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1.0 Introduction

This is the final report of a three-year research program entitled “Tri-Level Study of the
Causes of Traffic Accidents,” performed by the Institute for Research in Public Safety (IRPS)
of the Indiana University School of Public and Environmental Affairs. The study was
performed for the National Highway Traffic Safety Administration (NHTSA), U.S.
Department of Transportation, under Contract No. DOT-HS-034-3-535. The period of
performance was from 15 August 1972 to 30 September 1975,! which coincides with IRPS data
collection Phases III, IV, and V. Phase 11 data, acquired under a previous NHTSA contract
(1),2 are also reported. Phase I data appear in a previous report (1).

1.1 Research Objectives

The study was conducted to satisfy a broad range of NHTSA’s needs for up-to-date data
regarding traffic accident causation. The basic research question was “what causes traffic
accidents?,” and all potentially causative factors — human, vehicular, and environmental —
were of interest. Accomplishment of this overall objegtive involved several specific objectives,
including the following:

1. Identify those factors which are present and serve to initiate or influence the sequence of
events resulting in a motor vehicle accident (Vol. I).

2. Determine the relative frequency of these factors and their causal contribution within a
defined accident and driving population (Vol. I).

3. Assess the error/accident relationship as a function of driver age, driving knowledge,
vision, driving experience, and vehicle familiarity (Vol. II).

4. Apply taxonomy development and group-identification concepts to the identification and
definition of problem driver types, and from this to formulate recommendations for
dealing with particular classes of drivers (particular attention was to be given to the
alcohol-impaired driver, in order to identify the types of driving-performance mistakes
made by particular types of alcohol-impaired drivers under particular types of conditions).
(Vol. II).

5. Assess the potential benefit of radar and anti-lock braking systems in reducing the
incidence and severity of automobile accidents (See Interim Report 11, Vol. II).

6. Develop new methodologies for assessing the role of human factors in accident causation.
(Vol. II).

! Later extended to June, 1977 for supplemental analysis tasks, to be separately reported.
2 Numbers in parentheses refer to references which are listed near the end of this volume.
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1.2 Report Structure

This final report is comprised of two volumes. Volume I reports causal factor tabulations
and assessments, while Volume 11 reports several special analyses based on project data.

Several earlier (interim) reports of this three-year study have been published; in
- chronological order, these include: '

e Tri-Level Study of the Causes of Traffic Accidents: Interim Report I, Vols.
I & 11

Prepared under Contract No. DOT-HS-034-3-535, August 1973, DOT
Report Nos. HS-801-334 and HS-801-335. This was a final report of the
first year of activity under the present three-year program. It provided
causal factor tabulations for Phase 111, as well as cumulative results for
Phases II and III. Volume 1 included methodology, conclusions, and
recommendations sections; causal result tabulations, comparisons of
Phase 11 and III results; assessments of accident severity as a function of
causal factor; an analysis of the model year distribution among vehicles
involved in accidents as a result of vehicular problems; a comparison of
results obtained on-site and in-depth; a comparison of accident and control
sample populations; results of an initial cluster analysis effort; an
assessment of relationships between various driver, accident and causal
factor characteristics; and an assessment of the representativeness of study
samples. The glossary section of Volume I included the overall causal
hierarchy and causal factor definitions. Volume Il provided a more detailed
description of methodology, as well as the principal data collection forms
and the detailed causal result data tables (2).

- @ - Tri-Level Study of the Causes of Traffic Accidents: Interim Report I,
Volumes I & II. ' '

Prepared under Contract No. DOT-HS-034-3-535. Volume 1 dated
August, 1974; Volume 11 dated December, 1974 (Nos. HS-801-968 and HS-
801-631). These were final reports of the second year of activity. Volume I
provided a report of causal result tabulations and trends, while Volume 11
dealt exclusively with assessments of the potential payoff of radar warning,
radar actuated, and anti-lock braking systems in preventing accidents or
reducing their severity. Causal result data in Volume I included both Phase
IV and cumulative Phase 11, 111, 1V data. A third document (Volume 11I)
was produced but not published. Instead, its contents were updated and
incorporated in the present final report. It dealt with results of dynamic
‘vision testing, driver knowledge testing, on-site and in-depth cluster
analyses of data, an AID analysis relating driver characteristics and
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accident causes, and new methodology development, including profile
scores of drivers (3).

The present document is a comprehensive final report of the three-year study. However,
not all materials previously published have been replicated herein. For example, results of the
radar/anti-lock assessments (Interim Report 11, Volume 1I) are not included. The present
report includes causal factor tabulations from the Phase V collection period, as well as
cumulative data from Phases 11 through V. '

Prior to the present study, IRPS was engaged in a related tri-level study under NHTSA
sponsorship, entitled “A Study to Determine the Relationship Between Vehicle Defects and
Crashes” (DOT-HS-034-2-263). In chronological order, relevant documents from that study
were:

® Interim Report of A Study to Determine the Relanonsth Between Vehicle
Defects and Crashes: Methodology.

Prepared under Contract No. DOT-HS-034-2-263, November, 1971. DOT
Report No. DOT-HS-800-661. Provides details of tri-level methodology.
This document was produced during Phase I of IRPS’ several data
collection phases (4).

e Results of a Study to Determine the Relationship Between Vehicle Defects
and Crashes, Vols. I & 11

Prepared under Contract No. DOT-HS-034-2-263, November, 1972. DOT
Report Nos. DOT-HS-800-850 and 851. Provided results from data
collection Phases 1 and 1I. Although the emphasis was on the role of
vehicular factors, human and environmental factors were also tabulated in
a manner consistent with that employed in later phases. Volume I provided
causal result tabulations, while Volume 1l dealt with comparisons of
component outage rates in the accident and general vehicle populations,
comparisons of results obtained at the on-site and in-depth levels, and the
representativeness of study samples. The report was a product of data
collection Phase 1I (1).

1.3 Status of Accident Investigation and Data Collection Activities

As described in the methodology overview (Volume I, section 2.0), a tri-level methodology
has been employed featuring baseline data collection on Level A, on-site investigations of
moderate detail on Level B, and in-depth investigations of intensive detail on-Level C.

During Phase V IRPS continued to build both baseline and accident data files (Tables
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1-1 and 1-2). Baseline data includes information describing Monroe County accidents re-
ported to the state (location, date, etc.), drivers licensed in Monroe County (age, sex, vision
as measured by the dynamic vision tester, etc.), vehicles registered in Monroe County (make,
model, year, etc.), and Monroe County roadways (miles of surfaced and unsurfaced roads,
etc.).

Throughout Phase V, twenty-four hour per day.coverage was maintained on Level B,
permitting a sizeable increase in the accident data files. An additional 894 on-site (Level B) and
102 in-depth (Level C) investigations were conducted, bringing the total for the three-year
study to 1728 on-site and 269 in-depth. These data are generally compatible with those
collected during Phase II (530 on-site, 151 in-depth) providing a total base of 2258 on-site and
420 in-depth accidents readily available for analysis. Also during Phase V, information was
acquired on all 3068 Monroe County accidents reported to the state during this period,
bringing the total number of state accident reports for the Phase 11-V period to 13,568 (Table 1-
2).

{

1.4 Background

The National Highway Traffic Safety Administration (NHTSA) has sponsored a variety of
accident investigation studies since 1968. These studies to collect and analyze real-world
accident data provide a foundation for development of safety strategies, rule-making plans,
assignment of priorities, and measures of the effectiveness of countermeasure programs at the
national level. Thus, the critical real-world data developed provide a technical base for
intelligent planning and decision-making. In summary, specific objectives of the national
accident investigation system are to:

o Identify the causes and mechanisms of motor vehicle accidents and
subsequent injuries, so that effective measures, dev1ces, and traffic safety
programs can be initiated.

¢ Provide accident information and analyses on priority safety pfoblems for
research and rule-making.

® Assess the worth of motor vehicle and highway safety standards now in
force, and predict the potential effectiveness of new standards under
consideration,

e Pinpoint defects in motor vehicles or highway design as the basis for
scientific investigation.

e Validate advanced accident investigation techniques in the field to improve
the precision, accuracy, and efficiency of the collection of accident data
while reducing the collection burden of on-scene investigators.
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Summary of Baseline'Data Collected by IRPS -

File Name ~ File Description

Data Coliection No. of

Period (source)

No. of
Sampling Units Variables Technique

Table 1-1

Sampling

P
H  PH2E30 Age and sex of May, 1972 (1971 1,061 3 Systematic
All Monroe Co. licensed driver’s license sampling from
S drivers applications) ‘alist
E -
I1SP71 Monroe Co. Police April, 1972 (ISP) 3914 56 Entire popula-
] reported accident data ) ; tion
PH3E30 Age and sex of May, 1973 (1972 1,000 3 Systematic
Monroe Co. licensed driver's license sampling from
drivers applications) a list
P  PH3E3t Make & model year of  June, 1973 (1973 2,000 2 Systematic
H Monroe Co. passenger  Monroe Co. passenger sampling from
Alll vehicles vehicle registrations) a list
S
E PH3E09 Monroe Co. driver- 29 April, 1973 to 300 43 Quota sampling
vehicle character- 3 June, 1973 . (stratified by
istics (Monroe Co. drivers) age and sex)
ISP72 Monroe Co. police April, 1973 (ISP) 3272 56 Entire popula-
reported accident data . tion
PH4E30 - Age and sex of April, 1974 (1973 980 10 Systematic
Monroe Co. licensed driver’s license sampling from
drivers applications) a list
PH4ES0 Monroe Co. licensed 8 April, 1974 to 149 70 Quota sampling
P driver vision 8 July, 1974 (Monroe (stratified by
H Co. licensed drivers) age and sex)
AlV 1 .
S  PH4E61 Monroe Co. licensed 8 April, 1974t0 51 112 Quota sampling
E driver vision test~ 8 July, 1974 (Monroe (stratified by
retest.. Co. licensed drivers) age and sex)
PHAEG2 Monroe Co. licensed August, 1974 63,000 16 Entire popula-
drivers (Indiana BMV) tion
PH4EE3 Monroe Co. regis- June, 1974 33,921, 35 . Entire popula-
tered vehicles (Indiana BMV) tion
ISP73 Monroe Co. police April, 1974 (ISP) 3314 56 Entire popula-
reported accident data tion
P PH5E30 Age and sex of July, 1975 (1974 2,081 18 Systematic
H Monroe Co. licensed driver's license sampling from
AV drivers ‘applications) a list
S
E ISP74 Monroe Co. police April, 1975 (ISP} 3,068 56 Entire popula-
' tion

reported accident data
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Table 1-2

Summary of Accidents Investigated by IRPS Using Tri-Level
- Methodology

Data Collection Police Reports On-Site In-Depth
Phases & Dates (Level A) (Level B) (Level C)
 1—10/70-5/71 : : 3458 in 1970 ‘469 68
| 1—6/71-5/72 3914 in 1971 530 151
N—6/72-5/73 3272 in 1972 306 64
IV—6/73-5/74 3314.in 1973 528 103

V—6/74-5/75 3068 in 1974 894 102
Combined Phases'

i, v, v 13,568 2258 420

' Phases i, [N, IV, and V were assessed using the same causal assessment scheme, and are presented

both separately and cumulatively. Phase | differed somewhat and, for the most part, is not reported
herein.

Recent trends in accident research have led to a multilevel approach to national accident
data collection, processing and analysis (see Figure 1-1). The level of sophistication ranges
from population data and the basic, minimal amount of data contained in routine police
reports of all accidents, to the most comprehensive, in-depth data contained in special reports
by professional accident investigation teams. In the basic level of collection, a small number of
data elements are collected on the populationat large and on a large number of accidents. Data
from vehicle registrations and drivers licenses are utilized as supplement information at this
basic level. At the top level, hundreds of data elements are collected on a small number of select
accidents which are designated for study. Intermediate levels involve various additional data
elements not routinely collected at the basic level in order to study some specific aspect on a
subsample of accidents.

A composite approach, designated as a tri-level study, was devised from this multilevel
national concept. Tri-level studies involve simultaneous accident data collection and
investigation from three levels of detail, within a single study. Thus, the three levels of the IRPS
tri-level program, in order of increasing detail and cost per investigation and decreasing case
volume are:

® The collection of baseline data on the study county from police reports,
vehicle registration files, driver license files, roadway inventories, and local
surveys (Level A).



Figure 1-1 — Multi-Level Concept
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® The on-site investigation of accidents immediately following their
occurrence by teams of technicians (Level B).

e The independent, in-depth investigation of a subset of the accidents
investigated on-site, by a multidisciplinary team (Level C).

Data collected on Level A enable the representativeness of study samples to be assessed,
and also provide a basis for comparison of accident and general populations. The Level B (on-
site) investigations enable moderately detailed information to be collected from a relatively
large number of accidents. Since the extension of coverage in February, 1974 from 10 hours to
24 hours per day, IRPS has acquired accideénts on Level B at the rate of approximately 70 to 80
accidents per month (840 to 960 per year). On Level C, a multidisciplinary team has conducted
highly-detailed investigations at a rate which has averaged about 100 accidents per year.

In Figure 1-2, the location of many of the teams currently funded by NHTSA is shown,
including the present study of accident causation. Each of these is a “special study,” focusing
‘on a particular aspect of the highway traffic safety problem. At its core, each also includes a
multidisciplinary accident investigation team composed of medical doctors, engineers,
psychologists, and other accident reconstruction specialists who scientifically analyze
accidents to determine accident and injury causation and to make recommendations for
possible solutions. Increasingly, these studies are developing levels of data which provide for
both clinical evaluations of accident and injury causation, as well as statistically sngmﬁcant
information on specific priority problems.

Not reflected in Figure 1-2 are several previous NHTSA studies conducted during the first
two years of the present study. These include a study of Intersection Accidents in San
Francisco, Restraint Usage Comparisons in Salt Lake City, a study of Alcohol-Involved
Accidents in Albuquerque, a study of Fatal Accidentsin Oklahoma City, a study of Injury and

Damages Indices in San Antonio, a Pedestrian-Alcohol Involvement Study in New Orleans, a
Single Vehicle Accident study in Miami, and Alcohol Safety Action Project Evaluatlon teams
in Baltimore and Boston. ’

The present IRPS study has built extensxvely on the earlier “Vehicle Defects Project,” and
differs most notably in directing increased attention to the role of human and environmental
factors. Additional details concerning the study approach are provided in the methodology
overview section (Vol. I, Section 2.0). ) .
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2.0 Methodology Overview

This section provides an overview of the methods and procedures employed in the study,
including (1) data collection, (2) clinical case-by-case assessment, and (3) quantitative analysis
methods and procedures. More detailed descriptions of analysis procedures accompany many
of the substantive sections; the data collection aspects (i.e., accident investigation procedures)
are described in greater detail in Interim Report I, Volume II (1).

The study has involved both the on-scene investigation of accidents by teams of technicians
(on-site or Level B investigations), and the subsequent in-depth investigation of subsets of
these accidents by multidisciplinary teams (in-depth or Level C investigation).

The basic approach has been to acquire as much relevant information as possible regarding
each accident’s occurrence, and then make clinical case-by-case determinations of the causal
factors involved. Factors are placed within a hierarchical structure for which major categories
are well defined. Assessments occur with reference to an assessment system, permitting each
causal factor to be evaluated as certainly, probably, or possibly involved and as being of either
causal or severity-increasing significance. Each accident may have a number of causes, and by
cause is meant a deficiency without which the accident would not have occurred.

It should be noted that while causal factors are classified as being human, vehicular, or
environmental, this in no way requires that the applicable countermeasures for a particular
cause must be in the same area. That is, the best countermeasure fotr a human cause could well
be one which involves changes in either the vehicle or the environment, and so forth.

2.1 Data Collection

Data were collected on three levels, as described in the introductory section. The collection
of the baseline information on Level A involved several types of collection efforts. Recently,
comprehensive vehicle registration and driver license data were obtained from the Indiana
Bureau of Motor Vehicles, by having them produce a special tape to IRPS’ specifications
which extracts Monroe County information from all that recorded for the State. The second
type of collection required IRPS personnel to visit the local license branch to obtain license
and vehicle registration data via a systematic sample of hard copy applications. The third type
of collection involved general population surveys. During Phase IV, a sample of general
population licensed drivers, stratified by age and sex, was surveyed as to driving knowledge
and vision. The latter was tested using a prototype dynamic vision testing device, developed
under contract to NHTSA by the Systems Development Corporation. The baseline driving
knowledge and vision test data provided for comparisons with the accident population. In
addition, by retesting a subset of the general population subjects, the reliability of the vision
testing device was assessed.

The Level B or on-site teams were staffed by technicians. These teams at various times were
comprised of either one, two, or three individuals. While three individuals provided for an
optimal division of workload, with one team member handling human factors, another
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environmental and a third vehicular, it was found too costly. Instead, it was found desirable to
expand the hours of coverage, at the same time decreasing the amount of information required
to be collected as a part of each investigation so that only one or two investigators are required.
Throughout Phases 11 and 111, and prior to 4 February 1974 in Phase 1V, coverage was limited
to 10 hours per day, 7 days per week. The 10 hour period, which ran from 11:30 a.m. to 10:30
p.m. with one hour out for meals, took into account the periods of highest accident frequency.
.However, this alignment was obviously undesirable in terms of observing phenomena which
varied as a function of time of day and, for example, IRPS samples underrepresented both
nighttime accidents and those resulting from alcohol-impairment. Hence, by realigning the
teams as mentioned above and with the support of additional funding from NHTSA, coverage
was expanded to 24 hours per day, 7 days per week on 4 February 1974, with the result of more
than doubling the accident acquisition rate in Phase V and the latter part of Phase 1V. Under
this expanded coverage, both one-and two-person teams were employed, and certain data
items were identified which need not be acquired other than when two-person teams were in
effect. Schedules were adjusted so that two-person teams, in operation approximately 60 to 70
hours per week, covered those periods experiencing the highest accident frequency. Upon
receiving notification of an accident by radio monitoring of police frequencies or by a-direct
hot-line telephone call from police agencies, the IRPS on-site investigation team on duty
immediately responded to the accident scene in a special investigation vehicle. At the scene, the
team interviewed drivers, inspected involved vehicles and the driving environment, and
measured skidmarks and other physical evidence. Later, based on information collected at the
scene, the team reached conclusions as to factors which caused the accident. Conclusions and
other data generated by the team are then collated and reduced for subsequent analysis.

As a part of each on-site investigation, cooperation of involved parties was sought for
subsequent in-depth investigation. The cooperation required was to agree to a subsequent,
post-accident interview, and to permit vehicles to be driven or, towed to the IRPS garage
facility for more detailed inspection. Accidents were acquired for in-depth investigationona
chance basis, without regard to suspected accident causes. However, the refusal of motorists to
cooperate prevented a random sampling procedure from being applied. Instead IRPS’
approach has been to acquire all possible accidents, and then to subsequently examine the
representativeness of the subset obtained (section 9.0). For some variables these have been
found to be representative, and numerical adjustments to aggregate measures of human,
vehicular and environmental factors have been made to assess the influence of non-
representativeness where it occurs in the on-site data.

The subsequent in-depth (Level C) investigations, conducted at the recent rate of about 100
per year, involved examination of human, vehicular, and environmental factors by a
multidisciplinary team. The subsequent driver interviews were conducted by psychologists or
sociologists, and during Phase 1V involved both dynamic vision testing and driver knowledge
testing. The vehicle inspection was conducted at the IRPS garage facility by one of IRPS’
automotive engineers, using an improved version of the inspection guide which was originally
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developed for the “Vehicle Defects Project.” All in-depth investigations have involved
inspections of the accident environment by experienced investigators and accident
reconstruction personnel, and through the second half of Phase 111, all of Phase IV, and early
portions of Phase V, a doctorate degree-"olding traffic and transportation engineer headed the
in-depth team and participated i~ eac. of the investigations as a full-time team member.
Accident reconstruction personnel assisted in identifying, collecting, and interpreting
accident-induced physical evidence, calculating speed estimates whenever possible, and
making detailed scale drawings showing the accident scene and the pre-, at-, and post-impact
trajectories of involved vehicles. Subsequent to the collection and analysis of information, the
multidisciplinary group convened to review the evidence in an Analysis and Conclusions
Session, reaching group conclusions as to accident causes. In addition to reducing this data for
subsequent automated analysis, a separate case report oneach investigation was prepared and
submitted to NHTSA.!
Accidents investigated included accidents of all severities in about the same proportion in
which they actually appeared in the population of reported accidents. Undoubtedly many
accidents occur, generally of a minor nature, of which the police are never advised. In that case,
unless an IRPS unit happened to observe the accident, it is unlikely that an on-site team would
ever become aware or respond, since notification was generally achieved through either a hot-
line telephone call from police agencies, or monitoring of police radio frequencies. However,

even when police are called and respond to an accident scene, the accident may not be worked

if, in the opinion of investigating police officers, no vehicle or other property has been damaged

in the amount of $100 or more and there is no personal injury, orif the accident has occurred on

private property. If there was any question concerning the accident qualifying for a mandatory
" police report, IRPS investigators asked investigating officers at the scene whether they
intended to regard the accident as calling for an official report to the State. They then based
their decision on whether to work the accident on this response. Even given this constraint,
approximately 70 to 80% of the accidents within IRPS’ on-site sample involved only property
damage, which corresponds closely with national figures for reported accidents. However,
were it not for the exclusion of very minor accidents, even a higher proportion would involve
only property damage. The primary reason for IRPS’ exclusion of non-police-investigated
accidents was so that the police record is available to substantiate that such an accident
occurred, and so that IRPS is not in the position of having the only record available, which
would probably result in an undue number of litigation or settlement-related inquiries. The
only other significant exclusion was of accidents involving large trucks (over 8,000 Ibs. gvw),
and vehicles pulling trailers. The former were excluded because they could not be handled in
the same manner as passenger cars with the tools and garage facilities available to IRPS,2and
generate unusual complexities of braking and handling, especially where articulated vehicles
are concerned. The same reason applied for vehicles pulling trailers, which constitute a very

! The requirement for submission of case reports was suspended late in Phase V.
2 In particular, they could not be accommodated by the Clayton dynamic brake tester in use during early phases
of the study.
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small percentage of the accident population, and which may present unusual difficulties of:
accident reconstruction. Motorcycles were included within Phases I, IV, and V of IRPS data,
but were excluded during Phases II and 111, again because it was thought that insufficient
information was available regarding dynamic aspects of motorcycle handling to treat them
with the same confidence as passenger cars. Instead, it was thought that separate studies
focusing on such vehicles was preferable to a division of effort within the present study. More
recently, the need for basic causative information has overridden the concerns about the
difficulty of reconstruction. Pedestrian accidents generally have been included, although
during Phases 1V and V it was decided these would be worked only by the on-site team, and
would not be investigated by the in-depth team. This was a minor policy decision reached in
conjunction with NHTSA. Of the 205 Phase 1V and V in-depth accidents, a representative
sample of the pedestrian accident configuration would have consisted of only three accidents.
Conclusions reached by Level B and C teams were tabulated, and causal factor results were
expressed as the percentage of accidents in which they were implicated. Analyses were then
conducted to assess trends in accident causation across phases, the extent of agreement and
“disagreement between on-site and in-depth teams in the attribution of accident causes, the
model year distribution of vehicles having causative vehicular deficiencies, and the
relationships between accident causes and both driver and accident characteristics.

2.2 Causation Assignment

Accident causes were determined by the clinical assessments of the Level B (on-site) and
Level C (in-depth) investigation teams. These assessments by the two teams occurred
independently of each other. The on-site assessment actually occurred prior to, and without
knowledge of the in-depth data or conclusions. However, the in-depth team was permitted
access to on-site data and opinions, but based their decisions primarily on the information
gathered in the in-depth phase. On-site information was used whenever some of the evidence
was extremely transitory in nature, or whenever a driver’s initial description of the accident
differed significantly from his recollections later. Thus, the on-site data constituted a subset of
the total data available to the in-depth team, whose conclusions were independent of the on-
site’s,

During the period reported, on-site teams were comprised of either one or two
investigators, although during previous phases as many as three persons comprised an
individual on-site team. After completing their investigations at the scene and reducing data to
the various collection forms, these team members jointly decided which causal factors should
be cited. Their discussion occurred with reference to an accident cause dictionary (see
“glossary”). Conclusions were then entered on a designated form, coded, keypunched, and
stored for later analysis. Procedures were similar for the in-depth team, but were based on
more detailed data, and were conducted by professionals within each of the relevant
disciplines. ' .

During Phase V, there were six principal members of the in-depth team: a human factors
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specialist who headed the team (previously a sociologist, at present a psychologist), an
automotive engineer (IRPS employs three but only one participatesina given investigation), a
reconstruction specialist, a draftsman/environmental data collection aide, and an engineering
assistant/technical writer.3 Following the team’s investigation of each accident and reduction
of data, a formal analysis and conclusion session was held. To optimize the team’s decision
process, i.e., reduce individual biases without incurring group pressures towards conformity,
the following structure was developed for the A & C session. Each accident was analyzed by
only four members: the technical writer chairing the session, the human factors specialist, the
automotive engineer and the accident reconstruction specialist. The session was divided into
three major functional phases:

1.

Causal Factor Rating System

Accident description, presented by each of the three specialists. It includes slides and
scaled drawings of the accident scenes with reconstructed vehicle trajectories through the
collision sequence, computed speed estimates, and ambient conditions (by the
reconstruction specialist); inspection data of all vehicles involved and discussion of
potential relevance (by the automotive engineer); and relevant human factors data
including biographical background, interviews with the drivers, and results on driver
knowledge, vision and reaction time tests (by the human factors specialist).

Causal factors identification. When all the information has been presented, the members
independently identify the causal factors. For this purpose IRPS has developed a glossary
of human, vehicular, and environmental factors of potential causal significance (see
“glossary”). The causal factors are then shared with the other team members and a
common set of causal factors is identified. The writer coordinating the session verbally
reviews thesdata and events relevant to each of the causal factors.

Probability assessment. An ordinal scale, developed in Phase 11, permits the investigators
to express their assuredness of the conclusion as certain, probable, or possible (Figure 2-1).
A certain rating is applied when there is absolutely no doubt as to a factor’s role, and is
considered analogous to a 95% confidence level. Thus, an assessment that a factor was a
“certain cause” of the accident means that, assuming all else remains unchanged, there is
no doubt but that if the deficient factor had been removed or corrected, the accident would

Figure 2-1

Certainty Significance of Assessment
of Investigator .

rity-
Assessment Causal Isnegreeas){ng
Certain
Probable
Possibie

3 A traffic engineer headed the team during Phase 1V, the latter part of Phase 111, and the early months of

Phase V.
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not have occurred. This is not to say that there were not other factors present which also
played a causal role, meaning that their correction might also have prevented the accident.
The probable rating means “highly likely although not definite,” and is considered
analogous to an 80% confidence level. A possible rating is used to designate factors which
are of potential relevance, although evidence does not substantially support their existence
and/or involvement. Analogous confidence figures are considered somewhat tenuous for
the “possible” level, but are estimated to represent a confidence of from 20 to 80%. Thus,
the failure to tally a factor at the possible level represents the judgment that its involvement
was highly unlikely.

A more analytical procedure was developed in Phase V with a dual purnose in mind: (1) to
be used in evaluating team members’ use of the verbal categories certain, nrobable and
possible, and (2) to improve the assessment methodology for future applicaticns. The
procedure requires each of the three voting team members (the writer does not vote) to assigna
confidence level ranging from 0.00 to 1.00 to two independent events: (1) the probability of the
existence (E) of the causal factor [P(E)], and (2) its involvement (I)—the conditional
probability that had the factor been removed the accident would have been prevented
[P(acdE)]. The group average for each of the probability estimates is calculated, and the
product of the two is then defined as the derived involvement (DI).

In order to compare the old methodology with the new, in Phase V, after all the accident
information had been presented, the team members independently rated the causal factors
both in categorical terms (certain, probable, and possible) for an overall assessment (OA), and
numerically for determining E and 1. Whenever the writer—after averaging the E and I
ratings—noted great variance (difference of .4 or more between highest and lowest estimate),
the factor was discussed and rated again, this time with the writer’s rating included. Before the
end of the A & C session, the members once again rated categorically each of the factors
(OAR), as certain, probable or possible.

This recent modification to the assessment procedure is discussed in greater detail in
Section 7.0.

Under both the original and revised procedures just discussed, factors are designated as
being of either causal or severity-increasing significance, according to the following
definitions: :

e Causal Factor—a factor necessary or sufficient for the occurrence of the
accident; had the factor not been present in the accident sequence, the
accident would not have occurred.4

4 The “or sufficient” aspect of this definition was intended for situations where there were multiple sufficient
causes (i.e., more than one factor which, by itself, absent any other deficiency or failure, would have caused
a particular accident). For example, it is conceivable (however improbable) that a heart attack could coinci-
dentally occur at the same time as a mechanical failure, in a situation where either alone would have led to the
same accident. In this instance the “but for” test fails (i.c., neither factor by itself is necessary), but the “or
sufficient™ aspect would serve to retain both factors as “causes.” In practice, it is doubted that circumstances
of this kind were encountered, so that the operational definition was one of “necessity.” In other words, a
factor was considered a cause if “but for” that factor, the accident would not have occurred.

- 16 -



S —

e Severity-Increasing Factor—a factor which was neither necessary nor
sufficient for the accident's occurrence, but removal of which from the
accident sequence would have lessened the speed of the initial impact which
resulted.

These definitions describe only pre-crash factors. Crash phase factors such as the performance
of seatbelts, and post-crash factors such as the outbreak of fire are not intended to fall within
either the “causal” or “severity-increasing” definitions. The following examples are intended to
clarify the proper usage of these terms:

Exarcple #1: A driver in ueavy traffic suddenly notices that the vehicle ahead
of him has stopped, and that he has no reasonable means of
avoiding an accident other than staying in his lane and
stopping. He hits his brakes and skids into the vehicle in front
of him. Investigation reveals that due to a master cylinder
problem, only his rear brakes were operative. It is calculated
that even the poorest braking efficiency which could have been
expected with all four wheels :raking properly would have
brought his vehicle to a stop several feet short of impact.

Result: The braking system problem would be cited as a causal
Jactor (and other factors might be cited if identified).

Example #2: In this instance the situation is the same as above, except it is
calculated that even with properly operating brakes, collision
would not have been avoided, although the speed of impact
would have been reduced.

Result: The brake system problem would be cited as a severity-
increasing factor rather than as a causal factor.

There is no limit to the number of factors of either significance which can be identified for a
particular accident. Particularly in the second example, it is likely that there has been a delay or
failure on the part of the driver which has placed him or her in a situation where even properly
operating brakes would not enable him to stop short of the vehicle in front. A human
factor—possibly inattention—might also be identified as a causal factor in the same accident.

It should also be noted that the countermeasure for a particular kind of problem may be in
a different area than the problem. For example, many human causes may imply the need for
changes in vehicles or the environment. Remedies for inattention might include radar warning

“or brake activation systems, improved brake lights, etc.

Sample results from the detailed causal data tables (which appear in Appendices A and B)
are shown in Figure 2-2. These illustrate the six main cells generated by the three certainty and
two significance definitions just discussed. Note that the ‘addition of a summary causal or
severity-increasing column results in three additional cells, or a total of nine for each level
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Figure 2-2

Example of Detailed Causal Data Tables Found in Appendices A &
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' Darkened boxes indicate source of “definite cause” and “probable level” causation data, frequently referred
to in the text. Definite cause results are taken from the “causal-certain” cell, while “probable level” results are
taken from the “certain or probable, causai or severity-increasing” cells.
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(Figure 2-2). Since results for both Levels Band C are shown in this same table, the end result is
that for a given causal factor, there are a total of 18 cells of interest (each of which contains
information regarding both »n and percent of accidents investigated).

While this method of presentation is well suited to a data user interested in details
concerning a particular causal factor, it does not facilitate generalization as to the relative
involvement of different factors. For this reason results from only a few of Figure 2-2’s cells
have been extracted for presentation in summary tables, and for use in many of the sub-
analyses. These are:

® the causal-certain cell—results from this cell are termed definite causes, and

¢ the certain or probable-causal or severity-increasing cell—results from this
cell are termed probable level results, or results with probable findings
included.

The dictionary of causal factors employed appears in a Glossary at the end of the report,
and the assessment methodology is further described in Interim Report I(Volume I1, Appendix
A) (1). The causal hierarchy used, and many of the factor names had their origin in earlier
NHTSA-sponsored research and in an MVMA-sponsored study conducted by Cornell
Aeronautical Laboratory (now Calspan, Inc.) (2).

2.3 Limitations and Implications of the Causal Assessment Methodology

The above-described procedures to assess accident causes were selected so as to arrive ata
comprehensive accident causation assessment procedure within practical time/cost limita-
tions. In order to obtain a practical significant data set size, the methodology at a certain
point had to be “frozen” 1n order to ensure that all causes were based on the same defini-
tions and all assessments made with the same methodology. With these restrictions in mind,
the limitations of the present causal assessment approach are enumerated and discussed be-
low. The limitations of the present approach evolve around three main issues and an impli-
cation for accident countermeasures:

® The Definition of a Cause

The Indiana definition is based in the test of necessity, although even here this definition is
criticized on the grounds that it is hard to conceive of a deficiency which is always present inan
accident (and hence truly necessary). In other words, there is a conflict in the
reconstructionists’ notion of necessity (necessary, but only for thisaccident, such that “but for”
this factor, this accident would not have occurred), and the logician’s sense of necessity (i.e., if
it’s really necessary to an accident, it will be present in each and every accident that occurs).
Clearly, in future efforts a high level of attention must be focused on further developing the
concept and definition of “accident cause.” And, itis anticipated that this will involve focusing
not so much upon the philosophical issue of what is a cause, as on what kind of information is
most useful in designing a countermeasure.
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® The Case Study Approach

In the strictest sense, in order to define a cause-and-effect relationship (e.g., “inattention
causes accidents”), the independent variable (such as inattention) should be under strict
experimental control. Since in a naturalistic accident investigation this is impossible, one of

" two weaker methodologies must be used. The first is an observational-correlational approach
in which a cause is defined as a factor that is associated with an increase in the risk or
probability of an accident. Being a pure associative (statistical) definition, the mere over-
representation of any human, vehicular, or environmental characteristic would make this
characteristic a causal factor. Thus, young drivers and old vehicles would be accident causes.

The approach utilized here—the case study method—actually assesses a cause-and-effect
relationship, but the process is both subjective and post-hoc. The causes defined in this way are
specific events within a closed-loop model of the driver-roadway-vehicle system, that by

_virtue of their presence or occurrence caused a failure in the system (i.e., the accident). The
major shortcoming of this approach s in the fact that the attribution of a “cause” is a subjective
process which, in the present study, is not validated against any external criteria. It is because
of this particular weakness that the analysis and causation assessment process needs to be as
explicit, syst'ematic, and comprehensive as possible so as to lend it, at the v.~v least, content
validity. (See Anastasi, 1961, for a comparison of various validity criteria). Partiai o ~current
validity could be measured (though this was not done here) through the use of comput:r
simulation of accident reconstruction (one such partial computer simulation is Calspan’s
SMAC Program). For such an effort to be comprehensive, it would, however, have to include
many human information-processing parameters. Other approaches might also be designed.

® The Post-Hoc Analysis

In doing a post-hoc accident analysis there are at least two biasing factors. First, one is
blessed with the powers of hindsight yet attempts to make a “predictive” evaluation of cause-
and-effect. Put in another way, injudging a factor to be “necessary” we state that, given that all
else remains the same, the occurrence of a particular failure (e.g., inattention) will cause an
accident. It appears, however, that one effect of the post-hoc knowledge (that an accident did
in fact happen) is that it imposes a pattern which selectively increases the perceived
predictability and avoidability of accidents (Walster, 1966). Recent experimental studies by
Fischoff (1974) indicate that having outcome knowledge of a clinical case increases the
perceived postdicted likelihood of that particular outcome (regardless of whether it was in fact
true or not) and “changed the perceived relevance of event-descriptive data . . . . Judges were,
however, largely unaware of the effect that outcome knowledge had on their perceptions. Asa
result, they overestimated what they would have known without outcome knowledge.” The
implication of Walster’s argument and Fischoff’s findings is that if a particular cause was
“postdicted” to have caused a certain percent of the accidents, it is not necessarily true that the
.removal of this factor would eliminate that same percentage of accidents.

Second, in conducting a post-hoc assessment, much of the accident-descriptive data is
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based on drivers’ and eyewitnesses’ reports. These are subject not just toa loss in memory over
time but also to specific biases in the reconstruction of the accident around these fragments of
memory. Although the psychologist responsible for the collection, analysis, and interpretation
of the human factors data was cognizant of these factors and while physical evidence, witness
statements, and other information were carefully evaluated in trying to reconstruct what
happened and why, it is unlikely that all such were overcome. Particular problems include the
following:

(1) The rapid occurrence of critical events just prior to the accident: Information quickly
going through a driver’s short-term memory just prior to the accident may not be processed
well enough to be transferred into a more permanent storage (long-term memory), and is
cspecially likely to be masked by the trauma of the accident itself.

(2) In reconstructing the accident, the driveér operates under the biases of post-hoc
knowledge noted above, and complements true events in memory by inserting additional
information that would be both consistent with the recalled events and his self-perception asa
driver. The longer the interval between the accident and the report, the greater the biasis likely
to be. (For this reason, on-site interviews sometimes provided information not obtained in the
in-depth interview.)

(3) Some of the bias in the driver’s recollection can be inadvertently caused by the phrasing
of the questions by the interviewer, even when the questions do not appear to be leading. Thus,
Loftus and Palmer (1973) found that after viewing a movie of a staged collision, viewers who
were asked whether they saw “any broken glass” after the cars “smashed into each other”
reported “yes” significantly more often than viewers who were asked whether they saw “any
broken glass after the cars hit each other.” This is despite the fact that there was no broken glass
in the accident.

i
® The Relationship Between a Cause and a Countermeasure

As noted above, the practical significance of a causal determination is in the ability to
provide a solution that will reduce the probability of occurrence of that cause. However, this
does not imply that the countermeasure must operate directly on the cause itself. Thus, if
human direct causes are identified in 80-90% of the accidents, effective countermeasures can be
developed within vehicular or environmental areas which interact with the human causes. To
illustrate, when inattention to (or delayed fecognition of) vehicles slowing ahead is identified as
a cause, effective countermeasures can be envisioned in the:vehicular domain through the
design of radar-actuated brakes, improved deceleration signals, etc.

In this context, for purposes of the present study a cause was defined as substandard
performance of any component in the driver-roadway-vehicle system. The determination of
the standards is somewhat arbitrary and was selected so as to represent the state of affairs that
could be expected for an alert, sober driver, employing good defensive driving practices; a

!
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vehicle that conformed to present as-manufactured standards and capabilities, and an
environment that yields good visibility and clear, dry roads. A cause within any of the above
categories-therefore implies a substandard level, but not necessarily a countermeasure. Thus, if
the baseline (normal) vehicle standard had been assumed to include a four-wheel anti-lock,
radar-actuated assisted braking system, there would have been many more vehicular causes
listed (under braking system problems). While the data collected allows a countermeasure-
oriented analysis of accident causes, the causal tabulations do not by themselves indicate where
countermeasure efforts should be concentrated.

2.4 Quantitative Analysis Procedure

Although many of the data processing and analytical procedures were established during
the performance of A Study to Determine the Relationship Between Vehicle Defects and
Crashes (3,4), and the first two years of the present study, procedures were improved during the
past year. Data editing was refined, providing a greater degree of automation, thereby
decreasing processing time and reducing the probability of errors in the data.

Figure 2-3 is a macroflowchart of the data reduction and analysis process. Circled numbers
adjacent to each process, file, or document are used solely as reference aids in the discussion to
follow. The chart shows the interfacing of data, process, documents, and files, beginning with
accident case report forms @ and baseling data surveys and samples, (D @ and ending
with completed report tables and graphs @ presenting analyses of these data.

Figure 2-3 shows that there were three types of data requiring reduction from hard-copy to
machine-readable medium. Baseline survey forms @ used in the collection of dynamic
vision, driver knowledge, reaction time measures and other demographic characteristics of
general population drivers were self-coding, and required little preparation for keypunching.
Coders @ merely transferred codes marked by the interviewers to column-numbered
spaces of the form. On-site and in-depth data forms from accident case reports @ were
coded separately. Each accident data collection form was identified by case number, level of
investigation, traffic unit and occupant number (whenapplicable), allowing information from
separatc data collection forms to be merged together by computer after reduction and editing
were completed. Other data requiring coding were samples of driver age and sex from
registrations on file at the Monroe County ' License Branch @ . All coding was
verified @ by an alternate coder, in order to reduce the possibility of human error in the
coded data. For the baseline survey @ , data items were checked for consistency, and any
discrepancies resolved where possible. When inconsistencies could not be resolved by
examination of other data items on the form, the discrepant data items were coded as missing.
For the accident data @ , the verification process was more extensive. An alternate coder
verified each coded case by re-reading the case report, re-examining the codes on the case
coding forms, and reconciling any inconsistencies noted. For the drivers license sample @ ,
data coded onto sampling sheets were verified by a second coder sent to the License Branch.

After coding forms were completed and verified, a keypunch operator punched 80-column
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data cards by referring to the code indicated for each card column on the coding form
Accident data were punched in batches as coded cases became available. Baseline survey data
and baseline sample data were punched en masse. After a number of cards had been punched,
decks were subjected to punch-verification @ , where the keypuncher repunched all cards
images from the coding sheets into a verifying machine which flagged any card columns
potentially in error. Cards having punch errors were corrected on-hne The resultant card
decks were then cataloged and stored for editing.

The card decks comprising the preliminary data files @ ‘were subjected to computer-
assisted edits. All card decks were input to editing programs which produced specially
formatted listings @ of the card images which contained variables out of range. Coders
reconciled any discrepancies and then took actions necessary to correct the cards in
€rror . .'A final, automated edit check was then conducted on each data array
The computer program used for this purpose was specially written to check for proper order of
case numbers, traffic unit numbers, ‘and card numbers for each array, and produced a
listing @ of all such cards in error. Using the error listings, coders amended the card deck
files, referring to the original accident case reports where appropriate.

The card decks comprising the edited Phase 11, 111, 1V, and V data were written to 7-track
magnetic tape @ by CDC update software @ which allows controlled read-back of
any single data set. This tape served as the primary of four working data files used for all
computer-produced and computer-assisted analyses appearing in this report. Police reported
accident data, drivers license data and vehicle registration data were obtained from other
sources and maintained on separate files. The original source of Monroe County accident data
was the state police-supplied tape file containing data on all driver- and police-reported
accidents occurring in Indiana during the years 1971 to 1974 @ . Police reported data were
converted from 9-track to 7-track for use on Indiana University’s Control Data 6600
Computer System. The IRPS-written programs which performed this transforma-
tion @ also subsetted this file to include only accidents occuring.in Monroe County, thus
producing a 7-track Monroe County Accident Data File . Monroe County driver’s
license and vehicle registration @ tapes were supplied by the Indiana Bureau of
Motor Vehicles and converted from 9-track to a 7-track CDC 6600 compatible format and
stored for further use @ . The Monroe County Accident File and Phase II/III/IV/V
Analysis File were used as source files for creation of subfiles specially suited to individual
analyses performed. For example, production of the causal factor tables presented in
Appendices A and B required analysis files having certain subsets of Phases 11, III, IV and V
causal factor arrays merged on a casewide basis. The array selection, merging, and subsetting
operations were perfo