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IN 1961 there were 800 fatal injuries in high¬
way accidents that didn't occur. They

didn't occur because in 1956 automobile manu¬

facturers began installing a new type of door
lock on all U.S. cars. In certain accident cir¬
cumstances where the old door locks failed to
hold the door closed, the new door locks did the
job. Consequently, instead of being thrown out
of the car (with a high risk of a fatal injury),
the occupant stayed inside (with a much lower
risk of a fatal injury). From the scientific
studies of the Automotive Crash Injury Ee¬
search Program (ACIK) of CorneU University
it is possible to make a reasonably accurate eval¬
uation of the number of lives saved by introduc¬
tion of the modified door lock (1). It is also
possible to determine that the modified door
locks were only about 33 percent effective. As
a result, further modifications have been made
in the door locks going into most U.S. cars.

Eventually, it may be possible to prevent some

5,000 deaths on our highways each year by these
seemingly minor changes in the design of a

single item of hardware (#). If scientific
knowledge gained in the past decade were fully
utilized, the highway toll could probably be cut
in half in the next 10 years (3).
As of now, the main task is to apply the sci¬

entific findings to the design and construction of
U.S. cars. The final decisions as to what safety
hardware goes into the assembly line are made
by the automobile manufacturers. Safety is not
the only consideration since the product must
compete for consumer acceptance. Sometimes,
as with door locks, these decisions have im¬
proved the safety of the product. Other design
decisions have tended to swell the highway toll.
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Delay in translating new scientific knowledge
about highway accidents into hardware contrib-
utes to 15,000 unnecessary deaths on our high¬
ways each year. Extreme speeds have been
especially costly in deaths, disabilities, and hu¬
man suffering. Yet the scientific study of high¬
way accidents associated with extreme speeds
could yield results just as positive as those that
came from the study of door locks.

Extreme-Speed Accidents

The hard core of the speed problem is the
accident where at least one vehicle is traveling
more than 70 miles per hour (that is, extreme-
speed accidents). There are several main rea¬
sons why. With existing hardware, such as

safety belts and padded instrument panels, oc¬

cupants of a vehicle can be protected fairly well
against fatal injury in accidents at speeds up
to about 45 miles per hour. Unfortunately
such hardware is not yet in wide use. There are

a few special situations, such as accidents where
one car invades the passenger compartment of
another car (broadside accidents), which are

hazardous even at low speeds. However, in a

majority of low-speed circumstances, the occu¬

pants can be protected. In the intermediate
range, 45 to 70 miles per hour, protection is
poorer, but further developments in safety hard¬
ware may reduce the risk of injury in this range.
In accidents at extreme speeds, however, safety
hardware is ineffective because the passenger
compartment tends to become "uninhabitable."
At speeds up to 70 miles per hour (except in
situations such as broadside collisions) the pas¬
senger compartment usually holds together.
Extreme speeds account for a sizable portion

of all highway fatalities. In an ACIR sample
of 14,198 automobile occupants involved in in-
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jury-producing accidents on rural highways,
there were 590 fatalities. Of these fatalities,
291, or about half, occurred in extreme-speed
accidents. Two separate risks account for the
heavy toll of extreme speed. First, a car mov¬

ing at extreme speeds has a greater chance of
getting into an injury-producing accident than
a car moving at lower speeds. Second, if an

accident occurs the occupants have a greater
chance of being killed. The facts concerning
this second risk are shown in figure 1. The risk
of fatality rises sharply as the speeds enter the
extreme range. For technical reasons, figure 1
uses the "applicable impact speed." Traveling
speeds tend to be about 10 miles per hour higher
than impact speeds, since there is usually some

braking and evasive maneuvering before colli¬

sion. The risk of fatality is doubled or tripled
when the speed moves beyond the "legal" range
(50-59 miles per hour). The shaded area indi¬
cates the confidence intervals on the estimated
risks.
The risk of meeting with an accident cannot

be precisely estimated from the ACIR data.
The difficulty is that cars enter the sample only
if they are involved in injury-producing acci¬
dents. The speeds of the other cars in the traf¬
fic streams are not known. The ACIE data
show that the 14 percent of the occupants in
extreme-speed accidents accounted for half of
the deaths in the sample. Other considerations
suggest that the proportion of occupants in cars

traveling in the extreme-speed range may be
about one-third of the 14 percent figure, or

Figure 1. Risks of fatality for occupants in rural injury-producing accidents, by applicable impact
speeds
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about 5 percent. It is inferred that the risk of
accident is at least double when a car moves into
the extreme-speed range. Possibly it is 3 or

4 times as great as the risk at moderate speeds.
The risk of fatality is roughly the product

of two preceding risks. Hence, the extreme
speed multiplies risk of death at least by a fac¬
tor of 4. This raises the question: If traffic
can move with relative safety at, say, 60 miles
per hour, why should increasing the speed by
20 or 30 percent produce such a drastic increase
in the risks ?

How Accidents Happen
The stock answer of safety experts and edi¬

torial writers has been that "crazy" drivers are

to blame. Among the many studies of this
question, there is little or no evidence to indi¬
cate that drivers who use the extreme-speed
range are any "crazier" than other drivers. In
any event, there are no psychological tests
which can be given to a group of drivers to
identify those drivers who will have accidents
in the next year.
In the search for obscure personality traits

or motives to account for highway accidents,
a simple and straightforward explanation has
been overlooked: The driver behaves normally
but the circumstances are such that normal
behavior invites serious trouble. To see this
point it is necessary to consider the driver as

part of a larger system, a system that also in¬
cludes the vehicle and the highway environ¬
ment. It is the interactions or interrelation-
ships of the components of the system rather
than the isolated components that govern the
events of an accident at extreme speeds.
Suppose a typical driver, a middle-aged

male, steers a standard, medium-priced car

down a straight stretch of a two-lane rural
highway. In what follows, the motives or per¬
sonality traits of this driver will be much less
important than his driving habits. Like most
Americans, this driver spends most of his time
in an urbanized environment rather than on

the open road. In the course of his day-to-day
driving, mostly at low speeds, he has acquired
some deeply ingrained habits. Judging by air-
craft accident studies, it may be predicted that
in an emergency situation he will revert to
these well-established habits.

Suppose that the car is going 40 miles per
hour and that, as it tops a slight rise, the driver
sees some debris in the road ahead. To avoid
the debris the driver executes a familiar evasive
maneuver that carries him into the left lane.
Since the surface and pitch of the rural high¬
way is different from the familiar city streets,
the driver finds himself heading for the shoul¬
der. At this point he automatically begins a
corrective maneuver which holds the car on the
road and allows him to swing back into his
lane and proceed on his way. The driver has
acted normally, the car has acted normally,
and while the highway environment presented
a hazard, such hazards are a normal feature
of the environment. Complete absence of such
hazards would be abnormal.
Now suppose the car was going 80 miles per

hour. This immediately puts heavy time pres¬
sure on the driver, but let us assume that he
does not panic and that he follows his usual
driving habits. The high-speed evasive ma¬
neuver brings into play high accelerative
forces (high g's). Doubling the speed does not
merely double these forces; it results in a four¬
fold increase. This elementary law of physics
plays an important part in the subsequent
events.
High-g forces have a critical but rarely ap-

preciated effect on the handling characteristics
of the car. For example, in the familiar low-g
situation the standard U.S. car has a definite
understeer. This point can best be understood
by imagining that the car is being driven
around a circular test track. With neutral steer,
there is a position of the steering wheel that
would allow the driver to circle the track with¬
out moving the wheel from this neutral posi¬
tion. With understeer, if the driver had turned
the wheel to the neutral position, he would have
to turn a little further to hold the car on the
road. With oversteer, if the driver turned to
the neutral position he would have to reverse

turning direction to hold the car on the road.
Nearly all engineers favor understeer over over¬
steer. However, a driver can develop habits
which will enable him to manage the car satis-
factorily even if it oversteers (though the hab¬
its would be somewhat opposite from those for
understeer). The crucial point is this: As the
accelerative forces increase, the standard under-

Vol. 78, No. 1, January 1963
667579.63-3

29



steer car changes its handling characteristics
in the direction of oversteer (3).

Manageability
What is the effect of a change in steering

characteristics of a car in the high-g evasive
maneuver ? The steering habits appropriate to
the familiar steering characteristics of the ve¬

hicle will no longer hold the vehicle on

course. Moreover, the habits which come into
play to bring the car back on course will no

longer achieve their goal. The driver is
gripping the wheel of a car which for no ap¬
parent reason has suddenly become unmanage¬
able. Moreover, this happens at the worst pos¬
sible time, in the middle of an evasive maneuver
that is difficult at best. The interaction of the
driver, car, and highway has now produced a

highly hazardous situation.
As the driver struggles with the controls,

features of his car that provided comfort or

even safety at moderate speeds now betray him.
At moderate speeds the soft suspension system
of the car nicely smooths out bumps and jolts,
but it is a serious handicap in high-g ma¬

neuvers. As road-racing experience has shown
(4), at this critical point the driver needs the
"feel of the road." But the comfortable seats,
soundproofing, power brakes, steering, and
other modern hardware screen out the sounds
and vibrations that would warn the driver of
an impending skid. To put it bluntly: a stand¬
ard U.S. car has a motor which will put the
car into the extreme-speed range with ease.

The rest of the car is grossly unsuitable for ex¬

treme-speed maneuvers.
There is a close though not quite exact anal¬

ogy between what happens in the extreme-
speed range and what happens when a car is
driven in powdery snow. As long as a car is
driven at a fairly constant speed without sharp
turns, the car performs in snow much as it
would on a dry highway. However, in sharp
turns or abrupt braking where stronger accel¬
erative forces come into play the car becomes
unmanageable, unless the driver is used to driv¬
ing in snow. Because snow reduces the coeffici¬
ents of tire friction, abnormal performance oc¬
curs even at low g's. On a dry highway, the
changes require much higher g forces. How¬

ever, extreme speed and snow are similar in this
respect: The car does not go where the driver
points it.

Is there any factual evidence that in the ex¬

treme-speed range U.S. cars become unmanage¬
able for the average driver? Here is one sig¬
nificant fact from the ACIR data: At high
speeds, one of every three cars in the sample is
in a "primary rollover" accident, a type of acci¬
dent indicative of loss of control.
What about the track tests that automobile

manufacturers run on their new models?
Wouldn't the unmanageability show up there?
The answer to this is suggested by what hap-
pened when manufacturers attempted rollover
crash tests on their cars to check the perform¬
ance of safety hardware. Although, as the
ACIR data indicate, ordinary drivers appar¬
ently have no trouble getting into rollover acci¬
dents, the test drivers had a hard time getting
the cars to roll. This might seem inexplicable,
until the role of driver habits is recalled. Un¬
manageability refers to the system. In a "new
car-test driver-test track" system the cars are

manageable. Given a system of "usual car,
average driver, and ordinary highway" the cars
are not manageable in the extreme-speed range.
By using the ACIR data that were previously

used to show the relationship between the
applicable impact speed and the risk of fatal in¬
jury, it is possible to test the hypothesis of un¬

manageability at extreme speeds against the
facts derived from investigation of actual high¬
way accidents. For reasons explained previous¬
ly, the speed distribution in the traffic streams
in the areas sampled cannot be determined from
the ACIR data. However, it is plausible to as¬
sume that for speeds of more than 40 miles per
hour the distribution can be represented by an

exponential decay distribution. The risk of
meeting with an accident if the car is moving
at a given speed would be expected to increase
with increasing speed. This risk would be de¬
scribed algebraically by a positive exponential.
However, if the unmanageability hypothesis
plays an important role in the accident picture,
the rate at which the risk increased would be
different for different accident configurations.
In sideswipe and fender-fender accidents be¬
tween two cars, steering characteristics would
be only one of the major factors. On the other
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hand, in a configuration such as a "pure" roll¬
over (rollover without impact with an object)
the steering characteristics would be the domi¬
nant factor. Hence, we expect the rate at
which the risk increased to be highest in this
configuration.
When these verbal statements are put in

mathematical terms and standard statistical
procedures (maximum likelihood) are used to
estimate the rate at which the risk increases in
a given accident configuration, it develops that
the estimates depend on an easily calculated
quantity. This quantity is the arithmetic
mean of the speeds in accidents where the appli¬

cable impact speed is more than 40 miles per
hour. It is therefore simple to test the unman¬
ageability hypothesis against the accident facts.
If the averages in the different accident con-

figurations are all the same or if the ordering by
the averages bears little relationship to the role
of steering in various accident configurations,
the unmanageability hypothesis would be re-

jected. Conversely, if ordering the configura¬
tions by the arithmetic means corresponds to
the relative importance of steering in various
types of accidents, this would support the un¬

manageability hypothesis. Furthermore, the
exponential assumptions mentioned earlier can

Figure 2. Average speeds and confidence intervals for six accident configurations
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be checked graphically, and they appear to be a

fair first approximation.
The results of this test are shown in figure 2

in the form of confidence intervals. These in¬
tervals are easy to interpret. If the confidence
intervals in two accident configurations over-

lap, then the rates at which the risk of accident
increases with speed are probably quite similar
in the two types of accidents. On the other
hand, if the intervals do not overlap, this indi¬
cates a difference in the rates in the two types
of accidents. Figure 2 shows that rates in the
six accident configurations are clearly different,
and that the differences are about what would
be expected if the unmanageability hypothesis
is an important factor in the accident picture.
To nail down the hypothesis we would really
need a series of intensive investigations of ac¬

tual highway accidents which would gather
more direct evidence of unmanageability (for
example, from an analysis of the actual track of
the evasive and corrective maneuvers). The
data in figure 2 and other information on steer¬
ing characteristics cited previously should en¬

courage investigators to seek such direct
evidence.

Solving the Speed Problem

Assuming the validity of the hypothesis that
unmanageability at extreme speeds is a major
highway hazard, what technical improvements
are indicated ? At extreme speeds, our current
automobiles in the hands of average drivers
become unmanageable in evasive or corrective
maneuvers. While improvements can be made
in the highway environment, it is clear that
various road hazards will continue, on occasion,
to demand evasive maneuvers. While driver
behavior can, in theory, be modified by educa¬
tion or punitive measures, drivers can be ex¬

pected nevertheless to persist in familiar
driving habits. If it is easy and comfortable to
drive the car at extreme speeds, some drivers
will use this range. These drivers will find their
cars unmanageable in evasive maneuvers and
will continue to have accidents. It is hardly
realistic to suppose that more education or more

speed laws will have much effect on them. The
one component of the system that is relatively
easy to modify is the car.

There are several different approaches to re-

design of the vehicle to reduce the toll of ex¬

treme speeds. One would be a governor to
prevent sustained travel at extreme speeds.
Another is to control engine specifications, the
approach used in road racing whenever the un¬

manageability of the vehicles becomes obvious.
Yet another way would be to engineer the entire
car (not merely the motor) for driving in the
extreme-speed range. A drawback to this ap¬
proach is that the car would have to be very
uncomfortable at low speeds and would be hard
to sell. The main point here is that manufac¬
turers are quite capable of redesigning cars to
enhance safety, possibly along some line that
hasn't been mentioned. The real task is to de¬
velop a strong incentive to produce manageable
cars which have public acceptance.
The key word here is "manageability." This

term is meant to apply to an actual system: the
driving population in the United States, the
cars that are on the road, and the present high¬
way system. This is a somewhat different con¬

cept of the term than is conventional in auto¬
motive engineering. For example at high g's
a vehicle, in theory, becomes "absolutely unman¬
ageable" when the steering wheel angle has no
effect on the course of the vehicle. According
to current theory (3) this state could be
reached by reversing the manufacturers' in¬
structions on tire inflation for certain rear-

engine compacts and setting certain other con¬

ditions, such as shortest possible turning radius.
Although "absolute unmanageability" could
presumably occur at speeds about 65 miles per
hour, I know of no actual demonstration of this
phenomenon either on the test track or on the
highway. However, long before a vehicle be¬
came absolutely unmanageable it would become
unmanageable in the hands of an ordinary
driver.
As an experiment, one major State legisla¬

ture might require that all makes and models
manufactured after a given date, in order to
be eligible for licensing, meet certain standards
of manageability. With the pattern of aircraft
regulations as a model, the State could require
that all highway collisions resulting in a fatal¬
ity be reported within 48 hours to a roadworthi-
ness commission, staffed to investigate the cir¬
cumstances. If evidence of unmanageability
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is established, after specified hearings and ap-
peals, the commission would be empowered to
designate the unmanageable model as ineligible
for licensing. The mere establishment of such
a commission might be sufficient incentive to
intensify the study of manageability and to
encourage the design, manufacture, and sale
of manageable cars.
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Regional Technical Report Centers
Twelve regional technical report centers

were established in libraries and universities
throughout the country on July 1, 1962, to re-
ceive and disseminate unclassified results of
federally sponsored research and development.

Intended to meet a long-standing need for
easier availability of Government scientific
and technical reports, the centers maintain a
cumulative collection of material from Federal
agencies, their contractors, and grantees, pro-
vide reference, interlibrary loan, and photo-
copy service, and when appropriate, help users
obtain personal copies of documents.

Although they currently receive most of
their material from the Atomic Energy Com-
mission, the National Aeronautics and Space
Administration, and the Department of De-
fense, efforts are being made to include re-
ports from other Government agencies. The
centers will ultimately have complete collec-
tions of all Government technical reports.
The new system of report centers was set up

by the Office of Science Information Service
of the National Science Foundation and the
Office of Technical Services of the Department
of Commerce with cooperation from the
agencies which are contributing material.
The Office of Technical Services is managing
and coordinating operation of the system.
The report centers are in the following

cities, serving the areas listed in parentheses:
Atlanta, Ga.: Georgia Institute of Tech-

nology (Alabama, Florida, Georgia, Missis-

sippi, South Carolina, Tennessee, and Puerto
Rico).

Cambridge, Mass.: Massachusetts Institute
of Technology (Maine, Massachusetts, New
Hampshire, Rhode Island, and Vermont).

Chicago, Ill.: John Crerar Library (Illinois,
Indiana, Michigan, Minnesota, and Wiscon-
sin).

Dallas, Tex.: Southern Methodist Uni-
versity (Louisiana, Oklahoma, and Texas).

Boulder, Colo.: University of Colorado
(Colorado, New Mexico, North Dakota, South
Dakota, Utah, and Wyoming).

Kansas City, Mo.: Linda Hall Library (Ar-
kansas, Iowa, Kansas, Missouri, and Ne-
braska).

Los Angeles, Calif.: University of Cali-
fornia (Arizona and southern California).
New York City: Columbia University (Con-

necticut, New Jersey, and New York).
Pittsburgh, Pa.: Carnegie Library of Pitts-

burgh (Kentucky, Ohio, Pennsylvania, and
West Virginia).
San Francisco, Calif.: University of Cali-

fornia at Berkeley (Hawaii, Nevada, and
northern California).

Seattle, Wash.: University of Washington
(Alaska, Idaho, Montana, Oregon, and Wash-
ington) .

Washington, D.C.: Library of Congress
(Delaware, District of Columbia, Maryland,
North Carolina, and Virginia).
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