
HIGHWAY 
RESEARCH 

Number 163 

Highway 
Safety 
6 Reports 

RECORD 

Subject Area 

51 Highway Safety 
52 Road User Characteristics 

HIGHWAY RESEARCH BOARD 
DIVISION OF ENGINEERING NATIONAL RESEARCH COUNCIL 
NATIONAL ACADEMY OF SCIENCES-NATIONAL ACADEMY OF ENGINEERING 

Wa shin gton , D. C., 1967 Publication 1441 



Highway Safety 



Department of Traf fie and Operations 
Harold L. Michael, Chairman 

Associate Director, Joint Highway Research Project 
Purdue University, Lafayette, Indiana 

lilGHWAY RESEARCH BOARD STAFF 

E. A. Mueller, Engineer of Traffic and Operations 

COMMITTEE ON lilGHWAY SAFETY 
(As of December 31, 1965) 

Charles W. Prisk, Chairman 
Deputy Director, Office of Highway Safety 

U. S. Bureau of Public Roads, Washington, D. C. 

Robert Brenner, Secretary 
Engineer-Statistician, Department of Engineering 

University of California, Los Angeles 

Stanley A. Abercrombie, Assistant Executive Secretary, National Commission on 
Safety Education, National Education Association, Washington, D. C. 

Earl Allgaier, Manager, Driver Education Division, Traffic Engineering and Safety 
Department, American Automobile Association, Washington, D. C. 

Otis L. Anderson, Assistant Manager, American Medical Association, Washington, 
D. C. 

John E. Baerwald, Professor of Traffic Engineering, University of Illinois, Urbana 
J. Stannard Baker, Director of Research and Development, Northwestern University, 

Traffic Institute, Evanston, Illinois 
Joel N. Bloom, Manager, Industrial Engineering Laboratory, The Franklin Institute, 

Philadelphia, Pennsylvania 
Murray Blumenthal, Director, Research Division, National Safety Council, Chicago, 

Illinois 
Paul C. Box, Director of Engineering, Skokie Engineering Department, Skokie, Illinois 
Leon Brody, Director of Research, Center for Safety Education, New York University, / 

New York, New York 
Albert Burg, Assistant Research Psychologist, Institute of Transportation and Traffic 

Engineering, University of California, Los Angeles 
B. J. Campbell, Cornell Aeronautical Laboratory, Inc., Buffalo, New York 
Donald G. Capelle, Traffic Research Engineer, Automotive Safety Foundation, 

Washington, D. C. 
Arno Cassel, Senior Research Engineer, Operations Research Division, The Franklin 

Institute, Philadelphia, Pennsylvania 
Joseph S. Champagne, Senior Traffic Engineer, Operations Services Department, The 

Port of New York Authority, New York, New York 
Carl Clark, Head, Life Sciences Section, Research Department, Martin Company 

3078, Baltimore, Maryland 
Justin DuCray, Agency Staff Officer, Highway Transportation Agency, Sacramento, 

California 
Dorothy S. Edwards, American Institute for Research, Silver Spring, Maryland 



I. Robert Ehrlich, Manager, Transportation Research Group, Davidson Laboratory, 
Stevens Institute of Technology, Hoboken, New Jersey 

John P. Eicher, Office of Research and Development, U. S. Bureau of Public Roads, 
Washington, D. C. 

Earnest W. Elliott, Administrator, Highway Development and Traffic Safety, Chrysler 
Corporation, Detroit, Michigan 

Leon G. Goldstein, Chief, Research Grants, Accident Prevention Division, U. S. 
Public Health Service, Bureau of State Services, Washington, D. C. 

A. Beecher Greenman, c/o Charles H. Sells, Inc., Babylon, L. I., New York 
William Haddon, Jr., Associate Director, Division of Chronic Disease Services, 

New York State Department of Health, Albany' 
Daniel J. Hanson, Deputy Director for Traffic Engineering & Operations, D. C. De

partment of Highways, Washington, D. C. 
J. Al Head, Chief, Planning and Standards Division, Office of Highway Safety, U. S. 

Bureau of Public Roads, Washington, D. C. 
J. T. Kassel , Accident Analysis and Safety Research, California Division of Highways, 

Sacramento 
Charles J. Keese, Executive Officer, Civil Engineering Department, Texas Transporta

tion Institute, Texas A & M University, College Station 
Barry G. King, Science Advisor , Division of Accident Prevention, U. S. Department 

of Health, Education and Welfare, Public Health Service, Washington, D. C. 
Gordon G. Lindquist, Chicago Motor Club, Chicago, Illinois 
John w. McDonald, Director, Engineering and Technical Services, Automobile Club 

of Southern California, Los Angeles 
Frederick L. McGuire, California College of Medicine, Los Angeles 
R. L. Mellinger, Institute of Transportation and Traffic Engineering, University of 

California, Los Angeles 
P. Stuart Meyer, GM Engineering Staff, General Motors Technical Center, Warren, 

Michigan 
J. P. Mills, Jr., Traffic and Planning Engineer, Virginia Department of Highways, 

Richmond 
Karl Moskowitz, Assistant Traffic Engineer, California Division of Highways, 

Sacramento 
Walter C. Oram, Senior Highway Engineer, Paving Bureau, Portland Cement Associa

tion, Chicago, Illinois 
James F. Parker, Jr., Bio Technology, Inc., Arlington, Virginia 
Thomas H. Rockwell, Associate Professor of Industrial Engineering and Project 

Supervisor, Systems Research Group, Engineering Experiment Station, Ohio 
State University, Columbus 

Santo Salvatore, Research Psychologist, Office of Research and Development , U. S. 
Bureau of Public Roads, Washington, D. C. 

Lawrence E. Schlesinger, Director, Driver Behavior Research Project, George 
Washington Univer sity, Washington, D. C. 

David M. Schoppert, Alan M. Voorhees & Associates, Washington, D. C. 
John W. Sanders, Bolt, Beranek & Newman, Inc., Cambridge, Massachusetts 
Ross T. Shoaf, Assistant City Engineer, City of San Francisco, Department of Public 

Works , San Francisco, California 
John N. Snider, Systems Research Group, The Ohio State University, Columbus 
David Solomon, Principal Research Engineer, Traffic Systems Division, U. S. 

Bureau of Public Roads, Washington, D. C. 
G. D. Sontheimer, Director of Safety, American Trucking Associations, Inc., 

Washington, D. C. 
Kenneth A. Stonex, Automotive Safety Engineer, Technical Liaison Section, Engineering 

Staff, General Motors Corporation, GM Technical Center, Warren, Michigan 
Vergil G. Stover, College of Engineering, University of South Carolina, Columbia 
S. S. Taylor, General Manager, Department of Traffic, Los Angeles, California 
William C. Taylor, Traffic Research Engineer, Ohio Department of Highways, 

Columbus 



I 

Ray P. Teele, Physicist, Photometry and Colorimetry Section, National Bureau of 
Standards, Washington, D. C. 

Kenneth J. Tharp, Department of Civil Engineering, State University of New York at 
Buffalo, Buffalo, New York 

Ralph Westwood, Director, Traffic Records Program, American Association of 
Motor Vehicle Administrators, Washington, D. C. 

Ross G. Wilcox, Executive Secretary, Safe Winter Driving League, Chicago, Illinois 
R. M. Williston, Chief of Traffic, Connecticut State Highway Department, Wethersfield 



Foreword 
A recent Presidential message to Congress urged a total attack on the traffic 
safety problem, and requested greater funds for research, accident data collec
tion, driver education and testing and traffic control technology. As a result, 
highway safety has been emphasized as never before. This RECORD p:i;-esents 
some important research milestones in the field and concentrates on various as
pects of driver behavior and accidents as well as highway design and its relation 
to accidents. 

The six papers and three discussions will be of general interest, but they will 
be of prime use to driver educators, safety administrators, highway and traffic 
officials, enforcement personnel and accident record researchers and specialists. 

Baerwald's paper surveys accident records and their use and finds that there 
is room for much improvement. Locations need to be identified and emphasis 
should be placed on recording factual information. The author also points out that 
special forms are needed for research use and that accident statisticians should 
use electronic processing equipment to a greater extent. Three discussers have 
also contributed their comments and the author has added a closure . 

Three California researchers have studied teen-aged drivers in that state and 
have reported the findings. As a result of a study of significant relations between 
exposure, experience and driving record, they discovered a lack of general effec
tiveness of statewide driver training in reducing accidents. There is also some 
evidence that immaturity and lack of experience contributed to accidents. Differ
ences between male and female driver behavior are presented in terms of the 
variables studied. 

Peck, Coppin and Marsh in their paper on driver records compared as to age, 
sex, and marital status find that women drivers have better driving records than 
men. As age increases, accidents decrease except in advanced age brackets. 
Marriage evidently helps female drivers achieve better records than their male 
counterparts, although single female drivers have better records than married 
male drivers. Over 200, 000 driving records were examined in this comprehen
sive research. 

Some of the problems engendered by extremely long sessions of controlled
access highway driving without sleep were studied by two Ohio researchers. Driver 
behavior as measured by performance instrumentation does decrease over time, 
but rest periods tend to bring back part of the decrement in performance. Modest 
experiments with drugs on one of the research subjects indicated an improvement 
in performance and increased ability to drive further. Physiological data indi
cated little change . 

Another paper describes freeway ramp studies conducted to determine which 
geometric features are most closely related with safety. Correlations were found 
between accident rates and ramp types, relative freeway to ramp grades, fixed 
objects, speed change lane lengths, possible safe entrance speeds at on-ramp 
noses, and off-ramp radii. Accident rates of on-ramps were found to be con
sistently lower than those of off-ramps. 

The final paper gives the findings of three California researchers who con
ducted a reevaluation study of group driver improvement meetings. They learned 
no accident reduction resulted from such driver improvement meetings, but that 
such meetings did reduce traffic convictions. 

Publication of this RECORD was aided in part by a financial grant from the 
ENO Foundation for Highway Traffic Control, Inc. 
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Traffic Accident Reporting Criteria of 
Principal Users in Illinois 
JOHN E. BAERWALD, Director , Highway Traffic Safety Center , :University of 

Illinois, Urbana 

This research indicated that the emphasis in accident report 
forms should be on the recording of factual information , in
cluding accurate identification of the involved traffic units 
(persons and vehicles) and the location of the probable col
lision area to the nearest 100 ft. The time and date of the 
accident occurrence should be reported for legal, adminis
trative, educational, and research purposes . The accident 
report should cover three types of accident circumstances: 
(a) the maneuvers and actions of each traffic unit before, at, 
and following impact; (b) unusual environmental conditions; 
and (c) accident results. 

Immediate attention should be given to development of 
scales to indicate a quantitative estimate of personal injury 
and property damage. Studies should be directed toward the 
development of uniform accident reporting and summary 
forms which would be of more benefit to a majority of the 
user groups. The collection of specialized accident data for 
research uses is not a function of routine accident reports, 
but such data should be obtained on specifically designed 
forms. Accident statistical units should be strongly urged to 
utilize electronic data processing equipment and techniques 
to a greater extent . 

•MANY TRAFF1C accident prevention programs have been based on records of traffic 
accidents . This concept is based on the theory that accidents tend to repeat and that , 
if it is possible to identify the factors contributing to accidents which have happened , 
it is possible through corrective steps to avoid the repetition of such occurrences in the 
future . Accident records also serve as a measure of the magnitude of the problem , thus 
enabling the public and government to determine the proper emphasis to be given to 
various facets of the problem. Similarly, continuous evaluation of records provides 
trend information so that progress or the lack of it can be measured. 

Every national agency in the traffic safety field has acknowledged the significance of 
traffic accident records, and the use of these records was also recognized by the 1946 
President's Highway Safety Conference and all succeeding conferences. Consequently, 
a section describing traffic accident records is included in the current Action Program 
of the President's Committ~e for Traffic Safety (!). 

Increasing evidence indicates that traffic accident records in the United States are 
unsatisfactory. Some of the visible indications of difficulty can be identified as follows: 

1. Incomplete or inconsistent national totals, 
2. Duplication of effort and excessive costs, 
3. Absence of the application of modern techniques for data processing, 
4. Lack of inter-governmental or inter-bureau exchange and cooperation, 
5. Failure to produce significant facts about accidents, and 
6 . Absence of a satisfactory rate basis. 

Paper sponsored by Committee on Highway Safety and presented at the 45th Annual Meeting. 
1 
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The National Safety Council estimated that in 1965 there were about 12. 5 million 
motor vehicle traffic accidents in the United States. It is presumed that at least half of 
these accidents were reported in some form to one or more of the many agencies, both 
public and private, which are directly interested in traffic accident data. 

An individual driver involved in an accident of any consequence may be expected to 
file, at a minimum, a state traffic accident report and an insurance company report. 
Depending on local regulations and where the accident occurred, he might also be re
quired to file reports with other authorities such as city police, county sheriffs, and 
toll authorities. If a commercial vehicle driver is involved in an accident, he might 
be required to file all of the above reports as well as other reports to his employer, to 
the state public utilities authority, and to the Interstate Commerce Commission. These 
accident reports vary in scope, detail, and the urgency for prompt reporting, depending 
on the interests of the different agencies. Such multiple reporting is, therefore, a 
problem to the motorist, who can become confused and overburdened with different re
ports , and to the various agencies, whose different interests may tend to decrease the 
accuracy and completness of the reports prepared for their use. 

The multiple reporting and the lack of uniformity in accident data collection and 
processing is depriving many agencies of much essential information. Before extensive 
efforts can be made to minimize the number of accident r eport forms and obtain gr eater 
uniformity in reporting, it is necessary that the reporting criteria for the different 
traffic accident data users be identified and coordinated wherever possible. 

REVIEW OF LITERATURE 

Although there have been many publications which discuss traffic accidents, only a 
few articles go into any detail about traffic accident record systems. "The Federal 
Role in Highway Safety" (2) devotes considerable attention to traffic accident records. 
This publication states: -

Foremost and most obvious among the important measures of the status of 
safety on the Nation's highways is the traffic accident. The specific re
su Its of an accident-damage to property, or death or injury to people
have definite meaning to the individuals involved but, for appreciation 
of their ful I significance, accidents need much broader interpretation in 
terms of values to all society. Sati sfactory appraisal of the wide range 
of tangib le and in tangib le effects is well nigh impossible in statisti cal 
terms.* 
~ it is necessary, ce rta inl y, to di mension t he traffic-accident pro
blem in its relationship to highway t ransportation and the major charac
teristics of the population it serves. While a great deal of information is 
now collected and is useful for this purpose, unfortunately some of it is 
of questionable validity or value. 

Another important publication is "Traffic Accident Records: A Section of the Action 
Program for Highway Safety" (1). This publication promotes the development and use 
of traffic accident record systems and also points up the need for increased standard
ization, simplification, and improvement of traffic accident recor d systems. 

The most recent and most detailed report, "Improvement of the Present System of 
Traffic Accident Records" (3), was published in 19 63. This comprehensive analysis 
contains many suggestions for improvement of traffic accident records. Other per
tinent publications include manuals for compiling (4, 5) and using (.6) traffic accident 
statistics. These and related publications will be referred to when appropriate. 

Basic Purposes of Traffic Accident Records 

Five distinct, basic purposes of traffic accident records have been identified by 
J. Stannard Baker (i). These are: 

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

*Underlining added for emphasis. 
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Figure 1. Traffic accident records system as outlined in the action program. 
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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; and 
5. T o, determine negligence or fault. 

Users of Traffic Accident Records 

The principal uses of traffic accident information and their sources were summa
rized in "Traffic Accident Records" as s hown in Figure 1. Baker (3) has expanded the 
listing of traffic accident data users and identified the purposes for which each kind of 
user desires the information (Table 1) . In discussing users of accident records, 
Baker states : 

In the broadest sense, of course, the purpose of accident records is to 
meet needs for accident information of agencies with responsibilities for 
traffic safety. The purposes for which different agencies want i nforma
tion are not necessarily different, although the uses to which they put the 
information may be. For example, both engineers and enforcement offi
cials want information about location of accidents . Both want it far pur
poses of determin ing where accidents are most critical; but one will use 
it for planning selective enforcement and the other for deciding what 
points in the road network wi 11 benefit most from traffic engineering 
treatment. 

He later says : 
Some agencies with responsibi Ii ties for traffic safety make little use 

of traffic-accident records for any purpose. Vehicle inspection comes to 
mind as one of these. In most of these cases available records contain 
little information to suggest preventi ve action. Furthermore, the records 
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TABLE l 

PURPOSES OF ACCIDENT RECORDS IN ACCIDENT PREVENTION FUNCTIONS 

]. 2. 3, 4. 5. 
Cause of Where, when, Suggest Measure Determine 

ACCIDENT PREVENTION mortality, etc. preventive effect of negligence 
morbiditv critical action effort or fault 

Law enforcement 

Police x x x 

Courts x x 

Education x x x 

Public information x x x x 

Legislation x x x x 

Dr iver 1 lcensl ng 

Examination x x 

I mp rovemen t x x x x 
. 

Engineering 

Traffic enginee ring x x x 

Highway design x x x 

Vehicle design x x x 

Vehicle i ns~ection x x 

Financial x 
re seonsibilit~ 

ore not good enough to demonstra te how effec t ive speci fic safe ty mea
sures reall y a re. There seems to be a tendenc y in connection with occ i
dent records for those who wont information to think of using only what 
is available and for records systems to think of producing only what is 
required. 

Data Requirements 

The basic accident data r equired by certain user groups were identified in "Tr affic 
Accident Records" (1 ), as shown in Table 2 . Baker (3) has developed a table (Table 3) 
which lists the specliil data requirements for each of the five basic purposes of traffic 
accident records . In discussing this table he states: 

In such a tabl e , indications of information needed ore, of course, mat
ters of judgement (s ic) and therefore subject to minor di sagreements, but 
they do serve to i I lust rate various possible demands on data co I lection 
systems. For example, very few facts about each accident ore needed to 
know how t roffi c accidents compare in frequency with other causes of 
death; but to dete rmine fault or negligence, data on many specific de
toi Is of on accident may be required. 

Specific needs for data are determined by special uses. Often these 
might be much more limited than those suggested by the chart of data 



needed for various purposes (Table 3). For example, an investigation of 
the contribution to accidents of mechanical defects in automobiles, would 
entail very specific descriptions of a vehicle's mechanical condition be
fore and after the accident; but usually few facts about the driver, road, 
and events of the accident. 

Note that Table 3 includes only basic facts needed for various pur
poses, not conclusions based on the facts. Note also that many of the 
kinds of facts wanted, as shown in the I ist across the top, cou Id be sub
divided. For example, under detailed information on injury there might 
be listed the specific nature of the injuries, an estimate of their severity 
in terms of days of disability, breakdown of medical costs (important in 
settlement claims) and an evaluation of degree of permanent disability 
(important in workmen's compensation). 

Sources of Traffic Accident Data 

5 

Possible sources of traffic accident data have been divided into five general catego
ries by Baker (3). These categories have been identified and subdivided according to 
their relationship to the events and circumstances of the accident as listed in Table 4 
and described below: * 

1. Persons there when the accident occurred. 

a. Drivers of vehicles involved and injured pedestrians. These are the most 
important people because they were responsible for direction and control of the traffic 
units involved. 

b. Others involved are usually occupants of vehicles but may also be people 
accompanying pedestrians. 

c. Bystanders and passers-by are people who were in a position to see impor
tant events of the accident even though they may not have done so. People who just 
heard the noise would not be included. Bystanders may have been afoot or in vehicles, 
standing or moving, and they may have been as much as 500 ft away at the time. 

2. People arriving at the scene soon after the accident are those who came to the 
scene after the accident situation had been stabilized but before vehicles had been moved 
or the road cleared for traffic. They may have come unexpectedly or may have come 
to see what the disturbance was. Not included are people called to the scene for partic
ular purposes . 

3. People sent to attend the accident. 

a. Police with specialized training for work with traffic accidents are generally 
men assigned to accident investigation units, or highway patrolmen with at least some 
special accident investigation training. If qualifications consisted only of instruction 
or experience in completing an accident report form, the police officer would not be in 
this class. 

b. Other police include deputy sheriffs, park rangers and similar officers if they 
had no special training. 

c. Firemen called to the scene. 
d. Ambulance drivers and attendants may or may not have medical or first aid 

training. If police or firemen drive or accompany the ambulance, put them in this class 
only if their duties in connection with the accident relate to transporting dead or in
jured. Undertakers who go to the scene are in this category. 

e. Tow-truck drivers and helpers include highway department, public utility, and 
similar employees who go to the scene to help clear the road or roadside. 

f. Photographers and newspaper reporters are those who actually get to the scene 
of the accident before vehicles are removed. Amateur or professional photographers 
are included if they happen on the scene or go there on their own initiative before ve
hicles are moved. 

*In accidents involving more than one traffic unit, there may be a separate source for some kinds of 
information for each traffic unit involved. 



TABLE 2 

BASIC INFORMATION REQU IRED OF ACCIDENT RECORDS SYSTEMS 

I Enforcement: 
DATA REQUIRED assignment 

c Year, mon th, day . x 
~ Hour of dav . x .... 

c State and jur i sdiction . . x Ill Ill .,, L Road or stree t . x Ill u .r::; Location on road . x u :J: • Kind of district . 
Ill 

. . . . 
.r::; Surface condition . .... .... • Type of accident . . x L .r::; 
0 :J: $everity of accident . . .... 

Hi<11\wav tvoe . . ll' 

Direction approaching from ...•••.. 
Movement planned .•••..•.•..•• x 
Vehicle type , if any . . 

L.. c Kake, year, numbe r , if motor vehicle •. . O• . .,, Vehicle registration, if any ••.•.• . . 
" ti L Owner: name{ address ••.•••••. . > I- ... . 
0 u"' Insurer, Po i cy No., if any ••••.. . - u > I-'= .,, f.'ol f ey expiration date ••... . .• . c ~ : - Vehicle damage: description, amount •. . 
.r::; Driver or pedestrian: name, address •.. u • Driver or pedestrian: birth date, sex • 
u Dri~er license number, if any .•••.• 
L Po li cyholder : name , address ..••••• 
0 

lo. 

~~ Description of injuries ......... 
L:JJ Age, sex •• . ...•... ....... ., . ...., 

Name, address a,.C . 
~on-ve 1cle Description amount . . 

damage Owner : name, address . . . 
X =Administrative requirements for prevent i on purposes 
(*) =Legal requirements to fulflll functi ons of law 

Licensing: 
Engineering: Education: driver con-

location, summaries, trol and 
imorovement rates trends imorovement 

x x x 
. x 
x x (*) 
x (*) 
x 

x 
x 
x x x 

. . ,X x 
I x 
I 
I x 

x 
. . . 
. . . . 

. . 
x f!J x 

. (*) 

. . 
. x 

. x 

. 
. 

Financial 
res pons i bi I ity 

(*J 

(*) 

. 

x 
x 

f :J 
(*) 
(*) 
(*) 

~i~ 
(*) 

x 
(*) 
(*) 

Source: Presid.nt 1s Committee for Highway Safety, Traffic Accident Records: A Section of the Action Program for 
Highway Safety, Superintendent of Documents, U. S. Government Printing Office, Washington, D. C., 1960, p.8 

m 



TABLE 3 

FACTS NEEDED FOR EACH OF FIVE BASIC PURPOSES OF ACCIDENT RECORDS 

OESCR I PT I ON 
... DESCRIPTION Of ELEMENTS OF TifE HICHVAY TRANSPORTATION svsn: .. 

·~~~imnfN 
0 

OF RESULTS z V..t.icle a""A .nr • ·-o ... -.. 
Place Time Detailed 1-Z Detai lad General Specific Gross BASIC PURPOSES OF ...... 

-> 
"'"' TRAFFIC u 
"' ... 

ACCIDENT RECORDS 
0 -c: • • '-

'-
.. .; '- "' .. c c: .. c: .. u "' .. c: u 0 .. "' (See more complete 

.. .,, 
i .; •.: ... u c: 0 • .. • .... .. .. 1:- .. -· .. .., . ... c: ·- • c: .. 

description of • '- ... • c .. c .,,_ .. 0 ... • .., 0 u 
purposes elsewhere) 

.. .. .. ... ,,. 0 ... 1- u .I!. - c ...... • "' >-- .: •• c: • • >c: - -c: . . . ·- u .. ·- - "'"" u :II _., .. 
• 0 ,,. CTi.., O"V .. 0 ... CJt • ..&:: ·-u:a A "ie~ ... o- • .. - .... _ .. > I ~-z a u- • :t. - ... •"V. c ... "' :t .. ...... _,; " .. ... ~ .. ,..., > 8&~=~:! cu o .. c ... • u ... > " 

..,_ .. '-U • .. er c ... ••>-·-c•- c .. 
u .. :? !: .,, <.:"" -· .., •c•-~ .I!. u • ·- Cft .., -~.., ., O"O"" 0 .., •O c: .. "" ... 0 c ... .... 0 .. 0 ... ... >. c ... _ • u 

A>- ~ 
... ••A.D.0 • • 0 • a. • ' -,,_ c u"' .. . .. . I -> c.., • ... ,,. u c: -.. ..... _ 

·- c: . .. .. . .. - .. ... u t..-.,. ·- .. en·- - .c .c • -- .. . . .. ,,. E.._..__ AC 
... .., u -.. i •• :t ·- •• ~ > .. •-"VU-OCJt ...... c .CC> D'l e-a- :11• .... .:ttt. ". 0 ..... "'" .. > ~.I:. .cc\,. •• c "'c .. ·- ·- ... ·- ........ - u .... - ..... • JC u u . ·- )( .. 0 •• C • .., ._ IV '-> • • 0 ~ 0. . " . ·- ·- :a - u o- - ....... cneu-
.,, :c "' 0 :c z ... .,, -> o~ x: ...... .,, ac..>111-'> z "'a: _,.,.u CCC a::> -~t-L c( cnO.I 

1. Cause of mortality, 
.arbi di tv 

x x xx 

2. Where, when, etc . 
critical 
General x x x x x xx x xx x x x x x 
Specific x x x x x x x x x x x x x x xx xx 

]. Suggest preventive 
action 
Individual acc. x x x x x x xx x x x x x x x x x x x x x l x x x x x 
Mau data xx xx x xxx x xx xx x x x x x x x x x x x x x xx xx ... Measure effect of 
effort 
General x x x x x x x x x 
Specific x x x x x x x x x xx x 
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4. Later duties related to road, vehicles and people involved. 

a. Special photographers called to make pictures of the site or of damage to 
vehicles include police who are called only to make pictures of the scene, but exclude 
police who make pictures as a duty in attending the accident. 

b. Topographers, surveyors or others who are sent to map the site include 
police only if they have no other duties in connection with the particular accident. 

c. Traffic engineers. Usually their duty is to determine whether traffic con
trol devices were functioning properly. Included are highway maintenance people who 
repair damage to road, guardrails, traffic control devices, temporary barricades, etc. 

d. Repair mechanics and wreckers who repair or disassemble for salvage dam-
aged vehicles after removal from site of the accident. 

e. Surgeons who treat injured. 
f. Nurses who attend injured at home or in hospitals. 
g. Medical examiners, pathologists and coroners are people who examine those 

people who die soon after an accident. If a coroner mainly transports the dead, con
sider him an ambulance driver or attendant. 

h. Undertakers, morticians and embalmers may be able to give information on 
injuries. If they only transport the dead from the scene of the accident, consider them 
as ambulance drivers and attendants. 

i. Fleet supervisors in charge of motor-vehicle fleets are from truck or bus 
companies and may examine road, drivers, or vehicles following an accident. They 
may have information about loads. 

j. Claim investigators. 
k. Attorneys anticipating litigation arising from the accident. 

5. People who may have useful ancillary information. 

a. Relatives, associates, and acquaintances, employers, and employees of per
sons involved. 

b. Family doctors who are familiar with the condition of the driver or pedestrian 
before the accident. If they treat injuries, consider them surgeons. 

c. Service station, bar, restaurant, and similar personnel who might have seen 
a driver or pedestrian before an accident. 

d. Automobile repair and inspection personnel who might know the condition of 
the vehicle previous to the accident. 

Three columns are shown for each type of information in Table 4. They are headed 
O, R, and T, for opportunity to obtain information, responsibility for obtaining infor
mation, and training in observing and recording. The degree of opportunity to get cer
tain information is shown in the first column, 0. This degree is shown by letters A, 
B, and C,which represent, respectively, good, fair, and poor. 

The degree of responsibility and training for each person is shown in the next two 
columns, Rand T. The letters A, B, and C represent, respectively, special, general, 
and none. 

Therefore, the best source for any particular fact is marked AAA. Unsuitable 
sources are left blank. 

Baker (3) has proposed that "five types of data collection should be recognized and 
provided for: (a) motor-vehicle mortality record, (b) basic accident record, (c) auxil
iary reports, (d) special records for legal purposes, and (e) special records for tech
nical purposes . " 

DESCRIPTION OF STUDY 

Objective and Scope 

The study, cosponsored by the Automotive Safety Foundation and the U. S. Bureau 
of Public Roads, was to consider in depth the various uses of traffic accident data by 
principal users in Illinois. The study's objective was to determine the accident data 
usage criteria (information needed, degree of accuracy, completeness and detail, 
allowable reporting delay, etc.) of the different data users. After the usage criteria 
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of these individual interest groups are identified and detailed, the criteria should be 
combined and correlated in order to establish data usage criteria for a universal traffic 
accident reporting system, or for better coordination of multiple systems. 

In considering the users to be contacted, attention was given to all known user 
groups, but no effort was made to conduct a statistical evaluation of the usage of traffic 
accident data by each of the user groups. On the other hand, every effort was made to 
determine the usage criteria for those user agencies which are doing the most with the 
information and are best qualified to comment on the need and/ or usage of other traffic 
accident information. 

Methodology 

In order to determine the accident record users' criteria in Illinois, a study team 
was appointed consisting of senior faculty members at the University of Illinois. The 
team members were Charles H. Bowman, Professor of Law; Dr. Marvin J. Colbert, 
Director of Health Service, and Associate Professor of Medicine, University of Illinois 
at the Medical Center, Chicago; Ellis Danner, Professor of Highway Engineering; A. E. 
Florio, Professor of Safety Education; Robert I. Mehr, Professor of Finance; Ervin H. 
Warren, Director of Police Training Institute; and John E. Baerwald, Director of High
way Traffic Safety Center and Professor of Traffic Engineer ing-Principal Investigator. 

Most of the work of the study team was conducted during the summer and early fall 
of 1964. After preliminary agreement concerning study procedures, members of the 
study team individually contacted those agencies within their respective disciplines 
which appeared to be best qualified to comment on accident reporting criteria and acci
dent record usage. A list of the agencies contacted by the individual members of the 
study team is included in the Appendix. It may be noted that agencies on all levels of 
government as well as private agencies with local to national interests were contacted. 
In general, only agencies operating within Illinois were contacted, and no attempt was 
made to obtain a statistically reliable sample. 

After each member of the study team completed his investigation, fie prepared a re
port which summarized the information he had obtained and formed the basis for his 
subsequent conclusions and recommendations concerning accident reporting criteria for 
the user groups contacted. These individual reports were reproduced and distributed to 
each member of the study team, and subsequent meetings and discussions resulted in 
the development of a group report and recommendations. The principal conclusions of 
the individual reports are summarized next. The complete individual reports are in
cluded in the final report of the research project ('.D. 

SUMMARY OF INDIVIDUAL REPORTS 

The individual reports were prepared by the members of the faculty study team after 
they had completed their interviews with the agencies within their respective disci
plines. These reports followed the general format: 

1. Professional uses of traffic data, 
2 . Professional requirements for traffic accident bits, 
3 . Professional reporting criteria for primary data, and 
4. Discussion and recommendations. 

In preparing the reports, the team members were asked to present their own evalua
tion of the accident reporting situation rather than merely reporting what they found 
during their field interviews. Therefore, in many cases the conclusions and recommen
dations contained in their reports are their own, reached as professional persons 
competent to discuss the particular interest group. 

The following sections are intended to highlight the more important aspects of the 
individual reports. 

Education, Research and Driver Licensing 

The professional uses of traffic accident data by educators (especially on the college 
and university level) are to give prospective teachers a background of traffic accidents, 
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provide for an analysis of accident causation, and enable the interpretation of accident 
report information. 

The driver licensing interest in traffic accident reports primarily relates to an 
attempt to correlate driver characteristics and behavior with accident causation. In 
addition to being interested in the typical information (who, what, where, when, why, 
and how) presently obtained from the accident report form, this professional user group 
would find the reports more useful if they: 

1. Provided a means for reporting the attitude of the person involved; 
2. Included questions that will show apparent causes of accidents and the relation

ship between cause and offense; 
3. Provided additional information about the involved drivers, including: 

a. Number of miles of driving experience and data of issuance, if it is the 
driver's first license, 

b. Occupation and education, and 
c. Nature and kind of driver education; 

4. Were supplemented by a photograph of the accident scene and environment when 
the accident resulted in death or severe personal injury; 

5. Included a description of specific legal action taken by the investigating officer 
and the results of testing for intoxication; 

6. Provided more specific information concerning single car accidents; 
7. Included a question concerning seat belt placement, both front and rear, and if 

the belts were being used at the time of the accident; and 
8. Were so designed that they could be filled out by a check-off procedure and be 

tabulated by electronic data processing equipment. 

Enforcement 

Law enforcement agencies use data from individual accident investigation reports to 
ascertain as many facts as possible concerning an accident, to determine whether a 
violation of a law or city ordinance was committed, and if so, to secure evidence to 
support prosecution of the violator. They also assist state agencies in administering 
the Safety and Financial Responsibility Laws of the state. 

Summary data of accidents which occur within the jurisdiction of the enforcement 
agency are used for "selective enforcement" assignment of personnel. Police depart
ment heads want to determine from accident summaries: (a) the high-accident fre
quency locations, (b) the times and types of accident occurrence, (c) the primary causes 
of accidents, and (d) the identity of persons involved in traffic accidents. 

County sheriffs have begun to realize that traffic accidents and traffic control should 
be given some consideration by their office. However, no comprehensive planning for 
any traffic control program currently exists in any county in Illinois. 

Ideally, police agencies should devote more time and effort both to accident investi
gation and accident reporting. To accomplish this requires more training, education, 
and research, not only for new officers, but also periodic "retread" schools to inform 
and inspire all uniformed personnel. 

More study should be devoted to events or conditions leading up to the accidents. 
Furthermore, the police administrators must be convinced that today's traffic pro
blems must be met and handled by the police to a much greater degree. Finally, they 
should be provided with the tools to do a good job-adequate budgets for necessary 
equipment and training, and adequate manpower. 

The following types of traffic accident data should be collected and used by enforce-
ment agencies: 

1. Exact location of accident, 
2. Date of accident, 
3. Persons involved, 
4. Persons killed or injured, 
5. Type of accident, 
6. Vehicle identification, 
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7. Weather and road conditions, 
8. Traffic controls present, 
9. Witness identification, 

10. Complete diagram of scene, 
11. Description and amoWlt of property damages, and 
12. Supplementary or follow-up reports. 

Railroad personnel, as a rule, have little reported activity in traffic accident in
vestigation or reporting. Apparently, railroad personnel never file an accident report 
with the State of Illinois or other states through which their lines travel. 

Engineering 

Highway engineers should use traffic accident data in many phases of the develop
ment of new highway facilities and the improvement of existing facilities. These uses 
should occur during the planning, design, and maintenance phases of normal activity. 
The following traffic accident data elements are i·ecommended for highway engineering 
usage: 

1. Location of accident, 
2. Type of accident, 
3. Nature of vehicle movements at time of accident, 
4. Speed of vehicles involved, 
5. General traffic conditions at time of accident, 
6. Operational conditions affecting traffic movement, 
7. Weather conditions, 
8. Natural light conditions, 
9. Road surface conditions, and 

10. Accident result. 

A great deal of related information should be obtained from other sources, such as 
existing records and field investigations. 

Field investigations should be made at the locations of fatal accidents as soon as 
possible after accident occurrence , and a copy of the official report of such an acci 
dent should be received by the responsible highway engineering agency within three 
days after the accident. The exact location of each accident is the prime element in 
accident reporting for highway engineering uses. For traffic engineering usage, the 
most important bits of traffic accident information are the location of the accident and 
what happened. 

When accident records are manually filed, they should be filed alphabetically by lo
cation, in order to be most useful to the traffic engineer. Otherwise, they should be 
coded and available through electronic data processing equipment. From a traffic 
engineering standpoint, it would be ideal if all traffic accidents could be reported, at 
least to include information concerning the location and what happened. 

Because the traffic engineer generally does not have an opportunity to visit the 
accident site while the vehicles and accident debris are still present, it would be most 
helpful if the opinions of the investigating officers could be obtained. A number of clear 
and properly oriented photographs taken at the scene of particularly destructive acci
dents would also be of value to the traffic engineer. These photographs should be 
supplemented by accurate measurements of such things as skid marks, struck or 
damaged objects, and the final position of the vehicles. 

Insurance 

Insurance companies use traffic accident data for operational and educational uses. 
They need the following bits of traffic accident information: 

1. Time and place of the accident; 
2. Road and driving conditions at the time of accident; 
3. Traffic violations involved in the accident; 
4. Location of the involved vehicles; 
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5. Location, type, and length of skid marks; 
6. Condition of vehicles before and after accident; 
7. Condition of drivers before and after accident; 
8. If pedestrians were involved, their condition before and after the accident, and 

their location and activity immediately before the accident; 
9. Names and addresses of witnesses and where these witnesses were located at 

the time of the accident; 
10. The names and extent of injuries to passengers in the vehicles involved; and 
11 . Description of the collision and of the parts of the vehicles that collided. 

Perhaps no other user of traffic accident data needs more detail and greater accuracy 
in the prompt reporting of traffic accidents. 

The insurance industry should work with the states in developing a uniform accident 
report that would be acceptable to all companies and all states, so that only one report 
had to be made out by each party involved in the accident. 

Some way should be found to require that police take photographs at the scene of 
the accident. Diagrams on the accident report should show the paths of the involved 
vehicles, obstructions to driver vision, street grades, traffic controls, and the posi
tions of vehicles at impact and when they came to rest. 

Legal 

The Illinois courts as such do not use traffic accident data, except when it may be 
presented by the party litigants. It has been estimated that 80 to 85 percent of the cases 
in our courts arise out of traffic accidents. The Illinois Court Administrator should 
use general group accident statistics for purposes of determining court case loads and 
trends. 

The need of the county prosecutor for accurate and complete on-the-scene individual 
reports is immediate in all cases involving law violations. These reports should be 
received no later than 24 hours after the accident, and preferably within 8 to 12 hours. 
Group statistics are required quarterly to annually by the prosecutor in order to deter
mine violation trends within his jurisdiction. 

The courts need quarterly to annual group statistics to aid in evaluating individual 
violations for purposes of probation and sentence. The coroner's primary duty is to 
furnish reports to others in fatal cases. Therefore, when he is making his on-the
scene investigation, he needs an accurate description of how the accident happened in 
order to determine the cause of death. 

Medical 

Health agencies do not routinely utilize traffic accident data, but they do collect and 
utilize data under particular circumstances. Persons in health agencies do not have 
definite ideas about information they require regarding individual traffic accidents. The 
only data on individual accidents routinely collected by health agencies (usually only 
those agencies which are units of government) pertain to deaths from motor vehicle 
accidents. Health agencies do not believe the routine collection and utilization of traffic 
accident data is their primary responsibility. The only data routinely collected, those 
indicating the number of deaths from motor vehicle accidents, are p1·obably not useful 
except to show the trend of motor vehicle fatalities and to identify the geographical 
areas of high and low incidence. 

Special studies, conducted by or in cooperation with health agencies, should be 
encouraged. The potential uses of medical information pertinent to traffic accidents 
have hardly been tapped. Among the types of questions which may be answered through 
the use of traffic accident data are: 

1. With what frequency does the use of drugs by drivers appear to be a factor in 
traffic accidents? 

2. With what frequency do emotional factors in drivers appear to be a significant 
factor in traffic accidents? 
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3. With what frequency do physical disabilities in drivers appear to be an important 
factor in traffic accidents? 

4. What is the effect of exterior design of vehicles on injuries, especially to pedes
trians, in traffic accidents? 

5. What is the effect of interior design of vehicles on injury to occupants? 

It is not deemed feasible to correlate all possible medical data for every accident. 
Studies limited in location and time can and should be undertaken to answer specific 
medical questions. In most medical studies there is a need for care and detail in re
porting , more than for speed; but reporting should not be delayed too long so that 
sources of information are unavailable or details are forgotten. 

Motor Fleet 

Motor fleet operators use traffic accident data in extensive safety education pro
grams , which utilize information concerning accident causation, frequency , and sever
ity. This information is obtained from an analysis and interpretation of the accident 
reports submitted by employees . 

In addition to the information presently available on accident report forms, fleet 
safety supervisors also desire more accurate information concerning accident costs; 
a larger space on the report form for preparing diagrammatic sketches ; and photo
graphs of the accident which would be part of the report and would be taken by the 
police. Fleet operators find a wide variety of accident report forms in use throughout 
the country . They believe some uniformity would aid in accuracy and completeness of 
the reports . 

Regulatory Agencies 

The Interstate Commerce Commission does have its own investigators who make con
fidential reports concerning serious accidents. 

The Illinois Commerce Commission is not concerned with motortruck accidents, but 
it is interested in those motor bus accidents which involve carriers subject to the reg
ulations of the Commission. The railroad section section is concerned with railroad 
grade- crossing accidents. 

The Interstate Commerce Commission appears to be better equipped to investigate 
and study motor vehicle accidents, while the Illinois Commerce Commission seems to 
have a more routine interest. The latter group does not appear to be as interested in 
accident prevention as the former, probably because of the vast difference in the number 
of t r ained personnel available. 

Safety Re sponsibility 

The relatively simple accident reporting requirements for safety responsibility pur
poses would be easily satisfied if the accident reports for more intensive users, such 
as legal agencies, would be properly filled out and if a data processing network would 
be available for the interchange of information. 

Traffic Safety Or ganizations 

Traffic safety organizations are not accident data collection agencies. Therefore, 
they are dependent on tabulations and summaries prepared by other agencies. Their 
needs are usually satisfied by the routine tabulations prepared by regular accident data 
collection ageneies. The in~!'est -Of tr.affi-c sa.fety orgauizations,in accident data Jlaries 
greatly between organizations. They are frequent advocates for the collection of "may
be" data . 

DATA ANALYSIS 

The individual reports filed by drivers and traffic accident investigators are the two 
main sources of traffic accident data . The driver reports constitute the majority of the 
reports received by the Bureau of Traffic , Illinois Division of Highways (the official 
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state collecting agency). Almost all reports received by enforcement and regulatory 
agencies are completed by police and other accident investigators from such agencies 
as the Interstate Commerce Commission and Illinois Commerce Commission. Insur
ance companies receive their information from the forms completed by their policy
holders who have been involved in an accident. Many of the state driver reports are 
completed in part or in total by insurance agents who interview the policyholder. 

The reports completed by investigating officers are generally more complete and 
reliable in specialized areas than those completed by the participating drivers. How
ever, the validity of the investigator reports varies between different indi victuals and 
agencies. 

In the reporting of an individual accident, the user groups are generally interested 
in the answer to the broad questions, Who? When? Why? Where? and How? In order to 
facilitate the collection and analysis of the study data, the different users of traffic 
accident data were divided into ten general categories: 

1. Education (includes formal education agencies and such public information 
groups as safety councils), 

2. Enforcement (state and local government and railroad police), 
3. Engineering (emphasis on highway and traffic engineering), 
4. Driver Licensing, 
5. Safety Responsibility, 
6. Insurance, 
7. Legal (includes state and local interests with consideration to judicial, prosecu

tion, and defense uses of accident data), 
8. Medical, 
9. Motor Fleet, and 

10. Regulatory Agencies (includes state and federal commerce commissions and 
related regulatory bodies). 

Individual Information Bits 

The professional user group's interest in information bits from individual accident 
reports is summarized in Table 5. It may be noted that the educational and medical 
interest in individual accident data only refers to special studies rather than to routine 
accident reports, because these groups are either concerned with general summary 
tabulations or with individual data obtained in special studies such as the detailed in
formation obtained in the Cornell crash injury investigations. Conversely, the en
forcement, insurance, legal, motor fleet, and regulatory agencies' interest is in all 
types of information relating to the accident. 

The driver licensing use of accident data is mainly in the areas of driver identifica
tion and accident causes. The items indicated as secondary in importance help to re
late the driver to the particular accident and to determine driver responsibility. The 
safety responsibility interest is in the driver-vehicle owner identification. 

Engineering use of traffic accident data is primarily concerned with identifying the 
physical circumstances of the accident including the location and time of occurrence, 
the accident description, site conditions, and certain causes. 

Identification. -It is essential that all persons involved in an accident be accurately 
and completely identified. Basic information should include full name, address, age, 
and sex. The latter two items could be made available through reference to the driver's 
license number and issuing state of the driver or other persons involved (if they are 
licensed drivers). Similarly, much of the basic vehicle information can be obtained 
from motor vehicle registration records if the state and year of registration, license 
number, and vehicle make are available on the accident report. The vehicle make 
serves as a cross check on the accuracy of the reported license plate number. 

One of the most frequent sources of error in traffic accident reports is the location 
of the accident. While the need for an accurate location designation varies between the 
different professional user groups, it is essential that the location be definitely iden
tified so that the exact location of the accident can be found if further investigation is 
necessary for engineering, legal, or regulatory purposes. The problem of accurate 
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location identification is especially great in rural areas where there are less oppor
tunities to relate the accident scene to easily identified landmarks and terrain features. 
Engineering, insurance, and legal investigations are frequently made at various times 
after the accident debris has been removed from the scene. Skid marks can become 
obliterated and damaged property replaced so that unless accurate written records are 
made, which preferably should be supplemented by competent photography, the acci
dent scene may not be accurately relocated. 

The data and time of the accident are necessary to further identify the specific acci
dent, to relate the accident to such environmental variables as light intensity and traffic 
flow conditions, and to invoke provisions of the Safety Responsibility Law. 

Accident Description . -The accident description is an essential element of the acci
dent r eport because it is here that all available information concerning the accident 
circumstances should be recorded. Information concerning vehicle and pedestrian 
paths and behavior, speed of vehicles, and physical evidence of the accident is necessary 
to a majority of the accident record user groups. While a high degree of accuracy and 
completeness is desirable, much of the desired information is either not provided on 
the report or cannot be provided because of the failure of the person completing the re
port to be able to recall or reconstruct all pertinent details prior to, during , and fol
lowing the accident. 

Participating drivers generally will not disclose improper or illegal behavior on 
their part, and impartial eyewitnesses are seldom present, or if present they are 
hesitant to admit their witness status because they do not want to become involved in 
any subsequent proceedings. 

An inherent problem in attempting to obtain answers to non-factual , opinion-type 
questions is that the answers are more likely to be erroneous. Consequently, having 
conclusions and subsequent action based on such non-valid answers can be more harm
ful than if no answers at all were originally available. 

Whenever possible the written report should be supplemented by good quality photo
graphs. This is especially true of those accidents investigated by trained personnel, 
because a standardized set of photographs can minimize the amount of written informa
tion, serve as a cross check for reported data, and provide additional information about 
data not readily reported on a standard form. 

Site Conditions. -If the accident scene is properly located, much of the information 
concerning the permanent site conditions such as physical features and existing regu
lations and controls should be available from other record sources. Therefore, the 
accident record should provide an opportunity to record the temporary and unusual site 
conditions which are variable and subject to change. Closed-type questions are par
tially applicable, but care must be taken in the choice of possible answers. Although 
an enumeration of the unusual conditions may not always lend itself to summary tabula
tions, it may contribute vital information concerning the accident circumstances. 

Causes. -One of the principal reasons for maintaining accident record systems is to 
identify traffic accident causes. When viewed at the accident scene , many of these 
potential causes are subtle and intangible. Such things as the conditions of the driver 
and the pedestrian, especially relating to emotional disorders or distracting influences, 
cannot often be readily identified. Similarly, the condition of the vehicle immediately 
prior to the collision often cannot be determined because of the cursory examination 
given following the accident, coupled with the resultant damage to the vehicle. 

Very few drivers will admit to having been operating a defective vehicle and unless 
competent testimony is available from other sources, it is frequently impossible to 
prove that the vehicle was being operated in a defective condition. In order to deter
mine whether vehicle defects were present before the accident or had been caused or 
aggravated by the accident, it is necessary to go into detailed and often exhaustive ex
amination by highly specialized personnel. Such examinations are very expensive and, 
therefore, are very limited in their application. On the other hand there is a definite 
need for procedures to be developed which would enable trained accident investigators 
to identify and spot- check principal failure points in order to make preliminary, rapid 
examination of these areas. 
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The Sketch and Verbal Description. -The sketch and verbal description of the acci
dent are used to supplement the informatio11 contained in other parts of the accident 
report. It serves to coordinate the reported components of the accident and also to 
describe the accident factors which have not been previously recorded. The ability of 
the average driver to describe the accident by either a sketch or verbal description is 
rather limited, mainly because of his infrequent need for observing and recording traffic 
accidents coupled with his general lack of information concerning many of the factors 
relating to the accident. Consequently, the sketches and descriptions found in investi
gator reports are generally more complete and useful. 

Group Data Req\tirements 

There are two main types of group data usage of traffic accident information. The 
most common type consists of the routine statistical summaries which are compiled 
and distributed on a periodic basis. These summaries may be made for specialized 
uses on a daily and weekly basis. A more general distribution is given to summaries 
on a monthly, quarterly, semiannual, or annual basis. The purpose of this type of 
summary is to illustrate the magnitude of the accident problem and to indicate changes 
and trends. Many such summaries include comparable data for a similar period of the 
previous day or year. 

The second, and more specialized, type of group data combines individual records 
for special analysis purposes. Traffic engineers, for example, collect all of the 
available records for a given location, and by analyzing these records they attempt to 
determine if any patterns exist due to the accidents that have occurred. These patterns 
might be indicated by a similarity in the paths of the vehicles involved, the time when 
most of the accidents occur, or by some other repetitive event. Enforcement officials 
use group statistics to plan their selective enforcement programs by determining the 
time-location-accident characteristics at locations with a high accident frequency. 

Generalized group summary statistics are used for educational, insurance, legal, 
medical, and motor fleet purposes to determine accident frequency and trends. Much 
of the summary data can be used in public educational activities, as well as in driver 
education and motor fleet programs. 

Summary statistics are desired for legal purposes to enable the prosecuting attorney 
and the courts to deter mine violation tr ends correlated with accident occurrence within 
their jurisdiction. This information permits improved coordination of the law enforce
ment activities and more informed recommendations to the court regarding probation 
and penalties. Group statistics concerning violations and accidents are of direct in
terest to the court administrator to enable him to evaluate trends and plan for necessary 
traffic court facilities, personnel, and possible assignment of judges. 

In addition to keeping their own group statistics, insurance companies are also in
terested in summary statistics for the political jurisdictions in which they operate. 
State and national statistics are very useful if they can be compared with company sta
tistics, in order to evaluate whether company experience is much different from the 
reported accident activity. A complaint heard from the insurance companies inter 
viewed indicated the need for the establishment of a procedure for summarizing traffic 
accident data which would be of mutual benefit and which would be changed only infre
quently. 

Group accident statistics would be useful to insu1·a11ce companies if these statistics 
could be broken down into several categories : age of dI'ivers· age of cars; education of 
drivers; whether the drivers have had formal courses in driver education; the number 
of times the drivers had been involved in accidents; occupations of the drivers; and the 
marital status of the drivers. This information is also desir~d for Mucat1onatuses-. 
Insurance companies should be encouraged to pool their statistics and to publish infor
mation on a group basis, broken down into categories. 

It would be desirable if the insurance industry would work with gover nment agencies 
to develop a common summary form. Some of the group statistics could be used for 
loss pr evention work and others for rating and underwriting purposes. Perhaps if 
greater equity could be achieved in rating, those driver groups who are responsible 
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TIME REQUIREMENTS FOR THE RECEIPT OF INDIVIDUAL AND 
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for the greater percentage of accidents would be encouraged to modify their driving 
behavior in order to achieve a reduction in their insurance costs. 

Time Requirements for Receipt of Reports 

19 

Obviously, enforcement and insurance agencies must be verbally informed immedi
ately about the occurrence of accidents, which are required to be reported by law, 
ordinance, or policy provisions . These reporting time requirements were not re
viewed by the study team. However, attention was given to the time requirements for 
the receipt of the completed individual traffic accident report forms and summary re
ports. As shown in Table 6, the time requirement varies considerably for the differ
ent professional data users. 
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TABLE 7 

SECONDARY INFORMATION BEST OBTAINED FROM SOURCES 
OTHER THAN ACCIDENT REPORTS 

l n fo rrM t l on Bi I 

Phys i ca 1 features of streets and 
highways 

Physical condition on the road
way 

lnle1S~ction d~siy11 f~alu1·~5 

Ra i I road grade - crossing design 
and control 

Traffic flow characteristics 
(vehicle volumes, types of 
vehicles, etc . ) 

Utilization of Lraffic control 
devices ( s i gn. s i gna Is, mark i ngs) 

Traffic laws and regulations 

I n f orma tlon 81 l 

Events or conditions leading t.o 
accidents (prevention factors) 

Driver characteristics (age distrl• 
but ion, experience, etc.) 

Physical condition of drivers or ped
estrians (before a nd after accident) 

Fatai accident data (cause of death, 
etc . ) 

Driver statistics 

Driving record5 of persons involved 
in accident 

Vehicle use trends, street and high
way mileage and type (to develop 
trend data) 

Mechanical defects of vehicles 

Vehicle design aspects (eg., Interior 
de1lgn, reaction to collision forces, 
etc.) 

Actions of perscn(s) Involved In 
accident 

Factors leading to accidents 

Supplementary photographs of acci
dent scene 

Character and cost of vehicle damage 

Armunt and type of Insurance cover
age 

Legal cons~quences, court action, 
etc. 

State and 1oca1 highway ind traffic 
engineering departments 

State and local highway engineering 
departments (esp., maintenance unit) 

State and local highway and t1drfic: 
engineering departments 

Engineering department of railroads, 
state' and local highway and traffic 
engineers, :!nc! the st~te c~:-c: 
corrrn i ss ion 

State and local traffic and hi 'Jhway 
engineers 

State and local traffic engineers 

State traffic engineers, state 
police, and county enforcement and 
l ega 1 agencies 

llrbon •o• •<l<>ns 

Huniclpal street and traffic 
engineering departments 

Municipal street departments 
(esp q maintenance unit) 

Hunicipdl street and t1·dffk 
engineering departments 

Railroads, municipal street and 
traffic departments, state conmerc~ 
co~ls~io~ 

Municipal traffic eng ineering 
and street departments 

City traffic engineer, public works 
directors, and police departments 

Hunicipal traffic engineering and 
street department, city pol ice, 
and city et torney 

Highway and t1affic engineers, educators, and special studi,es 

State Hotor Vehicle Department (Driver License Division) and special study 

Attending physlci•ns and hospitals 

Attending physician, hospital, and coroner's report 

Secretary of State and insu..-ance company 

Se\ 1 etary of State 

State and federal highway and traffic enginee..-s, municipal street and traffic 
engineers, Secretary of State, and private and public safet)' organizations 

Vehicle maintenance records, mechanics who had previously worked on vehicle, 
or individual owner. 

Automotive engineers •nd motor vehlcl• m.1nuf1cturers 

WI tnesses to the ace i dent 111nd I nsul'ance re~rts If •dml t ted as evidence or 
exh i b i ts 

Highway and traffic engineers. medlc•l personnel 

lnsur•nce investigator's, press or private photographers, and motor fleet 
organization investigators 

Insurance company or garages doing repal r work 

Insurance agency or company 

State •nd city police departments, l•r1Yers, court system 
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The urgency for the prompt receipt of the written individual reports by legal, en
forcement, insurance, engineering, motor fleet, and regulatory agencies increases with 
accident severity. Review of the completed report facilitates the making of administra
tive decisions concerning such subsequent actions as requiring follow-up investigations 
and the repair or replacement of damaged facilities. 

Enforcement, engineering, motor fleet, and regulatory users also study the indi
vidual reports to identify and evaluate any accident causation factors, to ascertain if any 
laws or regulations were violated, and to make an initial determination of responsibility. 

The time requirement for the receipt of summary reports is less critical. Most of 
the user groups are satisfied with routine schedules unless unusual tabulations are made 
as the result of special requests or the normal procedures identify conditions requiring 
further attention. For example, traffic and highway engineering agencies should be 
notified by the accident record-keeping unit when the accident frequency at a given lo
cation reaches a predetermined total within a specified time period. 

Information Available Elsewhere 

As previously mentioned, much of the information presently recorded on individual 
accident reports is, or should be, available elsewhere. Sources of some of the more 
commonly desired information bits are listed in Table 7. The scope, reliability, and 
availability of the different items varies between sources, and in some cases there are 
legal as well as physical limitations to its accessibility. 

The development of a standardized accident reporting and analysis procedure, cou
pled with widespread adoption of electronic data processing equipment, will enhance the 
utilization of these secondary sources of pertinent information. Therefore, the appli
cation of electronic data processing procedures must be accelerated on a coordinated 
basis by all traffic accident data users, as well as by those service agencies which al
ready routinely obtain data which are pertinent to traffic accident analysis and pre
vention programs. 

The time spent by police and other accident investigators at the accident scene and 
in data processing must be reduced due to the combined effect of an increasing number 
of accidents requiring investigation, coupled with a much slower increase in available 
manpower. 

Thus, more of the supplementary data concerning such items as driver character
istics (age, sex, driving record, etc.) and the physical design of the roadway (pave
ment width and type, alignment, roadside development, etc.) and vehicle (type of body, 
model, etc.) must be made readily available through a coordinated data processing 
system. 

CONCLUSIONS 

The emphasis in the driver and routine investigator accident report forms should be 
on the recording of factual information. Asking drivers to express opinions when they 
report accidents is not beneficial because of the strong possibility of biased or errone
ous answers. 

Although the opinions of investigators would be of interest to engineers, educators, 
and other data users, the time and experience required to develop valid opinions is not 
always available, and many investigators are hesitant to express opinions because of 
the possibility of being subpoenaed to testify in court proceedings. Therefore, the 
development of investigator opinions concerning accident causation should be the sub
ject of subsequent, rather than the initial, investigation. 

The information recorded on the individual report forms should include accurate 
identification of the involved traffic units (persons and vehicles). The information 
about involved persons (drivers, injured persons, and witnesses) should include their 
full name, address, operator's license number and issuing state, age and sex, nature 
of injuries, relationship to accident (i.e., driver or passenger in vehicle number X, 
pedestrian, etc.), and location and/ or activity at the time of the accident. 

The information about involved vehicles should include the license number, issuing 
state; and year; vehicle identification number; vehicle manufacturer or make; model 
(vehicle type); model year; and vehicle owner's full name and address. 
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As motor vehicle administration offices are revamped to fully utilize modern elec
tronic data processing procedures, it will be possible to further reduce the required 
identification data. For example, driver identification will usually just require the 
driver's license number and state of issuance, along with the full name as a cross check 
against the driver's license number. Pedestrians and other human traffic units who 
cannot be identified by a driver's license number will in all probability have some form 
of national identification number such as a social security number. Although the United 
States Internal Revenue Service currently uses the social security number as a means 
of individual identification, there are indications that a more definite type of identifica
tion number assignment will have to be developed because of the ease with which an 
individual can obtain multiple social security numbers. 

Similarly, the minimum vehicle identification will be the vehicle license, issuing 
state, year of issuance, and vehicle identification number. Most American vehicle 
manufacturers now follow a standard sequence in their vehicle identification number 
which includes letters and numerals to indicate the vehicle manufacturer, model (ve
hicle style and/ or type), model year, assembly plant, and sequential production num
ber. Therefore, correct designation of the vehicle identification number could min
imize the related vehicle description. 

The location of the probable collision a.rea (as indicated by vehicle placement, 
damaged proper ty, accident debris, etc. ) should be designated with the distance mea
sured to a readily identified landmark or permanent object. The measurement should 
be accurate to the nearest 100 ft. However, accident sites within 100 ft of an inter
section can be identified with respect to the intersection, but should not be identified 
as intersection accidents unless they actually occurred within the intersection proper. 

The political subdivision in which the accident occurred should also be identified. 
The exact location of each accident is of prime concern to highway and traffic engi 
neering agencies. The city of Chicago has a coding system by house numbers and 
streets which gives excellent location results on the electronic data processing print
outs. Authorities responsible for operating expressways and rural highways should 
develop a uniform system to aid the reporting person in accurately locating accidents 
on the reports. 

The adoption of uniform local road identification systems (8), coupled with reference 
to such semipermanent objects as numbered utility poles, wilT facilitate accident site 
identification on rural routes which are not in a numbered or otherwise identified high
way system. Identification of accident sites on freeways and expressways would be 
facilitated if tenth-of-a-mile indications were installed on delineator supports to supple
ment mile postings, so that the measurements can be made more readily from these 
permanent indicators. 

After the injured persons are taken care of, the next major effort at an accident site 
is to clear the roadway so that traffic can resume under at least near - normal condi
tions. Therefore, vehicles and other accident debris may be moved before any record 
can be made of their location in respecl lo the impact area. Subsequent investigations 
would be expedited if the final positions of the vehicles and pertinent other material 
were marked on the pavement by means of a pressurized spray paint. For example, 
the tire locations and vehicle corners can be quickly indicated and the vehicle can then 
be removed. Except under very poor surface conditions , the spray paint should re
main vi sible at least for a few days and thus be available for follow-up studies. 

In some jurisdictions another location problem is encountered-location of all the 
accident records relating to accidents which have occurred at a specific location. In 
urban areas where the accident records are manually filed, they should be primarily 
filed alphabetically by location (~), rather than chronologically or in some other man
ner. 

The time and date of the accident occurrence should be reported for legal, admin
istrative, educational, and research purposes. This information facilitates the identi
fication of a particular accident and provides an index to those conditions which vary 
with time (available light, traffic volumes, etc .). Summaries of accidents which in
clude listings of accident frequency for different time periods (month, day, and hour) 
are very useful in planning enforcement activity and developing educational programs 
to alert drivers to critical driving periods. 
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The accident report should cover three types of accident circumstances: the maneu
vers and actions of each traffic unit prior to, at, and following impact; unusual environ
mental conditions; and accident results. In addition, maneuvers and actions of each 
traffic unit can best be shown by photographs and sketches. Unusual environmental 
conditions should be reported for such variables as weather (rain, snow, fog, etc.), 
roadway (pavement failure, obstacle, temporary traffic controls, etc.), pavement sur
face (ice, loose gravel, chuck holes, etc.), and traffic (special event traffic, unusual 
vehicle type, stalled vehicle, etc.). 

The accident results should include descriptions of personal injury (person injured, 
apparent extent and nature of injuries , relationship to accident or position in vehicle, 
etc.), property damage (apparent extent and nature of vehicle damage, description of 
other damaged property, etc.), and final position of traffic units. 

In reporting the accident circumstances, the emphasis should be on obtaining all 
available information that is unusual, variable, and not available elsewhere. Such re
porting will be facilitated by the use of closed-type, pi;-ecoded questions. This type of 
answer is desirable if electronic data processing equipment is used. Topics which lend 
themselves to closed-type questions are: weather conditions, pavement surface con
ditions, and type and angle of collision. 

T he increased use of data processing equipment will enable the use of data which ar e 
routinely provided elsewhere, thus minimizing the recording of data on the accident 
report form. 

Immediate attention should be given to development of scales to indicate a quantitative 
estimate of personal injury and property damage, thus facilitating more accurate re
porting of these types of accident results. England's Road Research Laboratory has 
developed a scale for estimating the damage sustained by motor cars after a single 
impact with another vehicle or object (10). Development of these descriptive scales 
will facilitate the establishment of a reasonable relationship between injury expectation 
and vehicle damage-a subject of direct concern to doctors, automotive engineers, and 
educators. 

Standard procedures for photographing accident scenes should be developed so that 
the amount of written descriptive material can be minimized. Standard operating pro
cedures should specify which accident types should be photographed (i.e., fatal, serious 
injury, public passenger carriers, etc.). The types of views to be taken should be 
determined and specified (i.e., front , sides, and rear of vehicles-when damaged; 
vehicle placement; approach views toward accident scene for each involved driver; 
skid marks and other accident debris; etc.). The photo technique should provide for 
the inclusion of measurement reference points so that the scaling of information from 
the photographs will be made easier and more accurate. In addition to being pertinent 
to legal and insurance uses, these photographs will be of value for research and educa
tional purposes. 

A study should be made of the possibility of modifying the driver report form, which 
is required by law to ,be filed for certain types of accidents, so it will also satisfy the 
insurance reporting requirements. The development of a common form would tend to 
minimize public objection to the tedious problems commonly associated with filling out 
a traffic accident report form. An added advantage would be that both the public agen
cies and the insurance company would have the same information, and the possibility 
of different reporting to each interested agency would be done away with. 

The flow of traffic accident reports should follow that shown in Figure 2. It may be 
noted that the official part of the driver report form, which is identical to that prepared 
for insurance company usage, is routed via the local accident records bureau to the 
state bureau. Such routing, which presumes the establishment of a local bureau, 
would provide local officials with a more accurate current evaluation of accident oc
currence in their area, and would facilitate the completion of reports by the involved 
drivers. Errors, incomplete or conflicting answers, or other types of improper re
porting could be checked out much more readily by having an official review of the re
port at the local level. In the case of legally reportable accidents, local residents 
would probably submit the legal copy directly to the accident recor ds bureau and the 
insurance copy to their insurance agent. Non-local persons could be informed of the 



25 

location of the local records bureau by the investigating officer, if there is police in
vestigation, or by the local insurance company representative. 

The collection of specialized accident data for research use is not a function of 
routine accident reports. Such data should be put on forms specifically designed for 
that purpose. Although it may be argued that the addition of one or two items to a 
traffic accident report form in order to obtain research data would not materially in
crease the reporting and tabulation time, experience has shown that this is an undesir
able way to obtain research data . One reason is the questionable validity of the an
swers , and another is the probability that related information is not always available 
on the forms. Hence, the possibility of standardizing variables is minimized. 

Another advantage of having specialized research forms is that the persons com
pleting the forms usually will have the benefit of special instructions , and hopefully 
they will pay more attention to completing the form than they might if it were just a 
routine matter. 

Studies should be directed toward the development of uniform accident summary 
forms which would be of more benefit to a majority of the user groups. Insurance 
interests should be encouraged to pool their statistics within their industry and to work 
with appropriate governmental and private agencies to permit a better exchange of in
formation. 

Summary reports of accident data should receive wider distribution to qualified 
official and private user groups. Through increased exposure and usage of the sum
mary data, the other user groups will be better qualified to suggest any changes or 
additional tabulations which may be desirable. 

Accident statistical units should be strongly urged to utilize electronic data pro
cessing equipment and techniques on a greater, accelerated scale. An increasing num
ber of both small and large governmental units are converting to data processing equip
ment. By sharing the processing equipment with other governmental uses (such as 
purchasing, taxation, etc.), the cost of using such equipment for accident data analysis 
is minimized. 
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AGENCIES CONTACTED 

City Agencies 

Champaign-Urbana Public Health District, Champaign; City of Champaign: Traffic 
Engineering Department; City of Chicago: Board of Education (Department of Safety) , 
Chicago Transit Authority, Department of City Planning (Transportation Planning 
Division), Department of Streets and Sanitation (Bureau of Street Traffic), Police De
partment; City of Decatur: Police Department; City of Peoria: Health Department, 
Police Department ; City of Springfield: Police Department. 

County Agencies 

Cook County: Circuit Court, County Coroner , Highway Department (Design Division, 
Executive Offices , Research Division, Traffic Engineering Division, Traffic Safety 
Committee) , Sheriff's Office; Macon County: Sheriff's Office; Peoria County: County 
Coroner , Health Department, Sheriff's Office, State's Attorney; Richland County: High
way Department; Sangamon County: Sheriff's Office, State's Attorney. 

Private Agencies 

Allstate Insurance Company, Skokie; American Medical Association, Chicago 
(Committee on Medical Aspects of Automotive Safety); Armor & Company, Chicago 
(Automotive Safety Division); Central Motor Freight Association, Chicago; Chicago 
Motor Club, Chicago (Safety and Traffic Engineering Department); Citizens Traffic 
Safety Board, Chicago; Continental Casualty Insurance Company, Chicago; Country 
Mutual Insurance Company, Bloomington; Illinois Central Railroad, Chicago (Railroad 
Police); State Farm Mutual Automobile Insurance Company, Bloomington. 

State Agencies 

Illinois Attorney General's Office, Springfield; Illinois Commerce Commission, 
Springfield: Motor Bus Division, Railroad Division; Illinois Court Administration, 
Springfield, Chicago; Illinois Department of Public Health; Illinois Division of High
ways: Bureau of Design , Springfield, Paris, Bureau of Maintenance, Springfield, 
Paris, Bureau of Planning, Springfield , Bureau of Traffic, Springfield, Paris, safety 
Responsibility Section, Executive Offices , Springfield, Expressways Division, Chicago, 
Office of Traffic Safety, Springfield, Operations Division, Chicago; Illinois Secretary 
of State ' s Office: Division of Development and Research (including driver licensing); 
Illinois State Police, Springfield; Illinois State University, Normal: Safety and Driver 
Education Department; Illinois Superintendent of Public Instruction: Department of 
Safety and Driver Education; Southern Illinois University, Carbondale: Center for 
Safety; University of Illinois , Urbana: Motor Fleet Division. 



Federal Agencies 

Interstate Commerce Commission: Bureau of Motor Carriers, Chicago; Depart
ment of Commerce: Bureau of Public Roads, Regional Office, Homewood. 
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EDMUND J. CANTILLI, Engineer of Traffic Safety, Research & Studies, The Port of 
New York Authority-I found this to be an excellent report, long-needed in the field, 
imaginative in concept and thorough and competent in execution. My problem would be 
if it does not become the basis for standardization of accident reporting, not only in 
Illinois, but throughout the United States. But that is hardly a criticism of the paper. 

To begin with, I am glad to see that an omission by the President's Committee on 
Highway Safety is corrected in this report. Table 2 indicates that hour of day, severity 
of accident, and vehicle type are not needed for engineering purposes. This is cor
rected in Table 5. 

On the subject of location of accidents: at the Port Authority we have developed a 
coding system based on arbitrarily designated homogeneous areas, such as inter
sections, the area immediately before and beyond a point of divergence, etc., such 
that accidents can be expected to be of similar nature, or related to a single road fea
ture. Of course, this is no help on long tangent sections or long curves, where finer 
detail is required. On our bridges and at the airports we have numbered lightpoles; 
within our tunnels we have engineering stationing marks along the tunnel walls at 100-
ft intervals. The New York Thruway, the New Jersey Turnpike, and the Garden State 
Parkway all have mileposts and tenth-of-a-mile markers. In addition, all overpasses 
on the Turnpike are so marked. The Garden State Parkway doubles and triples its 
spaced delineators on curves, and New York City has numbered light poles on its ex
pressways. 

The point made about the possibility of getting a record of the investigator's opinion 
is well taken. We have recognized this problem for some time and we are trying to 
devise some method for obtaining this information without its being made part of the 
official record. 

The report states, " ... it would be ideal if all traffic accidents could be reported .... " 
Amen. I would like to say that we at the Port Authority feel we have made a good 
approach to this desirable goal, probably because our facilities, limited in size, are 
well patrolled by police officers. Per haps this hoped-for situation will come to pass 
through the use of electronic (or other) scanning equipment, including television, and 
eventual automatic recording of location, positions of vehicles on contact, position of 
vehicles at rest. 

I note the opinion that there is need for " ... development of scales to indicate a 
quantitative estimate of personal injury and property damage .... " This same point 
was made in 19 59 in "The Federal Role in Highway Safety," in which it was " ... recog
nized that the number or rate of accidents is not sufficient in itself, because .there 
exist vastly different degrees of accident severity." Reference was made to my paper 
on this subject, in which a scale was proposed. At the present time we in the Port 
Authority are using a modified version of this same severity scale to good advantage. 

In conclusion, Iwouldrepeat that this study should be the base upon which the possi
bilities for standardization of accident reporting procedures should be explored. As a 
traffic engineer, I have tended to see only my own needs, and this report puts those 
needs in proper perspective with the requirements of the other users of accident re
cords. 
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CHARLES S. MICHALSKI, Director, Traffic Accident Data Project, National Safety 
Council-At least one authority has identified five distinct , basic purposes of traffic 
accident records. These are: 

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 preventative action to be taken. 
4. To measure the effect of accident prevention efforts. 
5. To determine negligence or fault. 

Assuming that this list is complete, we have here a set of general specifications for a 
traffic accident data system. As it is customary to design a machine or system from 
specifications furnished by a would-be user or group of users, it would appear that 
this would be a logical approach to the design of a traffic accident data system. How
ever, there seem to be obstacles that preclude application of this logic as we under
stand it. 

Uses of data obtained from traffic accident reports are so numerous and so varied 
that any one design which would satisfy all needs would be extremely complicated. 
Furthermore, users are not always aware of all the information t hat could be r ea
sonably collected and put into the system. In addition , collectors are not always aware 
of all the user needs. In view of this lack of understanding, the evaluation of user 
needs for traffic accident data is a difficult task. 

In his formal report, Professor Baerwald shows four major headings under which 
information on traffic accidents is entered: (a) identification; (b) accident description; 
(c) site conditions; and (d) causes. While there should be no real problem with the 
nomenclature of the first three headings, there are reservations with regard to 
"causes." Few, if any, existing reporting systems can be said to reveal causes of 
accidents. A more appropriate heading would be "attendant circumstances." 

User groups may agree on major headings and even some of the subheadings under 
which accident data are entered. However, there is considerable divergence of opinion 
on information bits which should be solicited under subheadings. For example, under 
the general heading of "identification" it is desirable to describe persons, vehicles and 
locations. In identification of persons ther e is agreement on the need for names and 
addresses of people involved. However, beyond this point, desires vary considerably. 
Some authorities require a description of the driver license, while others require a 
description of the person's physical features, still others require name and address of 
employers and other references. The same problem exists with respect to vehicles 
involved. Frequently a description of the location of the accident requires supplemen
tary information in terms of descriptions of nearby landmarks and road features. These 
items, which are generally of little consequence to the accident prevention program , 
may appear to need little effort to acquire. In total, however, they may add signifi
cantly enough to the reporting task to cause quality of the more meaningful parts of the 
report to suffer. In many cases more than half of an investigator's written effort is 
devoted to identifications. 

Under the heading of "accident description" there is general agreement on items 
pertaining to maneuvers and paths of vehicles and pedestrians involved in accidents. 
However, there are questions as to the description of accident severity. In most 
jurisdictions severity of accidents is describe·d in one of the following terms: fatal, 
non-fatal injury, and property damage. Many agencies subdivide non-fatal injuries in 
accordance with the three classifications established by the Committee on Uniform 
Accident Statistics of the National Safety Council's Traffic Conference. There is dis
satisfaction with the system because of precedence that certain accidents are given under 
the present classification. For example, an accident which results in complaints of 
pain and superficial property damage takes precedence, in the minds of many, over 
an accident where there was severe property damage and no personal injury. Like
wise, a fatal accident resulting from a relatively minor collision takes precedence over 
most other accidents, in effect, it could be regarded of no more importance, as far as 

. preventative measures are concerned, than any other accident. 
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Under "site conditions" it is customary to describe such elements as the weather, 
road surface condition, light and visibility. These are temporary or changing con
ditions. However, many agencies require full description of physical features of the 
roadway, traffic regulations, traffic control devices and other permanent features. 
In most instances this information is available in official records and it seems re
dundant to require that this information be entered in the accident report form. How
ever, in view of problems encountered in identification of locations, officials insist 
on description of site to verify location. 

The heading "attendant circumstances" covers behavior of driver and pedestrian, 
condition of vehicle and unusual occurrences or events. This is the most critical area 
of the accident report. While it does not pinpoint causes, it furnishes clues to causes. 
Unfortunately, this area is also the weakest part of the reporting system. There is 
no general agreement on what kind of information should be obtained on the condition 
or attitude of the driver. Violation ascribed to the driver is generally based on deep
rooted informal policy, rather than evidence. Few officers have sufficient training to 
detect mechanical defects and few, if any, are competent to describe the condition of 
a driver or pedestrian. This is the realm in which specialists or technicians are re
quired, but within the present means, the most optimistic outlook is that only a small 
proportion or sampling of the traffic accidents can ever be scientifically investigated. 

A consensus is developing that basic reporting systems be developed to yield data 
essential to the activities of prime users of case reports and groups of case reports, 
and that the basic system be supplemented by in-depth systems designed to develop 
specific information on selected circumstances of the accident. In this way police 
officers could be trained to look for specific vehicle defects without the necessity of 
having complete automotive engineering training. The same analogy would apply in 
cases where data are required on physical or personality traits of drivers involved. 
Officers would not need a complete education in psychology or medicine to detect care
fully defined traits or defects. 

Supplemental studies such as these may be carried on by several agencies at the 
same time, and it would not be necessary to make universal application to yield satis
factory mass statistics on problems that are not being defined in current reporting 
systems. 

JACK L. NOBLITT, Assistant Chief Engineer for Plan11i ng and Research, Oklahoma 
Department of Highways - How long has it been since the accident r eport form has had 
major changes made in it? In this age where much information is out of date before it 
is printed, we have retained an inadequate accident report form whose only virtue is 
that it is basically uniform among the states. Professor Baerwald's project is an im
portant first step in attempting to modernize our accident report system, and particu
larly the accident report forms. 

It is indeed strange that in a country where we have been killing and maiming more 
and more people and have been working harder and harder to solve the traffic safety 
problem, we have not kept the accident report form updated. Traffic safety is one of 
our most important national problems, and the accident records system is the very 
foundation of the traffic safety program. Consequently, the accident report form is the 
single most important item in the accident records system. It is indeed time that the 
necessary research be conducted and our accident reporting be modernized . 

Baerwald brings out many of the improvements which should be made in the accident 
report form. Such things as reducing the number of forms which must be filled out, 
making the accident report form more easily coded for use in data processing, along 
with the use of closed-type precoded questions, will all assist in making the accident 
report form more valuable in the reduction of traffic accidents. Baerwald lists three 
basic phases of the accident reporting problem: (a) the drivers involved in accidents 
must file several reports containing much information, and yet this information is of 
little value in accident prevention because it is usually biased; (b) reporting officers, 
although unbiased, are too few in number and do not have enough time to report every 
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accident; and (c) the many people responsible for preventing accidents, the accident 
report users, want an infinite amount of information accurately and promptly reported. 
This study would have satisfied better the need for a modern report form if less attention 
had been given to the third phase of this problem-the needs of the accident report 
user - and more attention given to the first two parts of the problem, the accident 
reporting problems. Perhaps other research covering the other two parts of the prob
lem is being, or will be, conducted in the near future. This study alone will not 
generate the support nationally that is necessary to modernize the accident report 
form. 

Another area which will have to be thoroughly studied is the assignment of priorities 
to the information which is to be included on the accident report form. Since the ulti
mate goal of our traffic safety program is the reduction of highway accidents, and the 
greatest value of accident records lies in their tremendous potential to assist in this 
reduction, it would certainly seem that priority should be given to the accident infor
mation which makes the greatest contribution toward our goal of reducing accidents. 

The last point I would like to mention is that, even though some type of information 
is desired by an accident data user, it must be practical to obtain. For example, some 
data users would like to know the speed of t he vehicle when the accident occurred. It 
is almost impossible for the person in the field to accurately know this fact or even 
closely estimate it. This type of data cannot be included on the accident report form. 

In summary, it was high time that somebody undertook a major research project 
toward the modernization of the accident report form and Baerwald, his sponsors, and 
his associates should be congratulated for doing so. However, additional research 
will be needed to serve as the basis for revising the accident report form. Further study 
will have to be made of such items as manpower and time limitations in the field, the 
assigning of priorities to types of information sought, and the practical aspects of ob
taining the data. 

JOHN E. BAERWALD, Closure-As indicated in each of the discussions, the investi
gation reported in this paper covers only one phase of a much-needed review of the 
whole traffic accident reporting system. Fortunately, the Traffic Accident Data Pro
ject, under Mr. Michalski's direction and with the cooperation of numerous national 
agencies, is currently engaged in such a comprehensive study. 

Mr. Cantilli pointed out the various ways in which the location of accidents can be 
facilitated. He also described some of the other pioneering work of the Port Authority 
in the field of accident investigation. 

The use of the term "attendant circumstances" instead of the term, "causes," as 
proposed by Mr. Michalski, is an excellent suggestion. However, the important fact 
is not what this section of the accident report is called, but rather what information 
should and can be practically reported to describe the conditions which may have con
tributed to the accident causation. 

Mr. Noblitt identified other areas of research which are necessary for the improve
ment of pr ocedures for trciJfic accident data collection and utilization. 



The Teen-Aged Driver 
An Evaluation of Age, Experience, Driving Exposure and 

Driver Training as They Relate to Driving Record 

G. S. FERDUN, R. C. PECK and R. S. COPPIN, California Department of Motor 
Vehicles 

•ONE OF the most vexing problems currently confronting traffic safety experts, driver 
licensing administrators, and legislators is the optimal minimum age for issuing driver 
licenses. The problem is a complex one, involving philosophical, socioeconomic and 
legal problems as well as traffic safety considerations. 

The current minimum age for issuing an unrestricted driver license in California is 
16, with parental approval being required until the licensee is 21 years of age. Ex
ceptions to this are emancipated minors, persons who are 18 or above and married. 
Monetary liability for all others is accepted by parents before the license can be issued. 

Over the years there have been a number· of attempts to raise the minimum licensing 
age in California. Proponents of such measures have offered a variety of reasons and 
advantages for an increase in the minimum age to 18. One of their basic reasons in
volves the assumption that the average 16-year-old is not sufficiently mature to drive 
an automobile and, therefore, represents a greater hazard to himself and the public 
welfare than do drivers in their higher teens. 

Although it is an undisputed fact that teenagers have a far higher accident and viola
tion rate than older drivers (Table 1), reliable data for 16-19-year-old drivers by 
single year of age have been lacking. As a consequence, the California Department of 
Motor Vehicles, when first confronted in 1963 with attempts to raise the minimum age, 
had no data to either support or refute the previously stated assumption concerning the 
16-year-old driver. The department's Research and Statistics Section therefore under
took a pilot study of the problem in 1963 and shortly thereafter issued a limited number 
of copies of a report titled "Accident and Violation Experience of California Drivers 
Aged 16 Through 19." Since 16- and 17-year-olds were found not to have more acci
dents and violations than 18- and 19-year-olds, the study concluded that: " ... there is 
no evidence, in a review of driving records, to support an increase in the minimum age 
for driver licensing." 

This pilot study presented a reliable evaluation of the age factor solely in terms of 
driving records which one may define as the "absolute risk potential." However, the 
lack of exposure data precluded an evaluation of driving performance controlled for 
differences in mileage between age groups, or what one may define as the "relative 
risk factor." Also, the sample size was too small to yield sufficiently precise results 
on certain issues. 

Because of these additional considerations and the continuing importance of the problem, 
it was decided to conduct a large-scale survey, utilizing a much larger sample and 
collecting data on a number of variables (such as mileage) which are not available from 
driver record file information. By extending the scope of the study in this fashion, it 
was hoped that the contribution of such factors as age, experience and immaturity 
could be separated and individually assessed. 

Because some proponents of the age increase are proposing that licensing prior to 
18 years of age be contingent on the successful completion of an approved behind-the
wheel driver training course, data were obtained which would allow comparison of this 
factor with accident and violation records. 

Paper sponsored by the Committee on Highway Safety and presented at the 45th Annual Meeting. 
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TABLE 1 

AVERAGE (MEAN) ACCIDENTS AND VIOLATIONS FOR 
TEEN- AGE AND ADULT DRIVERS 

Accidents Violations 
Group a 

Males Females Males Females 

Teen-age 0.157 0.074 0.581 0.172 
Adult 0.078 0.040 0.258 0.102 

ale.en-agers are definerl here as individuals 16-20 at the beginning of 
the driver record interval. Adults are individuals over 20 at the 
beginning of the driver record interval. Source: 1964 Driver Record 
Study. 

The present analysis will proceed in stepwise fashion, with any decision regarding 
the aforementioned problems being contingent on answers to the following questions : 

1. What is the relationship between age and driving record, irrespective of mileage? 
2. What is the relationship between age and driving record when variations in ex

posure are controlled? 
3. Are inexperience, immaturity (as measured by age) and parental control impor

tant factors in the accident and violation experience of young drivers? 
4. Do drivers who have had behind-the-wheel driver training possess better acci 

dent and violation records than those who have not taken driver training? 

It should be emphasized at the outset that the sole purpose of the study was to test 
hypotheses relative to the traffic safety aspect of this problem. This study will not 
attempt to evaluate the sociological, ethical, and economic considerations with which 
the issue is entwined . This should in no way be construed as a belief on the part of 
this department or the research staff that these issues are unimportant, but rather 
that these considerations were not felt to be relevant to the purpose of this study. 

METHODOLOGY 

Early in 1964, a random sample of 225 , 000 drivers of all ages was selected from 
the driver license files in connection with a study unrelated to the present one ("1964 
California Driver Record Study"). A large amount of data (including age and driver 
record) had been collected in connection with the Driver Record Study and stored on 
computer tape. Inasmuch as these data were already collected and contained in com
puter processing format, they provided a convenient pool from which a representative 
sample of teen-age drivers could be extracted. All records belonging to s ubjects who, 
at the time of coding, were between 17 and 20% years of age, who had been licensed 
for at least one year, and whose license had not expired, were retrieved from the tape 
and converted to card form. The driving records of 10, 250 teen- aged drivers were 
thus derived for analysis. The recorded driver records of the group correspond to the 
iffterval <me y·ear -pri-or ro the original date- of selection, aru:Hltey represented subjects 
who were between 16 and 19Y2 years of age at t he beginning of the recorded driving 
record interval. 

The following information for each subject was extracted for subsequent analysis: 

1. Age, 
2. Months license in force, 
3. Age when first licensed, 
4. Sex, 
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night drMng)? ........ .... ..... .. ... . .................. 'I' 

z ai::: 1. Arp«>1lmntclf. how mnny hmm per weeA, on I.ho zi 0 :::> w O.Ycrngc, wou ti you csllmolo you •J"'nl driving In ... D. V) :::> llCI 
11103? .................................................... 

-~ 8. Aprroxhnatcly how many mllM (totnl) did you drive .,, 
ln>t year {I 9!i3)? . .. .. • . . • .. . . . .. • . . . • • • .. • . .. .............. 

~ 9. On tho nYomgc, how mnny rnll.u par week have you 
drl•cn d11rln~ lhu current yonr (1004)? ... .. .. .. ................ 

Ill 10. Arprn•lmnle y lmw mnny miles woulJ you estimate 
- r,~j !"l~i.::~?·~. ~~~'.~~ .·~·~. ~~'. 1 '.~ .'~~~. ~~~. ~~~" ................ 

11. Ate you mnrrlcd? , .....•.......... . • YC!I 1 0 No 1 0 
U f.J'"• rlcnsn wrllo In tho month ond year 

ol your mnrrlago •.••..• , . ...•... , ......... ................... 
12. Wu• tho vuhlclo which you drove mo.sf dutln~ 1003 rett"'ed 

In your 11Rnto? • • • • • • • • • • • • • . . • . • • • • • "' • 0 0 I a 
13. Wero you rc.<pan•lblc for pnylng tho purch .. ., co•I of tho 

vchldo whld1 you drove most during 1963? 
Ye•, rospon•ihlu lot pnylng tho lnlnl cos! • . . • • • • • . • 1 0 
Ye!, rc•rHrmllhlc for r,•ylng port of the cod •.•..•..• 1 0 
No, not rc•1>1:m~l hle or rnylng tho ros l . . • . . • . • . . • • 1 0 

14. During llJ!l:l, dlrl your parent• rcgulnlc your driving prlvl.lc~eJ 
In nny o[ tho lollowlng wny•? (PlcMo rhcck as many u app t: 

llcg11ln1cd tho dlstoncc• whkh you could drlvn . . . . . 1 
llng11!;1tcd the hnuu during which you could drive . • 1 B 
llc1;11l>tcd the !'peed• you rould drlvo . .•. , • • • . . • • . , 
llcgulntcd the rlnccs yon cou ld drive ..•••••• , • • • • I 0 
Wllhhcld your driving prMlcgCJ altogether for 

nny r~·rlml 0£ llino •• . .••.•••. .•..•••••.•• · ••• ,o 
Did nol rcgnlalc ynur driving In nny of these way1 • • 1 0 

15. From your own •~rNlcnco •a fo~ who do to" feel gencnlly 
prc;ont the grcntc1 so lely hnro on tho lghway1: ddvarl 
un1lor 20 )"'"" of age, or thoMI over 50 yonn of ago? 

Sl55l- iiN 
Drivers nn<lcr 20 nrc the t:rr.nlcr h"7u'1J ... • ..•.•.• I a 
Drivers O\'cr 50 arc the grc:itcr hazard .••.••.••. • • 1 0 

···~ 20,,.·D.'H(ll8'97) 

Figure 1. Questionnaire mailed to survey participants, 

5. Driver license number, 
6. Number of accidents, and 
7. Number of violations. 
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SURVEY OF DRIVING HABITS OF CALIFORNIA DRIVERS 

As Chief of the Division of Drivers Licenses I am responsible for 
the licensing of drivers in California. We are attempting to acquire 
more information about the driving habits, needs, and opinions of 
California drivers. The opinions of youth are often overlooked in 
sampling the thinking of our population. I have asked the Survey 
Research Center of the University of California to conduct a survey 
of a selected group of young drivers. I would like to personally 
ask you to cooperate in this study. 

Enclosed with this letter is a questionnaire card for you to fill 
out. Your answer to question 15 on the relationship between age and 
driving safety will be of special interest to us. However do not 
restrict your answers to just this question. Analysis of the data 
is possible only if the questionnaire is filled out completely. If 
you are not sure of the correct answer to any of the questions make 
the best guess that you can. Your responses to the questions will 
be confidential and will be used for research purposes only. In no 
way will your answer t o any question influence the status of your 
present license or the issuance of a future drivers license. 

Simply fill out t he questionnaire card and drop it in the nearest 
mail box . NO POSTAGE STAMP IS REQUIRED. Our study will be suc
cessful only if a large percentage of the young drivers Ln our 
s ample reply . Your cooperation is ~ppreciated. 

Sincerely, 

L.t v ~~~.-4 ......_. ·--.. 

RONALD V. THUNEN, Chief 
Division of Drivers License 

Figure 2. Letter accompanying questionnaire. 

Three weeks ago, we sent you a queationnaire asking about 
your driving habits. You are one of a carefully selected 
sample of young drivers from whom we are seeking this 
information. So far, a considerable proportion of the 
people have returned t he questionnaire, but yours has not 
been received. Please fill out the enclosed questionnaire 
card and return it to us . NO POSTAGE STAMP IS NECESSARY . 

Your answer to queation 15 on the relationship between sge 
and driving safety will be of special interest to us. l:low
ever , do not restric·t your answers to j1..1et this question. 
Analysis of the data is possible only lf the questionnaire 
is filled out completely. If you are not sure of the correct 
answer to any of the questions make the best guess that you 
can . Your respanses to the questionnaire will be confidential 
and will be used for research purposes only. In no way will 
your answer to any question influence the statUS O·f rour 
present license or the issuance of a future drivers icenee, 
Your cooperation is greatly appreciated. 

~incerely, 

~ v~~ 
RONALD V. THUNEN, Chief 
Division of Drivers License 

Figure 3. Fol low-up letter mailed to non-respondents. 



TABLE 2 

RESPONSE CATEGORY BY SEX 

Group 

Respondents 
Non-respondents 
Non-recipients 

Total 

Total 

6,664 
2,955 

631 
10,250 

TABLE 3 

Males 

3,878 
1,835 

360 
6,073 

Females 

2,786 
1,120 

271 
4, 177 

A VE RAGE (MEAN) ACCIDENTS AND 
VIOLATIONS BY RESPONSE CATEGORY 

Group Accidents Violations 

Respondents 0 . 126 0 . 386 
Non-respondents 0.131 0.517 
Non-recipients 0.090 0 . 366 

Total sample 0.125 0.422 
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For the purpose of this study, a violation is defined as a moving traffic violation in
cident reported to the department by any court (juvenile and others) or probation office 
during the time interval in question. The date of violation was used for placing the 
violation in time and multiple violations relating to one incident were counted as a 
single violation. 

The Survey Research Center of the University of California was contracted to aid in 
the constructing of a questionnaire, the mailing of the questionnaire, and the coding 
and punching of the returned information. The questionnaire (Fig. 1) was designed to 
tap the following areas: 

1. Method of learning to drive; 
2. Driver education and driver training experience; 
3. Exposure (miles driven, time, and place); 
4. Driving experience (total miles driven in life); 
5. Marital status; 
6. Extent of parential regulation on vehicle use; and 
7. Purchase of vehicle and registration thereof. 

The questionnaires were mailed with an accompanying letter (Fig. 2) from the Survey 
Research Center on September 4, 1964. All subjects who had not returned this initial 
questionnaire by October 5 were mailed a second letter (Fig. 3) and questionnaire. By 
October 30, the rate of return had decreased to such an extent that it was decided to 
terminate the sampling and compile all data collected up to that time. Based on the 
outcome of the mailing, the original sample could be categorized into three distinct 
groups: respondents, non-respondents, and non-recipients, representing, respec
tively, 65. 0 percent, 28. 8 percent, and 6. 2 percent of the original pool of subjects 
(Table 2). 

The questionnaire data for each subject were collated with their matching driver 
record data. In the case of non-respondents and non-recipients, each subject's ques
tionnaire code number was collated with the driver record information, and the fact 
that the subject was a non-respondent or non-recipient was punched into his data card 
for later analysis. (Non-recipients include those individuals whose questionnaires 
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were returned by the Post Office or by parents indicating the subject was in the armed 
forces, or had moved and could not be reached.) Detailed machine edit checks were 
then performed on all cards to insure accuracy and any errors discovered were cor 
rected, although no attempt was made to correct inconsistent responses in the ques
tionnaires. The edit checks were performed in order to establish that the coding and 
keypunching had been performed accurately. 

The data regarding the respondents were then analyzed via a multiple regression 
program. More will be said about this later. In addition, the data (including non
respondents and non-recipients) were tabulated in a variety of ways for additional des
criptive and analytic purposes. 

Response Bias 

The initial step in the analysis was to determine whether a response bias developed, 
in the sense that those who responded to the questionnaire had different accident and 
violation records than the non-respondent and non-recipient groups. It was anticipated 
at the outset that such a response bias would develop, and this was subsequently indi
cated [F (violation bias)= 32. 59 P < 0.001; F (accident bias)= 3.16 P < 0.05] (Table3). 

Throughout this report a value which has less than 5 chances in 100 of occurring by 
chance is considered significant. For certain technical reasons, most of the pro
babilities cited should be considered as approximations. They are, however, of suf
ficent precision for decision-making purposes. 

The respondents had significantly fewer violations on their records than did the non
respondents [t = 22. 2 P < 0. 01 J; however, the difference between the respondents' and 
non-respondents' accident records was not significant [t = 0. 61 P > 0. 50]. Non-recip
ients and respondents do not have significantly different violation records [t = 0. 62 
P > 0. 50], but non-recipients had significantly better accident records [ t = 2. 34 
P < 0. 05 J; part of this reduction is probably a result of some of this group having left 
the state during 1963. Thus, the violation response bias can be attributed to differences 
between respondents and non-respondents and the accident bias attributed to differences 
between the respondents and non-recipients. 

For comparisons among the various age groups, the existence of a response bias, 
in itself, is not a particularly relevant factor. What is relevant, however, is whether 
some age groups are more biased than others. If so, the validity of the entire study 
would be suspect, since unequally biased age groups would be compared and inferences 
made on the basis of distorted comparisons. Shown in Table 4 are accidents and vio
lations by age group and response category. 

Statistical tests of significance indicate that differences in response bias at various 
ages can be attributed to chance variation [ F (age by violation bias) = 0. 523 P > O. 50; 
F (age by accident bias)= 0. 772 P > 0. 50). Thus, we can conclude that the relation
ship between age and driver record found for respondents can be generalized to the 
overall population of teen-aged drivers. For all other relationships the effects of a 
possible response bias could not be assessed. On logical grounds, however, there is 
no reason to suspect that these other relationships have been appreciably affected by 
a response bias. 

Since a large amount of the data was obtained via questionnaire, some comments 
concerning the validity and reliability of this technique seem in order. Although such 
techniques are invariably subject to a certain amount of random and nonrandom errors 
r elative to the items being measured, it is generally safe to assume that the question
naire responses are highly correlated with the actual behavior under consideration. 
Our confidence here lies with the fact that strong emotional areas were not under mea
surement in this study. A further assumption which must be made is that the amount 
of response error is uniformly distributed over the independent variables being con
sidered. The authors are confident that these assumptions have been adequately met 
and that the data have provided an accurate measurement of the relationships under 
consideration. 



TABLE 4 

ACCIDENTS AND VIOLATIONS BY AGE AND RESPONSE CATEGORY 

Violations Accidents 

Age at Beginning of Total Sample Respondents Non- Non- Total Sample Respondents Non- Non-
Driver Record Period Respondents Recipients Respondents Recipients 

---
Mean No. Mean No. Mean No. Mean No. Mean No. Mean No. Mean No. Mean No . 

All Ages 0.422 10, 250 0.386 6,664 0.517 2, 955 0.366 631 0.125 10,250 0.126 6,664 0.131 2,955 0.090 631 

16 years (0- 2) months 0. 371 426 0.343 327 0.489 92 0.143 7 0.141 426 0.148 327 0.120 92 0.143 7 
16 years (3- 5) months 0. 324 633 0.281 467 0.479 142 0.250 24 0.136 633 0.133 467 0.134 142 0.208 24 
16 years (6-8) months 0.386 630 0.338 423 0. 511 186 0.238 21 0.106 630 0.109 423 0.102 186 0.095 21 
16 years (9-11) months 0.382 663 0.304 451 0.560 184 0.464 28 0.136 663 0.135 451 0.152 184 0.036 28 

17 years (0- 2) months 0. 352 628 0.335 430 0.367 166 0.500 32 0. 134 628 0.140 430 0.127 166 0.094 32 
17 years (3- 5) months 0.392 719 0.373 466 0.437 213 0. 375 40 0.125 719 0.120 466 0.146 213 0.075 40 
17 years (6-8) months 0.458 773 0.443 508 0.489 229 0.472 36 0. 138 773 0.144 508 0.114 229 0.222 36 
17 years (9-11) months 0.463 790 0.406 498 0.590 239 0.434 53 0.149 790 0.131 498 0.197 239 0.113 53 

18 years (0-2) months 0.423 826 0.380 518 0.534 253 0.309 55 0.136 826 0.139 518 0.134 253 0.109 55 
18 years (3- 5) months 0.526 823 0.442 525 0.720 243 0.473 55 0.115 823 0.112 525 0.132 243 0.073 55 
18 years (6-8) months 0.469 823 0.425 543 0.596 223 0.386 57 0.109 823 0.099 543 0.139 223 0.088 57 
18 years (9-11) months 0.427 827 0.439 503 0.420 257 0. 358 67 0. 116 827 0.113 503 0.125 257 0.104 67 

19 years (0-2) months 0.426 813 0.421 489 0.486 249 0. 253 75 0. 123 81~ 0.137 489 0.120 249 0.040 75 
19 years (3- 5) months 0.435 876 0.417 516 0.498 279 0.333 81 0. 099 876 0.114 516 0.090 279 0.037 81 
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Figure 4. Average (mean) number of violations and accidents by age (1-yr record). 

RESULTS 

Age in Relation to Absolute and Relative Risk Potential 

Are there any differences in the conviction and accident frequency among the various 
ages comprising the teen-age group? We have referred to such an index as absolute 
risk because the sole criterion is the fr equency of certain 'types of events on each s ub
ject's driving record, regardless of the existence of significant exposure differences. 
The authors feel this absolute risk factor is the most relevant criterion for evaluating 
the present licensing age procedures inasmuch as it involves an evaluation of the risk 
which a given age group represents to the public. For example, if one age group is 
having twice as many accidents as another then that group represents twice the hazard 
or risk to the public , r egar dless of whether that gr oup dr ives twice as many miles as 
the other. 

Shown in Figure 4 and Table 5 are the average (mean) number of accidents and vio
lations by sex for the various age groups comprising the study. For purposes of pre
cision, the ages 16 years zero months through 19 years 5 months have been broken 
down into 14 three-month age groupings. 

Statistical t est s per for med on the data indicated that accident fr equency for both 
males and females is unrelated to age [Males: r = - 0. 015 P > 0. 05; Females: r = 
0. 006 P > 0. 05]. There is however, a significant relationship between violation fre
quency and age for both males and females. Analysis of the direction of the relation
ship indicates that as age increases, violations increase [Males: r = 0. 076 P < 0. 05; 
Females: r = 0. 055 P < 0. 05]. 

From this consideration alone, there is no evidence to support the assumption that 
16-17-year-old drivers constitute a greater risk to the public than do drivers in their 
older teens. This, incidentally, is consistent with the conclusions of the previously 
mentioned study. 

Do the age groups differ with respect to their violation and accident rates when the 
effects due to miles driven are controlled? This question is more closely related to 



TABLE 5 

ACCIDENTS AND VIOLATIONS BY AGE AND SEX 

Males 
Age at Beginning of 

Driver Record Period 
No. 

Accidents per Violations per 
No. Person Person 

All ages 3,878 0.162 0.541 2, 786 

16 years (0-2) months 201 0.199 0.478 126 
16 years (3- 5) months 291 0.165 0.375 176 
16 years (6-8) months 256 0.156 0.449 167 
16 years (9-11) months 282 0.174 0.401 169 

1 7 years (0- 2) months 249 0.181 0.462 181 
17 years (3- 5) months 276 0.159 0.533 190 
17 years (6-8) months 299 0.167 0.652 209 
17 years (9-11) months 282 0.163 0.560 216 

18 years (0- 2) months 304 0.184 0.559 214 
18 years (3- 5) months 293 0.147 0.587 232 
18 years (6-8) months 309 0.117 0.631 234 
18 years (9-11) months 284 0.148 0.620 219 

19 years (0- 2) months 268 0.175 0.627 221 
19 years (3- 5) months 284 0.151 0.595 232 

Females 

Accidents per 
Person 

0.075 

0.063 
0.080 
0.036 
0.071 

0. 083 
0.063 
0.110 
0.088 

0.075 
0.069 
0.077 
0.068 

0.090 
0 . 069 

Violations per 
Person 

0.169 

0.127 
0.125 
0.168 
0.142 

0.160 
0.142 
0.144 
0.204 

0.126 
0. 259 
0.154 
0.205 

0.172 
0.198 

c,, 
co 



TABLE 6 

MILES DRIVEN IN 1963 BY AGE AND ACCIDENT RATEa 

Total Sample Males 

Age at Beginning of Average* Average* Driver Record Period 
Miles Miles per Accidents per 

Miles Miles per Accidents per 

Driven Accident 100,000 Mi 
Driven Accident 100,000 Mi 

All ages 7,548 59,905 1. 78 9,557 58,994 1. 78 

16 years (0-2) months 4,668 31, 541 3.46 5,685 28,568 3.74 
16 years (3-5) months 4,637 34,865 3.00 5,343 32,382 3.19 
16 years (6-8) months 5, 571 51, 110 2.07 7,165 45,929 2.27 
16 years (9-11) months 6,178 45, 763 2.35 7,647 43,948 2.40 

17 years (0-2) months 6,629 47, 350 2.25 8,345 46,105 2.26 
17 years (3- 5) months 7,159 59,658 1. 77 8,872 55,799 1.87 
17 years (6-8) months 7, 156 49,694 2.10 9,568 57,293 1. 79 
17 years (9-11) months 8,327 63,565 1. 68 10,822 66,393 1. 56 

18 years (0-2) months 8,160 58, 705 1. 79 10, 322 56,098 1. 86 
18 years (4-5) months 9,107 81,313 1.32 11, 594 78,871 1.35 
18 years (6-8) months 9,027 91,182 1.17 11, 498 98,274 1.05 
18 years (9-11) months 8,991 79,566 1. 39 11, 865 80,169 1. 37 

19 years (0-2) months 8,910 65,036 1. 63 11, 870 67, 829 1. 55 
19 years (3- 5) months 9,127 80, 061 1. 31 11, 714 77,576 1. 35 

0 Based on 6,244 respondents. 
*Arithmetic means. 

Average* 
Miles 

Driven 

4,643 

2, 916 
3, 422 
2,989 
3,632 

4, 114 
4,578 
3,506 
4,828 

5,004 
5,941 
5,597 
5,230 

5,213 
5,944 

Females 

Miles per 
Accident 

61 , 907 

46 , 286 
42 , 775 
83 , 028 
51, 155 

49,566 
72,667 
31, 873 
54,864 

66,720 
86, 101 
72,688 
76,912 

57,922 
86,145 

Accidents per 
100,000 Mi 

1. 77 

2.52 
2.49 
1.32 
2. 15 

2.24 
1.49 
3.40 
2.03 

1. 60 
1.25 
1. 50 
1. 45 

1.87 
1.22 

,,.. 
0 



TABLE 7 

MILES DRIVEN IN 1963 BY AGE AND VIOLATION RATEa 

Total Sample Males 

Age at Beginning of 
Average* Average* Driver Record Period Miles per Violations per Miles per Violations per 

Miles Violation 100, 000 Mi Miles Violation 100, 000 Mi 
Driven Driven 

All ages 7,548 18,389 5 . 44 9,557 16, 863 5.93 

16 years (0-2) months 4, 668 12,379 8 . 08 5,685 11 , 132 8 . 98 
16 years (3- 5) months 4,637 15, 785 6 . 34 5,343 13,823 7 . 23 
16 years (6-8) months 5, 571 15,504 6 . 45 7,165 15,328 6. 52 
16 years (9-11) months 6,178 18,986 5. 27 7,647 18,069 5.53 

17 years (0- 2) months 6,629 18,507 5.40 8,345 17,343 5. 77 
17 years (3- 5) months 7,159 18, 143 5. 51 8,872 15, 995 6 . 25 
17 years (6-8) months 7,156 15,425 6. 48 9,568 14,328 6.98 
17 years (9-11) months 8,327 19 , 209 5. 21 10, 822 18,630 5. 37 

18 years (0-2) months 8,160 20, 380 4 . 91 10, 322 17, 730 5.64 
18 years (3- 5) months 9,107 19,275 5.19 11, 594 18,537 5.39 
18 years (6-8) months 9,027 19,968 5. 01 11, 498 17 , 513 5. 71 
18 years (9-11) months 8,991 18, 591 5.38 11, 865 17, 461 5.73 

19 years ( 0- 2) months 8,910 10, 938 5. 02 11, 870 18 , 088 5. 53 
19 years (3-5) months 9, 127 20,929 4.78 11, 714 18,853 5. 30 

aBased an 6,244 respondents. 
*Arithmetic means. 

Females 

Average* Miles per Miles Violation Driven 

4, 643 25, 173 

2, 916 19,863 
3,422 25,509 
2.989 16,229 
3,632 23,304 

4, 114 23 , 124 
4,578 29,841 
3,506 22 , 553 
4,828 21,286 

5, 004 37,067 
5, 941 21,388 
5, 597 33,269 
5, 230 23,013 

5,213 28,121 
5, 944 28,557 

Violations per 
100, 000 Mi 

3.97 

5.04 
3.92 
6.16 
4.29 

4.32 
3.35 
4.43 
4.70 

2.70 
4.68 
3.01 
4.35 

3.56 
3.50 

""' .... 
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TABLE 8 

ACCIDENTS AND VIOLATIONS PER 100, 000 MILES BY MILES DRIVEN IN 1963 

Males Females 
Miles Driven 
During 1963 Accidents per Violations per Accidents per Violations per 

100, 000 Mi 100, 000 Mi 100, 000 Mi 100, 000 Mi 

Under 1, 500 15. 71 43.29 7.29 12.29 
1,500-2,999 6.82 18.27 3.18 7. 82 
3,000-4,499 2.92 10.05 1. 73 4.08 
4,500-5,999 2.62 8.98 1. 35 3.06 
6,000-7,499 2.21 7.02 1. 27 3.25 
7, 500-8, 999 1.87 7 .15 0. 95 2.38 
ii, 000-10, 49~ l. 6U 5. 77 1.13 2.93 
10, 500-11, 999 2.13 5.79 1. 34 2.23 
12,000-13,499 1. 74 4.91 1.17 2.82 
13,500-14,999 1. 85 5.28 1. 65 2.49 
15,000-16,499 1.11 3.75 1.12 2.25 
16, 500-17, 999 1. 01 4.05 0.65 1. 94 
18,000-19,499 1.12 3.43 1. 34 3.12 
19,500-20,999 1. 05 3. 95 0.57 2.66 
Over 20, 999 0.84 3.39 1. 21 2.14 

the performance factor than was the previous question, but is further removed from the 
absolute accident or violation probabilities that each age group represents. 

Table 6 shows the effect of a single variable, "total miles in year, " on the rela
tionship between accidents and age. Even a cursory glance at this table indicates that 
younger teen-aged drivers have a higher accident rate per mile driven. Younger teen
agers also tend to have a slightly higher violation rate per mile driven than do older 
teen-age drivers (Table 7). 

Most of the relationship found here is not due to age alone, but is a result of the 
fact that those individuals who drove less during 1963 had a higher accident and violation 
rate per mile driven (Table 8). This could be due to a number of factors which are re
lated to annual mileage such as additional exposure variables, skill, experience, and 
inaccurate responses to the questionnaire. Because younger drivers as an age group 
drove less than older teen-agers (Fig. 5), this factor is a primary contributor to their 
poorer driver record per mile driven. 

A stratification procedure was employed to remove the aforementioned effect, and 
statistical analysis of the data through correlational techniques and analysis of variance 
procedures was employed. The r esults of this mileage-contr olled analysis can be 
summarized as follows: 

1. Although the difference between the age groupA is not as dramatic as indicated by 
the previous ratios, younger teen-age males still have a higher accident rate than their 
older counterparts [Males: R Age Accidents· Mileage= -0.039 P < 0.05]. 

2. No significant relationship between age and accidents was revealed for females 
[Females: - Rl\~~KC"Cidents ·Mileage= -0.019 P > 0.05]. 

3. No significant relationship between age and violations was noted for either males 
or females [Males: R Age Violations· Mileage= 0. 027 P > 0. 05; Females: R Age 
Violations ·Mileage = 0. 028 P > 0. 05]. 

From these results alone, it can be seen that the controlling of even one exposure 
variable can have dramatic effects. The possibility, however, that other exposure 
variables (type, time, and place of driving) also influence the results cannot be dis
missed. Thus, before a final decision can be made regarding the relative risk of these 
age groups, it will be necessary to hold constant some additional exposure variables. 

Is the age-driver record relationship obtained above affected by taking into account 
the effects of additional exposure variables? The present study included several mea
sures of exposure in addition to miles driven per year. These variables were miles 
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Figure 5. Average (mean) number of miles driven per year by age. 

driven at night, miles driven on freeways and expressways, total hours per week, and 
total miles per week. Before a final conclusion can be formulated as to the relation
ship between age and driving record, with variations due to exposure controlled, it is 
necessary that the effects of these variables be removed. In order to do so, the authors 
resorted to the use of a multi-variate analysis technique (multiple regression analysis). 

The first step in such an analysis is to determine the interrelationships (correla
tions) between all of the variables under consideration (Tables 9, 10). The multiple 
regression analysis then allows one to determine which of the exposure variables con
tributes uniquely to predictions of driver records, and results in a determination of the 
relationship between driver record and age with the effects of the exposure variables 
controlled. 

In Table 11 are the findingswithrespect toageand theexposurevariables. An Sin
dicates that the variable made a significantly unique contribution while NS indicates that 
the variable did not make a significantly unique contribution. 

In some instances certain mathematical assumptions underlying the use of correla
tional and regression analysis have been violated (linearity, normality, homoscedasti
city, and continuity). The basic effect of such violations is to render probability levels 
approximate rather than exact. 

The exposure variables total hours per week and total miles per week were found to 
make significantly unique contributions above and beyond the contribution of total miles 
in 1963; however, for both sexes, the findings concerning age are identical to those 
cited earlier when only one exposure variable was controlled. Age was found to be 
significantly related to male accident frequencies alone. Our multiple regression runs 
also showed (Tables 12 to 15) that, within the age groups under consideration here, ex
posure was a more important factor than age in accident prediction. 

Age Driving Performance and Associated Factors 

The third question raised in the introductory section of this report relates to the 
importance of inexperience, immaturity and parental control as factors in determining 
the driver records of teen-agers. 



TABLE 9 

SIMPLE CORRELATION COEF FICIENTS (MALES)a 

Criterion Variables Miles per Hours per Total Miles Total Miles Months License Parental 
Week Week in Year in Life Age 

in Force Regulation Accidents Violations 

Accidents 
Violations 0.146* 
Miles per week 0.089* 0.186* 
Hours per week 0.085* 0.149* 0.324* 
Total miles in year 0.096* 0.200* 0.647* 0.304* 
Total miles in life 0.045* 0.145* 0.371* 0.209* 0.505* 
Age -0.014 0.076* 0.234* 0.084* 0.249* 0.246* 
Months license in force -0.005 0.069* 0.247* 0.063* 0.253* 0.248* 0.797* 
Parental regulation -0. 011 0.001 -0.216* - 0. 097* 0.196* 0.132* -0. 305* -0.292* 

0
8osed on 3,385 subjects. 

*Correlations over± 0.037 ore significant beyond the 0.05 level. 

TABLE 10 

SIMPLE CORRELATION COEFFICIENTS (FEMALES)a 

Criterion Variables 
Miles per Hours per Total Miles Total Miles Months License Parental 

Week Week in Year in Life Age 
in Force Regulation Accidents Violations 

Accidents 
Violations 0.155* 
Miles per week 0.108* 0.149* 
Hours per week 0.044* 0.077* 0.248* 
Total miles in year 0.142* 0.160* 0.632* 0.203* 
Total miles in life 0.059* 0.122* 0.461* 0.156* 0.586* 
Age 0.006 0.055* 0.186* 0.018 0.174* 0.264* 
Months license in force -0.030 0.067* 0.131* -0.012 0.142* 0.260* 0 .726* 
Parental regulation -0.027 -0. 014 -0.145* -0. 054* -0.176* -0.176* - 0 .287* -0.249* 

0
Bosed on 2,255 subjects. 

*Correlations over± 0.037 ore significant beyond the 0.05 level. 



TABLE 11 

RESULTS OF MULTIPLE REGRESSION-AGE AND 
ALL EXPOSURE VARIABLES 

Accidents 
Predictor Variables 

Violations 

Males Females Males Females 

Age s NS NS NS 
Total miles in 1963 s s s s 
Total hours per week s NS s Nsa 
Total miles per week NS NS s s 
Miles driven at night NS NS NS NS 
Miles on freeways and expressways NS NS NS NS 

aA h ' 'f' pproac es s1gni 1cance. 

TABLE 12 

ACCIDENT PREDICTION WITH ALL VARIABLES (MALES) 

Predictor Variables Regression Coefficient 

Constant term 1.8236 x 10- 1 

Total hours per week 1. 7480 x 10=: 
Total miles in 1963 3.5868X10 
Agea -1.4096 x 10-

3 

aAge equals number of months of age in excess of 14 years. 
Note: R=0.119 

TABLE 13 

F Probability 

27.413 p < 0. 001 
11. 910 p < 0. 001 
22.423 p < 0. 001 

5.283 p < 0. 05 

ACCIDENT PREDICTION WITH ALL VARIABLES (FEMALES) 

Predictor Variables 

Constant term 
Total miles in 1963 
Months license in force 

Note: R=0.151 

Regression Coefficient 

7.8669X10- 2 

8 . 1128 x 10- 6 

- 1.3070 x 10- 3 

TABLE 14 

F 

24.274 
50 . 144 

6 . 010 

Probability 

p < 0.001 
p < 0 . 001 
p < 0 . 05 

VIOLATION PREDICTION WITH ALL VARIABLES (MALES) 

Predictor Variables Regression Coefficient 

Constant term 
-2 

8 . 0779 x 10_6 
Total miles per week 5. 0231 )( 10 
Total hours per week 5. 3571 x 10-

3 

Total miles in 1963 9 . 4942 x 10- 6 

Total miles in life 6 . 6062 )( 10- 7 

Parental regulations 5. 0003 x 10- 2 

Agea 2. 5045 x 10- 3 

a Age equals number of months of age in excess of 14 years. 
Note: R = 0.240 

F Probability 

0.927 p > 0. 25 
12 . 766 p < 0. 001 
22.765 p < 0. 001 
18 . 986 p < 0 . 001 

5.424 p < 0. 05 
12 . 477 p < o. 01 
3 . 182 p < 0.1 
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TABLE 15 

VIOLATION PREDICTION WITH ALL VARIABLES (FEMALES) 

Predictor Variables 

Constant term 
Total miles per week 
Total hours per week 
Total miles in 1963 
Months license in force 

Note: R = 0.181 

Regression Coefficient 

2.8863 )( 10- 2 

3. 7306 )( 10- 6 

1. 6406 x 10- 3 

9. 7320 )( 10- 6 

1. 9469 x 10- 3 

TABLE 16 

F 

0.992 
6.297 
3.338 

14.675 
4.450 

Probability 

p > 0. 25 
p < 0. 05 
p < 0.1 
p < 0.001 
p < 0. 05 

RESULTS OF MULTIPLE REGRESSION-ALL VARIABLES 

Accidents Violations 
Predictor Variables 

Males Females Males Females 

Age s NS Nsa NS 
Total miles in 1963 s s s s 
Total hours per week s NS s Nsa 
Total miles per week NS NS s s 
Months license in force NS s NS s 
Miles in life NS NS s NS 
Parental regulation NS NS s NS 

OApproaches significance. 

Two variables were used in an attempt to measure the effect of driving experience 
on driving record: total miles driven in life and months license was in force. It was 
hypothesized that those individuals who had driven less in their life and who had pos
sessed a driver license for a shorter period of time would be the less experienced 
drivers. (One must remember that the entire study group was limited to drivers with 
a minimum of one year driving experience at the time of coding and that, therefore, 
the effects of less than one year's experience could not be assessed.) 

Immaturity could not be assessed directly from the information obtained in the 
questionnaire; consequently, an indirect assessment of this factor was made by con
trolling all available variables which are related to age but which were not considered 
to be immaturity factors. Any relationship between age and driving record which re
mained was then attributed to immaturity. Such a definition, of course, ties this con
cept directly to chronological age and results in a variable which encompasses some
what more than the concept of psychological immaturity. 

Parental regulation was measured by determining the number of ways {indicated by 
questio1U1air e r esponses) that each subject's driving behavior had been regulated by his 
parents. Since it has been suggested that increased parental control could result in 
younger teen-agers driving more carefully, it was hypothesized that this factor would 
be related to both age and driving record. 

In order to evaluate the effects of the three aforementioned factors, it was necessary 
to ;i,gain resort to a multiple regression analysis. In this analysis exposure, experi
ence, age, and parental regulations were included. The results (Table 16) indicate that 
the same exposure variables continue to be predictors of violations and accidents. The 
significant exposure variables will be listed but not discussed . 
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Presented are the variables which were found to make a statistically significant con
tribution in accounting for the accident and violation frequencies of either males, fe
males, or both. For males, an experience variable, miles in life, makes a unique 
contribution to our ability to predict violations, and the direction of the relationship is 
a positive one. That is, as experience increases, violation frequency also increases. 
This variable, however, was unrelated to accidents. For females, months license in 
force, also an experience variable, is significantly related to both accidents and viola
tions. Here the direction of the relationship with respect to experience and violations 
is positive, in that increased experience is associated with increased violation fre
quency. The relationship between accidents and experience is in the opposite direction; 
as experience increases, accident frequency decreases. 

One would speculate from these findings that greater experience results in increased 
confidence, which in turn results in a subsequent relaxation of compliance to traffic 
laws. This violation tendency does not necessarily result in a positive relationship be
tween accidents and experience because the tendency for increased violations to pro
duce a comparable increase in accidents is offset by an increase in driving skill. 

Immaturity (defined in terms of the remaining age effect) appears as a significant 
factor in accidents for males, with less mature (younger) teen-age males having more 
accidents. This factor also approaches significance in our attempt to predict violations, 
but with the tendency being for .more mature (older) teen-age drivers to have more 
violations. One possible explanation of this apparent contradiction is that younger 
drivers are more concerned with obeying traffic laws but lack the psychological ma
turity necessary for proper defensive driving. For females immaturity (age) was not 
found to be relevant to either accidents or violations. 

Parental regulation was related only to violation frequency for males, and the di
rection of the relationship was such that increased regulation was associated with in
creased violation frequency. One should not confuse the cause and effect relationship, 
however, since it is highly probably that increased violations caused increased parental 
control rather than the converse. 

The Influence of Driver Training On Accident and Violation Rates 

In this section, an attempt will be made to answer two basic questions: 

1. Do drivers who have taken behind-the-wheel driver training have significantly 
better subsequent driving records than those who have not taken such training? 

2. To what extent can subsequent driver record differences be attributed to the 
effects of driver training? 

The task of evaluating the effects of driver training on accident and violation rates is 
a difficult one. To adequately determine the effect of this type of instruction on subse
quent driving behavior, it would be necessary to use a random assignment technique
randomly assigning subjects to a driver training course and a control group for later 
comparison. To our knowledge, no such controlled experimentation has been done. 
Instead, comparisons have been made between the driver records of subjects who have 
volunteered to take driver training classes with those who have not. In general, it has 
been shown that individuals who are volunteers have different characteristics than those 
who are not volunteers. In the case of driver training, a number of characteristics have 
been found to differentiate volunteers for driver training classes from non-volunteers; 
in some cases, these same characteristics are related to driving performance (1). For 
example, the New York Department of Motor Vehicles has established that whether a 
person takes a driver education class or not (in New York) is related to his scholastic 
standing and, furthermore, that scholastic standing is related to accident and violation 
records (3). It has also been suggested that because of socioeconomic and exposure 
differences, individuals who attend schools which do not offer driver training may have 
poorer driver records than individuals who attend schools which do offer such a course. 
It has been shown, for example, that drivers from lower socioeconomic backgrounds 
are more frequently negligent drivers than those with higher socioeconomic back
grounds~). 
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TABLE 17 

lllGH SCHOOL DRIVER TRAINING BY VIOLATIONS AND ACCIDENTS 

Males Females 

Driver Training Status Average Average Average Average 
No . Violations Accidents No . Violations AccidentE 

(mean) (mean) (mean) (mean) 

Total 3, 878 0.541 0.162 2, 786 0.169 0.075 

School offered driver 
training class 3, 198 0.522 0.157 2,296 0 . 164 0.076 
Did take and pass 2,514 0.498 0.158 1, 795 0 . 154 0.076 
Did not take 684 0. 611 0.154 501 0 . 202 0.074 

School did not offer 
driver training class 447 0.642 0.186 337 0.199 0.080 

Status undetermined 233 0.601 0.185 153 0.183 0.059 

To support the view that driver training is effective in reducing accident rates, it has 
often been pointed out that some insurance companies give rate reductions to teen
agers who have taken a behind-the-wheel course. This does not necessarily provide 
evidence in support of the effectiveness of driver training. If teen-agers that have 
completed a driver training course actually do have a superior driving record, it is 
possible t hat the difference is as much due to their personal characteristics as to the 
effectiveness of the course. 

When the DMV driver questionnaire was designed, it was decided to include questions 
whic:::h would identify whether or not the subjects had taken driver education and training. 
It was hoped that the information gathered would aid attempts to evaluate behind-the
wheel training in general. Due to the previously mentioned selection factor (volunteer 
bias ), it was realized at the outset that a completely definitive result could not be ob
tained. 

In Table 17 and Figures 6 and 7, the driving records of the individuals who took and 
passed the driver training course (trained) are compared with those who attended a 
school which offered driver training but did not take the course, and those individuals 
who did not attend a school which offered driver training. These last two groups will 
be referred to, collectively, as untrained drivers. The difference with regard to viola
tions is statistically significant in favor of the trained group CF (violations) = 6. 64 
P < 0. 01]. This is consistent with findings from other studies, although the difference 
is not as marked as reported by some investigators (5, 6). 

Data released by the California State Department Of Education indicate that 63. 5 per
cent of California high school students received driver training in the 1963-1964 school 
year. Our sample data match this figure almost exactly and provide rather convincing 
evidence for the validity and representativeness of the sample in this respect. 

As for accidents [ F (accidents) = 0. 64 P > 0. 50], it can be seen from Table 17 and 
Figure 7 that the performance of the groups is similar. The differences which do exist 
are not statistically significant. In fact, the two largest components- "did take" and 
"did not take"-are almost identical. This is indeed a surprising finding. Previous 
research has shown that subjects who take driver training have personality character 
istics and socioeconomic backgrounds which are related to safe driving habits, so it 
would seem that any subsequent comparison, if anything, should favor the driver train
ing group, if only because of these initial personality and cultural differences (4). 

Before coming to a final evaluation of driver training effectiveness, it will first be 
necessary to examine some possible sources of bias which may have introduced dis
tortions into the data. These possible biases can be categorized as follows: 

1. Exposure differences between the trained and untrained groups. 
2, Age differences between trained and untrained groups. 
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Figure 6. Average (mean) number of violations for trained and untrained drivers by sex (1-yr record). 
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Figure 7. Average (mean) number of accidents for trained and untrained drivers by sex (1-yr record). 

TABLE 18 

ANNUAL MILEAGE-1963 BY DRIVER 
TRAINING STATUS 

Driver Training Status 

Took and passed 
Did not take 
Could not take 

Mean Annual Mileage, 1963 

Males 

9,489 
10,751 
10,641 

Females 

4,596 
4,394 
4, 971 



50 

3. Indeterminancy as to when driver training occurred in relation to the driving 
records of the trained groups. (For the 16-year-old group, there is a possibility that 
some of the drivers comprising the trained group had their driver training during or 
after the recorded "subsequent" driving record. If so, the distinction between the 
trained and untrained group might have been blurred and any effectiveness spuriously 
diminished.) 

4. Differential response bias between the tra,ined and untrained groups (i.e., the 
possibility that limiting the study to respondents favored one group more than the other). 

In order to determine whether any mileage differences existed between the trained 
and untrained groups, the distribution of each group by sex with regard to annual mile
age was determined (Table 18) and the r espective averages computed for comparison. 
If the trained group had driven a significantly greater number of miles, any failure to 
iind a luwe1· accident frequency for the trained group could possibly be explained by the 
greater exposure of this group. 

Statistical tests of significance indicated that the trained males actually drove signi 
ficantly fewer miles than did the untrained males [t (took vs didn't take)= 9. 06 P < 0. 001; 
t (took vs couldn't take) = 2. 42 P < 0. 01]. For females, the small differences in mean 
miles driven are not statistically significant [t (took vs didn't take) = 0. 68 P > 0. 40; 
t (took vs couldn't take) = 1. 08 P > 0. 20]. Thus, if anything, the trained male group 
should have been favored in any driving record comparison and the trained females 
unaffected. This fact renders the superior violation record of the trained males as 
somewhat uncertain. On the other hand, the failure to find an accident reduction for the 
trained group becomes even more conclusive. 

To test for the possible effects of an age bias between the trained and untrained 
groups , an analysis of variance procedure was employed in order to determine whether 
the comparative accident frequencies were similar at all age levels. In effect, such a 
procedure allows one to measure the effectiveness and stability of a treatment (e.g., 
driver training) at various levels (e.g., age) and to determine what variables are ex
erting significant effects on the data. The effect of training was constant at all age 
levels [F (age by training)= 0.857 P > 0.25]. Consequently, there is no reason to 
suspect that the previous findings with regard to accidents and driver training were 
contaminated by an age bias. 

This same procedure also answers our third possibility of distortion-temporal in
determinancy. Since the effectiveness (or ineffectiveness) of training was constant at 
all ages, there is no reason to suspect that the occurrence of driver training for some 
of the younger drivers during or after the recorded driving record interval biased the 
outcome against the trained group. Had such a bias resulted, one would expect the 
older teen-age drivers to have done relatively better than their younger counterparts, 
but such was not the case. 

As to the fourth possible source of bias, the reader is referred to our earlier finding 
concerning the overall response bias. It will be recalled that the respondents and non
respondents were almost identical with respect to accident frequency (Mean= 0.126 
and 0.131, respectively). 

Since this indicated no significant bias to begin with, it is doubtful the data could 
have been distorted by limiting the samples to respondents. 

After considering all the facts available from this study, the authors can find no 
evidence that, on a statewide basis, behind-the-wheel driver training is effective in 
reducing the frequency of accidents. (It was not possible, incidentally, to analyze any 
differences between ages or training groups as they may relate to accident severity.) 

Due to the aforementioned exposure and violation bias which would tend to favor the 
trained group, the significance of the violation reduction becomes somewhat more un
certain. We therefore cannot determine from this study whether driver training, 
per se, results in a reduction in violation frequency. 

The authors wish to emphasize that the present study has dealt with driver training 
as a whole, on a statewide basis. It is entirely possible that some effective programs 
do exist within the s ystem, but are too ins ignificant in number to have appreciably 
affected the overall statewide accident average of the trained group. 



TABLE 19 

RESULTS OF STATISTICAL TESTS BY SEX 

Accidents Violations 
Variables Controlled 

Uncontrolled for mileage 

Controlled for mileage variable 
(e.g., total miles in 1963) 

Controlled for all mileage variables 
with significant predictor variables 
listed 

Controlled for mileage and other 
factors related to age with signifi
cant predictor variables listed 

ON . b egot1ve. 
Positive. 

Males 

Age not significant 

Age significanta 

Age significanta 
Total hours per weekb 
Total miles in 1963b 

Age not significanta 

Total hours per weekb 
Total miles in 1953b 

Females 

Age not significant 

Age not significant 

Age not significant 
Total miles in 1963b 

Age not significant 

Total miles in 1953b 
Months license in 

forcea 

Males 

Age significantb 

Age not significant 

Age not significant 
Total miles in 1963b 
Total hours per weekb 
Total miles per weekb 

Age approaches signifi
cance b 

Total hours per weekb 
Total miles in 1963b 

Total miles per weekb 

Parental regulationb 

Total miles in lifeb 

Note: A positive relationship indicates that cs the variable increases in value the criterion variable (accidents or violations) increases. 
indicates that cs the variable increases in value the criterion variable decreases in value. 

Females 

Age significantb 

Age not significant 

Age not significant 
Total miles in 1963b 
Total miles per weekb 
Total hours per week 

approaches b 
significance 

Age not significant 

Total miles in 1953b 
Total miles per weekb 

Months license in 
forceb 

Total hours per week 
approaches , 
significanceu 

A negative relationship 

01 .... 
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Future research in this area should be oriented toward determining which (if any) of 
the present programs are effective. In any event, the research effort described herein 
should not be considered an end in itself, but rather a beginning to the scientific devel
opment and evaluation of driver training programs in this state. 

SUMMARY 

In terms of driver record alone (uncontrolled for mileage differences), statistical 
analysis of the data indicated accident frequency for both teen- age males and females 
is unrelated to age. Violation frequency for both males and females, however, in
creases as age increases. 

In order to adequately control the effects of differences in exposure between age 
groups and to determine the relationship between relative risk and age, it was nec
essarv to resort to a multiole ree:ression analvsis (Table 19). This analvsis estab
lished: (a) exposure was a-more ~important fa~tor than age i~ determining accident and 
vioiation rates and (b) age was related only to male accident rates, with older males 
having fewer accidents. 

To determine the effects of inexperience, immaturity (as measured by age) and 
parental control on accident and violation records, it again was necessary to resort to 
a multiple regression analysis . 

For males, in addition to two exposure variables which wer e found to be positively 
related to accidents, age was found to be a predictor of accidents, with older males 
having fewer accidents. From this result, it was concluded that some intrinsic com
ponents of age (e.g., immaturity) were factors in the accident frequency of the younger 
male teen-aged driver. 

Male violation frequencies were found to be related to three exposure variables, 
miles in life (experience) and parental regulations. More experienced drivers and more 
regulated drivers had more violations. It was concluded that regulations came as a 
result of violations rather than the converse. Age (immaturity) approached signifi
cance, and the direction of the relationship was a positive or increasing one. Some 
possible explanations of these findings were offered previously. 

For females one exposure variable and an experience variable (months license in 
for ce) wer e found to be significantly related to accidents, with more experienced 
drivers having fewer accidents. Three exposure variables and the experience variable 
(months license in force) were found to be significantly related to violations-the more 
experienced female drivers having more violations. Parental regulations and age 
(immaturity) made no contribution to accident or violation records for females. 

In terms of absolute risk, the authors can find no evidence to support a raise in the 
minimum licensing age in California. In terms of relative risk, however, there is 
some evidence, for males, that younger drivers are more predisposed to accidents 
than drivers in their older teens. Any final decision concerning a raise in licensing 
age must be based upon the relative merits of these two methods of comparison. 

The sample of teen-aged drivers was broken into three groups (did take, didn't take 
and couldn't take) on the basis of their answer to the questionnaire item regarding the 
completion of a behind-the-wheel driver training course. When the three groups were 
compared, the trained group had fewer violations, but no significant differences were 
found between the trained and untrained groups on accidents. Although it is entirely 
possible that some programs in certain individual school districts are effective, this 
finding raises serious questions about the general effectiveness of statewide driver 
training in reducing accidents. 
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Driver Record by Age, Sex and Marital Status 

R. C. PECK, R. S. COPPIN and W. C. MARSH, California Department of Motor 
Vehicles 

•THIS PAPER summarizes the data analyzed as Part 5 of the 1964 California Driver 
Record Study which was r eleased in a somewhat lengthier form by the California De
partment of Motor Vehicles in June 1965. The present version of Part 5 corresponds 
closely with the original, except that most oi the 34 tables appearing in the original 
version are not included. 

The 1964 California Driver Record Study can be characterized as a multi-part , 
large-scale survey of the California driving population, as defined by driver record 
data contained in the California Department of Motor Vehicle's mammoth driver rec
ord file. Based on a random sample of 225, 000 records (1/ 50 sampling ratio), the 
study was undertaken to provide data for three basic purposes: (a) operational and 
budgetary planning; (b) basic descriptive research oriented toward construction of nor
mative data and estimation of various driver and driver record parameters; and (c) 
analytical research oriented toward the isolation of accident correlates and possible 
causative factors . 

Because the California driver record file is a manual operation consisting of over 
40, 000, 000 documents, collecting biographical and driver record data was a difficult 
and time-consuming task, requiring a total of six months (140 man-months) for com
pletion. However, the subsequent data analysis has been greatly facilitated by converting 
all data to tape input for processing on the department's Philco 2000 computer. 

While similar to an earlier study in general purpose (1958 Driver Record Study), the 
1964 study represents a considerable extension of the earlier effort, not only in terms 
of comprehensiveness but also in terms of analytical complexity. This increase in 
complexity is well evidenced by the fact that the 1958 Study was issued as one small 
report, whereas the present study will entail 15 separate parts, each dealing with a 
different facet of the data. 

It has been known for some time that age, sex, and marital status are related to 
driving record. Despite this, there has been comparatively little research-even of a 
descriptive nature-published concerning the exact magnitude and shape of this rela
tionship. Much of what has been done is either dated or fraught with various limita
tions, such as inadequate sample size. 

Because of the demand of the subject matter, it was decided to publish this part of 
the study in a basically descriptive form, without employing complex mathematical 
curve-fitting procedures. The specific shapes of the trends and relationships should 
therefore be considered descriptive of this particular sample and caution exercised in 
generalizing specific findings to the overall population of drivers. In certain cases, 
however, appropriate statistical procedures have been applied to some of the vari
ables, in order that inferential statements of a general nature could be made concerning 
the relationships under consideration. The statistical treatment, incidentally, has been 
separated from the descriptive text by placing it in the Appendix, where it need not 
concern the non-technically oriented reader. It was felt that such a procedure would 
facilitate reading and compr ehension, without sacr ificing statistical rigor. 

It is hoped that the data presented herein will contribute toward filling the void which 
presently exists in our knowledge of important driver characteristics and their relation 
to driving record. 

Paper sponsored by Committee on Highway Safety and presented at the 45th Annual Meeting. 
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METHODOLOGY 

Throughout this report, driver record relationships will be depicted in terms of two 
periods of time-a one-year interval and a three-year interval. The sizes of the sam
ples, therefore, vary somewhat depending on the type of driving record presented. In 
those tables limited to data concerning only a one-year driving record, the sample 
consisted of 97, 281 males and 68, 562 females. Where data for a complete three-year 
driving record are presented, the sample size decreased to 86, 717 males and 61, 273 
females. 

The one-year record represents a 12-month interval of time (1962) , and only sub
jects who possessed unexpired licenses during the entirety of this interval were in
cluded in the analysis. The three-year interval represents approximately the years 
1961 through 1963, and again only those subjects who were licensed during the entirety 
of the interval were included for analysis. More comprehensive discussions concerning 
the sample selection, data collection and terminology were presented in Parts 1 and 2 
of the study. 

The ages referred to in this report represent the age attained by the licensees on 
their birthdays in 1962. However, since age has been keyed to the midpoint of the tab
ulated driving record intervals, all ages actually represent age as of nearest birthday. 
For example, persons who were between 16. 5 and 17. 5 years of age at the midpoint of 
their 1962 driving record interval were classified as 1 7-year-olds. This procedure is 
consistent with the continuous (non-discrete)nature of age and also serves to counteract 
systematic bias, since the driver record interval is equally divided on each s ide of a 
given age point 1

• Age with r espect to the three- year driving r ecor d was treated in the 
same manner, except that the longer period resulted in an 18-month interval on each 
side of any given age point. For example, persons who were between 19. 5 and 20. 5 at 
the midpoint of their recorded three-year driver record intervals were tallied as 20-
year-olds, although their ages extended approximately 18 months on each side of their 
midpoint age. Thus, a subject whose midpoint age was exactly 20 years would, in 
actuality, vary from 18. 5 to 21. 5 during his recorded three-year driver record . Be
cause of this increased variation, the one-year driver record data probably reflect the 
more precise representation of age-driver record relationships. The reader should 
note that the age intervals used for one- and three-year distributions are slightly dif
ferent . This difference was dictated, in part , by the greater length of the three-year 
intervals, which made it more expedient to begin the three-year record distributions at 
21 rather than 20. 

Marital status represents each driver's reported status as of the issuance date of his 
current license at time of coding. For most of the sample, this data could vary from 
1958 through 1963. Drivers who indicated they were divorced or widowed were coded 
as single. The marital status data were felt to be insufficiently reliable to have war
ranted a finer breakdown. It should be emphasized that subsequent unreported changes 
in marital status would not be reflected in the present data. Therefore, a person's 
marital status does not in all cases coincide with his actual status at the time of the 
recorded driver record interval. This fact would tend to obscure any relationship which 
might exist between marital status and driver record, especially with regard to the 
three-year driving record. This difficulty would be most frequent in the younger age 
groups where the majority of marriages first occur. 

RESULTS AND FINDINGS 

Shown in Tables 1 and 2 are the one-year driver record sample by age, sex and 
marital status. In addition to defining the stratification of the sample in terms of these 
subject variables , Table 1 also depicts some interesting, though not unexpected, 

1The reader who prefers to conceptualize age as a discrete measure (age as of last birthday) may do so 
by shifting the entire ·age distribution back one year. In so doing, the resultant age distribution would 
then be keyed to the beginning rather than the midpoint of the tabulated driving record interval. For 
example, a person who was 16.7 years of age and classified in this report as a mid-interval 17-year
old would be a 16-year-old in terms of his last birthday as of the beginning of the interval in question . 
In the case of age by three-year driver record intervals, a two-year back shifting would be necessary. 
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TABLE 1 

PERCENTAGE DISTRIBUTION OF MALE LlCENSEES BY AGE AND MARITAL STATUS, 1962a 

Total Married Single 

Age (N = 97, 281) (n = 72, 937) (n= 24,344) 

Percent Percent of Total Percent of Married Percent of Total Percent of Single 

All ages 100 . 00 74. 98 100. 00 25. 02 100. 00 

Under 20 4 . 98 0 . 32 0.43 4. 66 18 . 60 
17 1. 21 0.03 0. 03 1.18 4 . 73 
18 1.83 o. 09 0 . 12 1. 75 6 . 94 
19 1. 94 0. 20 0 . 28 1. 73 6 . 93 

20-24 10. 25 3 .85 5.14 6.40 25 . 55 
20 2. 01 0 . 37 0 . 50 1. 63 6. 53 
21 1.84 0.56 0 . 75 1. 28 5. 10 
22 2. 03 0. 77 1. 02 1. 27 5. 06 
~~ 2.16 0.97 1. 30 1.19 4 . 76 
24 2. 21 1.18 1. 57 1. 03 4. 10 

25-29 11. 04 7 48 9. 97 3. 56 14 . 24 
25 2 . 19 1.33 1. 77 0. 87 3 . 47 
26 2 . 12 1. 38 1. 84 0. 75 2 . 99 
27 2. 32 1. 57 2 . 09 0. 75 3 . 00 
28 2. 25 1. 61 2 . 15 0. 62 2. 49 
29 2.16 1. 59 2 .12 0. 57 2. 29 

30-34 11. 47 9.11 12 . 15 2. 36 9 . 43 
35-39 11. 63 9 . 93 13 . 24 1. 70 6 . 77 
40-44 11 . 54 10. 24 13 . 65 I. 31 5. 24 
45-49 10. 07 8. 93 11. 91 1.14 4. 56 
50-54 8.40 7 .45 9 . 94 0. 95 3.80 
55-59 6. 84 5. 97 7 . 96 0.87 3.48 
60-64 5. 26 4 . 57 6 . 09 o. 69 2. 76 
65-69 3 , 94 3. 39 4 . 52 0. 55 2 . 21 
70-74 2. 69 2 . 25 3 . 01 0. 43 1. 73 
75 and over 1. 89 1. 49 1. 99 0.40 1, 61 

0 sample limited to drivers who possessed on unexpired driver license during the entirety of the 12-month interval corresponding 
approximately to the 1962 calendar year. 

TABLE 2 

PERCENTAGE DISTRIBUTION OF FEMALE LlCENSEES BY AGE AND MARITAL STATUS, 1962. 

Total Married Single 

Age (N = 68 , 562) (n= 53,785) (n= 14,777) 

Percent Percent of Total Percent of Married Percent of Total Percent of Single 

All ages 100. 00 78. 45 100.00 21. 55 100. 00 

Under 20 4. 64 1. 46 1.89 3.16 14 . 62 
17 1. 03 0. 13 0.17 0. 90 4.16 
18 1. 62 0. 44 0. 56 1.19 5. 48 
19 1. 99 0 . 91 1.16 1. 07 4.98 

20-24 10 . 51 7.49 a. 55 3.02 14 . 00 
20 2.18 I. 21 i. 54 0. 08 1. 51 
21 1. 96 1. 33 1-70 0. 63 2.94 
22 2.05 1. ~4 l. 96 0 . Gl 2. l7 
23 2 . 15 1. 68 ?. . 14 0.47 2. 17 
24 2 . 17 1. 73 2 . 21 0. 43 2. 01 

25-29 10.87 9. 37 11 . 95 1.49 6 . 94 
25 2.12 1. 76 2 . 25 0.35 1. 65 
26 2 . 15 1.63 2. 34 0. 31 1. 45 
27 2 . 17 1.66 2. 37 o. 31 1. 44 
28 2. 22 1. 97 2 . 51 0 . 26 1. 20 
29 2. 21 1. 95 2. 48 0. 26 1. 20 

30-34 11.86 10.55 13.45 1. 31 6.10 
35-39 13. 32 11. 79 15 . 02 1. 53 7.11 
40-44 12 . 99 11.45 14 . 58 1. 56 7. 22 
45-49 10 . 75 9 . 09 11. 59 1. 66 7. 69 
50-54 6. 51 6 . 79 8. 65 1. 72 7. 96 
55-59 6. 34 4.61 5.68 1. 73 6. 03 
60-64 4.40 2. 91 3 . 71 1. 49 6.94 
65-69 3.10 1. 71 2 . 16 1. 39 6. 46 
70-74 1. 74 0.66 1.10 0.67 4 . 05 
75 and over 0 . 97 0. 35 o. 45 0 . 62 2 . 86 

0 Sample limited to driver5 who possessed on unexpired drive r license during the entirety of the 12-month interval corresponding 
approximate ly to the 1962 calendar year. 
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TABLE 3 

AVERAGE (MEAN) NUMBER OF TOTAL REPORTED ACCIDENTS BY AGE, 
SEX AND MARITAL STATusa 

Total Males Females 
Age 

Total Married Single Total Married Single Total Married Single 

All ages 0.074 0. 065 0.103 0.094 0.085 0.122 0.045 0.038 0.071 

Under 20 0.139 0.110 0.145 0.178 0.244 0.174 0.079 0.069 0.085 
17 0.146 0.122 0.147 0.172 0.200 0.172 0.101 0.100 0.101 
18 0.138 10.107 0.143 0.181 o. 253 0.178 0.069 0.063 0.071 
19 0.137 0.110 0.146 0.180 o. 245 0.172 0.077 0.067 0.086 

20-24 0.095 0.077 0.115 0.125 0.118 0.128 0.055 0.047 0.075 
20 0.112 0.081 0.128 0.145 0.141 0.146 0.068 0.055 0.084 
21 0.103 0.084 0.120 0.143 0.140 0.145 0. 051 0.052 0.048 
22 0.104 o. 083 0.128 0.132 0.129 0.134 0.066 0.051 0.109 
23 0.081 0. 072 0.094 0.106 0.111 0.103 0. 045 0.040 0. 062 
24 0.079 0.070 0.095 0.101 0.100 0.102 0.047 0.041 0.071 

25-29 0.082 0.075 0.105 0.108 0.107 0.111 0.045 0.039 o. 082 
25 0.083 0.080 0.090 0.105 0.114 0.090 0.052 0.045 0.091 
26 0.079 0.071 0.100 0.107 0.105 0.111 0.039 0.036 0.061 
27 0.085 0.074 0.118 0.113 0.105 0.129 0.043 0.037 0.080 
28 0.088 0.081 0.116 0.121 0.120 0.125 0. 041 0.036 0.085 
29 0.075 0.068 0.103 0.095 0. 091 0.106 0.047 0.040 0.096 

30-34 0.073 0.067 0.103 0.096 0.092 0.109 0.042 0.036 0.089 
35-39 0.066 o. 061 0.093 0.087 0.084 0.102 0.039 0.034 o. 079 
40-44 0.065 0.062 0.090 0.084 0.082 0.100 0.042 0.037 0.078 
45-49 0.067 o. 064 0.090 0.085 0.081 0.115 0.044 0.040 0.067 
50-54 0.062 0.061 0.070 0.079 0.078 0.087 0.039 0.034 0.057 
55-59 0.065 0.063 0. 073 0.081 0.079 0.090 0.042 0.034 0.062 
60-64 0.062 0.060 o. 070 0.075 0.073 0.086 0.040 0.030 0.060 
65-69 0.057 0.056 o. 059 0.065 0.063 0.076 0.042 0.036 0.049 
70-74 0.055 0.047 0. 075 0.060 0.052 0.100 0.044 0.030 0. 058 
75 and over 0.059 0.059 0. 059 0. 061 0.062 0.059 0.051 0. 037 0.059 

0
Based on 1-yeor record of 165,843 licensees. 

TABLE 4 

AVERAGE (MEAN) NUMBER OF COUNTABLE CONVICTIONS+ MOVING FTA'S BY AGE, 
SEX AND MARTIAL STATusa 

Total Males Females 
Age 

Total Married Single Total Married Single Total Married Single 

All ages 0.241 0. 202 o. 369 0.328 0.277 0.479 0.118 0.098 0.190 

Under 20 0.486 0. 330 0. 517 0. 687 0.823 0. 679 0.179 0.178 0.179 
17 0.400 0.330 0.405 0. 555 0.840 0. 549 0.142 0.189 0.135 
18 0.492 0. 333 o. 522 0.694 0.879 o. 684 0.169 0.166 0.170 
19 0. 531 0. 330 0. 599 o. 765 0. 795 0. 761 0. 206 0.182 0.227 

20-24 0.403 o. 308 0. 505 o. 573 0. 545 0. 590 0.168 0.136 0.252 
20 0. 476 0. 342 0. 548 0.690 o. 715 o. 685 0.197 0.178 0. 220 
21 0.466 0. 348 0. 567 0.685 0.686 o. 685 0.173 0.146 0.230 
22 o. 397 0. 292 o. 517 0. 573 0. 536 0. 596 0.150 0.120 0.240 
23 0.368 0. 296 0.469 0. 509 0. 507 0.510 0.166 0.123 0. 320 
24 0. 321 0. 290 0.378 0.435 0.463 0.403 0.156 0.123 0. 289 

25-29 0.295 0.262 0.394 0. 415 0.406 0.436 0.120 0.099 o. 252 
25 0.298 0.267 o. 369 0.423 0.442 0.392 0.116 0.081 0. 288 
26 0.294 0.252 0. 414 0.427 0.405 0.466 0.109 0.087 0. 238 
27 0.309 0. 287 0. 374 0.425 0.423 0.429 0.133 0.125 0.183 
28 0.301 0.273 0.407 0. 431 0.425 0.448 0.115 o. 095 0. 266 
29 0.268 0. 231 0.414 0.371 0.340 0.454 0.126 0.105 0.287 

30-34 0. 243 0. 217 0. 379 o. 341 0.317 0.436 0.108 0. 093 0. 232 
35-39 o. 218 o. 202 0. 319 0.303 0.289 0.383 0.113 0.099 0.219 
40-44 0.206 0.139 0.295 0.279 0.269 0. 352 0.115 0.100 0. 228 
45-49 0.188 0.177 0. 260 0.250 o. 237 0. 351 0.105 0.092 0.173 
50-54 0.174 0.164 0. 230 0.228 0. 219 0.289 0.100 0.079 0.184 
55-59 0.173 0.167 0.201 0.224 0. 216 o. 277 0. 095 0.076 0.147 
60-64 0.159 0.152 0.186 0.192 0.179 0 . 273 0.104 0.092 0.127 
65-69 0.131 0.122 0.160 0.148 0.141 0 . 191 0.103 0.072 0.142 
70-74 0.136 0.134 0.141 0.155 0.150 0. 184 0. 093 0.076 0.110 
75 and over 0.123 0.119 0.131 0.136 0.124 0. 179 0. 087 0.087 0. 087 

0
Based on 1-yeor record of 165,843 licensees. 

Note: A c..:>untable conviction is one which involves the safe operation of a motor vehicle as defined in Section 12810 of the 
California Vehicle code. These convictions count toward determining a subject's negligent operator point count. A 
moving FTA is a citation for a moving traffic violation on which the subject has failed to appear in court as scheduled, 



TABLE 5 

AVERAGE (MEAN) NUMBER OF TOTAL ACCIDENTS BY AGE, SEX AND MARITAL STATUSa 

Total Males Females 
Age 

Total Married Single Total Married Single Total Married Single 

All ages 0. 204 0.185 0. 275 0.260 0. 241 0. 324 0.126 0.108 0.197 

Under 21 0.363 0. 280 0.392 0.468 0. 526 0.460 0.209 0.180 0. 233 
17b 0. 600 0. 250 0. 727 0. 737 0. 333 o. 875 0.250 0. 333 
18 0. 417 0. 319 0.434 0. 532 0. 667 0. 524 0. 213 0.187 0.224 
19 0. 371 0. 303 0.394 o. 476 0. 599 0.460 0. 21 9 0. 200 0. 235 
20 0.324 0. 256 0. 359 0. 419 0. 458 0.410 0.198 0.165 0.237 

21-25 0. 256 0. 216 0.305 0. 332 0. 333 o. 331 0.138 0.116 0. 215 
21 0.290 0.239 0. 333 0.396 0.403 0. 393 0.149 0.143 0.160 
22 0. 275 0. 212 0.3 48 0. 355 0. 322 0.376 0.163 0.135 0.250 
23 0. 234 0. 206 0.277 0. 308 0.326 0. 293 0.129 0.106 0.219 
24 0.236 0. 217 0.272 0.311 0.332 0.285 0.126 0.105 0.224 
25 0.229 0. 211 0. 272 o. 301 o. 315 0. 277 0.123 0. 099 0. 255 

26-30 0.219 0.198 0. 299 0. 290 0.278 0. 323 0.118 0.105 0. 219 
26 o. 221 0.197 o. 291 o. 298 0. 289 0. 317 0.113 0.100 0.198 
?.7 n ?.?.~ n ?.nn n ?.QR n ?.RR fl ?.R1 fl ::\O!l n 1 ?..4 n 103 fl . ?.R~ 

28 0. 221 0.193 0.333 0. 310 0.284 0. 381 0.094 0.085 0.167 
29 0. 218 0.201 0. 285 0. 279 0. 273 0. 295 0.132 0.116 0.255 
30 0. 214 0.199 0.290 0.277 0. 265 0. 321 0.129 0.119 0.207 

31-35 0.198 0.186 0.263 0. 256 0. 252 0. 271 0.119 0.105 0.243 
36-40 0.193 0.182 0.269 0.250 0. 242 0. 305 0 . 122 0.110 o. 219 
41-45 0. 182 0. 173 0. 253 o. 231 0. 225 0. 274 0 . 122 0.106 0. 231 
46-50 0.188 0.182 0.229 0. 234 0. 229 0.273 0 . 126 0.114 0.190 
51-55 0.177 0.174 0.197 0 . 226 0. 224 0. 245 0.108 0. 099 0.160 
56-60 0.185 0.184 0.190 0. 224 0. 225 0. 215 0.124 0.105 0.173 
61- 65 0.186 0.183 0.197 o. 226 0 . 220 0. 269 0 .118 0. 097 0 .1 54 
66-70 0.165 0.164 0.169 0.193 0.186 0. 233 0.112 0. 095 0.132 
71-75 0.165 0.153 0.196 0.179 0.171 0. 220 0.136 0. 086 0.181 
76 and over Q.185 0.189 0.178 0. 200 0.199 0. 201 0.142 0.117 0.154 

~Based on 3-year 1cieord oF147,990 licensees. 
The means for 17-yct<il""'"olds on all three-year data ore based on a very small number of subjects and ore therefore unstable. This 
reduction resulted from the method of defining age herein, which, when applied to three-year data, required that a subject receive 
his license prior to his 16th birthday in order to be classified as a 17-year-old. 

TABLE 6 

AVERAGE (MEAN) NUMBER OF COUNTABLE CONVICTIONS+ MOVING FTA'S BY AGE, 
SEX, AN!;> MARITAL STATusa 

Total Males Females 
Age 

Total Married Single Total Married Single Total Married Single 

All ages 0. 681 0. 588 1. 022 0. 918 0.803 1. 315 0.347 0.294 0. 557 
Under 21 1.444 1. 077 I. 573 2.021 2.421 1. 963 0. 597 0. 529 0.654 

17b 1. 733 1. 500 1. 818 2. 273 1. 667 2. 500 0.250 1. 000 
18 1.448 1.070 !. 511 1. 932 2. 397 1. 902 0. 591 0. 566 o. 601 
19 1.485 1. 081 1. 621 2.084 2. 587 2. 021 o. 615 0. 553 0. 667 
20 1.403 1.074 l. 569 2. 018 2. 342 1. 945 0. 586 0. 503 o. 682 

21-25 1. 092 o. 897 L. 380 1. 551 1. 546 1. 555 0. 439 0.343 0. 780 
21 1. 368 1.100 I . 592 2. 012 2. 261 1. 909 0. 503 0.416 o. 680 
22 1.162 0.886 l. 485 1. 675 1. 629 1. 703 0.454 0. 369 o. 718 
33 1.087 o. 884 1. 300 1. 510 1. 520 1. GlB 0.471 0. 3ii9 0.903 
24 0. 986 0.885 1. 184 1. 353 1.430 1. 259 0.448 0. 349 0.907 
25 0. 892 0. 810 1. 089 1. 274 1. 332 1.179 0. 327 0. 245 u. '166 

26-30 0.831 0. 743 1.155 1.177 1.130 1. 297 0.340 0. 293 0. 681 
26 0.899 0.806 1. 173 1. 293 1. 284 1. 310 0. 351 o. 301 0. 683 
27 0.862 0. 796 I. 065 1. 210 1. 214 1. 202 o. 333 0. 298 0. 563 
28 0.846 0. 749 l . 217 1. 204 1.140 1. 377 0. 334 0. 291 0. 667 
29 0. 802 0. 705 I .191 1.116 1. 041 1. 328 0.362 0. 310 0. 758 
30 0. 750 0. 671 1. 136 1. 066 1. 007 1. 281 0. 319 0. 266 0. 747 

31-35 0.680 o. 620 1. 008 0.949 0.897 1.172 0. 315 0. 262 0.603 
36-40 0. 615 0. 581 0. 852 0.840 0. 812 1. 023 0. 339 0. 304 0.608 
41-4ii o. ii7ii 0 iiaR 0 Rii~ 0 . 774 0. 742 1. 036 o. 326 o. 279 o. 653 
46-50 0. 548 0. 521 0. 727 0. 712 0. 685 o. 929 0.325 0.284 0. 542 
51-55 0. 506 0.488 0. 606 0. 648 0.630 0. 785 0.305 0. 261 0.471 
56-60 0.496 0.481 0. 561 0. 619 0. 599 0. 757 0. 304 0. 256 0.425 
61-65 0. 481 0. 463 o. 546 0. 576 0. 548 0. 761 0. 320 0. 267 0.414 
66-70 o. 417 0. 397 0.476 0.467 0.445 0. 597 0. 323 0.254 0.406 
71-75 0. 389 0. 391 0. 382 0.447 0. 437 0. 502 o. 264 0. 220 0.304 
76 and over 0. 376 0. 354 0. 421 0.410 0.372 0. 553 o. 272 0. 234 0.292 

~Based on 3-year rectll'd of 147, 990 licensees. 
The means for 17- yOCf"" olds on all three-year data ore based on a very sma ll number o f subjects and are there fore unstable, This 
reduction resulted from the method of defining age herein, which, when applied to three-year data, required that a subject receive 
his license prior to his 16th birthday in order to be classified as a 17-year-old. 

Note: A countable conviction is one which involves the safe operaHon of a motor vehicle ~defined in Section 12810 of the California 
Vehicle Code, These convictions count toward determining a subject 1s negligent operator point count. A moving FTA is 0 

citation for a moving traffic violation on which the subject hos failed to appear in court as scheduled, 
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Figure 1. Mean citation frequency (countable convictions+ moving FTA's) by age, sex and marital status (l-yr driving record, 1962). 
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relationships. For example, females are shown to become married at an earlier age 
than males. Also, a greater proportion of males remained unmarried throughout the 
entire age distribution. Overall, 75.0 percent of the entire male sample was married, 
compared with 78. 5 percent for the females. The relative proportion of subjects in 
each age group who were married increased with age, peaking at ages 40- 54 for males 
and ages 30- 34 for females. After peaking, the proportion of males and females clas
sified as married decreased with advancing age. 

Presented in Tables 3 through 6 and Figures 1 through 4 are detailed graphical and 
tabular presentations of various types of driver record counts by age, sex and marital 
status. For a comprehensive definition of the driver record counts and data collection 
methods, the reader should consult Parts 1 and 2 of the study. For sake of conve
nience, most of the written presentation will center around accident and citation fre
quency. Since negligent operator counts are composed mainly of citations, all trends 
with regard to negligent operator counts closely parallel those regarding citation fre
quency. 

The following is a list of the more pertinent driver record trends apparent in the 
data. The general statements apply to the one-year and three-year data as a whole, 
whereas specific numerical examples were derived from the one-year distributions. 
The stated relationships can be most easily comprehended in conjunction with Fig
ures 1-4. 

1. Accidents and citations tend to decrease with age, except at extremely old ages 
when there was a tendency for accidents to increase slightly. The decrease in acci
dent and citation frequency with age was much sharper for males than for females, the 
age by driver record curves for the latter being almost flat. For males, the largest 
proportion of reduction occurred prior to age 30, after which the decrement became 
much more gradual. 

2. Married female drivers had driving records that were superior to those of the 
single female driver. This finding held true for all age groups. On most driver re
ord variables, single females had approximately twice the accident and violation in
cidence of their married counterparts. 

3. A finding similar to the preceding was observed concerning the male drivers 
with a few exceptions noted in the younger age categories, where married male drivers 
had the poorer driving records. 

4. Throughout the age distribution, driving record differences between marital 
status categories (single vs married) were greater for females than for males. For 
example, single and married females differed with resp.ect to accident and citation fre
quency by factors of 1. 0; 2 for males (single vs married) , the comparative marital s tatus 
difference factors relative to accident and citation frequency were, respectively, 1.4 
and 1. 7. 

5. Both married and single female drivers had driving records that were markedly 
superior to those of their respective male counterparts. In general, single and married 
males had over twice as many driver record incidents (accidents, citations, etc.) as 
their respective female counterparts. 

6. Relative to both citation and accident frequency, the greatest similarity between 
males and females involved the married male-single female comparisons. At most 
ages, the driving record of the single female was only slightly superior to that of the 
married male; furthermore, there was a definite tendency for driving record differ
ences between these two groups to decrease with age. 

7. Driving record differences with respect to sex tended to decrease with age. In 
the under-20 age group, for example, males and females differed with respect to acci
dent and citation frequency by factors of 2. 3 and 3. 8, respectively; for the 75 and over 
groups, these respective sex difference factors shrank to 1. 2 and 1. 6. With the ex
ception of the younger age groups, there was a similar, though less dramatic, tendency 

2These factors refer to proportional differences (times as many) between the components being compared. 
For example, the 1.9 factor cited for females means that one female marital status category had 1.9 
times the citation and accident rate of the other. 
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for marital status differences regarding accident and citation frequency to shrink 
with age. 

8. For most age, sex and marital status comparisons, driver record differences 
with respect to citations were greater than differences with respect to accidents. For 
example, males had slightly over twice as many reported accidents as females, but 
almost three times as many reported citations. 

For a more technical treatment of these relationships, the reader is referred to the 
Appendices at the end of the test. In the next section, some ramifications of the present 
findings will be discussed. 

DISCUSSION 

It may have been noted irom the preVious section that the authors have consistently 
used the term driving record, rather than driving performance. This usage does not 
reflect a mere word preference; rather, it was dictated by the fact that the term driving 
performance often implies that exposure to accidents and traffic citations has been held 
statistically constant, and the comparative performance of the various groups evaluated 
on the basis of accident and citation rates. No such control was possible here, although 
there is considerable evidence that exposure differentials exist as a function of age, sex 
and marital status. Because of this, a definitive evaluation of driving performance 
cannot be arrived at on the basis of the present analysis. Given knowledge that exposure 
is correlated with accident and citation frequency, and also with age, sex and marital 
status, it is safe to assume that the driver record differences reflected in the present 
data would shrink if corrected for differences in exposure. For instance, the compara
tively superior record of the married female over all other groups might be largely a 
result of the relatively low exposure (miles driven, etc.) of married females to acci
dents and citations. The extent to which such differences will shrink when corrected 
for exposure remains to be seen. 

Regardless of the effects of other uncontrolled variables, the tabulated accident and 
citation frequencies presented herein represent the absolute frequency of accident and 
violation occurrence relative to any given age by sex by marital status stratification. 
Thus, while a theoretical and causal inter pretation of these data is limited, it presents 
a statistical profile of considerable predictive and practical significance. 

It will be the future task of this department's research staff-and hopefully of other 
researchers as well-to derive reliable exposure data for use in extending the signifi
cance of this and similar data. Regardless of whatever ramifications such exposure 
information may prove to have on the present data, this report's contribution toward 
providing absolute citation and accident frequencies will in no way be preempted or 
made less significant. 
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Appendix A 
INFERENTIAL ANALYSIS 

In order that at least some of the aforementioned descriptive findings and trends 
could be generalized for the overall population of drivers, it was necessary to employ 
statistical tests of significance. The specific purpose of such tests is to quantify the 
effects of random sampling variation (chance) so that probability statements can be 



TABLE 7 

ANALYSIS OF VARIANCE: AGE BY MARITAL STATUS (WITIIlN SEX) 

Source of Variation Sums of Squares elf Mean Square F p 

(a) Original Analysis: Three-Year Criterion Measures 

Males (accidents): 
59.3a Age 215. 0 12 17. 9 P < o.001a 

Maritial status 12.8 1 12. 8 424. oa P<O.OOla 
Age x maritial status 6. 6 12 0. 468 1. 55a P < o.1oa 

Males (citations): 
Age 9, 193 . 0 12 765 . 0 424 . 0 p < 0. 001 
Marital status 260. 0 1 260 . 0 145 . 0 p < 0. 001 
Age x marital status 276 .0 12 23 . 0 12.8 p < 0 . 001 

Females (accidents) : 
Age 15. 5 2 I. 30 9. 38 P<0. 001 
Marital status 68. 3 1 68 . 3 495. 0 p < 0.001 
Age x marital status 7. 74 12 0 . 645 4. 67 p < 0 . 001 

Females (citations): 
Age 221. 3 12 18. 4 32. 8 p < 0. 001 
Marital status 627 .o 1 627 . o 1110. 0 p < 0 . 001 
Age x marital status 105. 0 12 8. 75 15. 6 p < 0 . 001 

(b) Supplementary Analysis: One-Year Accident Records 

Males: 
Age 39 . 45 12 3 . 29 31. 9 p < 0. 001 
Marital status 2. 00 1 2.00 19. 4 p < 0. 001 
Age x marital status 3. 29 12 0 . 274 2. 66 p < 0. 005 

Females: 
Age 2. 67 12 o. 223 4 . 75 p < 0. 001 
Marital status 10. 24 1 10. 24 218 . 0 p < 0. 001 
Age x marital status 1. 22 12 0. 102 2 . 17 p < 0. 02 

°F & P values on the transformed scale are: Age (F = 33, P < 0.001); Marital Status {F = 23.69, P < 0,001); 
Interaction (F = 2.5 , P < 0.01 ), 

TABLE 8 

ANALYSIS OF VARIANCE: SEX BY AGE (OVERALL SAMPLE) 

Source of Variation Sums of Squares elf Mean Squar e F p 

(a} Crit erion Measure: Three-Year AccidenJ Record 

Age 263 . 7 12 21. 9 93. 5 p < 0 . 001 
Sex 648 . 3 1 648 . 3 2760. 0 !' < 0 . 001 
Age x sex 65 . 60 12 5. 47 23. 3 p < 0. 001 

(b) Critei:ion-Measure: Three- Year Citation Record 

Age 9, 541. 0 12 795 . l 613. 0 p < 0.001 
Sex 11 , 993 . 0 1 11 , 993 . 0 9247. 0 p < 0. 001 
Age x sex 3, 624 . 0 12 302 . 0 233. 0 p < 0.001 

TABLE 9 

ANALYSIS OF VARIANCE: SEX BY MARITAL STATUS (OVERALL SAMPLE) 

Source of Variation Sums of Squares elf Mean Square F p 

(a) Criterion Measure: Three-Year Accident Record 

Sex 
Marital status 
Sex x marital status 

Sex 
Marital status 
Sex x marital status 

623. 7 
179. 7 

o. 215 

623 . 7 
179. 7 

o. 215 

2547 . oa P < o . 001 ~ 
762. 7a P < 0. 001 

0.913a P>0.30 ° 

(b) Criterion Measure: Three-Year Cita tion Record 

11 , 302 . 0 
4 , 279 . 0 

369 . 0 

11,302.0 
4,279.0 

369. 0 

8347 . ob 
3160 . ob 

273 . ob 

P < o.001b 
p < 0. 001b 
p > 0. 001 b 

°F&P values on the transformed scale ore: Marital Status (F = 759, P < 0.001 ); Sex (F = 2700, P < 0.001 ); 
blnteraction (F = 4.5, P < 0.05), 

F&P values on the transformed scale are: Sex (F = 8145, P <0.001); Marital Status (F = 1809, P <0.001); 
Interaction (F = 1463, P < 0 .001). 
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made as to the confidence one can place in generalizing sample findings to some under
lying population-in this case, the overall population of licensed California drivers. If 
the probability of a certain difference occurring by chance is small, it is conventionally 
accepted as being significant , or highly probable of accurately reflecting the overall 
population or universe from which the sample was drawn. If the probability of chance 
occurrence is high, the difference is conventionally termed nonsignificant, because one 
cannot be sufficiently confident that the sample data represent a true difference in the 
underlying population. The 0. 05 and the 0. 01 levels of confidence are the most com
monly used levels for statistical decision-making purposes. In this study, all results 
which reflected a chance probability of less than 5 in 100 (O. 05 level) were termed 
significant. 

For the purpose of evaluating the effects of age and marital status on driving rec
ord, a within-sex analysis· of variance was employed (Table 7). Afterwards , in order 
to isolate and assess the effects of sex as a variable, additional analyses of variance 
were performed on the overall sample, with sex as one of the basic dimensions (Ta
bles 8, 9). 

In most cases, only the three-year accident and citation counts were subjected to the 
analysis. The results are summarized below. The probability levels and critical 
ratios associated with the analyses appear in Tables 7, 8 and 9. 

1. All sex differences were highly significant, with males having by far the greater 
number of accidents and citations. 

2. For both sexes, age was found to have exerted a significant effect on driving 
record (both accidents and citations). Increased age was generally associated with 
decreased accident and citation frequency. 

3. For both sexes, marital status was found to have exerted a significant effect on 
driving record (both accidents and citations). Generally speaking, single drivers had 
a higher accident and citation frequency than married drivers. 

4 . For females, there was a significant interactive effect between age and marital 
status on both driving record variables. In other words, the effect of marital status on 
driving record was not constant at all age levels. For males, this interaction (age x 
marital status) was significant for citations but not for three-year accident frequency. 
An analysis of variance tests on the one-year male accident frequencies did, however, 
indicate the presence of a significant interaction between the age and marital status 
variables. 

Although the three-year driving record interval yields a measure which has 
greater overall reliability, it would also tend to obscure meaningful relationships
especially with regard to a changing status variable like marital status. Consequently, 
the one-year data may represent the more accurate reflection of marital status rela
tionships. Therefore, in those situations where statistical tests on the non-transformed 
three-year driver record data were marginally significant, the one-year records were 
also subjected to statistical analysis. 

5. For citations alone, there was a significant interactive effect between sex and 
marital status, indicating that the overall effect of marital status on citation frequency 
was not constant for both sexes. For accidents, statistical tests of significance on the 
sex by marital status interaction failed to approach significance on the original scale . 
For reasons discussed in Appendix B, the accident scale was transformed to a more 
appropriate form and the analysis of variance replicated on the transformed data. The 
transformed data yielded a significant interaction, indicating the sex and marital status 
did exert an interactive effect on accident frequency. 

6. For both accidents and citat.ions, there was a significant interaction between 
marital status and age, indicating that marital status did not exert a constant effect on 
driver record throughout the age distribution. 

7. Although certain technical difficulties precluded a statistical evaluation, 3 in
spection of the data indicated the possible existence of a 3- way interactive effect (sex 
by age by marital status) on accident and citation frequency. By this, the authors 

3Because of unequal and nonproportional subgroup totals, a 3-way analysis of variance (least squares 
corrected) could not be accomplished within the deadline established for this study. 
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mean that the effects of sex on driver record did not appear to be constant at all age
within-marital status levels. This phenomenon was portrayed most dramatically in 
Figure 2, where there was a convergence and crossing over of the male marital status 
dimensions at age 25-29, while at the same time the female marital status dimensions 
were diverging. Throughout most of the remaining age levels, married and single 
females were more divergent with respect to driving record than were their male 
counterparts . 

Appendix B 
VIOLATIONS OF ASSUMED MATHEMATICAL MODEL 

Due to violations of assumptions implicit in the use of the analysis of variance techni
que, probability levels should be regarded as approximations-particularly with regard 
to the original, non-transformed accident and citation scales. Specifically, the original 
data scales (accidents and citations) were such that the means and variances were highly 
correlated and heterogeneous (non-homoscedastic). Although prior empirical research 
(e.g., Norton) has shown the F distribution to be very robust with regard to violations 
of assumptions, decisions regarding marginally significant values can be affected by 
extreme deviation from the postulated analysis of variance model-particularly when 
the model is a complex one. The situation was especially acute with regard to the 
present data, because all distributions were markedly non-normal, variances were 
heterogeneous, means and variances were correlated, and main effects were extremely 
large in relation to interactive effects. Thus, any distortion of error variance or addi
tivity (partitioning of effects) would have a much more dramatic effect on interaction 
terms than on main effect terms. In order to check this assumption empirically, a 
square root transformation (X + 0. 5)112 was applied to the original accident and citation 
scale for the data reflected in Table 9, and the analysis of variance was then reapplied 
to the transformed data. As one might expect, the main effects were virtually un
affected; however, interactions were substantially increased. To verify the generality 
of the transformation, the same procedure was applied to the three-year male accident 
data reflected in Table 7. The results were identical-interaction was substantially 
increased while main effects were only negligibly affected. In fact, the effects of the 
transformation appeared to be completely generalizable within the range of distributions 
comprising the criterion measures of the analyses. Furthermore, because the trans
formed data reduced heterogeneity of variance and mean-variance correlation, infer
ences derived from the transformed scale should be regarded as the more accurate. 



Performance Decrement in Twenty-Four 

Hour Driving 
ROBERT R. SAFFORD and THOMAS H. ROCKWELL, Systems Research Group, 

Department of Industrial Engineering, Ohio State University 

•THE !NCRE_t\SING use of multilane interstate high,.vays has caused attention to be 
focused oa the problem of remaining awake behind the wheel. Whether this increased 
interest is due to an increase in the number of "driver asleep" accidents, or to a de
crease in other types of accidents on the freeway , is not known. Whatever the reason 
for ~he increased attention, the problem does exist and is likely to become more acute 
as more people use the freeways for faster and longer trips. As the freeways become 
more crowded, the single car accidents resulting from drivers falling asleep might be 
replaced by multi-car accidents resulting from the same cause. This problem is not 
limited to the superhighway. Performance decrement or decrement in ability to per
form can result in just as serious, if not more serious, accidents on our urban and 
rural roadways. 

Results from research in the area of performance decrement in long-term driving 
might be useful not only in alleviating these driving problems , but also in solving prob
lems existent in areas sharing common factors with the driving task. Some other prob
lem areas might include long-term monitoring of low probability events, the operation 
of aircraft, or the navigation of ocean vessels or spacecraft for long periods of time. 
It is evident that the research findings in these latter fields can also be used in the 
solution of highway problems. 

An example of this type of transfer of results is the application of the findings of 
studies dealing with vigilance effects to highway research. This application is appro
priate if we consider that driving on modern freeways and turnpikes is in many respects 
similar to the low probability event detection tasks employed in many monitoring tasks. 

Operational Definitions of Fatigue 

One of the most difficult problems and, yet , a basic problem associated with any 
study of fatigue is in the definition of fatigue. Typical of the many different definitions 
that are given for fatigue is the one proposed by Bartlett (!) . 

Fatigue is a term used to cover al I those determinable changes in the 
expression of an activity which can be traced to the continuing exercise 
of that activity unde r its normal operational conditions, and which can 
be shown to lead either immediately or after delay, to deterioration in 
the expression of that activity, or, more simply, to results within the 
activity that are not wanted . 

This definition presupposes that fatigue is undesirable , although there were some 
authors, most of whom wrote about 30 or 40 years ago on physical fatigue , who de
scribed it as a "rather pleasurable sensation," which is not necessarily undesirable . 
The onset of fatigue , though undesirable, often serves the human operator with a signal 
warning him of his state of decreased activity, allowing him to stop before complete 
breakdown occur s. 

Paper sponsored by Committee on Highway Safety and presented at the 45th Annual Meeting. 
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STUDIES OF FATIGUE IN DRIVING 

Crawford (2) states that the definition frequently given for fatigue (deterioration in 
the performance of an activity as a direct result of being engaged in the performance 
of the activity) is too narrow for describing fatigue in driving. An applicable definition, 
Crawford feels, should include the possibility of drivers being fatigued from other 
causes before they start to drive. 

Crawford further states that it would appear that there are interrelated aspects of the 
practical problems of driving and fatigue, namely the fatigue arising from driving, 
operational fatigue , and the effect of fatigue, from whatever, source, on driving. 
Crawford then cites several examples of driving research that have been conducted in 
the past with special emphasis on findings in the areas of fatigue. Jones et al. (5) in
vestigated 889 interstate truck drivers who were stopped after varied lengths of driving 
and given several psychophysical tests. When these data were compared to data ob
tained from a control group which had been awake for equal lengths of time, several 
differences were fonnd . There was a more or less consistent decrease in psychomotor 
ability with the increasing amount of time on the task. Lauer and Suhr (6) suggest that 
frequent rest stops while driving are helpful in minimizing the breakdown in perfor
mance occurring from driving for extended periods of time. McFarland and Mosely (7) 
observed bus drivers for 3%-hour periods . They fonnd that steering wheel movemenfS 
(which occurred about 10 times as often as all other movements) were considerably re
duced in the last half hour as compared to the first half hour. Herbert and Jaynes (4) 
conducted an experiment in which Army and Air Force truck drivers were given tests 
of driving skill after having actually driven a truck for lengths of time ranging from 0 
hours to 9 hours. They fonnd that these skill measures correlated significantly with 
the hours of fatigue driving. Their results indicated a progressive loss in performance 
through 7 hours of driving with a slight increase in performance during the ninth hour. 
The authors of this article explain the increase at the end by suggesting that in the first 
7 hours fatigue "builds" unconsciously, but after 8 hours or so, the fatigue is noticeable 
and the subjects make a conscious effort to combat it and, thus, improve their per
formance. 

Potts (9) and McFarland and Mosely (7) studied near accidents encountered by long 
haul truck drivers. Twenty drivers were studied over a total distance of 5, 000 miles. 
A total of 48 near accidents were observed during this time. Their findings indicated 
that the greatest number of near accidents occur within the first couple of hours of 
driving. It should be noted that Crawford does not mention whether each hour of the 
distribution was equally represented in the study. Also, no mention is made about 
what constitutes a near accident. These later results, if they are a valid representa
tion of the actual driving situations on the highway, suggest that an increase in driving 
time results in a reduction of near accidents and, therefore, a possible reduction in 
the probability of being involved in an actual accident. 

This rather unexpected result is also substantiated by another study reported by 
McFarland and Mosely (7). These researchers found from insurance records that in 
1949, 60 percent of all long haul truck accidents occurred within the first 3% hours of 
driving. Again, Crawford does not give the distribution of the number of hours per 
truck trip so it is not known whether each hour is equally represented in this study. 

Crawford also suggests that since many experiments conducted on automobile 
driving in actual traffic fail to show the effects of fatigue on driving, perhaps these 
effects should be sought on performance in tasks similar to driving, such as flying 
for long periods of time. 

Drew (3), for example, found in aircraft simulator experiments that performance 
and accuracy decreased with time, and that instruments outside the immediate r ange 
of attention were practically ignored. There was also a tendency for subjects to relax 
and neglect the task at hand when the end of the experiment was in sight. 

Platt (8) states that the following assumptions can be taken to describe the perfor
mance ofa fatigued driver. 

1. Driver fatigue will have an effect on the steering wheel reversal rates, speed 
change rates, and the average speed of the vehicle. 
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Figure l. The instrumented passenger vehicle. 

Figure 2. The experimenter 's console and the osci I lograph recorder. 
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CODING CHANNEL / 

Figure 3. Sample of osci I lograph trace. 

2. As the driver becomes fatigued, he will accept wider tolerances of both vehicle 
tracking and speed control. 

3. As the driver gets tired, his speed may increase or decrease depending on 
whether his sensitivity to speed change or steering reversal rate is lost first. 

4. The driver will usually take more risks as he becomes more fatigued. This will 
be indicated by an increase in tracking tolerance, and consequently by a decrease in 
steering reversals if the vehicle is constant. 

5. As the driver becomes tired, his speed change rate increases but he compensates 
for this by modifying his accelerator reversal rate. 

6. The most severe fatigue is encountered when the speed change rate increases 
and the accelerator reversal rate decreases. This indicates that the driver has ceased 
to care about controlling his speed. 

These assumptions suggest that a study of driving fatigue should utilize recordings of 
the subject driver's velocity, steering wheel activity, and gas pedal activity. 

In all of the research reviewed by the experimenters, none was found where the 
subject drivers were forced to drive for extremely long times or where they were 
forced to drive until they broke down. The experiment we conducted was aimed at 
simulating the situation where a driver attempts to drive "cross country." This type 
of situation is typified by the serviceman who attempts to drive thousands of miles on 
a two- or three-day pass to visit his family. This research placed test subjects in 
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"on-the-road" driving situations and measured the performance of the system of which 
they are a component. This approach does not allow the precise control over variables 
that might be available in a laboratory situation. Nevertheless, results which are 
obtained on the highway have the distinct advantage of face validity and of being more 
readily interpreted into meaningful conclusions. The philosophical problems and stark 
practical uncertainties which are ever-present when extrapolations are attempted from 
laboratory simulation results into real-world contexts are minimized, when studies 
are conducted in a setting in which they are to be interpreted. 

EXPERIMENTAL PROCEDURE 

The automobile used in this study was a 1963 Chevrolet sedan (Fig. 1), which had 
been modified to be used in the experiment. The major modification was the installation 
of a!' oseillogr::i_ph recorde"!' (Fie; , 2) ; which yielns a permanent trac.e of the vehic.le and 
driver performance parameters on photographic paper. The parameters that were 
recorded include: vehicle velocity, gas pedal position, steering wheel position, and 
brake pedal position. In addition to these 4 traces, 4 other traces were available for 
manual encoding of events occurring during the experiment. The events encoded were 
the beginning and end of data sampling intervals, and encounters of the experimental 
vehicle with other vehicles (Fig. 3). 

Another modification was the installation of a device enabling an experimenter r iding 
in the back seat of the automobile to short out one or two of the spark plugs in the 
automobile engine, and thus, induce a "miss" into the engine. This was used to test for 
the effects of fatigue on a "vigilance" type task. 

Seven subjects were required to drive for 24-hour periods with rest breaks only at 
refueling stops. In addition, one subject attempted the experiment under the added 
condition of prior sleep deprivation and once again under prior sleep deprivation plus 
the use of the drug, dextroamphetamine sulfate. During the 24-hour peri.od, the sub
ject's vehicular performance was measured continuously with the use of the oscillo
graph recorder. 

Subjects who participated in the experiment were paid volunteers, and all but 2 were 
students at Ohio State University. One of the other 2 subjects was a male auto mechanic 
of college age, while the other was a 51-year-old traveling salesman. Each subject was 
verbally informed, prior to volunteering, about what would be expected of him during 
the experimentation. 

The subjects were told that the amount of money they received would depend on the 
length of time that they continued driving. They were promised 50 dollars for com
pleting the experiment in its entirety. If they did not finish, they were told they would 
be paid a lesser amount that would depend on the experimenter's subjective opinion of 
how hard they had tried to finish. 

Seven different subjects , in 9 runs , were tested in this study. The first subject was 
used solely to test th13 experimental procedure. Of the remaining 6 subjects, 3 managed 
to complete the prescribed experimental task in full. One of these did, in fact, vol
unteer to continue driving beyond the prescribed experiment for extra monetary con
siderations. A fourth subject was forced to quit because of extremely bad weather. 
The experimenters made a fifth subject stop, when his performance deteriorated to the 
point that the experimenters felt that it was unsafe to let him continue. The sixth sub
ject, the 51-year-old salesman, quit% of the way through the experiment when he felt 
that it would be detrimental for him to continue. 

The typical period of experimentation was conducted in the following manner. The 
subjects reported to lhe experimenter::> al 6: 00 a.111. 011 lite uay of the experimentation. 
On arrival they were given a complete vision test including tests for: acuity, phoria, 
and depth perception . Also a critical flicker fusion rate test was given and the sub
ject's pulse and systolic blood pressure were measured. In addition, they completed 
the first of the forms designed to obtain the. subject's subjective opinion of his own 
feeling of tiredness. The subject was then shown the experimental vehicle and was in
structed to drive it to the intersection that marked the beginning of the test site. 

The test site used in this experiment was a section of I71 between Columbus and 
Cincinnati-chosen because of the lack of geometric and landscape variations. This 



73 

lack of variation helped to make the task as boring and, hence, as tiring as possible. 
On arriving at the test site the subject was given the following instructions: 

During the testing period you will be asked to drive this vehicle from here to 
the outskirts of Cincinnati, a round trip distance of approximately 160 miles, 
a total of 8 times. Each trip Will last about two and one-half hours. At 
the end of each trip, we will stop for a rest period of about 15 minutes. 
If at any point during a run you should notice that the automobile engine 
is behaving erratically, we would like you to report it to the experimenter. 

Prior to the start of each journey or run either north or south on the freeway, the 
subject was given one of the following two sets of instructions: 

or 

Normal Velocity Control Instructions 

During this next run I would like you to drive this vehicle in your normal 
manner at about the speed limit, 70 miles per hour. I would like you to 
obey the rule that requires you to stay in the right hand lane except when 
passing other vehicles. I would also request that you refrain from con
versing with either experimenter during the run. 

Constant Velocity Control Instructions 

During this next run I would like you to drive this vehicle at a constant 
speed of 70 miles per hour (i. e., I want you to hold it as close to 70 miles 
per hour as you can at all times). I would like you to obey the rule which 
requires you to stay in the right hand lane except when passing other 
vehicles. I would also request that you refrain from conversing with 
either experimenter during the run. 

The experimenters also refrained from conversing with the subjects to help make the 
task even more boring, although the subject had use of the car radio. 

The run to which the normal or constant velocity condition was assigned was deter
mined randomly and the design was balanced so that in the 8 trips, 4 of the south runs 
and 4 of the north runs were "normal" runs, while the other 4 were "constant velocity" 
runs. This helped to further eliminate any directional biases. 

Rest Periods 

At the turn around point on the southern side of the test section of highway, the sub
ject stopped only long enough to receive the instructions pertaining to the northern run. 

When a trip down and back on the test site was completed, the subject drove the 
vehicle to a filling station adjacent to the exit of the freeway. Before disembarking 
from the automobile he was given forms with which to rate his performance and wake
fulness and the physiological tests were repeated. After this test was administered, 
he was allowed to leave the car while it was refueled. The entire break, including 
testing and refueling, lasted about 15 minutes. At this time the subject was given any 
food or nonalcoholic beverage he requested. 

Use of Drugs 

As mentioned previously, the seventh subject repeated the experiment 3 times. In 
the last 2 repetitions of the experiment the conditions under. which the subject performed 
were slightly different. On the first day that this subject was required to drive, the 
experimental procedure was the same as that employed on all other subjects. 

The procedure employed in the second repetition of the experiment was essentially 
the same as the procedure employed previously, except that the subject was kept awake 
a full 24 hours before he started to drive. An experimenter remained with the subject 
to make certain that he did not sleep. Under these conditions, the subject was able to 
complete four trips to Cincinnati and back before he felt it necessary to quit (approxi
mately 12 hours). 
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The subject was also kept awake for a full 24 hours prior to driving in the third trial 
of the experiment. On this trial, one hour prior to driving and every 4 hours there
after, the subject was given a 5- mg tablet of dextroamphetamine sulfate. This dosage 
was prescribed by a physician after a physical examination of the subject. The sub
ject was, in this case, able to complete all 8 prescribed trips to Cincinnati and back. 
Results of these special tests are described in the next section. 

DATA ANALYSES AND RESULTS 

The 4 main perfor mance measur es which were obtained from the data collected during 
the experimentation, velocity means, velocity variances, steering wheel reversals, and 
gas pedal reversals, were subjected to several regression analyses. The purpose of 
these analyses was to see if any performance changes appeared to be expressed in these 
measures as a function of t ime engaged in task performance. 

In the first regression analysis (Table 1), the values of the 4 measures were com
puted for each trip. A regression line was then found-which related the dependent per
formance measure with time measured in "trips." For this first analysis the values of 
the performance measures were computed from all data collected during the trip. No 
distinction was made between data collected during the "constant velocity" portion of the 
trip and data collected during the "normal" portion of the trip. Table 1 shows quite a 
diiference between s ubjects, with respect o the cor relation of the per formance mea
sures with the passage of time. For example, the correlation of gas pedal reversals 
with time ranges from a value of - 0.818 for subject 2 to a value of 0.921 for subject 7, 
under conditions of prior sleep depreivation. Similarly, the correlation of velocity 
mean with driving time ranges from - 0. 766 for subject 7 under standard experimental 
conditions to 0. 811 for subject 3. Velocity variance ranged from - 0. 94 7 for subject 7 
with prior sleep deprivation to 0 . 863 for subject 6. 

The correlation of steering wheel reversals to the passage of time yielded the most 
uniform set of correlations. Even so, these correlations range from 0. 267 for sub
ject 2 to 0. 971 for subject 7 under conditions of prior sleep deprivation and the use 
of drugs. 

These results would seem to indicate that an increase or a decrease in the value of 
any of these 4 variables cannot be accepted as a universal measure of fatigue. Some of 
the high correlations suggest that for individual subjects certain of these measures 
might validly reflect the changed performance state of that driver with the passage of 
time. 

It is interesting to note that the regression lines for subject 7 under conditions of 
prior sleep deprivation account for a greater amount of variance of the performance 
measures than do the regression lines for any other subject. This fact might indicate 
that the 4 performance measures are more valid indicators of fatigue when the fatigue 
is more extreme t han that p1·oduced in the normal operating conditions of this experi
ment, or when activity prior to driving has not been too fatiguing. 

Further regression analyses were performed with the data separated by the con
ditions, constant velocity or normal. The results of these analyses exhibit much the 
same variation as the first regression analysis. The correlations of velocity variances 
to the passage of time are, in general, with the exception of the replicate runs on sub
ject 7, higher for the constant velocity condition than for the normal condition. This 
fact, plus the fact that all correlations are positive, would seem to indicate that the 
more precise or demanding the experimental task, the more likely decrement in per
formance, as reflected in the increase of velocity variance, will be related to the 
passage of time , 

Intra- Trip Variability 

When the 4 major performance measures were plotted against time for each of the 
subjects, a sawtooth type pattern was noted in the graphs, which suggested that per
haps the individual trips and even the periods of time between turn-around points 
should be examined for evidences of performance decrement trends. Evidence of this 
intra-trip decrement was found when the periods of time between turn-around points, 
for normal conditions only, were examined. 
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TABLE 1 

REGRESSION ANALYSIS RESULTS FOR CONDITIONS COMBINED 

Subject Variable Correlation a Equation Std. Error 

Vel. x - 0. 605 0. 666x + 72.521 0.438 

2 Vel. cr2 0.676 0. 666x + 2.697 1.470 
Steer. 0.267 4. 228x + 458. 533 7.619 
Gas -0.818 - 29.457x + 415 . 266 10.363 

Vel. x 0.811 0. 235x + 70. 395 0.120 
Vel. cr 2 0 . 689 0. 234x + 2.150 0.173 

3 Steer. 0.567 25 . 900x + 403 . 500 26.613 
Gas -0. 510 3.600x + 167.500 4.291 

Vel. x -0 . 040 0.003x + 70.742 0.028 
Vel. cr 2 0.608 0.248x + 1. 748 0.122 

4 Steer. 0 . 768 23.466x + 520. 111 7.406 
Gas 0.739 6. 950x + 82.694 2.393 

Vel. x 0.365 0.176x+ 73 . 052 0.224 
Vel. cr 2 0.027 5 Steer. 0. 906 32.771x+ 548.800 7.633 
Gas 0.729 12.771x+ 202.133 5.990 

Vel. x 0.154 0.03lx + 71. 236 0.082 
Vel. cr 2 0 . 863 0. 674x + 0.986 0.160 

6 Steer. 0. 838 52. 904x + 690 . 928 14.056 
Gas - 0.717 9. 607x + 204.107 3 . 814 

Vel. x -0 . 766 0.258x + 72 . 117 0.088 
7 Vel. cr 2 0. 476 0. 422x + 4. 725 0. 322 

Cond. 1 Steer. 0. 320 18.345x+ 853.321 22.167 
Gas 0.533 2. 488x + 111. 678 1. 612 

Vel. x 0.421 0. 234x + 75.145 0. 356 
7 Vel. cr 2 - 0.947 0. 718x + 10. 270 0.172 

Cond. 2 Steer. 0.739 50. 200x + 228.000 32.406 
Gas 0.921 4.400x + 228.000 1. 311 

Vel. x 0. 384 0.080x + 73.130 0.078 
7 Vel. cr2 0. 624 0.053x + 4.753 0.270 

Cond. 3 Steer. 0.971 176 . 130x + 1232. 285 17.711 
Gas 0.171 1. 416x + 230.250 3.323 

0
Any correlation above ±0.600 is statistically significont . 

The values of the 4 major variables were computed for each of these 3 intervals. 
These values were then ranked. The interval with the highest value of the variable in 
question was assigned a rank of 3, and the other interval was assigned a rank of 2. 
This ranking was done separately for each of the 4 variables. The ranks assigned to 
the first, second, and third intervals were then totaled separately for each variable 
across all subjects (Fig. 4). 

As can be seen from this graph, the lines for velocity, variance , steering reversals , 
and gas pedal reversals exhibit an increasing trend. This trend, which is significant 
at the 0. 05 level, indicates that within a trip, between turn-arounds, there is a general 
tendency for velocity variance , steering wheel reversals , and gas pedal reversals to 
increase. The velocity mean has a tendency to decrease with a trend significant at the 
0. 05 level within the same period of time. 

When these results are viewed at the same time as the results of the regression 
analysis which yielded some rather high correlations in various directions, it would 
appeax: that performance measures might be expected to demonstrate an increase or 
decrease over time with a sawtooth type variation imposed over the generalized trend 
(Fig. 5). 
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The results of the spark plug miss detection test failed to show any difference with 
the passage of time. In almost all cases the subjects were able to detect the mal
function. A difference was shown to exist at the 0.10 level of significance for the per
formance of subject 7 with and without drugs. The drugs noticeably improved his 
performance on the task. 

The forms which the subjects filled out to rate their performance and their state of 
wakefulness indicated that they felt they were becoming more tired as the experiment 
progressed. Most subjects continually rated their performance unaffected until the 
very end of the experiment. This is possibly due to the fact that they might have 
thought that they would be forced to quit if they gave themselves bad ratings. 

The results obtained from the physiological data collected during the experiment 
were of interest primarily because virtually no change was noticed in any of the mea
sures with the passage of time in the experimental task. 

Effects of Drugs on Steering Wheel Reversals 

The most marked effect of the drugs was on the number of steering wheel reversals 
exhibited by the subject who was tested with and without drugs. Figure 6 shows the 
steering wheel reversal rate of subject 7 under all three experimental conditions. As 
can be seen from this graph, the use of drugs resulted in a much larger steering wheel 
reversal rate than was exhibited in either of the other two cases. In this case the 
steering wheel reversal rate was more than double that previously exhibited. 
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The upward trends exhibited by the graphs of steering wheel reversal rate under the 
use of drugs are both significant, when tested via a T-Test for trend at the 0. 01 level 
of significance. 

DISCUSSION AND INTERPRETATION 

One of the most interesting facts to come from this research is that the subject 
drivers were able to drive as long and as satisfactorily as they did. This is even more 
surprising when we consider the fact that the subjects engagedin no conversation, re
ceived little stimulation from the highway environment, and had virtually no rest ex
cept at the brief stops at gasoline stations. 

Of the 7 subjects who participated in the research, only 2 were unable to finish the 
prescribed task of driving 24 hours. These 2 subjects managed to drive for about 21 
hours each before they asked or were told to stop. 

The fact that most subjects did not break down or fall asleep dw·ing the experimental 
task does not enable the subjects' data to be scrutinized for a pattern in the performance 
measures, which might be used to foretell a complete br eakdown or cessation of per
formance. 

The regression analyses performed on 4 major dependent variables, velocity means, 
velocity variances, steering wheel reversals, and gas pedal reversals, indicate the 
degree to which such trends are present. The high correlations obtained for some 
measures of the dependent variables , with the passage of time for several of the sub
jects, indicate that such trends do exist. The lack of universality of trends and the 
fact that the trends for the same variable can be in either direction means that an in
crease or decrease in the value of one of the dependent variables cannot be taken as an 
indication of the onset of fatigue, without knowing the specific characteristics of the 
subject driver that produced the increase or decrease. 

The intra-trip effect mentioned earlier suggests that a rest period of a few minutes 
duration, such as that experienced at the southern turn-around, is nearly as beneficial 
as the longer gas station rest period experienced at the northern end of the highway. 
These findings suggest that the policy adopted by some Highway Patrols in the western 
states of stopping motorists and making them walk around their cars is of some value 
in r educing the effect of fatigue . 

The most prominent effect of the administration of drugs to subject 7 on his third 
replication, was that he was able to drive twice as long as he had been able to without 
drugs. In both the drug test and the test previous to the drug test, the subject had 
been kept awake for 24 hours prior to starting the experiment. On the day the subject 
took drugs , he claimed that he felt much better than he had on the day when he was not 
given the drugs. Of interest, also, is the positive effect of drugs on the subject's 
steering wheel reversals with the passage of time. It is also interesting to note that 
this subject responded faster to the simulated engine malfunction detection signals 
when under the influence of drugs than he did under either previous run. This supports 
the conclusion of researchers who report that drugs maintain high levels of perfor
mance in vigilance tasks over extended periods. During the experimentation other 
phenomena were observed. For example , it was obvious to the experimenters that 
after several hours of driving, one of the subjects began to exhibit some paranoid-
like symptoms. 

This subject, as well as other subjects, exhibited a tendency to rely on the edge
stripe on the highway for lateral placement, although on very few occasions did they 
hit the shoulder. This became obvious when the car passed an exit ramp where the 
line disappeared and the driver tended to swerve to the right. The tendency appeared 
to increase with the passage of time, which possibly indicates that the subjects were 
concentrating on a few visual cues (tunnel vision). Thi~ , is supported by previous 
studies (1) . i 

This tunnel vision effect might explain the increase in velocity variance with the 
passage of time that many subjects exhibited (i.e., tunnel vision resulted in the speed
ometer being sampled less frequently, \ and therefore , speed control diminished). 
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It is possible that the specification of 24 hours of driving served as a goal to the 
driver. If in future experimentation the length of time that the driver was expected to 
drive was not specified prior to the start of the experimentation, fatigue effects might 
be realized earlier in the experiment. 
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The Effect of Ramp Type and Geometry 
On Accidents 
RICHARD A. LUNDY, California Division of Highways, Traffic Department 

This study was made to learn more about freeway ramps, to 
determine which geometric features play important roles in 
ramp safety, and to classify these features according to ramp 
type and relative safety merits. 

The study involved 722 freeway ramps. In a period of about 
3 years, over 2 billion vehicles used these r amps, and during 
this time 1643 accidents occurred . 

The accident rates of on- ramps were consistently lower than 
off-ramp accident rates. (Accident rate = number of ramp acci
dents per million vehicles using the ramp.) The average on
ramp rate is 0. 59 Acc/MV (accidents per million vehicles), 
whereas the average off-ramp rate is 0. 95 Acc/MV. The on
ramp rates vary from about 0. 40 Acc/MV to about 0. 93 Acc/MV 
depending on the type of ramp . The off-ramp rates vary from 
about 0. 62 Acc/ MV to about 2.19 Acc/MV. 

Ramps were classified as to type (diamond, trumpet, clover
leaf, etc). Accident rates were determined for each ramp type 
and further subdivided by on- or off-ramp, and by the relative 
freeway-to-ramp grades. 

Correlations were found between accident rates and r amp 
type, relative freeway-to-ramp grades, fixed objects, speed
change lane lengths, possible safe entrance speeds at on-ramp 
noses, and off-ramp radius. 

No correlation was found to exist, or the study was unable to 
determine if a correlation existed, between ramp accident rates 
and on-ramp curvature, ramp lighting, ramp traffic volumes, 
and the magnitude of the ramp central angle. 

•PRESENT-DAY geometric standards of ramps were developed through a long process 
of evolution involving experience in both design and operation. This study was initiated 
as a continuing effort to increase our knowledge of ramp operations and to better under
stand the effect of the design on ramp safety. 

The 722 ramps involved are primarily located on the same freeways used in the 
"Comparative Freeway Study" (1). Figure 1 shows the general location of the ramps. 
The descriptions of the locations and the study periods used are listed in the Appendix. 

The Appendix is divided into two parts, A and B. For group A ramps, the specific 
ramp geometry was not readily ascertainable. However, it was known whether the 
accidents occurred on the ramp proper or its speed change lane section. For group B 
ramps, the geometric details were determined, but it could not be readily determined 
(without rending several hundred reports) whether the accident occurred on the ramp 
proper or on its speed change lane. 

The study period was from 1958 through 1962, with 3 years of experience available 
for most locations. Approximately 2 billion vehicles used these r amps, and 1643 acci
dents occurred during the study period. 

Paper sponsored by Committee on Highway Safety and presented ot the 45th Annual Meeting, 
80 
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STUDY METHODS 

The ramps were grouped into 10 basic types: 

1. Diamond ramps, 
2. Trumpet ramps, 
3. Cloverleaf ramps with out collector~ distributor i oacts, 
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Figure 3. Depressed diamond ramp connecting to cross street. 

4. Cloverleaf ramps with collector-distributor roads, 
5. Loops without collector-distributor roads, 
6 . Cloverleaf loops with collector-distributor roads, 
7. Left side ramps, 
8. Direct connections, 
9. Buttonhook ramps, and 

10. Scissors ramps. 
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Figure 4. Cloverleaf ramps and loops with and without collector-distributor roads. 

A right-turning ramp with over 180 deg of curvature and which connects crossing 
roadways iR called a loop. Loop ramps are normally associated with cloverleaf and 
trumpet type interchanges; this distinction has been made in the above classifications. 
AU loops that connected to collector -distributor roads were the cloverleaf type. No. 5 
loops without coilector-distributor roads are made up of both cloverleaf and trumpet 
loops. 
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Figure 5. Example of direct connection designed for high-speed maneuvers. 

The ramps are not necessarily classified by interchange types because some inter
changes are mixtures of 2 or more ramp types. For example, Figure 2 shows a 
modified diamond ramp on the right side and 2 pairs of typical buttonhook ramps on the 
lower right and upper left sides. The diamond ramp is basically straight and always 
connects to the cross street as shown in Figure 3. The buttonhook ramps usually are 
not associated with a crossing structure or are at a considerable distance from the 
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Fi9u1e 6. Di1ecl cu1111ecliu11 lu l1u111µel luop. 

structure. In many cases, there is no structure al all and the ramps simply serve as 
access to or from the adjacent land on one side of the freeway only. 

The cloverleaf ramps and loops are illustrated in Figure 4. The left half of the 
interchange employs a collector-distributor road and the loops connect to the collector
distributor road. The right side of the interchange does not employ the collector-
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Figure 7. Example of left side connection. 

distributor road, and the loops connect directly to the freeway. The loops are not 
necessarily circular, and the cloverleaf ramps do not always reverse curvature to by
pass the loop. 

Direct connections (Fig. 5) are usually designed for high-speed maneuvers. If an 
off-ramp loop were employed such that two-way traffrc would result on the over crossing, 
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Figure 8. Example of scissor ramp. 

the arrangement would become a trumpet ra....~p ~'1.d a trumpet loop (Fig. 5). The 
ramp on the far left would remain a direct connection. 

Any ramp that connects to the inside (high- speed) lane of the freeway is called a 
left side connection (Fig. 7). l11. scissor ramp (Fig. 8) is one that has opposing traffic 
crossing the ramp traffic. The ramp traffic has the right of way and a stop sign is 
placed to stop the crossing vehicle. 
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POISSON'S LIMIT APPLIED TO ACCIDENT RATE vs M V. 

(5% Probab ility Level for 0.8 Acc/M V Mean Ra le) 

5.0 + rn .MJL+ I Control Limits = 0.8-1.96 MV+ M v - 2""M"'V 
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Figure 9. 

Million vehicle miles of experience is normally used as the denominator in the cal
culation of accident rates. In this study, the ramp accident rates have been calculated 
on the million ramp vehicle basis. The assumption is that the ramp experience is 
essentially related to the number of vehicles entering or leaving without regard to the 
distance traveled. 

The accuracy of the accident rate, Acc/ MV (number of accidents per million vehicles 
using the ramps), depends on the accuracy of the accident counting, and on the accu
racy of the estimated amount of exposure, MV. Extreme care was taken in determining 
these values to assure a reasonable degree of accuracy. 

The accident rate 'depends on the chance occurrence of accidents. The present 
accepted method of reducing the effect of chance occurrence is to use a large volume 
of experience, thus overshadowing the factor of chance. This study does contain a 
fairly large amount of experience (2 billion ramp vehicles), but unfortunately this ex
perience is in many instances spread thin due to the sorting of ramps by geometric 
features and types, etc. The question then becomes: what amount of experience is 
necessary to obtain a reasonably reliable accident rate? 

The Poisson distribution was used for estimating the probability of chance occur
rence and the relative stability of the calculated rates. Figure 9 is a plot of this dis
tribution using a 95 percent confidence level. The accident rate is plotted as the 
ordinate and the amount of experience (measured by number of vehicles) is the abscis
sa. The distribution was plotted for a mean accident rate of 0. 80 accidents per MV. 
This rate was used since it closely represents the average rate for ramps based on our 
experience of 2 billion vehicles. 

To understand the significance of this graph, let us assume that in a large number 
of ramps, each has an exposure of 5 MV. Let us further assume that the mean acci
dent rate of the group is 0. 80 Acc/ MV. If the accident rate for each individual ramp 
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TABLE I 

RAMP ACCIDENT RATES FOR l MV INCREMENTS OF EXPERIENCE-GROUP B RAMPS 

Ramps Accidents M.V Avg. M.V. Avg. Rate 
M.V. Groups 

On Off On Off On Off On Off On Off 

0 to IM V 66 65 39 74 36.4 39.9 0.6 0.6 l.07 1.85 

Over I to 2 M V 50 45 60 104 77.5 73.7 1.57 1.6 0.77 1.4) 

Over 2 to 3MV 45 40 63 I24 111. 4 99.6 2.5 2.5 0.57 1.24 

Over 3 to 4 M V. 23 23 71 53 81.3 83.5 3.5 3.6 0.87 0.63 

Over 4 to 5 M V 7 14 46 38 32.2 63.0 4.6 4.5 1.43 0.60 

Over 5 to 6 M V I5 I9 45 74 83.7 I05.9 5.6 5.6 0.54 0.70 

Over 6 to 7MV 8 7 29 39 52.2 46.3 6.5 6.6 0.56 0.84 

Over 7 to 8MV 5 4 I8 22 37.3 29.9 7.5 7.5 0.48 0.74 

Over 8 to 9 M V 3 5 IO 25 26.3 42.9 B.B 8.6 0.38 0.58 

Over 9 to IO M V 4 2 20 7 38.0 IB.9 9.5 9.5 0.53 0.37 

OverIOtoIIMV 3 I IO 6 31.5 10.9 10.5 I0.9 0.32 0.55 

Over 11 3 4 I4 71 56.8 64.1 I8.9 16.0 0.25 l.lI 

TOTALS 232 229 425 637 664.6 678.6 2.8 2.9 0.64 0.94 

is then plotted on the vertical line representing 5 MV on the graph, 95 percent of these 
points would be expected to fall within the confidence limits of 0. 06 and 1. 83 Acc/MV. 
In other words, the accident rates of 95 percent of the ramps each having an exposure 
of 5 MV would be expected to fall between these limits. 

On the other hand, if the experience is 35 MV per ramp, the expected fluctuation is 
not as great (0. 52 to 1.14). In essence, the element of chance is overshadowed as more 
experience is gained; the graph serves to indicate the expected accur acy of accident 
rates based on various amounts of experience. 

In this report, the tables showing accident rates also show the amount of experience 
on which the rates are based. If the rate is obviously unstable (under 10 MV), it was 
either omitted or some statement concerning the confidence level is made. It is felt 
that the various rates given in this report are significant. 

NON-GEOMETRIC FACTORS 

The ramps in this study accounted for approximately 18 percent of the accidents on 
the freeways which they serve. In 1963, ramp accidents on all the freeways in Cali
fornia accounted for 14. 4 percent of the freeway accidents. 

Out of 722 ramps studied, 232 (32 percent) were accident free. However, these 
accident-free ramps carried only 327 MV or 16 percent of the total ramp experience. 
No particular design differences were noted between ramps that had no accidents and 
ramps that did. However, a large percentage of accident-free ramps might be ex
pected because the average experience per ramp was only 2. 9 MV for the 722 ramps 
studied and only 1. 4 MV for the 232 accident-free ramps. 

Figures to and 11 are plots of the accident rate vs exposure in million ramp vehicles 
for all of the group B ramps. The Poisson distribution has been superimposed to show 
that a large percentage of zero rates can be expected in the low exposure range. The 
large circles represent the group average accident rate for the various million vehicle 
(MV) groups shown in Table 1. 

Accident Severity 

A breakdown in ramp accidents by severity (Table 2) shows no significant difference 
in percentage occurrence between the ramp and the main line accidents, or between 



TABLE 2 

RAMP ACCIDENTS BY SEVERITY 

Percent of Total Accidents 
Category 

On-Ramps Off-Ramps Freeway Avg . 

Fatal accidents 1. 5 1. 5 1. 8 
Injury accidents 42.5 41. 5 42.9 
Property-damage only 

accidents 56.0 57.0 55.3 

Total 100.0 100.0 100.0 

Number of injuries 
per accident 0.58 0. 58 0.74 

TABLE 3 

SINGLE AND MULTIPLE VEHICLE ACCIDENTS 

Type 

On-Ramps 

Single vehicle 31 
Two vehicle 57 
Three or more 

vehicle 12 

Total 100 

°Taken from Table 10, p. 168, Ref. (1 ). 

Total Accidents 
(percent) 

Off-Ramps Freeway Avg. a 

51 28 
43 53 

6 19 

100 100 

Accident Rates 
(Acc/ MV) 

On-Ramps Off-Ramps 

0.18 0. 48 
o. 34 0.41 

0.07 0.06 

0.59 0.95 

on-ramps and off-ramps. The ramp accidents do, however, seem to have fewer in
juries per accident. This is probably due, in part , to the lower ramp speeds. 

Ramps, especially off-ramps, have a large number of fixed objects adjacent to 
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them (Figs. 12, 13 and 14). Because of this, one would expect the ramps to have a 
higher proportion of injury accidents than the main line sections of the freeways. This 
is not the case, however, probably because of the lower speeds associated with ramps. 

Single and Multiple Vehicle Accidents 

A breakdown by single and multiple vehicle accidents (Table 3) revealed that, in 
general , there is a higher percentage of single vehicle accidents on ramps than the 
normal freeway average. This increased percentage in the single vehicle category is 
primarily offset by a decrease in 3-or-more vehicle accidents. A closer look reveals 
that about the same breakdown exists at on-ramps as the freeway average, but there 
is a considerably higher percentage of single vehicle accidents at off-ramps. 

If the ramp rates from Table 10 are split according to the given percentages, 
the rate for single, 2 vehicle, and 3-or-more vehicle accidents can be obtained. 
This breakdown is also shown in Table 3 and it reveals a very low rate for single 
vehicle, on-ramp accidents. The on-ramps also show a higher multiple vehicle rate, 
but the primary difference in the total on- vs off-ramp rates (on = 0. 59; off = 0. 95) is 
due to single vehicle off-ramp accidents. In other words, if the off-ramps had the 
same vehicle rate as the on-ramps, the total rate would be 0. 18 + 0. 41+0. 06 = 0. 65 
Acc/MV as compared to the 0. 59 Acc/ MV on-ramp rates. 

Assuming that the single vehicle accident is most likely to occur on the ramp proper 
(as opposed to the diverging area), it might be concluded that the off-ramp geometry is 
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TABLE 4 

RAMP FIXED OBJECTS AS PERCENTAGE OF TOTAL 
FREEWAY FIXED OBJECTsa 

Type On-Ramps Off-Ramps 

Guardrailb 13.7 15. 5 
Light standards 10.3 12.9 
SignsC 1. 8 6.1 
Piers , abutments , 

and bridge rails 1. 9 1. 3 

Total, ramp 27.7 35 . 8 
Freeway fixed objects 

Total 

~From Tobie 6, p. 166, Rof. (!). 
Gucrdrcil was counted ip 50-Ft lengths cs one fixed object. 

clncludes wood or steel posts, with or without gucrdrcil. 

TABLE 5 

On+ Off 

29.2 
23.2 

7.9 

3.2 

63.5 
36.5 

100.0 

RAMP FIXED OBJECTS AS A PERCENT OF TOTAL 
RAMP FIXED OBJECTS 

Type On-Ramps Off-Ramps On+ Off 

Guardrail a 49. 5 43.2 45.9 
Light standards 37 . 2 36.0 36.5 
Signsb 6.6 17.0 12.5 
Piers, abutments, 

and bridge rails 6.7 3.8 5.1 

Totals 100.0 100.0 100. 0 

~Guardrai I was counted in 50-ft lengths as one fixed object. 
Includes wood or steel posts, with or without guardrail. 

TABLE 6 

FIXED OBJECT ACCIDENTS VS TOTAL FIXED OBJECTS 

Type 

Guardrails 
Light standards 
Signs 
Piers, abutments, 

and bridge rails 

Totals 

Guardrails 
Light standards 
Signs 
Piers, abutments, 

and bridge rails 

Totals 

a 
Fixed Object 
Accidents (%) 

On-Ramps 

49.3 
16.4 
32.8 

1. 5 

100.0 

Off-Ramps 

43.3 
10.4 
38.8 

7.5 

100.0 

b 
Total Fixed 
Objects (%) 

49.5 
37.2 

6.6 

6.7 

100.0 

43.2 
36.0 
17.0 

3.8 

100.0 

a 
b 

1. 00 
0.44 
4. 97 

0.22 

1. 00 
0.29 
2.28 

1. 97 
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difficult to maneuver. In other words, tq maneuver through curves, etc., while the 
vehicle is decelerating requires more precise judgment than the same maneuver would 
involve if the vehicle were accelerating. This is also indicated by the fact that 22 per
cent of the off-ramp accidents involved a driver who had been drinking, whereas only 
15 percent of the on-ramp accidents involved drinking drivers, indicating that the "had 
been drinking" driver can negotiate the on-ramp easier than the off-ramp. 

An investigation concerning straight ramps and curved ramps is presented later in 
this report under sections entitled "Ramp Curvature" and "Off-Ramp Geometry." 

Fixed Objects 

Some 28 percent of all freeway (including ramps) accidents involve fixed objects. 
Fixed objects are involved in about 22 percent of all on-ramp accidents and about 42 
percent of all off-ramp accidents. About 64 percent of all freeway fixed objects are 
located in the ramp areas. Off-ramp areas contain about 36 percent of the total free
way fixed objects and the on-ramp areas contain about 28 percent (Table 4). 

Table 4 shows the percentage of the 4 most prevalent types of objects as compared 
to the total of other types on freeways. Table 5 was made by assuming that these 4 
types of fixed objects represented 100 percent of the total ramp fixed objects. The 
percentage values in Table 4 were then adjusted so that the totals would equal 100 per
cent. 

Accidents involving fixed objects were tabulated for both on- and off-ramps. Table 
6 is a comparison between fixed object accidents and the total fixed objects in place. 

The comparisons in Table 6 are based on relatively small samples of exposure. 
Therefore, the figures are at best approximate. The percentages could change consid
erably depending on what length of guardrail is chosen as one fixed object. The 50-ft 
guardrail length was selected to give a value of 1. 00 for guardrail in the a/b column. 
Regardless of the chosen guardrail length, the signs appear, in both the on- and off
ramp situati<;ms, to be the most vulnerable type of fixed object (a/ b = 4. 97 and 2. 28). 
Signs are normally placed on the outside edge of curves and in the ramp gore nose. 
Out-of-control vehicles normally leave the roadway on the outside edge of the curve 
rather than on the inside edge; and, in the case of off-ramps, the gore is extremely 
vulnerable to drivers who misjudge the ramp exit. 

Piers, abutments and bridge rails are more \Ttllnerable in the off-ramp situation 
than in the on-ramp situation. This is not surprising since, in a normal interchange 
situation, the off-ramp vehicles will have a structure dead ahead more often than the 
on-ramp vehicles. It also seems that the decelerating vehicle is harder to keep in 
control than the accelerating vehicle. 

Examples of situations involving fixed objects are shown in Figures 12 through 20. 
Figure 12 also shows a location where the alignment and pavement texture give the 
appearance that the ramp is the main line. Guardrail is frequently used as delineation 
(Fig. 13). It would seem that something less rigid (and not as expensive) could be sub
stituted if delineation is the prime objective. Curbs are also used for delineation as 
well as for drainage purposes. A curb can act as a fulcrum when struck by a vehicle 
skidding broadside and cause the vehicle to overturn. 

Ramp Lighting 

Light standards represent about 36 percent of the ramp fixed objects, and they are 
involved in about 10 to 16 percent of the ramp fixed object accidents. The elimination 
of the standards would no doubt reduce the total fixed object accidents, but the absence 
of the illumination which the standards support might well cause an increase in total 
accidents. 

Table 7 shows the percentage of all types of accidents which occurred under various 
light conditions. A large percentage of the total freeway accidents are "dark-no street 
lights." This is because only the interchanges have lighting. For the ramps, a low 
percentage is in this category because very few ramps are without lighting. A rough 
comparison between the ramps and the total freeway shows the total freeway can be 
considered as being partly illuminated, and the ramps as being almost totally illumi
nated. 
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Figure 12. Numerous fixed objects and also the pavement texture and alignment which makes the ramp 
appear to be the mainline. 

Figure 13. Guardrail used as delineation. 

Figure 14. Cure as bad as the disease-guardrail needed only around sign post. 
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Figure 15. Is the guardrail necessary where the embankment is shallow? 

Figure 16. Why the guardrai I in the gore? 

Figure 17. Curbs used for drainage, delineation and barrier. 
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Figure 18. Light standard on outside of curve {not present design practice, however). 

Figure 19. Except for the light standard, there is ample unobstructed recovery space here. 

Figure 20. Tree protected guardrai I. 
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TABLE 7 

ACCIDENTS UNDER VARIOUS LlGHT CONDITIONS 

Percent of Accidents 
Light Conditions 

On-Ramp Off-Ramp Total Freeway 

Daylight 66 57 52 
Dusk or dawn 5 3 3 
Dark-no street lights 6 8 25 
Dark-with street lights 23 32 20 

Totals 100 100 100 
Total dark (all except 

daylight) 34 43 48 

TABLE 8 

ACCIDENT RATES-DAYUGHT, NIGHT, COMBINED 

Daylight Nighttime 

Type 
"All Day" (24-hr) Percent Increase 

Accident Ratea ~Rate ~Rate Night/ Day 

On-ramps 0. 59 Acc/MV 0. 66 0 56 
0. 70 . 

0.34 0 67 
0 . 30 . 20 

Off-ramps 0. 95 Acc/ MV 0. 57 0 77 
0. 70 . 

0.431 36 
0.30 . 77 

Total freeway 1.29 Acc/MV o. 52 0 96 
0. 70 . 

0.4S 2 06 
0. 30 . 115 

0 See Table 10. 

Traffic count data show that roughly 70 percent of freeway travel occurs during 
daylight and the remaining 30 percent occurs during dawn, dark or dusk hours. As
suming that the same breakdown for day-night exposure exists for the ramps as the 
main line, then a day and a night accident rate can be calculated for the ramps and the 
total freeway by multiplying the actual accident rate by the percentage of accidents and 
dividing the product by the percentage of exposure. For example, 

. <f, of daylight accidents . . 
accident rate x % f da 1. ht = daylight accident rate o y ig exposure 

Table 8 indicates that nighttime accident rates are higher than daylight rates and that 
a substantial percentage decrease in nighttime rates is realized in ramp areas (where 
illumination is present). It is difficult to determine exactly how much of this decrease, 
if any, is attributable to lighting. A more detailed study (2), recently completed, did 
not show conclusively that lighting does or does not reduce-the occurrence of nighttime 
accidents. 

Effect of Ramp Traffic Volumes 

Table 9 shows ramp accident rates for various ramp volume groups. The data 
shown in the table were taken from group B ramps. 

Figure 21 was obtained by plotting the accident rate as the ordinate and the volume 
as the abscissa. The MV used to calculate each coordinate is printed next to the co
ordinate it represents. Figure 21 shows a decrease in accident rate with increasing 



TABLE 9 

RAMP ACCIDENT RATES (ACC/MV) VS RAMP VOLUMES-GROUP B RAMPS 

I 
ON OFF 

ADT1)Groups No. of Ace- MV Rate Avg. ADT No. of Ace MV Rate Avg ADT No of Ace -RD!ps Ramps Ramos 

0 - 1,000 54 35 26.2 1.34 518 54 60 30.0 2.00 594 108 95 

1,001 - 2,000 63 62 94.2 0.66 1,530 49 94 71.7 1.31 1,496 112 156 

2,001 - 3, 000 38 58 93.1 0.62 2,440 39 123 91.7 1.34 2,379 n 181 

3,001 - 4,000 29 85 95.3 0.89 3,442 34 90 116.4 0.77 3,485 63 175 

4,001 - 5,000 10 50 45.8 1.09 4,488 13 46 62.8 0.73 4,407 23 96 

5,001 - 6,000 15 49 89.8 0.55 5,520 17 40 96.5 0.41 5, 417 32 89 

6,00! - 7,000 7 21 48.6 0.43 6,677 8 47 54.1 0.87 6, 478 15 68 

7,001 - B,000 3 10 21.5 0.47 7,356 7 50 52.6 0.95 7,563 10 60 

8,001 - 9,000 7 31 61.B o.so B,464 3 10 27.B 0.36 B,497 10 41 

9,001 - .10,000 2 9 20.S 0.44 9,350 1 6 lQ..9 0.55 9,933 3 I 15 

10,001 - 11,000 1 1 11.0 0.09 10,053 1 10 IL! 0.90 10,150 2 11 

11,001 - 12,000 1 1 12.6 O.OB 11,560 1 B 12.7 0.63 11,566 2 I 9 

over 12,000 2 13 44.2 o.~9 20,000 2 53 40_3 1-32 18,412 4 66 

· TOTALS 232 425 664.6 0.64 2,811 229 637 678.6 0.94 2,903 461 1,062 

(1) Avera., daily traffic 

TOTALS 

M V, Rate 

56.2 1.69 

165.9 0.94 

184.8 0.98 

211.7 0.83 

lOE.6 0.88 

18E.3 0.48 

102.7 0.66 

74.1 0.81 

89.6 0.46 

31.4 0.48 

22. l 0.50 

25.3 0.36 

84.5 0.78 

1,343.2 0.79 

Avg. ADT 

557 

1,516 

2.407 

3,456 

4,442 

5.465 

6,571 

7,501 

B,474 

9,543 

10,102 

11,563 

19,203 

2,857 

...... 
0 
0 
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TABLE lO 

RAMP ACCIDENT RATES (ACC/MV) BY RAMP TYPE 

I 

Overcross ing.l!J Undercrossing !?.l Sub· Tota 

On Off On Off On Off Total 

No No No No, M. V Rate 
No No MV Rate No No No. No. No No No. No. 

Type of Ramp Ramos Ace, MV Rate Rar1DS Acc. Ramp$ Ace ·~M Ar.t MV Rate Ramos Ace MV Rate Ra11as Ace MV Rate Ramos Acc. MV Rate 

Diamond Ramps 53 I 44 U4.9 035 45 67 9'.1,4 0.67 32 41 95.4 o~ 44 73 109.8 O.li6 85 88 2203 0.40 8' 140 209.2 OJil 174 228 429.5 0.53 

Tmmpet Ramps 9 I 22 28,7 0.77 7 21 246 0.85 2 5 3,5 1.43 0 - - - II 27 322 0.84 ; 21 21.6 0.85 18 48 56.8 0.85 

Cloverleaf Ramps without 
Collec tor Distributor 48 83 111.2 0.75 59 135 155.8 0.87 27 72 I05.4 0.68 19 86 76.D 1.13 75 155 216.6 0.72 71 221 231.8 0.95 153 376 448.4 0.84 

Cloverleaf Ramps with 
98!!) 

15 3) 73.3 0. 50 16 56 82.0 0.68 5 2 14.3 0.14 5 3 13.0 0.23 20 39 87.6 D.45 21 59 95.0 0,61 41 13 182.6 0.61 
Collector Distributor 

11 1 

Loops without 
46 

I 
64 84.2 0.76 34 

Collector Distributor 
59 70.7 0.83 17 44 :;i3.7 0.92 19 47 50.0 0..94 63 108 137.9 0. 78 53 106 120.7 0.88 116 214 258.6 0.83 

Cloverleaf Loops with 37!!) 

' 14 36,3 0.39 10 19 36.5 0.52 s 3 8.0 0.38 5 I 13 .2 0.08 l4 17 4U 0.38 15 20 49.7 0.40 19 _28_ 94.0 0.69 
Collectcr Distributer 65 

Left Side Ramps s 14 18.9 0.H 11 81 46.4 1.74 1 11 8.0 l.38 4 124 47.0 1.64 7 15 26.9 0.93 IS 105 93 .4 1.19 11 130 120.3 1.91 

Direct Connections 14 55 101.2 0.54 11 53 61.S 0.86 2 10 18.6 0.35 2 30 29.9 1.00 16 65 119.6 0.50 13 83 91.4 0.91 2' 148 221.2 0.67 

Buttonhook Ramps 62 77 120.& 0.64 €7 Ill 115.l 0.96 129 188 135.9 0.80 

Scissor Ramps 3 8 9,i 0.88 8 17 18.3 1.48 11 35 27.4 1.28 

TOTALS 264 418 7118.6 0.59 168 619 710.3 0.89 91 191 316.9 0.60 98 364 338.9 l.07 356 609 1025.5 0.59 366 993 1049.1 0.95 711 1643 1074.7 0.79 

~Aafde i!IS OUUtf l!llOll COll<clOI OloU llMJIOI RO>C< 
~If I/to C10$Slo>d ClllSSOS UOl!u lilt lretw>y '"''" line), Ille"""~· mocl•ltd Wilb .. '"""''"~Shi&. II Ille tros,<load CIOl$tS"""' Ille k....-.y (llLlln llne1 lllC ...... Q>SOi: i>lfl! "ltb .. over=lna. 
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Ramp Types 

Figure 22. Accident rates by ramp types (total of on and off). 

ramp volumes. However, it is felt that this decrease is not entirely attributable 
to the volume as such because the ramps that carry high volumes were designed 
to carry these volumes and, therefore, generally have better design standards than the 
low volume designs. An attempt was made to correlate accident rate and traffic vol
umes for each of the 10 ramp types, but the experience (MV) for each average daily 
traffic (ADT) group was too small. This attempt ended in extreme rate fluctuations and 
a trend was not observed. 

EFFECT OF GEOMETRIC FACTORS 

Ramp Type 

The accident rates calculated for the 10 basic types of ramps are listed in Table 10. 
The diamond ramps have the lowest over-all rate (0. 53 Acc/MV). The direct con
nections and the cloverleaf ramps and loops with collector-distributor roads have rates 
between 0. 6 and 0. 7 Acc/MV. The buttonhook, trumpet and cloverleaf ramps without 
collector-distributor roads and the loops without collector-distributor roads have rates 
between 0. 8 and 0. 9 Acc/MV. The scissors and left side ramps have the highest rates 
(1.28and1.91, respectively). Figure 22 is a bar graph illustrating the over-all rates 
for each ramp type. 

The accident rate calculated for the scissors type ramps is probably not as accurate 
as the rates calculated for the other ramp types because (a) the sample is small in 
comparison with the other types, and (b) it is difficult to determine the actual number 
of accidents that occurred. The scissors type ramp is normally crossed by a facility 
that is not maintained by the California Division of Highways. The reports of the 
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TABLE 11 

COMPARISON OF RAMP ACCIDENT DATA 

Los Angeles Data This Study 
Type 

No. of Ace MV Acc/MV Acc/MV Ramps 

On-ramps 140 147 272 0.54 0.59 
Off-ramps 134 252 244 1. 03 0.95 

Total 274 399 516 0.77 0.79 

accidents that occurred at these crossings wer e not always available. An attempt was 
made to obtain accidents reports from other agencies but it is difficult to determine 
the completeness or reliability of the records. In any case, the calculated rates shown 
are probably low rather than high. 

On scissors ramps, the primary concentration of accidents occurs at the scissor or 
cross - over (ramp with local road) facility. From reading the reports, it was apparent 
that the collisions usually involve faulty judgment on the part of the frontage road 
drivers as to the ramp vehicle's speed of approach. This is true for both the on-ramp 
and off-ramp situation. 

The ramp type accident rates shown in this section and in Table 10 are average rates 
for the ramps only. The rates or relative magnitude of the rates do not necessarily 
reflect the relative safety of various interchange types; e.g., the diamond ramp has a 
lower rate than the cloverleaf ramp and loop, but this does not mean that diamond inter
changes are necessarily safer than clover leaf interchanges. The reason is that this 
ramp study shows the rates for ramp accidents only and does not include the crossroad 
accidents and the freeway mainline accidents within the interchange area. It is quite 
possible, for instance, that there may be a greater number of accidents on the cross
road with diamond interchanges (due to left-turning vehicles), than with cloverleaf 
interchanges, and that this difference in accidents on the crossroad is greater than the 
increase in accidents on the cloverleaf ramps and loops. 

On-Ramps vs Off -Ramps 

Table 10 also has an on-ramp vs off-ramp breakdown. The on-ramps as a group 
have an accident rate of 0. 59 Acc/ MV, which is 38 percent lower than the off-ramp 
group (0. 95 Acc/ MV). These rates are similar to those obtained in another study by 
the Los Angeles District of the California Division of Highways in 1962, using 1961 data 
for the following freeways in the Los Angeles area: 

1. LA-11-Harbor Freeway (Milepost 1. 7 to 23. 7)-the 22-mile portion between the 
beginning of the freeway in Wilmington and the 4-level structure. 

2. LA-110, 10-SanBernardino Freeway (Milepost 0. 0 to 0. 7 on Route 110; Milepost 
18. 4 to 26 . 8 on Route 10)-the 9. 1-mile portion between the Santa Ana Freeway and 
Rosemead Boulevard. 

3. La- 101 - Hollywood Freeway (Milepost 1.6 to 11.4) - the 9.8 - mile portion between 
the 4- level structure and the Ventura Freeway. 

4. LA-101-VenturaFreeway (Milepost 11.4 to 21.7)-the 10. 3-mile portion between 
the Hollywood Freeway and the Wilbur Avenue undercrossing. 

The data are summarized in Table 11. It is interesting to note that the on-ramp 
rates are consistently lower than the off-ramp rates even when the ramps are split by 
type. The trumpet ramps are an exception with both the on- and off-ramp rates ap
proximately 0. 85 Acc/MV. 

Figure 23 shows the accident rates by ramp type for both on- and off - ramps. Both 
the scissors and left side ramps have a large difference in on-ramp vs off-ramp rates. 
The ramps and loops with collector-distributC¥" roads are not shown in this figure 
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Figure 23. Accident rates by ramp type. (On-off split not shown because collector road accidents 
cannot be charged to either.) 

because the accidents that occurred on the collector-distributor roads cannot be charged 
to the total or combination of the two. 

Overcrossing vs Undercrossing 

If a ramp grade approaches the main line from some level above the main line, the 
ramp is associated with an overcrossing. With this arrangement, an on-ramp vehicle 
will be on a downhill grade relative to the main line when using an overcrossing 
facility. The off-ramp vehicle will be on an uphill grade relative to the main line. 

If the ramp grade approaches the main line from some level below the main line, the 
ramp is associated with an undercrossing. The undercrossing situation places the on
ramp vehicle on a relative upgrade and the off-ramp vehicle on a relative downgrade. 

Table 10 has an undercrossing vs overcrossing breakdown. Overall, the on- ramps 
seem to have the same rates for both the downgrade (0. 59 Acc/MV) and upgrade (0. 60 
Acc/ MV) situations. The uphill off-ramps have a combined rate of 0. 89 Acc/ MV 
compared to a rate of 1. 07 Acc/MV for tlle downhill ramps. The difference in off-ramp 
rates may be due to the gravity aid in deceleration in the case of the uphill off-ramps. 
Gravity, of course, hinders deceleration when the grade is downhill. It is true, how
ever, that many of these ramps are on a true flat grade and the main line has a down
hill grade. At attempt was made to sort those ramps with a true uphill or downhill 
grade. However, only a few actually possessed level grades and the rates were ap
proximately the same. 
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TABLE 12 

RAMP CURVATURE 

Ramp No. of Ramps Ace MV Ace 
Rate 

On-ramps 
Straight 180 282 524.5 0.54 
Curved 150 229 335.2 0. 68 

Off-ramps 
Straight 188 420 536.0 0. 78 
Curved 142 258 310.1 0. 81 

Total on and off 
Straight 368 702 1060.5 0. 66 
Curved 292 487 645. 3 0. 75 

Ramp Curvature 

T able 12 was compiled by grouping the r amp types in Table 10. The diamond and 
cloverleaf (with or without collector - distributor1

) ramps were consider ed basically 
s t raight. The loops (with or without collector- distributor 1

) along with the trumpet and 
buttonhook ramps were taken as basically curved. The scissors and left side ramps 
along with the direct connections were omitted from the tabulation because they are not 
basically straight or curved . It should be noted that the table represents a mere gen
eralization since the standards for straight or curved are not rigidly set and there is 
some deviation within the ramp types. The generalization made in classifying ramp 
curvature by ramp type undoubtedly has caused a decrease in the difference in rates 
for the curved vs straight ramps. 

The results of this tabulation show that the straight ramps have a 12 percent lower 
overall (on and off) accident rate than the curved ramps. The straight off-ramps have 
only a 4 percent lower rate than the curved off-ramps. 

It might be suspected that the difference in the on-ramp and off-ramp rates would be 
due to the difficulty in negotiating the off-ramp turns. Table 12 does not bear this out, 
but other investigations (discussed later) show slight trends in this dir ection. 

Location of Ramp Accidents 

The accident data available for the group A 2 ramps were such that a breakdown by 
merging area was possible. A merging area is defined as the area between the ramp 
gore nose and the end of the speed change lane taper. The ramp area is behind the 
gore nose and on the ramp itself. 

Table 13 is a percentage breakdown of accidents occurring in the merging area and 
in the ramp area. The point of impact determined the area in which the accident was 
assigned. Undoubtedly some of the accidents assigned to the ramp area were actually 
caused by some disturbance in the merging or diverging area. An example would be an 
accident caused by a vehicle r unning into the rear of another vehicle , which was stopped 
because of freeway congestion. If an accident occurred in the merging area but was not 
caused by a merging movement, it was excluded from the study. 

Table 13 shows an on-ramp accident split of about 52 percent merge and 48 percent 
ramp. The off-ramp split is about 44 percent diverge and 56 percent ramp. 

Table 14 is the result of splitting the accident rates from Table 10 according to the 
percentage in Table 13. The loops with collector-distributor roads and the scissors 
ramps are missing because the group A ramps did not contain ramps of this type. The 
trumpet, left side and cloverleaf ramps without collector-distributor samples are also 

1The accidents that occurred on the collector road were omitted in this tabulation. 
2The sections listed in the Appendix are designated either A or B. The form in which the accident 
data were available allowed a precise accident location for the A section ramps. 
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TABLE 13 

MERGING AND DIVERGING ACCIDENTS VS RAMP ACCIDENTS-GROUP A RAMPS 

Number of Accidents 

ON OFF TOTAL 

Merie Ra.., Total Dive1ge Ramp Total 
Mar_p.& 

Ramp Total Type of Ramp Diverge 

D!Zmmd. Rarn~ 17 18 35 22 33 55 39 51 90 

Trumpel Ramps 2 0 2 • 2 6 6 2 8 

Clove1lul Rep.s wl'IM\lt 

Collitetot DIUJlbuCOI 
21 14 40 15 36 51 -0 50 91 

Cloverleaf Ramps with 

Collector OIJlllbutor 
2 4 6 9 5 14 II 9 20 

Loops wlthoul 

Collector Distributor 
13 17 30 4 12 16 17 29 46 

Loops wllh.Jl - NA - - NA - - NA -Collector Distributor 

Left Sida Ramps 2 9 II ii 50 131 83 59 142 

Direct CoMections .. 11 27 14 21 35 30 32 62 

Bultonhook Ramps 18 15 33 6 40 .. 26 55 81 

Scissors RampsJ.I - PIA - - NA - - NA -

Total Ramps .. 88 184 157 199 356 253 287 540 

JJ Thi loop• with colleotor-di1ttlbutor roods and the 1ci11or1 ramps ore mlHln9 
becauH the 110roup A .. romps did not contain romps of this type. 

TABLE 14 

ACCIDENT RATES: MERGING VS RAMP 

ON RAMPS OFF RAMPS 

ON 

Merge 

4U!I 

100 .. 

65.0% 

33. J'li 

43.3% 

-
18,2% 

59 .3% 

54,5'11 

-

52.2'6 

3 SpHt(l> Acc. Rates 3 SpUtl1> Acc. Rates 

Merrie Ramp Tota1'(2 Merge Ramp Merge Ramp Tota1!2) Merge Ramp 

Diamond Ramps 49 51 0. 40 0.20 0.20 40 60 0.67 0.27 0.40 

Trumpet Rlinps 100 (~) 0 0.6if OJ14 0,00 61 (~) 33 0.85 0.57 0.28 

Cloverleaf Ramps without 

Collector Dlsl1lbulor ~' 35 0.72 0,47 0.25 29 71 0.95 Q.28 0.67 

Clovarlsaf Ramps wilh (3) (3) 

33 67 0. 45 OJ5 0,30 M I 36 0.62 0.40 0.22 
Collector Dlslfibuto1 

Loops without 
() 

43 57 0.78 0.34 0.44 25 75 0.88 0.22 0,66 
Collector Distributor 

Loops with 

ColleclOJ Distributor N. A. 

Left Side Ramps 18 IJ 82 0.93 0.17 0,76 62 38 2.19 l.36 0.83 

Direct Connections 59 41 0.50 0,30 0.20 40 60 0.91 0,36 0.55 

Buttonhook Ramps 54 46 0.64 0.35 0.29 17 83 0.96 0.16 0,80 

Sc issors Ramps N, A. ...... 
Total Ramps 52 48 0.60 0.31 0,29 44 56 0.86 0.38 0 ,48 

(l)From Table 2; (2)From Table 3; (l)Calculated from very weak sample 

3 of Total Aceid,,nts 

OFF TOTAL 

Ramp Diverge Ramp 
Merge & 
DJ Verge Ramp 

Sl.4t> 40.0S 60.0% 43~3* 56.7t) 

- 66.7% 33.3% 75.0'! 25.0% 

35.0% l9 4% 70.6% 45.1% 54.99' 

66.7% 64.3'1 35.7t:. 55.0% 45.0'I 

56.7" 25,0% 75.0% 37.0% 63.0% 

NA - NA - NA 

81.81f!i 618% 3q% 58.5% 41 . 5% 

40.7% 40.0"' 60.0" 48.4% 51 .6" 

45.5% 16.74 83.,3% 32.1% 67 .9~ 

NA - NA - NA 

47.8"' 44.1'6 55,94 46 .9% 53.1'6 

TOTAL ON+OFF 

3 Split11l Acc. Rates 

...... Ramp Tota112) Me•Re Ramp 

43 57 0.53 0.23 0.30 

75 25 0.85 0.64 021 

45 55 0.84 0.38 0,46 

55 45 0.61 0.34 0.21 

37 63 0,83 0.31 0.52 

N.A. 

56 " 1.91 1.11 0.80 

48 52 o. 67 0.32 0.35 

32 68 0.80 0.26 0.54 

N. A . 

47 53 0:78 0~37 0.41 
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TABLE 15 

STANDARDS FOR LENGTH OF SPEED CHANGE LANES-SUPERSEDED PRACTICE 

HIGHWAY DE:;IGN SPEED (V) M.P.H . 

40 50 60 

Average Speed of Travel (0.7V) 28 35 42 

TAPER-FEET 

DECELERA'I'ION 120 150 180 

ACCELERATION 180 240 270 

Turning Minimum DECELERATION LANE-FEET 
Speed Curve Radius - Including Taper -

20 100 140 230 300 

30 200 120 150 240 

40 400 120 150 180 

50 600 150 180 

ACCELERATION LANE-FEET 
- Including Taper -

20 100 180 410 750 

30 200 180 240 510 

40 400 180 24o 270 

50 600 240 270 

very small. The results are in accordance with the analysis of single vs multiple ve
hicle; i.e., the primary difference in on-ramp and off-ramp accident rates lies in the 
increase in the accidents on the off-ramp proper. 

Table 14 also shows that although the left side off-ramps experience most of their 
t r ouble in the diver ge ar ea, even the ramp proper possesses a higher rate than any 
other type ramp. (The on-ramp sample is too small to be reliable.) The buttonhook 
off-ramp seems to have an extremely good diverging rate and the ramp proper is re
sponsible for the majority of the accidents. This is not true in the case of the button
hook on-ramps where the merge area has a higher rate than the ramp. 

Acceleration Lane Length 

Acceleration lane length is measured from the on-ramp gore nose to the point where 
the acceleration lane taper is 3 ft wide (Figs. 2, 24, 25). Present California practice 
provides for over 900 ft of acceieration lane and this appears to be quite adequate. 

The acceleration and deceleration lengths of most ramps included in this study were 
based on the old AASHO standard, which based these lengths on distances required to 
accomplish the speed change between 70 percent of the freeway design speed, and the 
maximum safe speed of the ramp curve at the ramp nose (Table 15 and Fig. 24). Cal
ifornia standards have since been made considerably more generous (Fig. 25). The 
old practice provided variable acceleration lengths, whereas the present practice pro
vides a single standard length. Table 15 does, however, represent minimum standards, 
and actual lengths frequently exceeded the 750 ft shown in the table. 

T able 16 and F igures 26 and 27 illustrate the r esults of an investigation involving the 
group B on-ramps plus 13 other on-ramps located near Ontario on the San Bernardino 
Freeway. During the study period, the 13 ramps had extremely short acceleration 
lanes and extremely high accident rates. ThE ramps are basically of the diamond type 
and the entrance speeds (speed at the gore nose when entering the freeway) are approxi
mately 40 mph. The 13 on-ramps experienced a rate of 3. 32 Acc/MV during the 
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TABLE 16 

RAMP ACCIDENT RATE VS RAMP ACCELERATION LANE LENGTH 

Speed @ Nose .. Olo 25MPH 30 lo 35 MPH 40 lo 50 MPH TOTALS 

Acce leration Lenglh , A:~·PS 
. ,. ... ... 

" ll ATE 
. .. ... 

"' M V lllAT[ ""' "' MV ll ATE ACCEL . fl AMP!I "' " ' RATE ACCE L ll AMP I "' M V. A( C[ l llAMPS ACCEL 
tu•ni t..Cllilh Ul((llll u111•-·~ 

O· 100 ft. 

101- 200 4 5 9.3 0.54 190 5 24 8.0 3.00 184 9 29 17.3 1.68 187 

201 • 300 5 13 8.6 1,51 258 17 73 37.3 1,96 2" 22 86 45 .9 1.87 267 

301 • 400 4 14 12.3 1.14 385 3 7 4.5 1. 56 363 8 29 21.2 1,37 367 15 50 38.0 1.32 371 

401 • 500 G 6 14~7 0.41 460 3 13 lOJ 1. 21 480 8 28 21, l 1,33 456 17 " 46.S 1 .. 01 '62 

501 • 600 9 24 24.l l.00 570 22 26 43.5 0.60 54_8 27 41 74.0 0.55 568 58 91 141.6 0.64 561 

601 · 700 9 13 15. l 0.86 671 9 26 32.0 0.81 662 18 28 73.8 0,38 658 36 67 120,9 0,55 662 

701 • 800 12 19 21.1 0.90 743 5 20 12.2 1.64 736 12 29 39.7 0.73 740 29 68 73 .0 0.93 740 

801. 900 2 1 2.2 0.45 875 3 5 9.4 0.53 867 10 4 6.4 0.63 875 15 10 18.0 0.56 873 

901 · 1000 4 0 1.9 0 973 2 3 4.7 0.64 955 3 1 11.8 0.08 930 9 4 18.4 0.22 954 

1001- 1100 2 1 l .O 0.83 1040 2 10 28.6 0.38 1060 4 II 29.6 0.37 1050 

1101 • 1200 2 5 13.9 0.36 1200 l l 2.0 a.so 1200 3 6 15.9 0.38 1200 

1201 · 1300 2 1 3.0 0.33 1280 2 l 3.0 0.33 1280 2 1 3.0 0.33 1280 

1301·1400 1 0 3.6 0 1400 1 0 3.6 0 1400 

1401- 11100 

1501 · 1600 

1601. !700 1 2 5.7 0.35 1660 1 2 5.7 0.35 1660 

1701 - 1800 1 3 5.3 0.57 1800 1 3 5.3 0.57 1800 

1801- 1900 1 l 2.1 0.48 1900 1 0 0.5 0 1840 2 1 2.6 0,39 1870 

1901- 2000 4 3 16.0 0.19 1938 4 3 16.0 0.19 1938 

200} - 2100 1 3 4.4 0.68 2080 l 3 ... 0.68 2080 

2101 • 2200 2 l 4.9 0.20 2130 2 1 4.9 0.20 2130 

2400 1 6 6.4 0.94 2400 1 6 6.4 0.94 2400 

2520 l 2 5.5 0,36 2520 l 2 5.5 0.36 2520 

Full Lanes l l 0.7 1.43 ,.~~~ 1 l Q.7 1.43 •U LI. 10 25 68.7 0.36 .. llf..-1,. 12 27 70.l 0,39 u;~~ ... ... 
TOTALS 60 98 114.0 0.86 51 107 133.7 0.80 134 313 444.9 0.70 245 518 692 .6 0.75 

1959-1961 period. These ramps have, therefore, been omitted in the main body of this 
study because the accident rates due to the short acceleration lengths would bias the 
sample of diamond ramps. They were included in this portion of the study because the 
acceleration lane length is the variable being examined. 

The safe entering speed was first determined for each on-ramp by driving the ramp 
several times and observing the entering speed. Three speed groups were used: {a) 
0-25 mph at the nose; {b) 30-35 mph at the nose; and {c) 40-50 mph at the nose. 

Table 16 is a tabulation of the ramp data by speed group. It arrays the ramps in 
order of increasing acceleration lane lengths. The average rate shown in the table 
(0. 75) is higher than shown in Table 10 because the 13 extra ramps {with short accelera
tion lanes) have high rates. 

Figures 26 and 27 show the accident rate vs acceleration lane length curves. The 
curves are free-hand fits in which an attempt was made to give more weight to the large 
MV values and less weight to the small MV values. 

The average on-ramp rate (0. 59 Acc/MV) from Table 10 was plotted to show that: 

1. Below average accident rates can be expected on ramps with acceleration lanes 
greater than 750-800 ft. 

2. If the acceleration lane is less than 750-800 ft, the ramps with the high entrance 
speeds can be expected to have higher accident rates than those with low entrance 
speeds. 

Off-Ramp Geometry 

Off-ramps have higher accident rates than on-ramps, and the higher rate is pri
marily due to accidents which occur on the ramp proper rather than in the diverging 
area. Figure 28 is the result of an attempt to relate various off-ramp characteristics 
to the off-ramp accident rate. The figure shows that straight ramps {zero central 
angle and infinite radius) have the lowest rates. Those ramps with long {900 ft or more) 
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deceleration lengths seem to have lower rates than those with shorter deceleration 
lengths. Table 15 and Figure 24 show the old deceleration lane standards and Figure 25 
shows the new standards. 

The distance used as the deceleration length was all the available tangent distance 
from where the deceleration off-ramp taper became 12 ft wide (Fig. 24) to the beginning 
of the first ramp curve. If no curve exists on the ramp, such as is the case with some 
diamond ramps, the distance was measured to the end of the ramp at the crossroad. In 
the case of cloverleaf loops, the distance between the on-ramp loop nose and the off 
ramp loop nose was considered to be available for deceleration. If a collector-distri
butor road was available, the distance between the nose of the right turning off-ramp 
at the collector road to the off-ramp loop nose was considered to be available for de
celeration. 

The short radius, large central angle ramps seem to have lower rates than the 
ramps with medium range radii and central angles (Fig. 28). This is perhaps a case 
where the tight turns appear as an obvious hazard to the drivers and they take the nec
essary precautions, whereas the medium range curves do not appear dangerous and the 
driver does not compensate. 

This analysis is based on a simple, one independent and one dependent variable 
technique. All of the off-ramps were arrayed in some sequence of an independent 
variable (radius, delta, etc.) and the bar graphs were constructed by calculating the 
dependent variable (accident rate) for predetermined groups of the independent variable. 
An attempt to unite combinations of independent variables produced extremely small 
samples and resulted in large accident rate fluctuations (Fig. 29). An analysis through 
the use of multiple regression techniques could prove beneficial in this area . However, 
larger and more detailed samples would be necessary to obtain reasonable accuracy 
from the program. 

At this point we might, at best, say that the large radii, small central angles, and 
long deceleration lengths appear to provide the safest ramp designs. 

SUMMARY 

During a period of approximately 3 years, the 722 study ramps experienced 18 per
cent (1, 643) of the accidents occurring on the freeways which they served. During this 
period , the ramps carried over 2 billion vehic les . 

Most of the ramps had very few accidents. In fact, of the 722 ramps studied, 232 
(32 percent) of them were accident-free. No design differences were noted between the 
accident-free ramps and those ramps with accidents. 
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TABLE 17 

ACCIDENT RATES (ACC/MV) 

Ramp Type On Off On+ Off 

1. Diamond ramps 0. 40 0.67 0.53 
2. Trumpet ramps 0. 84 0.85 0.85 
3. Cloverleaf ramps without 

collector-distributor roads 0.72 0.95 0.84 
4. Cloverleaf ramps with 

collector-distributor roadsa 0.45 0.62 0.61a 
5. Loops without collector-

distributor roads 0.78 0.88 0.83 
6. Cloverleaf loops with 

collector -distributor roadsa 0.38 0.40 0.69a 
7·. Left side ramps 0.93 2.19 1. 91 
8. Direct connections 0.50 0.91 0.67 
9. Buttonhook ramps 0.64 0.96 0.80 

10. Scissors ramps 0.88 1.48 1. 28 

Average 0. 59 0.95 0.79 
0 0nly the On +Off rate includes the accidents occurring on the collector-
distributor roads. 

The ramp accident severity ratios are approximately the same as those associated 
with the freeway main line, i.e. , 1. 8 percent fatal, 42. 9 percent injury and 55. 3 per
cent property damage only. 

Table 17 gives the average accident rates, as calculated for the ten basic ramp types. 
Off-ramp rates are consistently higher than the on-ramp rates. The off-ramps 

have more single vehicle accidents, and these accidents produced the primary difference 
between the on-ramp and off-ramp accident rates. 

These average accident rates are also subject to certain variations. If the ramps are 
associated with an overcrossing, they may be expected to have slightly lower rates, 
especially the off-ramps. If they are associated with an undercrossing, the rates may 
be slightly higher. 

Accidents on ramps , especially off-ramps, have a greater proportion of single ve
hicle involvement than accidents on the freeway mainline. In fact, approximately half 
(51 percent) of the off-ramp accidents are single vehicle accidents (vs 38 percent of 
freeway mainline accidents). The primary factor in the difference in rates between on
ramps (O . 59 Acc/MV) and off- ramps (0 . 95 Acc/ MV) is t he s ingle vehicle accident r ate 
(0 . 18 Acc/ MV for on-ramps and 0. 48 Acc/ MV for off-ramps) . 

About 64 percent of all freeway fixed objects are located in the ramp areas. About 
36 percent of these fixed objects occur adjacent to off-ramps and about 28 percent are 
adjacent to on-ramps. These fixed objects are involved in 42 percent of the off-ramp 
accidents and 22 percent of the on- ramp accidents . 

Signs generally are placed in the most vulnerable locations (in the gore nose and on 
the outside edge of curves) in both the on- and off-ramp situations. Piers, abutments 
and bridge rails are more exposed to the off-ramp vehicle than to the on-ramp vehicle. 
Light standards have a low accident involvement, and this is probably because they are 
no longer placed on the outside portion of curves. 

Nighttime accident rates are normally higher than daytime rates. However , the 
increase in nighttime rates for ramps (generally illuminated) was less than the increase 
on freeways (generally not illwninated). This would indicate that lighting is beneficial. 
It is difficult, however, to determine exactly how much of this decrease is attributable 
to the lighting. 

An investigation of ramp average daily traffic as related to ramp accident rates 
showed a decrease in accident rate with an increase in daily traffic. However, it is 
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felt that the decrease is not entirely attributable to the volwne as such but rather to the 
better design standards of the high-volwne ramps. 

On the average, about 52 percent of the on-ramp accidents occur in the merging area 
(adjacent to the main line) and about 44 percent of the off-ramp accidents occur in the 
diverging area . 

On the accident per million vehicle basis, it was found that the off-ramp diverging 
rates are only 23 percent higher than the on-ramp merging rates, whereas the accident 
rates for the off-ramps proper (from the gore nose to the cross-street terminal) are 
65 percent higher than for the on-ramps proper. In other words, accidents on the 
turning roadways are primarily responsible for the difference. 

On-ramps with acceleration lane lengths greater than 800 ft can be expected to have 
below average accident rates. If the acceleration lane is less than 800 ft, the rate will 
probably be greater than average, especially if the geometry upstream of the nose is 
such that a high- speed approach is possible. 

The off-ramps with the long (900 ft +) deceleration lane lengths have lower rates 
than the ramps with shorter deceleration lengths. The short radius, large central 
angle curved off-ramps seem to have lower rates than the ramps with median range 
radii and deltas. This is perhaps a case where the tight turns appear as obvious 
hazards to the drivers and they take the necessary precautions, whereas the mediwn 
range curves do not appear dangerous and the drivers do not compensate. The straight 
ramps have lower rates than any of the curved classifications. 
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Appendix A 

LOCATION OF GROUP A RAMPS 

On Ramps Off Ramps Total Romps 

Sec.

1 

Freeway I Study I Location Ace ACC 
No o'. I I IAc c No of No of 

No. Name Period Ramps Ace M V M'I RampS Ace M V Mv Ramps Acc . M. v. M V 

lA I Montgomery I l958-19S9-1960 I 
SD~5-SD,Ch\/, G, NatC 

Son Ysidro Jct. to S. C. L. of Notional City 22 23 ll.4 G.73 21 28 28.0 1.00 43 I s1 I s9.4 I o.86 

SD-S-S D 
5 I 10 I 29.6 I 0.34 2A I Balboa Bypass I 1958-1959-1960 I 1 mile South 10 0,65 mil• North of Bolboo Ave , 2 4 IS.6 0 26 3 6 14,0 0.43 

LA-7-LBch , A,Com,Lyn, SGt 
I 21 3A I Long Beach I 1958-1959-1960 I Pocific Coo s t Hwy . to Atlontic: Ave , 16 16 56 5 0,28 17 57.8 I0.47 I 33 I 43 I ll4.3 I 0.38 

LA-11-LA 

4A I Pasadena I 1958-1959-1960 
I 4-Level Structure to Jct. lnters1ote 

5 (Golden Stene Fwy.) 9 I 40 I 63 .2 I0.63 I B 1147 I 62.6 12.36 I 17 I 1B7 1 125.B I 1.49 

LA-11-LA 
SA I Pasadena I 19SB-19S9-1960 I Jct, Interstate 5 (Go lden Gate Fwy.) to Ave . 64 I 0 I ol 0 l o I 4 I s I 1s .2 I0. 33 I 4 I 5 I 15 .2 I0. 33 

LA-11-LA,SPos 
I I I 1 ,5 I 0 ,13 I I 5 I ll . B lo.42 I I s I 1• 3 10. 31 6A Pasadena 1958-1959-1960 Ave. 64 to Orange Grove Ave , I I 5 6 

Tul -99-F 
7 A U.S. 99 195B-19S9-1960 Visclio Airpo rt lnterchong• to 

1 mile No. of Goshen 
I 7 I 10 I 6.2 11.61 I B I 10 I 5.3 l1.B9 I l5 I 20 I lLS I 1.74 

Son-101-F, C 

BA I Petaluma I 1958-1959-1960 I 
2.23 mile No of Morin Co, Line to I 21 I B I 13. 9 lo. SB I 20 I 20 I 12.3 l!.63 I u I 28 I 26.2 I 1.01 S.C. L4 o f So,,to Roso 

9A I Bayshore I 195B-1959-1960 I ~;~~:~~~d . to N ~C.L. of South Son Fronc:isc:o I 28 I s1 110.0 lo.52 I 31 I 11 I 113.3 I o.68 I 59 I 134 !22u I G.60 

SM,SF-1 01-F;SF 
IOA I Bayshore I 195B-1959- l960 J N.C. L. of South So,, Fro,,c:isc:o to 

3rd St~ in Son Fronc:isc:o I 2 I 9 I 12.2 lo .74 I 2 I B I 10.6 I0.75 I 4 I 17 I 22.B I 0.75 

ll A I Colorado I 195B-19S9-1960 I 
LA-134·LA , Pos,SPas 

I Eagle Visto Drive to Holly St. 5 I 4 I 22 ,3 I O,I B I s I o I l B.l I 0.33 I 10 I 10 I 40.4 I 0.25 

12A I Castro Valley Link I 19SB-1959-l~O I 7e~-~~:.·!1;': J7 tE01uhor• Fwy ,) to 
Jc•. '"'"'.ro le SSC 

I 4 I 2 I 10 3 10. 19 I 5 I 12 I 12.2 I o.9B I 9 I 14 I 22.5 I o.62 

SCl,Alo-680 ·SJs,A; Fmt 

13A I Nimitz 1958-1959- 19£0 
lriterstote 101/680 Seporotion to 
Warm Sprin gs Se porotion 7 10 11.B 0.BS B s 9.4 0.53 15 ll 21 .2 0.71 

Tota ls 124 184 l 367.1 0.50 137 356 370.6 l o.96 251 540 737. 7 0.73 



Sec. 
No 

IB 

2B 

3B 

4B 

SB 

6B 

7B 

BB 

9B 

IDB 

llB 

12B 

l3B 

14B 

!SB 

16B 

179 

!BB 

19B 

Freeway Name 

Golden State 

Long Beach 

Lone Beach 

Long Beach 

San Bernardino 

San Bernardino 

San Bernardino 

Warren 

Riverside 

Ri verside 

Los Gatos 

Central 

1-94 

Bayshore 

Veritura 

Roseville 

Escor.dido 

Escondido 

San Diego 

Totals Group .. B" Ramps 

Totals Group "A'" Ramps 

Study Period 

1959-1960-1961 

1959- 1960-1961 

1959-1960-1961 

1959-1960-1961 

1959-1960-1961 

1959-1960-1961 

1960-1961 

1960-1961 

1960-1961 

1960-1961 

1960-1961 

1960-1961 

1960-1961-1962 

1959-1960-1961 

1959-1960-1961 

1959-1960-1961 

1959-1960-1961 

1959-1960-1961 

1959-1960-1961 

Collector - Distributor Road Accidents 

Grand Totols Group "A" and "s" Romps 

Appendix B 

LOCATION OF GROUP B RAMPS 

Location 
I LA;~>~IA;~~A 

Glendol• Blvd. to Burbank Blvd. 

LA-7-Com, A, Lyn, SGt. 
Atlantic Aveo, To F ir•ston e Blvd. 

LA-7-Bell, B, Ver 
Firestone Blvd . to No. Jct. Atlantk Blvd. 

LA-7-Bell, B, Ver, Cmrc 
No. Jct, Atlaritic Blvd. to Olympic Blvd. 

LA-10.Cla, Pam, C, W. Cov 
Citrus St, to Son Bernardino County Lin• 

SBd-10.Mc:I, Upl, Ont, D 
Los Angeles County Line to Live Oak Av•. 

SBd-10-D, Rio, Col 
Li ve Oak Aveo, to 5th St. in Colton 

Alo·l~Ook 

Redwood Rd. to ThcHnhill Rd. 

I ~~:f;t(J~~=~n';;'Li~~dto Jct. Interstate 10 and 
650 So. of MUL St , to Jct. Jntersto.te 1.5 
SBd-fS~F. Col, SBd 
Jct. Interstate 10 (San Bernardino Fwy . ) to 
1'501 So. of Mi I l St 

SCl-17,280-LGts, D, Cmb, SJs; D, SJs 
Santa Clora Ave . to the Alameda 

SF-80, 101-SF 
Jct. lnterstote 80 (Boy.shore Fwy) to Turk St. 

SD-94-SD 
West of 25th St, O.C. to E. of Palm Avr, 

SM-101-D, MIP, RdwC 
Santo Claro County Line to Bronst•n Rd . 

LA-101-LA 
Jct. Interstate 405 (San Diego Fwy) to LoUi se Ave . 

Sac; Plo-160; 160, 80-B; A,A, Rsv 
Howe Av• , to Atlantic St, 

SD-395-SD 
Approx. 0-1 mile No. of Ash St. to GennH Ave. 

SD-395-SD 
Genesee Ave, to Clairmont Mesa Blvd. 

~o of 
Ramps 

16 

15 

16 

15 

17 

23 

26 

11 

23 

16 

On Ramps Off Ramps Total Ramps 

Ace M V ~I No of I A e 
M V Ramp.s c MV Ace I No ofl Ace 

fiV Ramos M.V I ~e~. 

29 59.7 I o.49 17 29 57.4 I o.51 33 58 I 117.l l 0.51 

38 61.o I 0.62 15 43 58.6 I 0.73 30 Bl I 119.61 0.68 

15 27 .3 I o.ss 14 I 31.0 I o.45 13 29 I 58.31 0.50 

14 33.6 I 0.42 41 I 28.9 I 1.42 55 I 62.51 0.88 

30 I 30.3 I o.991 15 38 I 34.2 I 1.r1 I 31 68 1 64.51 1.05 

11 I 16.3 10.67 1 16 22 1 17.4 I 1.26 I 3 I 33 I 33.71 0.99 

8.9 I o.67 I 10 10 I 10.4 I 0.96 I 19 16 I 19.3 I 0.83 

2.7 I o.oo 3.4 I o.as 6J I 0.49 

22 24.3 I o.91 I 15 27 I 23.2 I us 32 49 I 47.51 1.03 

13.9 I o.36 37 r 14.7 I 2.s2 16 42 I 2B.6 I 1.47 

32 40.6 I o.79 I 19 39 I 39.6 I o.98 42 71 I 80.21 O.B9 

10 28.6 I o.35 30 I 29.9 I 1.00 40 I SB.S I 0.68 

44 61.0 I 0.12 I 25 79 I 64.6 I 1.22 SI I 123 I 125.61 0.9B 

25 39.5 I 0.63 I 12 34 I 38.4 I o.89 23 I 59 I 77.9 1 0.76 

20 25.3 I 0.79 42 I 24.4 I 1.72 12 621 49.7 1 1.25 

23 41.2 I o.56 I 21 21 I 37.o I 0.73 44 so I 78.21 o.64 

69 69.7 I o.99 I IS 63 I 79.5 I o.79 31 132 I 149.21 D.BB 

13 20.0 I o.65 33 I 25.7 I l.2B 11 46 I 45.7 1 1.0l 

LA-405-CIC, LA, A I 12 
Approx. 0.2 mile No. of. Venice Blvd , to Ovodo Pl . 

19 60.7 I o.31 I 13 26 I 60.3 I o.43 25 45 I 121. 1( 0.37 

232 I 425 I 664.6 I o.641 229 I 637 I 678.6 I o.94 I 461 I 1os21!3"32l o.79 

124 I 1s4 I 367.1 I o.soJ 137 I 356 I 370.6 I 0.96 I 261 I 540 I 737.71 o.73 

41 

356 I 609 11031 ,1 1 o .591 366 1 993 110492 1 0951 122 l 1643l206Ct!ll o.79 ......
co 



A Reevaluation of Group Driver 
Improvement Meetings 
W. C. MARSH, R. S. COPPIN and R. C. PECK, Research and Statistics Section, 

California Department of Motor Vehicles 

•IN October 1961 , the Research and Statistics Section issued a report titled "A Con
trolled Evaluation of Group Driver Improvement Meetings" (2), in which it was con
cluded that group driver improvement meetings as conductedin 1958 and 1959 were 
an effective means of post-licensing driver control. This group driver improvement 
meeting program is commonly referred to as the DIM program and throughout the re
mainder of the present report this terminology will be used. 

During 1962, a second experimental evaluation of the DIM program was undertaken 
in a continuing effort to evaluate the effectiveness of driver control programs within 
the California Department of Motor Vehicles. The present report presents some 
findings of this second study. 

Having a Driver Improvement Analyst (DIA) meet with several (usually 10 to 15) per
sons at once is a relatively inexpensive means of altering the driving behavior of per
sons in the negligent driver category. Since its inception in 19 58, the basic. outline of 
the group meeting has remained the same. In ge11eral 1 it is an attempt to "sell" safe 
driving to a group of negligent drivers with no action being taken against their licenses. 
This contrasts with the informal negligent operator hearing in which drivers are seen 
individually and which usually results in some action against the driving privilege. It 
was felt, however, that there were some changes over this period which could have 
influenced the effectiveness of the approach. The group meeting, at the time of the 
first study, was a tightly controlled experimental program, conducted by a small group 
of selected and specially trained analysts, whereas in 1962, it was a fully operative 
program and not immune to the pressures involved in the daily functioning of a state
wide operation. Because of these factors it was decided that the program should be 
evaluated more comprehensively. 

METHOD 

The meeting and control subjects were persons selected for driver improvement 
meetings on the basis of their area of residence and driving record. The criteria were 
that they had accumulated a total of four negligent operator points in the last year and 
had not been previously contacted by DMV as part of the negligent operator control 
program. To be scheduled for a DIM during 1962, a person must have resided in one 
of 4 metropolitan areas: Fresno, Los Angeles, Oakland, or Sacramento. Convictions 
for traffic violations involving the unsafe operation of a motor vehicle and each acci 
dent for which the driver is deemed responsible counts one point. Convictions for 
major offenses, such as reckless driving, drunk driving, hit and run driving, and 
driving under suspension or revocation count double. 

After selection, each driver was randomly assigned to the meeting or control group. 
Members of the meeting group were sent a notice of a driver improvement meeting 
-wnrre-m.eml'.iers of me con-rro1 group were not conUlcted tn any way. Tne dat<~ or me 
control assignment was recorded for each driver on his last abstract of conviction or 
accident report. 

At the time of the meeting, the driver ' s r esponse to t he DIM notice determined in 
which of the following categories he was placed: 

Paper sponsored by Committee on Highway Safety and presented at the 45th Annual Meeting. 
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TABLE 1 

AVERAGE NUMBER OF SUBSEQUENT ACCIDENTS AND 
CONVICTIONS BY TREATMENT GROUP 

Number of 
Average Average 

Group Subjects Number of Number of 
Accidents Convictions 

Control 610 0.23 1. 07 
Meeting, total 1,440 0.24 0. 95 

Appeared 855 0.26 0. 91 
Did not appear 512 0.23 1. 00 
Notices returned 73 0.22 0. 96 

TABLE 2 

AVERAGE NUMBER OF PRIOR ACCIDENTS 
AND CONVICTIONS BY TREATMENT GROUP 

Number of Average Average 
Treatment Group Subjects Number of Number of 

Accidents Convictions 

Control 610 0.49 3.74 
Meeting 1,440 0.36 3. 58 
Statistical z= 5.13a F= 13. 44a 

tests (df: 1; 2, 046) 

0
Significant probability of chance difference less than 1 in 1,000 (P<0.001). 

Note: For large samples U is distributed as z. 

1. Appeared category-subjects who attended the meeting. 
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2. Non-appeared category-subjects who did not attend and whose notices were not 
returned. 

3. Notice returned category-subjects who did not attend and whose notices were 
returned by the Post Office, indicating possible change of address, etc. 

Categories 1, 2 and 3 represented 59. 4 percent, 35. 6 percent and 5.1 percent of the 
meeting group, respectively. In this aspect the sample did not differ significantly from 
the expected values. Of the 3, 666 persons scheduled for the 238 DIM's held during 
1962, 59. 7 percent attended with 35. 0 percent falling in the non-appeared and 5. 3 per
cent in the notice returned categories. 

About 14 months after the meeting or control assignment dates, driver records were 
examined and the pertinent information was coded for analysis (Table 1). Limited 
clerical time permitted the coding of only random subsamples of 1, 440 and 610 cases 
from the meeting and control samples, respectively. All cases had license number, 
birth year, sex and marital status coded from the latest application on file. For the 
meeting group, additional data (such as date and place of hearing) were coded from the 
group meeting card. In the case of the appeared subjects, these data also consisted of 
such information as occupation, number of dependents, mileage, use of vehicle and 
driving experience. For the non-appeared subjects, the additional personal data were 
unavailable and therefore could not be coded. Since the control group subjects had no 
group meeting card, their locale was determined and coded from the abstract of con
viction containing their control assignment date. 
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Both number of accidents and countable convictions for the year prior and subsequent 
to the meeting or control date were recorded for each subject. The number of countable 
convictions was determined by the number of court abstracts of convictions on file at 
DMV headquarters that had at least one countable violation. For the prior year, failure 
to appear stops (FTA's) for countable violations were also coded as convictions; in the 
subsequent year, however, the FT A's and convictions were counted separately. In the 
event a subject fails to appear in court as promised at the time of his traffic citation, 
an FTA is attached to the subject's driver record. FTA citations have a high conviction 
rate on their eventual adjudication. The date of violation was used to place the con
viction in time, but if the violation date was not available, the date 14 days prior to the 
court action was used. Accidents were measured by the number of accidents reported 
in the subjects' DMV files, and the accident dates were determined from the reports on 
file. 

During a preliminary analysis of the data, it was determined that there was a dif 
ference between the age distributions for the meeting and control groups. (Throughout 
this study age is defined as the subject's age on his birthday in 1962.) The control 
group age distribution was then matched to the meeting group's. This was done sep
arately for males and females. After matching, no difference was found between the 
meeting and control groups on age, sex, locale or marital status. Small but significant 
differences in the prior driving records of the meeting and control groups were found of 
using a treatment by sex analysis of variance for convictions, and a Mann-Whitney test 
for accidents (see Appendix). However, this was attributed to the difference in the 
starting dates of the prior and subsequent years for the two groups. The control's 
selection dates were used to determine the interval of the periods, while the meeting 
dates were used for the meeting group. Because of delays in holding meetings, these 
two dates could vary as much as 2 or 3 months for subjects selected for the meeting 
and control group on the same day. For the meeting group, this results in a shifting 
of the prior and subsequent period forward in time. While not affecting the length of 
the periods considered, it did allow the meeting groups ' prior record to be affected 
more by regression toward the mean. 

What effect (if any} this time shift had on the subsequent driving record is unknown 
The average number of prior accidents and convictions for the meeting and control 
groups are given in Table 2. 

Although there was considerable overlap, there was also a difference in the months 
in which the meeting and control groups were selected. It was found, however, that 
within the groups there were no significant differences in the prior or subsequent rec
ords of subjects selected in different months. Therefore, it was concluded the dif
ferences in months of selection did not bias the results of the study. A between-groups 
comparison was not made because of the noncomparability of the prior records for the 
meeting and control groups. 

The major comparisons on each variable (convictions, accidents) are made between 
the contr ol and the entire meeting group (appeared, non-appeared, and notice returned), 
rather than comparing persons in the appeared category to the control group. The 
reasons for this approach are readily apparent when we consider the composition of 
the control group, and the possible differences among the appeared and control groups 
other than treatment effects. 

In the first place, we assume that if the control group had received a DIM notice, 
it would have the same proportion of subjects as the meeting group falling in the ap
peared, non-appeared, and notice returned categories. Also, even if the meetings had 
oo. eff~, tho~ persons who took the trouble to attend a meeting might differ from 
persons who did not, in respect to driving behavior. Since they cannot be identified in 
the control group, comparing only the appeared category from the meeting group to the 
entire control group might "stack the deck" against one of the groups. The same logic 
applies for the inclusion of the notice r eturned group (i.e., as a group, people who 
cannot be found by the Post Office might very well have different driving records than 
those who can) . 

From another standpoint, a comparison of the control group and the entire meeting 
group is not only scientifically correct but also very practical. If one were trying to 
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decide whether to continue or terminate the DIM program in its present form, it would 
be important to know the overall effect of the program. In other words , one would want 
to know whether the entire process of sending out notices and conducting meetings re
duced accidents and violations 1

• It would not be enough to know that accidents and viola
tions were reduced for those persons who attended the meetings, if accidents and viola
tions actually increased among persons who received the invitations but did not attend. 
Because of the importance of this consideration, the primary approach of this study has 
been to evaluate the DIM program as a whole, rather than to investigate only the effects 
of the meeting on those who attended. It should be noted, however, that we !rave made 
supplementary comparisons of the appeared, non-appeared, and notice returned groups, 
as well as a comparison of males, females and age groups. 

After tabulating the frequency distributions for each subgroup as well as the overall 
sample, the means (averages) were computed for each group and statistical tests were 
used to evaluate the significance of the differences found. All null hypotheses assumed 
no differences among the groups, with significance level at 0. 05, unless otherwise 
noted. 

RESULTS 

Accidents 

Regarding accidents, the only statistically significant difference among all the com
parisons was found between the average number of prior accidents for the meeting and 
control group. However, this was dismissed as an artifact of the previously mentioned 
"time shift" (Table 2). 

As for the subsequent driving performance comparisons, statistical tests indicated 
that all differences could be attributed to chance (Table 3). Thus, this study cannot 
provide any evidence that the program as presently conducted results in any overall 
reduction in accidents . 

In order to explore the possibility of the DIM program exerting a differential effect 
(interaction) on various segments of the population, the samples were broken down by 
sex (Table 3) and age (Tables 4 and 5). No difference in the program's effectiveness 
was found between sexes. In fact, for females the mean of accidents for the meeting 
group, though not statistically significant, is in the wrong direction. In addition, there 
is no compelling evidence that the DIM program was more effective with one age seg~ 
ment than another (Tables 4 and 6 and Appendix). 

An analysis of the meeting group by response categories (appeared, non-appeared, 
and no contact) only serves to reinforce suspicions as to the ineffectiveness of the pro
gram in reducing accidents (Tables 7, 8, and 9). Statistical tests (Kruskal-Wallis) of 
the differences among the 3 response categories did not detect any significant difference 
in the number of prior or subsequent accidents for males , females or both sexes com
bined. All other differences in prior accidents not related to the time shift were 

TABLE 3 

MEAN (AVERAGE) NUMBER OF SUBSEQUENT ACCIDENTS BY 
TREATMENT GROUP AND SEX 

Sex Control Meeting Test of Difference Probability of 
Group Group Between Groups Difference 

Total 0.23 0.24 z = 0. 06 p > o. 50 
Male 0.24 0.24 z = 0. 49 p > 0. 50 
Female 0.17 0.28 z = 1. 52 p > 0.10 

1The authors acknowledge the fact that there may be other practical considerations in the evaluation of 
the DIM program, such as its fulfillment of a need for administrative justification of subsequent actions 
based on a series of progressively more forceful departmental contacts. 
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TABLE 4 

MEAN NUMBER OF SUBSEQUENT ACCIDENTS BY 
AGE AND SEX 

Meeting Group Control Group 
Age 

Mean Standard Mean Standard 
Deviation Deviation 

Male, total 0.240 0.508 0.235 0.462 
Under 26 0.271 0.548 0.215 0.442 
26-40 0. 240 0.493 0.213 0.448 
41-tiO 0.203 0.480 o. 313 0.520 
Over 60 0.214 0.520 0.235 0.437 

Female, total 0.278 0.526 0.171 0.416 
Under 26 0.350 0.533 0.235 0.437 
26-40 o. 197 0.401 0. 154 0.464 
41-60 0.327 0.647 o. 174 0.388 
Over 60 0.222 0.667 

TABLE 5 

STATISTICAL TESTS OF THE DIFFERENCES IN 
THE NUMBER OF SUBSEQUENT ACCIDENTS 

AMONG AGE GROUPS BY SEX AND 
TREATMENT GROUP 

Treatment Male Female 

Group x2 Probability x2 Probability 

All cases 0.49 p > 0. 50 4.49 p > 0. 20 
Meeting 2. 91 p > 0. 40 2.99 p > o. 30 
Control 3.95 p > o. 25 1. 73 p > 0. 50 

Note: H is distributed as x2 for large samples. 

TABLE 6 

MEAN NUMBER OF PRIOR ACCIDENTS BY AGE AND SEX 

Meeting Group Control Group 

Age Standar d Standard 
Mean Deviation Mean Deviation 

Male, total 0.354 0.556 0.491 0.592 
Under 26 0.351 0.561 0.443 0.559 
26-40 0.372 0.576 0.494 0.608 
41-60 0.316 0.497 0.545 0. 614 
Over 60 0.357 0.577 0.529 0. 514 

Female, total 0.395 0.550 0.500 0. 613 
Under 26 0.600 0.591 0.412 0.618 
26-40 0.262 0.513 0.615 0.637 
41-60 0.365 0.525 0.391 0.583 
Over 60 0.556 0.527 0.750 0. 957 
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TABLE 7 

MEAN NUMBER OF PRIOR ACCIDENTS BY SEX AND TREATMENT GROUP 

Total Male Female 
Treatment Group 

Mean Standard Mean Standard Mean Standard 
Deviation Deviation Deviation 

Control group 0.492 0.596 0.491 0.592 0.500 0.631 
Meeting, total 0.358 0.555 0.354 0. 556 0.395 0.550 

Appeared 0.361 0.549 0.362 0.554 0.355 0.517 
Non-appeared 0.350 0.550 0.332 0.539 0.533 0.625 
Notice returned 0.384 0.659 0.409 0.679 0.143 0.378 

TABLE 8 

MEAN NUMBER OF SUBSEQUENT ACCIDENTS BY SEX AND 
TREATMENT GROUP 

Total Male Female 
Treatment Group 

Mean Standard Mean Standard Mean Deviation Deviation 

Control group 0.228 0.457 0.235 0.462 0.171 
Meeting, total 0.244 o. 510 0.240 0.508 0.278 

Appeared 0.256 0.515 0.248 0.509 0.309 
Non-appeared 0.229 0.509 0.231 0.514 0.200 
Notice returned 0.219 0.449 0.212 0.448 0.286 

TABLE 9 

STATISTICAL TESTS OF THE DIFFERENCES IN 
NUMBER OF ACCIDENTS AMONG RESPONSE 

CATEGORIES BY SEX 

Prior Subsequent 
Sex 

x2 Probability x2 Probability 

Total 0. 26 p > o. 50 1. 51 p > o. 25 
Male 1. 08 p > 0. 50 0.68 p > o. 50 
Female 4.22 p > 0. 10 1. 50 p > o. 25 

Note: H is distributed as x2 for large samples. Each of the 
tests in this table has two degrees of freedom. 

Standard 
Deviation 

o. 416 
0.526 
0.554 
0.457 
0.488 
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TABLE 10 

MEAN (AVERAGE) NUMBER OF 
SUBSEQUENT CONVICTIONS BY 

TREATMENT GROUP 

Sex Total Meeting Control 

assumed to be random sampling variations. 
The. subsequent accident performance of 
the appeared group is not significantly su -
perior to the others and furthermore is 
not even in the proper direction. 

Although both the response category and 
control-meeting comparisons are subject 

Total 
Male 
Female 

0. 98 
1. 02 
0. 70 

0.95 
0.99 
0.64 

1. 07 
1.10 
0.84 

to certain limitations which will be explored 
in full later , together they present a dis -
appointing picture of the accident-reducing 
power of the present group program. 

Convictions 

In contrast to accidents , a significant 
difference in subsequent convictions was found between the meeting and control groups 
[meeting vs cont rol (male and female): F = 5. 1 (df: 1; 2, 046), P < O. 05. ]. The 
appropriate statistical analysis was performed on the conviction data to evaluate treat
ment effects (meeting vs control), and treatment by sex interaction (see Appendix). 

It may be seen from the results of the statistical analysis of the data presented in 
Table 10 that the meeting group had significantly fewer convictions in the subsequent 
period than the control group. The treatment by sex interaction was not significant, 
however , indicating that the DTh1 program is equally effective with both sexes [sex 
by treatment interaction: F = 0. 33 (df: 2; 2, 046) P > 0. 50] . The only significant 
sex difference occurred in the subsequent period and was in favor of the females. This 
fact , in combination with the lack of any treatment by sex interaction, indicates that 
females display a greater amount of natural regression than do males, but are affected 
by the meeting to about the same extent. 

The question remained, however, as to whether the group program was differentially 
effective by age, and this was determined by testing for age by treatment interaction. 
The interaction was not significant [age by treatment interaction: Males - F = 0. 48 
(df: 3; 1, 810), P > 0. 50], indicating that the various male age groups were about equally 
affected by the group program (Table 11). A parallel analysis was performed for the 
female age groups, and again no significant age by treatment interaction was found in 
the subsequent period [age by treatment interaction: Females - F = 0. 96 (df: 3; 224) , 
P > O. 25]. The sexes were similar in that neither displayed a treatment by age inter-

TABLE 11 

MEAN NUMBER OF SUBSEQUENT CONVICTIONS BY 
AGE AND SEX 

Meeting Group Control Group 

Age 
Standard Standard Mean Deviation Mean Deviation 

Male, total 0.99 1. 18 1. 10 1. 16 
Under 26 1.11 1. 31 1. 20 1. Z2 
26-40 1. 03 1. 19 1. 13 1. 16 
41-60 0.77 0.97 0.90 1. 12 
Over 60 0.62 0.85 1. 12 1. 11 

Female, total 0.64 0.91 0.84 0.96 
Under 26 0.65 0.98 1. 06 1. 20 
26-40 0.62 o. 88 o. 77 0.86 
41-60 0.56 0.83 0.83 0.94 
Over 60 1. 11 1. 27 0.50 0.56 



127 

action. Thus, there is no evidence that the effects of the meeting on convictions are 
not homogeneous over age. Appropriate tests showed that males over 40 in both the 
meeting and control groups had consistently fewer convictions than the younger men. 
Contrary to the males, the driving performance of the females was not differentially 
affected by age. 

As was the case with accidents, an anlysis of the response categories (Tables 12, 
13, and 14) indicates that the appeared, non-appeared and notice returned subjects do 

TABLE 12 

MEAN NUMBER OF PRIOR CONVICTIONS BY SEX AND TREATMENT GROUP 

Total Male Female 
Treatment Group 

Mean 
Standard Mean Standard 

Mean Standard 
Deviation Deviation Deviation 

Control group 3.74 0.78 3.76 0.78 3.60 0.69 
Meeting, total 3.58 1. 01 3.59 1. 02 3.48 0.95 

Appeared 3.57 0.98 3.59 0.98 3.45 0.98 
Non-appeared 3.56 1. 07 3.57 1. 08 3.49 0.89 
Notice returned 3.73 1. 02 3. 71 1. 03 3.86 0.90 

TABLE 13 

MEAN NUMBER OF SUBSEQUENT CONVICTIONS BY SEX AND 
TREATMENT GROUP 

Treatment Group 

Control group 
Meeting, total 

Appeared 
Non-appeared 
Notice returned 

Mean 

1. 07 
0. 95 
0.91 
1. 00 
0.96 

Total 

Standard 
Deviation 

1. 14 
1. 16 
1. 08 
1. 27 
1. 24 

TABLE 14 

Male 

Mean Standard Mean 
Deviation 

1. 10 1. 16 0.84 
0.99 1. 18 0.64 
0.96 1. 11 0.63 
1. 03 1. 36 0. 71 
1.03 1. 28 0.29 

STATISTICAL TESTS OF DIFFERENCES IN NUMBER OF 
CONVICTIONS AMONG RESPONSE CATEGORIES BY SEX 

Degrees Prior Subsequent 
Sex of 

Female 

Standard 
Deviation 

0.96 
0.91 
0.82 
1. 14 
0.49 

Freedom F Probability F Probability 

Total (2; 1, 437) 0.85 p > o. 25 0.89 p > o. 25 
Male (2; 1, 275) 0.55 P >O. 50 0.58 p > o. 50 
Female (2; 159) 0.59 p > 0. 50 0.67 p > 0. 25 
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not differ significantly in terms of the number of prior or subsequent convictions on 
their driving records. As with accidents, all other variation in prior convictions not 
related to the time shift was attributed to sampling fluctuation. The analysis was broken 
down by sex, as well as making an overall comparison, because it was felt that differ
ences in the sex distributions might mask any difference within the sexes. It should 
also be noted that there were also differences in the age distributions among the re -
sponse categories within sexes. Although subject to certain limitations, the data lead 
one to question the contribution of the group meeting process toward modifying subse
quent driving performance. 

CONCLUSIONS 

Effectiveness of DilVI Program 

Any conclusions drawn from the differences between the subsequent records of the 
meeting and control groups rest on speculations about the nature of differences found 
in their prior records. The authors assumed that (a) the bias found in favor of the 
meeting group's prior record did not represent any real difference between the subjects, 
but was entirely due to the difference in the criteria for the assignment of the meeting 
and control dates; and (b) the resulting displacement of the subsequent period in time does 
not favor the meeting or control group. It is the authors' opinion that if the time shift 
had any effect on subsequent performance it would be very slight and would tend to re
duce the number of accidents and convictions for the meeting group. Our reasons for 
this relate to aspects of the regression-toward-the-mean concept which are beyond the 
scope of the present discussion. It is also assumed there was no systematic difference 
in the reporting of accidents or maintenance of records related to the treatments. 

In addition, one should use considerable caution in interpreting any of the results, 
since subsequent to the meeting or control assignment date neither the meeting nor con
trol group received a pure treatment. In other words, since a uhands off" policy was 
not followed, members of both groups received departmental actions during the subse
quent year. An action was imposed after an informal hearing, and it could range from 
a warning letter to revocation of the subject's license. It is known that the 1, 440 mem
bers of the meeting group received 85 subsequent actions as compared to 79 for the 610 
controls, resulting in 0. 06 and 0. 13 actions per subject, respectively, for the two 
groups. Because the controls' subsequent driving records were slightly worse than 
members of the meeting group, the control's rate should have been only slightly higher 
than the meeting group's, instead of over twice as high. This is attributable to the fact 
that, despite instructions to the contrary, the members of the meeting group were al
lowed to accumulate more negligent operator points before a subsequent informal hear
ing was scheduled. Collectively, the meeting group received 20. 7 points per action, 
compared to 10. 3 for the controls. If the DIM program ia better than no treatment at 
all, this type of differential handling of cases could reduce its apparent effectiveness. 
Therefore, one cannot evaluate these results in any absolute framework, but only in 
regard to the DilVI's value in the overall driver improvement program. Consequently, 
the control condition has been viewed by the authors as the treatment the subjects would 
have received under existing departmental procedures had there been no DilVI program. 

It was felt that within these assumptions and qualifications, the data support the fol
lowing conclusions: 

1. There is no indication that any reduction in accidents can be attributed to the DIM 
program. 

2. The DIM program is an effective means of reducing traffic convictions among 
persons who are eligible for the program. 

3. With regard to both accidents and convictions, there is no evidence that the DIM 
program is more effective for one sex or age than another. 

The first conclusion is strengthened by the finding that the control group's sample 
mean for subsequent accidents was actually lower than the mean of the meeting group. 
A significant reversal of this trend by increased sampling is highly improbable, con
sidering the size of the present sample. 
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Effects of Attending a Meeting 

Although not subject to the previously mentioned time shift qualification, there is a 
much more serious limitation with respect to the interpretation of the data regarding 
the meeting group response categories (appeared, non-appeared, and no contact). 

There is considerable evidence in the behavioral sciences that persons who voluntar
ily consent to an imposition tend to differ from persons who do not cooperate. In the 
present study, this is borne out by the fact that persons who attended the meeting dif
fered significantly-in age, sex, and area of residence-from persons who did not at
tend. Among members of the appeared category there were proportionally more women, 
more men over 40, and more persons living in the Los Angeles area than in the rest of 
the meeting group. These differences tend to favor the appeared category's record, 
since women of all ages and men over 40, in both the meeting and control groups, had 
fewer convictions. 

Because of this situation it is impossible to determine whether subsequent perform
ance differences (or lack of) are a function of treatment (meeting) effects or pre-existing 
differences which determined the composition of the groups. 

The interpretation of the data is further complicated by the fact that the appeared 
category received more negligent operator points per subsquent action than the non
appeared and notice returned categories. On the average, persons who attended the 
meeting were allowed to accumulate 22. 0 points, while those who did not attend were 
allowed to accumulate only 19. 1 before an action was taken. Although the difference 
is not as dramatic as the one between the meeting and control groups, it could possibly 
suppress differences in subsequent accidents and convictions. This problem may be 
circumvented, however, through the use of qualifications similar to the ones employed 
for the previous conclusions, in that the investigators regarded the liberal criteria used 
for considering actions against people who attended the meeting as an integral part of 
the meeting-treatment itself. Therefore, our interpretation of the data is restricted 
by this definition. Considering the foregoing qualifications, and the absence of any 
significant differences among the response categories, the authors conclude that among 
persons being sent DIM notices, there is no evidence that attending the meeting results 
in a better subsequent accident or conviction record. 

This conclusion is reinforced by the fact that, while not significantly different, the 
appeared category's sample means for accidents were consistently higher than those 
of the non-appeared, and even though the response bias tended to favor the appeared 
categories, no significant difference in convictions could be detected among the re
sponse categories. There is no existing evidence that the female appeared category 
was favored by a response bias. 

Of course, some speculation is involved here because of the previously mentioned 
response bias factor. In other words, one could argue that the appeared subjects, as a 
group, are more difficult to rehabilitate than are those who refused to appear. To the 
authors, such an assertion does not appear tenable, especially in view of the fact that 
the age and sex breakdown of the groups favored the subjects who appeared. 

Unresolved Issues 

If the assumptions about the effects of the time lag and the response bias are inac
curate, the interpretation of the data could be changed in either direction. No doubt, 
the qualifications of the conclusions will leave many readers unsatisfied; some may feel 
the authors were too conservative and others will hold the opposite view. The investi
gators have tried to hold the middle ground and believe that they pursued the most fruit
ful lines in this regard, though it is by no means a closed question. Finally it must be 
stressed that these conclusions only apply to the DIM program as it was administered 
in California during 1962, and do not extend to all possible group driver improvment 
approaches. 

If the authors' interpretation of the data is accepted, two pertinent questions are 
raised by this study: 

1. Since there was no apparent difference between the effect of receiving a DIM 
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notice and attending the meeting, might not the same reduction in convictions result 
from a warning letter approach? 

2. In view of the fact that the DIM program does not appear to reduce accidents, 
which is the primary goal of the driver improvement concept, should the department 
modify the present approach or adopt some alternative program(s) in an attempt to 
achieve this goal? 

Recommendations 

In order to answer the preceding questions and. resolve some of the ambiguities of 
the present study, the authors recommend that: 

1. Further research be conducted in order to determine what type(s) of program(s) 
might be effective in reducing accidents, as well as convictions, among those persons 
now scheduled for DIM's; and 

2. The research be in the form of a tightly contro1led, comprehensive study, com
paring the DIM program, other established departmental programs, some new alterna
tives, and one or more control groups. 

This type of research is a necessary adjunct to enlightened decisions regarding lhe 
retention and modification of current programs or the adoption of new ones. 
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Appendix 

SELECTION OF STATISTICAL TECHNIQUES 

In view of the studies by Norton (reported by Lindquist, 4) and Boneau (1), it was 
decided that the use of the usual parametric analysis of variance (F statistic) was appro
priate for testing differences in subsequent convictions, despite differences in variances 
and obviously non-normal (J shaped) distributions. In the case of accidents, however, 
it was felt that these problems together with the extremely restricted number of ob
served values recommended the use of non-parametric statistics. The Mann-Whitney 
and Kruskal-Wallis rank order statistics, corrected for ties, were used to evaluate dif
ferences in the number of accidents. 

INTERACTION 

Interaction is the variation in the relative effect of treatments at different levels of 
another variable. For example, if the difference between the meeting and control re
mained the same for males and females, the treatment by sex interaction would be zero. 
If there were a large change in the difference between the meeting and control groups 
resulting from the consideration of the males and females separately, the value of the 
treatment and sex interaction would be large. A 2 by 2 analysis of variance design, 
incidentally, was employed for the isolation of interactions and main effects. Unequal 
cell size and the time shift made a comprehensive treatment by sex by period analysis 
unfeasible. 

AGE BY TREATMENT INTERACTION FOR SUBSEQUENT ACCIDENTS 

Since nonparametric statistics provide no direct test of the age by treatment interac
tion, an indirect analysis was attempted, taking advantage of the fact that no overall age 
differences were found when the meeting and control groups were combined for the 
means and the results of the Kruskal-Wallis tests. It seemed safe then to assume that, 
if there were no significant age differences within the meeting and control groups, then 
no significant interaction existed. No age differences were found within the meeting or 
control group for either sex. This conclusion was supported by parametric analysis of 
variance (F test), which showed no significant age by treatment interactions for men or 
women. 




