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ACCIDENT RESEARCH can be categorized in terms of the general types of data sources
employed, regardless of the purposes for which they are used. This approach is
particularly uscful to the newcomer to the field, because many of the difficult
problems in accident research relate to the obtaining of data. In this chapter we
shall note some of the various sources of raw materials which may be employed
and delineate the skills often used in connection with them. Additional examples
will be given in subsequent sections, particularly in Chapter 9.

Aside from its subject matter, there is very little unique about accident research
as a form of scientific activity. The same principles and methods apply as in other
rescarch areas. Scrupulous care must be exercised in the collection and analysis
of data, and conclusions must be based on the careful and unbiased weighing of
the best available evidence. There is, furthermore, no substantial evidence that
accident research presents problems more difficult than thosc encountered in related
areas of scientific concern, and statements that postulate such difficulty as an apology
for work that lacks either rigor or an adequate conceptual basis should be discounted.

It is a very common shortcoming of accident research that the effort expended
and the conclusions rcached are not justified by the quality of the data employed.
Although this has long been a problem, it has become increasingly serious during
recent years with the introduction of modern methods of data processing. The
availability of such methods, particularly as applied to motor vehicle accident
reports, has caused many investigators to lose sight of the fact that no amount of
efficient or refined processing can improve the quality of the raw material. Unless
a clear-cut distinction is borne in mind betwcen the collection of data and their
use, sophisticated analyses are liable to be based on such poor material that the
results arc of unknown validity. Both this situation and its opposite—the poor
use of good data—emphasize the principle that the quality of research cannot be
superior to that of its weakest element.

The range of accident rescarch includes purely theoretical work, laboratory
and field experiments, and the observation of natural phenomena. It is impossible
in a volume of this nature to consider thoroughly the methods of data collection
of all of the pertinent disciplines. This chapter is intcnded, however, to provide a
broad introduction to this aspect of the work, leaving for subsequent chapters
examples of the many more subtle and complex problems with which the investigator
must often be concerned. This chapter, moreover, is concerned only with cxamples
of data sources employed in the counting of accidents and in the study of the factors
that lead to their occurrence. This leaves for Chapter 9 the consideration of the
somewhat parallel sources of data cmployed in the study of accidents themselves,

nd of the unexpected, injurious energy exchanges by which they are defined.

ABORATORY RESEARCH

Little competent accident research has been based on the use of laboratory
ubjects, and little work of this type is now under way. This is unfortunate, since
is usually only in the laboratory that it is possible to prepare and control the
recise conditions under which observations are to be madc. In addition, laboratory

perimentation can often be designed to avoid the hazards to individuals that
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are inherent in accident research of other types. With few exceptions, however,
laboratory research has been limited to rather narrow studics in pharmacology,
physiology, and experimental psychology. There has also been an increasing amount
of laboratory investigation of the ways in which injury per se may be produced or
prevented (see the discussion of such research in Chap. 9). Much laboratory work
not specifically centered on accidents, however, has produced findings pertinent
to this field.

There is a good deal of controversy as to the degree to which it is neccssary and
desirable to reproduce in individual laboratory experiments, in so far as possible,
all the characteristics of accident situations. For example, some investigators strongly
favor the development for motor vehicle research of highly sophisticated “simu-
lators”—somewhat like Link Trainers—which would attecmpt to simulate many
of the complex circumstances in which accidents occur.® Others argue that relatively
simple experiments concerned with only small numbers of variables can often
yicld results of equal utility and validity, and there is considerable cvidence, parti-
cularly from collateral fields, that this is sometimes the casc. The fundamental
consideration, however, is not the complexity or emphasis of a given approach
but rather whether it represents the most scientifically appropriate and efficient
means of answering the questions at issue.

Tt is cssential to recognize that, although laboratory research is an effective
approach to some types of problems, it is not appropriate for the solution of all
research questions, There are classcs of problems which cannot usually be solved
through laboratory experimentation alonc. For example, simulation, of whatever
degrec of complexity, requires thorough knowledge of that which is to be simulated.
This implics the need for observation of accidents as they actually occur.

In addition, it is often desirable to study in the laboratory the cffects of circum-
stances somewhat differcnt from (hose which have been adequately investigated
in relation to actual accidents. When this is done, the relevance of the findings
to nonexperimental situations is frequently not firmly known and can only be
estimated on the basis of the totality of the available laboratory and nonlaboratory
evidence.

A related difficulty involves what may be referred to as the “ranking problem”
(see “Alcohol in the Single Vehicle Fatal Accident,” Chap. 4). It is seldom recognized
that a common type of research problem is not readily susceptible to either jaboratory
or field experiments. Although these approaches may bc suitable to determing
whether a given factor {(or combination of factors)—for cxample, the use of barbi
turates—can lead to the occurrence of accidents, they cannot usually be used t«
determine the frequency with which that factor does lead to accidents. Thus, althoug]
the production of accidents in relation to the administration of barbiturates migh
be simulated in the laboratory, such work usually contributes little to knowledg
of cither the prevalence of the pertinent barbiturate concentrations in the actus
nonlaboratory population at risk or their importance as a Cdause of accident:
questions that at present can be investigated only by cpidemiologic methods.

A related problem derives from the fact that variables not known or thougl

* These are now being developed.!
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to be pertinent in connection with accidents as they actually occur are not likely to
be studied in the laboratory. This is but another reason why laboratory research
should be substantially based on careful study of the actual phenomena with which
it is concerned (see “*On the Natural History of Falls in Old Age,” Chap. 4).

Experiments may also vary greatly in their complexity, content, and emphasis,
since the situations which they attempt to duplicate show similar variation. As a
resull, no one laboratory approach is best for all problems, and, as in all research,
the first step should be the definition of the problem rather than the decision to use
a given approach. This is commonly overlooked in accident research, to the detriment
of the field.

Objective choices between laboratory and other approaches, however, involve
many considcrations in addition to those just noted. In theory, the method sclected
should be (he most pertinent, rcliable, and efficient available; in practice, qucstions
of financing, the availability of competent and interested personnel, and many
other factors influence the choices made. Consequently, it is not possible to provide
rules of thumb for choice of method in specific cases. Experience has shown, however,
that certain questions are answered far more easily in some ways than in others,t
and that some approaches cannot answer certain types of questions. For example,
one would not expect an approach based exclusively on interviewing to differcntiate
reliably between fatal accidents resulting from “heart failure™ and those resulting
from the rupturc of various arteries in the brain. Nonetheless, such limitations
are often overlooked by those who consistently apply only one method and view-
point to all problems.

SOME EXPERIMENTAL BIASES

Whenever accident research involves the use or identification of specific individ-
uals, it is essential that their selection be frec from pertinent biases. For example,
if one wished to learn the effects of a pharmacologic agent on individuals of highly
varied characteristics, such as occur in the gencral public, it would be inapprop-
riate to use as subjects healthy young engineers or laboratory technicians or those
who, through previous experience with the same drug, had developed tolerance
to it.1 In addition, in laboratory research the circumstances in which the experiment
is carried out must not, if the research is to huve validity, pertinently influence the
results to be obtained. Thus, physical and social characteristics of the experimental
situation—for cxample, noise, vibration, and the presence of observers—are among

1 *“Student” has cited a classical example of the cost of a poorly planned experiment. Tn it,
20,000 subjects were used when 100, appropriately chosen, would have been sufficient.?

Many examples of the inappropriate choice of experimental subjects could be cited, particularly

ith respect to the testing of safety equipment. One tinted windshicld, for example, was tested
ith a small group of young adult males who, in addition to being atypical of much of the driving
ublic, particularly with respect to vision and related characteristics, also knew in advance the
ocation of the targets they were to identify while driving under low illumination. Those who
ome to accident research from backgrounds in engineering and other fields in which the high
egree of variability characteristic of human and other biological material is not usually present
ppear to overlook consistently the problems which this presents, not only in the choice of ex-
erimental subjects and samples but also in the design of equipment.
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the many factors which must also be controlled. Finally, as in all experimentation
with living subjects, it is necessary that placebo and learning effects be either eliminated

or rigorously controlled.

One of the common shortcomings of laboratory research has involved failure
to familiarize the experimental subjects with the equipment and circumstances in
which they are to be tested, with the result that studics of the cffects of changes in
the variables under investigation have been grossly contaminated by learning effects.
The performance of human subjects on driving simulators, for example, has been
measured before and after the administration of beverage alcohol despite the fact
that the subjects werc still learning how 1o operate the devices used. Although the

error of this approach would appear obvious,

it has bcen overlooked by many

investigators unfamiliar with the sophisticated methods developed especially by
psychologists and pharmacologists to overcome biases of this type. It is to indicate
the nature of these safcguards that the following selection is included.

THE INFLUENCE OF ALCOHOL ON AUTOMOBILE

DRIVING ABILITY

_T. A. Loomis, Ph.D., M.D., T. C. West, Ph.D.

This report indicates the extreme care that must be taken in any such experiment.
It demonstrates also thc substantial magnitude of the shifts in quality that may

occur during the learning phase of a subject’s performance with a new and complex

situation or device.

DRIVING AN AUTOMOBILE has become a
necessary part of the daily activitics of the
average American adult. Multiple physio-
logical and sociological mechanisms must
function properly if the privilege of auto-
mobile driving is to be a safe and helpful
factor in everyday life. Because the auto-
mobile is a complicated and sometimes a
lethal instrument, all drivers are obligated to
function to the best of their normal ability in
any situation that may arise. It is therefore
proper that penalties be imposed through
suitable legal channels on those who drive at
any time without due regard for the rights of
others. The driving of an automobile after
drinking alcoholic beverages presents a
major and important phase of this problem,

Since the consumption of alcoholic beve-
rages by adults is legal everywhere in this
country, it is necessary to have a suitable
mechanism for determining the limit of
effect from alcohol beyond which ability is
impaired.

The two methods in common use for
determining the extent of functional impair-
ment resulting from the ingestion of alcohol
are (a) clinical evatuation of the individual
and () chemical estimation of the blood
alcohol concentration. Neither method pro-
vides direct evidence of the degree of func-
tional impairment in a given individual. The
first method assumes that average normal
function always exists in the absence of
alcohol. There is no estimation of the con-

Reprinted, with permission, from the Quarterly Journal of Studies on Alcohol,

19:1:30-46, March 1958. Copyright by Journal of Studies on Alcohol, Inc., Rutgers
University, New Brunswick, N.J, Portions of the text, five figures, and two tables have
been omitted.
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trol ability of a given suspect that would
establish the basis on which to evaluate the
decreased ability attributable to alcohol,
Consequently, impairment resulting from
alcohol must be extensive and obvious be-
fore such clinical tests can be interpreted
positively. Must the state of impairment of
function from alcohol be obvious and ex-
cessive before any person shall be considered
as being under the influence of aicohol or
before his driving ability is impaired?

The sccond method of evaluating the
extent of impairment of function from alco-
hol involves the use of chemical tests for
measuring the concentration of alcohol in
the blood. Rationale for the use of this indi-
rect method is based on reports made by
formal committees of the National Safety
Council and the American Medical Asso-
ciation. These reports are the opinions of
experts who were acquainted with the expe-
rimental evidence indicating a direct rela-
tionship between the effect of alcohol and
the concentration of this compound in the
blood. A number of studies have dealt
directly with the relationship between the
amount of alcohol in the blood and the
degree of functional impairment in actual or
simulated driving conditions. Many other
studies, as summarized by Greenberg uti-
lized laboratory techniques to determine the
direct relationship between depressed func-
tion of the central nervous system and blood
alcohol concentration,

In 1955, 46 states were using chemical
tests to help determine the degree of intoxi-
cation in suspected drinking drivers, Twenty-
three states have chemical-test laws which
are generally modeled after Sec. 11-902 of
the Uniform Vehicle Code. A significant
feature of that section of the Code is the
provision that if the concentration of alcohol
in an individual’s blood is 0.15 per cent or
more, he shall be presumed to be under the
influence of alcohol. Therefore, the value

.15 per cent (sometimes expressed as 150

g. per cent) has attained considerable legal
prestige as the single value that determines

hether or not an individual is “under the

influence.” Pharmacologically, alcoholwould
indeed be a peculiar drug if it produced no
significant effect at a blocd concentration of
0.14 per cent but a significant effect at 0.15
per cent. Yet this is cssentially the stand
taken by the legal profession with the estab-
lishment of such laws. Pharmacologists re-
cognize that alcohol has, among its several
actions, a progressive central nervous system
depressant effect. This implies that there
must be a minimum concentration of alco-
hol below which the cffect is not measurable
and therefore is not significant. The question
i$ not how high but rather how low the con-
centration of alcohol in blood may be if
driving ability is not to be influenced by the
presence of alcohol.

METHOD

In order to evaluate critically the blood
alcohol level at which driving ability is
measurably impaired, an experimental pro-
cedure was devised. A simulated automobile
driving device was designed for laboratory
use. A conventional automobile steering
wheel, brake and accelerator apparatus
could be operated in a manner identical to
that of driving an automobile. The steering
apparatus was arranged to operate a minia-
ture automobile as it passed over a moving
belt. On the surface of the belt was a con-
tinuing road bed 50 yards in length which
moved irregularly but smoothly from side to
side. A photo-electric cell mounted beneath
the ““auto™ was in the beam of a light source
below the belt. The light source moved with
the auto. When the auto was not directly
above the opaque road, the time off the road
was accurately recorded and a signal light
above the auto was illuminated. Above and
in the center of the belt were three colored
lights {(green, amber and red) covered with a
translucent plastic plate, Timed illumination
of these traffic lights was controlled auto-
matically from an electrically driven cam-
switching mechanism. Cumulative interval
timers were arranged to record the time in-
terval between the appearance of the red light
and application of pressure on the brake




