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Incnn.lsruc ATTENTIoN is being paid in accident research to the evaluation of the
ellicacy of preventive measures. But this is a substantially new trend. Relatively few
accident countermcasures-some in use for decades-have yet been subjected to
adcquate scientif ic scrutiny. As a result, it is usually impossihle to specify the return
achieved in accidcnt prevention per dollar spent and how the efficiency of that
expcnditure can be increased.

This is a serious deficiency in l ight of the substantial evidcnce that intuit ion,
"common scnse," and traditional assumptions constitutc an inadequate and even
erroneous basis for understanding the causation of acc:idents and for planning and
evaluating attempts at thcir prevcntion. For examplc, Garrett has pointed out that

tuntil the last decade, it was widely accrpted as a "fact" that when an automobile accident
occurred, occupirnts who wcrc thrown from the car were safer than those who remained

inside. Indeed the connotation of thc phrasc "thrown clear" was that the eiectee who
survived this experience would otherwir" hou" been killed. Although such inciilents have
in fact been documented, a 1954 Autornotivc Crash Injury Reseirrch (ACIR) rcportl
showcd that  they were the except ion rathcr  than thc ru le.  .  .  that  door opening was both

a f lcqucnt  aqd i r  hazardous event:  In in jury-producing automobi le accidcnts,  about

44 perccnt of thc cars had onc or more front doors openecl, and, contrary to general
opinion, occupants who were hurlcd through these doors were often "thrown clear" to
eternity-not to safety. 2

Among othcr widely accepted assumptions now known to be incorrect was the
prcnrise that heavy intoxication is an accident preventive. Thus, as reccntly as 1956
an authoritative tcxt stated that

It is the slightly intoxicated drivet who characteristically demonstrates impairment of
judgment more than impairrlent in sensory functions ol psychomotor responses who is
the teal  threat . , . .  The "cockeyed dr inker"  const i tutes nci thcr  a pedcstr ian nor a dr iv ing
problem. Most of these indivicluals are eithcr too drunk to drive or to walk and hence
s l e e p i t o f f . . . . 1 +

Similar cvidence of the danger of hasing programs merely on common sense is
exemplified by the results of Barmack and Payne's evaluation of the Smith System
of driver training and by McMonagle's documentation of increases in accidents
after the installation of trafllc control dcvices at some locations (scc below). lt is
likely that many additional examples will be found when othcr prevcntivc rncasures
are studied objectively.

Despite such strong evidence against basing programs on unsupportcd pre-
sumptions, programs of this kind continue to bc introduccd, often with dogmatic
public assurances as to their efl icacy, Although conceivably justif iable as a stopgap
until adequatc evidence can be marshaled, this process has tended to delay the
necessary fact-finding cluring much of the past half century, a pcriod in which,
in the highway accident l icld alone, morc than 1.4 mill ion drivers and pedcstrians
wcrc kil led in the United States. The introduction of unevaluated measures contrasts
sharply with practice in other public health areas. There, before measures of pre-
vention arl permitted to he used, it is customary to document not only their per-
tinence, elficacy, and cost but their safcty as wcll. The chlolination, filtration, and

t For research evidencc to thc contrary, see McCarroll and Haddon, Chap, J, Haddon et a/,,
Chap. 4, and references 4 and 5.
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fluoridation of public water supplies, the pasteurization of milk, and the Salk and
Sabin vaccincs have been among the many measurcs thus evaluated. Parallel pro-
cedures arc cmployed in the evaluation of new drugs and most new surgical and
other clinical proccdures. Until similar evaluation can be achieved with accident
countermeasures, there is little basis for believing that we are preventing as many
accidents as our available rcsources permit, or that many measure$ are preventing
rather than causing accidcnts.

fn essence, accident prevention measures attcmpt to interfere with the sequences
of evcnts that culrninate in damage to animate or inanimate structure. This inter-
ference is of three broad types. The first type attempts to prevent the potentially
harmful chemical or physical forces from reaching the body or other structure to
be protected. The second type attempts so to modify their interaction with that
structure that damage is reduced or prevented. The third type attempts, through
emcrgency, carly and late clinical, and other care to lessen thc long-range con-
sequences of damage not preventcd by measures of the first two types. Since research
is conccrned with measures of each of these kinds. we shall consider them in order.

Mr,c,suRrs Dlnncrun .lr Flcrons
LEltlr.tc'r 'o AccrDnrqrs

- Measures designed to prevent potentially harmful chemical or physical energy
from reaching a susceptiblc strr.rcture may attempt, in the order'of pr*feren6,
(l) to prcvcnt thc marshaling of the hazardous energy per $e; (2) to prevent or
modify its relcase; (3) to separatc it and the susceptibie siructure in time or space;
and (4) to interpose a barrier that blocks the energy from reaching the structure to
be protected.6, ?

The prevention of damage from a nuclear device can illustrate these four initial
levels of prevention. First, its manufacture might be prcvented. second, its use
might be prevented. Third, thc nuclear devicc and the persons and structures to
be protectecl might bc separated by a safe clistance. Fourth, blast, thermal, and
radiation shcltcrs might be employed. It is both theoretically and practically useful
to analyze in similar terms all measures which seek to prevent potentially irarmful
energy from reaching susceptiblc $tructures. This applies not only to chemical,
mechanical, electrical, and thermal energy but also to such newer hazards as ionizing
radiation and magnetic energy dangerous to biological and other systems. 6,7

All of these levcls of pre-accident prevcntion are cxemplified by measures long
in use, such as lessening the manufacture of nitroglycerine in favor of safer cx]
plosives, restrictions on the discharge of firearms, thc separation in space and time
of pedestrian and vehicular traffic $trcam$, and thc use of insulation on clectrical
and thermal devices- Nonetheless, the failure to analyze accidents in such terms
has made it difficult to determine the exact portions of the causal scqucnces that
offer thc greatest possibilities for rescarch and prevention. Neithcr accident rsscarch
nor accident prevention will have come of age until this is done skillfully and as a
matter of course.

There is little well-designed research on the prevention of the marshaling of
given forms of energy in hazardous amounts-for example, by prohibiting the
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manufacture of fireworks or by limiting the conditions under which vehicles are
set in motion or electricity is gencrated at hazardous voltages and frequencies.t
Similarly, there is little research on the modification or elimination of environmental
components that favor traumatic interference with normal bodily cncrgy exchange,6' ?
as in the case of refrigerators that are so designed as to permit the entrapment
and suffocation of young children.

BEHAVIOR OF YOUNG CHILDREN
UNDER CONDITIONS SIMULATINC
ENTRAPMENT IN REFRICERATORS

*Kathcrine Bain, M.D., Marion L. Faegre, 8.4., Rttbert S. Wyly, B.S.

The following paper is an already classic study of human behavior in retation
to a specific man-made environmental hazard. The study was one rcsult of public
pressure and Corrgressional concern which had led in 1954 to attempts to require
the manufacturers of refrigerators to modify their models so that entrapped children
would be able to escape.

The hearing on the proposed legislation,f which was opposed by refrigerator
manufacturers and the Secrctary of Commerce, led to "a request that the National
Bureau of Standards fof the U.S. Dept. of Commcrce] work with the refrigerator
manufacturing industry . . . to develop performance criteria for evaluating safety
release devices." Thc resulting investigation by an exceptionally competent rescarch
group for thc l irst t irne placed thc prohlem in qualif ied hands, a development which
might have takcn place much earlier had the subject involved a more classic public
health area. As we shall note below, howcver, the manufacturing standard sub-
sequently promulgated by the Secretary of Commerce was suflicicntly inconsistent
with the rcsults of this work to make it l ikely that deaths would continue to occur.
This illustrates a common problem in accident prevention; the failure to apply
rescarch results properly.

t One of the factors that make electrocution more likely with currents of some types is their
ability to render thosc who make contact with thcm physically incapable of breaking loose.

Reference I describes rescarch to dctermine chirracteristics of clcctric currents that permit thc

breaking of contact,

f Thc rccord of this hearing,q like that of hearings before the Roberts Committee (see below),

i l lusr l 'a tcs ( l )  the contending forces which inf luence the puhl ic  safety;  (2)  the tendctrcy ofmany

concrrned with accidents to prcdicatc their control on complctcly unevaluated presumptions;

and (3) the common tendency, when dangerous products are discussed, to emphasizc ptrblic

education, local police aclion, and nlcasures other than product modilication or elirnination.

No mention was madc during the hearing of the fact that there had apparently been no wcll-

documented instance of the wrde.rprezrrl clirnination through public education and local police

action of any type of accident duc substantially to the characteristics of a dangerous product.

(This is still rhc case in l964.) ln addition, no mention was tilade of the fact that such accidents

have often hccn succcssfully eliminated through the rcdcsign of cquipment, as in the dcvclopment

and compulsory use of  the automat ic ra i l road couplef  and thc ai rbrake.  l0

See reference I I for an earlier and sornc*hat different report of this work,

l
:l
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E.lcn yt,c,n a number of young children
perish as a resull ol entrapment in iceboxes,
refrigcrators and freezers. As nurnbers go,
thesc are few compared with accidental
dcaths f lom other causes, but the thought
of evcn a small  number of helpless chi ldren
suffocating needlcssly is so appalling as to
have created widcspread intcrcst in the
problem.

Because of increasing public awareness
of the fatalities resulting from entrapment
of young chi ldren in refr igerators during
a period ofl several years preceding 1956,
manufacturers, enginecrs, governmental
bodies and others becamc intcrested in
methods lbr alleviating this hazrrrd. Con-
gressional hearings on proposed legislrrtion
resulted, in 1955, in a request that the
National Bureau of Standards (NBS) work
with the refrigerator manufacturing industry
represcntcd by the National Elcctt ical
Manufacturers Association (N[,MA) to de-
velop performance criteria for evaluating
saf'cty release deviccs, Considerable progrcriri
was made toward this objectivc by mid-1956,
at which t irne Congress passed an Act
which required "certain safety devices on
household refrigerators shipped in interstate
commcrcc" that would al low the doors of
such refrigerators to he opened easily from
the inside. [ t  lurther requirecl the develop-
ment ol standards for such release devices.
Such standards wcre published in the
Federal Register of Augr.rst I ,  1957. They
require that all devices meet at least one of
tlrree specifiecl perftrrmance requirements,
and specify in sonre detai l  tests for the
purpose of determining compliance with
these requirements.

Consideration of the problem by NBS and
NEMA made clear that i t  was not only an
enginecring problem, but also a problem
in chi ld behavior and so the aid of the
Children's Bureau was enl isted.

In dcvcloping performance criteria for
release devices, it was necessary to c()rrelate
the rnechanical forces required to keep
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refrigerator doors securely closed against
thcir gaskcts and the forces young children
are able to cxert when seeking to escape
from entraprncnt. Because no data werc
available on this point, Iate in 1955 the
Children's Bureau and the NBS conducted
test$ on children in nursery schools in an
attempt to gain this information. In this
preliminary experiment, some 60 children
between the agcs of 2 and 5 years were
testcd in an expcrimcntal enclosure, which
simulated a refrigerator only with respect
to inside dimensions. The enclosure was
camouflaged to rcpresent a gay red "Santa

Claus chimney," with a window and door.
The children were urged to use, and were
rewarded for using, their utmost strength in
competitive pushing against thc door, from
both sitting and standing positions. These
tests indicated that a signilicant proportion
of the young children tcsted failed to cxert
forces in exccss of l0 pounds, However,
practical manufacturing considerations
make it hard to design for assembly-line
production a releirse dcvice which will re-
spond to a direct push of this magnitude
on a refrigerator door and which, at the
same time, will pcrrnit the refrigerator door
to seal $o as to allow the relrigerator to
perform satislactorily its primary function*
f'ood preservation.

A further investigation was therefore
undertaken during the summer of 1956 to
provicle additional information on the force
elforts of children, as well as information
on child behavior in general with respect
to release devices currently obtainable,
the experiment being carried out under
conditions simulating actual entrapment
as closely as possiblc. No studies had pre-
viously been made rrnder such conditions,
insofar as could be determined.

From death certificates and newspaper
accounts of refrigertrtor deaths, a few facts
are known and somc assurnptions can be
made. The age range, for: all practical
purposes, is 2 through 9 years, with the pcak

f-Reprinted, with permission, from Pediatrics, 22:4, paft I, pp. 628-647, lg5Sl
L The summary, 13 tables, and all photographs havc bccn omittetl. J
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between 3 and 6, Males far outnumber
females, Children enter refrigerators singly
or in groups. lrr  one insttrnce four. and in
another case f ivc, chi ldren died together,
while a nurnber of si luations arc rccordcd in
which two children were fatally entrapped
together. Some of the refrigerators are
abandoned in dumps but many are in
homes, only terlporari ly in disusc (as in
empty apartment$), or arc in the process
of dcfrosting. Some children probably get
into rcfrigerators as into ir playhouse, some
probably are hiding from companions, a few
are shut in by playmates.

P,rnr L Berrnvron Sruny

In designing an experiment to simulate
as closely as possiblc the real si tuation
precautions had to be taken to protect the
experimental subjects. If a real refrigerator
were used or the nature of thc experiment
disclosed, childrcn's interest in cxploring
refrigerators might be aroused. But more
important st i l l ,  entrapment in an enclosed
dark space is a feirr:-provoking experiencc,
If it had not been for thc dcarth of infor-
mation and the important use to be made
of the results, the originators of the plan
would not even have considered subjec:ting
chi ldren to fear-provoking condit ions.

In an cffort to nrirke thc cntraplnent
bearable, not only by the children but by
the experimenters, a t ime l irnit  was pro-
posed. On the advicc of consult irnts to the
experiment-a chi ld psychiatr ist,  chitd
psychologists and pediatricians-a time
Iinri t  of 3 minutes was set as the maximum
time that a child might safely and cxcusably
be allowcd to cry.

Espccial carc was taken to eee that both
before- and after-test experiences werc
pleasant and that the children left in a
cheerful. rclaxcd frame of mind,

Setting for the Tests

The ideal environment for such an experi-
ment, i t  seemed clear, would approach what
chi ldren are uscd to in the httme or at play.
However, practical problerns and the time
schedule agrecd on for the study precludcd
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the possibility of conducting the experinrent
in chi ldrcn's homcs or at nursery schools,
Thesc considerations dict ir ted the choice
final ly made.:that of a fortncr rcsidcnce on
an e$tate now a part of the NBS grounds.
Trees, shrubs and spreading l i rwns, together
with a large terrace, colrtr ibuted much to
the cnvironment, Two very large first-floor
rooms, with thc adjoining t i led lerrace, were
used lor an office, reception quarter$ and
testing space,

In the office-reception room, toys,
crayons, coloring books and puzzles were
provided for the children, also magazines
for parents to read whilc thcir children
were taking part in thc tcsts,

Test Equipment ttnil I'atilities

Test enclosure and recording equipment;
The plywood test enclosurc rcscmbled a
chi ld's playhouse, with door, roof and
chirnney. The inside dimensions (40 x
l8 x 25 in.) were based on thc measure-
ments of a number of currently available
household refr igerators ofB to I  I  l t  capacity,
and reprcsent, approximately, the nraximum
inside dimensions excluding the space
occupied by the freezing unit. A safety-glass
panel formed the ceiling of the enclosure so
that motion pictures of the chi ld could
be taken from above, A l6-mm motion-
picture carnera and i l luminntion equipment
designed for infrared photography were
housed under the roof. Forced ventilation
provided for the child's comfort whilc in
the cnclosurc,

Several identical doors were constructed
into which differcnt rclcase devices were
insertcd, thus saving t imc when changing
frorn one releasc rnechanism to another.
A snooperscope, which replaces an infrared
image with one ol ordinary visible l ight,
was used behind the enclo$ure for observing
the chi ldren. Undcr the low intensity of
infraied i l lurnination used, the chi ldren
were in what sccmed to them total darkness,
Microphones and tape recorders picked up
sounds the children nrade. comments of
the observer, and time and force readings
during the tests.

j
t4'i

,i


