’“J
‘\.,d
S
<
“"‘3
=
eS
fy
>
™
-
s
-

BY THE COMPTROLLER GENERAL
OF THE UNITED STATES

AR

LM098245

Fffartivanrmace Danafite AnAd DaActe
LIICULLIVOIiICOD,, LTIHICHIly, Mt U3l
Cf Federz! Safety Standards
For Protection Of
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On the basis of North Caroiina and New York
motor vefncle gcoident dutg tudies, GAQ be-
lieves the crash survivabiity standards intro-
duced through model year ¢70 were effec
tive in reducing deaths and serious injunies in
accidents 1n those Lintes. GAU found hitte, if
any, further urprovement resuiting from
standords  introduced in 1871-73 mode! cars.

Benefits of lives taved and serious injuries
avoided probably woula be greater than the

safety cost allocable to the 1888 70 crash sur
uwnbn;ry strndards inciuded 1n cars sold
through 197 4,
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COMPTROLLER CENERAL OF THE UNITED STATES

aaim s ssssmenamn fa o SCaR
FTASHINGTON, D . 23543

- o fn O P
c! 4 I“The Honorable Warren G. MagnusonpMpL so0
. _ Chairman, Committee on Commerce
United States Senste

tnom  prrmmem o
ear Mr. Chairman:

in regponse to your regquest, we are suodmitting this
r~ocrt on effectiveness, benefits, and costs of Federal
satery standards for protection of passenger car occupafig,

The Department of Trancportation’s commencs and ous
evaluations are includesd in the report.

- ¥We helieve thig repcrit should be made available to the
various House and Senate Commitiees concerned with mator
venicle safety; ‘the Director, Office ¢f Management and Dudret;
the Secretary of 1vansportation; and the Administrator, Ha-
tional Highway Tratiic Safety Administration., We wil] he
in contact with your ofiice 50 that such distribution <an
be made.

51 ly yours, {
Lk )

r7 § JEF 45 AFA
<7 i !/ & / e Terioland §
hoAast s [ f¢

Comptroller General
of the United States
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- R s




'C contentas

L

I

(5]

DIGEST
CHAPTER
1 I.JTRODUCTION
National Traffic and Motor Vehicle
Safety Act of 1966
Scope of review
2 TRENDS IN TRAFPFIC ACCIDENTE AND PATALITIES
LND IN AUTOMOBILE SAVETY THPROVEMENTS
Changes in accident, injury, and

fafallty rates
Trends in veluntary and mandatory
safety improvementes in ~utomobiles

EFFECTIVENESS OF THE CRASH SURVIVARILITY
STANDARDS )
Analysis of raw data
Adjusted data
The eftect of key variables

ESTIMATED COSTS AND BENEFITS OF THE
CRASH SURVIVABILITY GAFLLY STANDARDS
Cost of safoty standards.
0f safety standardg
Estimated benciits of pafcty
standards

Benefit-cost comparisons

DISCUSSION OF OTHERS' ANALYSES OF
EFFECTIVENESS ARD SAFETY BENEFITS
OF INDIVIDUAL STANDARDS

ifead restraints
Steering column
Sige door strength
Seatbelts

AGINCY COMMENTS AND OUR EVALUATIONS

Federal motor vehicle salety standards
for passenger cars

Technical analyses

amortized cost of standards introduced
in model vyear 1966

[P 84

-
a4

13
15

b D

LIy al>

b
W

L1 éx o
Y A0 WD~

65




APPENDIX Page
v May 5, 1976, letter from the Agsistant
Secretary for Admin:stration, Depagt=
ment of Transportation {GAD’s comments
on each item are in a page-hy=-page in-
terrecgation.) &5
ABBREVIATIONS
ACIR Automotive Crash Injury HKesearch .
FMVSS Federal motor vehicle safety gtandards
GAO General Accounting Office
GSA General Services Aaministration
HSRC Highway Safaty Research Cesnter
MDAT Multidisciplinary Accident Investigation
§5C Rational Saiety Council
RECAT Regulatory Effects on the Cost of
Autumotive Transportation
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--Initiative of manufacturers,

The first ztandards issued by ths Saifety
Administration ia 19267 and 1968 were for
1868 and 1964 model cars. Esgsentially, these
were adapted from pricr Government standards,

(See pp. 9 to 11.)

Egualizirng, as far as practical, conditions
affecting ancident severivy for all model
years of cars, GAO estimates ihat, in rela-
ticn to pre—-1%66 model cars

—~from 15 to 25 percent fewer daaths and
serious injuries occurred in the 1866 to
1968 model cars:

Jazz Shest. Upon removal the re i ‘D~76~
cover dete should be noted %:!ﬁonmd t CED-76-121
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-=-1969 and 1970 wodel cars had from 25 to 30
percent fewer desths and serious injuries;

and
~-there was little, if any, further improve~-

ment in 1971 to 1973 model cars. (Bee pp.
12, 19, and 76.)

™

What implications might these results hold for
the Nation? To find out, GAD estimated the

value of the standards in terms of occupant
lives savad., The following major assumplLions
had to be made,

~=-Data results from North Carolina are repre-
sentative of the Nation.

--Drivers receive grea'‘e- beneli
improvements than other occupents.

--411 model vears of ar.: a:
accidents in propcrtios. *
the road,

~~Valve of human lire as estimated by others,
Berause of those assumptions, resulis or
estimates of lives savaed are offered only as
approximations. The 1966-70 staondards may
have saved about 28,230 lives betwcan 1965
and 1874, (See pp. 30 to 34.}

GAO could not estimate additicnal benefits to
the Nation from a reduction in injuries, and
injuries occur more often than fatalities,

in North Carolina, reduced injuriez accounted
for one-third or more of the Lenstits, (See
pp. 29 and 30,}

While safety is the overriding coengideration

in issuing s:andards, costs are also considered,

On the pasis of manufacturers' data, GAC esti-
mated total costs for complying with the crasn
survivability standards on 1966 through 1974
model cars at about $8.5 billicon., ‘hese couts
were for manufacturer- d¢51qned equipment such
a8 seatbelts and shoulder harnesses, windshield
mounting, encrgy-absorbin 9 steerirg columns,
reinforced roof and sids deors, and Gih
devices required by the Government. (5§ oo,
24 to 28.})
ii
ngmmE et £ 1
ENT AVRILABLE
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Estimated costgs for the 1966-70 standards were
about $7.2 billion for cave agld in 1968-74,
The estimated value of lives saved and an in-
determinate number of seriocus injuries avoided
would probably be considered greater than the
safety costs allocable to those years, (See

pp. 27 anc 35.}

Estimated costs for standa
the 1971 through 1973 mode

$850 million. GAO found no 1moortan mprove-
ment in safety of these care over the peak
reached in the 196% and 1970 models. (See

pp. 27 and 36.)

To provide an additional dimension to its
study, GAD also reviewed various research
studies of the effectiveness of gpecific occu-
pant protection standards and related benefit
estimaces, These studies and the divergent
views of those concerned with motor vehicle
safety are summarized in chapter 5. (See

np. 37 to 63.)

The Department of Tiansportaticn believes
GAD's concliusion about recsnt modgel vears
nceds to be more fuily zapported and that its
report needs considerable refir-awent. GAD
considers its conclusions justified on the
basis of the evidence developed in the two
Statss, giving full consideration to the
stated assumptions. GAD considered all de-~
pertmental questions and made necessary
changes to the report., (See pp. 64 and

app. 1v.)

REST DOCUMENT AVAILABLE
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) IV ERODUCTION

In Auguat 1374 the Chairman, Senate Commities on
Commerce, regquested that we expand on the work we had re-
cently completed for the Committece reqgsrding benefit-cost
analysis of Federal motor vehicle safe“y standards (Puv3ss)
proemulgated by the National Highway Traffic Safety Admin~ 425

istration., 1/

The Chairman wns specifically interested in our
identifying the probablc factors responsible for changes in
the annual accident trends in order to determine what effect

safety standards have had on reducing accidents, deaths, and
induries, The Chalirman alse acsked for an asscecament of the
range of possible safety benefits to be derived from the

safety standards, based on our analysis of the benefit meas-

urement data in our previous report, and our own assessment
of safety benefitsg,

In adaition the Chairman asked for {1} a cempanion
evaluaticn of the cost of automebile safety during the
same time period, {Z) an overall nenefit-cost evatuation,
and {3) a comparison uf evaluations of existing stapdards
and cur analycis of tne resulis,

A cradible natlonwide evaluation of the sffectiveness nf
motor vehicle safety standards cannot be made due to tho pre-
gsent lack of adegquate accident data, We therefore met with
the Committes staf’f and agreed on the following three analyses
to conform with limitations of reliatlse data av.ilable,

1. We agreed to develop accident trerd information

by model vyear from accident data »f one or mnre

States in an cffort to chow the ecifectivensrss

~ £ mm&-f\ N e N n‘--:anl-\‘-rla (430 O o T

LR NS N LRI I O SRy s b 2 B R L R ISPy A Le kot e

proach doeg not deal with the frequency of acci-

dent occurrence, Ratnpr, it is directed to deter-

mining whether vehicle occupants' chances of

being killed or seriously injured in an accident

are legs when .iding in late model vehicles as

oppcsed 0 riding in earlier model vehicles.,

This approach i3 subject to two important limita~
i tinns. First, ithe study was based on data from

l1/Report to the Senate Camhvttﬁo on chmpfcp on “"Need to
improve Benefit-Cogt Analyses in Sctting Moter Ver:cle
Safety Standards,® 3-16 ééB?(&), July 22, 1874,

1

GEST DOCURIENT AVAILABLE



NATIONAL
VLHICLE

(85}
v

o~
3
ot (L —
w3
=

T opese

Lo
9]

[

)

jou

Q. v
H [}

ooy
oo e

LD

o
=2
-
t:]

yOQCQ S
for the
vehicle
extent

out the

selected States, so the results are not necessarily
representative of the Hatien. Second, an under=
lying assumption is that changes in the iniury
severity level are prumarily attributanle to morut
vehicle safety standards, while highway safety
standards and other improvementg are primarily

directea to accident avoigance,

We aareed to develcp total costs to the consumer
for the motor venicle z:zfcty program £rom 1966

rouan 1Y74, baseo upon infarmation wuich the
major motor vehicle manufacturerg would provide to
us. For the standards to have been cost benefi-
cial, the total benefits realized should abL least
egual this total cost, Using czotimates of satety
benefits included in our previous report, ve
agreed to gdetermine, to the extert possibie,
whether these standards uad becn cout bereficial,
we also agreed to compare the similaritiec ond
differences of various effectiveress gtuuies
under Lagen by researchers on {our spocific safery
ctandardg——ucau restraints, cnergy aoncorbing
steer ing columns, side Gocr reinicrcenents, and
igp belt and shoulder harneszszez. This work s
intendea t0o chow the difiersnt &50ils SLLTingd
as to the c¢ffectiveness nf these four standaras,
highliahting the gifferent assumpticns, method-
of study, accident data used, ano critvicioms ol
present ge&gigns.

I. TRAFFIC AND MOT
bA LY ACT OF 196

ngressional concern cover ihc increaging number of

ehicie deatbs led t¢ the enactment of the Nationsl
and Mortor Venicle Safetyv Act of 1%66 (1% U.S.C. 13s1),
pose of which was to recuce motor vehicle eccidents
deaths and injuries resulting from cuch accidonts.

& act specitics tnat tae Secretary of Transpartation 297
stablish apbropriate receral motor Jsehicle salety

ds. According te the act, each standard shall be

al, shall meet the need for rotor vehicle safety,

11 be sctateg n ofxlective terms.  Ir proeccribing

ds, the Secretary snall consider (1) selevant avaitl-
tor vehicle safety cGata, {4) whethaer any cuclh gro-
randard is reszsonanle, practical, and apororriate
particular type of motor vehicle or item of motor
equioment {6r which 1t is prescribeu, and (s} the

to which such stardaies will contyinute L0 Caryyint
purposes of this act.
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Th December 1975, 4% ¢ nat
sranaares nave Deen issued. app
we analyzed accident dat Carclina for lug
and 1968 thr-ugh 1474 and fre or 1971 rthrouah
1273, Dulu fur ceiendar year t avaiiaple in
macnine-readable form, Fhe a Hortn (avolina acc
dent data was periormed under y the Highway Safe
Regearch Center, University o olina, Chapsl} Hill
Horth Carolina, W#e aralvzeq t dats from Lew Yo
we reviewed trends in iLraffic accidents and fatalitir
ana in automoiRile safery imp:ﬁvements. Ve also reviewed
backup cata and computations in support of tne estimavcd
costs oL saflety standards at the tnree major motor vehicle
manufacturers' offices in Detroit, Michigan. we obtained,
reviewed, and analyzed studies of individual safety stand-
arag 2t the Safeuy Adminiztration’s headguariters in
washington, D.C,
¢ also awarded = contract
Envicenment and #an, Inc.. dartio 1
for aesistance In dPVQl oinge a me
cf{fectiveness of safety standards.
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CHAPTER

TRENDS IN TRAFFIC_ACCIDENTS AND FATALITIES

AND IN AUTOMOLILE SAFETY IMPROVEMENTS

The annual toll of deaths and injuries from traffic
accidents demonstrated the need many years ago for safer
highways, sater drivers, and safer motor vehicles., lraitie
deaths exceeded 59,000 in every year from 1566 until the
reduction to about 46,000 in 1974,

The trend in accidents from 1961 to 1874, some puhlic
cfforts and otler factors which reducca accidents and thetr
human cost, and “evelopments in automobile safety are sum-
marized in this chapter.

CHANGES 1' _ACCIDENT,
INuUhx, AND FATALITY FiEES

According to the National Szfoty Ccouncil's {R5C0's)
a.nual estimates of motor vehicle travel and fatalities, [rom
the 1920s until 1961, miles of motor vchicle travel increased
faster each year tnan tatalitiecs from mebor vohicle accidents.
Thus, the rate of motor vchicle fatalities,. customarily cox-
pressed as dacvaths per 100 milljon awiles of travel, declined
steadily. This trena was reversaed after 1961, and annual
fatalities and the fataiity rate increcased until 1967, when
they again bcgan to decline, (Sege graph belew.)

Fatalities Per 100 Million
Milay D Vshicle Trave

8

R
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YEAR 1350 53 1960 &5 1%70 73



The following estimates published by NSC show the
magnituge obf the accident-problem Inr -3 key vears.
100 million Motor
miles of vehicles lInijurice
Year travel  Accidents 1involved (note a) Fatalities
e (GO0 pliltied)omemme
19¢1 7,380 iG,400 18,500 1,400 38,100
ivg9 9,300 13,840 24,300 1,300 53,000
1973 13,090 16,600 28,100 2,000 55,500
a/HsC's annual estimates of injuries resulting from accidents
are approximaticns developed from special studies and should
not be compared to indicate year-to-year changes or tronds,

The number of vehicles involve

represented about one of evecy

d in accidents in those years
four registered vehicles in

the United States (passenger cars, trucks, buses, and motor-

cgciea) The total number of

INM ey

AUy Tesl Ls, ever
of total injuries. The
enis anhually was about 1

-~
we calculated tne percont

injured was about 1 out of

denis, vt even nigher avvording to other esti-

od in motor vehicle
4,000 regidents,

ot
>

number Kil
out of o

< e
-
-
<
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e

of

LY A i
passenger cars involved in accidents and of passenger car
occupants killed in accidents from estimates of NSC., Be-
cause the number of injuries to only pansenger car occupan

is .rt available, we calculated the average change in the
rates of injuries in all motor vehicle accidents from four
sourc S of estimates~—-NSC, the Foderal Hiahway Administra-
tion, the Travelers Insu

urance Company, and the 0,5, Public
Health Service annual surveys. We found that from 1961 to
1366, both occupant fataljties and ininriena increased at a
greater rate than did passenger car accidents, showing that
accidentg increased in severity cor that sccupants were not
as well protected, or both., The trend was roversed after
1966, when the fatality rate dropped more sharply than did
either the accident or the injury rate. A number of fac-
tors contributed to the decreas:ing rates after 1966,

24

e
a

] O

rates

S

reduc
ataiit

Three important changes affecting accident and fatality
from 1v66 to 1973 were

-~the proportion of women drivers to the total drivers
increased from 40 to 44 percent;

mw



~-mileg of travel in urban arcag incresand by 50 percent
while rural hlghway travel increased oy only 30 per-
cent; and

--travel on interstate highways incieasad from about
10 percent ol total vehicle travel to about 16 per-
cent.

Each of thesge contributed to a reduction in the Nation's
accident and/or fatality rates because women drivers have
only ona-half the rate of involvement in faial accidents as
men; the average mileage fatalxty rate for all urban areas
ig Jess cthan one=third the rate in rural areany and the in-
terstate mileage rate of fatalities ig about cne-half the

-

-

P N "

average

At

I x 2

per 100

rate for all other roads and strects,

the =ame t.ue, the
million miles of dr

v
men and women drivers, in bot
both interstate and neo ot
cbviously have had a b
travel.
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a4 by the Flgﬁﬁay Safety A :
Fedeiul Highway Administration

ndards ior highway construc-

W2
LN
MR YL

—

!‘\J

< Ll rr

o

»

u

L]

[

*

e

& that act, thé

[ O I )
el N
Ot -0

T e (D

ta
nds.

o
f =
[ S I

In the rFederal-Aid Highway 0},
the Congress earmarkeg funds £
programs. The results of the
ported by certair States to the Fe
tion generally indicate pregress i
rovonont pregrams.,  Boecaust
the SLUdiéS did not estimat: the over
walion's highways.,
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Highway Administra-
menting safety im=-

mhe Bighway Safety Act of 1966 also establizhed Federal
standardq and pr9v1ced grant funds to assinst dtate and local
governments to improve control of drivers and vehicles. The
objective is to attain a minimum standard of periormance in
ali States, regarding dariver education, the %osiing and
licensinc of drivers, perlodic inspection ol mntet vehicles,
enforcement of traffic regulations, and other nonhiighway

traffic problems, The e’ lect of these efforts i terms of
accidents, injuries, or fatalities is not currently measur-
able on any comprehensgive pasis,

Saction 1ul of the Naticnal Traffic and Mctor Vshicle
Safety Act of 1966 (15 U.8.C. 1382) psrtai.c to »ntor vehicle
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safety stanuards. The safety features of motor vchicles are
of two main types: those designed to enable drivers to avoid
accidents and those to protect the occupants in the oveat

of accidents. The former type includes improved brakinqg,
steering, lights, driver visibility, and the like. At
present there is no reliable measure by which reduction: in
accidents can be related to developments in crasch avoidance
designs, The interaction of efforts under ‘the Highway

Satety Act and the construction of h

same time frame make it virtually i
influence of crasn avoidance standard
of the accident mileage rate since 1

Because the effect of crash avoida~ce st
be measured, our study is limited tc the effe
occupant rrotection standards in reduecing inj
deaths when accidents occur,

The 55 mile per hour sp2ed limit

o
[

. Highway fatalities declined from about 55,500 in 1973
to 46,200 in 1974 and the fatalities per 100 million miles
from 4.24 to 3,61 {about 15 percent). Much of this reduct
has been attributed tc establishment of the 55 nile per nou
r‘pnnr? x1n'11r “:‘Lleﬂ'i’?\je in January 1874 Sevoral GAan i a=

b I Janualy iv/ix, SeVCrEL organiza

tions estimated that the 55 mile per hour speed limit ac-
counted for at least 25 percent of the reduced fatalities,
The lower speced limit had a twoiold efiect: the risk ol
death or serious injury in an accident is less al a lowss
impact force, and traffic flowed more uniformly, reducing
the chances of accidents. -

Other factors commo.aly considered as significant in 1974
were 2 2-percent reduc’ ion in overall driving and a reduc-
tion of driving in rural areas and at nights and on weoekends,

Fatality-accident

relationship--1961 to 18974

A rough approximation ~f the probability of pancender
car occupants bring killed in cccident.s is the ratio of
total fatalities 10 the estimate of total passenger cars
involved in accidents each wvear. Both of these figuren

are estimated for the Nation by N3SC, on the basis of acci~
dent information furnished by the traffic authorities ot
certain States., Accident data generally iz subject to a
wide margin of error, and this is even true for nationwi/e
projections from large samples. For that reason, the re-~
lationships shown in the table on p. 3 are to be con-
sidered only as indicators of an approximate orger of
magnitude and not precise measurewments.

——
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1961 1982
Passenger cars ;n~' 16,150 16,550
volved in accid s
{edv's)
Socepant favalavilis 24,70) T6,80v
Fatalwties/)l 000 ac~ 1.53 1.62

gi1dmnrs averaye

Fatalities ar average
rate for 1962-6¢
{note &)

Difference batwoen
Fatalitieo 3t 1961-66
Avecage and actual
{note b)

a/Average rate for 1961-56 is 1.63,

b/if the nunter of passesgers killed ser 1.000 accudents had contd
sccupants would have been
faralinies,

nigrvay daesth tcll for passenger ca

fatalivies st the 1961-66 rate and actaal
Ly a varlety of causes, wncluding  aprovements [4 aoto nafety.

1yes 1363

16,650 20,460

IL.500 0 32,500
1.69 1.5%

BEST DOCUMENT AvAiLABLE

34,800 34,000

1.66 L.66

34,240

-S540

2¢ at the 1
e higher.

sutnarized sbove, gilves

1068 1389 1970

22,435 32,%%0 13,850 23

36,200 34,500 34,820 24,000

1.61 1.860 )

36,570 37,475 38,615 39,130

370 61s 3,415 4,580

261-66 avereqge rate, the
The differences besween
see 1dea of liven saved

|
33,700 26,802
e b.as

38,260 33%&20
!

4,560 7,80

T T T Y T DTS
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TRENDS IN VOLUNTARY AND HMaNDATORY RN
SAFETY IMPROVEMENTS IN AUTOSOBRILES \n
rutomebile manufacturers faced considerable sublic

pressure since at least 1960 to improve the safety-of
their products. The princ Epul legislative results LF the
public's concern were the tallowing: S

~--State laws requiring installation of front seat- ™.
belts in &ll cars sold after a specified date. T
Illinois was the first State to adopt such legisla- *,
tion, applicable tu the 1961 model year. By the
1966 model year about 30 other States had enacted
similar laws,

-=Public Law B88-~51%, adopted in 1964, by which the
Congress directed the Administrator of the General
Services Administration (GSA)} to set safety standards
for cars purchaced by the United States Gov rnmcnt.
In June 1965 the \Lministrator issued 17 st rds to
be reguired on the 1%67 model-year cars the Acnlnls—

tration would purchase,

Prior to these laws, Amarican auvtomobile manufacturers
deneraily offered certain naiety lcatures as optional equip-
ment at extra ¢ost to the buyer, Principal among these
features were front scatholts unﬁ the padded aash av=ilable
from the mid- or labte 1940, Some zafeiy features, such as
safety doer locks and Impact ubuorbxng oge'zing wieels, were
incorporated as stancard ¢quipment in certain models,

In 1962 manufecturers began L9 install seatbelt
ancherages at the factory, which maJe the seathelt option
logs cestly o the buyer than the compleote instaliaticn
hy dealers. In January 1964 511 anerican manufactucers
made front seatbelts stanvard sguiptert in all cars.

In June 1965 American manufacturers announced that they
would incorporate most of the GSA standards in all 1966
mcdels produced and the remainder would ke incorpurated in
the 1967 model with certain r~=ceptions. The principal occu-
pant protection features achieved by these requiraments were
periormance standards for the strength and gualivy ¢f seat-

pelts and anchoragesn, galety glass, impact-absurbing steer-

>

u

ing column and its roarward digplacemant in & frontal ool-
iision, safety door latches and hinges, recessed dash in-
struments and knobs, and padded dash and viscrs., Standards
nAarfainina +n +he avunidanes 38 seridamtbr dralndad norfarmanma
FSE L EE tag g et d 3 F /A At [P e L PR Y ] EE N L Y el PR A A
ieoquirements for brakes, Lire tread, lights, windshield
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t
“{driver #nd rtight front} positions, ef
e

washers and wiperb, and other featuresz. A
for performance and uniform testing develnp
tions such as the Society of Automotive En
Standards Institute, and the Hatiunal Bures
were instrumental in formulating many of GG

G"(“Jkﬁ"1 <

Initial motor vehicle s andards
of the National Highway

bai@ty Administration

&

The National Traffic and Motcer Vehicle Safety Act,
approved by the Preslident on September 9, 1%66, specified
that initial Feceral motor vehicle safety standards for
all new vehicles sold in the Unitcd States be issued bv
anuary 31, 1867, The repert on the bill
Committee on Commerce pointed out that su
be based on exidting standards,

by the Senate
ch s_cndards must

-
~

In less than X months the new National Highway
Bureau, now the Vatﬁgpal dlﬁhwﬂv Tratfic Safety Ad
tion, completed the asministravive procedures regui
sue formal rules on &gnuary 31, 1967, estanlishin
rst LQJOrdl mofor venf‘i salety standards fPM'”“
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use of the short time avyilalble
passenger car standards were %dopte
GSA standards for 19€8 no@nl:.i.A f
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Society of Automotive Englice:rs 43
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The occupant protection stanua?\\
200 numerical series. The Safety Adm:
addition to the GSA Standards regardin
znd recesned instruments, knobs, and h
The Safety Administration also issuc
based on State laws requiring ceatbe
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cuthboard

32 States
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Tnis new standard required shoulder b
board posizions ana lap helts for all

o)
{7 0N O =un

The only postcrash safety standarg issued with the
initial sat, FMVES 301, regarding control of fuel leakage
irom tre fuel tank and pipes, is primarily for protection of
occupants., The Safety Administration gdopred the GS5A staznd-
ard for 19%68 models, cading a reguirement for integrity of
fuel tank connections.

The occuvant pirotection and postcrash sa as
are referred to in this report oo the crash s
standards,
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In March 1970 the Safety Administretion issued FMVSS
se*tznj p'rtorrz.«:mc'A reguirements for child seating
systems offered as opgxuncA equipment, Inasmuch as these
items are not standard eguipment in passengs=r cars, we have
ot considered their cost or effectiveness in this study.

thened

afe dviminigstiravion igsgued
emb Ywiz, ving a crush
icle roofs £or better protecticn
lio

coverlng lop and shoulder belts, was awme.cad
The principal amendments reguired a warai.y
light ang buzzer for the 1972 model cars and the ignition
interlock system for the 1974 moagel cars, The inverleck
system wac eliminated on cars atter "ebfuary 1975, retain-
inz an intermittent light and huzzer.

In April 1371 the Safety Administration issued FMVES 215
effective in 1%972 requiring the front and rear bumpers to
absorb a specific impact without damage o the body, or
safety devices rcguired by other standards. The standard's
main purpose was not to protect occupants 3¢ we have not

nsidered its cost or eftectiveness in thls study.

In December 1970 the Administrotion issued the second
postcrash standard, FeVSS 302 effective in September 1872,
to limit the flammability of materials sed in car interiors
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EFFECTIVENESS OF THE

CRASH SURVIVABILITY STANDARDS

Analyses of information on over 2,000,000 auromobile
accidents in North Carclina and How York State show a clear
trend of improvement in safety to the drivere., ‘“fhece im-
provements appear to have begun with the 1962 medul and con~
tinued to the 1570 model. The greatest improvement occurred

between model years 1966 and 1970 when chances of surviving

an accident increased by 25 percent or mora Sami: of the data
atiter the 1970 model year is conflicting, but moct of our
analyses showed little or no improvements in the 1971 through
1473 models over the 1970 mogel,

The premise of our analyses it that zafety fcatureg can
be evaluated by how often passengers invalvod in accidcnts

proach does ﬁo* cnﬂ71C€r the _lnguencg ot aOﬁ

fact that accidents may have beep avolidrd, 1 :

measure the effectivenecs of all cravh nurvivability faty
fearures whethey or not mandated by the Onvernmaent, We digd
net isclave the offcecic of any perticular standard ¢icent §or
a. separate analysis of seatbelts, descrated in Lhis chapter.

Our analyses of accidents wore l.omi
the drivers because the number ol oihier
involved in an accident is often not rop
stated.

C|: o

On the basis of discussions with auto gafety officials
nd from cur own evaluation of tine relative accuracy, com=-
eteness, ana consistency, we selected North Carolina accis
dent dota for analyses., To comoare these aqslyones with
accident statistics from a more urban Ltate, we alno selec
New York State accident data, which we congidered to be re
sonabiy good,

ted
a~

. 1 . .
tive similaritics or differences
i

To determine the a (s
e country with those accurring in
4
[ 54

among acclidents acress

rel

th

North Carclina or hew Yo
t

, we developed a cerfien of indi-

£
h

cators. For instance, parceat of motor rchicls d=aths
cccurring in rural areas was 67.4 for Lhe ostife United
States and 64.5 for NHorth Curolinu. To expreuy fhe relation-
ship between North Carolina and the Nation we £of the U5,
index at 100 and this resu ults in o Horth Caroliha index of
125. Thus, North Caroiina’s proportlion ot lLatelities in
rural areas 1s 25 percent higner than the U, 5, jhues, Theo
following table campares the two State ipdiceln for various
fatal accident characteristics and thie related zverages.



(U.5. = 106G}

Rural location 125 y2 109
Nighttime $Y 107 163
wet/sclipper~ road conditions 87 114 161
Multicar 83 76 62
Mele driver 164 161 iG3
privs. undger 25 107 86 96
Mctor vehicle deaths

per registration 122 89 111
Pedey .rian as a proportion of

al. motor vehicle deaths g3 127 110

Although differences exist between the two Statesg’
int1ces, most accident characteristics chow a resemblance
«. the U,S, index., More importantly, the table shows that
Nerth Carolina and Hew York accident experience is not

fram +tho n¥
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ANALYSIS OF RAW DATA

The North Carolina data base was divided into two in-
dependent groups because of changes in its accident- r@ror ing
system in 1973. The data groups used in 2ur analysis are
presented below.

North Carelina New York

Calengar years in which b/1966~72 1973-74 1971-73
accidents occurred
{note a)

Rumber of cars involved 1,026,000 424,000 861,000
in accigents

BEarliest model~year group pre-1941 19s5s

&/Using the two short-term data files tends to reduce the ef-
fects of changes in the driving envirenment, On the other
hand, the IOﬁg-: rm file tends to reduce the effects of
vehizle aging,

2/1367 celendar year data is not included because it was not
feadily accessible in the file.
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from the three data groups., This fig percent of
Crivoen Rilled or sericusly injuied in acui in wuih
States the salety Of ¢ars showed a continud rovement in
medel vears until the 186v-70 mogel. HNew York showsd 2
yreater improvement than did North Caroclira. ©rluctuationsz
in thea L model year [of each data base are the result, we
believ t fewer observations for the most current year
Hd har #= artz Azl ~Ahasran inm o ~am ok Mha mmwd ~maat Ao A e
= P . - F FRENE e redzuri.g e —— P R e e W ter B e A RS wd L 3
fod BB At s hed 307 unE fFar mAaco=ibkia LT bty n *Ro row AL
PO B et S A e A A HUSO L E L akdeasa Lii iadal L oaad@d daeil och o

We believe the three files show difterent percentuqes
¢f drivers killed or seriously injured because of different
deiinitions of a gericus injury and also Decause New York has
& diffcrent environment and different types of accidents,

The results shown in figure 1 are a combination of fa-
5.1ities and serious injurics. The separate results given on
p. 1% show trat fatalities are few in comparison with ssrious
F] ] .t * - - .
injuiies, and are even less frequent occuriences in comparison
with &1l iajuries., Generslly, the standards were ag affac-
tive in reducing serious injuries as in savinag livees.

FinitFae 9

rieudn &
camet priee fa; impam ags ¢ B A
FATALITIES AMD SERIQUS BIIURIES BY HODEL YEAR

Perecont OF fHivess Ia
celdants Whe Were Kitled

NORTH CARDLINA 19466~1972 ACCIDENT BATA

/

T

Lunt

HORTH CARCLINA 1973-1974 ACCIDEHT DATA

.i'

T

pEs

1540

And .y
A indei

Prios Model Year
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61 62 63 b4 &5 66 67 68 6% 70 7V 7z 73 74
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Killed or lnjured

Model Serious All
yeat Fatalities injuries injurles
pre-1%61 . .47 .
1961 . .02 .
1962 . .90 ‘
laga . .29 .
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[ -58 &
1964 . .50 .
1974 . LA .
1871 . .67 .
1972 . .45 .
1973 . .33 .
1974 (note aj . L1l .
a/ Some of the reduction noted for model vear 1974 may be
T ateributavie to tne efiects of the energy crisis,

ADJUSTLD DATA

we agijunted the raw datas to compensate for {act
may puosibly disteri the medel-year results, For ¢
severity oi an accident cepenus primarily on the for
pact. Forge of impact, in turn, depends on many facto

as speed, wolqnt ofl the venicles, ana point of émpdct. Less
apparent f[actors are also related to accident severity, such
as.a single~-vehicle crash comrpared to two or mere vehicles
colliding, whewnoer drivers invoived are inebriated or soher,
time of aceldent, accidents on high-speed rural highways com=-
pared to thosne on the dense wnratfic of cities, and ariver's
S5€X.
If vhe cars of one model vear were involved in 2 highet
proportion of #eévere accidents than the average for other
mocel years, uh.: mode. vear would show a higher rate oi L.tal-
ities and zerfcus ipnjurics. Brivers in single-car accideres,
for example, have about four to five times the rate of deatn
and serious ifnguwries 24 theose In multiple-car accoidents,  Un-~
les=~ the pronurtionz of zueh accidents and othor zeverity
factors are egualized for all model years, tne relative czafety
of ea~h model year of cars carrct ve demonstrated, To egualizs
Lh= [actors, we used "regreszlon sus5l,3is"--a statistical
technigue for guring the relotionehin among varizklosn,
15
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The variables considereag £or use in the regression analy-
ses depended on what variables were available in ths Statas’
accident data files and on the judgment of our stzf! and con-
sultantc, The table below lists the initiel variablecs marked
with an "X" which were coasideredu in eaca cf ihe three dats
filez., Some of them were eventually eliminated by statistical
tests and further analysis,

North Carclina hew Yoik
1666-72 1873-74 1971-73
Variables data file data file datz file

Driver injury level X % ¥
Calendar years X X X
Time of day X X p 4
Road defects b 4 X
Weather conditions i A
Locality X b4
Humber of viclations X X
Type of accident (single

or multiple vehicle} X X ¥
Region of impact X ¥ 4
Speed A b4
Driver's age X b4 h 4
Driver's sex p 4 X ‘“
Schriety X X ) 4
Model vear A x i
Vehicle weight b4 b4 7
Seatpelt usage ¥ b4
Vehicle damage index X
Road system X

Population class

.
-

The analyses of North Carolina data were performed under
contract by the Highway Safety Research Conter of the Univer-
sity of North Carnlina using categozlcal regression procadures,
Cur staff performed the analyses of tha New York sccident
data using multiple stepwise regression. (Seve apzx, 11 fof
discussion of these specific redression procedures.)

Cne special factor we investigated was vehicle ag AT &
old model cars less safe because of their lack of saitety ife3-
tures or just because of their age? The vehicle age might af-
fect how well safety features coerate, tne fraguency and accu-
recy of accident reporting, anad the type of accidents in which
the carn are invelved., However. in No-tih Carclina special
analysis of the age effect was made anu no major effects duc
to aging were noted.

Tu assure batter statistical meascurcment in the reqgreg-
sion procedures, we combined the accident statistics in two
major ways: (1) deaths ana serious injuriecs were usually com-
bined together to form one satfety indicator and {2} ssvaral
model vears were grouned togethar,
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Most of the aajusted data analyses (see app, II ). ‘show
a roduction ©f 25 percent of i i the fercentage kiliea
vr seriously injured in the ; urrent models as cnmpared
tu pfestendard cars. This same general trend is produced
no matter whether raw or adjusted data is used, what vatri=
w«hles are used, Or whel oviher changes were conslidered, ‘The
aw data indicate that most of this reduction came in the
early moael years {18£5-~-70) with littlc if any addilividl
reduction in 1971-73 mpdels., Zome of the adjusiled analynes
diifer with thesz results., For example, analysis V, dealling
only with fatalities, shows a continuing improvement t“rnlgh
1972, Most ¢f the 11 analyses, however, show a leveling in
improvements in recent models,
THe _EFFECT OF 4EY VARIABLES

During our analyses, some imporcant facts becale appurant
ovrt many of the variables. The eifects of key Jariablgﬁ
th?t have policy implications with rv :pect te aute satety arg
digcussed below. The variables include speed, sobricty,

™

T

belts, and vehicle weight

C"

Figure 2 on page 22 is bhased on analysis I for 1966~72
data and compares chances of being killed or serious.y injured
al ditierent speeds, given an accidunt has occurced, [or thieo
moudel-yoar groupings. In recent model cars, the chancos of
surviving an accident are impruved. For example, the chancen
ol being killed or seriously iniured when driving at high
nppeeds are 27 percent in a 1ot and carlier model car and
only 22 percent in a 1970-73 car, While this representn
a 2U-percent improvement, greuter improvement can be had by
ieduecing speed., For example, vhe chances of oseing killed oy
seriously injured in recent model cars can be reduced Lrom
44 petcent at high speed to about ¥ percent at wedium speed,
Tnis represents more than a 60~perceant improvement.

fobriety i

Figure 3 oh page 23 is based on analysis I for 1966-~72
data and compares, in three model-year dgroupings, one's
coances of being killed or seriocunly injured in an accidont,
whether drinking or not drinking., The chances of being killed
or seriously 1njurpd arc less in recent model cars. For ex-
ample, the drinker's chance is reduced from 19 percent in l4ég
and earlier cars to 14 percent in l14970=73 model cars. This
[epiesents about a 28-percent improvement., However, the
chances of surviving an accident appear even greater Li opno
is not drinking. In recent wodel var: the drinking driver's
chance of being killed or seriously injured is about
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14 percent as comoared to the nonpdrinking driver whese chancs
i only 5 percent., This represents a 64~percent improvement,

tieatbelts

We found that a larger percent of North Carolina
drivers involved in accidents wore seatbelts in more re-
cent model cars, as follows

Percent of drivers

Model involved in accidents
year and wearing seatbelts
pre-1967 4.9
1867-70 11.1
1971-75 22.7

I'ncreased belt usage in the 1967 70 models over the earlicr
models may be due to the large proportion of cars in opera—
tion equipped with belts. A further incieacze in the 1871-75
model groups may also be due to the buzzes and warning light
syatoem reguirea in 1672,

We also considered seatbelt cffoctiveness in relation
t¢ the extent of damace te the vehicle in the 1973-74 raw
data from MNorth Carol-ins.

The following table shows that drivers wearing seat-
~1ig have less than one-~half ths chance of being killed or
seriously injured as compared to drivers not wearing them.

o —
Pr—

Percent of Drivers Killed or Sericusly
Injured in Accidents When Wearing or
Not Wearing noatboltq
Vohicle damage Wearing Not wearing Improvement
indox {note a} belts Ledbs pelt vs, no belt
Minor 0.26 .65 62
Moderate 1.49 3.78 61
severe 9.14 18,13 50
Average 1.89 4.44 57
a/see p. 71, analysis VI.
vehicle weight
The effect of vehicle weight on driver safety was also
e¢xamined by reviewina the raw data, The gchedule below shows
that drivers of lighter cars involved in accidents are always

s
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more likely to be killed or seriously iniured than drivers
of heavier cars. Alsc, with respect to model years, driver

safety hags improved most noticeably in the light and heavy
weight cars.

Percent of Drivers in Accidents Killed or Seriously lnjured
in Different Weights of Vehicles
Model
year Light Medium Heavy
pre=1967 6.4 4,69 4.41
1967-70 5.75 4,03 3.07
1971-75 4,17 4.16 2,69
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FIGURE 3
DRIVERS KILLED OR SERIGUSLY IRJURED

»ran

)
=T
)
i I ] i ! =
wr L% sy
.l‘z e 18 1 b P P L R RN § /
-l 3 ﬁx.
wl é g" e
wy e - = ¥
[ wd e ?
o - s B
W W = Lid
s 88 : =
- S v 3 P
& x ® 2 s
e o m ;‘E €D
a. K & <D
m o -~ }.” :u
k- ) (2] f:' 2 m
<« g = [as y Z
< ; P— S
38 % g el o o
Sw o Bt el 5
. - . wtorE by < L
- [ A 4]
e §r‘$::,~, bl RHA ] Y
’l'ﬂk 2:’!.{1"'% 3 Wi i a. .
f{»l! ‘T' ’;,‘u;; N g 28]
b L B i i i o
jot - tha hn..w.awaml s, 6 i
- e}
~ .

ey

%
5

«

e

L i L

i Il ! I
L) LY o
s o &~ --- S s e



———

-~

CHAPTER 4

ESTIMATED COSTS AND BENEFITS

OF THE CRASH SURVIVABILITY SAFETY STANDARDS

In reporting on proposed legislation which became the
National Tratfic and Motor Vehicle Safety Act of 16465, hoth
the Senate Commerce Commitiee and the House Committes on
Interstate and Foreign Commerce stated that safcty was to be
the overriding consideration in issuing a standard. Both
Committees pointed out, however, that the motoring public's
cost to purchasne and maintalin safety eguipment required by
a standard also should be considered.

Me “sured only by our estimates of lives saved, the
cumulative cftfect ¢of sdfety impreovements introduced througl
the 1970 model-year car appears to be cost beneficial. Ad-
ditional benefits from a reductioen in H:hcﬁymvh althouan not

9
measurable, would add confidence to this conclusion., T
estimated coets per car for the crash wc~<H<mo-“ﬂ< standar
prescribed by GSA and the Safety Administration amounted to
about »>YY tnrouch the 1970 model vears of cars, The t i

{ 1 =

cfc Af a
OO(r( oL

e fsztures on al 2rs sold throuy

:
Yis 844

d)

Ihe analyses describea in the prior chapter
by the 1870 model year, the rate or death or scr injury
for drivers in accidents was reducea by about 25 to 53U per-
cent compared to the average for all pre-1%66 model-year cars.

We estimate that about 25,230 lives may have been saved [10m
1966 through 1974 because of these safety features, At all
but the lowest valuation of the cost of a death to wocicry,
we estlmate tne value of these beneiits exceeds the cost of
the safety standards.

The cumulative unit costs of additional crash mcﬂ<»<m«
bility standards (excluding the bumper standard) reguired in
model-year cars cof 1971-73 were abcocut $31, or a total of
about $850 million for these additional f=zatures on all cars
sold through 1474, HMost of tie analyses of accidents in
North Carolina and Hew York showed no important change in
*he rate of Ariver deaths ana injuries for these model
Years, compared to the 1966-70 pericd. We conclude therefore
that these mcdel years coffer the same protection as their
immediate predecescors, but vielé no important additiona
vnowmonwo: from aeatn ot serious injury for the additional
331 oi safety requiremsnts.

About $47 of occupant protection changes were addad
to the 1%74 model., That model was invelved in too few of

.
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a slight improvement that mav he attributable to 1ncreased
use of seatbalts because of the belt-ignition interlock
system.

Pasgenger ¢=r buyers paid abowt $14.5 biliion for all
safety requir*ments included in the prices of the 1%66-74
moaeis, [KFOI Crasn survivapllilty standatrds only, the esci-
mated total costs in these mogel years of cars sold are
about $¢.5 billion.

Federally mandated saifety features have been incorporated
in about 86 millicon passenger cars sold in the United States--
frem 1866 throuygh 1974 models. Because Federas standards
specify minimum performance requirements, vehlicle manufac-
turers design their own equipment to comply with the stand-

ards, Thne estimated average cost per car of complying with
¢acn Federal stangard (including changes) was providad by ths
three major American awutomobile manufacturers for each model
year. We weighted each set of unit costs by the volune of cars
Feported 5014 or produced cach year Ly cach manufactursr o
compute an average unit cost for the inaascry e table on
p. 26 shows that the average estimated unit cost of all ctand-
ards rose from eoout $40 on the 19266 mcdel to about $368 on
the 1974 model, and that the estimate for crash survivability
5t a ards——exo usive of bumper protection—-resc irvm about
$22 to about $177,

We reviewed estimating provedures of the three major
American manutfacturers for the above ceosts, and compared esti-
mates of selected cost elements with records of actual costs
for sevcral standards in later models. The prozedures were
consistent with normal svstems of these firms for estimating
the costs of other planned model-year changes. The estimates
represented the incremental cost in a model vyear of introduc;nq
a new standard or modifying an existing standard to comply with
an amended standard. f7The ectimates appeared to precsent a rea-
sonable approximation ¢f the manufacturers' costs of providing
the safety features required by the Federal standards,

We also received cost estimates from two foreign
automobile manufacturers for some of the Federal standards.
These costs did not vary dreatly from the American estimates.
Therefore, we have used the welighted average unit costs re-
ported by the three major American manufacturers to apply
to the total estimated passenger cars sold in the United
States by all firms to arrive at a total estimated cost for
the Fedezral motor vehicle satety standards,

25 " N \"ELF\ELE.
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Estimated Average Cost per Car

Federal Moto: Vehicle Safety Standards

HMode. vear

Standards 1966 1967 1968 1883 1970 1571 18727 71373771874
Accident avolidlance:
Total $i8 §31 $41 $42 $55 $55 $55 $55 $55

Craph gJa.vivability:
201 Gccupant protection

on interior impact §7 310 $z28 $18 518 $18 $i3 $i3 139
2u2 HeaG restraints
2017 and seating systems 3 5 13 19 18 18 19 19
203 Steering colunmn
204 protectton and dis-
placenment 13 17 17 17 17 17 17 17
205 Glazlng materials 3 3 4 4 3 3 3 3 ¥
206 bDoor locks, wheel
211 nuts, discs, e:co, 1 1 i 2 2 2 2 2 Y]
208 Qacupant crash
209 protectien seatbelt
cln aasembl ies, etc. 11 13 32 32 32 32 an 50 G4
212 Windshield mounting {a} (a} {a} {a} {a) {a) {a} {a} {a}
214 Stae aqoor strength 5 7 9 16 15 15
218 Exterior protection
. {bunpers) 5 61 L34
216 Roof crush resictance 3
301 Fuel system integricy
a02 and flammability of
matel1als . —_— . i 1 ot 5 3
Total (note b) 522 S43 579 $97 833 S101 5120 $191 $3I3
Total-all
standards S40  $74 $120 5145 514 $156 $175 5246 §$369
Yoarly fnccease 34 46 25 ¢ 2 32 1122
Crash survivability
less bumper
standard $22 '3 §i9 587 593 €101 $116 $110 5177

a/lesa thaa 51,

b/Totals mey nct add cdue to founding.

26
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Ietimated

Costs ol

Suto Safety

Standards

All s*andsrcs

Cresh survivebility stzndards

RoJTT years Amortized
Hodras year Unit cornt e ahich Total cars Tatal cont Int cost Total cost 1966-74
intredeced of standarcds applicabkle scld of standards 0! staniards of standards (note a)
(0CO omitted) (04C,0C0 omitted) {000,000 omitted)——
1965 $ 40 1966-74 86,288 $ 3,447.2 $ 22 $1,915.6 § 928.2
19467 34 1967-74 77,164 Tenbilh 21 1,62%.0 709.3
1962 a6 1568 74 68,629 3,100,0 36 4,413.0 941.3
1959 25 1959-74 59,358 1,521 18 1,113.0 350.3
1979 e 1970-74 49,789 _an.a 2 ___98.6 __25.8
Subtotal 154 $11,1€6." 5_95 $7,163,2 $2,987.9
1971 2 1971-74 40,5984 831.2 R 78.0 19.1
1972 1y 1972-74 31,980 62).1 15 468.5 95.2
1973 i 1973-74 21,450 1,515.6 _1a 299.9 LAs.7
Subtotal 92 $.2,017.9 $_31 §_B45.4 161.G
o 1974 12 1974 9,520 _1,159.4 _41 445.2 44.5
-~
Tot sl 5258 SL02340.8 11 8/8,450.8 $3:193:4

a/7otal costs of each model year change amortized at 10 percent per year over the approxinmate life of an

average car.

Thus,

(1967-74), etc.

SEST pogy
5T Docueyy , VAlLABL g

costs n the 1966 car are amortized over 9 yeare (1966-~74), the 1967 car over & years
See appendix IIX for an esample of how the amortized costs were computed by model year.
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ESTIMATED BRENLEFITS OF SAFETY STANPARDS

For the purpose of estimating the benefits derived from
crasn survivability safety features, the effects on both fatal-
ities and injuries should be measurcd. We believe, however,
that the probable reduction of fiatalities is the only efiect
that can be reasonably measured on a nationwlide basis for com~

parison with costs

The use of ivrjury data for that purpose 18 compliceted
by two factors, Tre seriocus injuries that were grouped with
fatalities ir the unalyses of lHorth Carolina and New York
accidents are not defined for renorting in the same terms in
all States and are subject to interpretation and judgment
of the 1investigating officer at each accident. Also, the broad
term "sericug injury® iu neot consistent in the several studies
avallable on the estimated cost to society of autcmobile in-
juries. Because of the importance of reduced injuries In com-
puting benefits, however, we have attenpred to srovide some
mepoure of their effectz in Horth Carclina,

A HNorth Carolina automebile
ur tirst approach was Lo cstimare the Lensfits snd
costs that occur over the useful jxvus oL Giriferent nmodel-
year cars in North Carolina, The benciits of preventing fatal-
ities and injuries are the procuct of (1} the number of fatsli-

ties and inlurles vrevented per ecCldent, {(2) iLhu sumber of
accidents a car is expected to be involved in rver 1ts lite,
and (3) the societal cost of a2 fatality or injury.

The number of fatalities and injuries prevented was
calculated from vhe North Carolina raw uvata of 19721 and
1974 on page 15. The number of fatalities or injufivs Lor
mocdel vears after 1985 was subtracted from the «verag m
of fatalities or injuries that occurred 1n pre-lsts ¢
prestandard rates used (welghted averayesg Of cases) were ©
percent for fatalities and 14,5 percent fof injuriecg,
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On the basis of our review ¢f actual accident data in
North Carolina and our J4iscus$SLuns wWilil auto Saiciy CXECILS,
we azsumed thal a ¢al will Le in one reporitable acclident in
jts lifetime. The number of accidenty to the average car ig
critical to the analysis, because the Lonefite vary iirect
proportion to it. This puanbl. will vary widely amo on
depending on the driving entironment andg the States ria
and method of reporting acc.dents, Aluso, as the ch f
Deingd In an aCclgeont are roducey thioudgh itlgpway La and -
ards 0f Other means, the benciits ©f crash survivad tand=
ards are also reduced.

_ . BLE
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The scciestal costs of deaths and injuries used in the
computatious are given on page 35,

An ad hoc committee of the Qffice of Science and Techno-
logy reported on the "Cumulative Regulatory Effects on the
Cost of Automotlve Trdnaportation.“ (RECAT) 1/ A benefit~cost
cemparison by model year using their benefit measurement data
follows. ({Similar computations ucing Safety Adminigtration
values about double the benefit-cost ratios, while the NSC
values would decrease then by absut cone-third.)

Benefits of fatalities Unit cost

Kodel and injuries prevented of Benafit=- -
year Fatalities Injuries Total standard CO3t ratic
16496 $ 70 5 38 $108 $ 22 4.9 /1
1867 168 54 222 43 5.2 /1
1268 112 83 1985 79 2.5 /1
1969 126 9R 224 97 2.3 /1
1470 154 81 245 99 2.5 /1
1971 154 83 237 101 2.4 /1
1672 154 95 248 1le 2.2/
1973 126 47 213 130 l.e /

Thooe computations are bazed only on driver [atalitiez
and injuries prevented per accident., 'Total fatalities and
injuries prevented for all occupants may produce higher
benefit~cnst ratios. Reduced injuries aczcount for about 36
percent of the bencfits when RECAT values are used, zhout
52 perceat when Safety Administration values gre used, and
about £4 percent wvhen HSC values are used,

Benefits of driver and occupant
*zeality reduction

Because of the provlems gdiscussed earlier in estimating
injury reduction on a nationwide basisg, this section deals
only with benefits of fatality reduction. In this section
we have included beneflits to other occupants.

Fer estimating a weanure of safety improvemonts naticon-
wide, the Worth Caroline results are probhablv more approori-
ate than ‘he New York results. Considerably more analvsis of
various conditions aflecting severity of accidents was possi-
ble and all model vears of cars were identified in the North
Carolina accidents back to those of pre-i%-1l. The New York
accident reports lacked soume information, :<uch as the icenti-
fication of mndel years ecarljer than 1965, We have preceeded

/The cGmmittee remx
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We cannot assert with ary dedgres of reliability that
Herth Carolina accidents are repregentative of the Hation,
although we do not belieove they are very different. {Sce pp,
Lz ana i3.} Wwe nave used nNorth Carolina fatality ana injury
data pnd naticnel vehicle regictration data 2s a buse so that
we could obtain 2 rough measure of the magnituda of benefits
to the Hation. This was then used for drawing a2 benefit-cost
relationship. This method reguired several important assump-
tio.s,

~~North Carolina data represcnts o reasonable bas- for

these estimates.

s
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=-Improvemsn.3 for passenger safety are only one-h.lf
those for drivers.

~-A11 noedel-year ¢
portion to the r
vehiicle age.

On the basis of lo:
evious chapter, w
y"zgenF teduction

'S Inee
in accidents by

MDD

i
(n_

er
winc
jur
bz

.5
caLatly aopplicable
& upancs killed in
5 s 35 percent were
s 1 r injuries combined
cup at o Sroximacely the
Lot LIong as fthe draiverat ol by mea.-d yeor, Tnerefore, we
telieve that a reasonable accuaption for Lo orefit uralysis iz to
consider that improvements in passender cafoety are only one--

hali those ft.ained for drivers,
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) Thue, a composite occcupant percentsge would be derived
from the formula, (driver improvement percentage X 65 percent)
plua (40 percent of driver improvement X 35 percent).

Below is the composite percentage tor drivers and
paspengers in the later model-year cars compared to occupant
in pxh ‘1866 model cars for the same number and types of

a0¢ Teaen b
YU b \lwllko »

Felative pereent change under

saime accident - ondition
Model=vear cars Kiiled - Not kilied
Avorage pre-1966 100 -
Average 1965-68 B7 13
Avarage 1969-7¢0 Y 22
Average 1971-73 77 23
relative percents of occupants killed are
he proporticns of the reupoistive model-year cars
1 cars registered cac 2 the result is an
dex of how much saier 3 mix of cars
ar through the introduciis £ safer cars
966 The percent of toial reuisirations
ach model year from luse to 1974 is shown
0110w1ng table,
Percent c¢f Tetal Cars Regintered
by Model Year at July 1 {nore a)

1(‘"[;5 l,

AR

aar
1966 1967 1958 1969 1970 1971 1972 1973 1974

¥
I
I

pre=1966 91,2 79,3 69,2 58.9 49,2 41.0 32.8 25.3 19.4
18su=0H 8.8 0,2 30.7 32.9 3t.4 30,0 27.8 25,3 20.7
190Y=70 8.2 P 21,9 20,8 19.5 18,4
1974=74 e 1Y 1B.6 28909 39.4

votal 100 100 100 100 log  iou 100 109 109

a‘Uaned on data obtained from Auvtomotive News (1975 Almanac
Isaue), a wegkly newspaper of the industry,

ats multiplied by the relative
1 vear are suvwmaa: tzed in the

32 . %n% %‘\j
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ive Index of Auto Safety
r All Cars Registered
Registration year
1968 5835 1970 1871 1572 1873 1874
{160} 41,2 796 0.2 58,9 40,2 41,0 32,8 25,3 19.4
ldop~bu
{87} 7.7 115 26.7 28.6 27.3 26,1 24.2 22.0 19.8
1969~T0
(78} 6.4 15.1 17.1 16,2 15.2 14.4
1971-74
{77} _ 5.5 14.3 23.0 30.3
Taotal :
{Safety
Index) #8.% u¥.4 36.0 93.% 81.6 8%.7 87.5 85.5 83.9

e relative safety indices calculated by this procedure
carry the anrumption that all model years of cars are exposed
Lo acJideais in piobortion te the number on the recad, regard-
le of the augr of cars, Qlder cars are driven less on the |
av t#aait are hewer cars. The pzocedure tends, therefore,
to underntate the ettect of safety 1mprovemencs in reducing
fatalities ever ihis periocd and again introduces a more con-
servative oloment 1ntd benefit estimates.

One method ol estimating lives saved by the use of these
indices would bu to apply them to the annual fatalities
calculated at the aveirage rate of fatalities per 1,000 acci-
dents for the hilah-1ate years 1961-66, These calculations

are shows 1o Lhe teble on page 8. This method., however, has
several problems aftecting reliability of the results. One
is that no aliowance is maae for relative severity of acci-

dents frem year 1o year. An obvious illustration of that fac-
tor is in 1474, when the reduced speed limit considerably
lowered iwmpact weverity for all models of cars. Another
problem oif the method js that it is highly dependent on esti-
mates ©f Low many vars were involved in accidents each year;
these antimates are subject to more error than are estinates
of passcnger car {atalities,

in oui opinion, a better approximation of how many
passepnuger Lar fatalities might have occurred from 1966 to
1974, if wnatety improvements ha’ nuvc been introduced, can
be derived by sntarting with the National Safety Councilis
estimates ol pannenger car occupant fatalities, Divicding
the annual iatalitias Ly the annual safetv indices from the
table above provides an estimate of possible deaths without

33 1‘&“‘:%};% K\Ep‘
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the 2afety improvements, The difference between how many
might have been killed and the estimates of actual fatalities
representa an approximation of liveg saved by introduction of
safoty improvements from 1966 to 1970 models. Results of
these calculations are summarized in the following table.

Estimated

fatalities Estimated
Passenger car without lives
Calenday occupant Safety improvement saved
Jear fatalities index (note a}) (note b)
19466 34,8090 98.9 35,1%0 340
1967 34,800 97.4 35,730 910
lu64 36,200 96.0 37,710 1,510
1u69 36,800 93.9 39,199 2,390
1979 34,800 91.6 37,990 3,190
1971 34,200 89.7 38,130 3,930
1872 35,200 87.5 40,230 5,030
1473 33,700 65.5 39,420 5,720
1974 26,800 83.9 31,940 5,140
Total Ju7,308 335,550 26,236

e T

a/"Estimated fatalities without improvement" iz egual to pas=-
senqer car occupant fatalities divided by the safety index.

b/"estimated lives saved"” is e
without improvement less nu
fatalitics.

ted fatzlities
T car occupant

Estimated lives saved continued to increase by calendar year
" because it has taken several vears for the effective improve-
ments inteaduced through 1976 to be incorpeorated in a large
number of cars and to replace those on the read without the
improvements,

Estimated cos
of

St to society
an .IUL\) ILa

€
tality and injery

Conta to so
stimated by the
and the Rational
based on price
mates vary groatly, depending on assumptions and the exclu-
sion or inclusion of such factors as lost wageus, days of hes-
pitalization, cost of pain ana suffering, and other fac-
tors. 1/ The three organizations estimated the cost to
socicity oi a itatality and an injury as follows.

rom motor vehicle acci
inistration, the R
il. All th:co )
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[
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Fatality

National Safety Council $ 52,000
RECAT Conmmittee 140,000
Safety Administration 200,700

Rather than judaing which of the above
most appropriate, one might consider the b

Iniury

$3,100
2,750
7,300

e estimates is
enefits acceptable

if the cost to save ohe 1ife iy within that range,
BENEFIT-COST COMPARISONS
On the basis of the throe estimates of the cost of a
traffic fatality te sociaty, the ¢stimated lives saved
th o;gh 1974 by satety improvements introduced in the 19&6-
70 models would be valued as tollows, given the assumptions
stated on p. 31,
Estimated ._ivean saved 28,230
Value at:
$ 52,000 $1,468.0 million
14¢,vuu 3,952.2 million
204%,700 5,605.86 miliion
The cstimated amertized costs of the 1966-70 standards
in all 1966 and later models over the same period are ahout
$2,988 million, (Sc¢o p, 27.) Thus, the cstimated
benefit-cost rativy a-o:
At 5 52,000 $1,468.0 = 0.5 /1
$2,4867,59
At 514¢,0090 $3,952.2 = 1.3 /1
32,9873
At 200,700 $5,665.8 = 1.9 /1
2,987.9
Inasmuch as the hencfit-cost ratio is more than one-—
half for the medium cenvimate of life value, as well as tor
the Safety Administration's higher value, the costs of
safety standards Intitoduyced 1n those years (1966-70) appear
to be beneficial. Addittonal benetits from a definite
reduction in serious Injuries, although not measurable on

a national basiu, add contidonce

to that conclusion,
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HWe have not attribuved any benefiis to 1871-73 safety
standards bocauce our study chowed little, 1if any, improve-
mant from theosze model cars., The totsl estimated coces f
these requirements are over $800 million in the model yea
1871-73., (See= table on p. 27.})

we have not attempted £0 estimate benefits for the 1974
cccupant safety requirements, because there were insutficient
accidents to analyze in which this modal was involved.
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CHAPTER 5

DISCUSSION OF OTHERS' ANALYSES OF

EFFECTIVENEGS AND SAFETY BENEFITS

OF INDIVIDUAL STANDARDS

There are considerable differences in the motor vehicle
safety conmunity--among advocates, regqulators, arnd
manufacturers--as to the effectiveness of individual safety
standards and the number of lives saved and injuries avoided
or reduced by the safety devices. The primary cause of such
differences is lack of a2 national accident data system which
would provide representative and uniform data with which to
measure the effectiveness of existing safety devices and
provide support for the development and implementation of
new and revised stanrdards.

In our report of July 22, 1§74, we recommended that the
Secretary of Transportation explcre v 1th the Safety Adminis-
tration ways to expedite development of an authoritative
accident cause Gata system. Aas ol January 1578, the Safety
Adninistration had completed nlang far a National Accident
Sampling System and expected the system to become operaticnal
by fiscal year 198Y. According to the Safety Adrinistration,
the system is de%igned to pr.ride accurate and detatled na-
tional data on varidus aspects of accidents--their causes
and consequences~-and vwill provide a valid basis for 2cgsese-
ing proposed and existing satety ptandards.

In spite of the existing defliciency, decisiois about
motor vehicle safety are heing continuously made. Thesoe
decisions are usually based upen a study of available
accident data. cvernment, industry, and olher intersasted
parties commission ras QdfCh organhizations and irndividuals
to determine how well safety devices on motor vehicles
have been performing. These researchers use their own
accident data or seek others' tileg,

Many effectlivenc
safety device, especi
tion devices., These o
éent samples in which the percent of t
juries in creshed vehicles with safet deViCﬂS is compared
t.0 the percenf of fatalitics and injuries in crashed
vehicles without safetv devices. The difference is the
percent of effectiveness, A cemparison of the studies

analv a8 ot



usually shows a consensus as to the effectiveness ¢of a
safety d«vice and the ranage of agreement or disagreement,
They do not show the estimated reduccvion in deaths and
injuries attributable to a particular safety device. The
Safety Administration and some motor vehicle ranufacturers
have made such estimates for head restraints,; steering
columns, side ¢ooor strength, and seatbelts, Thelr estimates
are detailed in this chapter, They are estimates of annual
gafety benefits, based on the assvmption that all cars on tne
road were equipped with the safety device, and are not con=-
parable to the agyregate estimates of lives saved, which we
discusred in a previous chepter. #&stiwvated annual safety
banefits can, however, be valued with tne henefit measurement
deta o0of the National S5afety Council, the RECAT Committee, and
the Safety Administration and compared with the annual amor-
tized cost of equipping all cars on the road in 1874 with the
pafety device. Tbz following benefit-cost ratios are then
obtained.

Benefit-cost ratioe (note a)
Safetly
Safety device and cost Fatalities Adminis~
and cource of estimated aud WSC FECAT tration
fatalities and injuries gstirate estipate ectimate
Lnjuiies aveided avoided tnote bl ipore i tnore ot
Head cestrairts, $132.5 million:
Safety Administration 0/186,200 4.36 to 1 3.86 to 1 10.26 to 1
Ford 0s 3,300 0.08 to 1 6.07 to 1 0.i8 to 1
Cancral Motors 0/ 38,7%¢ 0.1 to 1 (.80 vo l 2.3 o 1
Steering columng, $153 m1llion:
Ford 1,800/1,860 0,65 to 1 1.68 to 1 2.45 w6 1
Stde dootr strength, $136 million:
Safety Admiristration 67/26,R00 0.64 to ! 0.61 to 1 1.53 to 1l
t'ord 0/12,°.060 0.28 to i1 0.25 to i 0.66 to 1
Seatbelts, SB70 millinn:
Safeuvy Adminiotrat.en 7,000/340,000 1.63 to 1 2.20 to 1 4.487 to 1}
Ford 17,200/503,000 2.82 to ! 4.36 to 1 8.2 to }
General Motors 5,150/336,000 1.50 to 1 1.89 to 1 4.0 to i
a/hepresents fatalities or injuries avvided at the three different es_ ., ces, !
divided by the cost. For example, the “3fery Administration's eftima o f
ot 186,200 injuries avoided by hz2ad res' aints at $3,100 as the average §
cost of an injury producez a benefit of $.77 million, divided by the head £
testramnt cost ot $i32.5 million to give the benetit-cost ratio of ¢.36 to 1, 5
a8
Lfhee pL35, f
3
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tter und :stand tn_ dive rg nt views of those con-
i vehicle satety, we reviewed and colpared
oregoing cafetv device Two main elements

sessing the el{fectiveness and ber of

=h
n

Ean
it

«f

-~An estimate of how eff:ctively the safety device heas
actualiy periotmed.

~-~An estimate of the annual fatalities and injuries
wnich occurred or would have occurred without the
safaty device

mue resylti
ixés large. Fo
e head restraint ranged Lrom 3,300 1o 186,200, [For seat-
elts the estimates ot fatalities aveided ranged from 5,000
to 17,000, Differencec in the typ 5 0f datae used provided
some reasons for varylng 'ecult OCne file contains deta

1
Cilay On SCOvVe

(&} !":t..»,

ng differences or net savings were some-
r example, estimates of injuries avoided by
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HEAD RESTRAINTS

federal motor vehicle satety standard No, 202 specifies
reguirements for kead restraints to reduce the freguency
and severity of neck injury in rear e~nd impact accidents
and other c¢ollisions. Since January 1, 1969, head restraints
have been reguired at each front outboard seating posi-
tion,

In 1973 the Sefety Admianistration made a preliminary
pencfit~cost analysis of head restraints which indi-
cated that a large number of nzck injuries were being
sustained in rear end impact accidents, CLonsiderably fewer
neck injuries were later reported in studies by Fora 1/ when

1/Ford Motor Company, "Highway and Vehicle Safety Standards,”
May 17, 1974,
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tandards
it submitted
ation cn pas-

results of its assessment of numerous safety
were made known and by General Motors l/ when
intormation to the Pederal Energy Administr
senger car fuel econray.

Estimates from these three sources and a discussion
of underlving dif erences folliow.

Injuries

Source without Neck
of heaa Percent injuries
study restraints effective avoided
Safecty Adnmin-
istration i,330,000 0,14 186,200
Ford 16,500 0.20 3,300
General Motors 123,750 0,20 38,750
injuries without head restraints
The Safety Administration bhased its estimate of neck
injuries on a study by O'Neill and others. 2/ C'leill
coacluded, on the basig of insurance claims, that there
may be as many as 1 million neck injurics each year to
grivers irvolved in rear end impacts. The Safcty Administra-
t.on adjusted the estimated 1 million neck injuriec to elimi-
aate the eflects of existing head rectraints. Using vehi-
cle registratiocns, thﬁy assumea that 25 pesrecent of the cars
on owne road were equipped with head restraints which were
. 100 percent effective., The Safety Administration used this
information to compute an estimate of 1,220,000 neck in-
juries if there had been no head restraints.
Both Ford anu General Moters used total injured occupants
as their starting point. Ford calculated that there would

1/Comments by General Motors Corporation to the Federal
Fnergv Admxnx tration on "Passenger Car Fuel Econemy,”
Augus 974, volume I1I, pp. C-33 tnrough C~39.
2/Brian O'Neill, william Haddon, Jr., Albert B, Kellcy, and
wayne W. Sorenson, "Automobile Head Restreints-~Freguency
cf Neck Injury Claims in Relatinn to the Presence of Head
Restrainteg,"” The American Journz: of Public Health, vol.
62, no, 3, March 1872, pp. 394Y~4u6,
. 1 .4,%\/‘”—
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be 1.7 million passenger car occupant injuries in 1574 had

the accident rates prevailing in the mid-1960s continued. 1/
Ford estimated that 1.2 million oL the injuries were minor--
the category which includes neck injuLies——and that 50,0060

of thenm resulted from rear impact acclidents, The 50,000

injuries were based on 2 4-to-5-percent rear impact injury
estimate reported by Garrett ang Merris 2/ in th
tion of head restraint performance, : &
Kihlberg, 3/ reported rhat the overall incidence of ne
juries among occupants in rear impact acc1dents was ab
33 percent., PFora thus concluded that one-th e
impact injuries, or 16,5006, would be neck i c
in 1474 it there had been no head restrain

l’

Theasr -
Ancther re

General Motors took a different approach and began with
an estimated 2.3 million cccupant injuries in 1974, This es-
timate was based on an assumed 100 million cars exposed to
accidents each year, an assumed l5-percent accident rate,
an assumed l0-percent injury rate, and a Mntors Ingurance
Corporation 4/ rate for 1972 and 1973 of 1.56 injured cc-

%

cupants per accident (100,000,000 x 0.15 $6.10 x 1.56 =
2,344, GUO) Motors Insurance Corporation data also revaaled
that 6.6 percent were froat seat ococupants incarring ncck
injurics from rear impact accidents. General Motors apnlied

the o.6-percent rate to the number of total injured occu-
pants in determining that 155,000 neck injuries would occur
in 1974 with existing head restraints, which it said could

be ofi by + 5U perceat., General Motors estimated there would
have been 1%3,750 neck injuries without any head restraints.

1/See Ford estimates, pp. 48 and 49.

2/J. W, Garrett and D. F. Morris, "Performance Cvaluation of
Automobile Head Restraints,” nociety of Automoc1ve En~
gineering Congress Presentation, January 1972, 14 pp.

3/d. K. Kihlberg, "Flexion-Torsion Neck Injury in Rear
pacts, Cornell Acronautical Laboratory, Report V5=-27
R=2, Apr. 1969,

im
21

4/The Motors Insurance Corporation file data is obtained by
insurance adjnsters while they are investigating clainms
involving an 1inijury-producing accident in a current model
General Motors vehicle. About 25,000 accidents are re-
ported coach year--10 percent, or 2,500 of wnich are injury
producing. A detailed tile is maintaines by General Hotors

or .1l injury-producing accidents.
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1/3. D. States and J, C. Balcerak, "The Effectiveness of Head
Restraints in Rear End Impacts,” Uni ergity of Rochester
School of Medicine, Contract DOT-HS-167-2-261, June 1973
£5 pp.
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Date of
1epsLt
Jan. 7%
Mar., 72
Dec. 72
E-N
(=]
Jane 73
(J:\
O
) éf% {undate 1)
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Pesearcters, type
ot data, and
logatazsn

Garret: and Morris

ACIR {note a) files--
31 States' Trilevel
ascrdent study files
w2stern Mew York
State

O'Neill

Insurasce claim files

Fell

(note b)

MDAL {nonte <)
files-~variocus

States and Balcerak

Police accident re-

ports supplenented by
relenhone 1ntarvisws

and marl guestionnairese-
Roct esteor, M.9.

Moclean (rote d)

Folice acvident ceps
in »orth Carolang su
menated %y additicnal dat
and telerhone interviews
with pocupants

o~

Accident perioad

sartple size

included in sarpl: BOAT

ampacis

Occupants

1953-71 (only accl- 961
dents involving 1960~

71 model cars)

Jan,-Sept. 1970 6,833
{only accidents
involving 1966-70

molel cars)

1958-72 200

Jan.~Apr. 1872 769

Arr.-Adug. 1371 453

General conclusion

1,342

5,663

906

A decrease (unspeci-
fied) 1a the frequency.
of nondangerous cervical
injury

188 effective
for drivers

No apparent peduction
in injuries

148 eff.ctive

Appear o reduce the
frequency and severity
of injury in more severe
rear end impacts
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Ho matter whee s6urce is used and how the dala is
analvzed, it contains some biases. The ACIR ani trilevel
files used by Garwett and kortis tenu to emphasize the more
nevere, injury-producing accidents. “1he O'Neill study
recounized that ingrance clalm ifiles may be biased because
cnen inaunry nlaime arns nronashle faian MihAcen Y= an vahymb

LRty 10 gt ¥ AR R R e R R 0 Loeas 3% g Loagrsean] Lae e RS el 2 ioan
could be ascertained at the accident site would tend “o be
he mOTe severe oncs. CAn injury such a5 whiplech, forf
SaNarnle is not alwavys : parent at the times 0Or an accident
*xarple, is not always ¢ parent at the time oI an accident,
so police reports made at the site would show 1no record o
the minor or moaerate injury. The technique of supplementing
nolice accident reports with telephons interviews and mail
questionnatres is alse subiect to bias because., a3z Griffith
has reported, 1/ a person whose 1njurly 18 50 minor that he
n woula not report 1t, 1i asked, woula say that he
[3 3 St
L injurcg,

The gecyraghic location from whicn the sample is taken
¢oula influence recults ancu conclusions drawn frem it.  Ke-
scarchers “g'cc that there zre Siffo-cent acu.lont and in-ury

charascteristics betweon urpan ond rural areas, especially
the dogres o5f scverity. for this reason, 1o is reasonable
to expect .'Lelll's conclusion as
zanple frea the highly urkaniz ar
somewhat “rom McLcecan's conclus e
sample from the primarily ruraza h
Cne can ¢ .ly guess how the rec np
be 1nfluenced Ly gifferent clir ng,
cituer local chueracter:ioiics.

These comments are generally applicable to studies we
reviewec on other uvafety devices discussed ion this chapter.

The variety ot._ accilent cenaitions could have consider-
able influerce on counclusions drawn il the sample size

1/Lingsay I, Griffith 111, "Analysis of the Benefits Derived

T from f{ertain Precently Cxis*ting Motor Veaicle Safetv Devices:
4 xeview of the Literacure," H:ghway Safety Itesearch Center.,
University oi North Carolina, Lunapel Hill, H.C., December
1973, p. 33.
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ig very small., In only one repoit were the conclusions
atatad to Le statistically significant. The olher studies!
refultn were either not statistically significant or the
reporte did not comment on significance. Generally, results
wero nat atatintically signxilcant because the diiference
between the ftevquency of injuries in vehicles equipped with
head reatraints and those not eguipped with head restraints
was 1ot large in relation to sample size.

hene comments are generally applicable to studies we
revicwed on other safety devices discussed in this chapter.

Injury detinttion

The injury detinition can also be responsible for dif-
ferences in researchers' conclusions. Varying definitions
ol injury result in one resecarcher considering Injuries
that another researcher would not consider; researchers
Wi i hdg 3L§1 ter injury definitions considered only more
tot teud injur les then those researchers san & omore
libvral e xzaLion. We noted variations in deiinitions
¢ whiptash injury in the studies reviewed,

:‘)

Cn

¢
i
11

Thiee studles providea a definition and they differed
not soomach in the characteristics of whiplash injuries,
Lut in tho di;ab;l,ty reguired for the injury Lo bLe counted
ag nuch,  Garrett and horrzs defined "whiplash” as any

- - e A AL e - g w3 . & ba

fraclure, f:i-’iﬁi.le o &.,umy.ga“n. oL pain associated with
hypoerextension or hyperflexion of the neck, without regard
to disability, States ana Balcerak used a similar defini-
tion, but eacluded injuries which did not cause great
didabitlty o ovidenced by loss of time at work or less

ei ain ity to perform necessary activities of daily
Tiving,

Devgn 0f_head restraints

Hend rastralints can be either adijustable or fixed, al-
though there seems to have been a preference by manufaciuces
tor the adiuttable tvypo. The adjustabl; head restraint is
an Mactive” nafely dev'"o which must be properly positioned
by an oecupant Jor it to perform effectively in an accident.

Five ol the toregoing researchers studied the position-
tna of adipastable head restroints and reportea that from 59
ta b4 pereent of Lhe occupants had not adjusted them.
Sovetal rencarchers attributed the low percent ol effec-
Livenesn (o thas,

s
L2
3
-
s
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In Maich 1974 the Safety Administration preoposed an
amendment to this safety standard. As of January 1976,
this amendment had not been made effective. The amendment
would require head restraints be of such height that. even in
their lowest permissible positicn, beth outbcard occupantis in
the front seat would be adeguately protected. Adjustment of
the right front seat heaa restraint woula be retaincg to over-
come an objecticn to fixed head restraints-~restricted
visibility. Some manufacturers, however, have esscintially
overcome the visibility problem by providing open spaces
in "oval" or "ladder" shaped fixed head restraints,

Recently, Huelke and 0'Day 1/ recommended laboratory
and field studies on neck injury mechanisms with high-back
seats before concliuding that high-back sesats will decrease
the frequency of whiplash injury.

STEEKING COLUMN

Federal motor vehicle safety standards 203 and 704,
effective since Januvary 1, 1968, specify energy-apsorbing
and rearward displacement requirements for steering con=
trol systems that will minimize chest, nock, and faclal
injuries to the driver as a result of impact. Little has
been reported about the numbers of fatalities and injuries
avoided by the presence of ener-y-absorbing steering columns,
In May 1974 Ford Hotor Compﬁnj reported con the peotential
reductiocns due to this safety device. 1Its estimates and a
discussion of their bases follow,

Serious
Fatalities injurise
Fatalities or injuries witheout
energy—absorbing steerinag column 8,150 8,430
. b S X .
Effectiveness rate _.222 Le2¥2
Fatalities or injuries avoided 1,800 l:??g

Fatalities and iniuries without
the improved steering column

Using National Safety Council histeorical accident data,
Ford Motor Company calculated there would have been 1.7 million

1/P. F. Huelke and James O0'Day, "The F
Safety Standaras: Recommendations f
Safety," July 19875, p. 5.

rederal Motar Velicl
or Increasocd Qcoupa
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passenger car occupant injuries in 1974 if there had been no
safety improvements whatsoever They used ACIR accident
data and distributed the 1n3ur1eq by severity as follows:

Fatal 46,000
Serious 77,uu0
: Moderate 415,000
Hinor 1,170,000

Total 1,708,000

Ford conducted a study 1/ and concluded that, of all
passenger car occupant fatalities, 34.4 percent were drivers
involvea in frontal crashes and 73.2 percent were in non-

rollover-related—-type accidents. IiLom enother study, con-
ducted by Calspan Inc., 2/ Vtord determined that 63 percent
ot the dangerous-to-life and tatal injuries to drivers in
frontal impacts involved steering assembly contact. Thus,
tho number of steering-asscembly-roelated driver fatalities

in non-roll-over frontal impacts is about 8,150 (46,000x
0.384x0,732x0.63 = 8,150}, The number and degree of in-
juries to drivers were determined in a szm; ¥ manner, using

k%13

Q)

e B E
injury distribution data from a cStuay oy iderson. 3/

m
-t

Effectivencss of encrgv-absorbin
steerina columns

udy by Levine and Camp-

crrie o

Ford also determined from a st
;ell andg cthers 4/ tha Lrﬂrgy~:b?o;b1n3 steering columns

reauced dangerous ana fatal driver injuries in frontal

1/E. S. Grush, 5. E. Henson, and O. R. Ritterling, "Restrainti
System Effectiveness,” Report No, $-71-40, Ford Hetor Com-
pany, Sept. 21, 1471,

~2/¢ornell Aeronautical Laboratory, Inc., “Research in Impact
Protection of Putomobile Qccupants," Transportation Re-
s5earch Department, CAL Report No., Vi-2672-v-1, July 1969,

3/T. E. Anderson, "Analysis c¢i Vehicle Injury Sources,”
rnell Aeronautical Laboratory, Inc., Contract DOT-HS-
53=1-10%, September 1872,

é/n- N. Levine anu B, J. Campbell, "Effectiveness of Lap
Scat Belts andg the Energy Absorbing Steering System in
the Reduction of Injuries," Highway Safety Research
{enter, Universily of North Carolina, Chapel Hill, N.C,
November 1971,
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ctashes by 22.2 percent, Levine and Campbell indicated no

imporiant reduction for less severe injuries, so Ford assigned

noG 2Wwvings L0 drivers incurring moderate and minor injuries.
ke reviewed five studiss of actual accidents, to see

what degree c¢f effectiveness was being reported for the

CASIGY-GUBUINING stoering Ccolumns, OCOnly Levinz and Camp-

bell reporied « reduction ¢of aboui 14 percent in serious

injuries due to the energy-absorbing steering c01umns. The

remaining four studies reported only that eqprcy-ab 'ng

steerirg columns were effective in reducing driver 1nrur1e5

Some of the studies contained conflicts as to what
injuries are avoided and how the reduction is accomplished.
for ecxample, one study concluded that severe driver in-
juries are 1 2duced by 30 percent in medium~speed frontal
impacts (30~.9% miles per hour). Another study reported that
the risk of sorious driver injury is reduced only for high-

spood frontal wpacts {over 30 m.p.h.) One study reperted
that there were no additional injury reductions for
seatbelt-restrained drivers due to the presence of energy-
abesorbing steering cclumns, while ancther study concluded
that the eneigv-absorbing steering cGlumns furtheéer re-
duced the overall injury risk for beited drivers. Wwhen

considering the type of injury--head or chest--twc different
studies by the same researcher showed that energy-absorbing
steering coiumns recuced head injuries, but haa either lit~-
tle influence or a negative influence on chest injuries.

In addition to giving different considerations to the
variables previously mentioned, the five studies also used
different types of accident data from different azographical
areas and accident samples ranging from about 4,900 to 21,000
incidents. {See p. 51.)

Design of steering assemblies

Both Garrett and hendricks 1/ in the inited States and
Gloyns and Mackay 2/ in England found that steering columns

1/3,. W. Sarrett and D. L. Hendricks, "Factors Influencing the
T Perfurmance of the Energy-Absorbing Steering Column in Acci=
dents," Calspan Corporation, Fifth Internaticnal Technicsl
Conference on Experimental Safety Vehicles, London, June

1974,

2/P. F. Gloyns and G. M. Mackay, "Impact Performance c¢f Some
esigns of Steering Assembly in Real Accidents and Under
Test Conditions.” Paper 741176, Proceedings of the Eigh-
teenth Stapp Car Crash Conference, Ann Arbor, Michiyan,

December 1974,
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of certain designs do not collapse as intended upon impact
in crashes.

Garrett and Hendricks found that steering assemblies
performed best when the driver sguarely contacted the steer-
ing wheel in a crash, and, as the driver’s contact with the
steering wheel became "angular® rather than “head-on”, the
encigy~absorbing device compressec less, They acivibuted
this lack of compression to "binding" of the column's tele-
scoping elements because of crash-induced movoement of the
column and the driver. They recommended that compliance
test procedures be reviewed.

Gloyng and Mackay reported that steering columns which
comply witn Federal standards were essentielly ineffective
in preventing serious chest and abdominal injuries. They also
reported that column bending. when the driver hit the steering
wheel, was the major cause of "leccking” or "bLinding.* Gloyns
recommended that testing techniques bw mudified Lo better pre-
dict actual periormance of steering assemblies,

The Safeity Adminis
aruard Lo reguire
rger paddeu wheel hub,
cater area of Lhe chest.
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SIDE DOOR_STKUNGTH

Federal motcr vehicle sarfety standard No, 214 specifizs
requirements Lor side door strenyth of passenger cars to
minimize the safety hazard caused by intrustion into the pas-
senger compartiment in a side impact accident, Strengthened
side ©oors were used I1n some American cars as ecarly as the

1§
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1y67 model year, although the safiety stendard was not
effective until Januarvy 1, 1vy73. Host manufacture:s chose
to strengthen docrs by Ls1ng a low-weight, high-strength
steel beam positioned horizontally in the door. In addi-
tion, they reiniorced the supporting oody surucitures of e
door areas to complement the action of tt side door beam.
{See diagram on p. 55,

In August 1972 the Safety Administration 1/ used side
docr strength as an example ch performing benetit analysis
ng estimateda that the snanoard would avoid about 67 fatali-

2/ and 26,80u inj annually, The Pord MHotor Com-
Estlmated in tiay 1974 3/ that strengthencd sid
ided about 12,400 minor injuries annually
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the safety Administration used 3.6 million annual
injur.es. This figure was derived from a 1969 National
Health Survey adjusted to 1Y71. Th-o2 injurics were then

)
L
1.
)
+
}
3

adjusted by (1) tho number of passcenger car occunants injured
in angle {side) collisions, (2) accidents at speeds under
30 miles per hour {on the assumption that strenigthened side
doors are not effective at higher speeds), and (1) tho con-
tripution ol door structures to injurics, to artive at 26,808
annual injuries avoided by side door beanms,

Ford concluded from several research studics that side
door brams were beneficial in reoucing oniy wminor ingufies
of about 1.2 million (see p. 49), and the l0.B-percent con-

tribution of side doo: impacts to injuries reported by Ander-
son 4/ yielded about 124,000 minor door*relqtc tnjuries for
1974, Ford usea an effectiveness rate of 10 percent, which
was reported by Mclhean, 5/ to estimate there were 12,400 minor
injurics avoided in 1Y74 by the presence ol side door beams,

A comparison 6f several effectiveness studics follows

l1/National Highway Traftfic Safety Administration Staff Report,
“Benefit and Cost Analysis Metnodology--MVvP Rulemaking Pro-
grams, " August 1972, pp. 10 anag 1l.

3

2/Fatalities are not geparately discussed because similar

methods and bases vere used for both fatalities and in-

juries,
3/5ee footnote 1, p. 3%.
4/See footncte ¢, p. 51.
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Designs for side door strength

Most automobiles use a side impact system which consists
of intrusion beams located at approximately each docr midline

in conjunction with reainforced body pillars, hinges, and doox
locks.

Generazl Motors, the initiator of side docr beams, has

recently claimed that the current standerd inadvertently
perpetuated designs that were not the most efficient means of

providing occupant protection with the least weight and cost.
Furthermore, it contendc that curtent rederal requirements
restrict designers in their ciforts to provide other forms ¢f
protectzve side structure because tests were tailored around
designs using a beam.

Regearchers have nointed out that new designs are being
developed which meet all thas Federal r qulrementc and add
only 15 to 20 pounds to each venicle without a cosc penalty,

Future experience by automotive manufacturers will he
instrumental in chancing or modifving existirng designs.
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SEATBELLS |

rederal potor vehic standird No, 208 establishe
reguirements for seatbel ationg in motor vehicles to
Proteds oCcupants agains na Injury in accidents, Sea
belts were installed vol &s standard equipment by all
manuiact s In 1344 ms v i¢s aiiv ud vuptivial eyuipmen
by manufaciurers in many earli model cars. Bileotive Jan-
vary 1, 1968, however, standard 20% required lap and shc.lder
belts in the front outboard seating positions and lap belts |
the other positioni of all passvenyer cars., 7The primary func~-
tion of lap belrs is ejection preveontion, white the shoulder
harness restrains the upper torse from striking the vehicle
interior,

Since 1968, seatbelt requirements have undergone modi-
fications direccted primarily %toward improving seatbelt use
rather than Dcrformance Beginning Jcnuary 1, 1472, ligot
and buz syctems were reguircd, followed by the &ad
dition 'ﬁﬂztzon interlock syctem and nondetachable lap-
shoulde ctive September 1, 1u73. The intsrlock re
gquirene ihited by law az of Octeober 28, 174, Sinc
Februar vehiclesd have bDeén fecuinred oy;ly Lo D
eguippe plifiead light ana buzzer reminder s stem,

Mcst authorities agree that seatbelts, when used, offer
congiderablie protection against geath ana 1njury and previce
overall benefits which compare favorably with total seatbelt
cests. The results of various studies, however, disclose

£

considerable disagreement on the degree of protection and
the level of penetits provided,

In Augqust 1974 the Safety Administration reported 1/
on its analysis of etfectiveness and resulting benefits of
seatbelts ana air cushion restraint systems., Subseguent
comments on the sSafety Administration's position by Ford 2/

1/"Analysis of Effects of Proposed Changes to Passenger Car
Reguirements of MVSS 208." National Highway Traffic
Safety Administration and Transportation System Center,
Auguzt 1974,

2/"Comments of Ford Motor Company on Analysis of Effects of
Proposed Changes to Passenger Car Kequirements of MVS5S
208," Gct, 9, 1974,
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and General Motorr 1/ show the range of differences among
the three parties as to the effectiveness and benefits

of the interlock system, the required safety device at the
time of the studies,

Safety Ford Hotor General
Administration Company ¥otors
Annual fetalities and
injuries without
protection:
rdt..zliti&% 38;0@0 46,000 .u,uQn
Injuries 2,800,000 1,662.000 1,400,000
Net effectiveness
rate:
Fatalities .18 .37 .15
Injuries .12 .30 .24
Number saved anhuaily
{note aj
Fataiiitics 7,004 17,2400 5,150
injuries 340,000 5G63.000 336.0G00

a/Figures do not compute due to rounding.

g

ot

L . , .
atalities and injuries without scatbelts

The Safety Administration based its estimate of
fatallities on a projection of the trena in the growth of
occupant deaths with no protection. Projected injuries
were not explained.

The btales for Ford's estimatert fatalities and injuries
are preseated on pp. 48 and 4% of this report. General
Motors reported that its estimate began with the 2.2 million
traffic injuries guoted by the RECAT Committee in its Feb-
ruary Lvlz rcnork, This value, ad]usted *0 vehicle occupants
oaly, became 1.4 million and according to General Motors
establiched a 40 to-1 ratio between 1nluries and the 35,000
wnnual occupant fatalities 2/ wnich was consistent with
yts injury file ane a Volve accident file,

1/"Comments of General Moto.s Corporation with respect
to the NHTSA Report Entlitled Analysis ¢f Effects og
posed Changes to Passenger Car Reqguirements of HVSS
General Motors Corporation USGil72, Oct. 4, 18574,

SR}
<o

[« 5]

-

2/7This erftimate 1s consistent with accident data published
by the datienal Salety Council for 1972,
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Overall effectiveness rates

Effectiveness estimates for each of the tnree sarety
devices previously discussed involved a specific type of

collision--frontal, rear, or side-—and were generally hased
on actual accidents. Estimatlng seatbelt effectiveness was
guite different in that all types of collisicons had to be
considered and the estimates were bauc~, for the most past,
upon "expected" performance rather than “actual' performance
in accidents.

The Safety Administration's estimate of seatoelt
effectiveness in avoiding fatalities/injuries in frontal im-

pacts was based upon .labo"ato"y and accident data and techni-
cal 3Ldument. From this information it estimited the oc
pants' survival chances at variocus sgeeds and correlated
with the frequency of fatalities and injuries at those

speeds., Effectiveness in avoiding faralities a.d injuries

-

-

for +tho pthey tuneg of collicions was mcmexral;u hauet on

seatbelt studies of actual accidents

Ferg took an appreoach siailar to the Safety Administra-
ticn in eéstimating seatbelt cffcoctivenesc in preventing
faralities and injuries in frontal impacts, Ilts cstimates
for the other types of collisions were based on accident
deta and the assumption that seatbelts prevented fatalities

ang injuries assocCliated with occupant e_}ectlun.

General Motors' estimate of the effectiveness of seat-
belts in avoiding fatalities in all of the types of coili-
sions was based on an analysis of a -mall number of latal
accidents, This data was used to estimate the occupants'
chances of survival if seatbelts had peen worn. Seatbelt
eftectiveness in reducing injuries was primarily based on
a study by Bohlin, 1/

Seatbelt effectiveness in frontal collision fatalities,
which represent about one-half of all fatalities, was heavily

emphaslzed and documented in the Salety Administration and
Ford studiez. Tnhe performance of lap-shoulder belts in frontal
collisivuns is of parcicelar wmportance for comparison with
the air cushion restraint system, since thic coystem was designed
priearitiy for frontal collision protection. For these reasons,
i/Boenlin, N., "A Statistical Analysis of 26,600 Accident
Cases with Emphaslics on Gccupant Restraing Value, SAE
Paper No. 670v25, preser.ted at llth Stapp Car Crash Con-
ference, Anaheim, California, October 1967,
- D wle s v 1134
58 vesT DUCURERT AVAILABLE



preen

and to gimplify matters, we ars confining oOUF Comparisons
discussions to fatzlities cnly, as they relate to thz lap
shoulder helt interlech sycter {front osutboard ovivipantisi
in fronval collisions.
Safetry Genera
Admiristration ford Motors
Effectiveness—-I.oaual
impacts a/0.37 b/4 .80 0,37
Probability of fatality
oCcCurLencs X.44 x. 42 X.32
-3Z A T
8 L7 -~ % » & i
Lap-shoulader pelt use--
interlock X.50 A0 ».50
Net efiectiveness—--frontal
impacts c/ .Uo .20 .06
a/This estimate was later raised tc 0.50,
h/see note b, p. 61,
c/These value; are part of the net eff=octiveness estimates
shown on 9, 57,

The Safety Administration determined that lap-shoulder

belts provide proteccion agaiast death at an average front
impact speea of 30 miles per hour, 1Ir f
of survival were establisheu at 1060 percer
Ocp“rrlr\n ||r1d:~r 10 r11rt: 'nnr P\nuv‘ and

occurring over 30 mites per hour, The GLat

assumed tlat any surv1vals at speeds over 30 miles per hou
would generally coffset fatalities at speeds under 30 miles
per hour. The 30 mile per hour protection level wag based
on the results of various stucies of both accidents ana

simulateq crash tects. The freguency of fatalities at var
ous impact speeds, which was correlated vith the survival
chances at corresponding spceds, was based on 1,244 fronta
fatalities included in the ACIR tiles.l/ Using the Grush,
et ai.. study 2/ co.0 estimated the pelteg occupants'

charces of survival for 72 different frontal crash con-
figurations and correlated them with the corresponding fre
guency of fatalities occurring for these configurations,

1/5ee footnote a, p. 44.

Z2/5ee footnote 1, p. 49.
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The 72 configurations covered 2 basic types of frontal col-
lisions, 3 specific frontal impact dircctions, 6 levels of
severity (speed}, and the Z [iont outboard seating posi-
tions., The chance-of-survival estimatc¢s were determined

by relating occupant impact forces recorded in simulated
crashos with the impact forces found to be tolerable by
humans., A computerized mathematical model developed by the
Cornell Aeronautical Laboratory was used to simulate frontal
crashes and obtain measures ot potential impact Eorce on the
head and chest at various speeds., Measures of human tolerance
to impact torces on the head and chest were based on the re-
aults of experiments with subhuman primates conducted by the
Highway Satety Research Institute of the University of Michi-

gan, The trequency ol fatalities at various 1mpacL speeds
tal 5 in the ACIR files involv-

was based on 7%0 frontal {atalitic
ing 1960 through 196% model cars,

A comparison of the difflerences hetwocen the Safety Ad-
ministration and Ford estimates is shown on the following

rage.

General Motors used a ditferent approaech to Qevelop its

etigotiveness estimate, 1t analvzed 706 fat: idents i

dotail to determine the unique series of Cltcus stancas aho
sulting hazards to occupants in each SJtaI accident.

The fatal accidents were selected (rom MDAL files 1/ and
collisi1on performance and injury reporis prepared primarily
in connection with itnsurance claims filed with the Motors
Insurance Corporation of General #Hotors. 2/ A panel of iour
General Motors engineers, experienced {n scatbelt dosign,
developuent, ana periormance, judged each occupant's expected
chance of survival in frontal accidents i{ seatbelts had been
woirn. ‘lhey considered factors such as the eoxcent of intru-
siven into the vehicle interior; the severity of the crash:
and the age, size, and health of the occupant, The effec-

t iveness rate was determined by adding the individual chance
ol survival estimates for each fatality and dividing by the
number of fatalities.

Gther Laciors

fataelity occourying--derived

a by ecach oraanization--represents
of fatalities occurring in frontal
atalities to the driver ana right

O
re P
e

and the percen
ront scat passenger.

l/5ee tootnote ¢, p. 44,

i7/8ce tootnote 4, p. 41.

o0 BEST DUCUIENT AVAILABLE.
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Safaty ’ General

Administration Ford Motors

Fatalities in

frontal impact 0.51 0.48 0.37
Fatalities of

driver and right

tront poassenger %.87 X.87 x.87
Probability of

fatality

geourring 0,44 0.42 0.32

o

R,

Estimates of seatbelt uge were based on the interlock
systen in etfect at the time, Nene of the three organiza-
tions stated the specific basis for their estimates, but
they were similar to actual results of carlier surveys
undertaken by the Safety Admintatration, btord, and General

ich disclogsed "driver" uve of 51, 63, and 5% ner-
A Bre o ol 2

H

In Januvary 1975 the Safety Adminiutration requested
major autcomebile manufactuarers to coopuerate in counteracting
the impending reduction of seatbeslt use, brought about by
abolishing the interlock system, by makihg wore convenient
seatbelt systems available as soon ag pogsible. They were
provided with results of a study that zhowed a large number
ot drivers preferred a seatbolt ayutlem designcd tor optimum
comfort and convenience rather than the various 1974 seatbelt

-systems available,

.
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cle safety standards effect ivenceas,
the Department said our conclus
little, if any, improvement ove

be more fully supported in the

Qur conclusions, about all of the mode
on data analyses of over 2 million cars invo
in North Carclina and New York. HMost oif the
closed a large initial improvement to driver ufegy and
then a leveling off--which indicates to us that the model-
year effect is guite strong regardless ot the analytical
facters and data uwsed. After fully considering our stated
aSSLth‘Oﬂ the ra'e exercised in ena1ya1ng the data, and
ng evidence developed in these two States as
5

foctiveness, we feel our conclusions

1-5
n

When we use this State data to estimate the valuc of
standards in terms of lives saved by safer cars, we realize
it is not necessarily representative of the Nation and that
results are offered only as approximations intended to 1l-
lustrate relationships. 50 fhat estimates are not mislead-
ing or misinterpreted, we have highlighted ocur assumpiions,

The Department believed that the report needed consider-
able refinement and, therefore, presented a page-by-~page
interregation on polnts of potential misinterpretation, con-
fusion, or apparent contradiction which it believed should
be answered prior to completing the report.

The entire Department reply to our draft report and
aur comments to guestions are included as appendix IV, We
carefully considered every question and made appropriate
changes in the report.

;m?’ﬁfwwﬁﬁsfﬂﬁ‘F% ﬁ” ﬂﬂgh
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Standard

number

BEST bt

FEDERAL MOTOR VEHICLE SAFETY STA

n,

APPENDIX 1

o)
>
]

iy
&,

FOR PASSENGER CARS

Title

100 Series~Accident Avoidance

P L

101

10z

103

—
[
-

Jerd
[ ]
[%a

Control Locati
t

o
an rllumination

Transmission Shift Lever Seguence,
and Transmission

Starter Interlock,
Braking Effect

n, Identification,

ﬁiﬁdshleld Defrosting and Defogging
Qeotom

"'.:“"'

Windchield Wiping and Washiug Systen
Hydraulic Brake-~pPassenger Cars
flydraulic Brake Hoses

Peflecting Surfaces

Lamps, Reflective Devices, and

Agsociated Equipment
New Pneumatic Tires
Pire Selection and Rims
Rearriew Mirrors

Headlamp Concecalment Devices
Hood Latch Systems

Thelt Protaction

Vehicle Identification Number
Hydraulic Brake PFluids
Retreaded Fneumatic Tires
Power-QOperated Window Systems

Tires for Vehicles Other Than

Passenger Cars

65

Effective
date

e ey

1~1-68



APPENDIX

Standard
number

121

I

Title
Air Brake Systems~--Trucks, Buses, and
Trailers

Motorcycle Brake Systems
Mctorcycle Cecntrols and oisplays
Accelerator Control Systems
Warning Devices

Truck-Canmper Loading

200 and 300 Series-Crash Survivability

39

01

G2

[ o]

202

Occupant Protection in Interior impact

Head Restraints

Door Locks and Door Retention Components
Seating Systems

Occupant Crash Protection-—-Passenger

cars

e

Seatbelt Assemblies

Seatbhelt Assembly Anchorages

Wheel Huts, Wheel Discs, and Hub Caps
Windshield HMounting

Child Seating Systems

Side Door Strength

Extericor Protecticn

66




ne

Effective

Title date
Roof Crush Resistance §-15=73
Bus kindow Rastention and Release $-1-73
Motorcycle Helmets 3-1~74
Fuel System Invegrity 1-])-68
Flammability of Interior Materials 9~1-72

BEST DOCUMENT AVAILABLF

e
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APPENDIX I1I APPENDIX IX

The effectiveness estimate o rcrash v
standards was Losed on accident infornat £
3 data files, 2 dirferent regression procedur
groups of analyses. This wide variety of approaches was

taken to minimize the potential for biaced results due to
guality or source of data, methodolony employed. or

other factors.

The North Caroclina data base was split into tyo files
to accommodate a January 1973 change in the definition of
serious injury. A more appropriate data base was also pro-
vided for examining the question of calendar year effects,
Variables considered in the analyses are shown in table I
{pp. 77 and 78).

Redression procedures

We analyzed the New York a@ aditional
muiriiple stepwise regression an This enabled us &g
estimate, by varicus mogol-year riee, the change in
proebability of & driver involved in accident being
seriously injured or killed, This <iange is estimated
after considering the effects of other important factors,
such as weight of the car, region ¢{f impact, or the
road cystem, FPeor a complete list seo table I.

In contrast, the Norch Carolina data was analyzed by
the Highway Safety Research Tenter (ISRC), University of

" North Carolina, The analytic method used is somewhat
different from the methed used on the New York analysis
and therefore recuires some explanztion, Tho majority of
the data used in the study was categorical in nature .
{i.e., male or female, day or night, drinking or not
drinking', and thus, the statisticians at HSRL preferred
categyorical regression analysis, a technigue developed
to analyze this type of data. Two fundamencael differences
exist between multiple and categorical regression analysis.

1. Ir multiple regression, the dependent variable, as
well as most of the independent variables, would be
expressed as 0's or 1l's

. In categerical regression,
the dependent variable is ecxpressed as a probability--
the prcbability of driver death or serious injurv--

T F¥sl

while the independent variables a
0's or l's,
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chi square tecinique to select variabl
in the eguation, while multiple regres
"p to enter® statistic. The categoric
proceaure is similar to a forward stepw
sion procedure.

Using the categorlcal regression procedure, we screen
variables to select those which cxplaln the q.eqte_t amount
of variation in driver fatality or injury. Then, a categori-
cal regression model is fitted to the viriables selected
to determine the effect of the model-year variable on driver
fatality or serious iInjury.

To determine which inder-.ndent variable is most highl
related to driver fatality o- injury (the dependent variab
contingency tables are constructed for all the independent
variables relative to driver fatality or injury. (nl sgu
istics are computed tor all ﬁontlngengy tables and th

yare statistic is the tir
iaple has bnen ce;ncce .
conct

e
o r"r
r'rl
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ncent variables to Lhe chosen de-
h1 square statistics are computed
es, and the variahle with the larg-

¢ is the second variable selected. Ad-
selected on the basi & i

sis
five-way, etc., contin
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The selection of independent variables divides data into
a number of cells. For example, if the rorlowxng

variables were selected, the number of cells would eqgual
4% (2%2x2x2x3) in a multidimencion contingency tanle.
Variable Number of
selected categories

Driver's sex
Locality
Weather

Time of day
Model year

own Or country)

ood or Dag}

gay orf night)

(old, medium, or new)

LOrf

!
1
z
!
¢

W

69
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The probability ¢f being killed or seriously iniured is
computed for each ¢f these 48 cells. Each c2ll then becomes
an observation and these prcobabilities are modeled using a
vegression by weighted least sguares with the dependent
variable expressed as the probability and the independent
variablas expressed 35 8%z o8 1's.

Once the modeling is complete, it is then nossible
to test medel fit, again using chi-sqguare (X°} statistics.
Finally, a measure of explained variation, similar to the
R” in multiple regressicn anaivsis, can be computed asg
{ollows:

Hn2e 2 L
R = X due to model
2 2
X due to error + X° due to model

The er interested in a mere technical discuscion of
cataogoric egreosion techniques is referred to the Grizzle,
Starmer, Yoch article. {Sae p. 82.}
Rescripticn of analycesg

Using either standard or categorical regression proce-
dures,; we conducted 11 different cnalyses. ‘'he important
elements of each are outlined in table IT and the distinanish-
ing characteristics are summarized below {pp. 79 and 8BG),
Analysis

I Analysis I uscd the largast data base and conteol
for variables selected for their statiastical relation-
ship to driver death or injury. In contrast, most
remaining North Caroclina analyses controlled for the

h 4

potential effect of factors which have a phvsical re-
lationship to driver death or injury.
Iz This was similar to analysis I, but in order to
expand the mudel-year vaviable to four categorien, it
was necessary to omit data on drinkinag drivers,
I7% This is similar to analysis II, except that drunk
3 nd contrel variables were

selected on the basie of physical rather than
statistical criteria. Independent variabies wore
defined as:

o 1
drivers were included a
a

Ivm.n
(]

BEST DOCUMENT AVAILABE
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APPENDIX 11X APPENDIY I1I

Weight £2,500 lbs,, 2,520-3,500, 3,520-6,000

Speed 0-59 m.p.h., above 60 m.p.h.

hage £54,255 {(one-car accidents only}

impact area Front and left, right and rear
{multiple-car accldenty oniy)

vodel year Pre-~1967, 196768, 1565~ 76, 1971~73

Type One-car, multiple-car accident

v analysis 1il was duplicated except that prestandard
cars were redefined as pre-1966 mocdel vyear.

\Y This analysis considers the changing probability of
fatality only by model year and is similar to anaiycis
11I except for the changed dependent variable, Tha
later threc model-year groups werc c¢ombined across oll
caregories for one-car accidents and were collapsed
for right side and rear end multiple-car accidents.

Y1 The data base for this analysis consisted of calendar
vears 1973 and 1974 passenger car drivers involved in
acecidents in North Carolina. Control variables in-
cluded seatbelt use, locality, and vehicle damage
rating. {Damage to vehicle--minor, 1 and 2; moderate,
J and 4; and severe, 5 to 7.}

VII whis analyvsis is 3imilar to the previcus one except
veliiole weight (2,500 1bs. and under, 2,520~3,500, lbs,
3J,526~6,000 ibs.) replaced seatbelt usc as a controlling
var rtable.

Vil This iz similar to analysis VII except that locality

&
wags not considered and the vehicle damage rating was

tedefined,

ped

IX vhe analysis focuses on single-car acvcidents in New
Yerk State using standard stepwise regreossion pro#e-
dures. Similar to analysis I, the critericr for sc
lecting control variables was a strong statictical
rather than physical relation to the dependent variable,

X vhis is similar to analysis T7X but for multiple-car

accidents,

Table I1I1I (po. 81 an
rodule within-—the change i
each model-year group.

23 sncw"-~av snalycis and
ta atLr1buted

‘ 71 EUT
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The coefficients for wmodel-year group 2 cepresent a de-
crease 1in the probability of fatality, or fatality and seriou
injury, Lrom that experienced oy drivers of prestandard ca

[£4]

\

r

The ccefficients for model-year group 3 represen it a further
change from the earlier experience., Thwus analysis I indicactes
a fatality and serious injury rate of 7.67 percent for pre-1967
models. Model--vear group 2 shows a reduction of 1.42 percent
for a net fatality or sericus injury rate of 6.24 poercont.
Model-year group 3 retlects a further reductivn of 0.4 percent,

Model-~year groupings vary by analysis and are defined in
table II (pp. 7% and 50). The "R%*" was computed for each
module of andlyses I and II. Similar statistics were not com-—
puted for the analyses that fellowed zs the model predictors
closely estimated observed data; that is, the sum 0f sgquares

due to errer was csmall.

driv

fined r 4 o aiti
other." The F value for entry and reﬂovql was svpc1£1ed Lo
alicw the maximum number of variables to enter and rewain 1in

the equaticon., All variables did, in tact, enter and remain in
the eguation. iune {ullowing table lists the variables in the
order in which ctaey entered the equation {i.e., the tirst vari-
able entering contributes most to explaining driver death and
injury, the seccnd VULigul entering can best explain driver
death and 1injury given variable one as part of the equation,
ang so onj

Step Variabls entered
1 Driver's sobriety
Z Region cf impact {(rollover)
3 egion of impact (front end)
4 Populaticn class
5 Time o day
£ [P s Ny
< weiging
7 Model vear 1971-73
2 MAaAnT wymaar 10Q0L0TN
“ ENAVAN L~ 8 _YCGL S L R g LAY
£ Model year 1967-68
10 Road system {parkway and limited access)
11 Road system (thruway and Northway)
iz Region of ispact {lieft-side impact)
12 Borinmn nf irrasct e gmbbe e 30 {mraaes )
Ry BN, ).\."u Ui .Lf:yu\.x_ \Lz.\juf o And Altz;_.'u\.;;
14 Road system {interstate}
15 Road system {(State highways, country
roads, and town roads)
ig Driver'‘s sex -
17 Driver's age
72 el aatall TR ORIEANE AT ¢
ST DOTIREDY SN FY
[l W .ﬂuvuuiemaug RIS SN T 5 25



APPENDIZX II APPENDIXY II
The basic equation indicates a veduction in death and
ear inuna ir}jﬁrw ~nf nhovst 34 wnercent to +he d?‘i;ﬁ!‘ whan 1871=77%
iy injury 2f about 34 percent to the drive 1an 1837173
carg are comparea with 1%964-65% cars.
Percent killed ercent change from
Model vear or seriously inijured 1965-66
1%55~-5% 29,85 -
1967-98 16.68 0.00
1668-70 14.6¢ 29.5%
1671-73 13.7% 33.86
Tha ceoetficients of the basic equation wers subijected
te hypcthesis testing to determine if a stitistical differ-
ence between the coeificients exists. In other words, is

the perceniage reduction in death and serious 1 jury between
1965-66 cars and 1967-58 cars statistically significant ?

The difference between coefficients {or percentage change)
ana moael years was ifound to be statisitically
signilicant, {See¢ p. 76.)

The basic eguation was tested fo~ stability by
eliminating key variebles. The coetficients of tne mogel-
year variables remained relatively stable in every instance.
The following tahle shows the model~vear coefficients for
~ach eguation,

Equaticn {note a} 1967-58 19£9-79 1971-72
Basic egquation -0.042 ~0.062 -0.071
Eliminating time of day
and sobriety -0.046 -3.067 -0.07%
Eliminating population and
road system (for spe~nd
veorlablel ~0.340 ~0,35% -0.06%
Fliminating population and
impact site {for speed
varialle) ) -5.042 ~0.063 =0.073

as/l1%65-66 was the dummy variable.

The following graph summarizes the analysis of single-
vehicle accidents by presentinq the percent of drivers
killed anu sericusly Lnjured within model-year categories
{regeossion results} gupﬁtlﬂpOSCu over the percent 2%

ar A;ife"z. = ‘.;LCG an ‘“CF’O\. Y i“ ';!‘,l e ‘.,l '[)}' IB’)(ap 1 EN traw
data) . - ye M ‘r
Ué‘z;’ia éjdb E in::l‘:%';i glﬁ"é‘ﬁ-ihLé’ SLJ:LL

e s
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Anelynig A wan gumilar to the previous one except that
the data hawe centainhed 770,000 drivers in multiple-car
aoclients in New Yorh State during calendar years 1971 to
1273,

The dumsy stepwine fegression resulted in the following
variabl.g ente: sng the aguation in the order listed,
Stop Variable enterec
1 Driver's sobris'y
N Car welaght squefred
3 Fopulation squared
4

Front impact

Left-side impact

Right-side impact

Tome of day

Rollover

Read system (State hichwavs and
country and town roads)

Interstate highway

Model years 1963%-7U

Madel vears 1357i-73

~
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skep
12 Model veara 1ve?-68
14 Driveria sex
15 - Boad mystem==parxway and limitvted access roads
i6 Road syutem=-throwav and Northway

ollowing are the resulia as they related to vehicle model
vear.

Percent killed Fercent change from
dodel vear and_seriounly injured 1965-66
i865~-66 J.ug -
1867~5% 2.un 25.90
1969-70 2.75 29.49
187173
{nocte a} Y 28.46
a/No statistically significant change from prier peried,
The model-yvear coolticionts were tested for statistical
differences amonyg yicups, Yo diblerence could be dis-
cerned between the 19oev-7¢ grour and the 1971~73 group. The

~

model-yeair coelliicienis woice also tested for stability by
eliminating key variables iror the eguatioa., ©On thg basis
oi resuits listed in the toilowing tenle, the model-year
coefficients appear to be relatively stable,

Cguation (noie aj _Kodel years _
- 1957758 19¢9°70 197173
Basic equation -0.010 -0.012 -0.011
Eliminating sobriety and
age -0.01u -0.012 -0.012
Pllmlnatlna time of dJdavy,
age, and sobriety -0.011 -0.012 ~-0.012
Eliminating age and road
system - -0.010 -0.011 -0.011
Eliminating age and im-
pact site ~1,010 -0.012 -0.011

a/1965-v6 was the dummy variable.
Anelysis XTI simply conmbined the results, on a weighted

basis, o©f analyses IX amnd X vo refliect the total model-year
effect of the New York aata,

SEST DOCUMENT AVAILABLF
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The statistical significance for the New York analysis
is as follows:

Model-year changes Significance
Multiple-~ 1967-68 vs. 1969~ p = ¢,12
vehicle accident 1266-70 vs. 1971~73 not significant
Single~ 1967-68 vs., 1969~70 p = 0.002
vehicle accident 1969-70 vs, 1971~73 p = 0,100

Summary of Result

o

The figure below summarizes results from all the
analyses, It shows safety 1mprovement by model-year groups.
For example, in unulv is 1 there 10 an 18 .7-percent reduction
in the rate o* drivers killed or seriously injured in acci-
dents for 1967-6% models as compared with the preostandara
pre-1967 models., The 1970-73 models provide a Z4~percent
reduction as comparced to the pre-1967 models.

§ug@g5y“0fmkqnngt§_:°iﬁrg ent Reduutlon in Drivers
Biffed and Serionaly 1ajuicd in accidents-~o: ALL.od
Tt T (‘n\'_::~'_\\ [ .-‘nJ: Year of Car {note_ aj}
Hodel yoar
Analyalz  leek 1967 1968 1463 1970 197 972 1973 197e 1905
1 S ¥ T 2T = memmemeee 4, Qmmamme
i R S R R L R il I
111 womlg, Pumms wmao?§ feome —eoTo 24,9wmmnn e
c/Iv wmnmlh, Juran T T D27, Hemmmmmm
Y et W e B it 26, Tmemmmmnm—n
vi ~em 20, Jemm s e e e o —— 16,8 mmama e -
Vil L I LT e U R R S 30 e - ———
VIiX e 1. Y [C T ULNNVPRN SRS A
IX =20 (Umme
X .= 2h Y
X1 w2}, Grmmn

b/No statistically algnilscant chanje from prior period.

c/Base year 13 1965 for analysis IV,
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OFFICE OF THE SECRETARY OF TRANSPORTATION
WASHINGTON, DC. 20550

ASSISTART STCRETARY
fORt ADMIRISERATIOR

Mr. Henry Eschwege
Director
Resources an
Division
U. S. General Accounting Office
Washington, D. C. 20548

(%
71

conemic Developmert .

Dezar Mr. Eschwege:

This is in responcz to your letter of March 23, 1976, requestxng the
cpariment's comments on the General Accountxnﬂ Office's (CPD) draft
ranort on the effectiveness and costs of Federal motlor vehicie satety

standards,

The GAD concluded that a creditable nationwide estimate o ine effective-
ness of potor Ven1c1c safety standards cennct be made due to the precent
T{ait *ions of accident data. The Natienal Pwnﬁway Traffic Safety
Ldwinistraticon (NHTSA\ agrees in orincipie with the AAD Tindings

egarding the present limitations of accideont 4ata, which oracludes 3
creditzhle pationwide estimate of the effectiveness of motor vehicl
safetv standards. For this reason, HHTSA believes that the definitive
conclusion by GAD that 1970 to 1973 medels showed 1ittle, if any,
additional improvement over prior year models needs to be more fully
supported in the regort.

n
7

NHTSA believes that before the report can be dccepts
research document in the field of evaluation, consid
will be reguired. Tg th}; end, our rep lj i< ve 1ng p

-3

e B g B i V]
—t
ot (D

,;.e—‘._.,A.‘

p
(V
-
a
-
<
=
-
¢
o
[

caﬂfusxon, or 209=rent cnntrwf1r+vuﬂ uh1rh we be)xe»e ST, juzu be answercd

pricr to Tinalization cf the »oport. Thig form of 1enls was discussed

witn GAO representatives who participated in the reviow, and they
consider it an aporopriate presentation

I have enclosed two coples of the Departront § rep
Sincerely,
;-a;sés::ee@.. ";. 7 E
William S, neffeifinger

Enclosure
{two conies)
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GAQ DRAFT RLPOUT TO THE COMMITTEE ON COMMERCE

UNJTED STATES SENATE

EFFECTIVENE3S AND COSTS_OF FELEBRAL MOTOR VEHICLE

Summary Oof Survey Scope

buring the period of August 1lv74 through November 1875,
representatives of the General Accounting Office at the re-
QJeSt ot the Chairman of the Committee on Commerce, United

J P T T P

S te, att mpulda o LucuLLLy Cne Prosanic factors
r for chznges in the annual accident trends to
i hat iawpact safety standa.ds have had in tne ay-
reducing socidonts, deaths, and injuries. Ad-
; GAU was asxed to providz evaluations of {1) cost
£ ile satety during the =ame period, [2z) overall
e st, and (3) comparison of GAO results with other
ev if available.

~edl BUCUMENT AVAILABLE
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GAO found intervening factors nakes it virtually impossible
to is«late any influence of crash avoidance standaids,
{page 10} 1/

:a0 found that its cstimates could not be compared with
t evaluations LevzeWeé. (page 51) 1/

1/GA0 note: Page references refer to our draft report and
may not correspond t¢ this final report.
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APPENDIX IV APPENDIX IV

UMMARY OF DOT POSITION

HINSA welconmes the research contribution of the General
Accounting Office in this controversial and basically unknown
arca of sclientific evaluation. In its Report to the Commit=
tee an Commerce, United States Senate, "Need To Improve Beno~
flt-Cost JHalVSLS in Setting Motor Vehicle Safety Standards’
(BY64467(3)Y dated July 22,1974, GAO clewrly identified the
defiviencles in currently ava;lable accident data as a base
for sclentific evaluation. GAO specifically zoncluded that

N

—

¢ Committee may wish to discuss with the Safety Administra-
the need to evaluate the data, data bases, and assump-
s ured in estimating accident costs. This evaluation

. T
0.’: TO o0 =M am;l—-"r" o 't:n»

.
Oa

-

rT
AT b

s -

> ;id ceasider estimates made by and date available to

other organizaticns ro determine that all identified cost
clements are considerea, data bases are reasonable and assump-
tions and dfscounting rates are realistic."

The National Highway Traffic Safety Administration agrees in
prianciple with the GAO findings regarding the present limita-
tions ol accident data, ich precludes a creditable nation-
wide gutlimate of the effectiveness of motor venicle safety
stan pdarde,  For this reason, NHTSA believes that the de-

finitive conclusion py GAC that 1970 to iv73 models showed
Iittie {f any further improverent over priocr year models
necds to be more fully supported by the materials presented
in the draft report, so as not to be misleading or lending
e mis I'il.,{‘ftu. ctat 1011.

ity

v

Spoecifially, the NHT5A believes the GAD should reevaluate the
data, data bases, and assumptions used in arriving at their
conclugions to assure that all cost elements, data bhase
Iimitations, ascumptions, disccount rates, etc., are clearly
shown o af to aflford an nuthorltatzvn critiquce and revalida-
tion ol the findings by the research community.
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APPENDIX 1V APPENDIX IV

POSITION STATEMENT

With respect to the specific analyse
and the conclusion that:

7
ke
4
(]
n
M
(]
£
Pt
]
-+
t
(p)
he]
Q
a3
T

"l4€6 cars were 7 percent safer;:

- 1967 and 1968 models were from 1% to 23 percent safer;
1969 models were from 25 to 29 percent safer:; and
15706~1573 nouels showed little if any further improve-
ment;"

The guestions that follow are based on a review of the

evaluation analysxs presented by GAO and the need for clarifi-
¢cation on assumptions, possible oversights, and seeming con-
tradictions which appear to have led to the conclusions,

TITLE OF REPORT

The GAQ draft report is based on an analysis of nasse"r
car accident data with respect to the federal Hotor Venic
Standard promulgated to i1mprove the crashworthiness of pass=1=
gar cars. 1t doos not audress acgcident avoidance standards
Since "Crash Avoidance" standards
GEL

tar s are ’“ECltl-“LlY xc1uaed
Lrom the evaluation, the repo 5;0d;é Se recitled to clearly
indicate that only “"Crashworthiness" standards are peing con-

siaered,

--3he report title has been changed.

iy
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APPLIDEIX Iv¥ ' APPENDIX IV

*The results are offered only as rough appro ations,
0. Do Yrecuplis® refer to the ootimales OL salety
ipnrovement cited previc -ly on iLhe paye?
--No. “Results" refers to the estirate
of lives saved. The estimate iz, howeve-,
ased upon the previgusly cited esti-
mates of safety improvement,

"Benefits derived in terms of occupant's lives saved by
¥ cars.” Junderscoring supplied)

"GAO compared death ana injury rates for rodel years of

cars”

"GAQ estimates thot in relation Lo ihe rates of death
and serious injuries suffered by drivers..." (underscoring
supplica)

Q. Ii benetits were deriveg in terms of occupant's lives

saved, why are estimates presented in relation to aeaths
and serious injuries suffered by drivers?

~-~GAD studied deaths and serious injuries
suffered by drivers and presented th
resutts as improvement rates by model
years, The data showed approximately
the same trend for cother occupants.
Thus, to estimate benetits in terms of
occupante' lives saved, we computed
occupant improvement rates based upon
driver improvement rates, The method
used is discussed in chapter 4. (See
pp. 31 and 32.)

1} 4-

0 D id GA compa
£

. mpare" death and injury rates by model
‘er “*eccnpants,” Ydrivers

vear (" or both?
--Death and injury rates related to drivers
only and the wording was clarified,

1/Page numbers

refer to the draft report. Rumbers in
parentheses refe

¥ to pages 1in this report.

91
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‘great depth.

APPENDIX IV

page iii (ii) 1/:

Paraaraph 1. “GAO could not estimate benef

APPENDIX IV

its {rom a

definite reduction in seri

are gubstantiallyv areator
S aily greater

e A s w S Ldavd

North Carelina, however, GAO found the standards

ous injuries; and seri
in numbers than fatali

ous 1njuriles
ties. In

rtes

weie as

erfective in reducing serious lajuries as sevine

Kl 1
...;.vt:S.'

{underscoring supplied)

Q. "If GAO found the standards as effectiv
serious injuries as saving lives,” why couldn't
mating technigues be used for the benefits of re
injuries as was [sic! applied in estimating for

~--The technique for :stimating lives sav
iz based upon the rather certain numbe
of deaths reported eaclk year in the Na
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“"CAD viewed varicus research studies
fit estimates for specific occupant protectistn s
Although these studies generally analyzed ac- ide

they use small samples, usually must

the effect of a single standard becazuse of the 1

¢f gther standards,

also

™

=]
¥
L

Q. What relation do these other studies ho
GAC effort? Are the *small" sample sizes more or
tically valid than the two State samples used by
rppr_senfat;ve of the 50 States and other partic
jurizdictions?
individual safety a
others are not directly relat
effort, They do, however, add
to our study of the aggregatc bene
safety standards.
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l/See footnote, p. 91.
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and their conclugions are cspecplative,
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APPENDIX IV APPENDTX 1V

The small sample sizes in chapter 5 are

probably not as statistically valid as

the larger number of accidents 1'e ana-

lyzed in chapter 3. Nevertheless, we nust
L <

s . . . P
reemphablze that our egtimate ¢f henefi

Y CoUCLmalill L aGiCLl s
is based on the "assumption® that North
Carolina accident data is representative
of the Naticn, This is one cf the pri-
mary reesons that we offered our results

only as appruiimaticons (see pp. ii and 31.)

t
[,
{3}
e
i

he GAO made assumptions on the effect of
ing the period 1870-19737

=z

"o

s
gy

Lo ]

~-~GAC did not make assumptions as to the
effects of single standards during any

period.
0. Are the estimates of benefits, 13706-1%73 to be con-
sidered other than speculation?
--Gur estimate of litti~, i any, benefits

tor medel yeoars 1971-73 is not =specula-

tive. It is based upor our analyses. ol

North Carolina and Nes, York accideni dasts

in whirh most of the analvses showed no

major improvement after 1976, (Bee p, 76)
INTRODUCTION {ch. 1}

proach does not deal with the {reguency of
rrence

Q0. What =.e the potential ramifications of this fact
on the resultec obtainzd?

~=-There should be little, if any, effect on
our results. Wwe are dealing wilh percent
of drivers killed or seriously injured
within the total universe c¢f drivers in-
volved in accidents for each model year,
In any event, we have minimized any ef-
fects resulting from frequency of acci-
dent occurrence by controlling for such
factors as speed, type of hiqghway, etc,

1/5ee footnote, p. 91,

83 SEST DOCUMENT AVAILABLE
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0, Whz H T - A o
rogegarchers?

--Extensive statistical testing was done
on both ths North Carclina and hew York
data to assure that our resulis were
statistically valid. Table III in ap-
pendix 1l (pp. 81 and 82} details results
of the statistical testing performed on
North Carolins data for the overall
results, All ch gJes between nodel years
were significant at a propability level
of les=s than or equal to (.05 excent for
those o noted. That ig, the probability
that changes between model years are
due to chance is less than or egual to
5 perecent.  Statistical teots were alco
perinrmed on the HNew York data, and the
probapility levels arz shown in appen-
dix 11X, p. 76. Also for Hew Yorlk,

several eguation stability checks were
nade, and these stability checks are
detailed in cppendix II, pp. 73 and 75,
In summary, the results are statisti-
cally valid for the States studied;
however, these States may or may

not be representative of the Nation,

page 2 (2) 1/:

*Second, an underlying assumption is that changes
in the injury severitly are primarily attributed to motor
vehicle safety standards..."

©. What adjustment is made for the impact ¢f the
Emergency Medical Services stendards

-~Yo adjustment was made for azny of the
18 highway safety standards, one of which
is emergency medical services, Theege
standarnd: were excluded irom our stuay
because they ate primarily directed
1/see footnote, p. 91. JEST DOCUMENT AVAILABLE
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oidance and their effects

to accident av

~annot be measured, See p. 7.} If
they had an effect, they would tend to
somewbat lessen benefits derived from
che crash survivability standards.

page 4 (3) 1/

"we analyzeld available accicdent data from North Carolira
for 1966 and 1568 through 1%74 and from New York for 1971
through 1973."

0. Why was 1987 dats excluded and what if any impact
would tnis have on the outcome?

-~-Data for calendar year 1967 was not in-
cluded because it was not available in
machine-readable form, 'The text hes been
revised, In our statistical testing the
variable "calendar yeor" did not nave a

SJgn iticant effect on the sericucsness of
injury; hence, we are confident tnat lack
of 1967 calerndar year data aid not affect
model-year results,

page 4 (3) 1/:

"inalysis of Nortn Carolina,...was performed...by the
Highway Satety Research Center...We analyzed the accidcnt data
from MNew York."

. To what extent were different analytical technigues
employed by the different researchers?

--The different analytical technigues used .

are discussed on p. 16,

(. What techriques were used to aygregate the results?

. ~~Rather than usiny "aggregated” results,
we have decided to usze Horth Carolina

. s¢nalysis IV in our final report rcecaasc

) it also uses 1Y65, which we ceonsider
to be the most appropriate base. (See
P. 76.) A&s a resvlt of this change,
our estimate of 235,170 lives saved in-

creased te 28,220,

1/5e= footnote, p, 9%1.
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. What, if any, biases might have been introcdurzd by
these factorsg?

5 heve not be
ments On page 103
[ using difierent

~=Mone, gince final results
agqgregated. See our con
concerning the effects <l u
reqression technigues.

TREFDS IN mQAPPIP ACCIPCATS AND FATALITIES AND
IN RUIO¥MOBILL SAFETY IMLKOVEHENEE (ch., 2)

paacde 5 (=} 1/

*This reduction h2s been attributed primarily to the
establishment of the 55 m.p.h.”

). What perﬂen*aﬁe of the reduction is being attributed,
and whal are Lie slurces ol Lhe datla?

~

--The quoted senteace merely summarizes
the detailed information shown later.
be bave ~laritfied vhis eentence aAnd moved
it t< the detailed section, (See p. 7.)

[

Chart -~ Fatalities/100 1VHM
Q. 'Tne
to be decrea
interpretced
littse if any

trend line for the period 1970 to 1974 appears
sing at other than a constant rate. How is this
n reiation to the estimate (page ii}) of

further improvements for the period 1270~

A [u

i

~-~fFor several reascns, the trend should
not be interpreted in relation to the

£
eztimate, The trend line is by calendar
year and our cstimates are by mocel year.
Each is derived from different sets of
data, The trend line is the result of
manv intemrrelateu foctors {driver, high-
way, automobile), some <f which are
diccusged beginning on p. 5. Qur estimate
reiates oniy €0 the automobilile and those
salety features designed to protect occu-
pants in an accident,

o]
el
Y]
1]
L2l
—
W
~—
i
N
e
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key:
~-The trend line on p. 4 shows that tne
fatality rate decreased until 1961 and
Bavmer man S A eswrm mene e e 3 ¥ kN W= 4 [ PR T
g es WY Liste s TROU kil dd A4S U Wi LG
rate onCe again began to dzcline.  fhe
last year shown is 1973,

"In as much &8s this report is concerned with the
safety standards for pessenger cars cnly,..."

the "key" figures include passenger cars,
s and motocrcycles and the safety standards
universe, why are fatalities and serious

injurie ted in other

i»n an

oYy fua;du:xu*_'_

T

"]

<
0n

[o!] P 3
D b D
i bl
e
@ O w

=]

en
le group of motor ie
¢t the most Deoule in terms of
fatalities anc injures. According
to the NSC, passenger cars were involved
in 70 percent of fatal accidents and

82 percent of all accidents in 1974,

Crash survivability safety standards

in effect through model year 1973 apply
universally to passenger cars but not
to the other types of motor vehicles.

0. If
and severity
the GAC report,

the effects of the standards on the Irequency
of acciaents in other vehicles is not a part cof
what adjustments were made in arriving at

the estimated benefits, and how were the adijustments made?
~Xo adjusiments were necessary because
estimated benefits are based solely on
accident data of passenger cars, as ex-—
plained in chapter 3.
1/5¢e footnote, p. S1. .
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page 7_(5) 1/:

"3omc _causes of reduced accident and fatality rates.”

8. #What percentage of the reduction ic attributed by the
researchers to these "ciausal fecters” and how weie theoe
conclusions reached? HNote: N2 gualification ic made zg is
found on page nine (9) for Highway lmprovement and Higbhway

Safety standards.

-~We know of no way to attribute 3 wercent
reduction in fatality rates to these "causal
factors,"” nor was there any intent on our
part to do sc. The entire theme of chapter
2, as explained in the scocond paragraph
on p. 4, was *o summarize "The trend in
accicezntsg from 1961 to 1974, some <f the
public efforts and other factors which
reduced accidents ano their hunar
developments in automohile zaiety***,

page & (7} 1/:

"The safety features of motor vehicles are cf two nain
types: those designed to enahle dr.vers to avoid acciden
and those to protect tioe occupants in the nt ot culuenLJ.

eV
The former type include improved braking, steering, lights,
driver visibilitv and the like. At present there i nco
reliiable mzasure by which reducticns 1irn accidents can be
related to developments in crash avoidance designs,”

Q. 7o what extent did the researchcrs attempt to
igsoiate the elifect of crash avoinanc» stanuards on the
"causes" of reduced accident anc fatality rates (1565-
present}? (p. 7.)

-~-Hone was necessary since our analyses
were based on accidents that hod occurred.
See our anhswer to the previouvs question and
our seéentence on p. 7 which states. "The

the Hiaq

g

%

Y]
-
-

interaction of etforts under Y
Cnfnnétr A - vt A-h». e e gy mb § e o
WL Ty TN L, 31 LS 2] LSRRI TE AR PR Sy B WA E ] e STy
highways during the sams Live [rawge Rake it
virtually impossihle to jsolete anv ip-
fluence of crash avoidance standatds on the
gownward trena of the accident mileage rate

since 1966,
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on the
sh sur-~

Q. What eflect if any do the:e factors hLavse
results attributed by the researchers to the "cra

vivability" standards?

~-These factors wruld have little, "I any.
measurable effect on our results. Crash
avoidance standards are intended to elimi-
nate accidents or reduce their severity.
If they did rave an effect it would be to
scmewhat lessen the benefits derived fronm
crash gurvivability standards. This is
the reason we compensated for the elfect
of facto:s such as cpeed, alczhol use. and
weight of car in our regressicen anaiyses
reported in chapter 3 {see p. 15).

Q. Could fne conspicuous absence of gualification on
“causes" {page 7} be misconstrued as a research bias in favor
of explanations supporting the GAO effectiveness estimates?

No., BSee our answers to preceding guestions.

.D

page 10 (7y 1/:

"Because the effect of crash avoidarnce standaras rannot
pe measurea, our study is limited to the cffoctiiveness of
nccupant protection stundards in reducing injucies and
deatns when accidents cccur,”

0. Since the GAC " estimates” of effectiveness are
given a3 a function of 3 forecasted *lives saved“ why
woulan't a parallel forecast of accidents avoided based on
the redoction of the accident milzags rate since 1566 ne
at least eqgually valid?

---For several reasons, the suggested
parallel forccast of accidents avoided
would not be as valid 22 our cstimate of
“lives saved."” Accident data generally
is subject to a wide mergin of error (see
p. 7) whireas our estimates are based on
accurately reported fatalities and the
regression analyses discussed in chap-
ter 3. It would pe vir:iually impossible
to separatzly identifyv the number eof acci-
dents avoided as a result of automobile
safety improvements from those accidents

BEST DOCUMENT AVAILABLE
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APPENDIX 1V APPENDIX TV

avoided due to othor causes. {See p. 7.)
Alec, estimated accidents avoided would

he based upon calendar year results which
would not relate to automoubile model years.

5 5

¥ . ..the 5% miie per hour speed limit accounted for about
one~fourth to 50 percunt of the reduced fatalities." (under-
scoring supplicd).

0. Does this statemer
page 5, {.a,, attributed pr
to the 55 mph speed limit?

~=~No, but to avoid apparent congusion, the
statement on page 5 has been clarified and in-
corpofated in the detailed section on page 7.

o
3!
oy
Bl
-
Boe
—
~9
—
§ seee
~
=

+ ity in e

Patral RAemeidant Dal Tarehic Y4174 Ffmcidant A-b o
Fateir AalUiUllil hWadliliicvliap A502a7 75 HAUU LGlTie Uaud
Aenerally i subjert vo A wide margin of error, and aabion-
wide preojections {rom even a large sample s:¢ likely to have

a wive margin of error." (underscoring supplied).

& the 26,000 lives saved as shown in the Digest {1i1i)
.

tahle?

~~Ng. Qur estimate of
upon ihe data and pr
chapter 4.

0. If no, what contidence is nlaced on the figure,
given the "wide margin o erior,” and what is the impact of
this on the oflfectiveness cstimates for the 1%970-73 periodg?

~=-500 UF answer Lo Lho previous guestion,

5]
1o
.2
&
[$ind
-
; p-—o
(...l

S 74

) Q. Ac FMV3S 212 tor windshield mountings is the only
standard within the scope of thig stuav to come effective
during thoe poriod January l87d-Jangary 1973, what "furthet
i/See fooinote, p, ¥i, 8EST DGSUME‘NT A\JA%LABLE
1ew
i
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&,
!
Yt
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»

improver ent" 1n "Cragh Survivability" might have been ex-
pectedy

~=This quegtion is not accurately state
On page 10 of our drafit report we ige
thiee additonal standards or amendm
which became effective during the pe
in yucestion=-FEVSS 2068, 214, and 302,
p.o L.y Qur stuay dlsclosed little, if
any, improvement in crash survivability

in the 197) to 1973 model-year caors.

FIMMOAIMSIN T oo bont Foos ™ 1~ mipe e FiITy R My FAIYESE TR IR YT ¥ T omee Pl RN, - [ b
EPPPCTIVENLSS OF THE (PASH SURVIVABILITY STANDARDS (ch. 3}
AL =i M ERAL AL EXCI =

"Our analysis of accidents was limited %o the fate ol the
]r lufart #

e e s

G, Page 1€ deseribes the FHVSS 202 a«= rpquxrlng head
restraints [ox the cutboary front seating 9051t10n. How aan
an analyasin limited to dr;vere only purpert in any way to
Bcasule the cifciivencnn «f a sScanGalG designed to QEOIC”L
both outboard tront geatiry position occupants?

~=Several pointsn chould be remembered
abgout the anslyses, Our analvses were
limited to the fate of drivers in acci-
gonts becauze the number of uninjd;ed

occupants involved in an accident is
tsiten not reported or is misstated,
{(See pe 12,) Aluo, wo do not purport
Lo measure the eflicetiveness of in-
dividual stanuarduy, but deal with all
crash sarvivability standards in each
model year. [Finally, we explain in

" chapter 4 our methed of extending the
aata on drivers only to the other oc-

pants,.  (See pp. 31 and 3:Z.)

-

page 14 {13} 1/:
Analynis or Raw Data.

4. Were Lhe pame techinigues applied to the North
Carolins and MNew ’v'n v dﬂ‘“\ hareag?

e s e e Kt RS o

1/5¢ee {ootnote, p, %1.
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effect on pfOpurthﬂ of
injuties in Lue file, but ao

on the i‘ldtlvc proportion by

resuits are

4 in vhe data for

changes in safety.

for this

hanis

imary basis is the small number
in later model vears.

¢clarified our statement in the
{Seer p., 14.)
the chapges were "in safety,"” what imnact

sult on the estimates?

n
s
dun

--Kone,

Qur eastimates are based on

1973~74 raw data which @&id not

fluctuate

the [anr:s@.s‘r'

of

ing

nonaa t. f.'

) 17

nr the adjusted data where
nrocedures and group-

were correct for
in the data.

ars

modal ye
ty factors

"We adjusted to the raw data to compensate for factcors

which may possibly distert the model-year re

1/8¢e footnote,

pa

1]
°»

sults

1.
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"The variables considered for use in the regression
analygos dopendpd on _what varlahleq were available

in the Stites’ accluaent Liles..." "Some oL them were
cventually eliminated by statistical tests and further
analysis,"
Q. which elements shown on the table (page 23 (16) 1/)
Jere finally retéinedy
~~All variables except calendar year,
road aefects, and number of violations
were used, but not in eve. y analysis,
Variables used in each cf the eleven
analyszes are shown on pages 7% and B0,
pave 23 {25) 1/:

The anelynes ol Horth Curolina data were performed undey

contract by the llighway Sdiety Reseaxch Center of the Univer-~

:iﬁy ui Nor th Carolina uzing categoricel regression procedures,
. r

¢

fermea Lht anwelyses of the New York accident

L iple step-wise regression procedures. (See
dppdndlk 1T for discussion o! these specific procedures, )"

(). Given the aghsolute criticality stated on page 22
tor analyzing the factors why were differant technigues
gyced o3 Lho dificrent data wabes? .

-The categorical reogression technique

was applied in Rorth Carolina because :
its use was recommenced by the contractor

and agreed to by our censultants., Wwe

used the standard rogression tnbhn*que on

Nuew York data beccuse it could best be

sppliea by our ste€f. Both tccnnlques

produce valid r1esults ;

’ both technigues in b

have added confidene ot
it was not necsssary. Addi
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APPENDIX 1V APPENDIY IV
Q. that are the specific effects of each technigue;
with spev:ific emphasis on diiferrences considzred in the
merging of the separate results?
==A3 previously explained, the resuits
have not been merqged in the final re-

pert. (See p, Y5.} While different
statigtical tochniques were used to
analyze the North Carolina and New York
lata baces, we bellieve that the techni-
yues do not bias the results, GAQO con-
udltdﬂuu expressed no concern over the
feront statistical techni-
ues Additxonally, in an empirical
a udy {Lehner, Robert G., and Koch, Garv G.
"A Comparison of (onvent .onal and Cate-
qorzcal Regression Technigques in Zpglitic
Analysis,” The American Pelitical Scienc
Awpnuciation, 12735} both regression techni-
gues were apglicd to the same set of dat
apd respits were nearly identical.,

v

’..‘l

page 23 Lin) 1/:

“One special factor we investigated was vehicle age,

The issue is whether old model cars are less cafe becavse of
their lack of safety features por just because of thelir cge
The vehicle age might affect how well safety features
operate, the freaquencv and aconracy of actident voporting
and the type of accidents in which the carc are invelved.

A special analysis of the age cirect was made with North
Carolina data and nu significant effects duc to oging were
noted, "

Q. To the extent that vehicle 2ge might affect the fre-
guene and accuracy of accident reporting and the type of ac-
cidents in which the cars are involved, thus needing to be
factored ocut, %u too, the age of the driver in relation to the
age 0of the venicle wonld al 29 app2ar egually c¢ritical—--what
equalization or special analysis was mede on this factor?

--Driver au¢ was & variable used in analyses
Ir1, iv, v, and 1X. (See pp. 72 and 79.)
Sipce vehicle zje was previously shown to
be nit significant, we did not examine the
interaction of both vehicle and driver age
as they aftoct ininry neverity.

=

1/3ee footnote, p. 91, BEQT B@@UMENT AVAILABLE
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"To compare the results of the analyses, a safety
indc.x was developed using the rate of survivability in
prestandars models as the base, The bhase vear gelected
could Jreatiy infiuence tne resuits, It 1S dlfricult to
Know which One to use hecause 0t the eveluticnary wvay in
which safety feature:z were implemented since the early
19603 az discussed in chapter 2. In some of ocur analy-
ses we considered prestancard cars to be those of model
vear 1%65% and earlier, while in oth2rs we included 19656
models among those considered "prestandard.”

Q. Given tne criticality of the base year, why was the
base year changed?

--In most of our analyses we considered
prestandard cars to be the average ol model
vears 1%66 and earlier. As our work
progressed and we learnec more of the
history 0f safety standarus developument,
we aeccided that 1966 should be sxucluged.

This was based primarily on the fact
that American manufacturers incorporated
most of the GSA gtandards in all 1966
models produced (see p, %), For this
reason, we used 1865 and earlier as the
prestandard model for analvasis IV, This
has peen clarified in the text.

(. Doec sgelection of a given base year, plus or minus,
favor or bias the relative percent change in safety esti-
rates for the later vyeatrc?

[

--Selection of a given base year would
determine the percent changes in cafety
but numnbers obtained for the later
vears (]1971-73) would still show little
er no¢ inprovement over the priocr vyears
{1%64-70). However by using the average
cf model years during the base vyear and
earlier, the chance of obtaining a large
bias one way or the other 1s minimizec,
we used 1965 as our prestandard model
because we considered 1465 to be the
most appropriate base period.

1/8ee footnote, p. 91, BEST DGCHMENT A&J’A“_ABLE
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page 28, 29
and 30 (19 22,
and 23) ;/.
Charts-Model Year and Speed, Drinking
Q. How do the reductions shown for these "key" factors

in model years 1970 to 1Y73 correspond with the statement on
page ii, i.e., 1970 to 1973 models showed little or no
improvement?

--The reductions in each category of speed-
ing and dorinking ar¢ based only on analysis
I which showed improvement in tne later
model years. On the other hand, our state-
ment opb p. i1 is based on all eleven analy~

see, The text of our report has been clari-
fied, (S22 p, 19.)

SURVTVARTTITY

page 33 (24) 1/:

"Measured by our estimates of lives saved alone,
cumulative effect o1 gsalety improvements introduced t

through

(3183
il
the 1869 model~-year car appear to be cost beneficial. Ari-
ditional benefits from ¢ reduction in injuries, although
not measurable, would aal confidence to this conclusion.”®

. "The analyses described in the prior chapter show that
by the 1969 model year of cars, the rate of death or serious
injurv for draivers in accidents was reduced by about 25 per-
cent to 30 percent compared to the aJeroge for all model-
year cars of 1965 and priocr. We estimate that about 26, ceo
lives may have been saved from 1966 throu g, 1874 be"“use GE

these safety features., AL all but the lowest valueticn o
the cost of a death tu society, our estimates of these ben
fits exceed the cost of the safety standaras.”

The cumulative unit costs of additional crash
survivability standards {excluding bumper standard) reguired
in mudel-year cars of 1870 through 1573 was about $33 or &
total of about 5850 million for these additional teatures
on all cars sold through 1974, HMost of the analyses of
aucidents in North Carolina and New Yerk showed no signif:i-
cant additicnal chaenge in the rate of driver deaths and
injuries for these model years of cars, compared to the
1/5ee footnote, p. 9i.

166

BEST DOCUMENT AVAILABLE -



1966-59 yeors. We conclude therefore, that these amodel
years offer the same protection as their immediate pre-

decessors, but yielded no significant additional protection

from death or sericus injury for the additionai $33 of
safety requirements."

Q. What data yLov1deo the basis for this con ion
without gualification given the apparent contradict. 2 en

N

page 12 which emphasizes the "wide _mar gin of error" leading

°\)

to the projected 26,000 lives saved

~--As previously explained, our estimate
of lives gsaved was not based on the data
on p. 12 (8) 1/ but on the North Carolina
data and procedures set forth in chapter 4.

page 35 (%6) 1/:

Estimated Average Cost Per Car

nage 35 (75) 1/:
ot [
"The estimates represented the incremental cost in a
model year of introducing a new standard or modifying
an existing standard to comply with an amended standard."

0. In that no change in cost per car for FMVSS is shown

in concecutive model years on 7 of ¢ lines in the table,
is it to be concluded that the effects of inflation mate-
rials cost etc., have been exectly offset by productivity
gains or other factors? T

~~T0 arrive a%t such a conclusion iz not
correct, We chose not to consider the
kinds of f{actors me ntloned because we
could not possibly <~ticipate all that
should be considered or determine how ¢
measure their effects--e.g., choice of
discount rate, More importantly, our
consiaeration of such factors would have
implied a negre@ of preciceness to our
methods and estimates whicn we do not wish
to convey,

om0

It was for this reason that we chose not
to adjust the three estinateo of society's
cost of a fatality and an injury when com-—
putiny total benefits.

«

1/8ce footnote, p. 91, - .
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page 3% {29} 1/:
A Korth Carolina Automobile

“Our first approach was to ectimate the benefits and
cof that geour cvsr the usefnl 3ife of diffczent midel
snar gars in HNorth Carclina.  The kengfits cf fatalities
and injuries prevented are the product of (1) the number
of fatalities and injuries prevented per accident, (2}
the number of accidents a car is cxpocted to be involve
ini OVer i:ts 1ire and (33 ine soCletal c0St of a factaility
or injury.”
pasge 40 (28} 1/:

'd injuries prevented were

C na Jaw detz 1973-74 on
b+ acting the numher of
£ del year after 1965 from
L or injuries that occurred
i atandard rates usegd
£ £ ui cacZcs; were .45 percent
ftor or injuries.”

page 40 (23) i/:
ed that a car will be in one reportable acci-
discussions with zuto zafety experts. 1he
dents experienced by the averzge car is criti-
lysis, because the £5 ncfits vary in ditect

[4
roportion to it. This number will var y widely among States
pending on the driving environment and the States' cri-

2

teria and . thod of reporting accidents. Alsc, as the chances
of being in an accident are reduced through highway safety
standards v~ other means the benefits of crash survivability
standards =re also reduced." (underscoring supplied).

©. The assumptiocn that & HMorth Carolina car will be in
gne reportable acciden: over its liie is in seriocus conflict
with naticnal data provided on page 5 indicating one in four
moter veh®cles ls invelved in an acclident CaCh year. The
national data, supported in the 1974 Bditic 4
Facts, would suggest 2.5 reportable accide
1 assumed. What impact if any dozs the na
on the cost-benefit estimates shown in the

1/See footnote, p. 91.
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APPENDIX IV . APPENDIX IV

a would imply that bene-
rt are understated. Such
s net valid because npa-
subbject to a wide margin

of error fs2e p, 7). The estimated number
of accidents, for example, is based on
suminary data from f£ewzr than 20 States.

We have cdlready pointed out (p. 29%) that
the number of accidents will vary widely
among States depending coun driving environ-
ment and their ce¢riteria and methods of re-
sorting accidents. It is 1nteresting o}

note that & later edition (1975) of Acci-
dent Facts suggests only 1.96 reportakbic

passenger car accidents in 1974.

¢n the other hand. our use of cne re
1ble accident in North Carolina is b
on actval zccident repocsts of that o
ané o1 our discussion wicth aute satfe
expeits. This has been clarified i

report., (See p. 29.) i
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Q. What impact does the wice variation of North Carolina
data to the national dJditae on this c¢ritical facior have on the
credibility of using Norin Carolina data on the other esti-
mates, particularly the effectiveness of the 1970-73 period?

--See responze to previous question. As
stown on pp. 12 and 13 the Horth Carolina
and Hew York accldent experiences do not
vary widely from the U.S. experience. In
agdition, the 1l regressiorn analyses :eal
with relative rather than absolute num-
bers and thercfore the leveling off of

, the 1971-73 models would not be changed.
page 41 (30) 1/:

"These computations are based onlv on driver fatalities
and injuries prevented per agcident. Yotal fatalities and
injuries prevented for all occupants may produce nigher
benefit-cost ratios. It 1s also important to note the im-
portance of injuries tu the benefit-cost ratios. Reduced
injurieg account for about 36 porcent of the Leneflils vwhen
ECAT values arc used, 52 wpercent when zefety Administra-
tion values are usod, and 64 peccent when NSC vzilues are

i/See foocnote, p. @l.
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BRPPENDIX IV PPPENDIX IV

Q. Given that only driver latalicies and 1njurlies were
used, what is the total potenbi'l gross marqxn of error in
the cost—-benefit figures if all ucuudeL ietall S
injuries were used, computed on the RECAT, MNHTS
valueg?

-~-We do not know the answer to this
guestion, 1f we made the same asgsump-

tion here th we did for our netionwide
estimates (p. 31) the beneiits would in-
crease by 27 percent,

page 41-42 (30-32) 1/:

NATIONZIDE ESTIMATES

"Reczuge of the wroblems in eetimating

on a nationwide basiz, as dincusged earlier

deals only with bencfits of facality reduct

vious analvsis we considerearn only safety be

Flo 3 ears - R I S e Vot i el o » R marr T T e

WiL LVTL 5 [WRE NN Liti Liidi o Pl 0 DI Y BV ¥ Wi EE R AN 4 hisle 4 Luias,

other occupents.”

“For applying a measure of gcaicty improvements nation-
wide, the North Carolina results arev orowably more appropriate
than the New York results. Considerably more analysis of
various conditions affecting sceverity of sceldents was pos-
sible, and all model years ol cars were wdentailicd in tow
North Carolina accidents back to those of 1460 and prior,
The Hew York accident reports lacked o few pignificant ele-
ments of information, such as the i1dentification of model
years carlier then 196% cars. We have procecdeaed with North
Carclina rates of improvement, therefore, as heving a some-
what higher confidence factor and heing more conservative,”

"On the basizs 0f the Horth Carolina anolyecs described
in the prior chapter we have used the following percent
reductions feor garwvers killed or scriously injured in acci-
denrs by model-year groups, with 19845 ang pricr ag the pasze,”

[y ~ i 3 -t

Percent Reductiva in Drivers Killed oF
SCrIuusiy }..J‘..a.u
{model-year groups)
1565 &
Prior 1966 1967-648 1964-70 1971-73
G 7 15 25 25

1/8ee footnote, p. 91.
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£ would th unpoctad crilicel differ-
lina data over national data be carried
is, as the researcher’'s report having
th Carvlina data?
--AS previously explained, our use of

rejative percenis ang reported fatali-

ties precludes any “suspected critical

difference™ from belng carried fo.ward

to our analysis,

0. To what extent doecs tho choice of 14965 a5 the base
favor the relative percentaue change ¢ver periocds show?

--We chose 1965 as the most approyriate base
period because of the nany safety fea-

tures inccrporated in the 1966 mgi:l—
year ¢ers8. Tnis choice was dictated by
cuy deslie t¢ du the best pussible analy-
sis and not <o preodetormine the resultbs,
in our opinion the uce or 1465 as th:
bace perlod meithar "lavoro”™ nor “preju-
dices” the results.

page 42 (31 ard 32) 1/:

“In a3 much as the basic analyses pertain to .rivers
only. the cuestion 2rires a8 toe whether or not the improvements
in drivers' safety are eguasly applicable tc other occupan s,
UL all passenger car occupants killed in accidents, about
2% percent have been driverc andg 35 percont othic occupants,
Thae fatelities ard cericus injuries cambined for other cceu=
pants in the data basce show appicximately Lhe seose trend ss
the drivers' fate by model year Accordingly, we LulleVe that
4 reasonable assumption for benefit analysis is to consider
tnot improvements in passenger safety are only one~half that
attained for drivers.,”

"Thus, a composite occupant percentage would be dirived
irom the tormula--driver improvement percentage X 65 percent
plus 50 percent of doiiver improvement X 35 percent.”

uow

&, How was the ivn of a one-half benefit and

s ¢
subsequent formula derived froem the 65% drivers 35% other
occupants killed?

L/See footnote, p. ¢1. %Kﬁﬁ‘hxﬁj’
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APPENDIX 1V APPENDIX IV

--Assumption of a one-half benefit for
other occupants was a judgmental ecti-
mate based upon the dats we were analyzling,
The 65-percent driver and 35-percent occu-
pant formula was taken from a Safety Ad-
ministration Staff Report,

Q. To what extent could a logical or mathematical error
at thi: point afiect the subsequent snalyscs?

—~We have reexamined our logic and mathe-
matics and have found no errors. Had
cur logic dictated we give egqual bene-
fits to both drivers and occupants
cur estimate of lives saved would have
increased by 6,3%0 (28,230 to 34,620
and the most favorable henefit-enst
ratic would have increased by .4/1
{1.9/1 to 2,3/1).

page 435 (33} 1/:

"The relative safety indices calculated by this proce-
dure carry the assumption that all model vears oL cars are
exposed to accidents in proportion to the number on the road,
recardiess of the age of cars. The procedure tends, there~-
fore, to understate the effect of the safcly Inprovements

1 feducing iatalitles over the time period, and agaln intro-
ces a more conservative slement in the estimace of benefits.”

-

Q) il

"One rmethod of estimating lives saved by ‘the sc of
these indices would be to apply them to the annual fatalities
calculated at the average rate of fatalities per 100 accidents
for the high~rate years 1%61i-60. These calculations are shown )

in the table on page 12, This methcd, however, has geveral
nroblems affecting the reliability of the resultic, One is
that it makes no allowance for the reletive saverity of acci-
sents from year to yeaz. An obvicusg illustraticn oi that rac~
tor is in 1Y74, when the reduced speed limit conside:r _biy
lowered the oeverl%y nf impacts for all model cars involved

in accidents. Anouh:: preblem cf the metnod 18 that it is
hichly deprendent on estimates of how many cari were invelved
in accidents each year, which are subject to more error than
are estimates of passenger car f[atalities.”

1/5ee footnote, p. ‘1. %E%T E@@M‘ﬁt\&
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APPENDIX IV APPENDIX IV

“In our opinion, a hetter approximation of how many
passenger cAar fatalities might have occurred from 1966 to
1974, if safety improvements had not bein introduced, can
derivea by starting with the National Safety Council's est:
mates of passenger car occupant fatalities, Dividing the
ennual fatalities by the annual safevy indices from the (able
above provides an estimate of possible deaths without the
cafety improvements. The differnce between how many might
have been killed and the estimates of actual fatalities

fepresents en approximation of lives saved by the introduc-—
tion of safefy improvements from the 1956 to 1Y69 models.”

1.

e
rolina
ig

Q. Is there a logical inconsistency in applying
"gsafaty lu.dices" which were developed from the North {
ta (p. 45) to National Safety Council data on the bas
the procedure used to develop the indices was unr
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Q. 1Is it rere ceoincid
fo., 12) of 26,130 correspon
ferred eatlmate of 26,126 ¢
dices and the NSC data?

--Yes, it was mere coincidence. The z2gii-
mate on pare 12 {now p., 8) corresponds in
the final report to cur revised «s  imate

of 28,230 liveg ca- ed.

BENEFIT-COST COMPARISONE

“On the basis of the three eckimates of the COC% of a

fraffic ratality to soclety, the estimated lives save
throuch 1874 by safety improvements introdeced in the 1966~
69 models would be valued as follows:
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Is this analysis dependent upon the validity of

nidices i.e., 26,170 lives saveq?

~-Yes
4 3 %3
£

th respect to the cost of complyinq with stan
ed 1n the 19708-73 »oguﬁs, 1o benefits are att
reduced deaths or serious injurléb.
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--~Host of our 11 analyses showed no major
1 ar

improvepents in the 1971-72 modaleye
cars. {Sce p. 1%.) Thus there were
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little, if any, benefits, in terms of reduced
deaths and serious injuries, which could be
attributed to the standards lntroduced in
those models, The cost of the standards
exceeded $800 1illien without correspond-
ing bhenefils.

page 49 (=) 1/:

Cost~benefits in 1974 accident conditions,

Q. How does the speculative review of 1974 conditionsg,
without data, based upon & oeries of unrecenstructable
events add to the analysis of actual cost-bonefits?

--We agree that this segment of the report
does not add to the benefit-cost analyses
and it has been dealeted,

EFFECTIVENESS AND SAFETY BENEFITSE QF INDIVIDUAL
STAND.zDS (ch. 5)

page 52 (37
and 38) 1/:

"The studies usually show a consensus opinion as to
the effectiveness of a satety device and thes renge of agree~
ment or disagreement Thc§ 00 not, however, Pnau?e anvone

uu guangifv safety benefits, T TEstimated annual safety Dene-
its can, however, be ValUPd w1th the benefit mcasuremenc
u¢ta of the National Safety Council, the RECAT Committee,

and che Safety Administration and compared with the annual
mortized cost of equipping all cars on the road in 1974
thn the safety device. The ioliowing benefit-cost ratios
arc then obtained," (undeiscoring supplied)

m

Q. If the studies do "not enable anyone to guentify
safety benefits," why have the researchers done so anvwavy?

~~We have not quaniitied safety benetfits
and have revised the body of our report
Cto clarify the mailier. ({(See p. 36.)

"They arc estimates of annual salety benefits, based
on the assumptlion that ail cars on the road were equipped
with the safety device, and are not comparanle to the

115 e o !;\\M% ;%h,
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LPPENDTIX IV ADDERDTY IV
we digcusczed in the

"In as mach as the benefit-vost ratlo is predominately
less than 1/1 for head restraints and side door strepath,
it would seem they are marginally cout beneficial at best.
This is not inconsistent w'gg~ggr,§1ﬁgangs in chapter 3
Since these LMPLOVEWGHLS Came in moacl year 1969 or later.
Conversely, the steering colurny ane soathelts are zp=-
parently coust beneficial. Again. thin is coarsistent with
our findings_in ~hapier 3 slnod (ncis Inplovements had
beer installec In 1%6¢ and earlier year mocels,®

Q. 1f these study estimoates are not comparable with
those of previous chepters, why 0o the researchers cite
them as supportive?

-=we Aagree and have dileied the paragraph
in guestion.,
pace 03 iz} 1/:

"Only O'Neill repeorts that theilr concliusions were
statistically signi[icant‘ Generally, the other study re-
suits were not statistically rv‘Lablc Lecause the differ-
ence between the frequency of injuries in vehicles cquip-
ped with head reostraints was not significant in relevion
to the size of the sample investigated,

“These comments are genoero'ly applicable to the othe
safety devices @iscussed in this clhapler and ar2 not
reported later.”

Q2. 1If as stated, only O'Neill reported =statistical
significance end¢ "the other study results were not statis-
tically reliable”, what inference ghould be drawn as to the
cited consistency between the CAQ results and these not
statistically reliable resultn?

~~The Lext has been clarificd Lo reflect
the statistical uncertainty of resuits
or these studics. (See p. 46.) wWe dié
not intead to imply that research find-
ings were improper

1/See rootnote, p. Yl. %5 e
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“the probability of occurrence--"
0. Probability of occurrence of what?

--Probability of occurrence as used in
our report rerers to the probability
of the dariver and -ight front passenger
peing killed in a frontal impact. The
repert has been clarified. (See p. 59.)
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"The “R*" was not computed for Analyses III throuch
VITI due to acceptance of a hypothesis that the sum of
sguares due to ertor is small.,”

Q what 1t the statistical meaning or releva.ce of this

.
[ S
statement?
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==%We have clarified this t
ment in the report. {

page 85 (62) 1/:
Appendi1x I

Q. If the report restricts itself to crash survivability
standards, why are crash avoidance standards shown?

~—The report directs itself to crash
survivability stancards, but accident
avoidance standards are not igrcied,
They are discuseed :n ciis, 2 and 4.

oge 87 (68) 1/:
Appendix _I
G, Is the New York data not categorical?
--Some of the New York variables could
have been treated as continuous vari-

' ables (e.g., vehicle weight, popula-
tion, driver age}.

- | ‘ i ABLE
l/5ee footnote, p. 91. E’:T E@@‘*&%‘?ﬁ_&“"; N&@P\L
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Q. why was it necessary to use two different techniques?

D
D 7

-~-It was not necessary to use two differ
techniques, Our reasons for doing so

n
r

’

LRy

stated on p. 103

page 88 (77 and 78) 1/:

Table 1

Q. Does the fact that the New York data corrosponds to

the North Carolina data in only 5 of the 16 variables used
have any impact on the degree of relighility which can be
placed on aggregated estimates?

-~We do not aggregate our 1l regression
analyses 20 there is ne effect to con-
cider, It is important to note that
the New York data does closely approxi-
mate the North Carolina data for those
variables ¢f greatest impuctance.

pages ¥3 and
94 (79 and_80) i/:

Table IT ~ Significant Elements of Effectiveness
Analyses,

Q. What cross-reference chocks were made on the cutcomes
of th= analysis in that I-VIII were conducted only on North
Carolina datae and used cateqorical recression (pages 95-97)
whilc analysis 1IX-XI were conducted only on New York data
using a different regjrcssion technigue {(pages 100-103)7

--We agree that additional cross-reference
checss may add some confidence to our
concliusions. However, in our opinio:
the overwhelming evidence developtu on
the program's effectivenszss Justify the
conclusions,

1/See footnote, p. 51.
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