally, the patrol-
man, or others, aiih'i in moving the vehicle back otito [lie 
road and no accident report was filed unless damage or 
ilijulles were involved. Therefore, the total number of 
accidents reported was far below the number of ran-off-
roadway events which actually occurred. 

3. To ensure the proper use of special equipment, de-

tailed instructions are required. The major difficulty arises 
with iespee[ to the multitude of unantiripatcd situations 

that occur in accidents, which make complete coverage of 

possibilities nearly impossible prior to study. Again, a pilot 

program of short duration usually is helpful as a test of 

procedures. 

I VEHICLE CAME TO 
REST BEYOND MAIL 
TRUCK 

INITIAL WHEEL MARK 

VEHICLE POINT OF DEPARTURE FROM PAVED ROADWAY 

FINAL RESTING POINT OF VEHICLE 

Figure /3. Utah accide,zt No. 627. 
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ACCIDENT DATA COLLECTION STUDY: PATH OF VEHICLE 
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Figure 14. Vector graph record of Utah accident No. 633. 

44 



t. Edge of median 

Through Lane 

ç Lane line 

Faint indication of 
	

Through Lane 	__ 
tire mark 

Lane line 

Entrance to 
Freeway 	 Narrow

tire tracks-3.l 

Wide scuff marks 
from tire moving 

sideways 

Acceleration Lane - 
Solid Yellow line 

6 ft. Paved Shoulder, 

'Yth 	 .zzz2 	2.. 	
Snow edge - cleared shoulder 

Width varie, from 4 1/ 2  ft. to 6 ft. 

Vehicle wheel path. -_ through Snow 

Scale: 1 inch = 1 foot 
0 	5 	10 	15 	20 

Maximum lateral distance 
from solid yellow line = 32 ft. 

W 	Vehicle orientation 
as based upon evidence 
of track, and damage 

% Vault 
I 	Area 

-I 

Snow disturbed \- 	

I\ 

by vehicle 

A 
Final resting place 
of Nblkswagon sedan 

Vehicle upside-down 

Bumper imprint 

UTAH ACCIDENT 0633 

Prepared by: 

Angle of vehicle path 33 
Angle POD to vehicle 	Dependent upon 
Distance POD to vehicle point selected as 

Point Of Departure 

Figure 15. Engineer s field  sketch of Utah accident No. 633. 	 41 



II 	
1 

_ 1p - 

SKID MARKS LEFT BY VEHICLE AT 
EDGE OF PAVEMENT 

Figuic /6. Utah accident No. 633. 

FINAL RESTING PLACE OF VEHICLE 

NOTE IMPRINT LEFT BY 
REAR OF VEHICLE AND 

- 	 .. 	- 	--• 	 BUMPER. NO MARKS FOR 
- 	 OTHER PARTSOF VEHICLE 

IN TH IS AR EA 

.. vt— 

VEHICLE IN FINAL RESTING PLACE 
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ACCIDENT DATA COLLECTION STUDY: PATH OF VEHICLE 
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Figure 17. Vector graph record of Utah accident No. 650. 
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ACCIDENT DATA COLLECTION STUDY: PATH OF VEHICLE 	
ACCIDENT NO. 

UTAH STATE HIGHWAY PATROL 	 CORNELL AERONAUTICAL LABORATORY, INC. 

DATE 	// .1N 1,68 OFFICER 	TRANSPORTATION RFSEARCU DEPARTMENT 

- 
VEHICLE DATA 	YEAR 6/ 	MAKE C AE• 'V 	MODEL /A1PA1. 	 eODv STY 	

# D#O AIt 
LE ARD rQ 

ODOMETER READING 	 ESTIMATED SPEED PRIOR TO IMPACT 90 AT IMPACT /0 

0' 8,4PJKflEIVT 
0 

/2' /2' /2' 
t- 

00 

E8NKN r 

/ ,OD 7-0O'59' 

PaD ro V =79' 

'80 

90 

Figure 20. Vector graph record of Utah incident. 
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M: 

ACCIDENT SCENE, VEHICLE, TRACKS 

AND EMBANKMENT STRUCK 

Figure 22. Utah incident. 

Conclusions 

Based on the small number of events checked, only tentative 
conclusions may be drawn. The police, even with special 
equipment and instructions, cannot provide data of the 
quality that may be obtained from an engineering survey. 
However, the police can gather specified data from a great 
number of events at comparatively little cost and the quality 
of data collected by the police is more than adequate for 
the tasks to be performed. In particular, the information 
collected on the four cases reported here provided useful 
data that could be used for analysis in determining both 
the angle of departure and the distance traveled by vehicles 
after they left the roadway. 

One limitation to the collected information is that only 
those incidents reported as accidents would be covered. It is 
known that (luring the week in Utah several vehicles were 
involved in off-the-roadway events and that the desired 
angles and distances were not recorded because they were 
not accidents. Many of these could have been obtained 
(one was received). Data concerning angles and distances 
traveled by non-accident-involved vehicles also are needed 
for complete analysis of the ran-off-roadway accident. it is 
apparent that many cars that leave the roadway at a 
shallow angle, recover, and drive on will never appear in 
an accident sample—and would be difficult to obtain in a 
non-accident population. Both types of data are needed for 
complete evaluation of ran-off-roadway incidents. 

SUMMARY OF DEMONSTRATION STUDY PROCEDURES 
AND CONCLUSIONS 

The sample data studies conducted as reported in this 
chapter indicate that it is feasible to obtain the cooperation 

of the state police for valid research programs, and that 
careful design and control of the study produce useful 
research data. 

The cooperation of four states was obtained for this 
study during a period when there was some state concern 
about possible report form changes that might be forth-
coming as a result of the formation of the National 
Highway Safety Bureau. However, experience in other 
p1 ogi ams of the research agency has shown that police 
ofijcials believe that tlieii pci suiiiiel have benefited by (lie 
additional training in specialized investigation and that this 
is reflected in the completion of their own report forms. 

Training in the completion of the report forms and the 
use of special equipment was provided for the police. 
A one-day course was suflhcient in these studies, and time 
was allocated tor practice in the use of such devices as 
tire tread and depth gauges, vector graph, and the special 
meter stick for measurement in the steering column study. 
Specific instructions were given with respect to the proper 
measurements to take (e.g., for tire tread depth two 
measurements were taken—one in the center of the tread 
and one near the outer edge of the tire). Training also 
included the specific types of photographs required. 

In planning the report forms and training, an effort was 
made to anticipate and eliminate any problem areas. Word-
ing used in the report form is particularly important; any 
term that could be misinterpreted was eliminated or ex-
plained. An instruction sheet (see Appendix D) was pro-
vided with each form. Where possible, it was placed on 
the hack of the form and printed upside down for easy 
reference when attached to it clipboard. The form was 
tested for interpretation on a number of people before 
field use. 

The first cases returned from the field were scrutinized 
carefully to determine if any form changes or further 
instructions were necessary. Generally, a return visit to 
the state was macIc to discuss any problems encountered 
and to take corrective action. 

A method of checking to insure the accuracy of the 
data obtained is necessary. Where possible, photographs 
provide the best check because, in effect, the investigator 
provides his own 100 percent check. Checks that are a 
part of the reporting system (i.e., more than one way of 
providing the same measurement) also are useful and 
were used where possible (steering column study, for 
example). Good scene photographs and vehicle interior 
and/or exterior photographs add immeasurably to the 
value of a case. All of these cheeks were used, as well as a 
review of each case by a police sergeant, to insure com-
pleteness and correction of obvious errors. 

A field check of the vehicle angle of departure was 
conducted for a seven-day period by an agency engineer. 
When operating in another state, as was necessary, this 
is a costly process and the return is small because few 
accidents can be reached in a brief span of time by one 
man. A local engineer could have continued his normal 
duties while "on call" for accident investigation far more 
economically. A computer edit check for completeness 
and consistency of data also was prepared for the study 
data. Finally, in data analysis, examination of patterns 
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and trends in the data to determine if they are logical and 
consistent provided a good indication of the quality of the 
data. 

It was concluded that the data provided by the police 
were adequate for the studies attempted. By utilizing 
proper data collection methods with appropriate safe-
guards, errors can be prevented or corrected at various 
points along the path to data analysis. The prevention or 
minimization of errors is a part of good study design 
and must be an objective from planning through analysis. 
Errors in the current accident records systems are more 
a function of poorly planned report form items and the 
absence of even the most elementary check system, than 
of poor reporting. In Chapter Two it is shown that a 
large proportion of the errors in a sample of state reports 
involved misinterpretation of the question on the report 
form and another large group represented omissions. The 
latter often indicated that no answer was required, but  

there was no way of indicating this simply; "not applicable" 
or an explanation would have been required. The police 
generally are highly motivated in this research area and 
make an honest and conscientious effort to provide good 
data. Given a good report form, proper training, and ap-
propriate equipment by the researcher, they can be capable 
members of the research team. 

In a special study of the types discussed here, all of the 
analytical phases of the study should remain in the hands 
of the analyst. The police should be asked to provide facts 
and photographs; all subjective judgments should be made 
when the case is analyzed for data processing. Centraliza-
tion of case analysis is essential because a small analytical 
staff can be controlled, and even subjective ratings made, 
with a minimum of disagreement (46). It is impossible 
to effectively control an army of police (or anyone else 
for that matter) in areas involving subjectivity or in 
completing a lengthy and complex report. 

CHAPTER FIVE 

IMPROVED USE OF CURRENT ACCIDENT DATA 

In this chapter the routine summaries of accident data 
that are reviewed in Chapter Two are discussed in terms 
of improved methods of examining and presenting the 
data. The approaches suggested do not require statistical 
training, but rather represent various methods of manipu-
lating the data to improve data presentation and to facilitate 
reader understanding. 

Also presented in this chapter are three brief statistical 
studies based on a computer tape containing case records 
from Louisiana. The reports simply illustrate the use of 
state data for several specific study topics. If the limita-
tions of the data are kept in mind, studies of this type 
can be used for guidance in specific areas and can suggest 
areas where additional or improved data are needed. 

STATE TRAFFIC ACCIDENT SUMMARIES 

In order to develop, improve and promote traffic accident 
forms and specifications, definitions, and practices for the 
collection and summarization of traffic information by 
state and city governments, Federal agencies, and others, 
and to promote increased use of the information for acci-
dent prevention purposes, the National Safety Council's 
Traffic Conference organized the Committee on Uniform 
Traffic Accident Statistics in 1959. 

The 25-man committee was headed by N. K. Woerner, 
Chief of Statistical Services of the Texas Department of 
Public Safety. In 1962 the committee's Standard Traffic 
Accident Summary was approved as an American Standard  

(D16.1-1962), by the American Standards Association. 
A "Manual on Classification of Motor Vehicle Traffic 
Accidents" (23) was then prepared by the committee in 
support of the Action Program of the President's Com-
mittee for Traffic Safety (8). Also, an accident report 
form to be used by the law enforcement agency investi-
gating the accident was recommended and made an 
American Standard. 

In publishing monthly traffic accident summaries, most 
of the state agencies responsible for such reporting follow 
the form recommended by the committee. 

The data relating to motor vehicle accidents contained 
on the summaries would be useful to various groups 
interested in highway safety, such as police, driver educa-
tion instructors, state and local legislators, traffic engineers, 
vehicle and highway designers, vehicle inspection per-
sonnel, and insurance companies. These groups could use 
the data supplied by state monthly summaries as guidelines 
for driver licensing policy, financial security policy, driver 
education curriculum, information to the general public 
on accident causation and prevention, the location of high 
accident or hazardous locations for corrective action by 
traffic engineers, finding areas for future research, and 
evaluation of local accident prevention programs. 

The evaluation of the monthly summaries as published by 
the state was undertaken to determine whether they contain 
data of sufficient quality or scope to support all of the 
decision-making functions listed previously and to review 
the statistical analyses undertaken in their preparation. 
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Procedure 

The traffic accident summaries of the ten states (Table 10) 
were selected for evaluation. Typical of state traffic acci-
dent summaries is the "Standard Summary of Motor 
Vehicle Traffic Accidents in Florida," issued monthly by 
the Florida Department of Public Safety for statewide, 
rural, and urban accidents. Many states issue only a 
single statewide summary; others issue rural and urban 
data only for certain items. In addition to the summaries, 
Florida also issues a "Monthly Summary of Reported 
Motor Vehicle Accidents by County." 

These accident summaries as a group, and the Florida 
summary in particular, were critically reviewed for infor-
mation contained therein that would provide an insight 
into the problem of motor vehicle accidents. Attention 
was also given to those tabulations of statistics which 
produce repetitive conclusions month after month and 
provide no increased knowledge by this repetition. 
Throughout, suggested methods of providing more mean-
ingful summaries through improved statistical analysis of 
the data are provided. 

General Observations on Monthly Accident Summaries 

The tables found in monthly accident summaries consist 
almost entirely of observed frequencies of occurrence of 
various phenomena. Percentages are more informative to 
the reader than observed frequencies (see Table 11), as 
the percentages more readily reveal the distribution of the 
total number of accidents into the various groupings. 

Percentages are relative and comparative measures of 
frequency. Thus, if the February report shows 40.1 percent 
of all accident drivers in the 18-34-year age group and 
the March report shows 31.8 percent in this group, a 
comparison may be made. If only frequencies are pub-
lished, comparisons cannot be made until the total number 
of drivers in accidents for each of the two months are taken 
into account. 

In interpreting data from tables, readers generally esti-
mate percentages mentally. Published percentages would 
thus facilitate interpretation and encourage analytic  

thought. However, percentages should be calculated on 
the basis of reported data (see Table 11). 

In addition to the percentages, the column total fre-
quencies should be published so that the reader may, if 
necessary, calculate a particular frequency. For example, 
if the 18-34-year age group accounts for 40.1 percent of 
all drivers with reported ages, the number of reported 
drivers in this age group would probably be (0.401) X 
24,697 = 9,915. 

Percentage tables facilitate the study of association. For 
example, consider Table 12. The data indicate that the 
driver age distribution for fatal accidents differs from that 
for injury accidents; fatal accidents tend to involve younger 
drivers than do injury accidents. This type of analysis is 
discussed in more detail later. 

Need for Exposure Data 

It frequently is desirable to know the risk of an accident 
occurring under different circumstances for some particu-
lar variable. For instance, one may desire to estimate the 
frequency with which drivers of various age groups 
become involved in accidents. Obviously, a table consisting 
of the number of accidents involving drivers of various 
age groups alone cannot answer this question. It is neces-
sary to assess the relative exposure of each age group to 
motor vehicle accidents. 

One way to do this would be to ascertain the number of 
licensed drivers for each age group and the average number 
of miles driven monthly by each driver for each age group. 
The product of these two figures, the number of miles 
driven monthly by each age group, is an estimate of each 
age group's exposure to accidents. A relative and com-
parative measure of the risk of an accident for drivers of 
each age group is the number of accidents per driver-
mile, or 

r1 = 	
fi (1) 

in which 

ri  = age accident rate for ith age group; 
= number of accidents for ith age group; 

TABLE 10 

STATE TRAFFIC ACCIDENT SUMMARIES EVALUATED 

STATE YEAR FREQUENCY DIVISIONS 

 California 1963, 1965 Monthly Statewide 
 Florida 1965 Monthly Rural; urban; statewide 
 Illinois 1965 Monthly Statewide 
 Kentucky 1965 Monthly Rural; statewide 
 Nebraska 1965 Monthly Statewide; county road 

 New York 1965 Monthly Rural; urban; statewide 
 N. Carolina 1965 Monthly Rural; urban; statewide 
 Ohio 1964, 1965 Monthly' Statewide 
 S. Carolina 1964 Monthly Statewide 
 Utah 1964 Monthly Statewide 

"Cumulative. 
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d = number of licensed drivers in ith age group; and 
mi  = average monthly mileage per driver in jth age group 

Exposure information is necessary when studying such 
topics as driver's age and sex, type of vehicle, road surface 
condition, light condition, etc. In general, exposure could 
be measured in terms of estimates of miles driven by the 
subject operators (or subject vehicles) under the conditions 
being considered or in terms of combinations of exposure 
variables; e.g. age and miles driven. Examples of the use 
of odometer reading and inspection data in this manner 
are presented in Chapter Six. 

Review of Typical Traffic Accident Summary 

Following is a discussion of the Florida summary form 
(Fig. A-i), but it applies to most similar summaries because 
the format is essentially the same. 

The descriptions used in the "type of accident" tabulation 
are neither mutually exclusive nor suitably balanced with 
frequency of events. One classification, "motor vehicle in 
traffic," accounts for 71.7 percent of all traffic accidents 
and 9 of the remaining Ii classifications account for less 
than 2 percent each. This imbalance suggests that greater 
benefits may be derived with a change in the classification 
system. Any suggested change in the classifications would 
require a study of the frequency of the accidents described 
in more detail and an appropriate regrouping according 
to frequency of occurrence. 

The "comparative totals" afford an opportunity to test 
the hypothesis that no change has taken place in the 
accident-type distribution from one year to the next. The 
fact that these distributions are not expected to change 
greatly from year to year would suggest that this table 
need not be presented every month. 

The mileage rates are useful, as they present the only 
measure of over-all accident exposure known. The death 
and fatal accident rates are of great concern to the general 
public, state and local government personnel, traffic 
engineers, etc. The "percent change" should be tested for 
significance using an approved statistical procedure. 

The "location" tabulation has no research utility in its 
present form. Urban areas are classified by population 
and rural areas are classified by type of roadway, thus 
making comparisons between the two impossible. Listing 
number of fatal, non-fatal, and property damage accidents 
for these locations does not enhance the research value. 

The "time" tabulation is of little value when published 
on a monthly basis. The distribution of accidents by day 
of week and time of day is well known and varies but 
slightly from area to area and year to year. There is little 
value in repeating it every month. 

Age classifications are not grouped on a reasonable 
basis—not even equal age intervals. Improvements could 
be made, by subdividing age according to some specified 
plan. For example, a possible grouping for occupants of 
vehicles could include: 

Less than 1 year (infants who have little self-protection 
from accidents and may be sitting or lying in some kind 
of child restraint device) 

TABLE II 

EXAMPLE OF DISTRIBUTION OF ACCIDENT 
DRIVERS, BY AGE 

AGE OF NO. INVOLVED 
DRIVER (YR) IN ACCIDENTS PERCENT 

Under 18 796 3.2 
18-34 9,915 40.1 
35-54 8,279 33.6 
55-74 5,049 20.4 
75 and over 658 2.7 
Not stated 800 - 
All 25,497 100.00 

Based on 24,697 reported driver ages (25,497-800 = 24,697). 

TABLE 12 

EXAMPLE OF DISTRIBUTION OF AGE OF 
DRIVERS IN FATAL AND INJURY ACCIDENTS 

DISTRIBUTION (%) 

AGE OF FATAL INJURY 
DRIVER (YR) ACCIDENTS ACCIDENTS 

Under 18 10.0 4.0 
18-34 60.6 41.1 
35-54 20.1 33.2 
55-74 8.2 19.6 
75 Li 21 

All 100.0 100.0 
N 168 8003 

1-4 year group (probably seated on the lap of an adult) 
5-9 year group (passengers in vehicles driven by mature 

adults) 
10-14 year group (passengers in vehicles driven by mature 

adults) 
15-19 year group (tend to be driving alone or are passen- 

gers in vehicles driven by others in their age group) 
20-24 year group (tend to be driving alone or are passen- 

gers in vehicles driven by others in their age group) 
Etc. 

Members in the last two age groups tend to have higher 
accident frequencies, more ejections, and higher injury 
severity than either the younger or the more mature groups. 

The "directional analysis" tables :are confusing and have 
little value without knowledge of the specific roadways 
involved and the traffic volumes. Better categories also 
could be used. 

The "pedestrian actions by age" table is of considerable 
interest. The 12 pedestrian action classifications' appear 
to adequately describe the spectrum of possible pedestrian 
actions and there is little tendency for any of the classifi-
cations to have overlapping definitions. The data allow 
the determination of age groups that are associated with 
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various types of pedestrian actions. Such knowledge is 
important if corrective action is to be taken. 

The "age of driver," "driver's sex," and "residence of 
driver" tables are merely numerical tabulations and provide 
no data for comparison or rates. These data would be 
useful if cross-tabulated with other variables such as type 
of accident or speed of vehicle. Cross-tabulations could 
point out a specific need for corrective action and periodic 
examination of the tables could provide the basis for assess-
ing the effectiveness of the corrective action. 

The "contributing circumstances" category basically 
represents the reporting officer's opinion of traffic violations 
or other illegal action on the part of one or more drivers. 
Nevertheless, if presented, the usefulness of the data would 
be enhanced by cross-tabulation with variables such as 
type of accident, sex, age, and driver experience. In ad-
dition, minor improvements could be made in the classifi-
cation of contributing circumstances (i.e., in addition to 
"inadequate brakes" and "inadequate lights," a classifica-
tion for "other mechanical defects" would be appropriate; 
a classification for "impossible to determine" would also 
be advantageous). 

The "type of vehicle" classifications appear to cover the 
full spectrum of motor vehicles with little tendency for one 
classification to overlap another. Again cross-tabulations 
of type of vehicle with type of accident, degree of injury 
to occupants by seated position, etc., would be of benefit. 
Subgrouping of automobiles by size, body style, or weight 
also would be useful. 

The "road surface condition" tabulation is of little value 
alone and would be of greater use if cross-tabulated with 
accident type. Analysis of such a cross-tabulation would 
indicate the types of accidents which take place on various 
road surfaces. 

The classifications "built-up" and "not built-up" in the 
"kind of location" tabulation are essentially meaningless. 

The terminology used to classify "light conditions" could 
be improved. For example, the occurrence of an accident 
on an illuminated roadway at night is not adequately 
covered by any of the listed choices. 

At the conclusion of each monthly summary, there is 
often a subclassification of motor vehicle accidents by 
county. The format varies somewhat from state to state, 
but basically a tabulation of property damage, injury-
producing, and fatal accidents is presented for each county 
in the state. Most states make an urban and rural break-
down and some (e.g., Florida) give the mileage death rate 
(the number of fatalities per 100 million vehicle-miles 
traveled). 

County data alone—although of interest to that level 
of government—are insufficient for analysis because coun-
ties frequently include both urban and rural elements, a 
variety of highways and traffic conditions. It might be 
more useful to summarize data for specific locations, such 
as cities or towns or other better defined localities. Accident 
data might then be grouped according to many socio-
economic, traffic, and local government factors easily ob-
tained from other published sources, thereby allowing the 
data to be subjected to statistical analysis. 

Opportunity to use a number of varied statistical tech- 

niques exists with the recorded data, especially when data 
are available for the same period from year to year. Such 
techniques include tests of significance between two fre-
quencies reported from two different years, tests of sig-
nificance between successive year's death rates, and tests 
of the difference between percentages for two different 
years. All three tests could be performed for counties or 
areas of particular interest; the results would indicate the 
results of local traffic safety programs. 

Variations in Traffic Accident Summaries 

The standard traffic accident summary is merely a recom-
mended form and the responsible state agencies are free 
to modify and deviate from this standard as they desire. 
Some of the data collected for these modifications could 
be of considerable benefit if analyzed in greater detail. 
For example: 

Florida includes a section in which seat-belt installa-
tion and use is cross-tabulated with all accidents, fatal 
accidents, and injury accidents. The tabulation does not 
include seated position or severity of injury. Addition of 
these two items would permit a more thorough determina-
tion of seat-belt effectiveness. 

Nebraska provides data on "completed driver's edu-
cation course," which would be of immense interest if some 
means of comparison between the "yes" and "no" answers 
was provided. This comparison would require knowledge 
of at least the numbers of licensed drivers in both cate-
gories, or preferably a measure of exposure for each 
category. 

The New York State Department of Motor Vehicles 
provides data concerning manner of collision (head-on, 
rear end, angle, etc.) cross-tabulated with severity of the 
event (fatal, non-fatal, property damage). This tabulation 
would permit a test of the hypothesis that injury severity 
is the same for each manner of collision. 

New York also includes a one-page written commentary 
each month. This commentary may compare injury and 
fatality data for the month with last year's data, may 
compare data from various counties or areas within the 
state, etc. 

The California Highway Patrol has modified the 
monthly summary and has introduced many innovations 
into the form. One useful table contains a statewide dis-
tribution of the age of the state's population and licensed 
drivers for comparison with a corresponding distribution 
of the age of drivers involved in accidents under various 
conditions. These data provide the opportunity to under-
take various statistical tests for relationships. 

The California summary also contains more detailed 
information on driver violations and type of motor vehicle 
in accidents, but only cross-tabulates these with fatal and 
injury accidents. 

The California summary omits time of day, day of week, 
and directional analysis data. 

Use of Written Commentary 

The standard summary of motor vehicle traffic accidents 
consists entirely of the 16 tabulations evaluated previously. 
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These summaries leave the reader with the task of inter-
preting the data himself. He is thus expected to analyze 
the data and note trends, a task he may be unable to per-
form because of lack of ability, available time, and/or 
sufficient interest. Indeed, the reader without statistical 
training who attempts to interpret the motor vehicle acci-
dent data is likely to fall prey to the many pitfalls described. 

A written interpretive commentary of several pages 
would be a useful part of each monthly summary. Written 
by one or more persons on the staff of the issuing agency, 
the commentary could contain an analysis of some of the 
data presented in the summary and perhaps introduce data 
not presented but helpful in the analytic process (such as 
exposure data, data from the previous year, data from  

neighboring states, data from national totals). Presentation 
of every possible contingency table or significance test each 
month would be impossible, and perhaps even defeat the 
purpose of the commentary. Rather, various pertinent 
hypotheses could be selected for testing each month. 

Figure 23, based on the February 1965 Florida accident 
data with supplementing fictitious data, is a brief example 
of a suggested format for such a commentary. 

STUDIES BASED ON STATE DATA 

Analysis of Automobile Speed Data 

In reporting motor vehicle accidents, Louisiana state police 
record not only the estimated speed of each vehicle in the 

Fatality Rates 

The fatality rate for 1965 to date was 6.7, an increase of 8.1% over the same period last year. The increase did not 
show evidence of statistical significance at the 0.05 level. 

The fatality rates for 1965 to date for three neighboring states were: State A, 6.2; State B, 6.9; State C, 6.5. There 
was no evidence of a significant difference between the death rates of these states and that of Florida, at the 0.05 level. 

Four counties (Counties R, S, T, and U) showed a significant increase in death rate over the same period last 
year, while two counties (Counties X and Y) recorded death rates that were significantly less than those of last year. The 
decrease in County X may be accounted for in part by the increased police activity along county roads in the more heav-
ily populated areas of the county. 

Fatal Accident Rate by Sex 

Of the 4,382 million miles traveled in this period, it is estimated that 22.3% were driven by women and 77.7% 
by men. Consolidating these data with the data in Table 9 of Figure A-I, the following is observed: 

Millions of Fatal Accident Rate Per 
Sex Fatal Accidents Miles Driven 100,000,000 Vehicle-Miles 

Male 138 3405 4.1 
Female 31 977 3.2 
Pct. Duff. +28.1 

Male Rate - Female Rate 
Pct. Difference = 

Female Rate 

The difference in fatal accident rate between males and females is not statistically different at the 0.05 level. 

Light Conditions vs Accident Type 

Accident Type 

Light Property 
Condition Damage Fatal Injury Total 

Daylight 6949 57 2973 9979 
Dawnordusk 336 6 152 494 
Darkness 2450 55 1412 3917 

All 9735 118 4537 14390 

The association between accident type and light conditions was tested and found statistically significant at the 0.05 level 
by the Chi-square test. Thus the distribution of accident type differs for different light conditions. Specifically, more 
injury-producing and fatal accidents occur during hours of darkness than during daylight or dawn-dusk, and more prop-
erty damage accidents occur under daylight than dawn-dusk or darkness. 

Figure 23. Suggested accident commentary format. 
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accident, but also the posted roadway speed. Availability 
of these data facilitates an investigation into the relationship 
of posted speeds and actual speeds for several explanatory 
variables. 

A magnetic tape containing 14,066 one- and two-vehicle 
Louisiana rural and unincorporated area accident records 
obtained in 1962 furnished speed data on 19,160 passenger 
cars. Of these, 18,582 passenger cars were distributed by 
posted speed as given in Table 13. These 18,582 passenger 
cars formed the basis of this investigation. For 560 pas-
senger cars the posted speed was less than 21 mph; these 
are not considered here. The extent of fast and slow driving 
under varying conditions of road alignment, surface con-
dition, type of roadway, collision type, and day of week-
time of day is to be investigated. For each variable a table 
indicating the incidence of slow and fast driving at various 
posted speeds is presented. 

The analysis that follows attempts to shed some light on 
when and where speeding, or excessively slow driving, by 
drivers of vehicles that are involved in accidents takes 
place. It also attempts to point out the type of collision that 
the accident represents. Data were not available on the 
demographic nature of drivers who speed or the extent and 
types of injuries, if any, that they sustain. No data are 
available on the actual speed-posted speed distributions for 
drivers who do not become involved in accidents. Com-
parison of the accident and non-accident speed distribution 

TABLE 13 

DISTRIBUTION OF POSTED SPEED FOR 18,582 
PASSENGER CARS IN ACCIDENTS IN 
LOUISIANA, 1962 

POSTED 	 DISTRIBUTION 
SPEED 
(MPH) 
	

NO. 	 PERCENT 

21-40 	 4,805 	 25.86 
41-60 	 12,406 	 66.76 
61-80 	 1,371 	 7.38 

All 	 18,582 	 100.00 

TABLE 14 

OVER-ALL SPEED DISTRIBUTION 

MEAN 

POSTED 	 ACTUAL 
SPEED 	 NO. OF 	SPEED 

(MPH) 	 AUTOS 	(MPH) 	% SLOW % FAST 

30 4,805 18.0 37.5 6.7 
50 12,406 32.8 42.5 5.5 
70 1,371 35.7 78.3 0.7 

Standardized 18,582 29.2 43.8 3.9 

under controlled conditions would more effectively point 
out the effects of speeding. Nevertheless, applications to 
insurance, law enforcement, and highway engineering prac-
tice of the data analyzed herein are numerous. Highway 
engineers may gain insight into the nature of speeding 
for various road alignments, road surface conditions, and 
types of roadway. Law enforcement agencies might be 
interested in the collision type and day of week-time of day 
analyses. Insurance executives might find all five variables 
of interest and would probably be able to draw some in-
ferences regarding the age distribution of speeders from 
the day of week-time of day analysis (e.g., teenagers tend to 
drive their cars at different times than housewives, etc.) 

Actual speed of each passenger car was classified as 
stopped, 1-20 mph, 21-40 mph, 41-60 mph, 61-80 mph, or 
21-100 mph. Posted speeds were considered at 21-40 mph, 
41-60 mph, and 61-80 mph. A driver is said to be driving 
"slowly" if his actual speed lies at least one class below the 
class of his posted speed. However, drivers whose vehicles 
were stopped at the time of their accident are not placed 
in the "slow" driver group. Drivers whose vehicles were 
traveling with actual speeds at least one class above that 
of posted speed are classified as "fast" drivers. Standardized 
slow and fast driving percentages and mean actual-speeds 
were calculated using the over-all posted speed distribution 
as the basis of standardization weights. 

In general, the slow driving rates increase- and the fast 
driving rates decrease as posted speed increases. The ability 
and the temptation to speed are probably greater at lower 
posted speeds than at higher posted speeds. The mean actual 
speeds for each level of posted speed are considerably lower 
than would be expected. Table 14 shows the over-all slow 
driving and fast driving rates and mean actual speeds. The 
mean actual speeds of 18.0 mph, 32.8 mph, and 35.7 mph 
for posted speeds of 21-40 mph, 41-60 mph, and 61-
80 mph, respectively, are surprisingly low. The over-all 
standardized fast driving rate is 3.9 percent, whereas the 
slow driving rate is 43.8 percent. It is surprising that acci-
dent vehicles would have fast driving rates as low as 3.9 per-
cent and slow driving rates as high as 43.8 percent, even 
though it is recognized that slow driving can be a con-
tributing factor in automobile accidents. 

The reason for these apparently surprising results is that 
the "stopped" actual speed group probably includes a high 
percentage of cars whose actual speed was not reported 
by the investigating officer. Many of the cars whose speed 
was not reported could have been speeding at the time of 
their accident but - the - officer may have been unable to 
furnish sufficient evidence of this speeding, and thus merely 
refrained from reporting any actual speed. In any event, 
it is believed that although the magnitude of the slow and 
fast driving rates may be in error, the direction of differ-
ences observed is not. 

Road Alignment 

Table 15 presents the road alignment speed data. The 
standardized data (mean actual speed, slow driving rates, 
and fast driving rates) from that table are summarized in 
Table 16. 
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The standardized rates and mean actual speeds of acci- 	roads the fast driving rate also appears highest in on-grade 

	

dent vehicles indicate that on a level road there was a higher 	accidents. 

incidence of speeding in curved rather than straight sec- 

	

tions. Excessive speed could have been a contributing 	Surface Condition 

	

factor in the accidents that took place on curve-level roads. 	Table 17 presents the speed data by surface condition at 

	

A similar phenomenon is obscrved for on-grade and hill- 	the time of the accident. In addition to the three classifi- 

	

crest-dip-hump accidents. For straight roads, the fast driv- 	cations appearing in Table 17, there were 11 passenger 

	

ing rate appears highest in on-grade accidents and lowest 	cars involved in accidents in which the surface condition 

	

in both level and hillcrest-dip-hump accidents. For curve 	was described as "muddy"; these latter are not included. 

TABLE 15 

SPEED DATA, BY ROAD ALIGNMENT 

ROAD 
GEOMETRY 

POSTED 
SPEED 

(MPH) 

NO. OF 

AUTOS 

MEAN 

ACTUAL 
SPEED 
(MPH) % SLOW % FAST 

Straight, level 30 4162 17.5 38.1 5.4 
50 9413 31.1 45.1 3.6 
70 1194 35.2 78.8 0.5 

Std.' (14769) 27.9 45.8 3.8 

Curve, level 30 346 22.5 60.9 9.5 
50 1427 39.8 31.2 14.6 
70 59 42.2 79.7 3.4 

Std. (1832) 35.5 42.5 12.5 

Straight, on grade 30 171 20.9 30.4 14.0 
50 833 35.7 36.5 6.4 
70 71 33.8 69.0 2.8 

Std. (1075) 31.7 37.3 8.0 

Curve, on grade 30 71 23.7 35.2 19.7 
50 464 38.5 36.6 14.7 
70 22 43.2 77.2 18.2 

Std. (557) 35.0 39.2 16.3 

Straight, hillcrest-dip- 30 38 16.8 36.8 2.6 
hump 50 195 34.2 40.0 5.1 

70 23 39.1 73.9 - 
Std. (256) 30.1 41.7 4.0 

Curve, hillcrest-dip- 30 5 22.0 40.0 - 
hump 50 67 36.9 35.8 13.4 

70 2 50.0 100.0 - 
Std. (74) 34.0 41.6 8.9 

Bridge structure 30 7 15.7 28.6 - 
50 3 36.7 66.7 - 
70 - - - - 
Std.' (10) 28.6 24.0 - 

Standardized 

TABLE 16 

SUMMARY OF STANDARDIZED SPEED DATA FOR ROAD ALIGNMENT 

PERCENTAGE SPEEDING 	 PERCENTAGE SLOW 	 MEAN SPEED (MPH) 
ROAD 
ALIGNMENT 	 j LEVEL 	GRADE 	HILLCREST LEVEL 	GRADE 	HILLCREST 	LEVEL 	GRADE 	HILLCREST 

Straight 	 3.8 	8.0 	4.0 	45.8 	37.3 	41.7 	27.9 	31.7 	30.1 
Curve 	 12.5 	16.3 	8.9 	42.5 	39.2 	41.6 	35.5 	35.0 	34.0 
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The standardized rates and mean actual speeds for sur-
face condition indicate lower fast driving rates for wet, 
snowy-icy, and muddy conditions than for dry conditions. 
This is not surprising. Motorists are likely to be cautious 
while driving on wet or snowy-icy roads and thus drive at 
slower speeds. Similarly, the standardized rates for slow 
driving are higher for unfavorable conditions. 

Data are not available on the magnitude of speeding rates 
for non-accident automobiles. It is possible that although 
the speeding rate decreases under unfavorable surface con- 

ditions, the rate is still higher for accident cars than for 
non-accident cars under similar conditions. 

Type of Roadway 

Table 18 gives the speed data by type of roadway. The 
speeding rate on two-lane roads appears to be higher than 
that on wider roads; similarly, the slow speed rate on the 
former is lower than that on the latter. There appears to 
be no immediate explanation to this finding. 

TABLE 17 

SPEED DATA, BY SURFACE CONDITION 

MEAN 
POSTED 	NUMBER 	ACTUAL 

SURFACE 	 SPEED 	OF 	 SPEED 
CONDITION 	 (MPH) 	AUTOS 	 (MPH) 	% SLOW 	% FAST 

Dry 30 3647 18.4 37.6 7.5 
50 9724 33.2 41.7 6.0 
70 1087 35.6 76.9 0.8 

Std. (14458) 29.5 43.4 6.0 
Wet 30 1138 17.0 36.8 4.3 

50 2553 31.8 44.8 3.6 
70 276 36.0 83.1 0.4 

Std.a (3967) 28.3 45.6 3.5 
Snowy-icy 30 19 12.2 72.2 - 

50 117 24.2 63.3 1.7 
70 8 31.3 87.5 - 
Std. (143) 21.6 67.4 1.1 

Standardized. 

TABLE 18 

SPEED DATA, BY TYPE OF ROADWAY 

ROADWAY 

TYPE 

POSTED 
SPEED 

(MPH) 

NUMBER 

OF 

AUTOS 

MEAN 

ACTUAL 

SPEED 
(MPH) % SLOW % FAST 

Two lanes 30 1865 20.1 35.1 11.5 
50 10902 33.9 40.2 5.9 
70 88 31.9 85.3 - 
Std. (12855) 30.2 42.2 6.9 

4 or more lanes b  30 1096 16.4 42.1 3.2 
50 707 24.5 63.1 1.4 
70 488 33.9 79.2 0.2 

Std. (2291) 23.1 58.9 1.8 
Divided 30 1826 16.9 37.2 4.0 

50 733 24.0 57.1 2.1 
70 787 37.3 77.1 1.1 

Std. (3346) 23.1 53.4 2.5 

Standardized. 	b Double center 
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Data for one-way roads comprised only 21 accident cars, 
insufficient for meaningful statistical analysis, so were Omit-
ted from Table 18. 

Collision Type 

Table 19 gives the speed data by collision type. The most 
noticeable effect of collision type on fast driving stan-
dardized rates is found in the ran off road-out of control 
collision type. The fast driving rate for this group is 12.3 
percent and standardized mean actual speed is 39.4 mph. 
Both are considerably higher than those for the other 
collision types. In addition, the slow driving standardized 
rate (28.6 percent) is considerably less than those of the 
other collision types. It appears that more ran off road-out 
of control accidents take place while a driver is exceeding 
safe speed levels. 

Day of Week-Time of Day 

For this analysis the day was divided into four 6-hour time 
intervals. These intervals are considered for both weekdays 
and weekends, making eight levels. The weekend is defined 
as Friday 6 PM to Sunday 6 PM. 

The day of week-time of day data are given in Table 20 
and the standardized data are summarized in Table 21. 
Fast driving rates and mean actual speed were highest for 
12:01-6 AM and 6:01 PM-12 M for both weekdays and 
weekends. 

Speeding is a frequent contributing circumstance to 
accidents occurring between 6:01 PM and 6:00 AM. Thus, 
these findings are not surprising. It is possible that state 
troopers are more likely to overestimate the actual speed of 
an auto during this period, especially on weekends when 
teenagers are driving in great numbers, as a result of pre-
vious experience and prejudices. However, the lower traffic 
volume and general atmosphere of these hours tend to 
support the results of higher fast driving rates and mean 
actual speeds. 

From the Louisiana 1962 experience it appears that 
passenger cars involved in accidents are operated in excess 
of posted speeds when they are traveling on curved roads 
on grades, on dry pavement, between 6:01 PM and 6:00 AM 
on weekends. The resulting collision type is frequently 
"ran off road." 

Property Damage Cost and Impact Speed 

The purpose of this investigation was to determine the 
relationship between the higher impact speed of two 
vehicles in a two-vehicle accident and the dollar amount of 
the resulting property damage. The results of this analysis 
may be useful in making estimates of resulting property 
damage from accidents of various impact speeds and con-
figurations. The dollar value of the resulting property 

* Higher impact speed is (1) the speed of the fastest moving vehicle at 
the time of impact in a two-vehicle collision or (2) the impact speed of 
the vehicle in a one-vehicle collision. 

TABLE 19 

SPEED DATA, BY COLLISION TYPE 

COLLISION 
TYPE 

POSTED 
SPEED 

(MPH) 

NUMBER 

OF 

AUTOS 

MEAN 
ACTUAL 

SPEED 
(MPH) % SLOW % FAST 

Head on 30 176 21.7 26.1 6.8 
50 928 32.0 48.9 3.3 
70 779 41.7 92.1 0.1 

Std.* (1883) 30.1 46.2 4.0 
Rear end 30 2136 14.3 30.8 3.8 

50 4039 26.3 47.2 2.4 
70 617 34.1 71.0 0.6 

Std.a (6792) 23.8 44.7 2.6 
Right angle 30 1733 18.5 51.5 4.9 

50 3624 29.1 54.1 1.9 
70 410 32.3 86.3 - 
Std.* (5767) 26.6 55.8 2.5 

Sideswipe 30 348 20.5 39.9 5.2 
50 740 31.7 53.6 2.0 
70 132 37.7 67.9 3.0 

Std.* (1220) 29.2 51.1 2.9 
Ran Off road-out of 30 196 27.8 23.0 20.4 

control 50 1283 43.3 25.3 10.5 
70 70 45.3 78.5 - 
Std.* (1549) 39.4 28.6 12.3 

Standardized 
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TABLE 20 

SPEED DATA, BY DAY OF WEEK-TIME OF DAY 

DAY AND 
TIME 

POSTED 
SPEED 
(MPH) 

NUMBER 
OF 
AUTOS 

MEAN 
ACTUAL 
SPEED 
(MPH) % SLOW % FAST 

Weekday 30 149 24.1 24.2 16.1 
12:01-6 AM 50 711 38.9 28.6 10.9 

70 67 38.7 74.6 3.0 

Std." (927) 35.1 30.9 11.7 

Weekday 30 843 16.4 44.5 4.2 
6:01 AM-12 N 50 1856 29.9 49.1 2.1 

70 192 34.7 79.7 0.5 

Std.0 (2891) 26.8 50.2 2.5 

Weekday 30 1373 15.7 42.9 3.1 
12:01-6 PM 50 2877 29.0 49.6 2.9 

70 324 33.0 80.5 - 
Std. (4574) 25.9 50.1 2.7 

Weekday b  30 787 19.8 34.7 9.8 
6:01 PM-12 M 50 1895 34.2 38.0 6.1 

70 215 37.1 77.6 1.4 

Std. (2897) 30.7 40.1 6.7 

Weekend 30 194 24.9 18.0 19.0 
12:01-6 AM 50 988 40.2 25.6 14.8 

70 117 41.9 77.8 0.9 

Std. (1299) 36.4 27.5 14.9 

Weekend 30 315 17.0 39.4 4.4 
6:01 AM-12 N 50 888 32.4 46.4 3.9 

70 91 35.1 79.2 1.1 

Std. (1294) 28.6 47.0 3.8 

Weekend 30 571 17.4 35.6 6.0 
12:01-6 PM 50 1618 31.8 46.8 4.8 

70 179 36.2 78.2 1.1 

Std. (2368) 28.4 46.2 4.8 

Weekend C  30 573 20.9 29.3 10.1 
6:01 PM-12 M 50 1569 35.3 37.4 6.7 

70 190 34.2 74.7 10.0 

Std. (2332) 31.5 38.1 7.8 

Standardized. 	b Does not include accidents occurring Friday 6:01 PM-12 M, but does include accidents 
occurring Sunday 6:01 PM-12 M. 	c Includes accidents occurring Friday 6:01 FM-12 M, but does not include 
accidents occurring Sunday 6:01 PM-12 M. 

TABLE 21 

SUMMARY OF STANDARDIZED DATA FOR DAY OF WEEK-TIME OF DAY 

WEEKDAY WEEKEND 

MEAN MEAN 
ACTUAL ACTUAL 

TIME NO. OF SPEED % % NO. OF SPEED % % 
OF DAY AUTOS (MPH) SLOW FAST AUTOS (MPH) SLOW FAST 

12:01-6 AM 927 35.1 30.9 11.7 1299 36.4 27.5 14.9 
6:01 AM-12 N 2891 26.8 50.2 2.5 1294 28.6 47.0 3.8 
12:01-6 PM 4574 25.9 50.1 2.7 2368 28.4 46.2 4.8 
6:01 PM-12 M 2897 30.7 40.1 6.7 2332 31.5 38.1 7.8 
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damage (i.e., damage to both vehicles and other private 
and public property) may be looked upon as an index of 
accident severity, and thus estimates of the effect of higher 
impact speed on accident severity for different configura-
tions may be formulated. Once again, 1962 Louisiana De-
partment of Public Safety data were utilized. 

During their investigation of motor vehicle accidents, 
Louisiana state police are asked to estimate the speed of 
each vehicle in the accident just prior to impact. Wherever 
possible they measure skid marks and include this measure-
ment as a part of their accident report. 

The state police are unlikely to report any speed that 
cannot be proven, at a later date, to have been sufficiently 
close to the actual speed observed. This enhances the 
credibility of the accuracy of the data. Moreover, with 
impact speeds classified into 20-mph categories it is rea-
sonable to assume that errors in classification of impact 
speeds are minimal. 

The 14,066 one- and two-vehicle accidents in the study 
were broken down into 16 accident configurations. Within 
each configuration, the accidents were further broken down 
into speed categories by the higher impact speed of the two 
vehicles (or the impact speed of the vehicle in one-vehicle 
accidents). Speed was classified at 20-mph intervals (1-20, 
2 1-40, etc., mph). Within each speed category, the median 
dollar amount of property damage was determined. 

It is desired to find an algebraic expression that describes 
the relationship between the higher impact speed and the 
median dollar value of resulting property damage. A 
preliminary investigation of the data suggests that a linear 
relationship is involved. Consider the model: 

Y=b0 +b1 X(forX>0) 	 (2) 

in which V is the property damage, in dollars, and X is the 
higher impact speed. 

This model has a good deal of intuitive appeal. The 
higher the impact speed, the greater the property damage. 
However small the higher impact speed, there exists some 
lower limit on the property damage. The term b0  may be 
called the "initial cost" and b1  the incremental cost per 
each additional 1 mph of higher impact speed. 

Insurance executives could apply this analysis to deter- 

mine the effect of the higher impact speed of the two ve-
hicles in a two-vehicle accident on the magnitude of the 
resulting property damage claim (in dollars). Highway 
engineers could similarly use these data to estimate the 
effect of higher impact speed on the severity of accidents. 
Both of these investigations could lead to research into the 
nature of speeding and methods of curtailing speeding and 
setting of safe speed levels. The existence of an algebraic 
relationship between property damage and higher impact 
speed might be of use to law enforcement agencies and 
insurance companies in training personnel to estimate the 
cost of property damage. 

Within each of the 16 accident configuration classes, the 
median property damage within each speed class was 
regressed against the midpoint of the speed class (the mid-
point of the 1-20 mph speed class is 10 mph, of 2 1-40 mph 
is 30 mph, etc.). 

The regression analysis was weighted; i.e., property 
damage medians based on larger samples counted more 
heavily in determining b0  and b1  than did medians based 
on smaller samples. 

Table 22 presents the median property damage figures 
by the higher impact speed, and the estimates of b0  and b1  
for the various configurations of two-vehicle accidents. 
Regression analysis was not applied to those configurations 
where medians were available for fewer than three speed 
levels. Even with three speed levels, the errors associated 
with the estimates of b0  and b1  may be substantial. Never-
theless, the data indicate that for accidents involving pas-
senger cars the incremental property damage cost (b1 ) is 
between $7 and $9 per 1 mph of the higher impact speed. 
It seems apparent that property damage increases approxi-
mately linearly with increasing impact speed. In some 
configurations the incremental property damage cost is 
greater than in others. It is expected that the incremental 
cost of a passenger car-motorcycle/bicycle accident will be 
less because whatever damage is done to the motorcycle or 
bicycle by the passenger car is done at low speeds, with 
little additional cost accruing with higher impact speeds. 

To form more reliable estimates of b0  and b1, all two-
vehicle accidents were pooled and one weighted regression 

TABLE 22 

MEDIAN PROPERTY DAMAGE IN TWO-VEHICLE ACCIDENTS BY THE HIGHER 
IMPACT SPEED, AND REGRESSION COEFFICIENTS 

ACCIDENT 

CONFIGURATION 

MEDIAN PROPERTY DAMAGE ($) FOR 

HIGHER IMPACT SPEED (MPH) OF 

1-20 	21-40 	41-60 	61-80 	81+ b0 b1 

Passenger car-passenger car 156 321 488 	709 	1000 61 8.7 
Passenger car-light truck 128 308 427 	810 	- 43 8.3 
Passenger car-heavy truck 98 312 450 	712 	- 27 8.9 
Passenger car-tractor-trailer 174 321 449 	- 	- 112 6.8 
Passenger car-bus 151 279 451 	- 	- 60 7.7 
Passenger car-bicy./motorcycle 75 230 201 	- 	- 85 2.8 
Light truck-light truck 201 329 434 	- 	- 152 5.7 
Light truck-heavy truck 91 306 334 	- 	- 125 4.6 
Heavy truck-heavy truck 75 346 584 	- 	- —38 12.6 
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estimate of b0  and b1  was formulated to cover all two-
vehicle accidents (Table 23). The resulting regression 
equation is 

Y = 54.88 + 8.62X 	 (3) 

and 98.4 percent of the variation in property damage is 
explained by this curve. In other words, the initial cost is 
$54.88 and the incremental cost is $8.62; for instance, the 
property damage for a 35-mph impact speed would be 
Y = 54.88 + (8.62 X 35) = $356.58, or $357. It is realized 
that sampling error is inherent in this estimate. Figure 24 
shows the regression line of Eq. 3, as well as the 95 percent 
confidence band. For each property damage estimate on 
the regression line, the probability is 95 percent that the 
mean value of property damage lies between the points on 
the confidence bands directly above and below it. In the 
case of a 35-mph impact speed, the value $357 is read from 
the regression line and the confidence band indicates that 
the probability is 95 percent that the true property damage 
lies between $340 and $373. 

Table 24 presents the median property damage figures 
and the estimated regression coefficients for one-vehicle 
accidents. For out-of-control accidents the initial costs (b0 ) 

and incremental costs (b1 ) both increase as the weight of 
the vehicle involved increases. This indicates that at any 
speed more property damage takes place when a heavier 
vehicle, such as a heavy truck, runs out of control than for 
a light vehicle like a passenger car. The regression line is 
very steep for passenger car impacts with animals. The 
incremental cost per 1 mph of the higher impact is $15.70. 
This may be explained by the fact that the cost of caring 
for or replacing injured or deceased animals can be sub-
stantial and the extent of damage increases considerably 
with increasing speed. 

It has been demonstrated that property damage, and, 
perhaps equivalently, accident severity, increases linearly 
with impact speed. The extent of this dependence differs 
somewhat between vehicles of various types, but the general 
equation (Eq. 3) has proven satisfactory for all types of 
two-vehicle accidents combined. Linear dependence of 
property damage on impact speed has also been observed 
for selected types of one-vehicle accidents. It may prove 

HIGHER IMPACT SPEED (MPH) 

Figure 24. Median property damage vs higher impact speed. 

valuable to law enforcement agencies as an aid in estimation 
of property damage. The sizes of the one-vehicle accident 
samples are given in Table 25. 

TABLE 23 

SAMPLE SIZES IN TWO-VEHICLE ACCIDENTS, BY THE HIGHER IMPACT SPEED 

ACCIDENT 

CONFIGURATION 

ACCIDENTS AT HIGHER IMPACT SPEED (MPH) OF 

1-20 	21-40 	41-60 	61-80 81+ 

Passenger car-passenger car 958 2517 2666 246 14 
Passenger car-light truck 190 547 707 55 5 
Passenger car-heavy truck 220 550 490 44 2 
Passenger car-tractor-trailer 22 45 67 3 — 
Passenger car-bus 20 48 50 13 - 
Passenger car-bicy./motorcycle 24 31 35 3 - 
Light truck-light truck 15 41 46 - - 
Light truck-heavy truck 20 77 69 1 - 
Heavy truck-heavy truck 21 78 43 — — 
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Property Damage Cost and Collision Type 	 Motor Vehicle 	 Non-Motor Vehicle 

The purpose of this investigation was to ascertain the rela-
tive costs, in property damage, of motor vehicle collisions 
of various types. The study utilizes 1962 traffic accident 
data from the Louisiana Department of Public Safety. 
These data consist of 15,311 accidents occurring principally 
in rural and unincorporated urban areas of Louisiana. The 
14,066 single-vehicle and two-vehicle accidents available 
were used in this analysis. 

During their investigation of motor vehicle accidents 
Louisiana state police are required to estimate the total 
property damage in the accident. It is assumed that these 
estimates are of sufficient accuracy to make the following 
analysis meaningful. 

The term "accident configuration" refers to the types of 
vehicles involved in the accident. Thus, the configuration 
"passenger car-light truck" refers to an accident in which 
a passenger car collided with a light truck. The following 
list of motor vehicle and non-motor vehicle classifications 
is used by the Louisiana Department of Public Safety: 

Passenger car 	 Pedestrian(s) 
Light truck 	 Train or street car 
Heavy truck 	 Fixed object 
Tractor-trailer 	 Tree, animal 
Bus or school bus 	 Out of control/non-collision 
Bicycle or motorcycle 

The estimated property damage figure reported by the 
investigating authorities represents the total property dam-
age (in dollars) attributable to the accident; i.e., the esti-
mate includes all damaged vehicles as well as other 
property. 

Insurance executives require information regarding the 
cost of accidents of various types. Such information is used 
in establishing insurance rates and in determining priorities 
for accident research and prevention. Similarly, the high-
way engineer can use property damage as an estimate of 
accident severity to evaluate the costs of accidents at various 
sites and establish priorities for corrective action. Tables 
26 through 29 should prove useful in this regard. 

TABLE 24 

MEDIAN PROPERTY DAMAGE IN ONE-VEHICLE ACCIDENTS, BY THE HIGHER 
IMPACT SPEED, AND REGRESSION COEFFICIENTS 

ACCIDENT 
TYPE 

MEDIAN PROPERTY DAMAGE ($) FOR 
HIGHER IMPACT SPEED (MPH) OF 

1-20 	21-40 	41-60 	61-80 	81+ b b1 

Out of control: 
Passenger car 274 	336 	489 	658 	769 121 7.5 
Light truck 358 	314 	461 	680 	- 153 6.4 
Heavy truck 434 	720 	846 	- 	- 408 9.5 
Tractor-trailer - 	2251 	2601 	- 	- - - 

Passenger car with: 
Pedestrian - 	201 	95 	- 	- - - 
Fixed object - 	344 	578 	- 	- - - 
Animal - 	286 	404 	1418 	- 327 15.7 

TABLE 25 

SAMPLE SIZES FOR ONE-VEHICLE ACCIDENTS, BY THE HIGHER 
IMPACT SPEED 

ACCIDENT 
	 ACCIDENTS AT HIGHER IMPACT SPEED (MPH) OF 

TYPE 
	

1-20 	21-40 	41-60 	61-80 	81+ 
Out of control: 

Passenger car 33 300 1179 392 	72 
Light truck 11 52 131 19 	2 
Heavy truck 27 132 111 2 	- 
Tractor-trailer 5 17 20 - 	- 

Passenger car with: 
Pedestrian 21 73 89 1 	- 
Fixed object 5 21 46 9 	- 
Animal 2 64 323 14 	- 
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The median property damage (in dollars) was calculated 
by collision type for those accident configurations for which 
the sample size exceeded 10. 

Table 26 presents the median property damage for two-
vehicle accidents of various collision types and configura-
tions; Table 27 gives the sample sizes on which the medians 
are based. For each accident configuration for which 
median property damage was calculated, the head-on colli-
sion accounted for the highest property damage figure, 
while those of rear-end, right-angle, and sidewipe accidents 
accounted for considerably less property damage. A head-
on collision may result in substantial damage to the con-
tents of the engine compartment of both vehicles, whereas 
at least one of the vehicles involved in rear-end, right-angle, 
and sidewipe accidents may incur sheet-metal damage only. 
Thus, the median property damage would be expected to 
be greater for head-on collisions. Angle collisions have 
higher median property damage figures than the rear-end 
and sideswipe collision types for almost all accident con-
figurations, possibly because the angle impact frequently 
results in a vehicle roll-over, which on the average would  

probably generate more sheet-metal damage than the rear-
end- and sideswipe collision. 

From a law enforcement and public health standpoint, 
examination of the median property damage figures alone 
is apt to be misleading. A particular collision-type accident 
configuration combination may have a high median prop-
erty damage although the actual occurrence of this com-
bination may be relatively infrequent. Therefore, priorities 
for corrective measures should be established from both 
frequency and property damage cost. 

For this reason Tables 26 and 29 were prepared. Table 
28 presents the total property damage for each accident 
configuration and collision type. The total property damage 
is equal to the mean property damage for each accident 
configuration and collision type, multiplied by the number 
of accidents observed. In this analysis the distributions of 
property damage are assumed to be sufficiently symmetrical 
so that the median is a reasonable estimate of the mean. 
Total property damage was thus estimated by the product 
of sample size and median property damage for each acci-
dent configuration and collision type. Table 29 presents 

TABLE 26 

MEDIAN PROPERTY DAMAGE IN TWO-VEHICLE ACCIDENTS 

DAMAGE ($) BY COLLISION TYPE 

ACCIDENT HEAD- REAR- SIDE- 

CONFIGURATION ON END ANGLE SWIPE ALL 

Passenger car-passenger car 814 331 379 333 366 
Passenger car-light truck 795 317 373 297 354 

Passenger car-heavy truck 751 	- 309 393 226 334 
Passenger car-tractor-trailer 918 364 283 301 364 
Passenger car-bus - 232 344 301 289 
Passenger car-bicy./motorcycle - - 236 - 158 
Light truck-light truck - 312 244 334 352 

Light truck-heavy truck - 249 295 301 304 
Heavy truck-heavy truck - 368 401 238 340 

Includes a small fraction of ill-defined collision types. 

TABLE 27 

SAMPLE SIZES FOR TWO-VEHICLE ACCIDENTS, BY COLLISION TYPE 

ACCIDENTS BY COLLISION TYPE 

ACCIDENT 	- HEAD- REAR- SIDE- 

CONFIGURATION ON END ANGLE SWIPE ALL 

Passenger car-passenger car 426 2825 2445 714 6501 
Passenger car-light truck 111 	- .592 627 165 1527 
Passenger car-heavy truck . 	69 518 482 188 1327 
Passenger car-tractor-trailer 13 68 24 26 138 
Passenger car-bus 4 59 50 17 133 
Passenger car-bicy./motorcycle - 8 51 3 93 
Light truck-light truck 9 31 46 16 103 
Light truck-heavy truck 10 51 67 37 170 
Heavy truck-heavy truck 6 52 30 45 143 

Includes a small fraction of ill-defined collision types. 
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the total property damage for each accident configuration-
collision type combination as a percentage of over-all 
property damage; i.e., the sum of total property damage 
over all configurations and collision types. 

The over-all property damage for two-vehicle accidents 
investigated in 1962 by the Louisiana State Highway 
Patrol was $3,603,000. Tables 26 and 29 indicate that 
although passenger car-passenger car head-on collisions 
had median property damage of $814 and passenger car-
heavy truck had median property damage of $865, they 
account for only 9.6 and 1.2 percent of over-all property 
damage, respectively. The passenger car-passenger car 
rear-end collision and passenger car-passenger car angle 
collision have median property damage figures of $331 and 
$379, respectively, yet their occurrence on the road is so 
frequent that they account for 26.0 and 25.7 percent of 
over-all property damage, respectively. Thus, corrective  

measures by law enforcement agencies, research by safety 
engineers, and protective measures by insurance companies 
should pay particular attention to the latter two types of 
accidents. 

Figure 25 shows the distribution of over-all property 
damage by collision type for all accident configurations 
combined. The rear-end and angle collision types together 
account for more than three-fourths of over-all property 
damage. 

The distribution of the over-all property damage by 
accident configuration over all collision types is shown in 
Figure 26. Passenger car-passenger car accidents accounted 
for $2,379,000, or about 66 percent of over-all property 
damage. The passenger car-light truck and passenger car-
heavy truck configurations contribute to 15.0 and 12.3 
percent, respectively. This leaves only 6.7 percent for all 
other configurations, which occur less frequently on the 

TABLE 28 

TOTAL PROPERTY DAMAGE INVOLVED IN TWO-VEHICLE ACCIDENTS 

DAMAGE ($1,000) BY COLLISION TYPE 

ACCIDENT HEAD- REAR- SIDE- 
CONFIGURATION ON END ANGLE SWIPE ALL" 

Passenger car-passenger car 347 935 927 238 2379 
Passenger car-light truck 88 188 234 49 541 
Passenger car-heavy truck 52 160 189 42 443 
Passenger car-tractor-trailer 12 25 7 8 50 
Passenger car-bus - 14 17 5 38 
Passenger car-bicy./motorcycle - - 12 - 15 
Light truck-light truck - 10 11 5 36 
Light truck-heavy truck - 13 20 11 52 
Heavy truck-heavy truck - 19 12 11 49 

All 	 499 	1363 	1429 	369 	3603 

Includes a small fraction of ill-defined collision types. 

TABLE 29 

PROPERTY DAMAGE AS A PERCENTAGE OF TOTAL PROPERTY 
DAMAGE, TWO-VEHICLE ACCIDENTS 

ACCIDENT 

CONFIGURATION 

PERCENTAGE BY COLLISION TYPE 

HEAD- 	REAR- 
ON 	END 	ANGLE 

SIDE- 

SWIPE ALL 

Passenger car-passenger car 9.6 26.0 25.7 6.6 66.0 
Passenger car-light truck 2.4 5.2 6.5 1.4 15.0 
Passenger car-heavy truck 1.4 4.4 5.3 1.2 12.3 
Passenger car-tractor-trailer 0.3 0.7 0.2 0.2 1.4 
Passenger car-bus - 0.4 0.5 0.1 1.1 
Passenger car-bicy./motorcycle - - 0.3 - 0.4 
Light truck-light truck - 0.3 0.3 0.1 1.0 
Light truck-heavy truck - 0.4 0.5 0.3 1.4 
Heavy truck-heavy truck - 0.5 0.3 0.3 1.3 

All 13.8 37.8 39.7 10.3 100.0 

"Includes a small fraction of ill-defined collision types 
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Head 	 Rear End 

1— 	- 
Angle 	 S,de 

Swipe On 

$498, 762 	$1,362,748 $1, 428, 999 	$369,389 

13.8% 	 37.8% 39.71% 	 10.3% 

Figure 25. Distribution of the 1962 Louisiana accident dol-
lar, two-vehicle accidents, by collision type. 
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$2,379,366 	 Truck 	Truck 

66.0% 	 $540,558 $443,2181 

1 15.010 12.3% 6.71. 

* Accounts for $239,919 in property damage and includes: 

Passenger Car and Tractor Trailer 	Light Truck and Light Truck 
Passenger Car and Bus 	 Light Truck and Heavy Truck 
Passenger Car and Bicy. /Motor Cycle Heavy Truck and Heavy Truck 

Figure 26. Distribution of the 1962 Louisiana accident dol-
lar, two-vehicle accidents, by accident configuration. 

road because the number of tractor-trailers, bicycles, 
motorcycles, etc., on the road is substantially less than that 
of passenger cars. 

Table 30 presents median property damage figures for 
selected one-vehicle accidents. In out-of-control accidents 
the median damage increases with the increasing weight of 
the vehicles involved. This is not surprising, as one would 
expect a heavier vehicle to do more damage to itself and 

TABLE 30 

PROPERTY DAMAGE IN SELECTED ONE-VEHICLE 
ACCIDENTS, BY ACCIDENT TYPE 

MEDIAN 
PROP- TOTAL PERCENT 

ACCIDENT 	 SAMPLE ERTY 	COST 	OF TOTAL 
rYPE 	 SIZE 	DAMAGE ($1,000) COST 

Out of control:' 
Passenger car 2144 481 1215 66.9 
Light truck 225 433 97 5.4 
Heavy truck 285 643 183 10.1 
Tractor-trailer 44 2201 97 5.3 

Passenger car with: 
Pedestrian 192 99 19 1.0 
Fixed object 88 480 42 2.3 
Animal 410 393 161 8.9 

All 3388 536 1814 100.0 

* Includes an unknown number of object impacts 

other property when going out of control than a lighter 
vehicle. It is interesting to note that passenger car collisions 
with pedestrians resulted in median property damage of 
only $99, whereas passenger car collisions with animals 
resulted in median property damage of $393. A reasonable 
explanation for this difference is that in animal collisions 
the value of the animal is included in the property damage 
figure, while a value for a human is not included. 

Table 30 also indicates that the total over-all property 
damage for the selected single-car accidents was $1,814,000 
and that 66.9 percent of the total was accounted for by 
passenger car out-of-control accidents. 

Because of their great volume, accidents involving pas-
senger cars dominate other accidents in contributions to 
over-all property damage. Corrective measures in the 
passenger car accident area thus constitute an essential part 
of any motor vehicle safety program. 

CHAPTER SIX 

USE OF NON-ACCIDENT RECORDS: VEHICLE EXPOSURE TO ACCIDENTS 

Vehicle exposure to accidents in terms of inspection and 
odometer data is examined in this chapter to demonstrate 
the uses of relevant exposure information in the analysis of 
accident data. The relative importance of various accident 
factors is difficult to determine in the absence of some 
measure of exposure to the risk of accident. Other ex-
posure measures include driver license data (driver sex, 

age, and other characteristics), vehicle registration (make, 
year of manufacture, etc.), mileage driven by different 
drivers, etc. All of these measures have weaknesses, but 
all are useful and all can add to an understanding of ac-
cidents. Although data available for the present study are 
insufficient for a complete evaluation of the effectiveness 
of vehicle inspection, a definitive study in this area is 
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needed and the approach employed here could be used in a 
full-scale study. 

If vehicle maintenance and vehicle defects were found 
to be responsible for a significant proportion of accidents, 
state licensing and inspection officials could be alerted to 
needed changes in the system. Repeated measurements of 
vehicle-related problems would permit evaluation of the 
effectiveness of their efforts. This information could also 
be extremely important to highway officials for perspective 
purposes in evaluating the role of the highway relative to 
that of other variables in the system. At the present time, 
the exposure of individuals and vehicles to accidents repre-
sents a largely unexplored area of accident research. 

It was proposed that studies in this subject area be con-
ducted using both available and new data, with the objec-
tive of possibly demonstrating that the use of some measure 
of exposure could add knowledge beyond that provided by 
accident frequency information alone. One study is based 
on odometer data obtained from both accident cars and 
other cars that passed through the same vehicle inspection 
stations at approximately the same time. Appropriate data 
for this study were available in Virginia and that state 
agreed to participate in the study. 

Before undertaking these studies, a rationale was de-
veloped for the statistical analysis of odometer data. This 
rationale is given and discussed in Appendix C. 

In this area of the study, the following four separate 
analyses were conducted: 

Analysis of Virginia accident and non-accident data. 
Analysis of Automotive Crash Injury Research 

(ACIR) odometer data. 
Analysis of Virginia accident and date of inspection 

data. 
Analysis of Virginia inspection, accident driver, and 

accident tire data. 

The first of these studies is presented in the following sec-
tion and the remaining three are presented Appendix C. 

ANALYSIS OF VIRGINIA ACCIDENT AND NON-ACCIDENT 
DATA 

Copies of inspection records were obtained for approxi-
mately 1,000 accident vehicles during a six-month period 
in Virginia. (The time between inspections in Virginia 
is six months.) These records contained information con-
cerning vehicle repairs required at inspection, date of in-
spection, vehicle make and body type, year of manufacture, 
odometer reading, and inspection charges (Fig. D-6). In 
addition, inspection records were obtained for the non-
accident vehicles whose inspection number immediately 
preceded or followed those of the accident vehicles. Thus, 
the inspection records were obtained in such a fashion that 
each accident vehicle and the two non-accident vehicles 
were likely to have been inspected at the same inspection 
station and at essentially the same time. This method of 
sampling resulted in a high probability of matching accident 
and non-accident vehicles with respect to season of inspec-
tion and with respect to variables associated with location, 
such as gross traffic characteristics and driver socioeco-
nomic level. 

TABLE 31 

FAILURE RATE FOR INSPECTION CHECK POINTS, 
VIRGINIA SAMPLE 

CHECK POINT 	 PERCENT FAILED 

Other lights 9.81 
Headlights 9.24 
Brakes 7.07 
Exhaust line 4.22 
Signal lights 4.11 
Wipers 3.36 
Steering mechanism 7.00 

Table 31 gives the failure rate for those check point items 
which most frequently failed inspection. These data are 
based on approximately 1,700 non-accident vehicles. 

One important area of interest was the comparison of 
accident and non-accident vehicles to determine differential 
characteristics. Due to the matching of accident and non-
accident vehicles, as previously described, special statistical 
techniques were necessary to permit valid comparisons. 
Generally speaking, these analyses were designed to allow 
comparison between the blocks of three vehicles so as to 
preserve the matching and thus control the matched char-
acteristics. It should be noted that not all blocks contained 
three vehicles; in some there was only one non-accident 
vehicle. This may have been due either to failure to obtain 
an inspection record, or to missing or questionable per-
tinent information in the record. For those characteristics 
having full numerical meaning (e.g., year of manufacture 
or number of repairs), the mean for the two non-accident 
vehicles was compared to the value for the accident vehicle 
and a paired r-test was performed on the differences. If 
a block contained only one non-accident vehicle, its value 
was used instead of the mean of the two. 

For those characteristics which are not numerically 
meaningful (e.g., vehicle make or body style), a different 
method was used. For example, the following procedure 
was used to determine if a vehicle of make M or year of 
manufacture M or body style M, etc., is more likely to 
have been involved in an accident than a vehicle of any 
other make, etc., X. Here, a sample point is defined as the 
make of the accident vehicle, given the block in which it 
appeared. Thus, the expression (A = M, given MMX) 
can be used to denote the sample point consisting of a block 
of two M's and one X in which the accident vehicle is of 
make M. Assuming vehicle make and accident involve-
ment are independent, the probability of (A = M, given 
MMX) is 2/3  The occurrence of such a sample point is 
evidence that M's are more likely to have accidents than 
would be expected by chance alone. Similarly, if make and 
accident involvement are not related, the probability of 
(A = M, given MXX) is ½; this sample point is also evi-
dence that M's have disproportionately more accidents. Fur-
ther, it is stronger evidence than that provided by the first 
sample point, as the second is less likely to occur by chance 
alone. 

This procedure provides information for testing the 
assumption that vehicle make and accident involvement 
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are independent. The observation of a sample point whose 
occurrence is unlikely under the assumption is evidence 
that the assumption is incorrect; the more unlikely the 
sample point, the stronger the evidence. For each sample 
point, as given in Table 32, there is an index equal to one 
minus the probability of occurrence; this measures the 
strength of the evidence in favor of rejecting the assumption 
of independence. Each index has associated with it an 
algebraic sign: (+) if the accident vehicle is M, (-) if it 
is an X. Finally, the indices are multiplied by a constant 
to give a whole number score for each type of data point. 

If the make of accident vehicles is determined by chance 
alone (that is, if the assumption of independence of make 
and accident involvement is correct), the expected mean 
score is zero. If, however, vehicles of make M have a 
higher accident rate than other vehicles, a positive mean 
will result. To determine the significance of a non-zero 
mean, a t-test was used. For example, a significant positive 
mean score would call for a rejection of the independence 
assumption in favor of the premise that, for the djfferent 
block types, M exhibits greater-than-chance accident rates. 

It was first found that there was a significant difference 
in terms of year of manufacture of the accident versus 
the non-accident vehicles. Results showed accident vehicles 
to be 0.41 years newer than non-accident vehicles; the mean 
year of manufacture for the former was 1962.27, and 

TABLE 32 

BLOCKS AND THEIR SCORES 

ACCIDENT NON-ACCIDENT CONDITIONAL 
VEHICLE VEHICLES PROBABILITY INDEX SCORE 

M X, X ½ 2/3 4 
M M,X ½ ½ 2 
M M, M 1 0 0 
X M, M ½ _2/3 

X M,X 2/3 	 •—½ —2 
X X, 	X 1 0 0 
M X ½ ½ 3 
M M 1 0 0 
X X 1 0 0 
X M ½ —½ —3 

for the latter, 1961.86. Considering that this might be 
attributable, in some way, to new vehicles whose inspection 
was by a new car dealer, the analysis was run again after 
eliminating all 1967 vehicles. The difference was still 
significant and had increased slightly to 0.45 years. One 
plausible explanation derives from the decreased likelihood 
of reporting an accident if one's vehicle is quite old; this 
would serve to bias the year of manufacture of accident 
vehicles toward the newer vehicles. 

In spite of the, comparative newness of the reported 
accident vehicles, results also showed: (1) the mean num-
ber of repairs at inspection was slightly greater for accident 
vehicles (0.05 versus 0.44); and (2) odometer readings at 
inspection were considerably higher for the accident ve-
hicles. (Recall that the inspection preceded the accident, 
so the accident could not influence the odometer reading at 
inspection.) It is possible that the higher odometer readings 
observed for accident vehicles may simply be attributable 
to the increased accident likelihood for higher-exposure 
vehicles. The greater number of repairs for accident ve-
hicles may indicate that vehicles which are characteristically 
in need of repair are more likely to be involved in accidents. 
A larger volume of data and some information concerning 
other pertinent factors (driver age, type of driving vehicle 
was used for, etc.) would be needed to ascertain if this 
assumption holds true. 

Table 33 gives the odometer results for accident vehicles 
compared with non-accident vehicles. The first column 
specifies the oldest model year to be included in the respec-
tive row. Limiting the age of vehicles studied was neces-
sary to provide some control on the recycling of odometers; 
the older the cutoff model year, the larger the sample size 
but, also, the larger the error. It is clear, both with respect 
to the means and the difference between the means, that 
recycling has an obvious effect as an earlier cutoff is used, 
although the tendency for greater odometer readings for 
accident vehicles is not completely hidden. 

As shown in Appendix D, the inspection procedure in-
cludes 15 check points. All but the air conditioner were 
checked for differences between accident and non-accident 
vehicles. Only two significant results were found, as 
follows: 

1. The probability of repair of lights, other than head- 

TABLE 33 

ODOMETER STATISTICS FOR ACCIDENT AND NON-ACCIDENT VEHICLES 

ODOMETER READING 

EARLIEST NO. OF ACCIDENT NON-ACCIDENT MEAN 

YEAR OBSERVATIONS VEHICLE MEAN VEHICLE MEAN DIFFERENCE 

1962 485 28,108 27,263 845 
1963 383 24,749 24,019 730 
1964 288 22,758 19,197 3,561k 
1965 192 18,066 14,606 3,460 
1966 82 11,162 7,510 3,652k 

a Statistically significant for p = 0.05. 
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lights and signals, was lower for accident vehicles than 
would be expected by chance. 

2. The probability of repair of, glass other than the 
windshield was lower for accident vehicles. (Note: This 
was significant only when the' "zeroes," or nondiscrimi-
nating values, were removed from the data.) It should be 
pointed out that the true significance level is unclear when 
one or two out of many tests are "significant." 

The make of accident versus non-accident vehicles also 
was considered. Of the six makes studied (Chrysler, Ford, 
General Motors, American Motors, Studebaker, and for-
eign), one significant difference was found. Based on a 
sample of 2,742 vehicles, 73 of which were American 
Motors cars, it was found that the probability that the 
accident vehicle was an American Motors vehicle was 
lower than would be expected if make and accident in-
volvement were independent (Table 34). However, con-
siderable caution is required in data interpretation because 
of the small volume of cases available. A similar study 
based on statewide data could undoubtedly provide useful 
data concerning various vehicle features. 

The observed number of accident vehicles manufactured 
by American Motors was always less than, or equal to, the 
number which would be expected if make and accident 
involvement were independent. Similarly, the actual num-
ber of other accident vehicles is as high as, or higher than, 

TABLE 34 

ACCIDENT INVOLVEMENT OF AMERICAN 
MOTORS VEHICLES 

FREQUENCIES OF ACCIDENT VEHICLE 

BLOCK 

EXPECTED 

A's 

ACTUAL 
A's 

EXPECTED 

x's 
ACTUAL 

x's 

AXX 13 9 26 30 
AAX 4.67 2 2.33 5 
AA 6.5 4 6.5 10 
AAA 1 1 0 0 
XXX 0 0 603 603 

A = American Motors vehicle; X = any other make 

expected. Thus, the assumption of independence was 
rejected. The reason for this conclusion cannot be deter-
mined in this analysis. It could be attributable to char-
acteristics of the automobiles or, for example, it could be 
attributable to the characteristics of the people driving 
them. Use of statewide data undoubtedly would provide 
sufficient information to take other variables into con-
sideration. Such a study might well be considered in a state 
where all of the appropriate data were available in auto-
mated form. 

CHAPTER SEVEN 

EIt1[I1E 

MULTI-LEVEL DATA SYSTEM 

In conducting this study, a number of tasks were com-
pleted which, although in a sense intangible, represent 
applications that may be used by the state. These tasks 
included: demonstrations of feasibility of a close coopera-
tive effort with state police, the use of error prevention and 
correction techniques in the field and in the office, develop-
ment and testing of forms to minimize errors, providing 
special training and equipment to simplify the police task, 
the use of both accident and non-accident records to pro-
vide an improved measure of the accident problem, and the 
use of statistical techniques and personnel for the analysis 
of data. 

Some of the possible applications of this research are 
implicit in the general concept of a multi-level accident 
records system described in detail in Chapter Three. Data 
may be collected at three levels: (1) accident frequency 
data and operational data for state agencies may be col-
lected by police on all accidents, using a brief report form; 
(2) data concerning specific research study factors may be  

obtained by technicians or specially trained police officers; 
and (3) detailed data for hypotheses development, proce-
dural improvement, and quality control may be obtained by 
multidisciplinary teams through intensive accident investi-
gation. The proposed system offers the advantage that any 
of these levels may be attempted independently, although 
all three ultimately are integrated. 

A number of more specific applications of the findings 
in this report are suggested in the following. 

COOPERATION BETWEEN OPERATIONAL AGENCIES 

The engineering personnel of the highway department and 
the police patrolling the roadways have a mutual interest 
in reducing the accident toll of the highway system. These 
two agencies have the most direct contact with the motor-
ing public—the police for law enforcement and the engineer 
for design, maintenance, and traffic operations. Close co-
operation between the two would prove a beneficial inter-
change of information: a patrolman is a close observer 
of traffic conditions, accident areas, driver behavior, main- 
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tenance needs, and innumerable little details, all of which 
are valuable information for the engineer; the engineer 
can use this knowledge to improve traffic flow, reduce 
dangerous conditions, and in general to help reduce the 
accident problem and thereby aid the police. These un-
questionably are specific instances where a joint engineer-
ing-law enforcement program would be the optimal 
solution. 

Creation of an integrated accident records data system 
would permit the collation of accident information with 
highway data. In turn, this would permit accurate evalu-
ation of accident rates for various highway classes and 
detail features. Eventually, it should then be possible to 
develop a predictive analytical model, or series of models, 
for highway design purposes. 

ROADSIDE OBSTRUCTIONS 

Although knowledge of accident causation factors is in-
complete, sufficient information is available so that appli-
cation of countermeasures could provide a decrease in 
accident and severity rates. The severity of ran-off-road-
way accidents may be mitigated by recent engineering 
developments stimulated by the Bureau of Public Roads and 
the Highway Research Board, including breakaway sign 
supports (Texas Transportation Institute) and redirecting 
guard railing (State of New York and CAL). Use of 
energy-absorbing materials at certain hazardous points, 
such as bridge abutments, is another approach. 

INTENSIVE ACCIDENT INVESTIGATION TECHNIQUES 

A team of accident investigators trained in various disci-
plines—highway engineer, mechanical engineer, psychol-
ogist, mechanic, physician, and police officer are useful 
members—can provide detailed data that cannot be ob-
tained in any other way. Many of the necessary personnel 
already are in the state employ. In this study, the knowl-
edge and training of team members uncovered a number 
of failures in the system that would not have been apparent 
to a less skilled investigator. 

ACCIDENT LOCATION SYSTEM 

Highway engineers and police both emphasize that the 
location of the accident event is essential information. Al-
though there is great interest in the subject, a number of 
states do not have a workable system. The evaluation of 
accident location methods presented in Appendix B may 
aid in the choice of the appropriate method for a given 
state. 

EDUCATION AND TRAINING 

There is a definite lack of awareness of safety aspects in 
the design of some new highway facilities—new signs 
hidden behind lights and bridge piers, exit ramps on hill 
crests, inadequate signal timing, etc. These and other 
conditions could be corrected—or even prevented—if 
responsible personnel were better informed with respect 

to safety considerations. At the college level there is need 
for additional emphasis on safety in the highway engineer-
ing curriculum, and for the practicing engineer a series of 
seminars (continuing education), preferably in local areas 
to achieve maximum coverage, could be used to inform him 
of current findings and developments. Training of pro-
fessional personnel as accident investigators would also be 
fruitful because of the almost total absence of such trained 
personnel. 

SAFETY REVIEW BOARD 

An immediate and promising approach to the problem of 
minimizing design hazards in new highways would be the 
creation of a safety review board. The board would have 
the responsibility, with appropriate authority, to review 
all highway construction plans to insure the incorporation 
of current safety knowledge. The members of the board 
would necessarily maintain close contact with current 
knowledge through research review. 

SPECIAL STUDIES OF PROBLEM AREAS 

In this report, the collection and analysis of data on special 
problems demonstrates that such studies are feasible and 
that statistical analysis enhances the interpretation of the 
data. Through cooperation between operating agencies, 
adequate sample data can be obtained under the present 
system and used to indicate solutions to specified problem 
areas. Properly designed and controlled studies can provide 
answers to many of the problems now plaguing the high-
way administrator. 

SYSTEM IMPROVEMENTS 

Data Collection Forms 

Accident report forms should be closely scrutinized to 
eliminate unnecessary data. In a multi-level system, the 
basic report form needs little more than identification of 
drivers and vehicles, location and time of accident, and a 
brief description, with additional data collected as needed 
for local purposes. The design of the accident report form 
is dependent on state requirements, and, beyond the basic 
data, may be varied to meet individual state requirements. 
An example of a simple basic report form that meets some 
local requirements as well, is shown in Figure D-7. The 
data should be factual and opinion information should be 
eliminated. 

A simple and uniform report form used throughout a 
state would provide consistent and compatible data without 
additional cost. 

Data Processing 

The use of simple error checks and programs to check data 
completeness and consistency are essential. Adequate 
trained personnel and equipment would minimize delays 
and insure availability of data for use within a reasonable 
time after the accident occurred. Access to the data should 
be available for all functional agencies that have a need 
for them. 
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Data Analysis 

Useful data can be obtained from the existing accident 
records files. Caution must be exercised in interpretation, 
but this information could be better utilized to gain further 
knowledge. 

Although the analysis of a large volume of data repre-
sents a problem requiring statistical procedures, relatively 
few statisticians have worked with the accident records  

system. The use of competent statistical personnel would 
release much-needed knowledge now hidden in the system. 

Adequate Facilities and Equipment 

The accident record system is sufficiently complex and of 
sufficient proportions to warrant rapid and continuing 
access to a computer. Without adequate facilities, compe-
tent personnel cannot cope with an information system as 
large as that involving accident records. 

CHAPTER EIGHT 

CONCLUSIONS AND SUGGESTED RESEARCH 

The objectives of this study were: "to determine and 
describe the most important methods for using traffic 
accident information to reduce the likelihood of accidents." 
In pursuing these objectives, the following conclusions 
were reached: 

The current accident record system does not meet the 
requirement of providing data for measurement of the 
magnitude of the accident problem, determination of coun-
termeasures to the problem, or measurement of the effec-
tiveness of attempted countermeasures. 

Accidents are reported by the police, by the driver/ 
owner, or both. The vast majority of reports are com-
pleted by the most biased reporter—the driver. The typical 
report contains some useful data, but due to biases and 
inaccuracies must be used with caution. 

Several different agencies are often involved in the 
collection, processing, and maintenance of accident records. 
Cooperation between agencies is at a low level and the lack 
of coordination reduces the efficiency of the system so that 
processing and transmission of data are impeded. Ad-
ditional safeguards, such as improved report forms and 
computer consistency edits to prevent or correct errors, 
are needed. 

Operational agencies desire the precise location of 
an accident and a brief description of the event. Although 
at present there are wide variations in the ability of states 
to obtain this information, interest is high and this appears 
to be one of the most promising areas of development. 

Routine accident summaries prepared by most states 
are simple tabulations of accident report items, such as 
time of occurrence, severity, rural-urban, etc., and gener-
ally are not informative. Consequently, they are of little 
use for devising accident reduction measures. Statistical 
analyses and interpretations, and even simple cross-tabu-
lations, could enhance the usefulness of the data, but are 
rarely employed. 

Accident records involve the analysis of a large 
volume of data. Special studies, particularly, require corn- 

petent analytical personnel. The use of statistical personnel 
in this field is relatively recent and not widespread. 

Few programs of continuing education are available 
for the practicing engineer. Highway safety research in-
formation is not available to engineers at various operating 
levels. 

On the basis of current data volume and research 
requirements, it is concluded that a sampling of accident 
data is sufficient for most research purposes. 

The total state information system, and specifically 
pertinent non-accident data files concerning the highway, 
the vehicle, and the driver, are not being brought to bear 
on the accident problem in an effective manner. 

Useful research data can be obtained by the police if 
proper training and equipment are provided and appro-
priate checks to insure accuracy are taken. 

Because of the nationwide scope of the highway 
accident problem, it is concluded that data collected should 
be sufficiently compatible to permit meaningful and com-
plete summarization of basic accident data throughout the 
country. 

SUGGESTED RESEARCH 

As work on this project progressed and conclusions were 
drawn, a number of questions were raised for which no 
answer was evident. Many of these questions could be 
solved only by additional, and often specific, studies that 
were beyond the scope of the present project. A number of 
subjects deemed worthy of further research are suggested 
in the following. 

A basic recommendation in this report is the unification 
of the accident records system under one agency with com-
plete responsibility for all related functions: data collection 
(accident and non-accident), data processing, data analysis, 
release of data to appropriate agencies, application of 
solutions, and evaluation of solutions. Several studies 
would be required to determine the best method of accom-
plishing the desired unification in various states. 
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The basic accident report form must contain information 
recording who, when, where, and what occurred. In addi-
tion to these data, other items must be recorded for oper-
ational use at the local and state level. The precise data 
required should be a research objective of each individual 
state because of differences in state structure and data use. 

A method of identifying "reportable" and "not report-
able" accidents is needed. The present policy of classifying 
reportable accidents on the basis of injury, fatality, or 
property damage that exceeds a minimum cost is not satis-
factory and has created some of the problems related to 
data completeness. Research may reveal a better means 
of classifying reportable accidents. A related question of 
importance is the method of insuring complete reporting. 
Utah requires a state police permit before a damaged 
vehicle may be repaired. This could be one approach. 
Another might be the completion of a report form by the 
collision shop prior to repairing a damaged vehicle. Modi-
fications of these concepts, or entirely new ideas, may be 
preferable. 

A method is needed to classify accidents in a manner 
that describes the path of the collision vehicles in terms of 
the highway geometry; i.e., a descriptive accident classifica-
tion which reflects the highway characteristics. A related 
study involves the determination of accident costs so that 
they may be related to highway geometry and other 
variables. 

Accident rates or risk measures are needed for various 
functions. Some of the risk measures needed by highway 
engineers are related to the geometric classification of the 
highway, traffic volumes, general area descriptions, etc. 
Rates also are needed for different types of vehicles, drivers, 
weather conditions, etc. Use of these rates would permit 
comparison of variables on a meaningful basis. 

The intensive investigation of accidents in this study, as 
well as other accident research projects at the research 
agency, reveals certain highway features that are related to 
accidents. The magnitude of this problem is unknown at 
the present time, but the fact that a number of similar 
incidents has occurred suggests the need for further re-
search. Extensive research may be required to obtain the 
answers, and some will require at least partial completion 
of the integrated accident record system for solution: 
system data would have to be available for matching with 
corresponding accident records. 

Information concerning the relationship between curva-
ture or grade and accidents is inadequate. Some research 
has been accomplished on this subject, but the results 
cannot be used for highway design purposes. 

One of the sub-studies completed for this project involved 
the angle of departure and lateral distance traveled when 
a vehicle ran off the roadway. The data indicated that the 
loss of speed was not dependent on the lateral distance the 
vehicle traveled from the roadway and the severity of 
accidents did not decrease with distance from the traveled 
roadway. These findings indicate that width of clearance 
may not be the entire solution to the severity of this type 
of accident. Continuation of this research is recommended. 

Other questions associated with this same design con-
sideration include: At what minimum median width does  

a guardrail on a divided multi-lane highway become an 
uneconomical safety device? When do construction and 
maintenance costs of wide roadside clearances become 
greater than the economic loss from accidents which would 
occur with a more restricted side clearance? 

Problems associated with highway signs suggest a whole 
area of research activity ranging from studies of driver 
vision through sign size and coloring to placement of the 
signs. 

Agency research has revealed accidents where vehicles 
struck curbs used to outline islands on high-speed facilities 
—at interchanges and along the islands separating through 
traffic from that on a collector-distributor roadway. These 
curbs are high enough to cause a vehicle to go out of con-
trol if it strikes one at a slight angle, but are not high 
enough to prevent vehicles from crossing the island. The 
motoring public might be better served if no curbs were 
used and only a small space separated the two streams of 
traffic. Or, perhaps, some other solution is required. 

Poor maintenance or the absence of maintenance has 
been encountered in a number of areas: low shoulders 
create a situation where an inexperienced or unskilled 
driver may allow a wheel to drop off the pavement, try 
to force the vehicle back onto the pavement, and cause the 
vehicle to run out of control into the opposing traffic lane 
or off the road. Other problem areas observed include 
paved surfaces with a low friction coefficient and chuck 
holes that resulted in loss of control of a vehicle. Research 
to determine the relationship between road maintenance 
and accident costs might result in an entirely new concept 
of maintenance expenditures and surveillance. 

In a number of cases, drivers (especially strangers to 
an area) have slowed down or even stopped because they 
could not read or interpret the message conveyed by a sign 
or symbol. Research should be initiated to evaluate the 
accident potential of confusing and/or illegible signs. 

A related problem area involves the maintenance and 
operation of traffic signals. Agency accident research has 
revealed accidents that occurred because of signal mal-
functions, improper timing of signals, and in one particular 
instance even the intended purpose of the signal was ques-
tionable. Additional research is needed to determine the 
extent of the problem and to evaluate signal failures in 
terms of accident cost. 

A number of accidents have occurred at highway con-
struction sites, some as a result of improper markings and 
warnings. It is apparent from observation alone that 
methods of marking construction sites need improvement. 
Once again, measurement of the extent of the problem and 
cost-benefit information are needed. 

A study of motor vehicle inspection is needed in order 
to determine the effectiveness of present inspection methods 
and to improve these procedures where necessary. A 
definitive study of vehicle inspection and its influence on 
highway accidents has never been attempted and present 
practices are based on the best judgment of experienced 
personnel. This study will require data from accident files 
and from vehicle, driver, and inspection files. 
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9.DthernpraperdtlOg 2991 5 42.3 0. 	Inadeguate brakes 326 3 118 
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Figure A-I (continued). 
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SUMMARY OF ACCIDENT REPORT FORMS FOR 42 STATES 

0 

(1 PJ C - 
Cl 

C = 
2 

- 
2 

(0 - - = 
x 

)• 

s 

1/) 

S 

DATE OF FORM UNK UNK 1967 1 966 1965 UNK UNK 1962 1965 LINK 1960 1965 UNK 1963 UNK UNK 1960 1966 
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OAYOFWEEK LI LI x x x x x x x x x U LI LI LI U LI LI 

TIME OF DAY LI LI LI LI LI LI LI LI LI LI X LI LI LI LI U LI LI 

LIGHT LI LI LI LI LI LI U LI LI LI LI LI LI LI LI LI LI LI 

WEATHER LI LI LI U LI LI LI LI LI LI LI LI x x x LI LI LI 

LOCATION RURAL-URBAN LI x x LI LI 

COUNTY OR BOROUGH x x LI X LI LI LI U LI LI LI U x x LI LI LI 

CITYOR TOWN LI LI LI LI LI LI LI LI LI LI x LI LI LI LI x LI LI 

IF OUTSIDE CITY 	DIST. 	NEAR. 	TOWN LI U LI LI ( LI LI LI LI LI LI LI LI LI LI 
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INTERSECTION 	..... WITH LI LI U LI LI LI LI LI LI LI LI LI LI LI LI LI U 
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IS 	ENGINEER 	STUDY 	NEEDED LI 
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DISTRICT/QUADRATE OF COUNTY LI U 

ROADWAY TYPE(ACCESS CONTROL NO. LANES) U LI LI LI LI LI LI U LI LI X LI LI x LI 
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ROAD CONDITIONS/DEFECTS LI LI LI LI U U LI LI LI LI LI LI 

MEDIAN-TYPE 	(INCL. 	ISLANDS) 

CHAR.RD: 	FEATURES 	(RR BRIDGE 	ETC) LI LI 
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'C 	 0 
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NEBRASKA 
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CC 
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NEW YORK 
OC 

NORTH DAKOTA 

OHIO 
U, 

OKLAHOMA 
OC 
0 

OREGON 
OC 
S 

PENNSYLVANIA 
a, 
U' 

SOUTH CAROLINA 

-- 	-- 	
: 	SOUTH DAKOTA 

TEXAS 
a, 

UTAH 
—4 

CC 	 CC 	 CC CC 	
- 	 - 	 CC CC CC CC CC CC 	CC 	 VERMONT 

a' 
	VIRGINIA 

	

CC CC ,C 	Cc 	Cc >c Cc 	 WASHINGTON 

	

CC 	 CC CC 	CC 	 Cc 	 Cc 	Cc 	'C'C'C Cc 	'C CCC 	 WISCONSIN 
-C 

CC 	CC CC 	 CC CC CC CC 	 CC 	 CC CC Cc CC CC Cc CC 	>C 'C > 	 WYOMING 

00 
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TABLE A-i (Continued) 

- . 31 
-) 1 3 

DATE OF FORM UNK UNK 1967 1966 1965 UNK UNK 1962 1965 UNK 1960 1965 UNK 1963 UNK UNK 1960 1966 

DESCRIPTIOHWRITTEH H U U U H X H A U X H U H 0 H H H X 

DIAGRAM H U H U U H H H H H H V H H X H V U 

ACCDHT CLASS 	PROPERTY/IHJ/FHTAL H U 

TYPE 	ACCDHT/IMP WITH H H U U H U U 

PROPERTY 	DAMAGED OWHEY H X H x H U U V U H U H H H V 

TOTAL NO. 	VEHICLES H U X H V H H H H H U 

TIRE 	IMPRESS. 	(LENGTH 	SKID MRKS) 

DIST TRAY AFTER 	IMPYCT H 

BURNING? 

ROLLOVER? H 

WITNESSF/NAME 	U ADDRESc. H H X U U H H H U H H H H X H V 

PEDESTRIAN 	ACT.. 	DIV 	OR 	INTENT. H H V H H V H H 1  X V x H H 

TTL AMT PROPERTY 0MG 	0R DESCRIPT H V H X V V H H x X . H H V 

PEDESTRIAN'S 	CONDITION H V H H U U H x H H 

SUBJECTVEHICLEIYEARORAGE H H H H H H H V H H H H H H H H H 

MAKE H H H H H H H H U H H H H H H H H 

TYPE 	(SEDAN. 	TRUCK. 	BUS) H U H H H H H H U H V H H H H x I 

LIC.PLATEREG./STAHE V H H H H H H H H H H H H H H H V H 

SPECIAL 	I.D. H H H 

COLOR H 

DIRECTAL ANALYSIS/ 	COLL. 	TYPE H H H U H X H U H H H U H H H H U 

EST. 	SPEED H H H H H x U H H U 

SPEEDLIMIT H H H H V H 0 1 0 

LEGALLY 	PARKED? 

VEHICLE CONDIT ICR OR DEFECTS U H X H x H H / H 

SEAT BELTS 	INSTALLED U U H H H H 

SEAT 	BELTS 	USED H H H H H H H 

VEHICLE OWNER'S NAME & ADDRESS H U U H H H H U H U H V H H H H H H 

NER'S AGE/SEX/INJURY 

PARTSDAMAGED H H H H H H H H U H U V R H V H H 

REMOVED BY/TO U H H H U V H U H H H H H X H 

DRIVABLE? V H H H 

INSURANCE/Co. H H X 

DAMAGE ESTIMATE H H H H H U H H H H I H 
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TABLE A-i (Continued) 

\ 

0 C) 3Z 

39  

DATE OF FORM UNK UNK 1967 1966 1965 UNK UNK 1962 1965 UNK 1960 1965 UNK 1963 UNK UNK 1960 1966 

TIME AND WEATHER 

VEIlICLE2(ORPEDESTRIAN)S&MEINFO x x x x x x x x x V V V V X V V V V 

DRIVERVEHICLEVINN4EANDADDRESS X V V x x x x x x X V V V X V V V X 

AGE ORBIRTIIDATE x V V X V X V V V V V V V V V V x x 

OCCUPAT ION V V V X V V V V V V 

DRIVING EXP. V V X V V 

COMP. 	DRIVER'S 	ED.? V 

RACE X X X V V 

SEX V V V V V V V V X X V V X V V X X V 

MEMBER OF ARMED FORCES? V 

RESDNT 	(STATE,TOWN,PROXIMITY) V 

INTENTION 	(TURN, 	STOF, 	FTC) X V V X V V X V V V V V V 

PHYSICAL CONDITION V V V V V V V X V X 

DRINKING CONDITION V X X X V V V X V 

CONTRIBUTING CIRCUMSTANCE 
V V V V V V 

(USUALLY 	INCL DRNK) V X V X V 

VIOLATION? 	(SPEED ETC) V X V V V V V 

ALCOHOL TESTS? V V V X 

DRIVERS 	LICENSE* V V V V V V V V V V V V V V V V V V 

DRIVERS LICENSE 	STATE V X V V V V V V X V X X V V V V 

DRIVERS 	LICENSE 	EVP. 	DATE V 

TYPE OF LICENSE V V V V V V V V V V V V V V 9 V V 

LICENSE RESTRICTIONS V V X V V V V V 

SAME 	INFO 	FORDRIVER2 V V V X V X V V V V V V V V V V V V 

OCCUPANT 	AND/OR INJURY INFO NO. KILLED V V V V V V V V 

NO. 	INJURED V V V V V X V V X V V V 

INJ/OCC LOCAT OR SEATING POS V V V V V V V V V V V V V V V 

AGE V V X V V V V V V X V V V V V V V V 

SEX V V V V V X V V V V V V V V V V V V 

STD INJURY CODE V V V V V V V V V V V V X V V V V V 

INJ TAKEN TO/BY V X V V V V V V V V X V V V 

FIRST AID 	GIVEN 	BY: X V V V 

EJECTION V 

EJECTION AREA 

NAHE&ADDROFOCC'SORINJ V V V V V V V V V V X V V V V V V V 

SAME 	INFO FOR #2 OCC OR INJ V V V V V X V V V V V V V V V V V 

CLASS (BICYCLIST, 	PED FTC) V V V V X 

PEDESTRIAN 	OCCUPATION V V X 

RACE V V X V V V V 

POLICEACTIYITYINVETCINVBY V X V V V V V V V X V V V V V V V V 

OFFICER TROOP NO/BADGE DIST$ V V V X V V V X V V V V V V V V V 

SOURCE OF REPORT 	INFO V X V V V V 

POLICE ARPIV TIME V V V x V X 

TIME NOTIFIED V V X V V V V V V X V V V V V 

INY. 	AT SCENE? V V V V V V 

ARREST? V V V V V V V V V V V V V V V V V 

CHARGE V V V V V V V V V V V V V V V V 

DATE OFRFPORT V V V V V V V V X K .X V V V V V K 

PHOTOS TAKEN V V V V V V V V V V 

AGENCY 	INVESTIGATING X 

IS 	INV COMPLETE V K V V V V V X 
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TABLE A-2 

ACCIDENT DATA COLLECTED AND CODED BY EIGHT STATES 

- FLORIJ KENTUCKY NEBRASKA ONIO WISCONSIN S. 	CAROLINA UTAH CONNECTICUT TOTALS 

F = ON FORM 	C 	CODED F C F C F C FC F C F C FC F C 

TIME AND WEATHER 

DATE U 0 0 0 U U XX 0 0 U 0 XX U U 8 B 

DAYOFWEEK U U 0 X U 0 0 U 0 U X x XX U x 8 8 

TIMEOF DAY X U X U 0 x U 	x U x x U U 	x o x 8 8 

LIGHT U U x U x U0 U U U X Go U x 8 7 

WEATHER U U 0 X U U U 	U 0 U U U U U U 8 7 

LOCATION. 	RURAL-URBAN U U U - 3 

COUNTY 0 0 U U U U 0 	U U U U U U 	U U 0 8 8 

CITYOR TOWN U 0 0 U 0 U U U 0 U 0 0 U 8 5 

IF OUTSIDE 	CITY, 	DISTANCE 

NEAREST TOWN U U U 0 U U U U U U B 2 

ROAD, 	U.S. 	ROUTE NO., 	OR 

CLASS OF HIGHWAY U U X 0 U U 0 	U U U U U U 	U U U 8 8 

INTERSECTION? 	. . .WITH U U U U U 0 0 U U U 	U U 8 4 

NON-INTERSECTION.. 	HI. 	FRUM - U U U U U U U U U 8 I 

IS ENGR. 	STUDY NEEDED? o 2 - 
KIND OF LOCALITY/LOCATION U U U U U U U U U U U U 6 6 

MILEPOST OR SECT. 	CONTROL NO. U U U U U U 0 	U U U U 6 5 

POPULATION X U U U 0 X - 6 

DISTRICT/QUADRATE OF COUNTY U I I I - 1 

ROADWAY 

TYPE (ACCESS CONTROL U U o U U U U U U 0 U 0 U 7 6 
NO. 	OF LANES) 

TYPE SURFACE (CONCRETE. 	ETC.( U U U 1 2 

SURFACE 	(WET, 	ETC.) U U U U U X U 	U U X U U U 	U U U 8 8 

CHARACTER 	(LEVEL. 	ETC.) U U U U U U 	U X U 0 0 U 	U U U 8 7 

OBSTRUCTIONS TO VIEW V 0 U X 3 I 

TRAFFIC CONTROL U U X U X U U. U U U U 	U U X 8 6 

ROAD CONDITION/DEFECTS 0 0 U X X 2 2 

MEDIAN-TYPE 	(INCL. 	ISLANDS) U U I I 

FEATURES 	(R.R.. 	BRIDGE, 	ETC.) j 0 U U 	U U 4 4 

DESCRIPTION 

WRITTEN U U U U U 0 U U 8 

DIAGRAM U U U U U -X 0 0 8 

ACCIDENT CLASS - 	PROPERTY/ 

INJURY/FATAL U U U U 	U U U o x x 2 8 

TYPE OF ACC. 	- 	IMPACT WITH U U X U 	U U U U U V 	U U V B 

PROPERTY DAMAGED - OWNER U U U U U U U 7 - 
TOTAL NO. 	OF 	VEHICLES U U 0 U U V U 	U U U 6 V 

TIRE 	IMPRESSIONS U I 

BURNING? U I 

ROLLOVET? V 0 2 

WITNESSES U U U U U U U 7 

PEDESTRIAN 	- 	ACTION. 	DIREC 
TION 	OR 	INTENTION U X U U U U 	U U U U 0 U U 7 6 

PROXIMITY 	OF 	PED'S 	RESIDENCE U - I 

TOTAL AMT. OF PROPERTY DANAGE U U 	U U X 	x U 5 3 

PEDESTRIAN'S 	COND!TION - U U V 0 U X U U 5 3 

SUBJECT 	VEHICLE 	(I 

YEAR 	(OR 	AGE) U U U U U V U 0 0 U U U 8 V 

MAKE U U D U U XU 0 7 I 

TYPE 	(SEDAN. 	TRUCK, 	BUS.) U U U U U U U 	U 0 U U U U 	, U U 8 7 

LIC. 	PLATE-REGIS. 	/STATE U U U U U U 	U U U 0 0 U U 8 5 

SPECIAL 	IDENTIFICATION U U 2 

DIRECTIONAL ANALYSIS/COLU..TYPE. U U U U U 	U U U U U U 0 6 6 

EST. 	SPEED U 0 	U - U U 0 4 2 

SPEED 	LIMIT U U 1 	2 



LEGALLY PARKED? U U 1 

WHAT WAS VEHICLE TOWING? U - I 

yEW. 	CONDITION OR DEFECTS 0 0 U U U 0 U 4 3 

SEAT BELTS - 	INSTALLED U U U U U U 0 U U 6 3 

SEAT BELTS - USED U U U U U U U U U 6 3 

yEN. 	OWNER'S NAME & ADDRESS U U X U U U U U B 

OWNERS AGE/SEX/INJURY 0 U 2 

PARTS DAMAGED U U U U U 0 0 7 

REMOVED-BY/TO V U U U U U 6 

DRIVABLE? x 0 2 

INSURANCE/CO. U U U 	U U U 4 2 

DAMAGE ESTIMAtE U  U UX A U U 6 I 

VEH. 	#2 (OR RED) 	INFO - 	SAME U 	0 U U U U X 	U U D X U U 	U U U 8 6 
DRIVER 	(VEH. 	'I) 

NAME & ADDRESS D D X U U 
AGE OR BIRTH DATE D U U 0 U U 	U U U 

U U U B 

OCCUPATION U U U U 

U 

U 

U 

U 

U U U 8 6 

DRIVING EXPERIENCE 4 2 

COMPLETED DRIVERS EDT U U 
U I - 

RACE U U U U 
I 

3 

I 

I SEA U U U U U UD U U U U XX U U 8 7 

RESIDENT 	(STATE, 	OWN.PROXIMITY) U U U U 

INTENTION 	(TURN, 	STOP. 	ETC.) U U U U U U U U X A U U 8 4 
PHYSICAL CONDITION U U U U A U V 2 
DRINKING CONDITION U U U 	0 U 2 3 
CONTRIBUTING CIRCUMSTANCES U 	X U U A U U 	U U U U U U 7 6 
(USUALLY 	INCIS. 	DRINKING 
VIOLATION? 	(SPEED, 	ETC.) U U 	U x U 2 3 
ALCOHOL TESTS? U U 2 

DRIVERS LICEHSEV U U U U U U V 0 8 
DRIVERS LICENSE - 	STATE U A U U U U U U U U U U 6 V 
DRIVERS LICENSE-EXPIRATION 	DATE U U 2 
TYPE OF LICENSE U U U U U 	U U U U U U 7 V 
LICENSE 	RESTRICTIONS A U U U U - V I 

SAME 	INFO. 	FOR DRIVER ?2 U 	U A U U U UU V U U U U 	U U U B B 
OCCUPANT AND/OR 	INJURY 	INFO. 

A U U U U U U U U 3 6 NO. 	KILLED 

NO. 	INJURED U U U U U U U U U 3 6 

IHJ/OCC LOCATION OR SEATING POS A U A U U U U U U 6 3 
AGE U U U U U VU U U U U U A B 5 
SEX 0 U U U U U 	U U U U U U U B 5 
STANDARD 	INJURY CODE U U U U U U 	U U U U U U 	A U U 8 7 
INJURED TAKEN BY/TO U U U U U U U U 8 
FIRST 	AID GIVEN 	BY - U U U 3 
EJECTION U I 
EJECTION AREA U I 

NAME A ADDRESS OF OCC'S OR 	INJ. A U U U U U U U 8 
SAME 	INFO FOR 	02 0CC' S OR 	INJ. A U 0 U U U U U B 
CLASS (BICYCI, 	PEOEST, 	ETC) U U 	A U U A A 3 V 
PEDESTRIAN - OCCUPATION U U I 
RACE U _____ _____ - U U 2 I 

POLICE 	ACTIVITY, 	INVESTIGATION, 
ETC. 

INVESTIGATED BY - A U A U U U U U U B I 

OFFICER TROOP NO/BADGE DIST 0/ 0 U U U U U U U U 8 I 
SOURCE OF REPORT 	INFO. U A U U U U 3 3 
POLICE 	ARRIVAL TIME U U 2 
TIME NOTIFIED U U U A U U U 7 
NV. 	AT SCENE? U U 2 
ARREST? U U U U A U U U U 7 2 
CHARGE U U U U U U U U U 8 
DATE OF REPORT U U U U U A U 7 
PHOTO'S TAKEN? A A U U 4 

AGENCY 	INVESTIGATING U U I I 
ACC. 	UNDER SAFETY RESP. 	ACT? U I 
IS 	INVESTIGATION COMPLETE? U U U 3 



TABLE A-3 

ACCIDENT DATA CONTAINED ON ROUTINE TRAFFIC ACCIDENT SUMMARIES OF TEN STATES 

NEW NORTH SOUTH 
FLORIDA UTAH YORK KENTUCKY CAROLINA ILLINOIS NEBRASKA OHIO CALIFORNIA CAROLINA 

TYPE OF ACCIDENT 

RAN OFF ROAD x x x x x x x x x x 
OVERTURNED ON ROAD x x x x x x x x x x 
OTHER NONCOLLISION x x x x x x x x x x 
PEDESTRIAN X X X X X X X X X X 

MOTOR VEHICLE 	IN TRAFFIC x x x x x x 

PARKED MOTOR VEHICLE x x x x x x 
OTHER MOTOR VEHICLE x x x x 
RAILROAD TRAIN X. x x x x x x x x x 
BICYCLIST x x x x x x x x x x 
ANIMAL x x x x x x x x x x 

FIXED OBJECT x x x x x X X X X X 

OTHER OBJECT x x x x x x x x x 

STREETCAR x 

ANIMAL DRAWN VEHICLE x x X 

OTHER VEHICLE AND PEDESTRIAN x 

ACCIDENT CLASSIFICATIONS FOR EACH OF ACCIDENT TYPES 

NUMBER OF ACCIDENTS 

TOTAL x x x x x K K X K K 

FATAL x x x x x x x x x x 

FATAL AND 	INJURY X 

NONFATAL x x x x x x x x x x 

PROPERTY DAMAGE x x x x x x x x x x 

NUMBER OF DRIVERS 

FATAL AND 	INJURY K 

FATAL x 

INJURY x 

NUMBER OF PERSONS 

KILLED K x K K K K K K K K 

TOTAL 	INJURED x x K K K K K K K K 

INJURY CLASS A x x x x K K K K K K 

INJURY CLASS B K K K K K K K K K K 

INJURY CLASS C x x x x x K K K K K 

CUMULATIVE TOTALS 

SAME MONTH LAST YEAR K K K K * * K K K * 
THIS YEAR TO DATE x x K x x K K K K 

SAME PERIOD LAST YEAR x K K K K K K K K 

LISTED ON CUMULATIVE TOTALS 

ALL ACCIDENTS x * K K K K K K K 

PERSONS KILLED x x x x x * K K K K 

PERSONS 	INJURED K K K K K K K K K K 

FATAL ACCIDENTS K 

INJURY ACCIDENTS K 



PERCENT CHANGE CUMULATIVE 

DEATH RECORD x x X X X X X X * 

RATES 

ESTIMATED VEHICLE MILEAGE * * * K * * * * K K 

DEATH RATE PER 100 MVM K * * K K * K K * * 
FATAL ACCIDENT RATE PER 100 MVM x * x x x * x x 
PERSONS 	INJURED PER 100 MVM * 
PERCENT CHANGE FROM LAST YEAR K K K K K * K * K 

ECONOMIC LOSS * 

ACCIDENT LOCATION URBAN-RURAL * * * K K * K K * K 

SIZE CITY K K * * * * x * K 

HIGHWAY CLASS * * K K K K K K K K 

INDEPENDENT AGENCIES K * K K 

TIME - DAY AND HOUR K * * K K X K K 

VICTIM 

AGE K K x * K x K 

SEX * x * K K * K 

PEDESTRIAN x * K K K K K K 

BICYCLE x * K K * K K 

PEDESTRIAN ACTION K K K K K * K 

DRIVER K K 

PASSENGER * K 

OTHER * 

DIRECTIONAL ANALYSIS * K K K K K K 

DRIVER 

AGE K K K K * K 

SEX * K * * K K 

RESIDENCE * x * K K K * 
DRIVERS ED x 

CONDITION x * 
OCCUPATION * 

VEHICLE TYPE K * K K K * K 

HIGHWAY 

SURFACE CONDITIONS K K * K K K K 

ROAD CHARACTER (GRADE,CURVE) * 
LOCATION 	(BRIDGE,RAILROAD) * 
TRAFFIC CONTROL K 

KIND OF LATION * * K K 

LIGHT CONDITION * K K K K * * 

CONTRIBUTING CIRCUMSTANCES * * * x * K 

SEAT BELTS * K 

COUNTY K K * K * K 

WEATHER CONDITIONS * 

CITY SUMMARY * 

POSITION OF OCCUPANTS * 

PEDESTRIAN CONDITION K K 

DRIVER VIOLATION * 
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APPENDIX B 

ACCIDENT LOCATION METHODS 

SUMMARY 

The principal conclusions and recommendations growing 
out of this review of accident location methods may be 
summarized as follows: 

Historically, the procedures which have been used for 
locating accidents have not adequately served the highway 
and traffic engineer. 

The traffic and highway engineer has been at a dis-
advantage in traffic safety work, because he is far removed 
from the data collection phase. 

Aside from deficiencies in the basic methodology of 
accident location, there is an additional need for built-in 
quality control features designed to continually monitor the 
quality of the data. 

The improvement of location methodology should 
include direct field coding as a desirable goal. 

It is felt that a system of reference markers on the 
highway is a basic requirement for continual improvement 
of the location process. 

Three types of location methods now being used or 
under serious development are (a) the route number-
accumulated mileage system, (b) the nodal system, and 
(c) the coordinate system. 

Of the three methods, the route number-accumulated 
mileage system has been most frequently used by the states. 
The nodal system has definite promise and is being used 
successfully in one state. The coordinate system has seri-
ous limitations and is not widely applicable. 

The distribution of accidents on a statewide network 
suggests that more than one year's accident experience is 
necessary to do a thorough job of identifying high-
frequency locations. 

In developing a location system or improvement of 
an existing one, the office coding of historical accident data 
can serve as a useful test of the procedures. At the same 
time, it can supply an historical record useful in identifica-
tion of high-frequency locations. 

INTRODUCTION 

Scope and Purpose 

This appendix summarizes work on the subject of accident 
location. It is intended to be a comprehensive and current 
review of the entire subject area with the following end 
products: 

A detailed review of accident location alternatives 
either now in use or currently under development. 

An evaluation of the advantages and disadvantages of 
each alternate procedure. 

Suggested improvements to accident location pro- 

cedures which can be effectuated with a minimum invest-
ment of time and funds. 

A statement of accident location and related topics 
which warrant further research. 

Because accident location data are basic and important to 
the design and operations engineer, they have been the 
subject of much discussion. This project has reviewed the 
major concepts which have been developed to locate an 
event on a highway network, both in the accident field and 
in other related fields. 

Methodology 

In the conduct of the program the following steps were 
taken: 

A review of the literature. 
A review of existing accident report forms. 
On-site visits to several state highway departments. 
A survey of state officials soliciting information on 

location criteria, data processing, and accident analysis 
procedures. 

Evaluation of location concepts. 

The vital nature of accident location to the traffic and 
highway engineer has generated a considerable amount of 
thought and activity in recent months. However, a review 
of the existing literature indicates that a minimum of 
specific research has been accomplished; and much of what 
has been done concerned the development of hardware for 
field reference markers. In particular, it would appear that 
the relationship between accident location and road in-
ventory records is worthy of considerable research. In the 
process of visiting several state highway departments, it 
became clear that the improvement of accident location 
procedures is considered a priority item. State highway 
departments in Maine, Connecticut, and Indiana were con-
tacted, and operation of their accident location systems was 
observed. Conferences were held with several staff mem-
bers of the Bureau of Public Roads, the Highway Safety 
Bureau, and several private organizations interested in the 
field. 

Background 

The use of traffic accident data by the traffic-highway 
engineer for design and operations research has been 
limited in the past, and it is well to review the reasons for 
this situation as a setting for the technical discussion. The 
engineer who is confronted with a problem-solving task can 
be expected to follow a typical path. The first step invari-
ably consists of the definition of the data he will require 
to solve the problem, and the design of data collection 
procedures. In most cases this is followed by careful super- 
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vision of the data collection, to ensure that his original 
specifications are met. In this respect the traffic and high-
way engineer working in traffic safety is at a severe dis-
advantage. He has been far removed from the routine 
accident data collection process, and has had little in-
fluence over either design of the data collection procedures 
or supervision thereof. The problem transcends the obvious 
need for interdepartmental coordination. Within any par-
ticular state a large number of state, county, metropolitan, 
and local police departments are usually involved in col-
lecting accident information. Further, some states have 
relied heavily on operators' reports of accidents. The vari-
ability in the data reported, the different levels of reporting 
coverage, and the problem of maintaining quality control 
have served to make the engineer's job difficult. Obviously, 
even the basic housekeeping function of identifying loca-
tions of high accident frequency requires a uniform level 
of accident reporting. Good location data are not enough. 

A further complication has been in the area of data 
processing. The typical highway department has had ex-
tensive experience in handling large volumes of data. In 
the past ten years giant steps have been taken, particularly 
in the highway planning process, and a high level of data 
processing sophistication has been reached. On the other 
hand, the state agencies which have held the responsibility 
for processing accident records have not attained a like 
sophistication. 

As an expedient measure many state highway depart-
ments have established accident records files in the past few 
years. In view of the immediate need to accelerate a sound 
program of records improvement and use, this has been a 
logical, though redundant, step. Aside from creating a file 
of records (which is useful in spite of its shortcomings), 
this action has tended to familiarize the engineering staffs 
with the nature of the records. Further, it has served to 
define the shortcomings, stimulate thought, and in some 
cases suggest corrective measures. Nevertheless, this should 
be viewed as an interim step, with data processing reverting 
back to the central agency as soon as the problems of 
reporting and data handling are resolved. 

The importance of good accident location should be 
self-evident. It is the beginning place for the traffic and 
highway engineer and is equally important in developing 
control programs in some other areas. Without good loca-
tion information the mass of data is virtually useless in 
establishing high accident location programs, or developing 
effective design and operations research programs. 

The relationship between the methodology of accident 
location and the procedures used for highway inventories 
is likewise an important consideration. Jorgensen (32) has 
noted that "the basic problem of location is the referencing 
of an accident location so that it may be related to elements 
of the highway and to other accidents in terms of a com-
mon measure." Unless accidents can be related to design 
and operating features of the highway in an easy and re-
liable way, effective research would be most difficult, if not 
impossible. This relationship is discussed in some detail in 
a later section. 

EXISTING LOCATION SYSTEMS 

Scope of the Problem 

It is well to review at the outset the nature and the scope 
of street and highway systems as they exist from state to 
state. The location of accidents on the state level is basically 
an inventory problem, so an understanding of the nature 
of the highway system to be inventoried is useful. The 
classification of highways varies from state to state, depend-
ing on legislative and financing requirements. Each state, 
however, has defined a state-wide highway system for which 
it exercises some degree of responsibility and control. In 
some states this may be divided into two or more sub-
systems, each carrying different degrees of responsibility 
and/or different financing arrangements. Of the total 
3.6 million miles of streets and highways in the U.S., 
approximately 700,000 miles are state administered, while 
Federal-aid highways encompass 875,000 miles. Table B-i 
summarizes the mileage variations in the designated high-
way systems from state to state. Initial programs would 
indicate that the states are putting early emphasis on their 
most important highways, while at the same time recogniz-
ing that the accident location procedure must be adaptable 
to the balance of the state's roads and streets. This first 
step, then, usually involves the state's primary highway 
system, which varies in size from a low of 1,000 miles to 
a high of 73,000 miles. The median system length (state 
administered) is 10,000 miles. The process of inventorying 
accidents and design and operating characteristics on a 
system of this magnitude involves significant expense and 
should proceed along carefully planned lines. 

The changing nature of the highway environment should 
also be recognized at this point. Most state highway sys-
tems are composed of both rural and urban environments. 
Historically the state highway departments have placed 
much emphasis on the rural portions of these systems. This 
has happened primarily because the development and im-
provement of a state-wide highway system linking urban 
areas was obviously a job for the state. It appears that a 
substantial shift in emphasis is now under way and that 
future years will see a greater proportion of highway funds 
spent in urban areas. The accident "problem" has his-
torically been considered a rural problem, mostly because 
of a preoccupation with the fatal accident. In terms of 
sheer numbers and magnitude of economic loss, the acci-
dent problem is, in fact, an urban problem. It is reason-
able, then, to expect the accident location procedure which 

TABLE B-1 

STREET AND HIGHWAY MILEAGE SUMMARY 

NUMBER OF MILES ON SYSTEM 
STREET AND 

HIGHWAY SYSTEM 	HIGH 	 LOW 	 MEDIAN 

All 	 238,600 (Tex.) 3,270 (Haw.) 75,000 
Federal-aid 	51,800 (Tex.) 	950 (RI.) 	18,000 
State- 

administered 	72,700 (N.C.) 1,040 (R.I.) 	10,900 
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is adopted within a particular state to be adaptable for 
urban and rural use. The development of a uniform pro-
cedure within a state carries with it a very obvious advan-
tage in the training of accident investigators. It will also 
simplify the state's problem of fulfilling its obligations on 
the urban portions of its highway systems. 

What Is to Be Located? 

Logically, the first step in the planning of an accident loca-
tion procedure should be a definition of exactly which por-
tion of the accident event is to be located. Baker (33) has 
described the accident as a chain of events, which he has 
itemized as follows: 

Perception of hazard. 
Encroachment. 
Start of evasive action. 
Leaving the roadway. 
Leaving the road. 
Initial contact. 
Maximum engagement. 
Disengagement. 
Stopping. 

Further, he suggests that a key event be designated which 
determines the exact time, place, and type of accident. This 
key event would be whichever of the following three events 
occurs first: 

Running off the road. 
Non-collision on the road. 
Collision on the road. 

It seems obvious that some kind of rigorous definition 
needs to be established, and yet this has not been a part of 
recent activity in the accident records field. The decision of 
which accident event to locate has generally been left to the 
individual coder. Perhaps the most frequent dilemma is the 
situation involving a vehicle running off the roadway and 
striking a fixed object. In analyzing the responsibility of 
highway variables at the particular site, it would be more 
advantageous to record the point of departure from the 
roadway as the accident location. On the other hand, in 
some cases the location of the fixed object which is struck 
has been recorded as the accident location on the premise 
that corrective action may involve removal or protection 
of the object. 

There are few data available today from which one can 
draw an analytical picture of the accident problem. Neither 
the relative geometry of the collision path on the highway 
nor the length of the collision path are known characteris-
tics. Many options are available for fixing the collision 
location and determining the location accuracy which is 
required, but it is extremely difficult to scientifically justify 
any of them. 

The first alternate would be the identification of a seg-
ment of the highway over which the accident events were 
distributed rather than the location of one of the events 
itself. Although this procedure would offer maximum bene-
fits to the users of the data, it would require a sophistication 
on the part of the data collector which would be difficult 
to attain. It presumes that a complete reconstruction of the 
collision paths would be accomplished in each case, and  

given the present-day limitation on the data collection sub-
system, this appears to be beyond the potential of the mass 
data approach. Each of the events listed by Baker would 
then be another alternate, assuming that the location of a 
single event will represent the accident location. 

Perception of the hazard, the first of these events, may 
be eliminated quickly as a candidate, inasmuch as it would 
represent a most difficult determination that would strain 
the capabilities of the most highly skilled and experienced 
professional researcher. The point of encroachment of one 
vehicle into the path of the other is likewise very difficult 
to fix in many cases. In others, such as intersection colli-
sions, it would coincide with the principal impact. The 
position where evasive action begins is hardly ever noted 
on routine accident report forms, and it would take a high 
level of competency to determine this point in any particu-
lar case. In many instances, of course, no evasive action is 
taken at all. 

Baker distinguishes the points of leaving the roadway and 
the road. Even with wide shoulders and a flat angle of 
departure, these two points would seldom be more than 
15 to 20 ft apart. Reports seldom differentiate between the 
two; in fact, it is not clear that the average police accident 
investigator fully understands the distinction, particularly 
in rural areas where unpaved shoulders may not be sharply 
defined. If one of these points is to be used as accident 
"locator," the point of departure from the pavement is the 
most easily understood concept and would produce the most 
uniform and reliable results. This event on the collision 
path is a critical one, because once the vehicle leaves the 
pavement there is clear-cut evidence of a malfunction in the 
driver-vehicle-highway system. If a highway or traffic vari-
able has influenced the path, it will be an easier task to 
relate the two if the collision is referenced to the departure 
point, rather than, say, the point of initial contact or 
maximum engagement. Presumably, if a highway variable 
did influence the path (e.g., a sharp curve) it would be 
upstream from the point of departure, and the relative 
proximity between these two points as opposed to the 
contact point would result in a clearer relationship. The 
length of collision paths is nearly an unknown quantity, 
although what little data are available (12, 34) suggest a 
range of lengths up to 1,000 to 1,200 ft. Use of the contact 
point as the accident locator would allow easier recognition 
of the object struck (if any) and its eventual removal or 
protection. Because the development of roadside standards 
is well along, it is likely that programs for roadside modifi-
cation on the existing network will be based on the applica-
tion of uniform standards. The use of accident data as an 
input to such a program to locate specific fixed objects is, 
therefore, not an important consideration. 

The choice between initial contact and maximum en-
gagement is not difficult. In terms of environmental vari-
ables, the location of the initial contact carries more sig-
nificance, because it is upstream on the collision path and 
presumably closer to the beginning of the accident. The use 
of a contact or impact point as the accident locator is 
familiar to police investigators, although experience sug-
gests that initial impacts are often overlooked by virtue of 
the subtlety of the physical evidence. 
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Under existing conditions the long distance used to 
reference accident locations lessens the importance of a 
definition of the accident events to serve as the accident 
locator. The improvement of field techniques, particularly 
the installation of reference markers with the attendant 
reduction in reference distances, will increase the necessity 
of a uniform and rigorous treatment. 

The foregoing discussion suggests that the location ac-
curacy, the accident type, and the selection of which acci-
dent event to locate are intimately related. All three subjects 
need basic research. The existing method of accident 
classification does not provide the environmental researcher 
with a very flexible or useful tool. Many state highway 
departments have recognized this and have treated classifi-
cation along with improvement in location procedure. The 
attempt has been made to describe the accident in more 
useful detail, and to the environmentalist this implies a 
reconstruction of the geometry of the collision paths. The 
method of treatment has varied, but the goal in each case 
has been this symbolic representation of the vehicle 
geometry in computer language. 

Until such time as a research effort produces some il-
lumination on the interrelationship mentioned, some im-
provement can be made by defining the events to be located 
in each accident group. A suggested approach is given in 
Table B-2. 

Sources of Data 

It is relatively important to define the sources of data which 
are to be used by the highway engineer before the selection 
of an accident location process. Baker (33) has listed 
24 possible sources of accident data. For the most part 
routinely collected information is available from two 
sources—the police investigator and the involved driver. 
The establishment of an accident location process is, of 
course, intended primarily for external suppliers of accident 
data. Should a highway department, for example, establish 
a small group of accident investigators to supply accident 
data on a sample basis, there would be no real problem in 
locating the events. In such a case the data collection per-
sonnel are working directly for the users of the information. 
Of all the state highway agencies queried, only eight felt 
that driver reports were a reliable source of data for their 
work. Even though there seems to be a general reliance on 
police reports, information from the driver can be useful 
to the traffic and highway engineer. Typically a larger 
number of accidents is reported by drivers, and thus a more 
complete inventory is possible by supplementing the police 
data with driver reports. Estimates of economic loss and 
the definition of high-accident locations are then more 
complete. However, beyond the fact of the accident oc-
currence, there appears to be little additional information 
on the typical driver report which is unbiased, and there-
fore useful for research purposes. Because the driver as a 
source of information is further removed than the police 
investigator, the reduced quality of the location data he 
reports creates additional data processing problems, and in 
general is more costly to handle. In summary, a location 
process which can be understood and used by the driver 
offers some advantage. Obviously, the advantage is related 

TABLE B-2 

RECOMMENDED EVENTS TO BE LOCATED 

ACCIDENT GROUP 	 EVENT TO BE LOCATED 

Run off road 	 1. Point of departure from pave-
ment 

Non-collision on road 	2. First definable point on ve-
hicle path 

Collision on road 	3. Point of major impact 

to the gap between the numbers of accidents reported by 
the two different sources, and the amount of resources 
which can be committed to processing the data. 

Existing Field Procedures 

Over the years the concept of accident location has de-
veloped into a more or less standardized procedure in most 
states. In reporting the location of an accident the police 
investigator typically fixes the spot in relation to a land-
mark in the field. The landmarks most frequently used 
have been major intersections (numbered routes), city-
town lines, and major structures. The execution of the 
process has varied considerably in detail from state to state, 
but the concept has remained standard. The distance from 
the accident site to the landmark, as well as the direction, 
is usually reported in miles and tenths of miles (rural) or 
feet (urban). Some typical problems can be summarized 
as follows: 

Locations based on street or highway names which 
do not appear on available maps. 

Locations which are long distances from the landmark. 
Errors in the direction from the landmark to the 

accident site. 
Locations based on the name of a business or 

residence. 
Estimates of distance rather than measurements. 
Vague or incomplete data. 

It should be kept in mind that this review approaches the 
problem from a "state level" viewpoint. Thus, accident 
locations which are referenced to specific utility poles may 
exceed minimum accuracy requirements, but are totally 
useless without an index at the central processing office. 
Observation of accident reports suggests that the distances 
reported are frequently estimated rather than measured, and 
this problem can be solved only by a quality control pro-
gram and increased emphasis during training programs. 
Where the distances are measured they are reported to the 
nearest tenth of a mile, because most odometers in use read 
to this level. Quality control on this portion of existing 
records systems is nonexistent. 

Office Procedures 

The survey of state highway departments reveals that most 
of these agencies have assumed the responsibility for coding 
accident locations onto punch cards and computer tapes. 
Procedures now in use are heavily office-oriented. In other 
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words, the accident coder working with data supplied by 
the police investigator makes the transformation into a 
form which is amenable for computer work. Many dif-
ferent tools have been used to assist in this operation. They 
include highway logs, straight-line diagrams, locally pre-
pared street maps, business and other types of directories, 
utility pole indices, sign inventories, telephone contact with 
investigating agencies, and field observations. 

Office-oriented systems carry inherent disadvantages re-
gardless of the methodology used. First, they offer little 
hope of improvement in the quality of incoming location 
data. Second, even with the aid of all of the coding ac-
cessories listed, a significant number of cases are impossible 
to locate. Third, although these systems are attempts at a 
less costly method (i.e., than field reference markers), they 
are undoubtedly more expensive when the cost of creating 
and maintaining the coding aids is added to the cost of the 
coding process itself. This approach commits the state 
highway department to data processing burdens which can 
only grow larger as the number of accidents increases. 

A substantial number of states have begun the improve-
ment of the accident location process, and this has mostly 
taken the form of the installation of reference markers in 
the field. Although the specific details of the process vary 
considerably from state to state, the general concepts which 
have been developed or are under consideration fall into 
a relatively small number of groups. Each of these is 
discussed in some detail in the following. 

Research Needs 

There are several accident location subject areas or closely 
related topics which would justify more thorough and 
comprehensive research. Some of these are briefly men-
tioned in previous paragraphs and should be summarized 
at this point. These specific areas may be listed as follows: 

The geometric characteristics of collision paths. 
Collision path lengths. 
Accuracy of accident location procedures, existing 

and proposed. 
Correlation of accident location data and road in-

ventory records. 

In reviewing the current work in the accident location 
field, it has been observed that many states have devised 
procedures for describing collision paths and driving ma-
neuvers in computer-oriented language. Indeed, outside of 
accident location this has received the most attention. The 
reason for this can be related to the engineer's responsibility 
for designing and operating the highway system. He thinks 
and designs in terms of geometry, and any analyses he 
might make in attempting to relate accident production to 
design characteristics would begin with some understand-
ing of relative geometric patterns of the vehicle as super-
imposed on the geometry of the highway. The approach 
has taken different forms from state to state, but the 
general objective remains the same. Connecticut (35), 
for example, codes a descripion of each vehicle's maneuver 
which also identifies the roadway element (left lane, center 
lane, parking lane, etc.). Maine (36) utilizes a different  

approach that classifies the entire collision on the basis of 
the paths of the two primary vehicles involved and the 
highway geometry. Existing data in state records systems 
could be used to construct a geometric profile of the acci-
dent event. This profile would, of course, be of a qualita-
tive nature and would describe patterns for intersection and 
nonintersection cases, but would not analytically describe 
the event. By themselves, these data would have consider-
able value. They would, for example, provide the traffic 
and highway engineer with the geometric description of the 
traffic accident, which he has long been lacking. Selection 
of the procedures for describing the geometry of the vehicle 
paths and the highway would, of course, be the first step in 
the process. The over-all task would require relatively 
small amounts of money and could be accomplished within 
a relatively short time. In essence, the creation of a classi-
fication system for the environmentalist is proposed. 

It has been shown that accuracy requirements for locat-
ing accidents are related to the accident type and the length 
of the collision paths. Very little is known about the lengths 
of collision paths, although some limited data (12, 34) 
suggest that accident events can be spread over relatively 
long segments of highways. If this is actually the case, 
research relating accidents to highway variables must ac-
count for these large spatial separations. There is no sub-
stantial source of existing data which could be used to 
supply a comprehensive answer to this research question. 
For this reason new data would have to be collected, 
requiring substantial amounts of time and money. 

Actual field testing of the accuracy of accident location 
procedures would be another valuable project. The high-
way and traffic engineer's relative exclusion from the data 
collection phase of the accident records system has left him 
without a clear picture of the capabilities of this portion of 
the system. At this point it is difficult, if not impossible, 
for him to assess the accuracy implications of alternate 
proposals as related to the police officer in the field. If the 
enforcement agency is to continue in the prominent role 
of data collection, it will be necessary for the engineer to 
obtain a better understanding of the capabilities involved. 
Actual field demonstrations comparing the accuracy of 
alternate location methods would have bearing on the need 
and frequency of field reference markers as well. 

The amount of research relating accidents to highway 
variables which can be accomplished from records systems 
will depend on a correlation of accident and road inventory 
records. Although some states have extensive computer 
files of their road inventory, few have made a correlation 
with accident records systems. The amount of road inven-
tory data which can be collected, their detail, and the most 
desirable method of sectioning the highway network for 
this records system are questions which need considerable 
research and study. 

ACCIDENT LOCATION CONCEPTS 

There are only three distinct location concepts which have 
been used or are being seriously considered in the United 
States, as follows: 
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Route number-accumulated mileage system. 
Nodal system. 
Coordinate system. 

As already noted, each of the three basic concepts may be 
executed in different manners with substantially different 
internal procedures (see Table B-3). Perhaps the most 
frequently observed difference is the presence or absence 
of field reference markers. Each of the systems can be 
operated with or without field reference markers, although 
there seems to be general agreement among the state high-
way departments that reference markers will be a require-
ment. Of the 49 states queried, 20 departments felt that 
markers were necessary in rural areas only, while 23 de-
partments felt that they were necessary in both rural and 
urban areas (see Table B-4). 

The vast majority of states that have taken recent action 
in the field are using the route number-accumulated mileage 
concept. The nodal concept has been under development 
in only one state (Maine) and has been used for surveil-
lance of high-accident locations on a state-wide basis (state 
and Federal highways). The coordinate concept is likewise 
under development in only one state (Indiana), but it has 
not been used for any state-wide analyses at this time. 

Because this project emphasized improvements that can 
be made to existing systems, no attempt was made to 
explore more sophisticated processes now in the "brain-
storming" category. 

Route Number-Accumulated Mileage System 

As noted, the concept of using a route number and ac-
cumulated mileage to locate accidents is by far the most 
prevalent system now being used or under consideration in 
the United States. Essentially, this system calls for the 
identification of each portion of the highway network by 
assignment of a route number. These route numbers are 
identical to the highway route numbers used for motorist 
guidance in many states, but exceptions have been observed. 
These routes are mapped, and the accumulated mileage 
starting from a zero point is assigned to landmarks or at 
regular intervals. 

The manner in which the police officer reports the loca-
tion on his accident form will, of course, vary with the 
design of the system itself. Where reference markers are 
used in the field, it is customary for the officer to report 
the route number and the accumulated mileage of the 
accident site directly. He determines the accumulated 
mileage by measuring the distance from the accident site 
to the nearest field reference marker, and either adds or 
subtracts the measurement to the reading on the reference 
marker. The reference markers have been placed in the 
field in two different ways. Most commonly, reference 
markers have been placed at even 1-mile increments. How-
ever, a substantial number of states have placed the mark-
ers on existing structures (such as bridges or sign posts), 
or are marking accumulated mileage of major intersections. 
Several states have successfully used detailed straight-line 
diagrams or highway logs in the location process, and these 
procedures have been substituted for the reference markers 
in the field. Obviously, in this situation the location process 
remains essentially an office procedure, with the accident 

TABLE B-3 

SUMMARY OF ACCIDENT LOCATION CONCEPTS 

A. Route number-accumulated mileage system: 

Reference markers at regular intervals (I mile, 2 miles). 
Reference markers at irregular intervals (existing sign 
posts, structures). 
Reference markers at irregular intervals (intersections). 
No field markers; straight-line diagrams; field coding 
(diagrams distributed to police). 
No field markers; straight-line diagrams; office coding. 

B. Coordinate system: 

I. No reference markers; field coding (maps distributed to 
police). 

2. No reference markers; office coding. 

C. Nodal system: 

Reference markers (intersections, structures, city-town 
lines, etc.); field coding. 
No reference markers; office coding. 

coder fixing the location of the accident according to the 
route number and accumulated mileage and based on all 
of the usual data reported by the police. 

A recent survey by the Insurance Institute for Highway 
Safety (37) showed that 17 states have accident location 
systems in operation or under development which use the 
route number-accumulated mileage concept and incorpo-
rate field reference markers. Two additional states are using 
the route number-accumulated mileage concept without 
field reference markers. Both of these states are using 
detailed straight-line diagrams, which were created for 
other purposes. It is interesting to note that the basic 
procedures for these two states vary, in that one state relies 
on office coding of the location, while the other supplies 
police investigators with the straight-line diagrams for 
coding in the field. 

The major advantage of the route number-accumulated 
mileage concept is that it appears to be the most generally 
applicable method of keeping highway records. This stems 
from the fact that it carries with it the ability to divide each 
highway route into segments of any length. Thus, a high-
way sufficiency section may encompass 10 or 20 miles of 
roadway, whereas a road inventory section may only be 
0.01 mile long. This probably simplifies the data collection 
task in these fields, as there is no "forcing" of section 
termini. There seems to be a consensus that route number 
and accumulated mileage are desirable as a base for most 
highway "bookkeeping" operations. There is, however, 
little published work on the subject. The Bureau of Public 
Roads has recognized the importance of this records keep-
ing task and is now assisting the states in the development 
of the systems. The concept is a familiar one to most state 
highway departments, because it has been used frequently 
for road inventory and maintenance records systems. 

The concept has several disadvantages. Because it is a 
one-dimensional system, there is little direct use in some 
allied fields. For example, the use of field reference mark-
ers, which may be considered a part of most accident 
location systems, has been cited as an aid to motorist 
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TABLE B-4 

SUMMARY OF ACCIDENT LOCATION CRITERIA 

- 	 0 

- 
31 

QUESTION 31 

TOTAL RESPONSES TO SURVEY x 	V 	K 	V 	V V 	V 	x 	V 	V 	V 	V 	x 	V 	U U 

I. DOES YOUR HIGHWAY 	DEPARTMENT 	RECEIVE ACCIDENT 	REPORTS: 

ROUTINELY? f 	x 	x 	V 	V U 	V 	x V 

UPON 	REQUEST' V 	 V V 

AT STATE 	LEVEL? V 	V 	U 	V 	U V 	V 	V 	 V 	U 	 V 	V 	V V 

AT 	DISTRICT 	LEVEL? V V 	 V 

2. ACCIDENT 	REPORTS 	ARE 	RECEIVED 	FROM: 

POLICE V 	V 	V 	V V 	V 	V 	V 	V 	V 	V 	V 	V V V 

DRIVERS U V 	 V 	V V 

SPECIAL HIGHWAY 	INVESTIGATIONS V 	 V 	 V U U 

OTHERS V 

3a. ARE ACCIDENT 	LOCATIONS CODED ONTO COMPUTER CARDS OR 	TAPE: V 	V 	V 	V V 	V 	I 	V 	V 	V 	V 	V 	U V V 

BY HIGHWAY DEPARTMENT? V 	V 	V 	V V 	V 	 U 	V 	U 	U 	V V 

BY MOTOR VEHICLE AGENCY? x U 

BY OTHERS? V 

3b. IF THE HIGHWAY DEPARTMENT 	DOES NOT CODE ACCIDENT 	LOCATION 

AT 	PRESENT. 	DO YOU 	PLAN 	TO DO SO 	IN 	THE FUTURE? V U 

4. ENFORCEMENT PERSONNEL REPORT ACCIDENT 	LOCATION BY DISTANCE 

FROM ALANOMARK. V 	V 	V 	V 	V V 	V 	V 	V 	V 	V 	V 	V 	V 	V U V 

5. IS 	RELIABLE 	ACCIDENT 	LOCATION 	DATA OBTAINABLE 	FROM: 

OFFICIAL 	POLICE REPORTS? V 	V 	V 	V V 	 V 	V 	V 	V 	V 	V V V 

DRIVER REPORTS? 

BOTH DRIVER 	AND 	POLICE 	REPORTS? V 	 V 	U 

NEITHER DRIVER NOR POLICE 	REPORTS? 

6a. ACCIDENTS MUST BE SUMMARIZED 	FOR THE FOLLOWING PORTIONS OF 

THE STATE HIGHWAY SYSTEM: 

A SPECIFIC CURVE OR OTHER MAJOR 	GEOMETRIC 	ELEMENT V 	V 	 V V 	V 	 V U V 

A SPECIFIC 	LEG OF AN 	INTERSECTION V 	V 	 V V 	V 	 V 	V V V 

A SPECIFIC 	INTERCHANGE 	RAMP V 	 V V 	V 	V 	 V V V 

A 	SPECIFIC 	INTERSECTION 	OR 	INTERCHANGE V 	V 	 V V 	V 	V 	V 	V 	V 	V 	 V 	V V U 

A SPECIFIC ROUTED HIGHWAY V 	 V V 	 V 	 V 	V 	V 	 V V U 
A SPECIFIC 	FEDERAL 	AID 	HIGHWAY V 	V 	 V V 	V 	V 	V 	V 	 V V V 
A SPECIFIC FEDERAL 	AID 	OR 	STATE HIGHWAY 	SUBSYSTEM (SUCH 

AS FEDERAL AID 	PRIMARY. 	ETC.) V 	V 	 V V 	V 	V 	V 	I 	x 	V 	V 	 V 

A SPECIFIC CITY OR TOWN V V 	Vx 	V 	V 	 U 	V 

A SPECIFIC COUNTY V 	Vx V 

6b. IN ORDER TO SUMMARIZE ACCIDENTS ADEQUATELY, 	LOCATIONS MUST 

BE ACCURATE TO THE NEAREST: 

O.OIMF V 	 V 	V V 	V 	V 	V 	 V 	 V 

O.IOV'VVLL V 	 V V 	 V 	 V 	 V 

-0.25 	MILE V V V 



- 	 - - 	- 	 - 	- 	
- 	 KENTUCKY - 	- - 	- 	

- 
 

LOU ISIANA 
* 	 - 	 MAINE - 	

- 	MARYLAND - 	 - 	- - - 	 - 	
MASSACHUSETTS 

- 	- 	- 	 MICHIGAN - 	 - 	 - - 
	 MINNESOTA - 	 - 	

- 	 MISSISSIPPI - 	 - 	
- 	 MISSOURI 

MONTANA 

	

- 	 - 	 NEBRASKA - 	 - 	- 	 - 	
- 	 NEVADA 

- 	 NEW HAMPSHIRE 

NEW JERSEY - 	 - 	- 	
- 	NEW MEXICO - 	 - 	

- 	 NEW YORK - 	 - 	- 	
- 	 NORTH CAROLINA - 	 - 	 - 	 - 	- 	- 	

NORTH DAKOTA 
- 	

- 	 OHIO 
- 	

- 	 OKLAHOMA - 	 - 	 - - 	
- 	 OREGON 

- 	 PENNSYLVANIA 

RHODE ISLAND - 	 - - - 	 - 	 - 	
SOUTH CAROLINA 

- 	
- 	 SOUTH DAKOTA 

- 	
- 	 TENNESSEE 

- 	 - 	
- 	TEXAS 

- - 	 UTAH - 	 - 	 - 	 - 	
- 	VERMONT - 	 - 	- 	

- 	 VIRGINIA - 	 - 	- 	
WASHINGTON 

WEST VIRGINIA 

WISCONSIN - 	
WYOMING 

- 	 PUERTO RICO 

I 	 TOTAL 
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TABLE B-4 (Continued) 

- 	0 

CO 

31 

QUESTION 	 C 	C 

7. FIELD MARKERS 	ARE: 

NECESSARY 	IN 	RURAL AND 	URBAN 	AREAS. 	 x 	x 	x 	 x 

NECESSARY 	IN RURAL AREAS ONLY 	 x 	x 	x 

NECESSARY 	IN URBAN AREAS ONLY 

NOT NECESSARY 

Ba. ACCIDENT RECORDS DATA ON CARDS OR TAPE: 

CURRENTLY 	OPERATIONAL 	 x 	x 	x 	x 	x 	x 	x 	x 	x 	x 	x 	x 	x 	U 

IN 	PLANNING STAGE 

UNDER CONSIDERATION 

 ABILITY 	TO 	IDENTIFY HIGH 	FREQUENCY ACCIDENT 	LOCATIONS ON 	A 

PERIODIC 	BASIS: 

CURRENTLY OPERATIONAL 	 U 	X 	U 	X 	U 	X 	X 	 X 	 X 	U 	 U 

IN 	PLANNING STAGE 	 x 	x 	 U 

UNDER CONSIDERATION 	 x 	x 	 U 

 ACCIDENT AND HIGHWAY 	INVENTORY DATA ON 	CARDS OR TAPE WITH 

GOOD COMPATIBILITY OF 	LOCATION METHODS: 

CURRENTLY OPERATIONAL 	 U 	 U 

IN 	PLANNING STAGE 	 U 	U 	 X 	U 	U 

UNDER CONSIDERATION 	 U 	V 	 V 	 U 	 U 

HAVE NO PLANS 

Rd. ABILITY TO USE ACCIDENT AND 	INVENTORY DATA (MECHANICALLY) 	AS 

INPUTS 	IN 	FORMULATION 	OF GENERAL DESIGN AND OPERATING 	POLICY: 

CURRENTLY OPERATIONAL 	 V 

IN 	PLANNING STAGE 	
V 	 V 

UNDER 	CONSIDERATION 	 x 	 x 	x 

HAVE NO PLANS 	 V 

Be. ABILITY TO MAKE ANALYSES AT 	SPECIFIC 	LOCATIONS FOR 	ENGINEERING 

PURPOSES BY COMPUTER 	(FEW SUCH PROJECTS REQUIRE REVIEW OF 

SOURCE DOCUMENTS): 

CURRENTLY OPERATIONAL 

IN 	PLANNING STAGE 	
x 	 V 

UNDER CONSIDERATION 	
X 	 V 

HAVE NO PLANS 

BY. ABILITY TO MAKE ALL ANALYSES MECHANICALLY 	(BY COMPUTER) WITHOUT 

RESORTING TO ACCIDENT SOURCE DOCUMENTS: 

CURRENTLY OPERATIONAL 

IN 	PLANNING 	STAGE 	
V 	 V 	 V 	 V 

UNDER CONSIDERATION 	 X 	V 	V 	 V 	 V 	 V 

HAVE NO PLANS 	
x 
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guidance. Inasmuch as most field reference markers do not 
carry a route number, but only the accumulated mileage, 
the real benefits in this area have been quite small. At the 
same time, more sophisticated methods of route guidance 
and vehicle control have received some attention and are 
worth considering. At the present time the Bureau of 
Public Roads (38), as an aid to the motorist, is developing 
a guidance system that would include the transmission of 
data from roadside transmitters to each vehicle. Develop-
ment of this system has reached the point where early work 
on the system hardware is under way. This innovation is 
based on a nodal principle, and the issuance of guidance 
information will take place at highway decision points or 
intersections. There has been some departure in detail from 
the nodal systems developed for accident records and for 
highway planning studies. The process proposed for the 
route guidance system uses a nodal identification number 
and a branch indicator. The branch indicator signifies the 
leg of a particular intersection which the motorist must 
follow. Thus, the system can be easily adapted to a dy-
namic process, because it can indicate both position on the 
network and direction of travel. Although the route num-
ber and accumulated mileage concept can be made com-
patible through a computer correlation program, it ob-
viously is less adaptable in this field and in the highway 
planning process than a nodal system would be. 

Changes in route numbers, modifications to existing 
routes, and overlapping route numbers all create some 
problems in the data processing phase using the route 
number and accumulated mileage concept. Obviously, 
these can be overcome by the use of equations, but here 
again this means a growing inefficiency in the data process-
ing work as time goes on. It also makes the system appear 
to be more complex and less logical to the police officers 
in the field. 

At least one state (39) solves these problems by con-
version of reported route number-accumulated mileage to 
actual route number-accumulated mileage prior to routine 
accident summaries. 

Specific problems which are difficult to handle are com-
plex highway situations such as interchanges and channel-
ized intersections. Here again, the problems are not in-
surmountable, although a methodical treatment should 
probably involve the marking of all ramps and turning 
roadways to eliminate the confusion which would exist in 
the police officer's mind. These problems have largely been 
shelved in the development of the location systems (40) 

awaiting future refinements. 
As previously noted, several states have applied the 

route number-accumulated mileage concept without install-
ing reference markers in the field. It would seem that this 
has been an attempt to devise a more economical system. 
There is, however, question as to whether the attempt has 
been at all successful. Clearly, where sources of highway 
descriptive data (such as straight-line diagrams) are avail-
able, they may result in initial savings. Neither of the 
states using these diagrams prepared them specifically for 
use as an aid in locating accidents. The cost of developing 
the straight-line diagrams has been estimated by one urban 
state at $100 per mile, with an annual investment for  

maintenance of the records running about $25 per mile. 
This can be compared with reference marker costs which 
have varied from $6 to $15 per mile for initial installation. 
Reference marker maintenance costs have been estimated 
at 20% to 30% per year. It should be pointed out that 
the straight-line diagrams cannot be used exclusively in 
the accident location process. One of the states now using 
diagrams has estimated that other sources of information, 
such as city directories, have been used in approximately 
30% of the cases. Coding costs are undoubtedly higher in 
this type of process, because the routine is entirely office-
oriented. The use of reference markers in the field should 
mean that a large percentage of the locations are computer 
coded in the field by the accident investigator, and thus 
office routine can be reduced to editing and checking. 
Because the numbers of accident cases which have to be 
processed are quite large, this additional cost should also 
be considered a significant item. Coding costs (location 
and other data) are now the order of $1 per case, and 
location accounts for a substantial portion of the total 
coding cost. The use of the concept without reference 
markers leaves little likelihood that location accuracy will 
be improved in the future. 

The posting of reference markers at regular intervals, 
such as every 1 or 2 miles, carries several disadvantages. 
In the first place, there is no control over the location of 
section boundaries, and they thus have little or no signifi-
cance in terms of the events on the highway or changes in 
highway characteristics. It has been shown that the number 
of intersections has a most important influence on the 
number of accidents in any particular highway link (41). 

For this reason it would be necessary for analysis purposes 
to have a complete record of the number of intersections 
in each mile segment. Further, it would be desirable to 
have a complete computer index of the accumulated mile-
age location of each of these intersections. This is almost 
a necessity, because the retrieval of accident data for a 
specific intersection is perhaps the most common everyday 
task which highway departments face. 

Summary of accidents by Federal-aid system also pre-
sents a problem. Although accidents which occur at inter-
sections are generally influenced by both intersecting routes, 

decision must be made as to which highway system will 
be charged. There seems little choice but to do this on 
some arbitrary basis. Usually the system having the highest 
level of design has been charged. This at least represents 
a uniform method of treatment. At the same time, it has 
been customary to tie intersection accidents to either the 
lowest or highest route number, and thus a uniform treat-
ment is not attained insofar as accounting on a Federal-aid 
system basis is concerned. This deficiency could probably 
be corrected by an elaborate computer program. 

This same problem would arise in any attempt to retrieve 
all accidents for a particular route. Obviously it would be 
necessary to retrieve all intersection accidents along the 
route. To do this, the route number and accumulated 
mileage of every intersection would have to be stated. 
Although this is possible, it obviously would be cuinber-
some in execution. 
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Unless the reference markers carry route designation, 
it is necessary for the accident investigator to determine 
the route. Although this in many instances will be routinely 
recalled from memory, there undoubtedly will be a sig-
nificant number of cases which involve some additional 
work on the part of the investigator. There also remains 
the possibility of error on streets and highways which are 
marked as access to numbered routes (i.e., "to U.S. 
Route 1"). The whole concept is completely dependent 
on a thorough route signing system. In general, route 
signing is rather comprehensive in rural areas, but many 
urban areas leave much to be desired. A further problem 
with the concept is related to the possibility of its use on 
streets and highways other than primary routes. Unless a 
more comprehensive route numbering and signing program 
is adopted, a large number of accident cases will un-
doubtedly be left for office coding. The probability for suc-
cessfully using the same procedures for urban areas is low. 

Coordinate System 

Coordinate systems for location of accidents are under 
consideration or development in two or three states. 
Simply stated, the concept calls for location of an accident 
site to be identified by its unique set of plain coordinates. 
The system depends on a complete set of maps with 
coordinate grids imprinted. In Indiana (42), where the 
concept is under development, the U.S.G.S. topographical 
maps have been used as a base. Extensive work was 
involved in preparing the grid overlays (state plane), as 
well as the addition of informative data. The new 71/2  - 

mm series (1 in. = 2,000 ft) has been used. 
There are several approaches to the use of this concept. 

The first approach involves the printing of a large number 
of maps and their distribution to all police officers in the 
state. The police officer then determines the coordinates 
of the accident site while he is investigating the accident 
and reports these coordinates directly. An alternate ap-
proach, of course, would be to code the coordinate 
locations in the office using the routine location data which 
are now on the accident report form. The University of 
Indiana has used this approach in the development of the 
final process, which will utilize distribution of maps to the 
police officers. In order to maintain location integrity, it is 
necessary to carry the route number as well as the coor-
dinates of the location. Where state plane coordinates are 
used, the zone identification must also be known and thus 
county identification is a must. 

One of the principal advantages in establishing coordinate 
benchmarks for a highway system is the ability to use 
mechanical plotting equipment. The use of this equipment 
is at a minimal level at the present time, but it can be 
expected to increase. Although the use of coordinates to 
locate accidents may simplify and encourage the use of 
mechanical plotting equipment, it is pointed out that the 
coordinate concept can easily be correlated with either 
the route number-accumulated mileage concept or the 
nodal concept to accomplish the same utility. The coor-
dinate concept has several severe problems which will 
limit its general usefulness. The quantity of data required  

under the system to uniquely identify a location is con-
siderably more than in other systems. Fourteen digits are 
required to express the coordinate location, plus an addi-
tional two or three for the route number. Obviously, the 
more voluminous the information, the greater the data 
processing costs. In addition, the lengthy identification 
numbers are more susceptible to recording and reporting 
errors and the errors are more difficult to detect. At the 
same time, the accuracy requirements are inherently greater 
with this process, as allowances for small errors can result 
in the accident being located in an entirely different facility. 

The availability and/or production of maps is a further 
problem. The U.S.G.S. maps are available in most states 
at the scale of 1 in. = 4,000 ft, and at this scale 50 ft 
represents approximately 0.01 in. In some parts of the 
country U.S.G.S. maps are now available in the new 
71/2-mm series (1 in. = 2,000 ft), but even at this scale 
50 ft represents approximately 0.02 in. Assuming that 
base maps are available, the cost of modification can run 
in the order of $30 per mile, and this does not consider 
the additional work which would have to be done to make 
the maps useful in urban areas. 

Re-mapping of the United States at the 71/2  -mm (2,000-
ft) scale has proceeded slowly, mainly because 90 percent 
of the Geological Survey's mapping budget still is spent on 
covering unmapped areas of the country. A very large 
percentage of the existing maps are outdated by the 
U.S.G.S.'s own standard (5 years urban, 10 years rural). 
At present it takes a full three years from the beginning 
of aerial photography to issuance of the final product by 
the U.S.G.S. For these reasons it is clear that the avail-
ability of appropriate maps would be a severe restraint 
on the widespread use of the coordinate system. 

Distributing maps to the police for their use in directly 
reporting coordinates would appear to be a risky procedure 
based on current knowledge and experience. Field pro-
cedures should be kept as simple as possible, due to the 
wide range of data collection competencies. At this time, 
it is not clear that the typical accident investigator can 
accurately locate his position on a map and read coordinates 
to the necessary requirement. The problem of map read-
ing in adverse conditions (such as darkness, rain, snow, 
and in relatively rural areas with few landmarks) should 
be apparent. 

Where the start-up time for a new accident location 
system is critical, this procedure is at a definite disad-
vantage, because a considerable amount of careful and 
meticulous map work must be done. Printing and distri-
bution of the maps, along with training programs, are apt 
to take considerable time. The cost of modifying and 
updating the maps is an unknown quantity at this time, 
but it is likely to be a substantial cost which would compare 
in magnitude with the cost of maintaining reference 
markers. 

Nodal System 

Only one state (Maine) has developed a nodal system for 
locating accidents (15, 36). Under this concept, which is 
adapted from network principles used extensively in the 
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highway planning field, the highway network is simulated 
mathematically by the identification of nodes or inter-
sections. Field reference markers are optional with this 
system as with the others, but omitting them reduces the 
accuracy level. In Maine reference markers are to be 
installed at all intersections, city-town lines, major bridges, 
and railroad grade crossings. Reference markers have been 
laid out, and work will start soon on field installation for 
the 4,500 miles of state and Federal-aid highways (urban 
and rural). The procedures call for the police officers to 
report the accident location directly in coded form. If the. 
event occurs at an intersection which is referenced, a single 
4-digit number identifies the location. If the accident 
took place between nodes, the link is identified by the 
node numbers on either side, and a distance to one of the 
nodes is also reported. The field procedures, then, are very 
similar to the route number-accumulated mileage proce-
dures, with the exception that the police officer does not 
make a determination of the route number, nor does he 
compute the accumulated mileage by adding or subtracting 
his measured distance. To test the concept, the system was 
designed and the accidents for 1966 were location coded 
using the existing data on the accident report form and 
the network maps. Initial reaction to the test was favorable, 
and further developments, including reference markers in 
the field, are now under way. Slightly over 10,000 locations 
are to be field referenced on this 4,500-mile highway 
system. These locations are distributed by type as follows: 
intersections, 80%; city-town lines, 8%; major bridges, 
6%; dummy nodes, 4%; railroad grade crossings, 2%. 
Dummy nodes were used where the link length would have 
otherwise exceeded 1 mile in urban areas or 2 miles in 
rural areas. 

Because most highway departments have used nodal 
concepts extensively in highway planning, a considerable 
backlog of experience and familiarity exists. In addition, 
the construction of a simulated state-wide network would 
be of considerable use in this planning process. It is 
possible that state-wide networks for planning purposes 
(e.g., traffic assignments) would not exactly duplicate 
networks created for accident location purposes. A net-
work for a state-wide traffic assignment would not require 
1-mile links, for example. Nevertheless, the basic frame-
work would be usable and could be easily transformed. 
A substantial proportion of accidents occur at intersections, 
and these will be very accurately located with a minimum 
of location data under this concept. Further, the retrieval 
of the accident experience at a particular intersection will 
be easily accomplished. This is a problem which highway 
departments face routinely. Summaries of accidents on 
links, at intersections, at specific types of intersections, on 
specific routes, or at specific areas can also be easily 
prepared. Location procedure is equally applicable in 
urban and rural environments and, in fact, conforms to 
the population density. The field procedures, because they 
are very similar to existing methodology, should be easily 
absorbed by the police officer, and extensive training 
programs are not necessary. Start-up time for the system 
can be considered relatively short. 

The concept is more flexible in complex highway  

systems, such as interchanges and channelized intersections, 
than either the route number-accumulated mileage or the 
coordinate systems. The same methodology can be carried 
through, with reference markers placed at ramp termini 
and at the intersections of directional roadways. It should 
be noted that good correlation can be established between 
the route number-accumulated mileage and nodal concepts 
by preparing an index of the route number and accumu-
lated mileage of each node. The degree of flexibility of 
the nodal concept in terms of road inventories is a subject 
requiring some further study, and this developmental work 
is to begin very shortly in Maine. The intersection is a 
point on the highway network where design elements and 
operating characteristics frequently change. Traffic volumes 
are probably the most obvious example. The large ma-
jority of significant changes in traffic volume occur at 
intersection locations. The applicability of the nodal 
concept as a general means of highway inventory is open 
to question at this point. Nevertheless, compatibility with 
route number-accumulated mileage can be established, and 
thus accidents and inventory elements can be related in 
this manner. 

It has already been mentioned that the more sophisti-
cated work on route guidance systems is based on a nodal 
principle, and even though the details are not identical, 
there would appear to be some advantage in the develop-
ment of both systems along the same general guidelines. 
This is particularly true when one considers that the 
"decision points" on the route guidance network are the 
same intersections or nodes which will be field referenced 
for accident location. 

Some of the early analysis of Maine's new accident data 
file sheds considerable light on the distribution of acci-
dents on a state-wide network. Table B-5 summarizes the 
number of nodes and links on the system which experi-
enced specified numbers of accidents during the calendar 
year 1966. A total of 11,007 accident cases were located 
on the 4,500 miles of state and Federal-aid highways. 
(An additional 1,000 cases were tied to a highway system 
in a specific city or town, but could not be more accurately 
located.) Of these 11,007 cases, 64 percent (7,044) 
occurred on links, and 36 percent at nodes. 

Accident occurrence was more widely dispersed on links 
as opposed to intersections, with only 18 percent of the 
intersections having an accident, compared to 40 percent 
of the links. Of the links having an accident, 8 percent 
had more than three, whereas the corresponding figure for 
nodes was 14 percent. These data suggest the desirability 
of more than a year's information as a base for accident 
surveillance programs, particularly for nonintersection 
locations. Coding of historical accident records during the 
system development process is helpful in this respect, as 
well as providing an opportunity for testing portions of the 
system prior to major investments. 

The diffusion of accidents on the network also suggests 
that installation of field reference markers at closer than 
1- to 2-mile intervals would be difficult to justify on the 
basis of accident surveillance needs. 



TABLE B-S 

STATE-WIDE ACCIDENT DISTRIBUTION ON NODAL SYSTEM, STATE OF MAINE, 1966 
NODES 

Number of Accidents 

hIGHWAY SYSTEM (URBAN) 1 	2 3 	4 	5 	6 	7 8 9 1011 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 T0TALM 
ACCIDE.TS 

1. 	Interstate & Pike 7 	3 1 	1 1 13 
2. Fed. Aid Primary 476 	179 101 64 37 20 18 12 8 	8 	5 	6 	9 	1 	4 	1 	2 	1 	1 	 1 954 
3. 	Fed. Aid Secondary 220 	65 16 	7 	8 	6 	3 2 1 	3 	1 332 
4. 	Non-Fed. Aid 	(S.H.) 14 	2 1 	1 iS 

SUBTOTAL (URBAN) 717 249 119 73 45 26 21 14 9 11 	6 	7 	9 	1 	4 	1 	2 	1 	1 	 1 	-: 
hIGhWAY SYSTEM (RURAL) 

1. 	Interstate & Pike 5 	1 6 
2. 	Fed. Aid Primary 191 	69 22 	14 	2 	1 1 300 
3. Fed. Aid Secondary 161 	38 12 	4 	2 217 
4. 	Non-Fed. 	Aid 	(S.H.) 12 	4 1 17 

SUBTOTAL (RURAL) 369 112 34 18 	4 	2 1 - 
TOTAL (URBAN AND RURAL) 1086 361 153 91 49 28 22 14 9 ii 6 	7 	9 1 	4 	1 	2 	1 	1 1 1857 

LINKS 
Number of Ac.idents 

hIGHWAY SYSTEM (URBAN) 
Interstate & Pike 36 	23 5 	3 	1 118 
Fed. Aid Primary 630 219 77 42 20 	9 10 4 1 3 1 	1 1017 
Fed. Aid Secondary 253 	67 19 	9 	6 	3 357 
Non-Fed. Aid 	(S.H.) 22 3 	1 1 1 28 

SUBTOTAL (URBAN) 991 309 104 55 27 12 10 5 1 3 1 	1 1 1520 

HIGHWAY SYSTEM (RURAL) 
1. 	Interstate & Pike 234 	84 42 20 11 	6 3 1 401 
2. Fed. Aid Prinry 555 233 119 66 31. 	13 10 3 2 1 1 	1 1036 
3. Fed. Aid Secondary 739 233 67 33 11 	2 1 1 1092 
4. 	Non-Fed. Aid 	(S.H.) 33 	13 7 	2 1 66 

SUBTOTAL (RURAL) 1571 563 235124 55 22 12 6 3 2 1 	1 2595 

TOTAL (URBAN AND RURAL) 2562 872 339179 82 34 22 11 4 5 1 	2 	1 1 4115 

Nete: Numbers shown are the number of nodes and links having the specified number of accidents in 1966 



104 

DISCUSSION AND EVALUATION 

Objectives 

Before discussing the advantages and disadvantages of 
existing location methods, some guiding objectives against 
which a comparison can be made are suggested. Some 
of these objectives are alluded to in previous sections, 
but are summarized here as follows: 

1. The location system should provide a uniform means 
of locating accidents on streets and highways throughout 
a particular state. 

2. The system should be simple in concept in order to 
increase the reliability of the data collection task. 

3. The system should permit field coding of the accident 
location in computer-oriented language. 

4. The system should permit efficient retrieval of ac-
cident data for the following urban and rural portions of 
the total highway network: 

Intersections. 
Highway segments (1/10 mile to 2 miles). 
Federal-aid highway systems. 
State highway systems. 
Routed highways. 

5. The system should be compatible with road inventory 
data. 

6. The system should provide for an efficient updating 
cycle to account for modifications in the existing highway 
network (i.e., route changes, construction, etc.) 

7. The system should be designed so as to minimize 
data processing time, effort, and cost for accident analyses. 

8. The location procedure should be recognized as a 
tool for accident reduction, and the cost of the system 
should be reasonable. 

9. The system should be operable with a minimum 
start-up time. 

10. The system should be amenable to development in 
stages. 

It is pointed out that accident data are used by highway 
departments for the following two generalized purposes: 

The "housekeeping" function of identifying high-
frequency accident locations. 

Research on the relationship between design and 
operating characteristics and accident production. 

The accuracy requirements for locating accidents depend 
on which of these two functions is under consideration. 
It has already been shown that accidents on a state-wide 
network are relatively widely spaced, with the exception of 
intersection locations. Locating accidents to the nearest 
0.1 mile in rural areas should be sufficiently precise to 
accommodate the first function. The requirement for 
relating accidents to design elements and operating char-
acteristics is more stringent and is related to the method 
of evaluation. The examination of one design element can 
serve to illustrate this point. Highway curvature varies 
over wide ranges and at frequent intervals on any net-
work. Some recent research (41) has shown that curva-
ture of more than 4° strongly influences the accident rate. 
Although this is of some help to the highway designer, it 
obviously does not present a complete picture. Ultimately 

he would like to be provided with the relationship between 
curvature and accident production over the complete range 
of current design practice. In addition, he would like to 
know the interrelationship between horizontal and vertical 
curvature and accident production. There is some question 
whether this goal can be fulfilled using the mass data 
routinely collected by enforcement agencies. The extreme 
range of rate of curvature and length of curve suggest a 
very difficult research goal. At the same time, using 0.1 
mile as the location increment all but rules out the possi-
bility of such detailed research. The lack of data describing 
the length and geometry of collision paths, along with the 
lack of information on the distribution of curvature char-
acteristics, makes a specific recommendation on accuracy 
requirements difficult. There is general consensus among 
the state highway departments that 0.1-mile increments 
should be the longest interval used, and some of the states 
are considering or using 0.01-mile increments. This smaller 
interval, which is roughly equivalent to two car lengths, 
appears well beyond existing system capabilities, particu-
larly in rural areas; but, at the same time, it would appear 
prudent to provide for this accuracy level in the future. 

Discussion 

The ability of each of the three accident location methods 
to fulfill the generalized objectives is summarized in Table 
B-6. A discussion of each of the points is contained in the 
following paragraphs. 

In its purest form the coordinate system does not require 
the use of field reference markers, which in theory may 
be considered an advantage over both the nodal and route 
number-accumulated mileage methods. However, all of 
these methods have the option to be used without reference 
markers in the field, as shown earlier. Attempts at bypassing 
the reference markers have usually been oriented toward 
cost saving, but the cost information available does not 
show that this objective has been met. The usefulness of a 
system of reference markers goes beyond accident location. 
If these markers are properly correlated with other highway 
data records, they can become the benchmarks for other 
records systems. Although there has been considerable 
speculation about the usefulness of the reference markers 
for highway guidance, they have had little use for this 
purpose until the present time. By the same token, the 
development of more sophisticated types of motorist guid-
ance may well be aided by reference markers. 

Direct coding of the accident location in the field by the 
investigator is a highly desirable goal. Successful attain-
ment of this goal will reduce the office coding burden to a 
minimum. Direct coding in the field in computer-oriented 
language will reduce the number of errors, improve the 
accuracy level, and reduce cost by a substantial margin. 
All three methods provide for this technique. 

Design of the field procedures for an accident location 
system must be based on a realistic appraisal of the ability 
of the data collector and the magnitude of his resources. 
The nodal approach involves the simplest field procedure of 
the three alternatives. The procedures can be used in rural 
and urban areas and apply equally well in simple or com-
plex highway environments. The concept is an extension of 
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COMPARISON OF LOCATION METHODS 

ITEM 

ROUTE NUMBER- 

ACCUMULATED MILEAGE 	SYSTEM COORDINATE SYSTEM - 	NODAL 	SYSTEM 

1. FIELD 	REFERENCE 	MARKERS I REQIJ IRED I. NOT 	REQU 	RED I. REQU I RED 

2. DIRECT 	CODING OF 	LOCATIONS 	IN 	FIELD 2. YES 2. YES - 2. YES 

3. COMPLRBITY 	OF 	FIELD PROCEDURES 3. SIMPLE 3. CDMPLEA 3. VERY 	SIMPLE 

A APPLICABILITY 	TO 	RURAL 	AND 	URBAN 	ENVIRONMENTS 4, MORE 	DIFFICULT 	10 	USE 	IN 	URBAN H. REQUIRES 	LARGER 	SCALE 	MAPS 	IN R. CONFORMS WELL 	TO 	CHANGES 	IN 

AREAS URBAN 	AREAS POPULATION 	DENSITY 

S. ADAPTABILITY 	TO 	COMPLEX 	HIGHWAY 	CDNFIGARATIONS S. LOW 	- 	LOGIC 	OR 	CONCEPT 5. HIGH 	IN 	THEORY, 	BUT 	REQUIRES 5. HIGH 	- 	SYSTEM 	LOGIC 	RETAINED 

INTERCHANGES, 	CHANNELIZED 	INTERSECTIONS) DIFFICULT 	TO 	MAINTAIN HIGH 	DEGREE 	OF 	PERFECTION 	IN 

SYSTEM OPERATION 

B. START UP 	TIME 6. RELATIVELY 	SHORT 6. RELATIVELY 	LONG  RELATIVELY 	SHORT 

 AMOUNT 	OF 	TRAINING 	REQUIRED 	(DATA COLLECTION) 7. RELATIVELY 	SMALL 7. RELATIVELY 	LARGE 7. RELATIVELY 	SMALL 

B. EBPAMDABILITY 	TO 	ALL 	STREETS 	AND 	HIGHWAYS A. PROBLEMS WITH 	ROUTE NUMBERS B. NO 	PROBLEM B. NO PROBLEM 

9. COMPATIBILITY 	WITH 	EXISTING 	ROAD 	INVENTORY 	RECORDS 9. USUALLY 	ON 	jQjjJ. L BASIS 9. NONE 9. LITTLE 	OR 	NONE 

ID. ABILITY 	TO CORRELATE 	WITH 	ROAD 	INVENTORY 	RECORDS IC. NOT 	NECESSARY 	- 	SEE 	9 10. CAN 	BE DONE 10. CAN 	BE 	DONE 

II. LENGTH 	OF 	LOCAT ION 	DATA 	BIT II. AVERAGE II. RELATIVELY 	LONG I.I. VERY 	SHORT 	FOR 	NODAL 	LOCATIONS: 

AVERAGE 	FOR 	LINK 	LOCATIONS 

12. EFFECT 	OF 	MODIFICATIONS 	TO HIGHWAY 	NETWORK IA. USE 	OF 	EQUATIUNS 	REDUCES 	LAGII, 12. REQUIRES 	MOP UPDATING. 	RE- 12. REQUIRES 	SOME 	CHANGES 	TO 	FIELD 

OF 	CONCEPT. 	REQUIRES 	SOME DISTRIBLITION 	OF 	NEW 	MOPS REFERENCE 	MARKERS 

CHANGES 	TO 	FIELD 	REFERENCE 

MARKERS 

13. USEFULNESS 	IN 	ROUTE 	GUIDANCE 	(EXISTING 	SYSTEMS) 13. HAS 	SOME 	VALUE 13. NO 	VALUE 13. LITTLE 	VALUE 

IV. ADAPTABILITY 	TO 	SOPHISTICATED 	ROUTE 	GUIDANCE 	(FUTURE) III. NONE IA. NONE III. GOOD 	- 	GAME 	GENERAL 	CONCEPT 

IS. USEFULNESS 	IN 	HIGHWAY 	PLANNING 	AREA IS. LITTLE IS. LITTLE IS. CONSIDERABLE 

16. ADAPTABILITY 	TO MECHANICAL 	PLOTTING 	TECHNIQUES 16. ONE 	DIMENSIONAL 	ONLY IE. EXCELLENT 16. CAN 	BE 	ADAPTED: 	COORDINATES 

OF 	NODES 	REQLIIRED 

I?. EASE 	OF 	DATA 	RETRIEVAL 17. 17. 17. 

A. 	SPECIFIC 	INTERSECTION: 	GROUP 	OF 	INTERSECTIONS A. 	ACCEPTABLI.MUST 	CHECK A. 	ACCEiABLE: 	MUST 	ESTABLISH A. 	VERY 	EASY 

MULTIPLE 	ROUTE 	RUMOURS LIMITS 	OR 	ACCEPTABLE 

COORDINATES 

9. 	SPECIFIC 	AREA 	(WITHIN 	SANE 	POLITICAL B. 	SEU 	A 	)ABOVA) B. 	DIFFICULT 	IF 	AREA 	HAS EASY: 	MUST 	SPECIFY 	MODE 	AND 

JURISDICTION) IRREGULAR 	BOUNDURIES LINKS 	REQUIREU: 	GEOGRAPHIC 

NUMBERING 	CONTINUITY 	A 	HELP 

ROUTE C. 	EASY 	IF 	ONE 	ROUTE: 	MUST C. 	REQUIRES 	USE 	OF 	ROUTE C. 	MUST 	SPECIFY 	LINKS: 	ROUTE 

CHECK 	MULTIPLE 	ROUTE 	NO.: NUMBER. 	PLUS 	COORDINATES TRACES 	(LINK 	BY 	LINK) 	CAN 

MORE 	DIFFICULT 	IF 	SEVERAL BE 	ESTABLISHED 

ROUTE 	NUMBERS 	INVOLVED 

D. 	INTERCHANGE 	RAMP 0. 	CAN 	BE 	DOME: 	REQUIRES 	AD- D. 	REQUIRES 	USE 	OF 	ROUTE D. 	EASY 	- 	RAMP 	TERMINAL 	RETRIEVED 

UI TIONAL 	TREATMENT 	FOR NUMBER. 	AS 	WELL AS CO- IN 	FIELD 	ACCORDING 	TO SYSTEM 

RAMP 	IDENTIFICATION ORDINUTES LOGIC 

lB. ACCURACY IV. 19. IV. 

A. 	FIELD 	PROCEDURES A. 	POSSIBILITIES 	FOR 	ERRORS A. 	POSSIBILITY 	FOR 	HAl' 	RYUS:WG A. 	SIMPLICITY 	OF 	PROCEOURE 

IN 	ROUTE 	DETERMINATION: ERRORS: 	RURAL 	EOEAS 	WITH SUGGESTS 	MINIMUM 	POSSIBILITIES 

ROUTE 	SIGNING 	IMPORTANT: LITT!.T 	CU: 	IIYE: 	ETVERSE FOR 	ERRDVS. 

URBAN 	AREAS 	CRITICAL: CDNF1,T IONS 	SULR 	AS 	DARK. 

ALSO 	ADDITION 	(OR 	OUR- MESS 	RUIN, 	SNOW. 	LARGE 

TRACTION/ 	WY 	INVTIGATOR NUMBER 
	

OFDIGITS 	:NCO- 

PROVIDES 	ARROF 	C-LFETRTUNITI ORDINATE 	INCREASE 	FRE-- 

QUENCY 	OF 	RECORDING 	ERRORS. 

POSSIBILITY 	OF 	REUS:NG 

FRODR 	IN 	DETERMINING 	CO- 

ORUINA1E 	WITH 	STRAIGHTEDGE 

B. 	MEASUREMENT 	OF 	REFERENCE 	DISTANCES B. 	CONTROLLED 	BY 	EQUIPMENT 	DE- B. 	NO MEASUREMENT 	INVOLVED CONTROLLED 	BY 	EQUIPMENT 	DE- 
SIGN 	AND 	CALIBHAT ION: SIGN 	AND 	CALIRRAT ION: 

POSSIBILITY 	FOR 	ESTIMATES POSSIBILITY 	FOR 	ESTIMATES 
RATHER 	THAN MEASUREMENTS RATHER 	THAN MEASUREMENTS 

MININUN 	INTERVAL C. 	ONE-TENTH MILE 	GENERALLY C. 	DEPENDENT 	UPON 	MAP SCALE C. 	ONE-TENTH 	MILE 	GENERALLY 
WITH 	E Al STING 	EQY I PMEN T AND 	DETAIL: 	I - 	4000 WITH 	EXISTING 	EQUIPMENT 
AND 	I-NILE 	SPACING 	OF GENERALLY 	AVAILABLE: (RURAL( 
REFERENCE 	MARKERS: 	I/IOU APPROXIMATELY 	I/lU 	MILE ONE-HUNDREDTH 	MILE 	POSSIBLE 
MILE 	P0551 BLE 	WITH 	USE 	OF POUSI BLE N ITH 	T R I P ODOMETERS 	(RURAL) 
TRIP 	ODOMETERS ONE-HUNDREDTH 	MILE WITH 

EXISTING 	TAPE MEASUREMENTS 

(URBAN) 

19. USE 	FORHOUSEKEEPING 	FUNCTIONS 	(.e.. 	ACCIDENT 9. 19. 19. 
SURVEILLANCE) 	DURING 	EARLY 	DEVELOPMENT 	STAGES 

A. 	ACCIDENT 	DATA 	AVAILABLE 	BY A. 	LONGER 	DEVELOPMENT 	TIME A. 	ACCIDENT 	DATA 	QUICKLY 	AVAIL- 
NILE 	INCREMENTS 	OR 	I/lU SUGGESTS 	LITTLE USEFUL ABLE 	FUR 	INTERSECTIONS 	AND 
MILE 	INCREMENTS: 	INTER - DATA 	DURING 	EARLY 	STAGES LINKS: 	SYSTEM 	DESIGNET 	FOR 
SECTION 	ACCIDENTS 	SHOULD SEPARATETREATMENT OF 	NODES 
BE 	TREATED 	SEPARATELY: AND 	LINKS: 	PRINT -OUT 	OF 
FRIMO-OUT 	OF 	DATA 	OROEREO EATA ORDERED BY NODE NUN- 
BY 	ROUTE NUMBER 	AND BER 	CAN 	BE USED MANUALLY: 
ACCUMULATED MILEAGE 	CAN 	RE NOT 	POSSIBLE 	TO 	OBTAIN 
USED MANUALLY: 	TRAFFIC ACCIDENT 	RATES 	UNTIL 	TRAFFIC 
VOLUME 	DATA MAY 	BE 	AVAIL- VOLUME 	DATA 	IN MODAL 	FORMAT 
ABLE 	IN 	ROUTE 	MUMBER- 

ACCUMULATED MILEAGE 	FORM 
FOR 	IMMEDIATE 	DETERMINATION 

OF 	ACCIDENT 	RATES 

20. USE 	FOR 	RESEARCH 	UN 	DESIGN 	AND 	OPERATIONS 20. REST 	POSSIBILITIES. 	SINCE 	ROAD 20. NONE 20. LIMITED 	BY 	AMOUNT 	OF 	CORRELATION 
CHARACTERISTICS DURING 	EARLY 	STAGES 	OF INVENTORY 	AND 	ACCIDENTS 	LIKELY WHICH 	CAN 	BE 	ESTABLISHED 	BETWEEN 
DEVELOPMENT TO 	BE 	DIRECTLY 	CORRELATED: INVENTORY 	AND 	ACCIDENT 	RECORDS 

MINIMUM 	INTERVAL 	CRITICAL 	FOR 

SOME 	VARIABLES 	(I.e. .GEORE TRY) 
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existing procedures and should be easily learned and accu-
rately used by the average police investigator with a mini-
mum of additional training. Field procedures for the 
route number-accumulated mileage method are also rela-
tively uncomplicated. There are, however, some illogical 
situations which may bother the average investigator. The 
treatment of complex environments, such as interchanges, 
is one problem. Identifying route numbers in some areas 
is also a problem, particularly in urban environments. The 
coordinate approach carries with it an inherently complex 
field procedure. To use the method as it is now proposed, 
it would be necessary to teach map reading to all accident 
investigators. Although this is probably a task which 
could be accomplished with a substantial investment of time 
and money, it does not appear feasible from a practical 
standpoint. The problems of map reading in adverse 
situations (darkness, rain, etc.) have already been noted. 
This appears to be one of the most limiting difficulties with 
the entire concept. At the same time, it should be acknowl-
edged that there is little practical experience available upon 
which a specific recommendation might be made. In sum-
mary, however, there can be no doubt that each of the 
other alternate methods involves rather simple field proce-
dures in comparison to the coordinate method. 

The preponderance of accident occurrence in urban 
areas, coupled with an increased awareness of urban prob-
lems on the part of the state, means that the location 
method should be equally adaptable to rural and urban 
environments. A uniform method within a particular 
state is most certainly a prerequisite for an efficient records 
system. Here again, the nodal method offers a distinct 
advantage over both of the other alternates. Because it is 
based on the marking of intersections which mathematically 
simulate the network, it conforms very well to changes in 
street and highway density. The route number-accumulated 
mileage concept is basically a rurally oriented procedure. 
This concept can work in urban areas, but with more 
difficulty. The shortcomings of route signing in urban 
areas can be cited as one significant problem area. Urban 
environments impose more stringent requirements on the 
location method, because the density of accidents is much 
higher, the street and highway system is more complex, 
and the unit of analysis must be smaller. The two-dimen-
sional aspect of the coordinate procedure raises the possi-
bility of small errors in location moving the accident site 
from one facility to another. Obviously, much larger-scale 
maps would be required in these urban areas for coordinate 
use. In the urban areas, the available U.S.G.S. maps carry 
a minimum of cultural data. Keleher (43) has raised the 
possibility of using urban area coordinates which are 
based on house numbers. This requires a rectangular grid 
street network and uniformity in numbering, which is not 
the usual case in U.S. cities, particularly on the East 
Coast. Here again, this would mean using a different pro-
cedure in urban and rural places and should be discouraged. 

The nodal approach, because it identifies road segments 
by their termini, can be used very effectively at highway 
interchanges, channelized intersections, and other complex 
environments. Accidents can be located to a particular 
ramp with no change in the logic of the approach. These  

types of locations would be special cases within the route 
number-accumulated mileage concept. Procedural prob- 
lems are readily apparent, and even though some states 
have avoided them entirely, a workable solution probably 
can be found. On the other hand, they would be special 
cases and would not exactly follow the logic of the rest of 
the system. 

In many instances the length of time necessary to design 
and develop a system is an important factor in the choice 
of approach. The high level of interest in traffic safety 
activities which is now evident, coupled with Federal time-
tables for state traffic safety activities, suggests that this is 
indeed the case with accident location. Both the route 
number-accumulated mileage and nodal methods involve 
a relatively short start-up time. The design of the basic 
system involves little more than a mapping of the field 
reference markers and their installation. This can probably 
be accomplished in most states in a matter of six months. 
Complete development of the system, including computer 
programs for surveillance of accidents and the correlation 
of road inventory records with accident records, would 
of course involve an additional and substantial period of 
time. The extensive and complex mapping requirements 
for the coordinate approach, combined with the need for 
a substantial training effort, would result in a longer devel-
opment time than either of the other two alternates. 

Once an adequate location and surveillance program 
has been accomplished on state highways, extension of the 
process to county roads and city streets will be the next 
logical step. This is an important consideration in the 
planning of the process. To maintain a uniform procedure 
within a state, the location method should be flexible enough 
to cover the entire street and highway network. Neither the 
coordinate system nor the nodal system presents any prob-
lem in this area, providing that the design details presume 
expansion to the entire street and highway network. For 
example, the numbering sequence for the network ap-
proach must reserve enough capacity within each city, town, 
or county to accommodate the total number of nodes. 
Likewise, the maps developed for the coordinate system 
must provide increased cultural and identification informa-
tion within urban areas. The route number-accumulated 
mileage procedure has not been used to completely cover an 
urban area. Obviously, a very small percentage of the 
street system within any large urban area carries a route 
number, and most of these can be assumed to be on a state 
or Federal highway system. Therefore, in order to use 
the process for an entire urban network, it would be neces-
sary to identify streets in some numerical fashion. Sug-
gested approaches have involved a simple alphabetical list-
ing with assigned code numbers. Following this approach, 
the police officers would report street names and block 
locations, and thus would depart from the standard route 
number-accumulated mileage procedure used on state 
highways. 

Road inventory records have invariably been kept on 
the basis of route number-accumulated mileage. Conse-
quently, in many states the route number concept should 
be immediately and directly compatible with accident 
records kept on the same basis. Compatibility with the 
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coordinate concept would be difficult. A complete "digi-
tizing" of the highway network would probably be the only 
approach. Compatibility then can be established, but with 
a substantial effort. There is little compatibility between 
the nodal system and the route number-accumulated mile-
age concept. It would be possible to establish this com-
patibility, but again with some effort. It is difficult to esti-
mate the amount of work which might be necessary. The 
key question is the relationship between link and inventory 
termini. Many of the physical and operating characteristics 
included in road inventory records are susceptible to 
changes at intersections. Traffic volume is a good example. 
A limited review of the relationship in Maine has suggested 
that enough inventory section termini occur between inter-
sections to substantially increase the number of segments 
which could be expected in the correlation process. 

The amount of location information has varied consider-
ably from state to state. In some cases the accident coding 
process includes the coding of a substantial amount of 
supplementary location and descriptive information which 
could be mechanically retrieved if correlation with road 
inventory was possible. One state, for example, has coded 
almost an entire punch card with location and descriptive 
information. Nevertheless a basic minimum amount of 
data can be established. The city or town is invariably 
coded onto the punch card regardless of the location system 
used, and this could be considered a standard part of the 
location data. For the route number-accumulated mileage 
concept the coding of the route number and the mileage 
involves about the same length of data bit as a link location 
under the nodal procedure. A nodal location, on the other 
hand, requires a much shorter bit, and this can be some 
advantage in data processing efficiency. Coding the coor-
dinate location would require in the vicinity of 14 digits 
in addition to the route number, which should be included 
as a control of the two-dimensional system aspects. 

There have been no factual evaluations of the accuracy 
limits of the various location alternatives, and so a subjec-
tive analysis is all that is possible. The simplicity of the 
nodal procedures and the minimum length of the data bit 
suggest a low error potential in the field procedures. The 
most likely source of error in the route number-accumu-
lated mileage field procedures would be erroneous route 
numbers, and this could be expected to occur most fre-
quently in urban areas. The use of coordinates would 
introduce the possibility for map reading errors. Rural 
areas with a minimum of culture would be most subject to  

map reading errors. In addition, adverse environmental 
conditions could be expected to play a substantial role in 
the accuracy level. Furthermore, the length of the data bit 
increases the possibility of recording errors. Obviously, 
measurement inaccuracies are completely avoided with 
coordinates, because no measurements are involved. In 
rural areas most measurements have been accomplished 
with standard 0.1-mile odometers, and this procedure can 
be expected to continue. The error potential then is pri-
marily related to the calibration and use of the odometer 
equipment. Regardless of the location procedure (route 
number-accumulated mileage or nodal), the possibility 
exists for estimates rather than measurements. This is 
clearly a problem which can be solved only by increased 
training efforts directed toward the investigator. The 
accuracy level obtainable in urban areas would be related 
to the frequency of reference markers. Use of the nodal 
concept would result in reference markers spaced at block-
long intervals, and thus tape measurements could be uni-
formly applied. It is believed that the accuracy level neces-
sary for accident location can be defined only with future 
analytical research on the relationship between the geom-
etry of the collision path and the highway, the length of 
the collision path, and the type of accident. 

The ability to use accident data for surveillance of the 
network and for design-oriented research is a consideration. 
Given adequate development time, it is hard to choose any 
specific advantages or disadvantages of the three concepts 
in terms of the usability of the information. However, 
the nodal and route number-accumulated mileage systems 
are more adaptable to stage development than is the coor-
dinate system. During the initial development stages it is 
possible that some states will want to use interim prod-
ucts of the system, such as manual print-outs of accident 
data, and this can be done easily with the nodal or route 
number-accumulated mileage procedures. In manual form 
the data would be understandable and usable for some pur-
poses. The time which would be necessary to develop the 
system to this level is quite short. Manual print-outs of the 
accident data in coordinate form would be more difficult to 
interpret, and the development time would be much longer. 
In short, both the nodal and the route number-accumulated 
mileage concepts offer the opportunity for use both manu-
ally and with computers at an earlier stage. This is judged 
to be a considerable advantage in the light of existing 
pressures for program development. 
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APPENDIX C 

DEMONSTRATION STUDIES 

1. TIRE STUDY 

The accident report form and its instructions for use are 
shown in Figure D-3. This form was used in both Virginia 
and Indiana. In addition, the research agency received 
the regular Indiana state accident report form, from which 
speed before the accident was obtained for analysis. The 
following discussion consists of three major sections. The 
first is addressed to the incidence of flat tires, its causes and 
its effects. The second section deals with measures of 
tire wear. Last, there is a discussion of skidding as related 
to tire and road condition. For the most part these results, 
in addition to their inherent interest, testify to the value of 
the measurements taken. 

From the accident diagram and the accident description, 
the temporal relationship between the first known tire 
failure and other damage to the vehicle was determined. 
In this way, one can judge something of the contribution 
of tire failure to accident involvement. First, it was deter-
mined that of the 3,993 accident vehicles studied, 3,289, 
or 82 percent, had no flat tires. There were only 29 vehicles 
for which it could be shown that tire failure preceded all 
other damage and 425 vehicles for which tire failure pre-
ceded some other vehicle damage. Thus, for only 0.7 
percent of the vehicles was there evidence that tire failure 
initiated the accident; for 10.6 percent of the vehicles, tire 
failure might have contributed to further damage. Through- 

out the remaining discussion, all tires which had a zero 
air pressure are discussed in terms of tire "failures"; 
those for which failure precipitated the accident are dis-
cussed in terms of "initial failures." 

These figures might be low because the accident investi-
gators were not specifically asked to provide information on 
this topic. However, it could be expected that the majority 
of accidents precipitated by tire failure would have been so 
noted in the accident description. Accepting this, flat tires 
could have occurred as the primary disturbance in no more 
than 1.5 percent of the vehicles. Because there were 2,841 
accidents, it can be said that it was very unlikely that tire 
failure precipitated more than 2.1 percent of the accidents. 

That tire failure rarely precedes other vehicle damage 
suggests that most failures result from impact. Thus, it was 
thought that the probability of tire failure would be higher 
as the number of vehicles involved in the accident increased. 
(Although the number of vehicles involved does not- neces-
sarily increase the number of impacts, consideration of 
the minimum number of impacts as a function of number 
of colliding vehicles reveals such a •trend should exist.) 
The results are given in Table C-i. 

Clearly, the mean number of failures decreases rather 
than increases with the number of involved vehicles. In-
asmuch as this was unexpected, an explanation was sought 
in terms of vehicle speed. Figure C-i shows that tire 
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Figure c-i. Mean number of flat tires per vehicle for single- and multivehicle accidents 
as related to vehicle speed. 
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failure rate in accidents does increase with speed; it can 
also be seen that failure rate is lower for vehicles in multi-
vehicle accidents. Furthermore, the frequencies associated 
with each data point show that, on the average, speeds for 
single-vehicle accidents are higher than for multivehicle 
accidents. As a result, it can be said that vehicles in 
multivehicle accidents usually have lower speeds and there-
fore the mean tire failure rate for all such vehicles is lower. 
However, it is of equal interest to note that within any 
of the speed ranges the failure rate was lower for vehicles 
in multivehicle accidents; as such, the lower rate for these 
vehicles cannot be attributed solely to differential speeds. 

In order to study the relationships between tire failure 
and some tire characteristics, the data given in Table C-2 
were compiled. These results appear to be quite interesting. 
However, they are equally misleading. The difficulty is 
that they fail to take into account the lack of independence 
among the four tires on each vehicle; they also ignore 
interrelations between the tire characteristics themselves, 
as well as their relationships to tire location on the vehicle. 
' The first of more detailed analyses showed that tire 

failure depends heavily on tire location (Table C-3). 
Clearly, the likelihood of a flat tire is much higher for those 
in front than for tires mounted on the rear wheels. 

Next, analyses were carried out to determine if tire 
failure was a function of plies, recaps, snow tires, and tread 
depth; in each case, analyses were designed so as to control 
for tire location. All results were statistically insignificant, 
except the comparison of tire failure versus tread depth. 
Here it was found that the probability of tire failure in-
creased as center tread depth decreased. A summary of 
the results is given in Table C-4. 

Explanations for the results in Table C-4 depend 
primarily on the relationships between the tire character-
istics and tire location (front vs rear). That two-ply tires 
failed more frequently is probably due to the fact that two-
ply tires are more frequently used in front than rear. That 
recaps fail less than original treads is due to the fact that 
recaps are most frequently used on the rear wheels; the 
same holds for snow treads. It is interesting that worn tires 
failed more, in spite of the fact that tires with less than 
3/16 in. of tread more frequently appear on rear wheels. 
These results are based on the data given in Table C-5. 

Controlling tire location and tire failure, tire conditions 
were studied pairwise. All comparisons were significant 
except that the tread types (snow and standard) did not 
show differential tread depths. On the other hand, it was 
found that: 

I. Snow tires are more likely to be recaps than are 
standard tires. 

Four-ply tires are more likely to be recaps than are 
two-ply tires. 

Four-ply tires are more likely to have less than 3/ 16-
in. tread than are two-ply tires. 

Four-ply tires are more likely to be snow tires than 
are two-ply tires. 

Recaps are more likely to have less than 3/16-in. 
tread than are standard tires. 

TABLE C-1 

TIRE FAILURE AS RELATED TO NUMBER 
OF VEHICLES INVOLVED IN AN ACCIDENT 

NO. OF MEAN FAILURES 
VEHICLES FREQUENCY PER VEHICLE 

1 1249 0.369 
2 2453 0.121 
3 or more 228 0.114 

TABLE C-2 

TIRE FAILURE VS TIRE CHARACTERISTICS 

CHARACTERISTIC PERCENT FLAT 

Plies: 
2 5.8 
4 4.7 
6 3.3 

Recap: 
Yes 0.041 
No 0.054 

Tread type: 
Stud 2.4 
Snow 3.0 
Standard 5.3 

TIRE FAILURE VS TREAD DEPTH 

Center tread depth (in.): 
Less than l/j 6.5 
1/ 	to less than 5.7 
2/16  or more 4.4 

Failure rate essentially constant for tread depth greater than 2/16  in. 

TABLE C-3 

TIRE FAILURES RELATED TO TIRE LOCATION 

NO. OF TIRES 

TIRE LOCATION 	 FLAT 	 NOT FLAT 

Left front 215 2898 
Left rear 70 3026 
Right rear 105 3005 
Right front 223 2875 

Summarizing, the leading contributors to tire failure in 
accidents were tire location and tread depth. Number of 
plies, tread type, and recap versus original tread did not 
significantly influence the probability of a tire failure. 
It was also shown that tire descriptors are statistically in-
terrelated among themselves and also with tire location; 
thus, great care is required in planning and interpreting 
data analyses. 
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TABLE C-4 

FREQUENCY OF TIRE CONDITION, BY LOCATION ON THE VEHICLE 

TIRE NO. OF PLIES TREAD TYPE TREAD DEPTH 

LOCATION 2 4 RE-CAP ORIG. SNOW STD. LOW HIGH 

Left 
front 758 2660 826 2287 46 3067 1344 2074 

Left 
rear 663 2640 1065 2031 833 2263 1553 1747 

Right 
rear 667 2624 1057 2053 835 2275 1539 1747 

Right 
front 741 2637 845 2253 58 3030 1351 2017 

TABLE C-5 

INITIAL TIRE FAILURE FOR FRONT AND REAR 
TIRES AS A FUNCTION OF VARIOUS TIRE CHARACTERISTICS 

FRONT TIRES 	 REAR TIRES 

TIRE 	 NOT 	% 	 NOT 	% 
CHARACTERISTIC 	 FLAT FLAT FLAT 	 FLAT FLAT FLAT 

2Ply 5 1494 0.33 1 1329 0.08 
4PIy 6 5291 0.11 6 5258 0.11 
Recap 7 1664 0.42 3 2119 0.14 
Original 11 4529 0.24 7 4077 0.17 
Snow tire 1 103 0.96 3 1665 0.18 
Standard 17 6080 0.28 4 4534 0.09 
Shallow tread 12 2683 0.45 6 3089 0.19 
Deep tread 4 4087 0.10 3 3491 0.09 

Two measurements of tire characteristics require some 
explanation. Tread depth was to be measured at two 
locations on each tire—at a point near the outer shoulder 
or edge of the tire, called "outside tread depth," and at a 
point half way between the two shoulders, or "center tread 
depth." The difference between these two values provides 
a useful measure of degree of uneven wear; it is herein 
defined so that positive values correspond to greater wear 
at the shoulder. Another derived measure of uneven wear 
is the absolute value of this difference. 

Throughout this study, tread depth or its converse, tread 
wear, is typically taken as that measured at the center 
treads. Table C-6, relating center tread depth to outer tread 
depth, shows that almost one-half of the tires measured 
in such a way that the difference between the center and 
outer tread depths was less than 1/16 in. Further, approxi-
mately seven of every eight tires had tread depth differences 
less than ±2/16 in. Thus, center tread depth appears to be 
a reasonable index of general tread depth for a given tire. 

The second measure is a direct evaluation by the acci-
dent investigator of uneven wear, denoted "UW." This 
is a dichotomous variable with values "yes" or "no." It 
was to be judged prior to tread depth measurements and 
to be responsive to visual signs of uneven tread wear, 
blistering, cupping, etc. 

With regard to the likelihood of a flat tire, neither UW 
nor the absolute value of the difference in tread depth 
significantly affected this probability. Similarly, the pro-
portion of flat tires showed no obvious relationship with 
wheel size, rim size, or nylon versus rayon cord. 

In spite of the relatively low number of accidents known 
to be initiated by a tire failure, these cases were examined 
so that the condition of these failed tires could be com-
pared to all other tires. Most of the comparisons were 
not statistically significant; this may have been attributable 
to the independence of tire condition and tire failure. 
However, some of the results were interesting and, since 
the insignificance might have been attributable to the 
small sample size, the results are given in Table C-7. 

The data are certainly not conclusive, but they are sug-
gestive. The only chi-square test allowed by the low fre-
quencies was that for tread depth versus tire failure for 
the front tires; it was significant, showing the probability 
of an initial tire failure to be higher for worn tires. Although 
not controlled for tire location, Figure C-2 shows the 
failure rate for different values of tread depth. Another 
interesting result was that the proportion of initial failures 
was considerably higher for snow tires as compared to 
standard tires. The evidence also suggested that two-ply 
tires might fail more frequently than the four-ply tires. 
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Finally, of the 28 accidents in which there was positive 
identification of which tire initiated the accident, there were 
4 for the left front, 5 for each of the rear tires, and 14 for 
the right front. That a chi-square test for equal likelihood 
of any of the four tires leading to an accident was insig-
nificant might well be due to the very small sample. 

Although the tire failure did not exhibit a relationship 
with the measures of uneven wear, it is nonetheless of 
interest to examine how uneven wear relates to some other 
variables. 

An unexpected result was that front tires show less un-
even wear than did rear tires (Table C-8). These results 

might be attributable to the owner's tendency to put the 
less worn or new tires on the front wheels. 

Uneven wear was shown to bear a relationship to number 
of plies, with less even wear for six-ply tires. The pro- 
portion of six-ply tires for which the absolute difference in 
tread depth was greater than %6 in. was 0.26; for two-ply 

and four-ply tires it was 0.12. 
The probability of UW is about 40 percent higher for 

recaps as compared to original tread tires, the former being 
0.13 and the latter 0.09. Recaps also tend to have less 
tread in use. The average tread depth of recaps was 0.18 

in., whereas for other tires it was 0.22 in. 
It was desired to compare how evenly tires were worn as 

a function of age of the tire. Because the age was not 
measured directly, the year of manufacture of the accident 
vehicle was used. To avoid the confounding effect of new 
tires on old vehicles, the study was limited to those vehicles 
manufactured in 1966 or 1967. The results are given in 

Table C-9. Contrary to what might have been expected, 
the older tires did not show significantly more uneven wear. 
This may be attributable to the better condition of the 
relatively new cars in terms of wheel alignment. 

Because tires are normally expected to wear more at 
the center treads when overinfiated, and at the outer treads 
when underinfiated, a correlation coefficient was computed  

for air pressure (for nonflat tires) and center minus outer 
tread depth. The result (r = —0.0004) was insignificant. 
Following this a correlation analysis was performed for air 
pressure versus the absolute value of the difference between 
center and outer tread depths. The correlation coefficient 

TABLE C-6 

RELATION OF CENTER TIRE TREAD DEPTH 
TO OUTER TREAD DEPTH 

CENTER TREAD DEPTH 

MINUS OUTER TREAD 

DEPTH (1/ 	IN.) 

NO. OF 
OBSERVATIONS 

% OF 

OBSERVATIONS 

—3 279 0.02 
—2 1153 0.07 
—1 4175 0.27 

0 7521 0.48 
1928 0.12 

2 425 0.03 
3 119 0.01 

TABLE C-7 

MEAN CENTER TREAD DEPTH FOR FLAT 
AND NON-FLAT TIRES, BY TIRE LOCATION 

MEAN CENTER TREAD 

DEPTH (IN.) 

TIRE LOCATION 	 FLAT 	 NON-FLAT 

Left front 0.197 0.209 
Left rear 0.177 0.194 
Right rear 0.173 0.195 
Right front 0.193 0.208 
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Figure C-2. Initial failure rate as a function of center tread depth. 
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was small (- 0.02) but statistically significant. Thus, there 
is evidence that higher pressure reduces unevenness of 
wear, but neither the center nor outer treads were favored. 
Too, if air pressure related directly to tread depth, another 
correlation coefficient was computed; its value was 0.04, 
which was significant. Therefore, those vehicles for which 
air pressure was higher showed less tread wear both in 
terms of the amount and the evenness. Whether this reflects 
more strongly the actual relationships between air pressure 
and vehicle wear, or general vehicle care by the owner, is 
unknown. 

Still considering air pressure, a study was made of the 
difference in air pressure between tires on each vehicle. 

TABLE C-8 

UNEVEN WEAR VS TIRE LOCATION 

ABSOLUTE VALUE 
OF TREAD DEPTH 	 NUMBER OF 	 NUMBER OF 
DIFFERENCE (IN.) 	 FRONT TIRES 	 REAR TIRES 

0 	 3933 	 3588 
1/16 	 3142 	 2961 
2/16 	 621 	 957 
/16 	 104 	 294 

All 	 7800 	 7800 
Mean 	 0.038 in. 	 0.046 in. 

TABLE C-9 

FREQUENCIES FOR UNEVEN TIRE WEAR 
VS AGE OF VEHICLE 

ABSOLUTE VALUE OF TREAD 1966 1967 
DEPTH DIFFERENCE (IN.) CARS CARS 

0 895 737 
863 639 

2,4 220 146 
46 44 39 
Mean 0.044 in. 0.042 in. 

TABLE C-b 

DIFFERENCES IN TREAD DEPTH VS UNEVEN WEAR 

TREAD DEPTH PROPORTION OF 
DIFF. (1,46  IN.) UNEVEN WEARS 

-3 0.35 
-2 0.23 
-1 0.12 

0 0.04 
1 0.13 
2 0.29 
3 0.23 

Differences were computed comparing right front to left 
front and right rear to left rear; flat tires were not included. 
The analyses were run for front and rear tires indepen-
dently; because the results were quite similar, only the front 
tire results are presented. Of the 3,325 vehicles examined, 
2,421, or 72 percent, had differential air pressures of less 
than 4 psi. Contrasted to this, 8 percent had differences 
greater than or equal to 8 psi, and 1 percent had differ-
ences of at least 14 psi. Considering that maintenance 
of tire pressure is one of the easiest of maintenance func-
tions, this is indeed a sad commentary on owners' attitudes 
on vehicle upkeep. 

The two measures of uneven wear are compared in Table 
C-b. Although uneven wear was not intended to measure 
the same thing as tread depth difference, some relationship 
would certainly be expected between the two; Table C-li 
confirms this. As the difference in depth increases, so does 
the probability of an uneven wear report. Aside from the 
fact that both measures have common elements, it is true 
that a tire with a large tread depth difference is also more 
likely to have defects of which uneven wear is a measure. 
Noting that the proportion of uneven wear reports does 
not increase strongly as the difference goes from 1,46 to 2A6 

perhaps Suggests that for those investigators for whom the 
difference is an important contributor to uneven wear 
a difference of 2,46  is the threshold value. 

The relationship between uneven wear and the absolute 
value of the difference of tread depths was studied as a 
function of the smaller of two values-center tread depth 
and outside tread depth. It was thought that as this 
minimum value decreases, differences in tread depth would 
be more visually obvious, and the likelihood of uneven 
wear would increase. Table C-li shows this to be clearly 
true. The smaller of the two, outside or inside tread depth, 
is an important determiner of the sensitivity of uneven 
wear to tread depth differences. As the minimum value 
decreases, the sensitivity increases. That the proportion 
of UW's never exceeds 0.5 in this table indicates that UW 
is certainly not completely determined by tread depth 

TABLE C-il 

PROPORTION OF UNEVEN WEAR TIRES FOR 
VARIOUS TREAD DEPTH DIFFERENCES AND 
MINIMUM OF CENTER AND OUTER TREAD DEPTHS 

MINIMUM PROPORTION OF UW'S FOR ABSOLUTE 
TREAD TREAD DEPTH DIFFERENCE OF 
DEPTH 
(%6 IN.) 0 1,46 IN. 34o IN. ,4G IN. COMBINED 

0 0.11 0.31 0.46 0.39 0.23 
1 0.07 0.18 0.34 0.30 0.16 
2 0.03 0.11 0.19 0.20 0.09 
3 0.03 0.09 0.13 0.10 0.07 
4 0.02 0.08 0.07 0.19 0.05 
5 0.02 0.05 0.09 - 0.03 
6 0.01 0.00 - - 0.01 
7 0.05 - - - 0.05 
All 0.04 0.13 0.25 0.27 
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difference. That UW is sensitive to tire characteristics 
other than tread depth is attested to by the nonzero pro-
portion of UW reports when depth differences are small. 

The probability of skidding in a wet-road accident (0.48) 
was greater than the probability of skidding in a dry one 
(0.34). (Note: all of these data exclude skidding after 
impact.) Of those vehicles that did skid, the probability 
of leaving the road was 0.52 for wet roads, and 0.43 for 
dry road. These findings are based on the following: 

Road No Skid Skid Skid No Skid 
Condition Off Road Off Road On Road On Road 

Dry 418 366 488 1247 
Wet 95 217 197 356 

Thus, it appears that not only is a wet road conducive 
to skidding, but that skidding is, in a sense, more violent 
on such a surface. There are other data to support this 
latter conclusion. First, let rotational effects be defined as 
the occurrence of an angular velocity and directional 
changes as the departure from the preskid direction of 
travel. Then it can be said that the probability that a skid 
had rotational effects on a wet road was 0.40 (Fig. C-3), 
whereas for a dry road it was 0.26. Second, the probability 
that a skid yielded directional changes on a wet road was 
0.66; for dry road it was 0.57. 

Some qualifying remarks are in order. Because wet-road 
skidding seems to be less controllable, such skidding might 
produce more evidence for the accident investigator. This 
could contribute to an increased difference in the reported 
probability of skidding when comparing wet roads. 

Continuing the study of pre-impact behavior, it was of 
interest to determine the effect of tread depth upon skid-
ding phenomena. (These data are purely descriptive; tests 
were not performed because this would have required 
procedures to preclude the effects of the statistical depen-
dence among the four tires within each vehicle.) First, the 
relationship between center tread depth and the probability 
of skidding was extremely weak: the mean depth for 
skidding vehicles was 0.198 in.; for nonskidding vehicles, 
0.203 in. On the other hand, given that skidding occurred, 
it appeared that there was a mild tendency for the skid to 
be more violent when tires had less tread depth: the mean 
tread depth for tires involved in straight ahead skidding 
was 0.205 in. as compared to 0.194 in. when skidding in-
volved directional change; the mean tread depth for tires 
involved in nonrotational skidding was 0.202 in. as com-
pared to 0.188 when skidding was rotational. The data 
are shown in another way in Figure C-3, where the 
proportion of vehicular direction changes and rotations 
incurred during preimpact skidding are shown to have 
increased as tire wear became greater. Whether the skid-
ding data are best explained by physical tread depth-road 
relationships or by sampling phenomena such as the 
quality of the tire reflecting the condition of the vehicle's 
brakes was not determined in this study. 

In summary, although tire failures frequently occur in 
accidents, by far the greater proportion of failures result  

from the accident; no more than approximately 2 percent 
of the accidents were initiated by tire failure. 

The tire characteristic most closely tied to tire failure 
was tread depth. It had a significant relationship to the 
likelihood of a flat tire being produced by an accident, as 
well as the likelihood of a flat tire which produced the 
accident. In both cases the failure rate seemed to accelerate 
as the tread wore down through a range near 2/16 in. 

Although tire failure in accidents at first seemed to be 
related to number of plies, recap versus original tread, 
and snow versus standard tires, these relationships were 
shown to disappear when tire location was taken into ac-
count. With regard to the small sample of initially failed 
tires, the proportion of failed snow tires was considerably 
higher than of failed standard tires. 

It was also seen that failure rate was approximately 
twice as high for front tires as compared to rear tires; 
this might be attributable to failures resulting from impact. 
However, in the 28 initial failure cases the right front 
tire failed approximately three times more often than any 
of the others. 

Although the various measures of how evenly the tires 
were worn entered into relationships with air pressure, 
number of plies, tire location, and recap versus original 
tread, only tire location bore a measured effect upon tire 
failure. 

Considering skidding as a criterion of tire performance, 
it was seen that there was a tendency for worn tires to 
yield less control while skidding; however, they were only 
slightly more likely to induce skidding than were less worn 
tires. 

With regard to the value of the measures discussed in this 
section, there would seem to be little doubt but that further 
studies of this nature can provide meaningful knowledge. 

2. STEERING COLUMN STUDY 

The form and its instructions for use are shown in Figure 
D-4. In this study the emphasis is slightly different than in 
the other studies because the difficulties in measuring 
movement of the steering assembly were known. The steer-
ing wheel represents an odd-shaped structure suspended in 
space. The wheel can be damaged or bent in any direction 
and the column on the subject cars is designed to collapse. 
Furthermore, the structure surrounding the column and 
wheel are subject to deformation and thus are poor refer-
ence points. Measurements of interest were: G, the fore-
shortening of the steering column grid due to collision; P. 
the foreshortening of the distance between the steering 
wheel and the instrument panel; and F, the foreshortening 
of the distance from the steering wheel to the frame above 
the rear window (see Fig. D-4). These definitions can 
be clarified by looking at the accident form. No measure-
ment of column collapse forward of the firewall was at-
tempted. 

The reasons for doubt, prior to analysis, as to the quality 
of these measures fell in two major areas. First, the mea-
sures are intended to quantify movement of the steering 
assembly during the accident. This can be done only if 
the reference points (the window frame, and the instru- 
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ment panel) do not move. To exclude from analysis those 
vehicles in which the references did not remain fixed, 
photographs were used to determine instrument panel 
damage and other deformation that could affect measure-
ment. 

The second source of error is not so easily managed, 
the problem here being accuracy of measurement. The  

measuring instrument is illustrated on the accident report 
form. In determining standard lengths against which to 
compare post-accident distances, many of the difficulties 
were found to arise in making the required measurements. 

It was felt that the most difficult measurement to make 

was the grid length. (It should be noted that the standard 
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TREAD DEPTH (1/16 INCH) 
Figure C-3. Proportions of rotation or change of direction as a function of center tread depth. 
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distance for this measure is 9.7 in.) Reasons for difficulty 
include: 

The grid is covered by a jacket and the jacket length 
varies from model to model. 

The measuring stick could not be laid along the 
steering column. 

It is inconvenient and difficult to make the measure-
ment. 

Sources of difficulty in measuring the distance to the in-
strument panel include: 

Panel contours often allow for measurements giving 
considerably different readings. 

Cowling prevents the measuring stick from reaching 
the stem of signal levers. 

It is difficult to see without a lot of bending, etc. 

It was thought that the measurement to the frame of the 
rear window would involve the least deterrent to accurate 
measurement. Even here, however: 

If the stick was pointed straight back it often could 
not touch the stem of the signal lever. 

In some cars, failing to point the stick straight back 
could yield large errors. 

Head-rests must be removed in order to take the 
measurement. 

Of course, for any of these measurements there is the 
usual possibility of misunderstanding what is to be mea-
sured, of moving the stick before the measurement is read, 
and of simply misreading the value. 

Table C-12 gives a summary of empirical results con-
cerning these measures. The data presented are some-
what restricted for the purposes of this discussion. For 

F, which concerns the rear window frame, vehicles 
which rolled over were excluded from analysis. For A P. 
the changed distance to the panel, vehicles with panel 
damage were excluded. First, it can be seen that under 
the condition of "no damage" there is some deviation of 
the observed means from zero. These differences are not 
statistically significant (none of the means in the table 
is significantly different from zero); this may or may not 
be attributable to sample size. 

When measurements indicated damage but report form 
questions indicated no damage in the general wheel and 
column area and case photographs substantiated this, it 
was possible to correct the case. This was true in the 
majority of cases. The large error associated with the 
measurement of the distance from steering wheel to 
window frame reflects a number of cases where an impossi-
ble reading (e.g., twice the possible dimension) was re-
corded. 

Study was carried no further than this because accident 
severity was low and the number of damaged steering 
columns was small. The subject and the methodology are 
thought to warrant further study. 

3. DRIVER STUDY 

The accident report form used for this portion of the 
study is shown in Figure D-2. Data were collected to 

TABLE C-12 

NUMBER OF OBSERVATIONS, MEAN, STANDARD 
DEVIATION, AND HYPOTHETICAL MEAN FOR 
AP, AF, /G WHEN NO STEERING COLUMN 
DAMAGE WAS REPORTED 

NO. OF 	MEAN 	STD. 	HYPO- 
DETER- 	OBSERV., MEAS., 	0EV., 	THETICAL 
MINATION 	N 	X (IN.) 	(IN.) 	MEAN, U 

AP 	125 	0.21 	1.98 	0 
LF 	 121 	—0.68 	5.52 	0 

64 	0.41 	2.76 	0 

provide information in the areas of driver characteristics, 
driving habits, their interactions, and their relationship to 
accident culpability. The sample included more than 2,800 
drivers, of which 22 percent were female. Data were col-
lected at all hours of the day, seven days a week. 

The first series of analysis in this study is based on the 
sex of the driver. Here, as in many of the analyses to 
follow, care must be taken in interpreting the results be-
cause the results relate to sex of a driver, given the fact 
that the accident occurred, and not necessarily to the, 
likelihood of an accident, given the sex of the driver. With 
this type of data it cannot normally be determined if 
proportions change due to a change in the relative exposure 
of the male versus female driver or due to a change in 
their propensity toward accident-related variables. Of 
course, if exposure data were available this problem would 
be obviated. The analysis which follows illustrates this 
statement. 

Examination of data for time of accident occurrence 
shows that only 5 percent of the drivers involved in acci-
dents between 1 and 5 AM were females. On the other 
hand, the peak hours during which women are involved in 
accidents fall between 7 AM and 12 NooN; during these 
hours the proportions of female drivers ranged between 
0.27 and 0.46. These figures may be compared to 0.22, the 
proportion of females among all accident drivers. These 
results are not sufficient to conclude that women are less 
prone to accidents in the early morning hours. It is more 
likely that the results derive from a reduced proportion 
of female drivers at that time of day. If information were 
available specifying this latter information, more conclu-
sive statements could be made about tendencies toward 
accident involvement as a function of sex and time. 

By contrast, it was found that the proportion of accident 
drivers who were female did not depend on weather 
conditions (clear, cloudy, or rain) or on road surface 
condition (wet or dry). The incidence of such variables 
as fog, mud, and gravel was so low as to prevent their 
inclusion in these analyses. 

A chi-square test showed that the proportion of female 
drivers was not independent of distance of the accident 
from the driver's home. The mean distance for males 
was lower than that for females (64.5 miles and 70.0 
miles, respectively), but the difference was not statistically 
significant. It may be pointed out that the direction of the 
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difference is primarily attributable to the increasing pro-
portion of females having accidents occurring more than 
100 miles from home. For distance of less than 100 miles, 
the proportion of female drivers tended to decrease as 
distance from home increased. Perhaps the most notable 
aspect of these data was that the females had most of 
their accidents close to home or far from it; they appear 
least frequently in the 5-to-100-mile range. 

In comparing sex of the accident vehicle driver to 
frequency of use of the accident road, the following values 
were assigned as frequencies: daily, 250 per year; weekly, 
50 per year; monthly, 12 per year; and rarely, 2 per year. 
Using these, it was found that the average frequency for 
females was 112.5 per year; for males, a significantly 
different 98.6 per year. This difference was primarily 
attributable to the relatively high proportion of females 
stating that they drove the accident vehicle daily. It was 
also noted that the proportion of females who used the 
roads daily or rarely was higher than the proportion using 
them weekly or monthly. 

Comparing the proportions of female drivers in terms 
of trip destinations, the proportion decreases from shop-
ping, to work, to home and business, to other (primarily 
social); the respective proportions are 0.38, 0.27, 0.22, 
and 0.18. 

Grouping these data yields a picture of the female 
accident driver as one who tends toward routine trips on 
familiar roads. Possible exceptions to this are the lack 
of effects of adverse weather and the increased proportion 
of women driving hundreds of miles from home. The 
data might also be considered to suggest the hypothesis 
that women are more likely to have accidents when driv-
ing on distant, unfamiliar roads. 

It was also observed that of those drivers who operated 
a vehicle in addition to the accident vehicle, the males 
had almost twice the stated annual mileage on the second 
vehicle; women averaged about 4,700 miles per year, 
whereas the average for men was approximately 9,500 
miles per year. 

Finally, no significant relationship was found between 
sex and driver education. The proportion of males with 
driver education was 0.22; for females it was 0.20. 

The age of the accident vehicle driver was analyzed rela-
tive to the same variables as was sex. With regard to the 
time of the accident, the youngest drivers appeared between 
midnight and 4 AM; their mean age was 26.7. Between 
9 and 11 AM the mean age of accident drivers was 40.5. 

As was observed with respect to sex of driver, weather 
and road surface condition seemed unrelated to the driver's 
age. Thus there is no indication that women or certain 
age groups avoid adverse driving conditions, or that the 
conditions have a differential adverse effect on those drivers. 

Comparing the age of accident vehicle drivers to the 
distance between the accident site and the driver's home 
reveals a positive correlation between the two. Figure 
C-4 shows that age first decreases until the distance reaches 
10 miles, then increases with distance. Assuming that the 
frequency of driving on a road should vary with the dis-
tance from home, one would expect age to peak for the 
extreme frequencies as it does for the extreme distances. 

This is incorrect, although the effect is not a strong one. 
The mean age of those drivers using the road daily or 
rarely was 35.5, whereas for those driving weekly or 
monthly the mean age was 33.3. 

A chi-square test showed that there was a statistical 
interdependence between age and destination of the trip. 
The group which stated their destination as "other" (usually 
social or recreation) had the youngest mean age (31.7 
years); those drivers traveling for business reasons (but 
not to work) had the oldest mean age (40.0). 

Finally, as might be expected, there was a strong relation-
ship between age and driver education. The proportion 
of drivers of ages between 16 and 19 who had driver edu-
cation was 0.53; between 30 and 39 years the proportion 
with driver education was only 0.08. 

Driving experience, as measured by the number of years 
of driving, related to many variables in essentially the 
same way as did the age of the driver. These variables 
include the time of the accident, the distance from home, 
road surface condition, and frequency of use of the road. 

The total annual mileage driven also provides a measure 
of driving experience. In terms of the time at which the 
accident occurred, grouping was less obvious, except that 
the less experienced drivers tended to be involved in night-
time accidents and experienced drivers were more in-
volved in daytime hours. Annual mileage bore no corre-
lation with weather conditions, or with road condition 
(wet-dry). On the other hand, annual mileage had small 
but significant correlations with distance from home 
(r= 0.06) and use of the accident road (r= 0.05). 
Finally, mean annual mileage for drivers with driver edu-
cation was approximately 11,800 miles; for other drivers 
it was 1,200 miles per year more. 

One would expect that the frequency with which a road 
is driven would decrease as distance from home increased. 
This contention was supported by the data, the correlation 
between the two being - 0.31. 

Accident type was used to select accidents involving 
rollover, stationary objects, or no collision. The drivers 
were younger than average, had driven a lesser number of 
years, and drove on the accident road less frequently. Thus 
it appears that drivers who have accidents involving "loss 
of control" tend to have less driving experience. The 
probability that the driver was a female was highest for 
collisions with other vehicles (0.25) and lowest for collision 
with other moving objects (0.09). 

Accident reports were examined and drivers were judged 
in terms of culpability. In unclear situations, no culpability 
judgment was made and the case was excluded from 
analysis. Culpability, never really rigorously defined, was 
viewed in terms of responsibility for the precipitation of 
the accident; events thereafter were ignored. A violation 
of the law was sufficient grounds for a judgment of "cul-
pable." Unusual behavior antecedent to an accident was 
not sufficient for the assignment of a culpable score, unless 
that behavior would normally be expected to produce a 
disruption of traffic. Restricted vision was never the basis 
for changing a culpable evaluation to a nonculpable one; 
rather the attitude was "driver beware." Mechanical fail- 
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ures as precipitators of accidents led to a nonculpable 
evaluation. 

As might be expected, the proportion of culpable drivers 
in single-vehicle accidents was significantly higher than the 
proportion for all accidents. Inasmuch as the analyses for 
single-vehicle accidents yielded the clearer results, the find-
ings discussed in the following are restricted to them. 

The probability that a female was culpable was 0.72; the 
probability that a male was culpable was 0.82. These figures 
are based on 863 cases, and the difference is statistically 
significant. 

The relationship between culpability and age was clear; 
as age increases the likelihood of culpability decreases. As 
a result, the mean age of culpable drivers was 27.8; for 
nonculpable drivers, 31.6. Similarly, and certainly not in-
dependently, culpability was negatively correlated with 
years of driving. Mean experience for culpable drivers was 
10.4 years; for nonculpable drivers, 13.2. Which of the 
two, age or experience, makes the greater statistical con-
tribution to culpability was not determined. 

Familiarity with the accident road was measured in terms 
of the frequency with which it is used. The culpable drivers 
had an estimated mean annual frequency of 76.77 trips per 
year; the nonculpable, 100.23. Furthermore, the data ex-
hibited a monotonic relationship between the proportion of 
drivers who were culpable and frequency of road use. Thus, 
it appears that lack of familiarity with the road is conducive 
to the precipitation of single-vehicle accidents. 

Because culpability decreased with familiarity with the 
road, culpability might be expected to increase with the 
distance of the accident site from the driver's home. This 
turned out not to be true. The mean distance from home 
for culpable drivers was 54.3 miles; for nonculpable drivers, 
85.1 miles. These values are higher than expected, due to 
the effect of a minority of drivers who had accidents 
hundreds of miles from home; the median mileage for both 
groups was 7.5 miles. The difference in means is primarily 
attributable to the decreased culpability as distance in-
creases beyond 7.0 miles. Thus, a reasonable explanation 
for the difference in means may be that a greater propor-
tion of experienced drivers operate their vehicles at the 
larger distances from home. As shown earlier, experience 
and age, both of which varied inversely with culpability, 
increased with distance from home. 

With respect to the destination of the trip, the lowest 
proportion of culpable drivers occurred for business (not 
driving to work in the usual sense) trips, where 61 percent 
were culpable. The highest proportion occurred for destina-
tions other than home, work, shopping or business (pri-
marily social and recreational trips); the percent of culpable 
drivers was 87. These proportions were significantly dif-
ferent from each other and also from the proportion of 
culpable drivers in the remainder of the sample. It is likely 
that many of the factors previously discussed (e.g., distance 
from home, age, etc.) contributed to this result. 

Finally, for those drivers who operated a vehicle in addi-
tion to the accident vehicle, analyses were run relating 
culpability to the similarity of the two vehicles in terms of 

standard transmission versus automatic transmission, 
standard versus power steering, and (3) standard  

versus power brakes. The sample size for each analysis 
was not large-214 drivers—and no results were statisti-
cally significant. There was no evidence for increased 
culpability for those drivers whose cars were "mixed" with 
respect to those types of options. It was interesting, how-
ever, that in each analysis the group of drivers which had 
the highest proportion of culpable drivers consisted of those 
for whom both vehicles had the standard equipment. This 
result might be due to a preference for standard equipment 
by older drivers. 

It is obvious that much sufficiently reliable information 
can be made available through the use of a well-designed 
accident report form. Summarizing, the measure of fre-
quency of accident road use was a most valuable item. This 
was shown by the fact that it entered into relationships with 
so many other variables. The same could be said for driver 
culpability, at least in single-vehicle accidents. 

Probably the most notable over-all implication of these 
data is that different driver types have different driving 
habits. The data show that variables such as age, sex, and 
driving experience tend to affect the time, location and 
familiarity therewith, annual mileage, and destination. 

4. RATIONALE AND ANALYSIS OF ODOMETER DATA 

The rationale on which statistical examination of odometer 
data in this study is based is given in the detailed outline 
which follows. Although problems may be expected in the 
use of these data, it is belieVed:that useful information can 
be obtained. The mileage driven by 'individuals and ve-
hicles and the times and conditions under which they are 
driven represent some of the most important measures of 
accident risk. At present there are few or no data available 
concerning these factors. They are discussed herein to 
suggest the types of data that should be recorded and study 
techniqus that can be employed. 

Summary 

An effort is made to,describe the rationale of statistics on 
odometer reading data. The aspects discussed and the 
results are as follows: 

The exact mode of generation of odometer reading 
distributions is presented. 

In practice, only approximations of these distributions 
are available. 

The mathematical interrelations of an exposure dis-
tribution, a risk function, and an accident car distribution 
are set forth by means of a general mathematical model. 

It is shown that if two (say) observed accident car 
distributions are available, without further information 
nothing can be said about the risks involved. 

Aplausible assumption (risk proportional to mileage) 
is introduced, under which it is possible to evaluate ex-
posure distributions from observed accident distributions. 
Still, risk ratios and absolute risk levels remain unknown. 

It is shown that even if the exposure distributions are 
known, risk evaluation is not feasible. 

The value of odometer reading data is seen to be: 
(a) In risk evaluation, if additional data on the 

number of cars exposed and in accidents are 
available. 
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(b) In exposure evaluation: 
from accident car data if the plausible 
assumption (item 5) -is accepted, and 
from the type of exposure data obtained in 
Virginia. 

Distribution of Odometer Readings at a 
Given Moment of Time 

If the odometer readings of all cars could be obtained at 
exactly the same time, the resulting distribution of the read-
ings would be determined by three essential factors, as 
follows: 

Distribution of cars by age of the vehicle. The effect 
of this distribution is disturbed by the fact that odometers 
are, at times, set back to zero or to a low reading. Thus, 
the reference should be to the distribution of zero-setting 
of the odometers. 

Distribution of cars by intensity of use (e.g., annual 
mileage). 

Random and semi-random disturbances. 

As a first model, the mileage x(t) of the ith car at the 
time t can be written as 

x(t) = b(t - t0 ) + e 	 (C-i) 

in which 

= time of zero setting of the ith car; 
bi  = average mileage per time unit during the period 

from tc j to t; and 
e = random element, 

are the t variables to determine the distribution of x(t). 
The distribution of the t 0, is known to be fairly fiat and 

skewed to the left. The distribution of the b1  could be of 
the gamma type, or nearly normal, as suggested by some 
California driver interview data, and the distribution of the 
random variations, e, can well be assumed to be normal or 
possibly log-normal. Thus, the distribution of the x(t) 
should be of a fairly ordinary bell-shaped type with a single 
node and maybe a pronounced flatness. Further specula-
tion is made difficult by the strong possibility that the t,,i  and 
bi  may not be independent. 

For many practical purposes, it will be useful to consider 
the conditional distribution of the x(t), given t 0. This is the 
mileage distribution of those cars that entered the road at 
the same time, and obviously the distribution depends only 
on b0  and e. 

Approximate Distributions 

In actual practice, ACIR will not be in possession of 
odometer readings made simultaneously on all cars. On 
the contrary, the readings will be spread within a time 
interval—say, one calendar year. This adds another factor 
of variability to the model, increasing the variance of the 
distribution. 

Similarly, one generally cannot obtain conditional dis-
tributions to those cars that entered the road exactly at the 
same time. Instead, cars of the same year of manufacture 
are grouped together, thus adding to the model another 
factor of variability. 

Presumably, each of these two variability elements has 
the rectangular distribution. 

Exposure Distribution and Accident Distribution 

Let "exposure distribution" be the mileage distribution of 
all cars on the road, and "accident distribution" the mileage 
distribution of cars involved in accidents. Then, let 

1(x) = exposure distribution; foo f(x)dx = 1. 

g(x) = accident distribution; 
f 00 

g(x)dx= 1. 
o 

Further, let a risk function be introduced which gives the 
probability of an accident, given the odometer reading, or: 

r(x) = risk function; r(x) 	0 for all x. 

Then, the following functional relationship exists: 

g(x) = r(x) 1(x)/f r(x) 1(x) dx 

= r(x) f(x)/r 

= R(x) 1(x) 	 (C-2) 

in which r is the mean risk and R(x) is the relative risk at 
mileage x. 

The results show that unless r(x) is a constant for all x, 
the accident distribution is different from the exposure 
distribution. The difference depends entirely on the nature 
of the relative risk function R (x). 

Comparing Two Accident Distributions 

Suppose two accident distributions, g1(x) and g2(x), are 
observed. A meaningful comparison is obtained by calculat-
ing the ratio 

p(x) = g1(x)/g2(x) 

- T2  11(x) r1(x) 

- 	 r2(x) 	 (C-3) 

Now, if 1 (x) = /2 (x), Eq. C-3 reduces to 

r(x) 
(C-4) 

rx) 

revealing the fact that, provided the exposures are identical, 
two accident distributions will be identical if (and only if) 
one risk function r2(x) is equal to a constant (721F1) times 
the other risk function r1(x). This is the case, of course, 
if the two risk functions are equal, but also if one risk is 
uniformly twice as high (say) as the other. Thus, under 
these circumstances, the equality of two accident distribu-
tions does not necessarily imply equality of the two risk 
functions. 

On the other hand, if the rho-ratio p(x) is not uniformly 
equal to unity, then a difference must exist between the two 
risk functions, but this difference can not be expressed by 

r2(x) = (r2/ 1)r1(x) 	 (C-5) 

Under these circumstances, the p(x)-curve has one (at least 
asymptotically) or more locations where p(x) = 1; else- 
where p(x) 	1. The utility value of the p(x)-curve is 
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limited, however, because the constant 2'l  in Eq. C-4 
remains unknown. The p(x) -curve reveals the shape of the 
risk ratio, r1(x)/r2(x), but not the magnitude of it. To 
exemplify, suppose the following p(x) -curve was observed 
in comparing two accident distributions: 

Mileage 
(1,000's) p(x) 

1 1.214 
2 1.125 
3 1.056 
4 1.000 
5 0.955 

6 0.917 
7 0.885 

This p(x)-curve is obtained equally well from a situation 
where Group 1 has much higher risks than Group 2 (A) 
as from the reverse situation (B) 

B A 
 Mileage 

(1,000's) 	r1(x) 	r2(x) r1(x) 	r2(x) 

1 2.55 1.40 1.70 2.80 
2 2.70 1.60 1.80 3.20 
3 2.85 1.80 1.90 3.60 
4 3.00 2.00 2.00 4.00 
5 3.15 2.20 2.10 4.40 
6 3.30 2.40 2.20 4.80 
7 3.45 2.60 2.30 5.20 

However, one might as well have f1(x)=Af 2(x) in 
Eq. C-3. If so, equality of the two accident distributions 
only tells that r2(x) 	r2r1(x)/r1, but no indication is given 
as to magnitude and direction of the difference between the 
risk functions. Inequality of the two accident distributions 
does not tell anything of the possible difference between the 
two risk functions. 

To summarize, two accident distributions, A1  and A 2, are 
given, but the underlying exposure distributions, E1  and E2, 
and risk functions, r1(x) and r2(x), are unknown. If K = 
r2'r1  (an unknown constant), only the following conclu-
sions are admissible: 

IfA=A2, 

either: (1) E1 =E2  and r1(x) =Kr2(x) 

or: 	(2) E1  E2  and r1(x) 	K r2(x) 

IfA1 A 2, 

either: (1) E1 =E2  and r1(x) /=Kr2(x) 

or: 	(2) E1  E2  and r1(x) = K r2(x) 
orr1(x) Kr2(x). 

In other words, if nothing else is known except two accident 
distributions, hardly anything can be concluded regarding 
the underlying exposures or accident risks. 

* In this case, the proportionate shape of the risk ratio curve r1(x) /r2(x) 

can be determined. 

A Plausible Assumption 

If only those cars which entered the road at the same time 
are considered, 1(x) will be, in essence, the distribution of 
annual mileages. Now if one car is driven 20,000 miles a 
year and another car just 10,000 miles a year, the former 
is subject to double the exposure of the latter, and one could 
expect a doubled risk of accidents. This reasoning leads to 
an assumed form of the risk function: 

r(x) = b x 	b = constant 	(C-5a) 

Under this assumption, the accident distribution obtains a 
simple form 

g(x) =bxf(x)/bf xt(x) dx 

It should be noted that the accident distribution defined 
by Eq. C-6 does not depend on the risk level at all. In other 
words, any risk level, provided Eq. C-5a is satisfied, pro-
duces the same accident distribution, if the exposure dis-
tribution 1(x) is given. Thus, the distribution defined by 
Eq. C-6 is useless for risk comparison. 

However, Eq. C-6 is useful in that it allows estimation of 
the exposure distribution 1(x). Dividing the observed g(x)-
values by x gives 

	

h(x)=g(x)/x 	 (C-i) 

which has the property 

	

f

OQ h(x) dx = 1/ 	 (C-8) 

Thus, the mean mileage, x, can be obtained by measuring 
the area defined by Eq. C-8. But now multiplication gives 

h(x) =g(x)/x=j(x) 	 (C-9) 

Therefore, given an observed curve g(x), the curve /(x) 
can be determined, and it becomes possible to compare 
exposure distributions of groups of cars. 

For the sake of curiosity, it can be mentioned that the 
mean of the g(x)-distribution is equal to (1 + c2), where 
c is the coefficient of variation and T the mean of the /(x)-
distribution, and that the variance of the g(x) -distribution 
is equal to (1 - c2 )0-2, where 0-2  is the variance of the f(x)-
distribution and the third central moment of the /(x) - 
distribution is assumed to be zero. 

EXPOSURE DISTRIBUTION KNOWN 

Suppose that in addition to the accident distribution g(x), 

the underlying exposure distribution f(x) also is known. 
Is one any better equipped for risk evaluation? The 
answer is: partially, yes; but not very much. 

From Eq. C-2 the following relation is immediately 
derived: 

g(x)//(x) =r(x)/F=R(x) 	(C-b) 

This shows that the relative risk curve R (x) can be deter-
mined if the exposure distribution 1(x) is known. However, 
the absolute level of the risk still remains unknown, and a 



mean risk difference between any two groups cannot be 
detected even if both g(x) and 1(x) are known. 

How Odometer Reading Data Can Be Used 

The preceding observations show that data on g(x) and 
/(x) are of very limited value, if any, in risk comparisons. 
Perhaps this should be expected, for g(x) and 1(x) provide 
information on only the quality of accident cars and ex-
posed cars, not on quantity. For successful risk evaluation, 
both of these aspects should be covered. Thus, in addition 
to odometer reading distributions, one should have at his 
disposal the number of cars in accidents and the number of 
cars exposed to traffic accidents, for a given period of time. 
How to obtain estimates of these is a question beyond the 
scope of the present study, but certain possibilities certainly 
exist, although the difficulties may be substantial. 

Even if risk evaluation remains a difficult task, odometer 
reading data certainly have some utility value: derived 
either from accident car data, under the assumption of the 
remainder of this section, or from general exposure data 
(Virginia, Sections 5 and 6) the exposure distributions are 
useful per se. It would help to know whether two-door 
hardtops are driven more intensively than four-door sedans 
or whether young drivers are annually exposed to more 
traffic than middle-aged drivers. Thus, odometer reading 
data deserve the researchers' attention and efforts for 
further development. 

Analysis of ACIR Odometer Data 

In connection with the Automotive Crash Injury Research 
(ACIR) studies conducted by the research agency, odome-
ter readings in injury-producing accidents were available. 
The rationale for use of odometer data is given 
earlier in this section. In addition, some general observa-
tions are of sufficient interest to be reported here. 

Before interpreting the data it should be noted that a 
new ACIR data collection form providing for odometer 
data was placed in use in North Dakota on July 1, 1964, and 
in several other states on January 1, 1965, or later. Thus, the 
accidents occurred partly during the latter half of 1964, and 
in 1965 (some few possibly in 1966). The "center of 
gravity" of the time of the accidents should fall somewhere 
during the first half of 1965, while the total spread in time 
is about 1.5 years. 

Table C-13 gives the distributions of odometer readings 
by year of manufacture. In terms of the median reading, 
the central tendency can be summarized as shown in 
Table C-14. The medians were determined from graphs 
after some smoothing by eye, not from Table C-15. The 
interpretation of the difference column in Table C-14 is 
rendered difficult because of the time spread involved and 
the small size of some of the samples. However, it appears 
that the annual increment (annual mileage) averages near 
10,000 or 11,000, appearing larger when the car is new, 
then declining slightly. Whether this decline is true at all 
remains questionable, for with increasing age of the car 
there is an increasing emergence of "false low" readings, as 
described later. On the other hand, older cars may be more 
frequently "second" cars, which may be driven annually 
less than the newer "first" cars.  
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TABLE C-l3 

ODOMETER READINGS ACCORDING 
TO YEAR OF MANUFACTURE 

YEAR-TO-YEAR 
YEAR OF 	 MEDIAN READING 	DIFFERENCE 
MANUFACTURE 	 (1,000 MI.) 	 (1,000 MI.) 

1965 7.2 12.3 
1964 19.5 10.3 
1963 29.8 8.7 
1962 38.5 6.3 
1961 44.8 9.2 
1960 54.0 10.2 
1957-59 64.2 7.8 

—1956 72.0 
All 22.5 

The fundamental feature in the odometer reading data 
is the changing nature of the distribution with advancing 
age of the car. For example, false low readings are more 
frequent, the older the car. This is illustrated by taking an 
arbitrary cutting point (20,000 miles, say) and determining 
the percentage of cars whose reading is recorded as under 
20,000 (Table C-is). 

If there were no false lows, the percentage under 20,000 
miles should go steadily down with advancing age of cars 
and eventually nearly disappear. However, somewhere 
about manufacturing years 1960 to 1962 a reversal takes 
place and the percentage starts climbing. This must be 
taken as an indicator of the emergence of false lows, which 
are known to come from two sources: 

At 100,000 miles, the odometer starts measuring from 
zero again. 

Odometers are deliberately set back, more frequently 
as cars get older. 

There is no way of knowing to what extent each of these 
two factors affects the data. Nor is it known how the 
troopers handle cases where the odometer obviously has 
passed 100,000. In only 5 cases out of the 1,014 did the 
trooper indicate "over 100,000." Otherwise, he may have 
either recorded the apparent reading or written "N.R." 
(= not reported). Possibly the N.R. alternative is often 
used to indicate "in excess of 100,000 miles," for the 
relative frequency of non-reported readings increases with 
advancing age of the car (Table C-i6). 

The total non-reporting rate of about 30 percent is quite 
high, and if non-reporting is associated with the age of car, 
and thus the true mileage of the car (as it appears to be), 
there is an additional difficulty in interpretation of the 
odometer reading data. 

The second feature of the distributions is their changing 
shape, apparently in conjunction with the phenomenon of 
false lows. The mileage distribution of the 1965 cars is 
nicely unimodal, narrow, and heavily skewed to the right. 
As the cars get older, the distribution "travels" to the right 
and spreads over a wider range, thus flattening out. Even-
tually, a new bulge appears near the zero end of the mileage 
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scale (false lows), and for the oldest cars the distribution 
has turned clearly into a bimodal one. (Some of the flatten-
ing in the 1957-59 and -1956 groups is, of course, due to 
combining several years of manufacture.) The development 
is shown in Figure C-5, which is drawn freely by hand 
but which quite faithfully describes the general tendencies 
of the data. 

The conclusion from the present observations is that in 
every effort to use odometer reading data, the age of the 
vehicles must be taken into account because the distribution 
of odometer readings depends heavily on the distribution of 
-the vehicles by year of manufacture. In practice this means 
that for any purposes of comparative analysis (e.g., for 
comparison of two groups of cars), odometer readings must 
be cross-tabulated with year of manufacture. 

5. ANALYSIS-OF VIRGINIA ACCIDENTS AND 

DATE OF INSPECTION 

Presumably, the intent of motor vehicle inspection systems 
is the reduction of accident frequencies by preventing acci-
dents precipitated by mechanical failure. If inspection is 
effective in this regard, any given vehicle should be less 
prone to accident involvement immediately after passing 
inspection, when deficiencies have been corrected, than im-
mediately before inspection. The following discussion pre-
sents a means of testing this hypothesis and an application 
of this procedure to the current data. 

Although this description is concerned with accident 
frequency as a function of elapsed time since inspection, 
the analysis is not restricted to the study of this relationship. 
For example, accident frequencies could be studied as a 
function of vehicle mileage since inspection. Or the analy- 

TABLE C-14 

CUMULATIVE PERCENT DISTRIBUTIONS OF ODOMETER READINGS IN 
INJURY-PRODUCING ACCIDENTS, 1965 

THOUSANDS YEAR OF MANUFACTURE 
OF MILES 1965 19611 1963 1962 1961 1960 1957-59 -1956 TOTAL 

UNDER 5 32.9 6.11 - 1.2 - 3.11 1.1 3.9 12.0 

10 68.8 17.5 - 1.2 - 3.11 1.1 7.8 25.9 

15 86.6 33.9 2.0 3.7 1.9 3.14 5.3 13.0 37.0 

20 93.0 51.1 13.7 3.7 5.7 3.14 7.11 13.0 45.3 

25 96.0 70.3 31.14 111.8 9.11 3.11 7•14 16.9 511.6 

30 97.7 83.2 49.0 28.11 13.2 17.2 8.5 18.2 62.3 

35 98.0 90.0 68.6 42.5 18.9 20.7 8.5 19.5 67.9 

40 98.3 92.8 82.11 53.1 35.9 31.0 13.8 20.8 72.8 

45 98.3 96.7 87.3 65.5 50.9 37.9 18.1 20.8 76.11 

50 98.7 98.2 91.2 714.1 67.9 1111.8 23.14 22.1 80.0 

55 99.0 98.9 92.2 79.0 75.5 51.7 28.1 214.7 82.1 

60 99.0 99.3 911.1 85.2 81.1 56.6 39.4 29.9 814.7 

65 99.7 99.3 96.1 87.7 86.8 72.11 52.1 39.0 87.9 

70 100.0 99.3 100.0 91.14 90.6 82.8 59.6 46.8 90.14 

75 - 99.3 - 93.9 92.5 89.6 68.1 514.6 92.3 

80 - 99.6 - 95.1 911.11 93.1 76.6 58.5 93.8 

85 - 100.0 - 96.3 96.2 96.5 86.2 67.5 95.8 

90 - - - 97.6 98.1 96.5 91.5 714.0 96.9 

95 - - - 98.8 98.1 100.0 96.6 83.1 98.3 

100 - - - 100.0 100.0 - 99.0 911.8 99.6 

NO. OF CARS 298 280 102 81 53 29 911 77 10111 

MEDIAN 
MILEAGE 7.2 19.5 29.8 38.5 411.8 511.0 614.2 72.0 22.5 

1000 MI. 	$ 

EVALUATED AFTER SOME SMOOTHING. 
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sis could be applied to a restricted sample including only 
accidents involving mechanical failure; this approach would 
be more sensitive if the sample were sufficiently large. 

Specifically, the hypothesis of interest is that the prob-
ability of accident involvement increases as the number of 
months since inspection increases. (In Virginia, the source 
of these data, the time between successive inspections for 
a given vehicle is six months.) To restate the hypothesis in 
a more clearly testable form: if the elapsed time since 
inspection is brief, there are relatively few accident vehicles 
and relatively many non-accident vehicles; i.e., the ratio of 
accident to non-accident vehicles is small. As elapsed time 
increases, the relative number of accident vehicles should 
increase. Therefore, the ratio of accident to non-accident 
vehicles increases as the time since inspection increases. 
This may be written 

N(A, T t). 
increases with t 	(C-li) 

N(A, T t) 

where N(A, T = t) is the number of accident vehicles 
whose elapsed time was t. 

The difficulty in using this formulation as it stands is 
the lack of exposure information for non-accident vehicles. 
(It should be noted that routine collection of inspection 
information for research purposes could provide some of 
this information.) It has been determined that in Virginia 
the number of inspections is more or less equal from month 
to month. This means that the distribution of elapsed times 
for randomly sampled non-accident vehicles would be 
essentially uniform. Inasmuch as vehicles are inspected 
every six months, 

- 	
-- , for t = 1, 2,..., 5 

P(T=tjA)= 1 
	

(C-12) 
for t=0, 6 

where P(T = t J A) is the probability that a non-accident 
vehicle at any point in time has had T months elapse since 
inspection. For T = 0, the probability is 1/12, because 
this is equivalent to the probability that for any one month 
inspection preceded the hypothetical random selection of 
the vehicle; it is thus one-half the probability for T = 1 
of the intermediate values. Essentially the same logic was 
applied in determining the value of P(T= 6 1 A). 

Because P(T = I I A) is proportional to N(T = I, A), 
the hypothesis may be written 

2N(T=0,A)<N(T=1,A)<. . .<N(T=5, A) 
<N(T=6,A) 	 (C-13) 

One more adjustment is necessary in the application of 
the current data. This is due to the fact that data collection 
did not start on the first day of the month (April), or end 
on the last day of the last month (October). The actual 
data collection period started April 16 and ended October 
22; the resultant adjusted final hypothesis is 

1.97N(T=0,A) <N(T=i,A) <. 
<N(T=5, A) <2.03 N(T=6, A) 	(C-14) 

Results are given in Table C-17 and the corrected frequen-
cies are plotted in Figure C-6. 

Comparing these results with Section 4, it is obvious that 
the data offer no support for the hypothesis that accidents 
are more likely to occur as the time since inspection 
increases. There are many possible reasons for this result: 

TABLE C-l5 

PERCENTAGE OF ODOMETER READINGS 
UNDER 20,000 MILES 

PERCENTAGE 
YEAR OF 	 UNDER 20,000 
MANUFACTURE 	 MILES 

1965 93.0 
1964 51.1 
1963 13.7 
1962 3.7 
1961 5.7 
1960 3.4 

1957-59 7.4 
—1956 13.0 

All 45.3 

TABLE C-l6 

PERCENTAGE OF CARS WITH ODOMETER 
READING NOT REPORTED 

PERCENT WITH 

ODOMETER 
YEAR OF 	 READING 
MANUFACTURE 	 NOT REPORTED 

1965 11.6 
1964 20.8 
1963 37.0 
1962 38.6 
1961 36.9 
1960 50.8 

1957-59 45.3 
—1956 47.6 

All 29.9 

TABLE C-17 

FREQUENCIES OF ELAPSED TIME 
SINCE INSPECTION 

TIME 	 CORRECTED 
(MONTHS) 	 FREQUENCY 	FREQUENCY 

0 100 197 
1 186 186 
2 192 192 
3 165 165 
4 180 180 
5 165 165 
6 99 201 
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Inspection may not be effective in preventing acci-
dents. 

Inspection may be sufficiently effective so that vehicle 
deterioration does not precipitate accidents in a period 
as short as six months. This might suggest that the time 
between inspections could be increased. 

Because inspections can be of value only in preventing 
accidents precipitated by mechanical failure, the inclusion 
of all accidents in the analysis may have concealed any 
existing trend. If this were the sole reason for the results, 
it could be concluded that inspection procedures had a 
very limited effect upon the total number of accidents. 
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Figure C-S. Smoothed distributions of odometer readings by 
year of manufacture. 

Seasonal effects could confound the results. In this 
case, extension of the data collection period would pre-
clude these extraneous influences. 

The uniformity assumptions may not be sufficiently 
accurate. Appropriate data to replace them could be 
profitably utilized. 

ANALYSIS OF VIRGINIA INSPECTION DATA, ACCIDENT 
DRIVER DATA, AND ACCIDENT TIRE DATA 

This section contains results of an analysis relating inspec-
tion information to data in the driver and tire studies 
(Figs. D-2 and D-3). For the driver study, two major 
measures examined are driving intensity, or exposure per 
unit time, and the number of repairs at inspection. Driving 
intensity was defined as the odometer reading at the 
accident minus the odometer reading at the previous 
inspection, divided by the number of months elapsed 
between inspection and the accident. Thus, it is the 
average number of miles per month which the vehicle was 

ELAPSED TIME (MONTHS) 

Figure C-6. Corrected frequency of accidents as a 
function of time since inspection. 
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driven. It should be noted that it is an imperfect measure 
of driver behavior, as more than one driver may have 
driven the vehicle, and that there is some error in this 
measure due to the measurement of elapsed time. For 
example, if a driver has an accident in the month im-
mediately following the inspection month, his elapsed time 
is computed as one month; however, the actual elapsed 
time could be anywhere from 1 day to 60 days. Of course, 
this source of error could be obviated by recording the 
exact day of both events and using them to compute the 
elapsed time. 

Another potential source of error in this driver study 
is inherent in the fact that the individual whose character-
istics are recorded on the accident form may not be the 
sole driver of the vehicle. The error involved in relating 
these characteristics to driving intensity and number of 
repairs increases as other drivers make greater contribu-
tions to these variables. Thus, the analysis could have 
been refined if the accident form included an item describ-
ing what proportion of the accident vehicle mileage is 
attributable to the accident driver. This proportion could 
have been estimated from data collected in the study, but 
it was judged that such an estimate itself was not likely 
to be sufficiently accurate. 

The number of repairs at inspection was analyzed in 
terms of four driver variables: age, sex, culpability, and 
driver education. Culpability, or responsibility for precipi-
tation of the accident, was determined by analysis of the 
accident diagram and the accident description. A more 
complete discussion of its meaning is given in the driver 
study section. The objective was to determine whether 
number of repairs, as an inverse measure of the care given 
to the vehicle, was a function of these driver characteristics. 

The analyses showed no significant relationships between 
number of repairs and any of the four driver attributes. 
This might result from the relatively short time between 
inspections. Even the driver who is very conscientious in 
the care of his vehicle may be willing to wait until inspec-
tion time to have repairs made, providing that time is not 
more than a few months. 

Driving intensity was studied in terms of five driver 
characteristics: age, sex, culpability, distance from home, 
and frequency of use of the accident road. There was 
a negative correlation (r = —0.15) between age and inten- 
sity; however, this correlation is so small as to be of little 
practical consequence. The average exposure for 384 
males was 1,307 miles per month. This was significantly 
higher than the female average of 1,073, based on 126 
observations. When multiplied by 12, these figures repre- 
sent rather high annual mileages. This could be due to 
the previously mentioned error in elapsed time, to the fact 
that the sample included only accident drivers, or to the 
fact that data were collected in rural areas. In any case, 
the relative comparison (male vs female) seems valid. 

No significant correlations were found between driving 
intensity and culpability, distance to the accident site, or 
frequency of use of the accident road. It was noted, 
however, that those drivers who used the accident road, 
either daily or rarely as opposed to some intermediate 
frequency, had the lowest driving intensities. 

Certain tire characteristics were also studied in terms 
of data made available through the use of inspection 
information. Mileage and number of months elapsed from 
inspection to accident were the independent variables. 
The two variables were studied for potential relationships 
with number of fiat tires, frequency of skidding, number 
of UW (uneven wear) reports, and minimum center tread 
depth; i.e., the center tread depth of the most worn of 
the four tires. These analyses are suggestive of possible 
techniques for evaluating the efficacy of vehicle inspection 
on absolute grounds or, better, to determine optimal inspec-
tion periods. 

No significant trends were found between either mileage 
or time since inspection and any of: number of flat tires, 
frequency of skidding, or number of UW's. Both mileage 
and time correlated with minimum center tread depth. 
As time and mileage since inspection increased, minimum 
center tread depth decreased. These correlations were 
extremely weak, however, and of little practical conse-
quence. Descriptive statistics are given in Tables C-18 
and C-19. These results indicate that tread wear changes 
significantly over the months and suggest that inspection 
may be effective in weeding out those tires with insufficient 

TABLE C-l8 

MEAN MINIMUM CENTER TREAD 
DEPTH VS MILEAGE 

MEAN MIN. 
MILES SINCE 	 NO. OF 	 CENTER TREAD 
INSPECTION 	 VEHICLES 	DEPTH (IN.) 

0-499 41 0.099 
500-999 35 0.120 

1000-1999 56 0.119 
2000-2999 56 0.107 
3000-3999 53 0.103 
4000-4999 31 0.101 
5000-5999 31 0.097 
6000-7999 45 0.088 
8000-12999 39 0.077 

13000-49999 43 0.080 

TABLE C-19 

MEAN MINIMUM CENTER TREAD 
DEPTH VS TIME 

TIME SINCE 	 MEAN MIN. 
INSPECTION 	 NO. OF 	CENTER TREAD 
(MONTHS) 	 VEHICLES 	DEPTH (IN.) 

Ii 47 0.097 
1 96 0.115 
2 84 0.096 
3 72 0.096 
4 87 0.093 
5 83 0.091 
6 46 0.078 



126 

tread. A study based on a larger sample of data is neces-
sary to determine the full significance of these changes. 

The driver and tire data were combined for two further 
analyses. First, driving intensity was compared to number 
of repairs. It was thought that if driving intensity during 
the period from inspection to accident represented an 
estimate of driving intensity before inspection, one might 
expect intensity to be correlated with number of repairs 
at inspection. This was not the case; no trend was found 
between driving intensity and number of repairs. 

The second analysis using the combined driver and tire 
data involved driving intensity and the year of manufac-
ture of the accident vehicle. The correlation between the 
two was 0.19, indicating that older vehicles are driven 
less (Table C-20). This finding may be partly attributable 
to older vehicles in two-car families being driven less 
frequently. 

7. A TYPICAL INTENSIVE ACCIDENT INVESTIGATION 

REPORT 

CASE 17-1-48 	SUMMARY by H. V. Nelson, J. J 
Downing, S. N. Lee, October 19, 1967 

IDENTIFICATION: Transit and Greiner, Clarence, No-
vember 14, 1966, Monday 0910, 1 car and 1 truck, 
cross intersection, PD. 

HIGHWAY: Transit. Straight. 2 lanes, 29-ft asphalt 
surface good condition, 3-in, crown, 7-ft bituminous 
shoulder good condition. Commercial area, speed 
limit 50 mph. 

Greiner. Straight, 2 lanes, 20-ft asphalt surface, 
3-in, crown, 3-ft dirt shoulder. Commercial area, speed 
limit 40 mph. 

AMBIENCE: Day, temperature 43°, southwest wind at 
15 mph, road was dry, shoulders were dry. 

TRAFFIC CONTROLS: Transit. Lines—single solid 
yellow center going north, semi-actuated signal 
(Greiner) 3A 12G 2 faces. 

TABLE C-20 

DRIVING INTENSITY AS A FUNCTION 
OF YEAR OF MANUFACTURE 

YEAR OF 	 NO. OF 	 MEAN MILEAGE 

MANUFACTURE 	 VEHICLES 	PER MONTH 

1950-1954 - 	10 839 
1955-1959 90 1065 

1960 36 1411 
1961 38 1132 
1962 41 1142 
1963 46 1417 
1964 67 1251 
1965 64 1319 
1966 80 1544 
1967 24 1652 

Greiner. Lines—single solid yellow center going 
west, semi-actuated signal (Greiner) 12G 3A 2 faces, 
unusual conditions. 

VEHICLES: No. 1. 1964 International, R185, 2 doors, 
blue silver van, 6-cylinder engine. Standard trans-
mission on floor, power air brakes, no seat belts, 
damage—lst-1 9032. 

No. 2. 1963 Plymouth, Belvedere, 4 doors, beige 
sedan, 6-cylinder engine. Push-button automatic trans-
mission on dash, power windows, padded dash, front 
seat belts, damage—ist-Ol 124. 

OCCUPANTS: No. 1. 1. Driver. Male, 35, 5'6", 130 lb. 
Driven for 17 years at 100,000 miles per year, 
operated this vehicle for 2 months at 6,000 miles per 
month. Seat belts were not used, no injury. 

No. 2. 2. Driver, Female, 35, 5'6", 140 lb. Driven 
for 19 years at 5,000 miles per year, acquainted with 
road once a week. Was going from home to shopping, 
seat belts were worn, no injury. 

RF. Female, 26, 5'6", 135 lb. No injury. 

DESCRIPTION: Unit No. 1 was traveling north on Tran-
sit at approximately 50 mph. Driver No. 1 saw the 
traffic light on Greiner change to amber but continued 
through the intersection. Unit No. 2, traveling west 
on Greiner, was stopped for the signal. Driver No. 2 
started into the intersection as the light changed to 
her favor. Driver No. 2 had seen unit No. 1 and had 
assumed that driver No. 1 would stop for the signal. 
Unit No. I struck unit No. 2 in the left front. Unit 
No. l's air brake hose was severed by the impact and 
did not stop until approximately 1,000 ft farther down 
Transit. 

CAUSATION: 

Human-Experience-Permanent: Driver No. 2 
observed that the traffic control favored her direction. 
She assumed that opposing traffic would respect her 
right-of-way and that no hazard existed. This action 
indicated a lack of defensive driving judgment on the 
part of the driver of unit No. 2. 

Human-Experience-Permanent: Driver of unit 
No. 1 saw the amber light and assumed he would have 
time to clear the intersection before the light turned 
red in his direction. 

Environment-Permanent: The 3-sec amber 
phase on the traffic control device does not provide 
sufficient time for the driver to undertake proper 
action when traveling at 50 mph. To stop with a 
comfortable deceleration force of 0.26g, or to safely 
proceed through the intersection with a 1-sec reaction 
time would require approximately a 6-sec warning. 
The 3-sec amber phase was 3 sec short of this suitable 
time duration. 

Evidence indicates that driver No. 1 was the victim 
of a short amber cycle and had little chance of suc-
cessfully stopping his vehicle short of the impact point. 

RECOMMENDATION: That a 4-sec amber phase fol-
lowed by a 2-sec all-red phase replace the 3-sec amber 
phase existing on Transit. This would allow adequate 
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stopping time for trucks which make frequent use of 
this highway. 

ACCIDENT 17-1-48 	DESCRIPTION by S. N. Lee 

Location was Transit and Greiner on November 14, 
1966, Monday, 9:10 AM. Investigators Lee and McLean. 
PD accident. The sun was shining, the road was dry, tem-
perature was 430 

Vehicle No. 1 was a 1964 International box-type truck, 
color blue in front with a silver bed, New York registra-
tion, driven by ............., age 35, 5'6", 130 lb. who 
was traveling north on Transit approaching the intersection 
of Maple-Greiner Road. This unit apparently ran a red 
light. A 1963 Plymouth Belvedere 4-door sedan, beige in 
color, New York registration, driven by ............ 
age 35, 5'6", 140 lb. This unit was facing west on Greiner 
and started across the intersection of Transit. After seeing 
vehicle No. 1 coming from her left, she stated she had the 
impression that the truck was going to stop, but as she 
started up, the truck kept coming and struck the left front 
of her vehicle with the left side of the truck. During the 
collision the air hose to the air brakes was broken and 
the truck continued up the road for many hundred feet 
before it was able to stop on the opposite side of the road. 
An independent witness, Mr...........of Williamsville, 
who was stopped at Maple, facing east at the intersection 
of Transit, stated that the light had changed to green, in 
favor of .........., and that to his left on Transit, at 
least two cars had stopped before the International truck 
coming from the south entered the intersection. 

Driver No. 1 said he attempted to slow his truck by 
braking, but the load overrode the braking system. The 
independent witness............stated that the truck did 
not brake at any time, that rather it appeared to accelerate 
on entering the intersection. There are traffic-actuated 
signal controls on Greiner and Maple, approximately 100 ft 
from the edge of Transit in either direction, east and west. 
This is an Electro-Matic traffic control from Automatic 
Signal Division Co.,. Eastern Industries, Inc., Norwalk, 
Conn. This intersection signal device was timed by Lee 
and McLean and was found to have a 3-sec amber light 
on Transit, which seems to be inadequate for a 50-mph 
speed limit. 

Driver No. 1 was a victim of an inadequate duration of 
a yellow phase of this signal system............ driving 
vehicle No. 2, made the assumption that it was safe to 
proceed because the light turned in her favor and she 
assumed that vehicle No. I was going to stop even though 
there was no indication of his slowing down while ap-
proaching the intersection. 

Both vehicles were examined. Refer to vehicle data 
information, highway data form, and interviews, also a 
supplement on signal timing at Transit and Greiner Roads 
(Figs. C-8, C-9, C-b). 

ACCIDENT 17-1-48 IN-DEPTH FOLLOW-UP DATA 

An in-depth follow-up examination of the 1964 Interna-
tional truck was not obtainable. The truck was owned by 
the ..........Truck Rental Service of Buffalo, but was 
being operated by a cartage service by whom Mr.........  

was employed. The truck was hastily repaired and put 
back into service and the cartage company prevented 
follow-up on this unit. 

The ..........Truck Rental Service was very co-
operative in questioning in regard to upkeep and were very 
happy to have the truck examined, had not the cartage 
company refused. The rental service said that the truck 
was serviced at regular intervals and that the break in 
the air line fitting was a result of the impact and provided 
us with the broken fitting. It was determined by Jack 
McLean, at the scene, that the fitting was broken as a 
result of the impact and that there did not appear to be a 
mechanical brake failure . .......... further stated that 
the brakes functioned normally after establishing a new 
air line circuit. 

It was felt that to wait until service on the truck at 
at which time is could be examined, would 

prove of little value. The time element, hasty repair, and 
further use by the users would render the follow-up 
invalid. 

S. Lee 

ACCIDENT 17-1-48 	INTERVIEW by S. N. Lee 

INTERVIEWEE: 

, driver of International truck. 
Age 35, male, height 5'6", weight 130 lb. 

Question: Are there seat belts installed in the truck? 
Answer: No. 
Question: Can you please describe, in your own words, 

this accident? 
Answer: I was headed north on Transit and approaching 

the intersection of Maple. The light turned amber 
about 75 feet back and I depressed the brake, I started 
to brake, the brake seemed to start to take hold, and 
then I couldn't stop, the truck kept on going. The 
other vehicle, the Plymouth, pulled into the inter-
section and I couldn't stop. I went right through the 
front of the Plymouth. 

Question: How fast were you going? 
Answer: About 45 mph. When I tried to brake down 

hard, the weight of the truck overrode the air brakes 
and then when I struck the car I lost my air lines and 
the truck kept on going down the highway. I finally 
ran off to the side of the road and came to a stop 
about 1,000 yards away from the accident. 

Question: Did you take any evasive action? 
Answer: I attempted braking. I swerved to the left, also, 

and as a result, the car wasn't struck broadside. 
Question: Would you please describe the type of day 

you've had today? 
Answer: Well, yesterday I just lounged around the house, 

watched the football game. I had a good night's sleep 
last night. Got up this morning, shaved, had breakfast, 
came to work. 

Question: What is the mechanical condition of the truck 
you were driving? 

Answer: Everything seemed all right on the vehicle before 
the impact. I think the condition of the brakes is a 
result of the impact, not before. Steering, odometer, 
everything worked. 
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17. Wrong Way. OneWay Thoroughfare 0 	7. Starting in Traffic tan. o 	6. Backing Unsafely 
00 0 0 

II. Defective Irkee 
19. Improper Parking o 	.. Stopped in Tra 	lane ffk 

7. Rockiest Driving 
0 0 0 20. Animal on Highway 0 	0 	9. Starting From Parking 

S. Driving While Intosicaled 
0 0 0 21. Driving Through Play st 0 	0 	10. Slowing or Stopping 

9. Driving While Ability is 0 0 n. Pedeskiane ActIon, 0 	0 	11. Skidding 
Impaired 

0 	10. Improper Passing 
0 0 Unsafe Eqstlpmsei 0 	0 	12. Parked 
X 0 Other 

20. ACTION OP PEDISTEIAN 
CR055110 AT INTftCTIOt4 

21. ACTiON OF PIDISTRIAN CR051140 NOT AT 1411R11C11094 
I. With Signal 0 	 0 	6. 1. Walking in road with ImIPlc PosIting or working on vehicle In roedwey 

2. Ago.sst Signal 0 2. Wal king in road against traffic 	 07. Other working in roadway 

. No Signal 0 3. Standing or Playing in roadway 	 0 	S. tying in roadway 

. Diagonally 0 4. Coming from behind parked vehicle 	0 9. Not in Traffkway 

I S. Getting in or off other vehicle 	 0 	10. Other 

22. -.--- ....... semwnmn,, ur 
Use solid line to show path of vehicle befor, occident 	-- 	 Dotted after Accident------------ Number each vehicle. Show direction by arrow ____,. C1::t 	CO  - 	.,__....... 	 Show pedestrian by 0. Railroad 1-1.1- 

\N Y'/ \ 

DESCRIPTION OF ACCIDINT 

Ct's,.. j TRAVE.LIPJ 	#4kcT ppjGAS R'D: Ct'n 'a 	 OI4 
S. 71 ; CPnR 'I 3TePrç., PoT .%b i. 	 AT 	 oV 	. 71 

fr.pjp ,41p1 ?*oc.i$bE, Vj I.% it P4 LC.r 	iD GI.Ltna 	 tt 	 - 
LtG,.T t"i'atb wNS AT IL scg I P4 1r%sL. X%Cvb4,r .31D€ 	'By C i'o 

14094 
RI 	

Officers Rank and Name 	 Badg. No. 	 Troop 	 Initials of 
Approving Officer 

Dot, and Time of Inveetigatlon 

Figure C-7 (continued). 
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Case # 17-1-48 

PRELIMINARY DATA FORM 	 Page 1 

LOCATION MAPLE * 1RPNS1 

DATE 14L NOV 19 	 DAY 	phot  

TIMEOFCALL 9:10 ow - 

POLICE AGENCY STPCrE'LtC 

INVESTIGATORS LEE 4 JAc LEpw 

PD 	 IP o 	 MONITOR Ig 	 CALL o 

ATMOSPHERICCONDITIONS 

SUNNY 	 Pt OVERCAST 	 o 
HAZY 	 o 	 HEAVY OVERCAST 	D 

INTERMITTENT CLOUDS 	ID 	 NIGHT 	 0 

LIGHT READING f# 	SEC.  	@ ASA 

TIME OF ARRIVAL 9..zi 	 COMMERCIAL ' 

MILEAGE 	 RESIDENTIAL D 

TEMPERATURE 	DEG. F. 	PERCENT HUMIDITY___________ 

WIND VELOCITY: 

AVERAGE .t5MPH 

GUSTS 	-- MPH 

DESCRIBE MARGINAL DEVELOPMENT 

RE- 
cmvi V r n T.nP TIC N 	STATE NW 

1 ,qc$ 	INT&,.JAr'OJI .. 	. ______ N. N. 

,q,J 	P%.4,- a vT b4  i4 p.S 1E DAN c 

3 

4 

117 	. 	 1 I C T A 	 - 	 A nnp rqq 	 PHO NE 

4 - 

3 

4 

Figure C-8. 
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CASE NO. 17-1-48 

PRELIMINARY VEHICLE DATA 

INDICATE DAMAGE TO VEHICLE ON FORM 

RECORD DEPTH OF DEFORMATION FROM PRINCIPAL IMPACT(S) 

Lights 

Lights Tires Doors 

On Manufacturer Forced Open 
Operable.." Model Jammed Shut 

Type Lock Engaged 
Depth 
Pressure Normal Operation of 

Latch 
Hinges 
Lock 

Figure C-8 (continued). 

Accelerator 
B rakes 
Steering Wheel 
Exhaust Syste 
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IN-DEPTH VEHICLE FOLLOW-UP DATA Case No.17-1-48 
Page 1 

YEAR I MAKE SERIES - MODEL 	 COLOR 

/9.3 	IPL-ymour,-A 1EC OFF 	\JJTC 

BODY 	STYLE LICENSE 	NO. MONTH OF ISSUE 	STATE 

j 4 1M. 	SEDAW 
VEHICLE IDENTIFICATION NUMBER______________________________________ 

TTTRRTCATION STICKERS (MOST RECENT 3) 	 - 

MiLEAGE DATE 	ITEMS SERVICED LOCATION OF GARAGE - 

.L. J300  A. 

________________________________ "IV 	Ge,...&stc Sr 

_;__  ______________________________ 
LRicU S C 	, 	. 

VEHICLE INSPECTION STICKER NO, 

YEAR 	-4.7 	STATION NO. 	MONTHNOT ?uJcpIL 

ODOMETER READING 7 A5..3 MILES 

COMPARTMENTDATA 

GLASSDATA CLEAN TINTED 
Yes No Yes No 

WINDSHIELD p o 
SIDE WINDOWS 
REAR WINDOWS 

CAUSE AND LOCATION OF DAMAGED GLASS 

DAMAGED 
Yes No 

WIPER BLADES IN ACCEPTABLE CONDITION 
	Left 	Right $ 

ARM TENSION OZ. 	 Left 	Right - 

iJLJJI. 

- 

	

£J4 	.1. £ 	 - 
Open & Close 
Normally 

	

Yes 	No 

 ______________- 
Forced 	Jammed 	Latch 	Hinges 
Open 	Shut 	Operable 	Operable 

Yes 	No 	.? 	Yes 	No 	Yes 	No 	Yes No 

Lock 
Engaged 
Yes No ? 

Interior 
Handle 
Pull-lb. 

X 	x 

utX I  >(_ _ x 
>< 	)( _ >(___. _ _ 
) 	)( _ 

COMMENTS ON OPENED DOORS - 

Figure C-9. 
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CASE NO._17-1-48 

Page 2 

INTERIOR DAMAGE DATA 

Yes No 	If Yes, describe nature and cause 
STEERING WHEEL 

STEERING COLUMN 0 	IE.LY 	 T DA.S14) - 	LLPr 
SEAT MECHANISM 0 
CORNER POST AREA ci  
WINDSHIELD HEADER ci  
REAR VIEW MIRROR 

ci  
DASHBOARD AREA o 
DOOR UPHOLSTERY PANELS o 
OTHER 

INTERIOR OPTIONAL EQUIPMENT 

PRESENT 
POWER WINDOWS 

SEAT, BENCH F 	R 
BUCKETS F 	o 	R 0 
POWER 0 
RECLINING a 
HEADRESTS o 

SEAT BELTS FRONT NO. 	- 
REAR 13 NO._______ 

PADDED SUN VISORS 
ci 

PADDED INSTRUMENT PANEL x 
NOT 

APPLICABLE 

HIGH BEAM 	 0 

LOW BEAM 

PARKING LIGHTS 

FRONT TURN SIGNALS 

REAR TURN SIGNALS 

BRAKE LIGHTS 

TAIL LIGHTS 

BACK-UP LIGHTS 

OPERABLE 
LEFT RIGHT 

o 0 

o ci 

ci 0 

ci 0 
ci? 0? 

0 

LIGHTSDATA 

Figure C-9 (continued). 



CASE NO. 17-1-48 

Page 3 
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INTERIOR EQUIPMENT DATA 

WINDSHIELD WIPERS 

SINGLE SPEED 

VARIABLE SPEED 

WASHERS 

PRESENT OPERABLE ON OFF 

13 

*NOTE SETTING  

HEATER 	 x El 

TEMPERATURE CONTROL 	 Cl ? 

SETTING  

FAN CONTROL 	 0 

SETTING ocF 

DEFROSTER 

	

	 0 

SETTING OF 

REAR WINDOW DEFROSTER 	 o 	o 	o 	0 

Open Closed 
AIR FLOW DOORS 	 o 	 L j 	0 

SETTINGS 	 R E3 0 

VENT WINDOWS 	 L 

R0 

	

On 	Off 

AIR CONDITIONING 	 El 	 0 	0 

CONTROL SETTINGS 

RADIO 	 A 	o? 	o 
AUTOMATIC SPEED CONTROL 	 M 	 0 	0 

SETTING 

TRANSMISSION 

MANUAL 

AUTOMATIC 

SELECTOR 

HORN 

POWER STEERING 	 13 

ADJUSTABLE STEERING WHEEL 	 o 	 0 

STEERING WHEEL PLAY (AMOUNT 	IN.) 

ACCELERATOR PEDAL ACTION NORMAL 

BRAKE PEDAL TRAVEL AFTER 20 SEC. HVY PRES. - IN. NORM.PRES. 	IN. 

CARGO CPLR.CP',.S 10'(S tr.i ?ASSr.JCR C4'P.'JT 

GENERAL INTERIOR CONDITION EXCEPTIONAL o 	LITTERED 

CLEAN 	 GROSS 	13 

DUSTY 	 0 
Figure C-9 (continued). 
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CASE NO. 17-1-48 
RUNNING GEAR DATA 	 Page 4 

TIRE DATA 

MANUFACTURER - TIRE NAME STD. SNOW STUD DEPTH* PRES. 

LF 	GOODYLA9.. iL  _____ _____ I ?1 0 ...O 

SAJi 
< ' ' ± _zo 

kFj i. Lg If 

3 READINGS, INSIDE, CENTER, OUTSIDE 

- TIRE SIZE SIDEWALL CONDITION ABNORMAL WEAR PATTERN 

F 7JJ)c/3L  

7.;L,/41  
I, a 7.J.jc/l .i oNr  

FRONT SUSPENSION DATA 
	

Yes No 

SHOCK ABSORBERS 

ACTION NORMAL 	 o 
LEAKING 

BUSHINGS NORMAL 	 0 
ANTI-SWAY BAR 	 o 

BUSHINGS NORMAL 	 p p 

BALL JOINTS 

RECENTLY LUBED 	 ri 7  rI 
STEERING LINKAGE 

AMOUNT OF PLAYAT FRONT WHEEL( 	 - IN.) 

STEERING GEARBOX 

DAMAGED o 
LEAKING o 

A-ARM AND STRUT BUSHINGS NORMAL o 
FRONT WHEEL BRAKE CYLINDERS LEAKING p 
WHEEL BEARING PRELOAD CORRECT p o 
COMMENT ON ANY ABNORMAL CONDITIONS NOTED ABOVE 

Figure C-9 (continued). 
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CASE NO._17-1-48 

UNDERHOOD DATA 
	 Page 5 

ENGINE: NO. OF CYLINDERS NORMAL 

Yes No 

ENGINE OIL LEVEL o 
ENGINE MOUNTS 

POWER STEERING FLUID LEVEL NA o 
WINDSHIELD WASHER FLUID LEVEL u NA 

BRAKE FLUID LEVEL o 
CONTAMINATION SEAL o o 
FLUID CONTAMINATED o 
SEDIMENT IN RESERVOIR o T o 

POWER ASSISTED BRAKES 

4 WHEEL DRUMS 	 HYBRID 	u 
4 WHEEL DISC 	 DUAL SYSTEM j 

NOTE ANY FLUID LEAKS 	 - 

COMMENTS ON ANY ABNORMAL CONDITIONS _- 

EXTENT OF FRAME DAMAGE FRot CoS.S 	 ApD 

EXHAUST SYSTEM DATA 
	

Yes No 

EXHAUST MANIFOLD NORMAL * 
HEADER PIPES NORMAL o 
CROSSOVER PIPE NORMAL o 
MUFFLERS NORMAL 

TAIL PIPES NORMAL 13 

COMMENTS 

Figure C-9 (continued). 
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CASE NO. 17-1-48 

Page 6 FUEL SYSTEM DATA Yes No 

GAS TANK 	SUPPORT STRAPS NORMAL 

FILLER PIPE NORMAL o 
CAP NORMAL 

LEAKING 0 
FUEL LINES CRACKED 0 

LEAKING o 
FLEXIBLE LINE CONDITION NORMAL V o 
REAR SUSPENSION DATA 

SHOCK ABSORBERS 

ACTION NORMAL 0 
LEAKING o 
BUSHINGS NORMAL o 

LEAF SPRINGS (IF SO EQUIPPED) 

BUSHINGS NORMAL 

ANY LEAVES BROKEN o 
COIL SPRINGS (IF SO EQUIPPED) 

LOCATING ARM BUSHINGS NORMAL o o 
ANTI-SWAY BAR 0 

BUSHINGS NORMAL 0 0 
REAR WHEEL BRAKE CYLINDERS 

LEAKING o 

COMMENTS ON ANY ABNORMAL CONDITIONS NOTED ABOVE 

OVERALL VEHICLE MECHANICAL CONDITION 

LIKE NEW 

ABOVE AVG. o 
AVERAGE 

BELOW AVG. 0 
POOR 0 

Figure C-9 (continued). 
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CASE NO. 17-1-48 

Page 2 

HIGHWAY DATA 

LOCATION tP..PJT P..1 7'\PL 4 

APPROACH DATA 
	

VEHICLE NO. 	1 	 2 	 1 	4 

DIRECTION OF TRAVEL 

NUMBER OF LANES IN DIR. OF TRAVEL 

AVERAGE WIDTH OF LANE FEET 

MEDIAN 	TYPE 

WIDTH 

SHOULDER 	TYPE 

WIDTH 

GUARDRAIL 	TYPE 

CURB HEIGHT 

SURFACE 	PAVING MATERIAL 

STATE OF REPAIR 

CONDITION (WEATHER) 

FOREIGN MATERIALS 

COEFFICIENT OF FRICTION 

GRADIENT - 

CROWN 

HIGHWAY LIGHTING TYPE 

TRAFFIC DENSITY 

AVERAGE UTILITY POLE SPACING 
Figure c-Jo (continued). 
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CASE NO. J7-J -48 
Page 3 
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HIGHWAY DATA 

80 	60 	40 20 
I  

0 	 20 	40 	60 
I 

80 

- - 	 -t 

- 

-1 

1........ 
t 

jt 
-••------  	-•• 	

-••-•-• 	I 

III 	I 

80 	. 	60 	40 20 0 	 20 	40 	60 80 

I 	 I I 
1 

I 
4 I 

.. 	.. I 
_4.f 

I I 
I  I I 

I 
t 

- I 

80 	60 	40 20 0 	 20 	40 	60 80 

Figure c-Jo (continued). 
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CASE NO..17-1-48 

Page 4 

HIGHWAY DATA 

AREA OF IMPACT DATA 

STRAIGHT 

CURVE o 
OFF Sr 

TRAFFIC CONTROLS 	NONE a 

SIGNS 

OFFICER o 
SIGNAL DATA 

ACTUATION FIXED TIME 

TIME-OF-DAY CYCLE 

PEDESTRIAN 

TRAFFIC DEMAND 

OTHER 

DEMAND ACTIVATOR OVERHEAD 

PAVEMENT 

BUTTON 

TIMING 	
DIRECTION MON.___ 
RED (SEC) 

1' 	I 
YELLOW (SEC) 

*GREEN (SEC) 

*FOR DEMAND TYPE INDICATE RANGE OF GREEN PHASE (SEC) 

STRUCTURAL PERFORMANCE OF HIGHWAY ELEMENTS 

DESCRIBE FOR ALL ELEMENTS STRUCK: 	N/A 

r . 	r. .. ., £ n- 	1=0 k o. A,6 C. 

= 	 _Lo'.''.'C. OrII_'( 	 PC.T%OJ 
-t £ 

- 

Figure c-Jo (continued). 	 S. 

INTERSECTION 	 bt 
OFF - ROAD 

INTERSECTION SIGNAL 

OTHER__________________________ 

VEHICLE NO. 	1 	2 	3 	4 
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Question: How long have you driven and approximately 
how many miles per year? 

Answer: I've driven for 17 years, about 100,000 miles per 
year. 

Question: How often have you driven this particular truck? 
Answer: Eight or nine times. I drive this and several 

other vehicles for my company. 
Statement: The truck has a standard 2-speed transmission. 

Driver has no illness, has not been drinking, or taken 
any drugs, has no infections. He appears to be in 
good physical condition. 

INTERVIEWER'S OBSERVATIONS: 

Mr........... has not been available for a follow-up 
interview. His employer has defeated efforts for a further 
interview. 

Mr...........'s appraisal of his evasive action, after 
consideration of other witnesses, seems not to be consistent 
with other testimony. An independent witness and the 
people in the other vehicle are in concurrence (inde-
pendently) that there was no deceleration of the truck 

..was driving. They further feel that the truck 
may have been slightly accelerating at the time just prior 
to impact. It appears likely that this unit was trying to 
clear the intersection before a red signal, rather than stop 
for the amber. 

ACCIDENT 17-1-48 	INTERVIEW by S. N. Lee 

INTERVIEWEE: 

.., age 35, female, height 5'6", weight 
140 lb. 
Occupation, housewife; driver of a 1963 Plymouth 
Belvedere sedan, New York license plate ........ 
1966. Seat belts were installed and used (lap belts). 

Question: Can you give me a description of the accident? 
Answer: I was traveling west on Greiner between 9:10 and 

9:15 AM. On approaching the intersection of Transit, 
headed west, the light had changed to red and I had 
to wait at Transit for a full cycle of the light to change 
back to green. As the light changed to green, I saw 
a truck coming from my left on Transit. He was 
coming toward me, but I had the impression that this 
truck was going to stop at that time as it was quite 
a ways down the road. Then I started up, and as I 
started up I sensed that the truck was not going to 
stop. I immediately put on my brakes and attempted 
to swerve to the right, at which time the truck struck 
the left front end of my car and damaged the entire 
front end and went on down the road several hundred 
feet before he stopped. 

Question: Where were you when you first saw the other 
vehicle? 

Answer: I was stopped at the red light on Greiner and 
Transit, facing west on Greiner. 

Question: What were you doing at that moment? 
Answer: I was not talking to the passenger in the car at 

the time, but rather was looking down the road, 
getting ready to drive across. 

Question: Where were you when you first sensed danger? 
Answer: Just starting into the intersection. 
Question: What were you doing at that moment? 
Answer: Driving and looking at where I was going. 
Question: Did you take any evasive action? 
Answer: Evasive action was in the form of braking and 

an attempt to turn to the right, away from the direc-
tion the impact was coming just as I entered the 
intersection. 

Question: What was your trip plan? 
Answer: I just left home 4 or 5 minutes before and I 

picked up a friend of mine. ............ who lives 
on ............ and we were going to do some 
shopping on Niagara Falls Blvd. 

Question: What kind of day have you had today? 
Answer: I had a good night's sleep last night, about 9 hours, 

got up this morning, got my kids off to school, got 
breakfast, and cleaned the house up, called ........ 
about going shopping and getting some things that 
we needed and made arrangements to pick her up 
about 9:00. Then I had got myself ready to go and 
that's about all there is. 

Question: Do you have any chronic illness? 
Answer: No, there is nothing wrong with me. 
Question: Do you have any afflictions? 
Answer: No. 
Question: Had you been drinking or taken any drugs? 
Answer: No, nothing. 
Question: Do you have a cold, or the flu, or any imme-

diate illness? 
Answer: No. 
Question: How long have you driven and how many miles 

per year? 
Answer: I've driven for 19 years, about 5,000 miles per 

year. 
Question: What is your opinion of this car's mechanical 

condition? 
Answer: Odometer, lights, steering, brakes, everything is 

working satisfactorily. 
Question: Were you carrying any luggage or cargo? 
Answer: No. 
Question: Did doors open on impact? 
Answer: No. 
Question: Was the witness......... . ., at the intersection 

before or after you? 
Answer: I don't know. 

INTERVIEWER'S OBSERVATIONS: 

In summary . .......... looked left and saw the truck 
some distance off and assumed that the truck was going 
to stop because the light had changed; a normal driver 
assumption which many drivers make and which is 
actually a false sense of security. 

ACCIDENT 17-1-48 	INTERVIEW by S. N. Lee 

INTERVIEWEE: 

, age 26, female............... 
Clarence, N.Y. Height 5'6", weight 135 lb. Seated 
in the right front seat of the 1963 Plymouth driven by 
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Question: Can you please give me a description of this 
accident? 

Answer: We were traveling west on Greiner Road, about 
in the vicinity of \fista Ave. (1 block cast of Transit). 
I noted the light was green at the intersection of 
Transit and (ireiner. As we got closer the light turned 
yellow. When 	 stopped at the intersection, 
the light was still amber. It was after we came to a 
full stop that the light changed to red. At that time, 
I was just watching the traffic go by. The light turned 
green and I looked to the right, a habit I've developed 
even when I'm not driving the car myself. I didn't 
actually see the truck that was coming the other way, 

opposite to the direction I was looking, until the truck 
struck the front of the car in which I was a passenger. 
At the instant of the impact, I saw this faded out 
turquoise fender and the grille and seeing the height 
of these I realized that it was a truck that struck us. 
I looked to the right to see if the truck was going to 
stop and it didn't, it went on the wrong side of the 
road and continued on down the road. I then asked 

if she was all right and she said yes, at 
which time she got out of the car and went across 
Transit to the other side of Maple to talk to someone 
in another car, which was facing east. After talking to 
this person I noticed they both looked in the direction 

DAMAGE TO TRUCK FENDER 
	

DAMAGE TO PASSENGER CAR 

TRUCK RUNNING BOARD BRACKETS 
	

SIDE VIEW OF INVOLVED TRUCK 
Figure C-lI. Accident No. 17-1 -48. 
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TRUCK'S APPROACH TO ACCIDENT SCENE 
(SKID MARKS NOT FROM SUBJECT VEHICLE) 

BROKEN BRAKE LINE OF TRUCK - LEFT REAR WHEEL 

PASSENGER CAR'S APPROACH TO ACCIDENT SCENE 
(NOTE OFFSET IN CONTINUATION OF ROAD) 

Figure C-Il (continued). 

the truck was still going . ........ then went over 
to a little store and about that time a lady in a white 
house at Maple and Transit called over and told me 
that she had notified the police and they were on their 
way. The truck continued a long time before he 
stopped and then finally I could see that he was 
slowing down and stopping. The truck came to a 
stop at least two city blocks away from where we 
had the accident. 

Question: Did you hear any squealing of brakes on the 
truck before the accident occurred? 

Answer: No, I just heard the slam as we were struck. 
It seems as though I was kind of lunged forward and 

had stopped just about the time the accident 
happened. 

Question: What was your trip plan? 
Answer: 	. . came down to my place on ....... 

to pick mc up and then we headed west on Greiner 
and had intentions of going to a milliner for supplies 
for hats. We weren't in any hurry as vo had all 
morning to do what we were going to do. The 
milliner is one the other side of Niagara Falls Blvd., 
in North Tonawanda. It's about three blocks past 
Melody Fair, the destination of our trip that morning. 

Question: Did your car start up immediately after the 
light turned green? 

Answer: No. it turned green and then we started forward, 
not in a hurry or fast, because we weren't in a hurry. 

Question: Was the car facing east on Maple, that 
ran to after the accident for help, at the intersection 
before or after you? 

Answer: About the same time or just before we arrived. 
There were about three cars behind him. He was first 
in line. 

ACCIDENT 17-1-48 	INTERVIEW by S. N. Lee 

INTERVIEWEE: 

, Witness 

, New York 
Phone ................ 

POSITION OF WlTNESS ..........was in a car fac-
ing east on Maple Road (the westward extension of 
Greiner), first in line at the intersection of Transit, 
awaiting the change of light. When ........pulled 
up and stopped at the red light, he had approximately 
a full cycle of the red light to wait. Two eastbound 
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cars stopped behind him and approximately two west-
bound cars stopped behind the car driven by ....... 
who subsequently was in the accident. Both ....... 
and ........awaited the full cycle of the light and 
had been stopped for some time . ........ did not 
see the light change, but was looking to his left 
watching the cars coming south on Transit and no-
ticed that at least two cars coming south had time 
to come to a full stop. He looked from his left to 
the middle of the intersection as his intentions were 
to go across Maple and continue on Greiner. He 
looked ahead just in time to see the truck sweep into 
view from the right and strike the car driven by 

Question: Was there any braking? 
Answer: I did not notice the truck brake, it appeared not to 

brake to me. There was no slowing down whatsoever. 
No screeching of brakes and the impact itself did not 
seem to slow the truck down any appreciable amount. 
The truck continued on north on Transit. The people 
at the light did not move from their position after 
the impact for several cycles of the light. I just sat 
at the intersection and did not step on the gas of my 
car, and after one change of the light . ........ got 
out of her car. If! had started out with the change of 
the light, I could have been in the same situation 
that ........found herself in. 

Question: Did either vehicle take evasive action? 
Answer: Just a moment prior to impact the truck appeared 

to be bearing to its left slightly toward a position 
where I was sitting, in an attempt to avoid the car 
driven by ...........But he couldn't come too far 
to the left without coming head on with the cars 
facing the other direction on Transit at the red light. 
The truck continued on north beyond my line of vision. 
After leaving the accident scene and going across 
Greiner, I noted that there was a truck that appeared 
to, be like the one I saw several hundred feet down 
the road on the wrong side of the road facing in a 
northerly direction. I think the truck was about 1/5th 
of a mile on down the highway from the point of 
impact. 

Question: Then what happened? 
Answer: After leaving her car...........first came over 

to my car and said "Did you see it, did you see him 
hit me?" She asked me if I would help her and I 
advised her that it appeared to be hit and run and 
asked her if she had seen the car stop. We both looked 
down the road north and from our location could not 
see the truck. I advised her to call the police and 
told her I was in a hurry to keep an important engage-
ment. I gave her my card and told her I would help 
her, after which I continued on. As I continued on 
to cross the intersection onto Greiner, I at that point 
looked down the highway and could see the vehicle, 
the truck, that I thought had been at the impact scene. 

Statement: ........ further reaffirms that the cars com-
ing, south on Transit were fully stopped, awaiting the 
light before his vision swung back to the right and 
he saw the truck entering the intersection; therefore, 

they were barely stopped when the truck had reached 
the intersection. 

Question: Do you have an idea as to the speed of the 
truck at the time you saw him? 

Answer: My best judgment would be about 40 mph. This 
is only an assumption. 

Question: Do you have any observations pertinent to this 
accident situation? 

Answer: Only that ..........was very fortunate. Had 
she looked in the direction the truck was coming, 
of course, I don't think she would have pulled into 
the path of it. But had she not looked, after she 
started up, and immediately tried to stop, this truck 
would have struck her broadside. 

Question: Do you know if ........did or did not look 
toward the truck before the impact? 

Answer: No, I do not. I did not see her looking in any 
direction. I didn't notice her until after the impact, 
except when we were waiting for the light to change, 
as I stated previously. 

INTERVIEWER'S COMMENTS: 

appeared to accurately depict the circum-
stances surrounding the accident situation. His answers 
seemed clear, direct and logical. I am impressed in his 
separation of what he saw and what he assumed. I would 
judge his testimony as having high creditability. 

ACCIDENT 17-1-48 	Transit and Greiner 	S. Lee 

Signal Timing and Information: 

The overhead, three-phase signal at this intersection is 
a traffic-demand-type device, regulated by an "Electro-
Matic," traffic-actuated traffic control, manufactured by 
the Automatic Signal Division of Eastern Industries, Inc., 
Norwalk, Conn. 

It is actuated by overhead detectors located on Maple-
Greiner on either side of Transit. The Greiner detector 
is located 106 ft east of the east edge of Transit, suspended 
at a height of about 17 ft above the road surface in the 
center of the westbound lane of traffic. The Maple detector 
is located 96 ft west of the west edge of Transit, suspended 
at a height of about 17 ft above the surface of the road in 
the center of the eastbound lane of traffic. 

Timing of the signal on Transit with traffic approaching 
on Greiner: 

Amber on 	Green on 
Transit 	 Transit 

2.9 see 29 see 
3.1 29.5 
3.0 29.5 
3.1 29 
3.0 29 
3.1 29.5 
3.1 29 

The intended signal timing according to 
of the New York State Department of Public Works. 
Phone no........... 
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East-West on Greiner-Maple 

Green 	Minimum time 12 sec 
Maximum time 22 sec 

Dependent on volume of east-west traffic 
Yellow 	Standard time 3 sec 
Red 	Minimum time 32 sec 

North-South on Transit Road 
Green 	Standard time 28 sec 
Red 	Minimum time 15 sec 

Maximum time 25 sec 

Timing is variable between the maximum and minimum 
or point in between and is correlated to the Greiner-Maple 
signal timing, which is dependent on the volume of traffic 
East-West.  

caught by the short amber phase. These observations were 
made while the road surface was dry. In one hour's ob-
servation of the intersection, two trucks and one car were 
not able to stop and passed through a red light. 

The implications of slippery, icy, or snow-packed surface .. 
in this area give additional cause for alarm. 

Remedy 

It has been recommended that a 4-sec amber phase 
followed by a 2-sec all-red phase replace the 3-sec amber 
phase now existing on Transit. This would allow adequate 
time on a 50-mph highway for trucks, which make frequent 
use of this road. 

UNIT No. 2 

Causation 

ACCIDENT 117r148 	 Transit and Greiner 

CONTRIBUflNGFACTORS AND REMEDIAL 
RECOMMENDATIONS 

UNIT No. 1 

Causation 

This unit was operating on a 50-mph highway and is 
believed, by weighing circumstances and physical evidence, 
to have been going near the 50-mph speed limit. 

As a recommended f-factor of 0.26 G based on a 1-sec 
reaction time, this unit would need 6 sec of warning time 
to make a normal stop. The amber light was functioning 
at a 3.1-sec duration, which is 2.9 sec short of the recom-
mended warning (amber) time. 

Unit No. 1 was the victim of a short amber. cy.cle and 

This unit operator appears to have made an error in 
judgment, not regarding skill, but knowledge. 

Because the light had changed to green in favor of this 
unit, the driver made the incorrect assumption that the 
other would stop. The other driver, being caught in a 
critical time-distance "squeeze play," could not execute a 
stop. He apparently chose to try and go through on the 
amber. 

Unit No. 2, in choosing to make an assumption based 
on right-of-way, has not followed sound defensive driving 
judgment. 

Remedy 

A driver education course designed to teach a more 
defensive type of driving combined with actual driving 
circumstances in order to demonstrate the many areas 

had little chance of making a stop. 	 critical to this type of problem would be advised. 
Follow-up observations in this area revealed several 	The unwarranted assumption by this driver appears to be 

braking marks by dual-wheel units which were apparently 	common, and reflects an inadequacy of our present system. 

APPENDIX D 

SPECIAL FORMS 
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ACCIDENT NO.  

ACCIDENT DATA COLLECTION STUDY: PATH OF VEHtCLE 

OHIO STATE HIGHWAY PATROL 	 CORNELL AERONAUTICAL LABORATORY, INC. 

DATE 	 OFFICER 	TRANSPI~ __ 	
RTATION RESEARCH DEPARTMENT 

VEHICLE DATA 	YEAR _____ MAKE 
	

MODEL _______________ BODY STYLE 

ODOMETER READING 	 ESTIMATED SPEED PRIOR TO IMPACT _______ AT IMPACT  

Figure D-1. 
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SUPPLEMENTAL INSTRUCTIONS FOR COMPLETING 

PATH OF VEHICLE STUDY 

fl I A r, P -A M 

Single vehicle accidents: 

Locate the point where the vehicle left the surfaced roadway. Place the 
clipboard parallel with the edge of the road at this point with the top of the 
clipboard pointing in the direction the vehicle was traveling. Leave in this 
position until all directions are marked. 	 - 

Aim the pointer at the center of the vehicle. Mark this direction through 
the arrow on the pointer and label "V' for vehicle. Measure distance - 
from point of departure to vehicle. 

Aim pointer along path of vehicle departure if different than position at 
rest. Mark this direction and label 'P'. 

Aim pointer at any object (tree, pole, etc.) struck by the vehicle, or any 
other item (ditch, embankment, etc.) that caused a change in path of 
vehicle. Measure distance from point of departure to object. Indicate 
road width. Clipboard may now be picked up. 

Sketch the general arrangement of the roadway and the accident scene. 
Show any skid marks or traces of vehicle path as well as the orientation 

- of the vehicle in its final resting place. 

PHOTOGRAPHY: 

Adequate photographic coverage is essential to this study. 

What photographs are required? 

Path-of Vehicle. 

From the clipboard at edge of highway take photograph of path 
of departure and vehicle in final resting position. 

From a distance of 10 feet from the point of departure (see sketch) 
take a photograph centering the edge of the highway and point of 
departure in the view finder. To accentuate the path of departure 
in the processed photograph; place a yardstick or extendd length 
of a tapemeasure on or parallel to the path of departure. 

Q11-
E  

- - 	 - DG 

POD 

Highway and Berm. Again from position at clipboard photograph the edge 
of highway including berm in the direction from which vehicle was traveling. 

Vehicle. Photos of the damaged vehicle are necessary. Close-up shots 
should be included. 

Objects struck. Include photos of any or all objects struck by vehicle. 

Full photographic coverage should consist of six to eight photos depending 
on circumstances. 

Figure D-1 (continued). 



ACCIDENT DATA COLLECTION STUDY: DRIVER 

VIRGINIA DEPARTMENT OF STATE POLICE 	 CORNELL AERONAUTICAL LABORATORY, INC. 

DIVISION___AREA _______OFFICER _______________________ 	 TRANSPORTATION RESEARCH DEPARTMENT 

DIAGRAM AND DESCRIPTION OF ACCIDENT: 	 DATE:  

TIME:  

WEATHERI  

ROAD CONDITION:  

149 

DRIVER NO. I 	AGE 	SEX 	OCCUPATION 	YEARS OF DRIVING  

DRIVER EDUCATION 	 YES 	Fl  NO 	ANNUAL MILEAGE DRIVEN 	DISTANCE FROM HOME  

USE OF ACCIDENT ROAD: 	 DAILY; 	 FEW TIMES PER WEEK• 	LI FEW TIMES PER MONTH; 	Eli RARELY 

DESTINATION OF TRIP: HOME • 	 WORK; 	a SHOPPING; 	BUSINESS; 	El OTHER (RECREATION, SOCIAL) 

ACCIDENT VEHICLE: 	YEAR- MAKE 	MODEL 	BODY STYLE  

LIC. NO. 	STATE __________ INSPECTION NO. 	MONTH  

ODOMETER 	 VEHICLE EQUIPPED WITH: 	AUTO TRANSMISSION; El  POWER STEERING: El POWER BRAKES 

DRIVER NO. I HAS OPERATED ACCIDENT VEHICLE FOR WHAT PERIOD OF TIME' 	WITH ANNUAL MILEAGE'  

DOES DRIVER NO. I OPERATE ANOTHER VEHICLE' fl YES 0 NO 

IF YES: 	YEAR 	MAKE 	MODEL 	BODY STYLE  

OTHER VEHICLE EQUIPPED WITH: 	AUTO TRANSMISSION 	POWER STEERING 	POWER BRAKES 

DRIVER NO. I HAS OPERATED OTHER VEHICLE FOR WHAT PERIOD OF TIME! 	WITH ANNUAL MILEAGE'  

DRIVER NO. 2 	AGE 	 SEX 	OCCUPATION 	YEARS OF DRIVING  

DRIVER EDUCATION 	R  YES 	Eli NO 	ANNUAL MILEAGE DRIVEN 	DISTANCE FROM HOME  

USE OF ACCIDENT ROAD: 	 DAILY; 	 FEW TIMES PER WEEK; 	 FEW TIMES PER MONTH; 	 RARELY 

DESTINATION OF TRIP: 	'El HOME; 	 WORK; 	 SHOPPING 	 BUSINESS; 	 OTHER (RECREATION. SOCIAL) 

ACCIDENT VEHICLE: 	YEAR-  MAKE 	MODEL 	BODY STYLE  

LIC.NO. 	STATE 	INSPECTION NO. 	MONTH  

ODOMETER 	 fl 	VEHICLE EQUIPPED WITH: 	0 AUTO TRAN'SMISSION 	POWER STEERING ; 	POWER BRAKES 

DRIVER NO.2 HAS OPERATED ACCIDENT VEHICLE FOR WHAT PERIOD OF TIME' 	WITH ANNUAL MILEAGE'  

DOES DRIVER NO.2 OPERATE ANOTHER VEHICLE' 	YES 	MO 

IF YES: 	YEAR 	MAKE 	MODEL 	BODY STYLE  

OTHER VEHICLE EQUIPPED WITH: 	AUTO TRANSMISSION 	LI POWER STEERING 	POWER BRAKES 

DRIVER NO.2 HAS OPERATED OTHER VEHICLE FOR WHAT PERIOD OF TIME' 	WITH ANNUAL MILEAGE! 	- 

Figure D-2. 



INSTRUCTIONS - DRIVER STUDY 

Accident diagram: 

Label vehicles so that the vehicle number agrees with the driver number. 

Driver information: 

List information only for those accident vehicles which are ca-rs or light 
trucks. 

Occupation. Give job or work type, not name of employer or type 
of industry. 	- 

Years of driving. If possible, give years and months if less than 
five years; for five or more years, give the nearest year. 

Driver education. Check "yes" if driver has had a high school 
c our s e. 

Annual mileage driven. If driver has driven more than one year, 
use his estimate of his annual mileage. If he has driven legs-s than 
one year, use estimate of total mileage he has driven. 

Distance from home. Give distance between driver's home and 
accident site to the nearest mile when practical. 

Driver's use of accident road. Check frequency with which driver 
normally uses this road as a driver, not as a passenger. - 

Driver number x has operated vehicle for what period of time. 
Give number of full days if less than one week, number of weeks if 
less than one month, number of years and months if less than five 
years; beyond that, list to nearest year. 

With annual i+iileage. If driver has operated vehicle morethan 
one year, use his estimated annual mileage for this vehicle. :If 
he has operated this vehicle for less than one year, use estimated 
total mileage he has driven it. 

Does driver number x now operate another vehicle. Check "yes" 
only if driver has another vehicle currently available; this does 
not include recently sold vehicles. Include all cars and trucks as 
VT ic 1 e s. 

Notice that the mileage indicated for individual vehicles need not 
always add up to the stated "annual mileage driven". 

Figure D-2 (continued). 
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ACCIDENT DATA COLLECTION STUDY: TIRES 

VIRGINIA DEPARTMENT OF STATE POLICE 	 CORNELL. AERONAUTICAL LABORATORY, INC. 

DIVISION_________ AREA 	OFFICER 	TRANSPORTATION RESEARCH DEPARTMENT 

DATE:  

TIME:  

WEATHER: 

ROAD SURFACE: 

ROAD CONDITION 

DESCRIPTION OF ACCIDENT: 

DIAGRAM OF ACCIDENT: 

VEHICLE NO. 1 YEAR _____ MAKE 	MODEL 	STYLE 	ODOMETER 

LIC. NO. 	 STATE 	__ DENT. NO. 	INSP. NO. 	MONTH 

CHECK 
NO. CORD TREAD Z AIR  IF FLAT, WHY - - - a. OF U PRESSURE 

TIRE MANUFACTURER TIRE NAME PLY MATERIAL SIZE D 
D 

W 
0 U 

DEP TM >4 (LBS) (BLOWOUT. OFF RIM) 
I- Z U ZW 
fl on (MIN.) 

0 	C 

L.F. 
 

L.R.  

R.R.  

R.F.  

NUMBER OF PASSENGERS 	ADULTS ______ CHILDREN (UNDER 12) 

VEHICLE NO. 2 YEAR _____ MAKE 	 __ MODEL 	 _ STYLE __________ ODOMETER LII E ElD LI . 
LIC. NO. 	 _______ STATE _______ IDENT. NO. 	 __ )NSP. NO. 	MONTH 

CHECK 
NO. CORD TREAD Z AIR 

IF FLAT, WHY' a. OF U PRESSURE 

TIRE MANUFACTURER TIRE NAME PLY MATERIAL SIZE 0 
0 U 

4 DEP TM > 4 (LBS) (BLOWOUT, OFF RIM) 
F- Z U ZW on on cr (MIN.) D 

0 	C 

L..  

L.R.  

R.R.  

NUMBER OF PASSENGERS 	ADULTS 	CHILDREN (UNDER 92) 

Figure D-3. 



INSTRUCTIONS - TIRE STUDY 

Manufacturer, Tire Name, Number of Plys, Cord Material, and Size: 

Obtain information directly from sidewall. Give actual number of plys, 
not rating. 

Unev'n vear 

Write yes' only if there are visual signs of uneven tread wear, blis-
tering, cupping, etc. Do not write "yes" if the only signs of uneven wear are 
your tread depth mcasureEnts. Remember, this column should be marked 
"yes" only if uneven wear is apparent upon visual inspection; write "no" other-
\\ is(. 

Check: 

For each tire check one of these headings (standard, snow, stud). 

Recap: 

Write "yes" if tire has been recapped, "no" otherwise, 

Tread depth: 

Record two measurements: one at the center tread, c", and one at 
the outside shoulder, "o" (not the inside shoulder). Attempt to obtain repre-
sentative measures avoiding small areas which are obviously high or low. 
If a measurement is 6 / 3 2 of an inch, simply record "6', not "6 / 32". 

Air pressure: 

Record to nearest pound. Write "0" if flat. 

If flat, wh 

Be as specific as possible. Examples are: blowout, puncture, bead 
separation, cut, torn, off rim, air valve damage, etc. 
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Figure D-3 (continued). 



AGE 	WGT HGT 	SEX 

Li NOT INJURED UNCONSCIOUS 

fl INJURED 	 f YES[] NO Li 
Li KILLED 

II 
RIGHT LEFT 

INDICATE BODY AREAS INJURED AND CAUSES 

SEAT BELT: YES NO 

INSTALLED? 	Li 	Li ADJUSTMENT: 

IN USE? 	Li 	Li LOOSE Li 	SNUG Li 
Li NOT EJECTED Li EJECTED 

TOP OF 
MOULDING 

FRAME 

DIAGRAM OF ACCIDENT: 

DID MOUNTING BRACKET MOVE 

FORWARD YES[] NO Li 
BACK 	YES Li NO  Li 	1 
UNKNOWN 	Li 

MEASURE FROM BASE OF 
DIRECTION SIGNAL LEVER 

ACCIDENT DATA COLLECTION STUDY: STEERING COLUMN 
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VIRGINIA DEPARTMENT OF STATE POLICE 	 CORNELL AERONAUTICAL LABORATORY, INC. 

DIVISION 	 AREA________ OFFICER 	TRANSPORTATION RESEARCH DEPARTMENT 

DATE: 	TIME: 	WEATHER:  

ROAD SURFACE: 	ROAD CONDITION:________________________________________________ 

VEHICLE YEAR: 	MAKE 	MODEL_____ 	BODY STYLE___________________ 

LIC. NO. 	STATE _________ INSPECTION NO.___________________________ MONTH DUE:  

ODOMETER READING U LIII 0 0 Lii .E1 	ESTIMATED SPEED PRIOR TO IMPACT 	AT IMPACT_______________ 

DESCRIPTION OF ACCIDENT: 

TAKE 
MEASUREMENT 

HERE 

/ 
INDICATE STEERING 

WHEEL DAMAGE 

/ 

WAS FIREWALL' 	\I• 

DEFORMED 	 'JACKET GRID 
YES E NO Li 	MEASURE: 	INCHES 

WAS ENERGY ABSORBING JACKET 

GRID DEFORMED YES Li NO Li 
INDICATE INSTRUMENT PANEL DAMAGE 

PUSHED FORWARD Li BACK  Li NONE  Li 

DIR SIGNAL 
LEVER 

RAME 

GLASS' 

OST IC K 

L1l11;lIteE.D1IUmII MOVED YES Li NO Li DAMAGED 	YES Li NO Li 
STEERING COLUMN DRIVEN 
TOWARD OCCUPANT Li YES Li NO 

SLIGHTLY SEVERELY BROKEN 
DEFORMED BENT 

AWAY FROM OCCUPANT YES Li NO Li 
RIM 	 Li Li Li 

IF STEERING COLUMN WAS BENT OUT 
OF POSITION, CHECK DIRECTION(S) LEFT Li RIGHT Li SPOKEISI 	 Li Li Li 

UP 	Li DOWN Li HORN RING 	Li Li 

Figure D-4. 
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INSTRUCTIONS FOR STEERING COLUMN STUDY 

The purpose of this study is two-fold: First, this is part of a methodology 
study to determine how certain data for research purposes can best be obtained and 
reported on a sampling plan basis by police accident investigators. Second, as part of 
this test, we want to measure the performance, under frontal impact conditions, of the 
collapsible steering column system introduced in most 1967 model cars. For purposes 
of comparison, it is considered important to include a control goupof cars that are 
not equipped with this design feature; thus, 1966 cars are included. 

What is an applicable or reportable case car? Any 1966 or 1967 
model passenger car involved in a frontal impact. Exceptions to this rule involve 
station wagons and convertibles. 	These will not be included because of the practical 
difficulties in obtaining a measurement from the column to a fixed rear point. Also 
excluded: Foreign make cars (VW's, etc.). 

What do we mean by "frontal impact"? For the purpose of this study, a 1966 
or 1967 model car sustaining damage at or forward of the front axle, regardless of angle 
of impact shall be deemed to fall within the scope of the study. 

1966 model cars (and 1967 F o r d products) l966 cars are not equipped 
with steering columns specifically designed to collapse on impact. Therefore some of 
the questions on the form will not be applicable in reporting these cases. Essentially, 
only two measurements are required: 

Measurement of collapse or penetration of the column: Using slide-stick, 
place one end flush against the ceiling just above the moulding frame of 
the rear window as indicated in the illustration on the form. Slide the 
other section forward until the end is butted against the base of the 
directional signal lever as shown in inset. Take reading and record in 
the space provided. 

Measure the distance from the base of the direction signal lever to the 
point where the column goes through or adjoins the panel. 

1967 model cars Include the above two measurements. 

In addition: Take the measurement, if possible, of the jacket grid from 
the lower end to the upper point where the grid is concealed by the bracket 
or sleeve also noting and checking any deformation to the jacket grid. 

Mounting bracket Was there any apparent movement forward or back? 

Photography Adequate photographic coverage is essential to this study. The value 
of the measurements taken is reduced if we don't know whether the column was bent 
out of position and by how much it was displaced. It is hoped that photographs will 
provide this evidence. Six to eight photographs will be needed as a minimum. 

What photographs are required? 

Exterior Damage. To show the extent of frontal damage and direction of 
impact, photograph "square-on" the front, left and right side. Include 
view of entire profile of car. 

Steering Column. With the camera at approximately instrument panel 
level take photos of the column and steering wheel, one from the right side 
and one from the left side. In addition, for more detail, place camera 
near transmission tunnel and take photos of steering column grid jacket. 
Caution: All interior pictures should be taken with flash.. 

Figure D-4 (continued). 



Compressed 
Condition 

Normal Condition 

IMPACT-ABSORBING STEERING COLUMN 

IMPACT— ABSORBING STEERING COLUMN JACKET 

BRACKET SHOWN IN 
NORMAL POSITION 

BRACKET SHOWN IN BREAKAWAY POSITION 
IMPACT FORCE SHEARS PLASTIC PINS. AND BRACKET 

DISENGAGES FROM CAPSULES. COLUMN AND STEERING WHEEL 
MOVE FORWARD. COMPRESSING MESH CENTER SECTION OF JACKET. 

IMPACT-ABSORBING STEERING COLUMN MOUNTING BRACKET 
Figure D-4 (continiud). 



CORNELL AERONAUTICAL LABORATORY, INC. 

Survey of Accident Location Criteria 

(NCHRP Contract No. HR 17-1) 

A. 	Description of Existing System 

Does your highway department receive copies of accident reports which occur on 
state controlled or maintained roads? 

yes no 
yes no 

(.t) routinely 	( 	) ( 	) 	(b) 	at state level 	 ( 	) 
upon request 	( 	) ( 	) 	 at district level 	 ( 
never 	 ( 

yes no 
If you get accident reports are they received from police? 	 ( 	) ( 1 

Drivers? 	 ( ) 
From special highway investigations of particular accidents? 	 ( 	) 
Others? (specify)  

yes no 
(a) Are accident locations coded onto punch cards or magnetic tape? ( 	) () 

By the highway department? 	 ( 	) ( 	) 
By motor vehicle agency? 	 ( ) 
By other? (specify)  

yes no 
(b) If the highway department does not code accident location at 	 - 

present, do you plan to do so in the nearfuture? 	 ( 

Please describe briefly the method now used by police in the field for reporting 
accident location on the accident report form. 

If accident locations are coded for computer analysis, please describe the methods 
and procedures used in the coding process. 

Figure D-5. 
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B. 	Location System Criteria 

In your opinion, is reliable accident location information obtain-
able from: 

yes (please check) 
official police reports 	 (J 
driver reports 	 ( 	) 
both driver and police reports 	( 	) 
neither driver nor police reports ( 	) 

(a) Please check the portions of the highway system for which 
you are required to summarize accidents: 

( 	) a specific curve or other major geometric element 
( 	) a specific leg of an intersection 
( ) a specific interchange ramp 

a specific intersection or interchange 
) a specific routed highway 

( ) a specific Federal Aid highway 
) a specific Federal Aid or State highway 

subsystem (for example, Federal and Primary, etc.) 
) a specific city or town 
) a specific county? 

(b) In order to accomplish the above tasks, accidents must be 
located to nearest: 

( ) 0.01 mile 
0. 10 mile 

) 0.25 mile 
( 	) 0.50 mile 
( 	) 1.00 mile 

In your opinion, field markers of some sort are: 

( 	) necessary in all areas (rural and urban) 
) necessary in rural areas only 

necessary in urban areas only 
not necessary at all. 

The extent to which accident records can and will be automated 
(i. e., computerized) affects the choice of location method and 
the detailed operational procedures involved. We have listed 
below several steps in the process of automation which seem 
logical in a general sense. Please indicate the present status in 
your state. 

Figure D-5 (continued). 
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zi 
-I 01 

a 

z 
ZH 
1z 

Z 
I &) 

&) Z 
i1 z

ZO
00 L&U) jZ 

Please check appropriate column: 

Accident records data on cards or tape. 

Ability to identify high frequency accident locations 
on a periodic basis. 

Accident record and highway inventory data on cards 
or tape with gooc1mpatibility of location methods. 

Ability to use accident and inventory data (mechani-
cally) as inputs in formulation of general design and 
operating policy. 

Ability to make many analyses at specific locations 
for engineering purposes by computer (few such 
projects require review of source documents). 

Ability to make all analyses mechanically (by com-
puter) without resorting to accident source docu-
ments. 

Ability to mechanically prepare a visual display of 
accident rates on State highways. 

Ability to mechanically plot collision and condition 
diagram for a specific location. 

El El F-I El 
El El El LII 

El 0 1:1 F] 

1:1 1:1 1:1 El 

El El 1-1 1:1 
El El F-I E 
El E 1:1 0 

Any additional reports, manuals, or opinions 
regarding any aspect of subject of accident lo-
cation which you care to submit will be useful 
and appreciated. 

(Signature) 
	

(Title) 

Figure 12J-5 (continued). 
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astctai CLRTIRCATV 	POUN S. P. lii 
ISSuED UNDUE THE DISUOTION or 

Y1I1NIA STATE POLICE  

HEADLIGHTS 

-L - Him Li OCTOBER 

OTHER LIQHT1 
ILAIL SIGNAL LIGHTS 

HORN  
RTURINO - - 
WINDSHIELD - - 
OTHER GLASS - - 
WINDSHIELD WIPEI - - - 
TAO MOUNTING  
EXHAUST LINE - - - 
TIRES - - 
SEAT BELTS - - - - 	$ AIR CONDITIONER - 
EQUIPMENT 
	

STA. 
REMOVED - 	 NO. 
STATION 
NAME 

INSPECTOR 
UMMIEWIMIMMll St 	 4W 

THIS $TIGKCS IXPISCU APUIL 30 

Figure D-6. Virginia inspection certificate. 



STATE OF MICHIGAN 	 — 0\ UD - lOC 
C V Th C 	 C aPyYr'%?w' ,-,ss'r 

Wa a awaaa 	a sIaaa a n 	 a a 	a. a 

No. of sheets attached .................... Department ..............................................................................................................Complaint 	No. .............................................................. 

LU 
Date ............................................19 ........Day of Week ............................................at .................... A.M. .................... 	P.M. 	File Class 	Number..................... 

I.- I 

County....................................................................City .....................................................................Twp.............................................................Sec. 	.......................... 

z Highway or street on which accident occurred (Name) ........................................................................Trunkline No . ........................ County Road No. .................... 
2 AT ITS INTERSECTION WITH (street, highway or R. R. 	crossing) ...................................................................................................................................................... 

OR  
IF NOT AT INTERSECTION: (feet or rail.s or fractions thereof) ............. ................................................ 	IN 	Is 	I 	E 	1w 

of (intersecting 	Street, highway, 	city, 	village, 	coumty line or R.R.) ...........- ...............................................................................................- 
Special tefereece .............................................................. .. 	.................................................. list to indicate more precise 1.c.tioa: (all.y, hou.• number, etre,, siilepoet, gid.,pa.e, or other l,rk) 

y.st t(o., & 	 ICC 	 MPSC — Year ................M.ke 	.................................... Type ........_.......... ....... State ol Leg ..........................................................No 	...............).. ....... 
o Parts 	of vehicle damaged ...................................................................................... Vehicle 	removed 	to: ......................................By: ................................................... 
Z Owner(FULL Name) 	................................................................................ Street 	or 	RFD ....................................................City ...................................State .................. 
'U 
..J Driver(PULL Name) 	...................................................................... Street 	or 	RFD ................... .................................................................................................................. 

Regular Operator's License E 	 City, Coruity, State 	j 	1EX 	-111, 	1E A T  
I Driver's 
UJ License .................................................................... - - - - 
> State Number 	 Specify Type and/or Restrictions 	Month, Day, Year 

OCCUPANTS 

Other Type License c:i ..................Birth ............................... 

TotalFront Center ........................ .................... ........................................ ..Address ........................... ...... - 	............................................... num - 
berFront Right ............................................................ .................... ........ 	Address 	.......... ............................................ .. ................. .......................... - - - - 

vehi- 
clesRear Left 	..... ............... ...................................................................... 
in- 

volvedRear Center.... .......... ............ 
Address .....................................................................................................- 	- 	- 

. 

	

.................. ............................................ 	Address 	................... . ..................................................... ... ..... ...................- 	- 
RearRight 	........................................................................................ Address ................... .......................................... 	..................................... - - 

Name 	 Street or RFD 	 City and State 
a Year, No., & 	 ICC 	 M'SC Year...... .......... Make ..................... ...................... Type ..................................State 	of 	Reg .......................................................... No. ........................ No......................... 
. Parts of vehicle damaged .................. .................................................................... Vehicle 	removed 	to: 	....................................By: ........................................................ 

Owner(PULL 	Name) 	................................................................................ Street 	or 	RFD 	..................................................City 	....................................State ................... 
Driver (FULl.. 	Name) 	...................................................................... Street 	or 	RFD ...............- 	 ................................................ 

Regular Operator's License fl 	
City. Coimty, State 

Driver's  BELT 
License ......... ......................................................... OtherType 	License 	J 	....................... ------------- . ......... ..............Birth 	............................... - - 

State Number 	 Specify Type and br Restrictions 	Month, Day, Year 
' OCCUPANTS 
o Front Center ...... 	............................................................................... - Address 	................................................... ........................................ ....... 
Z Front 	Right ................ ...................................................................... Address 	..................................................... ....................................... ...... - - - - ILl 
—1 Rear 	Left 	... .... ......... .............. ......................... ................................... Address 	. ............... ......................... ........................... 

. 

......................... ...... 	- 	- 
U 

. 

RearCenter -------------------------- 
. 

ui RearRight 	------------- 	---------------------------- 
------------------------------------------------------------- Address .....................................................................................................- 

------------ ---------------------------------- Address 	......................................... ......................................... ..................________ 
Name 	 Street or RFD 	 City and State 

Figure D-7. Suggested short accident report form. 



SKETCH POSITION OF CAR(S) BEFORE, AT, AND AFTER IMPACT. RECORD APPROXIMATE DISTANCES, OBJECTS STRUCK, ETC. SHOW 
ROLLOVER. SKIDMARK DISTANCES. IF OCCUPANTS WERE EJECTED, SHOW WHEN AND WHERE. 

DRAW HEAVY LINES TO SHOW STREETS \  INDICATE l NAME STREETS p NORTH0 2 / 	BY ARROW 
3 	SHOW VEHICLES AND PEDESTRIANS THUS \ 	\ I I, 

\ I V 
U VEHICLES 'I / 

I / 
o PEDESTRIANS 	 Q 

/
U. 

 \ 
x L o 4. SHOW ANGLE OF COLLISION — / UI S. 	SPEEDS 
be  

TO / 	 )PRIOR IMPACT / 
2 VEHICLE  

Z 
o VEHICLE 

, 
I / / 	 I AT IMPACT: / 0. 

 
\ 	I VEHICLE 	I 

 

'U 
VEHICLE 	2  

BRIEFLY DESCRIBE CIRCUMSTANCES  

mutedtaken to ....... ............ .... .... .................................... ...................... ..............................By .................................................. 
I 

Name .............................. ............................. .......................................... Addie 	.................. ..... -........................ ...........Aic .......... Sex ...... 
Name..................................................................................................... Address .............................................................................................................Age ......... Sex  ...... 
Name ......... ....... .......... .. ....... ............... ....... ......... 	............... ....  ........... Ad 	...........................................................................................................AgeSex  ..... 

Arrest: 	Name .......................................................................-- ..................... Charge ...................................................................................................................... 
Arrest: 	Name .................... ....................................................... 

Uj Reported 	by 	(nania) 	....................................................................... 
....Ch.rge........... 

 
----- . ............ .....----------- ..................................- 	........................... - ................. .... Addrea ............. . ................................................... ......................... ..... ................. of 

LU 
Date 	received ...................................................... Time ................ [J AM 	OPM 	Report received by (ollic.,) ........................................................... 
Investigator.................................................................................................................................................................................................................................................. 

.............  
Signature and Rank Badge No. 	 Station or Department 

0. Investigated 
at scene? 	H Yea 

Photoraphs 
[ii No 	taken? 	H Yea 

Complaint Lii No 	clo.ed by: LI Arrest 	LI Other 	Date .................................................... Poit No....... 

Figure D-7 (continued). 



STATE OF MICHIGAN 
OFFICIAL TRAFFIC ACCIDENT REPORT 

No. of sheets attached....................Department...............................................................................................Complaint No............................................................. 

Date............................................19........Day of Week .................................... at ...................... A.M.......................P.M. 	File Class Number.................. 

County_ ............. .......................................................... 	City .................................................................. Twp ........................................................... Sec............. 

Highway or street on which accident occurred (Name) ............................ ...................... Trunkline No.........................County Road No..................... 

AT 	ITS INTERSECTION WITH (street, highway or R. R. crossing) ............................................................................................................................... 

tz 	 OR 
IF NOT AT INTERSECTION: (feet or miles or fractions thereof)...............................................I S 	E 	W 

of (intersecting street, highway, city, village, county line or R.R.) ........................ .............................................................................. 

Specialreference ................................................................................................ 
Use to indicate more precise location: (alley, house number, stream, milepost, underpass, or other landmark) 	 - 

Damage to property other than vehicles...................................................................................
CODE OF INJURY 

Name object and state nature of damae 	 (Use only the most serious one in each space for injury.) 

In roadway 	, or .................... feet from 	IN Is 	IE 1w 	edge of roadway 	sle signs of injury, as bleeding wound or distorted member, or 
had to be carried from scene. 

Name and address of owner of object struck ............................................................................ .B . Other visible injury, as bruises, abrasions, swelling, limping. etc. 
C . No visible injury but complaint of pain or momentary unconsciousness. 
0 No Indication of injury. 

- 	 Year, No., & 	 ' ICC 	MPSC 

- 	Year................Make..........................................Type................................State of Reg .................................................... No .......................... No......................... 
Parts of vehicle damaged ...................................... ................ ............ .............. Vehicle removed to: .................................... By ................................................. 

Z Owner .............. .......... ................................................................................ St. or RR................................................City..................................State................... 
LU 

Driver................................................................................................St. or RR .......................................................................................... 

0 	 City, County, State 	 INJURY 

Driver's 	
Reg.. Op. Lie 	 Date of 

License......................................................................................Other 0 ........................................................ Birth .............................. 
State 	 Number 	 Specify Type and/or Restrictions 	 Month, Day, Year 

Total OCCUPANTS  
num- 	Front Center ................................................................................ Address .............................................................................................. .- 
her 

 FrontRight..................................................................................Address ............................................................................................. ..-  vehi- 
 des 	Rear Left ...................................................................................... Address ............................................................................................. . 

olvedRear Center..................................................................................Address...............................................................................................- 
Rear Right...................................................................................Address ............................................................................................. . I  

	

Name 	 S'reet or RR 	 City and State 

Year, No., & 	 ICC 	MPSC 
' 	Year ................ Make ............. ............................. Type ................................ State of Reg...................................................No.........................No........................ 

. 	Parts of vehicle damaged ............ ......................................................... .. ......... Vehicle removed to: ........ ........................... .By ................................................ 

,.. 	Owner ............................................. .................................. ......................... St. or RR ................................................ City .................................. State ....................  
0 Driver................................................... ......................... .................... St. or RR ............................................................................................ 

Reg. Op. Lie 	
City, County, State 	 SEX INJURY 

Driver s 	 Date of 
License......................................................................................Other 0........................................................Birth ..............................  

a 	 State 	 Number 	 Specify Type and/or Restrictions 	 Month, Day, Year 

OCCUPANTS 
.Z 	Front Center ................................................................................ Address ............................................................................................. .- 

Ci 	Front Right .................................................................................. Address.. ............................................................................................ .- 
w 	Rear Left ...................................................................................... Address...... ................................. ....................................................... .- - 

RearCenter ................................................................................. Address .............................................................................................. .- - 
UJ Rear Right ....................................................................................Address...............................................................................-  
> 	 Name 	 Street or RR 	 City and State 

Injuredtaken to................................................................................................................By........................................................................................................................ 

WEATHER 	LIGHT 	KIND OF LOCALITY 	 ROADWAY 

(Check one) 	CONDITION 	(Check one)  

	

(Check one) 	
CONSTRUCTION 	SURFACE 	CHARACTER 	CONDITION 

Clear or cloudy 	 Mfg. or industrial 	(Check one) 	 (Check one) 	 (Check two) 	 (Check one) 

Raining 	 El Shopping or business 	Concrete 	0 Dry 	 El Straight road D Defect (describe) 

J Snowing 	E Daylight 	El Apartments 	 Blacktop 	Wet 	 0 Curve  

El Fog . 	LI Dusk or 	fl School or playground [11' Gravel 	IJ Snowy or icy 

Other (specify) 	dawn 	LII One family homes 	J Dirt or sand 	Other (specify) 	Level  

	

Darkness 	Farms, fields 	Other (specify) 	On grade 	Loss' shoulder, slippery when 

Not developed 	_________________ 	Hillcrest 	EJN0 defect 

Name, ................ ................................................................................ Address ...................................................................................................... Age .......... Sex..........  
Lu  Name ......................... ....................................................................... Address ...................................................................................................... Age .......... Sex......... 

Name............................................................ .................................... Address ...................................................................................................... Age .......... Sex......... 

1/63 
This form is prescribed by Commissic,iier, Michigan State Police pursuant to Section 622,, Act 300, P.A. 1949, as amended. 

Figure D-8. A recommended more complete accident report form. 



ALL APPLICABLE SCHEDULES MOST BE CHECKED. OPFICERSCONSIDERFD OPINION SROIILI) AF OIVRN IF A(TS iwc N(W OflTAIPJADI C 

WHAT DRIVERS WERE GOING TO DO BEFORE ACCIDENT 	 ROAD TYPE (Checke çmore for each driver) 
Driver No. 1 was headed IN 	Is 	JE 	1w 	.. 	 DRIVER ................................................................ 

Street 	Highway 
at ............ MPH 	 .' 	.1? T V or 	 ,.,_ 	.1... 	•j - 	 1 driving lane 

Drivet No. 2 was headed [ 	Is 	JE 	1w on................................................................ at............MPH 	0 0 2 driving lane. 

0 0 3 driving lan. DRIVER 
1 	2 	(Check one for each driver) 13 El  4 or more lanes 

El El Go straight ahead 	El El Make U turn 	El El Back 	 El El Divided roadway (limited access) 
El El Overtake 	 [IJ 0 Slow or stop 	El 0 Remain stopped in traffic lane El El Divided roadway (other) 
El El Make right turn 	El El Start in traffic lane 	El El  Remain parked 	 0 El One way street 
El El Make left turn 	El El Start from parked position El 0  Unpaved - any width 
WHAT PEDESTRIAN WAS DOING 	El Along 
Pedestrian was going 	Is 	IE 	1w 	I 	El Across 	into or 	................................................From................................................To.......................................... 

(Check one) 	 Street Name, Highway No. 	 N.E. corner to S.E. corner, or west to east site, etc. 

El Crossing or entering, at intersection 	El Walking in roadway—with traffic 	LI Pushing or working on vehicle 	El Other in roadway 
El Crossing or entering not at intersection 	El Walking in roadway—against traffic 	El Other working in roadway 	El Not in roadway 
El flettinr on or off vehicle 	 El Standing in roadway El Playing in roadway 

VIOLATION INDICATED (Check one or more for each driver) 
APPARENT PHYSICAL CONDITION (Check one or more as applicable) 

DRIVER DRIVER 

2 I 	2PED. 

El El Speed too fast 	 El El Made improper turn El El El in 	 El El El Normal 
El El Failed to yield right of way [I] El Improper or no signal El El El Fatigued 	 El El El  Condition not known 
El El Drove left of center 	El El Improper parking location El El El Asleep 	 El El 	Restriction on license 

El El Improper overtaking 	El El Other improper driving El El El Other impairment 	El 0 	Restricti:n on license not 
El El  Passed stop sign 	

(describe) 
 (describe)_ 	 complied with (describe) 

El El Disregarded traffic signal 	— 
El El Followed too closely 	El El No violation indicated 

VEHICLE CONDITION TRAFFIC CONTROL 
DRINKING CONDITION(Check one) VISION OBSTRUCTION (Check one or more) (Check one or more) 

DRIVER 
(Check one or more for each driver) VEHICLE 

1 	2 
fl 
t_.i Stop sign 

1 	2 PED. 	HAD BEEN DRINKING: 
DRIVER 
12 El LII Defective brakes El Stop and go signal 

El El El Under the influence El El  Windshield or windows' El El Defective lights El Officer or watchman 
El El El  Not under the influence (describe)_ El El Defective steering El R.R. gates or signals 
El El El influence not known  El El Defective tires El Other (specify) 

El 0 Bldgs., signs, bushes, crops. El El Other defective equipment  
El El El HAD NOT BEEN DRINKING embankment, parked cars, etc. (specify) El Control not functioning, 

El El El NOT KNOWN IF DRINKING (describe)____________________ 
inadequate or obscured 

(describe) . 
CHECK IF APPLICABLE: El El Not known if defective  

El El No vision obstruction El No traffic control present El El LI Chemical test given El El No defect 
INDICATE ON THIS DIAGRAM WHAT HAPPENED 

I. 	Draw heavy lines to show streets 	. 	. 	INDICATE 0 
REMARKS AND RECOMMENDATIONS 
Inspect scene for need of traffic engineering? 	El Yes (explain) 

Name streets 	 NORTH 

Draw arrow pointing north 	. 	 By ARROW Re-examine driver for license competency? 	El #1 	El #2 (explain) 
Show veh. and ped. thus: 	 ' 
Vehicles .-+[j:) ci-- 
Pedestrians 	0'.---- 	'. 	: 	-. 	•' 	: 	

.-• 

Show angle of collision' 
	: 	- 	: 	

.' 

Use complaint form or sheet of paper for more extensive remarks or diagram. 

Arrest: 	Name .................................................................................................... Charge ...................................... ................................................................................. 0 
Arrest: 	Name.................................................................................................... Charge....................................................................................................................... 

LUU Reported by 	(name) ....................................................................................... Address....................................................................................................................... 99 
Date 	received .................................................. Time ............... DAM 	D PM 	Report received by (officer).................................................................... 
Investigator............................................................................................................................................................................................................... 

O Signature and Rank , ..... ............... ...... 
Badge No. 	 Station or Department 

Investigated 	 Photographs 	 Complaint 
at scene? 	El Yes 	El No 	taken? 	El Yes 	[I No 	closed by: El Arrest 	El Other 	Date ......................................... Post No......... 

Figure D-8 (continued). 



Published reports of the 

NATIONAL COOPERATIVE HIGHWAY RESEARCH PROGRAM 

are available from: 

Highway Research Board 
National Academy of Sciences 

2101 Constitution Avenue 
Washington, D.C. 20418 

Rep. 
No. Title 

—* A Critical Review of Literature Treating Methods of 
Identifying Aggregates Subject to Destructive Volume 
Change When Frozen in Concrete and a Proposed 
Program of Research—Intermediate Report (Proj. 
4-3(2)), 	81p., 	$1.80 

1 Evaluation of Methods of Replacement of Deterio- 
rated Concrete in Structures (Proj. 6-8), 	56 p., 
$2.80 

	

2 	An Introduction to Guidelines for Satellite Studies of 
Pavement Performance (Proj. 1-1), 	19 p., 	$1.80 

2A Guidelines for Satellite Studies of Pavement Per- 
formance, 	85 p.+9 figs., 26 tables, 4 app., 	$3.00 

3 Improved Criteria for Traffic Signals at Individual 
Intersections—Interim Report (Proj. 3-5), 	36 p., 
$1.60 

4 Non-Chemical Methods of Snow and Ice Control on 
Highway Structures (Proj. 6-2), 	74 p., 	$3.20 

5 Effects of Different Methods of Stockpiling Aggre- 
gates—Interim Report (Proj. 10-3), 48 p., 	$2.00 

6 Means of Locating and Communicating with Dis- 
abled Vehicles—Interim Report (Proj. 3-4), 	56 p. 
$3.20 

7 Comparison of Different Methods of Measuring 
Pavement Condition—Interim Report (Proj. 1-2), 
29 p., 	$1.80 

8 Synthetic Aggregates for Highway Construction 
(Proj. 4-4), 	13p., 	$1.00 

9 Traffic Surveillance and Means of Communicating 
with Drivers—Interim Report (Proj. 3-2), 	28 p., 
$1.60 

	

10 	Theoretical Analysis of Structural Behavior of Road 
Test Flexible Pavements (Proj. 1-4), 31 p.,  $2.80 

11 Effect of Control Devices on Traffic Operations— 
Interim Report (Proj. 3-6), 	107 p., 	$5.80 

12 Identification of Aggregates Causing Poor Concrete 
Performance When Frozen—Interim Report (Proj. 
4-3(1)), 	47p., 	$3.00 

	

13 	Running Cost of Motor Vehicles as Affected by High- 
way Design—Interim Report (Proj. 2-5), 	43 p., 
$2.80 

14 Density and Moisture Content Measurements by 
Nuclear Methods—Interim Report (Proj. 10-5), 
32 p., 	$3.00 

15 Identification of Concrete Aggregates Exhibiting 
Frost Susceptibility—Interim Report (Proj. 4-3(2)), 
66 p., 	$4.00 

	

16 	Protective Coatings to Prevent Deterioration of Con- 
crete by Deicing Chemicals (Proj. 6-3), 	21 p., 
$1.60 

	

17 	Development of Guidelines for Practical and Realis- 
tic Construction Specifications (Proj. 10-1), 	109 p., 
$6.00 

* Highway Research Board Special Report 80. 

Rep. 
No. Title 

18 	Community Consequences of Highway Improvement 
(Proj. 2-2), 	37 p., 	$2.80 

19 	Economical and Effective Deicing Agents for Use on 
Highway Structures (Proj. 6-1), 	19 p., 	$1.20 

20 Economic Study of Roadway Lighting (Proj. 5-4), 
77 p., 	$3.20 

21 Detecting Variations in Load-Carrying Capacity of 
Flexible Pavements (Proj. 1-5), 	30 p., 	$1.40 

22 Factors Influencing Flexible Pavement Performance 
(Proj 1-3(2)), 	69 p., 	$2.60 

23 Methods for Reducing Corrosion of Reinforcing 
Steel (Proj. 6-4), 	22 p., 	$1.40 

24 Urban Travel Patterns for Airports, Shopping Cen- 
ters, and Industrial Plants (Proj. 7-1), 	116 p., 
$5.20 

25 Potential Uses of Sonic and Ultrasonic Devices in 
Highway Construction (Proj. 10-7), 48 p., $2.00 

26 	Development of Uniform Procedures for Establishing 
Construction Equipment Rental Rates (Proj. 13-1), 
133 p., 	$1.60 

27 	Physical Factors Influencing Resistance of Concrete 
to Deicing Agents (Proj. 6-5), 	41 p., 	$2.00 

28 	Surveillance Methods and Ways and Means of Com- 
municating with Drivers (Proj. 3-2), 66 p., $2.60 

29 Digital-Computer-Controlled Traffic Signal System 
for a Small City (Proj. 3-2), 	82p., 	$4.00 

30 Extension of AASHO Road Test Performance Con- 
cepts (Proj. 1-4(2)), 	33 p., 	$1.60 

31 A Review of Transportation Aspects of Land-Use 
Control (Proj. 8-5), 	41 p., 	$2.00 

32 Improved Criteria for Traffic Signals at Individual 
Intersections (Proj. 3-5), 	134 p., 	$5.00 

33 Values of Time Savings of Commercial Vehicles 
(Proj. 2-4), 	74 p., 	$3.60 

34 Evaluation of Construction Control Procedures— 
Interim Report (Proj. 10-2), 	117 p., 	$5.00 

35 Prediction of Flexible Pavement Deflections from 
Laboratory Repeated-Load Tests (Proj. 1-3(3)), 
117 p., 	$5.00 

36 	Highway Guardrails—A Review of Current Practice 
(Proj. 15-1), 	33 p., 	$1.60 

37 Tentative Skid-Resistance Requirements for Main 
Rural Highways (Proj. 1-7), 	80 p., 	$3.60 

38 	Evaluation of Pavement Joint and Crack Sealing Ma- 
terials and Practices (Proj. 9-3), 	40 p., 	$2.00 

39 Factors Involved in the Design of Asphaltic Pave- 
ment Surfaces (Proj. 1-8), 	112 p., 	$5.00 

40 Means of Locating Disabled or Stopped Vehicles 
(Proj.3-4(l)), 	40 p., 	$2.00 

41 Effect of Control Devices on Traffic Operations 
(Proj. 3-6), 	83 p., 	$3.60 



Rep. 
No. Title 
42 Interstate Highway Maintenance Requirements and 

Unit Maintenance Expenditure Index (Proj. 14-1), 
144 p., 	$5.60 

43 Density and Moisture Content Measurements by 
Nuclear Methods (Proj. 10-5), 	38 p., 	$2.00 

44 Traffic Attraction of Rural Outdoor Recreational 
Areas (Proj. 7-2), 	28 p., 	$1.40 

45 Development of Improved Pavement Marking Ma- 
terials—Laboratory Phase (Proj. 5-5), 	24 p., 
$1.40 

46 Effects of Different Methods of Stockpiling and 
Handling Aggregates (Proj. 10-3), 	102 p., 
$4.60 

47 Accident Rates as Related to Design Elements of 
Rural Highways (Proj. 2-3), 	173 p., 	$6.40 

48 Factors and Trends in Trip Length (Proj. 7-4), 
70 p., 	$3.20 

49 National Survey of Transportation Attitudes and 
Behavior—Phase I Summary Report (Proj. 20-4), 
71 p., 	$3.20 

50 Factors Influencing Safety at Highway-Rail Grade 
Crossing (Proj. 3-8), 	113 p., 	$5.20 

51 	Sensing and Communication Between Vehicles (Proj. 
3-3), 	105 p., 	$5.00 

52 Measurement of Pavement Thickness by Rapid and 
Nondestructive Methods (Proj. 10-6), 	82 p., 
$3.80 

53 Multiple Use of Lands Within Highway Rights-of- 
Way (Proj. 7-6), 	68 p., 	$3.20 

54 Location, Selection, and Maintenance of Highway 
Guardrail and Median Barriers (Proj. 15-1(2)), 
63 p., 	$2.60 

55 Research Needs in Highway Transportation (Proj. 
20-2), 	66 p., 	$2.80 

56 	Scenic Easements—Legal, Administrative, and Valua- 
tion Problems and Procedures (Proj. 11-3), 174 p., 
$6.40 

57 Factors Influencing Modal Trip Assignment (Proj. 
8-2), 	78 p., 	$3.20 

58 Comparative Analysis of Traffic Assignment Tech-
niques with Actual Highway Use (Proj. 7-5), 85 p., 
$3.60 

59 	Standard Measurements for Satellite Road Test Pro- 
gram (Proj. 1-6), 	78 p., 	$3.20 

60 Effects of Illumination on Operating Characteristics 
of Freeways (Proj. 5-2) 	148 p., 	$6.00 

61 	Evaluation of Studded Tires—Performance Data and 
Pavement Wear Measurement (Proj. 1-9), 	66 p., 
$3.00 

62 Urban Travel Patterns for Hospitals, Universities, 
Office Buidings and Capitols (Proj. 7-1), 	144 p.,  
$5.60 

63 	Motorists' Needs and Services on Interstate Highways 
(Proj. 7-7), 	88 p., 	$3.60  

Rep. 
No. Title 
64 One-Cycle Slow-Freeze Test for Evaluating Aggre-

gate Performance in Frozen Concrete (Proj. 00)), 
21p., 	$1.40 

65 Identification of Frost-Susceptible Particles in Con- 
crete Aggregates (Proj. 4-3(2)), 	62 p., 	$2.80 

66 Relation of Asphalt Rheological Properties to Pave- 
ment Durability (Proj. 9-1), 	45 p., 	$2.20 

67 Relation of Asphalt Rheological Properties to Pave- 
ment Durability (Proj. 9-1), 	45 p., 	$2.20 

68 Application of Vehicle Operating Characteristics to 
Geometric Design and Traffic Operations (Proj 3- 
10), 	38 p., 	$2.00 

69 Evaluation of Construction Control Procedures—
Aggregate Gradation Variations and Effects (Proj. 
10-2A), 	58 p., 	$2.80 

70 Social and Economic Factors Affecting Intercity 
Travel (Proj. 8-1), 	68 p., 	$3.00 

	

71 	Analytical Study of Weighing Methods for Highway 
Vehicles in Motion (Proj. 7-3), 	63 p., 	$2.80 

72 Theory and Practice in Inverse Condemnation for 
Five Representative States (Proj. 11-2), 	44 p., 
$2.20 

73 Improved Criteria for Traffic Signal Systems on 
Urban Arterials (Proj. 3-5/1), 	55 p., 	$2.80 

74 Protective Coatings for Highway Structural Steel 
(Proj. 4-6), 	64 p., 	$2.80 

75 Effect of Highway Landscape Development on 
Nearby Property (Proj. 2-9), 	82 p., 	$3.60 

76 Detecting Seasonal Changes in Load-Carrying Ca-
pabilities of Flexible Pavements (Proj. 1-5(2)), 
38 p., 	$2.00 

	

77 	Development of Design Criteria for Safer Luminaire 
Supports (Proj. 15-6), 	82 p., 	$3.80 

78 Highway Noise—Measurement, Simulation, and 
Mixed Reactions (Proj. 3-7), 	78 p., 	$3.20 

	

79 	Development of Improved Methods for Reduction of 
Traffic Accidents (Proj. 17-1), 	163 p., 	$6.40 

Synthesis of Highway Practice 

	

1 	Traffic Control for Freeway Maintenance (Proj. 20-5, 
Topic 1), 	47 p., 	$2.20 

	

2 	Bridge Approach Design and Construction Practices 
(Proj. 20-5, Topic 2), 	30 p., 	$2.00 

3 Traffic-Safe and Hydraulically Efficient Drainage 
Practice (Proj. 20-5, Topic 4), 	38 p., 	$2.20 



THE NATIONAL ACADEMY OF SCIENCES is a private, honorary organiza-
tion of more than 700 scientists and engineers elected on the basis of outstanding 
contributions to knowledge. Established by a Congressional Act of Incorporation 
signed by President Abraham Lincoln on March 3, 1863, and supported by private 
and public funds, the Academy works to further science and its use for the general 
welfare by bringing together the most qualified individuals to deal with scientific and 
technological problems of broad significance. 

Under the terms of its Congressional charter, the Academy is also called upon 
to act as an official—yet independent—adviser to the Federal Government in any 
matter of science and technology. This provision accounts for the close ties that 
have always existed between the Academy and the Government, although the Academy 
is not a governmental agency and its aôtivities are not limited to those on behalf of 

the Government. 

THE NATIONAL ACADEMY OF ENGINEERING was established on December 

5, 1964. On that date the Council of the National Academy of Sciences, under the 
authority of its Act of Incorporation, adopted Articles of Organization bringing 
the National Academy of Engineering into being, independent and autonomous 
in its organization and the election of its members, and closely coordinated with 
the National Academy of Sciences in its advisory activities. The two Academies 
join in the furtherance of science and engineering and share the responsibility of 
advising the Federal Government, upon request, on any subject of science or 

technology. 

THE NATIONAL RESEARCH COUNCIL was organized as an agency of the 
National Academy of Sciences in 1916, at the request of President Wilson, to 

enable the broad community of U. S. scientists and engineers to associate their 
efforts with the limited membership of the Academy in service to science and the 
nation. Its members, who receive their appointments from the President of the 
National Academy of Sciences, are drawn from academic, industrial and government 
organizations throughout the country. The National Research Council serves both 

Academies in the discharge of their responsibilities. 
Supported by private and public contributions, grants, and contracts, and volun-

tary contributions of time and effort by several thousand of the nation's leading 
scientists and engineers, the Academies and their Research Council thus work to 
serve the national interest, to foster the sound development of science and engineering, 
and to promote their effective application for the benefit of society. 

THE DIVISION OF ENGINEERING is one of the eight major Divisions into 
which the National Research Council is organized for the conduct of its work. 

Its membership includes representatives of the nation's leading technical spcicties as 
well as a number of members-at-large. Its Chairman is appointed by the Council 
of the Academy of Sciences upon nomination by the Council of the Academy of 

Engineering. 

THE HIGHWAY RESEARCH BOARD, organized November 11, 1920, as an 

agency of the Division of Engineering, is a cooperative organization of the high-
way technologists of America operating under the auspices of the National Research 
Council and with the support of the several highway departments, the Bureau of 
Public Roads, and many other organizations interested in the development of transporta-
tion. The purpose of the Board is to advance knowledge concerning the nature and 
performance of transportation systems, through the stimulation of research and dis-
semination of information derived therefrom. 
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