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SUMMARY

The Appropriations Act for Fiscal Year 1992 directs "NHTSA to provide
a study to the House and Senate Committees an Appropriations comparing the
results of NCAP data fram previous model years to detemmine the validity of these
tests in predicting actual on-the-road injuries and fatalities over t.he lifetime
of the models." In Deceamber 1993, the agency respanded with a Report to the
Congress that compared NCAP results and real-world crash experience, based an
various analyses of accident data files. One set of analyses demonstrated a
statistically significant correlation between NCAP performance ard the fatality
risk of belted drivers in actual head-on collisions. This technical report
provides a more detailed exposition of the data sources, amalytic approach and
statistical findings in the analysis of head-on collisions.

NHTSA's goal was to see if cars with poor NCAP scores had more belted-
driver fatalities than would be expected, given the weights of the cars, and the
age and sex of the drivers imvolved in the crashes. Without adjustment for
vehicle weight, driver age and sex, the large diversity of fatality rates in
accident data mainly reflects the types of pecple who drive the cars, not the
actual crashworthiness of the cars. For example, "“high-performance” cars popular
with young male drivers have an exceptionally high frequency of fatal crashes -
because they are driven in an unsafe mammer - even though they may be just as
crashworthy as other models. NHISA’s analysis cbjective was to isolate the
actual crashworthiness differences between cars, rewoving differences
attributable to the way the cars are driven, the ages of the occupants, etc., and
then to correlate NCAP performance with crashworthiness on the highway.



Analysis overview

Since NCAP is a frontal impact test involving dummies protected by
safety belts, the agency limited the accident data to frontal crashes involving
belted occupants. However, NHTSA did not consider all types of frontal crashes,
but further limited the data to head-on collisions between two passenger cars,
each with a belted driver, which resulted in a fatality to one or to both of the
drivers. A head-on collision is a special type of highway crash ideally suited
for studying frontal crashworthiness differences between two cars. Both cars are
in essentially the same frontal collision. It doesn’t matter if one of them had
a "safe" driver and the other, an "unsafe" driver; at the moment they collide
head-an, how safely they were driving before the crash is nearly irrelevant to
what happens in the crash. Which driver dies and which survives deperds
primarily on the intrinsic relative crashworthiness of the two cars, their
relative weights, and the age and sex (vulnerability to injury) of the two

drivers.

If car 1 and car 2 weigh exactly the same, and both drivers are the
same age and sex, the likelihood of a driver fatality in a head-on collision
would be expected to be equal in car 1 and car 2. If car 1 and car 2 have
different weights, etc., it is still possible to calibrate formmulas predicting
the expected fatality risk for each driver in a head-on collision between the two
cars, as a function of each vehicle’s weight and each driver’s age and sex. The
formulas measure the relative vulnerability to fatal injury of the two drivers,
given that their cars had a head-an collision. The risk is greater in the
lighter car than the heavier car, and a female or older driver is more vulnerable
to injury than a male or younger driver. For example, given 100 fatal head-on
collisions between 3000-pound-cars driven by belted, 20-year-old males and 2500
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pound cars driven by belted, 50-year-old females, these formulas predict 10.8
times as many deaths among the older females in the lighter cars as among the
yourg males in the heavier cars.

Cars with average crashworthiness capabilities will experience an
actual rumber of fatalities very close to what is predicted by these formuilas,
which are calibrated from the collision experience of production vehicles. If
a group of cars, however, consistently experiences more fatalities than expected
in their head-on collisions, then the enpirical evidence suggests that this group
of cars is less crashworthy than the average car of similar mass. The gist of
the analyses is to see if groups of cars with poor NCAP scores have significantly
more belted-driver fatalities per 100 actual head-on collisions than expected
(and there are several ways to define a "poor" score). The analyses measure the
reduction in fatality risk, in actual head-aon collisions, for a car with good
NCAP scores relative to a car with poor NCAP scores. They measure the overall
reducticon in fatality risk, for belted drivers in head-on collisions, since model
year 1979, when NCAP testing began, until 1991, the latest model year for which
substantial accident data were available as of mid 1993.

The analyses require a data file of actual head-on collisians, with
both drivers belted, resulting in a fatality to at least cne of the drivers,
indicating, for both cars, the curb weight, the driver’'s age and sex, and the
HIC, chest g’'s ard femur loads that were recorded for the driver dummy when that
car was tested in NCAP. NHTSA’s Fatal Accident Reporting System (FARS), camplete
through mid-1992, provided the basic accident data for the study. The FARS data
were supplemented with accurate curb weights, derived fram R. L. Polk’s files and

NHTSA campliance tests. Insufficient NCAP and FARS data were available to
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include light trucks, vans or sport utility vehicles in the analyses. Thus, the

study is limited to collisions between two 1979-91 pagsenger cars.

NHTSA staff reviewed the cars involved in head-on collisions on FARS
ard identified, where possible, the NCAP test car that came closest to matching
the FARS case. They found 396 head-on collisions, involving 792 cars, in which
both drivers were belted and both cars match up acceptably with an NCAP case:
(1) The make-models an FARS and NCAP are identical or true "corporate cousins"
(e.g., Dodge Gmi and Plymouth Horizon). (2) The model years on FARS and NCAP
are identical, or the FARS model year is later than the NCAP model year, but that
model was basically unchanged during the intervening years. The FARS cases were
supplemented with the matching NCAP test results for each car. The sanple is

large enough for a statistical analysis of NCAP scores ard fatality risk.

FARS data do not single ocut those head-on collisions that closely
resemble an NCAP test: perfectly aligned collisians of two nearly identical cars,
with minimal offset, a closing speed close to 70 mph, and both drivers 50th-
percentile males. In addition, FARS cases may involve injury to the neck or
abdaren: the potential for injury to these body regions is not specifically
measured in NCAP. It is inappropriate to expect perfect correlation between NCAP
test results and actual fatality risk in the full range of head-on collisions
represented in the FARS sample. Moreover, if there is any significant
correlation between the two, it suggests that the NCAP scores say sarething about
actual crashworthiness in a range of crashes that goes far beyond the specific

type tested in NCAP.
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ation of and fatali
The goal of the analysis is to test if cars with poor scores on the
NCAP test have higher fatality risk for belted drivers, in actual head-on
collisions, than cars with good or acceptable scores. There are many ways to
define *poor" and "good" scores and measure the difference in fatality risk. All
of the methods tried out by NHTSA staff demonstrate a statistically significant

relationship between NCAP scores and actual fatality risk, as shown in the

accampanying table.

A straightforward way to delineate "poor" and "good" scores is to
partition the cars based on their NCAP score for a gingle body region - chest
g’'s, HIC or femur load - and to consider anly a subset of the 392 head-on crashes
where cne car has a score in the "poor" range and the other car has a score in
a good or acceptable range. ‘This subset should contain approcdmately 120
crashes, which is equivalent to defining the worst 20 percent of cars as "poor"
performers and the remaining 80 percent as good or acceptable. Do the cars with
the poor NCAP scores have significantly more driver fatalities than expected?

When chest g’s are used to partition the cars into acceptable and poor
performance groups, the cars with high chest g’s almost always have significantly
more fatalities than the cars with acceptable chest g’s. For example, there are
125 actual head-an collisions (both drivers belted) in which one of models had
more than 56 chest g’s for the driver when it was tested in NCAP, and the other
had 56 g's or less. In the 125 cars with chest g’s > 56, 80 drivers died,
whereas anly 68.2 fatalities were expected, based on car weight, driver age and
sex. In the 125 cars with chest g’s < 56, there were 74 actual and 77.6 expected

driver fatalities. That is a statistically significant fatality reduction of



COLLISIONS OF CARS WITH "GOCD" NCAP SCORES INTO CARS WITH "POOR" NCAP SQORES
(N of crashes approximately 120 in each analysis)

"Poor® NCAP
Performance

Chest g’s > 56
HIC > 1200

L Femur > 1600 OR
R Femur > 1600 OR
I+R Femur > 2600

HIC > 1300 OR
Chest g’s > 60

Chest g’'s > 60 CR
L Femuxr > 1700 OR
R Femur > 1700 OR
I+R Femur > 2700

HIC > 1300 OR
L Femur > 1700 OR
R Femur > 1700 OR
I4+R Femur > 2700

HIC > 1300 OR
Chest g’'s > 60 OR
L Femur > 1700 R
R Famur > 1700 OR
I+R Femur > 2700

NCAPINT > .6

*Statistically significant at the .05 level
**Statistically significant at the .01 level

Performance in Actual Crashes

N of
Crashes

125

113

132

125

134

121

118

117

Fatality Reduction
for Good Car (%)

10%

14*

20%*

10%

22%%

19*

21 *%x

26%*



1 - [(74/80) / (77.6/68.2)] = 19 percent
for the cars with the lower chest g’s. The relatiaonship between chest g’s on the
NCAP test and fatality risk over the range of head-on collisions experienced on
the highway, although statistically significant, is not perfect. Merely having
the lower NCAP score of the two cars in the collision does not guarantee
survival, even if the two cars are of the same weight and the drivers of the same
age and sex. Yet, on the average, in collisions between cars with < 56 chest g's
an NCAP and cars with > 56 chest g’s, the driver of the car with the better NCAP
score had 19 percent less fatality risk than the driver of the car with the

poorer NCAP score, after controlling for weight, age and sex.

Fifty-six chest g’'s are just one possible boundary value between
"good" and "poor" performance. The fatality reduction for "good" performers can
be magnified by using a higher boundary value or by replacing a single boundary
value with a gap, putting same distance between the "good" and the "poor" groups.
For exanple, in collisions of cars with chest g‘s < 60 into cars with chest g’s
> 60 (the pass-fail criterion in FMVSS 208), the fatality reduction in the "good"
performers is 24 percent. However, there are only 92 crashes meeting those
criteria. Many other boundary values between low ard high chest g’s will also
produce statistically significant fatality reductions for the group with low
chest g's, but the boundary value of 56 maxdmizes the fatality reduction for an
accident sample close to 120 crashes.

The Head Injury Criterion (HIC) can be used to partition the cars into
two perfonmmance groups. In 113 head-on collisions between a car with HIC < 1000
an the NCAP test and a car with HIC > 1200, the fatality risk was a statistically

significant 14 percent lower in the cars with HIC < 1000. The femur loads



measured on the NCAP tests can also, by themselves, differentiate safer fram less
safe cars. The "good" performers are defined to be the cars with < 1600 pounds
on each leg, and the sum of the two loads < 2600 pounds. The "poor" performers
are those with > 1600 pourds on gither leg, or a sum > 2600 pounds. In 132 head-
an collisions, the fatality reduction for the "good” NCAP femur load performers

was a statistically significant 20 percent.

One reasan that chest g’s, HIC and femur lcad all "work" by thamselves
is that the three NCAP test measurements are not independent cbservations om
isolated body regions. Cars with intuitively excellent safety design terd to
have low scores on all parameters, while cars with crashworthiness problems tend
to have high scores on ane or more parameters, but it is not always predictable
which one. Still, the reasons for the significant correlation between NCAP femur
load and actual fatality risk are not campletely understood at this time, since

injuries to the lower extremities, by themselves, are generally not fatal.

Anry two NCAP parameters, working together, can do an even more
reliable job than any single parameter. In 125 actual head-on collisions between
cars with driver HIC < 1100 and chest g’s < 60 cn the NCAP test and cars with
either HIC > 1300 or chest g’s > 60, the fatality risk was a statistically
significant 19 percent lower in the cars with low HIC and chest g’'s. The
accampanying table shows how chest g’s and femur load, or HIC and femur load can
be used to partition the cars, with statistically significant 19-22 percent
fatality reductions for the "good" performers, in samples of 121-134 crashes.

NCAP scores for all three body regioms, with an independent "pass-

fail" criterion on each score, work about as well as scores for any two body



regions. "Good" performance could be defined as HIC < 900 and chest g's < 56 and
femur load < 1400 on each leg and < 2400, total, while HIC > 1300 or chest g’s
> 60 or femur load > 1700 on either leg or > 2700, total defines "poor"
performmance. The fatality risk in 118 actual head-on collisions between a good
ard a poor NCAP performer is a statistically significant 21 percent lower for the
drivers of the cars with good NCAP scores, after controlling for vehicle weight,
driver age ard sex. These criteria can be varied by a moderate amount and the
fatality reduction for the "good" performers will still be statistically
significant, as long as the HIC cutoff is reasonably close to or slightly above
the AMVSS 208 value of 1000, the chest g cutoff is not far fram the FMVSS 208
value of 60 g’'s, and the femur load cutoff ranges fram about 1400 pounds up to
the FMVSS 208 value of 2250 pounds.

A highly efficient way to use the NCAP scores for the three body
regions, however, is to carbine them into a single composgite score, wherein
excellent performance on two body regions might campensate for moderately poor
performance on the third. The camposite score could be same type of weighted or
urweighted average of the scores for the various body regions. For exanple, a
weighted average measure of NCAP performance, NCAPIND, was derived by a two-step
process. First, the actual NCAP results for the driver dumy were transformed
to logistic injury probabilities, HEADINJ, CHESTINJ, LFEMJRINT and RFEMIRINT,
each ranging fram 0 to 1. The weighted average

NCAPINT = .21 HEADINT + 2.7 CHESTINT + 1.5 (LFEMURINJ + RFEMIRINT)
has the empirically strongest relationship with fatality risk for belted drivers
in the specific data set of actual head-on collisions described above (396
collisians, 792 cars). The accident data include 117 head-on collisions of a car

with NCAPINJ < 0.6 into a car with NCAPINJ > 0.6. Fatality risk is a
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statistically significant 26 percent lower in the cars with NCAPINJ < 0.6. Since
NCAPINT is a weighted sum of NCAP scores for gall of the body regions, the cars
with NCAPINT < 0.6 have, an the average, substantially lower HIC, chest g’s and
femur loads than cars with NCAPINT > 0.6.

The purpose of defining NCAPINT was to illustrate the strength of the
overall relationship between NCAP perfommence and fatality risk. However,
NCAPINT is not a "magic bullet" or "ideal" way to carbine the NCAP scores,
resulting in far higher correlations than other methods. Many other weighted
averages, or even an unweighted sum of the logistic injury probabilities, work
almost as well for differentiating the safer fram the less safe cars on the
principal accident data set. On a more restricted alternative accident data set
of 310 collisions and 620 cars, where the FARS vehicles are also required to have
the same mumber of doors as their matching NCAP test vehicles, NCAPINT is not the
optimum weighted average (although it cames close to the optimm), and it is only
slightly more correlated with fatality risk than an unweighted sum of the

logistic injury probabilities. Moreover, an this altermative data set, HIC and

femur load have about equally strang correlatian with fatality risk.

The performance of passenger cars on the NCAP test has greatly
improved since the program was initiated in 1979. That was demonstrated in
NHTSA's 1992-93 reports to the Congress and several other studies, which cite
specific improvements in vehicle structures and occupant protection systems
resulting in better NCAP performance. Has the historical trend of better
performance on the NCAP test been matched by a reduction in the actual fatality
risk of belted drivers in head-on collisions?
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In general, it is not easy to campare the crashworthiness of cars of
different model years. Fatality rates per 100 million vehicle miles have been
declining for a lang time. In any given year, the fatality rate per 100 million
miles or per 100 crashes is lower for new cars than for old cars. Both trends
create the inmpression that "cars are getting safer all the time," but, in fact,
the declines in fatality rates to a large extent reflect changes in driving
behavior, roadway enviromments, demographics or accident-reporting practices.
A head-on collision between cars of two different model years, however, reveals
their relative crashworthiness. Both cars are in essentially the same frontal
collision, an the same road, in the same year, on the same accident report. The
behavior of each driver, prior to the impact, has little effect on who dies
during the impact. After adjustment for differences in car weight, driver age
and sex, the model year with more survivors is more crashworthy.

There have been 241 actual head-an collisions between a model year
1979-82 car and a model year 1983-S1 car, in which both drivers were belted.
These collisiaons allow a canparison of cars built during the first four years of
NCAP to subsequent cars, where marufacturers have had time to build in safety
improvements. In the 241 older cars, 146 drivers died, whereas only 126.6
fatalities were expected, based an car weight, driver age and sex. In the newer
cars, there were 132 actual and 147.1 expected driver fatalities. For the 1983-
91 cars, that is a statistically significant fatality reduction of

1 - [(132/146) / (147.1/126.6)] = 22 percent

A more generalized analysis, which allows a larger sanple size of 1189
crashes, applies to head-on collisions in which the "case" vehicle of interest

is a 1979-91 car that matches up with an NCAP test, whose driver wore belts, but



the "other" vehicle in the crash can be any 1976-91 passenger car with a belted
driver. For any subset of crashes, a fatality rigk index can be camputed for the
"case" vehicles, based an the ratio of actual to expected fatalities in the case
ard other vehicles. The lower the risk index, the more crashworthy the car (100
= average) . The actual fatality risk indices can be campared in three model-year
groups, 1979-82, 1983-86 and 1987-91. So can the NCAP test performance, as
measured by a camposite score such as NCAPINJ, or by the average values of the
actual NCAP parameters for the three body regions:

Model Years

1979-82 1983-86 1987-91

Fatality risk index in

actual head-an collisians 118 95 91
Average value of NCAPINJ .59 .40 .37
Percent of cars with NCAPINT > 0.6 49 I4 9
Average HIC 1052 915 827
Average chest g’s 54.9 46.8 46.5
Average left femur load 928 883 1002
Average right femur load 1079 784 1018

The trends in the actual fatality risk and the average value of
NCAPINJ are almost identical. The risk index decreased by a statistically
significant 20 percent from 1979-82 to 1983-86, and by another 4 percent fram
then until 1987-91 (nonsignificant). In all, the actual fatality risk for belted
drivers in head-on collisions decreased by a statistically significant 24 percent
fram model years 1979-82 to 1987-91. A composite NCAP score, such as NCAPINT,
nicely portrays the improvement in NCAP performance over time. Parallel to the
reduction in the fatality risk index, NCAPINJ greatly improved fram an average



of 0.59 in model years 1979-82 to 0.40 in 1983-86, with an additional, modest
improvement to 0.37 in 1987-91. If NCAPINJ = 0.6 is defined as the limit of
*acceptable" NCAP performance, the passenger car fleet has truly progressed since
the inception of NCAP: initially, 49 percent of the cars had NCAPINJ > 0.6, but
that decreased to 14 percent in 1983-86 and 9 percent in 1987-91. Average HIC
and chest g’s declined substantially during the NCAP era; average femur loads
stayed about the same, but well below the 2250 pounds permitted in FMVSS 208.

o There is a statistically significant correlation between the performance
of passenger cars cn the NCAP test and the fatality risk of belted drivers
in actual head-on collisions. Since many head-on collisions differ
substantially fram NCAP test corditions, this suggests NCAP scores are
correlated with actual crashworthiness in a wide range of crashes.

o In a head-on collisiaon between a car with "acceptable" NCAP performance
and a car of equal mass with "poor" performance, the driver of the "good"
car has, on the average, about 15-25 percent lower fatality risk.

o A highly effective way to differentiate "good" fram "poor" NCAP
performance is by a single, camposite NCAP score, such as a weighted
carbination of the scores for the three body regions. Bowever, even the
NCAP score for any single body region can be used to partition the fleet
so that the cars with "good" scores.have significantly lower fatality risk
than the cars with "poor" scores. The borderline between "good" and
*poor"” NCAP scores that optimizes the differences in actual fatality risk
is close to the FMVSS 208 criteria for each of the three body regions.
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NCAP scores have improved steadily since the inception of the program in
1979, with the greatest improvement in the early years. By now, most
passenger cars meet the FMVSS 208 criteria in the 35 mph NCAP test. This
achievement has been paralleled by a 20-25 percent reduction of fatality
risk for belted drivers in actual head-on collisions in model years 1979-
91, with the largest decreases during the early 1980's.

This is a gtatistical study and it is not appropriate for conclusians
about cause ard effect. It shows that passenger cars became significantly
safer in head-on collisions during 1979-91, as NCAP scores improved. It
does not prove that the NCAP program was the stimulus for each of the
vehicle modifications that saved lives during 1979-91. (For example, the
autamtic protection requirement of FMVSS 208 was another important
stimilus.)

The correlation between NCAP scores and actual fatality risk is
statistically significant, but it is far fram perfect. On the whole, cars
with poor NCAP scores have higher-than-average fatality risk in head-on
collisians, but there is no guarantee that every gpecific make-model with
poor NCAP scores necessarily has higher fatality risk than the average
car. Canversely, there is no guarantee that a specific model with average
or even excellent scores necessarily has average or lower-than-average
fatality risk in head-on collisions.

The data show that cars with poor NCAP scores (e.g., above the FMVSS 208
criteria) have significantly elevated fatality risk in head-an collisions,
but they do not show a significant difference between the fatality risk of
cars with exceptionally good NCAP performance and those with merely
average perfonmance.
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CHAPTER 1

INTRODUCTION AND ANALYSIS OVERVIEW

The Appropriations Act for Fiscal Year 1992 directs "NHTSA to provide
a study to the House and Senmate Cammittees an Appropriations camparing the
results of New Car Assessment Program (NCAP) data fraum previous model years to
determine the validity of these tests in predicting actual on-the-road injuries
arnd fatalities over the lifetime of the models" [5], p. 35. In February 1992,
the agency respaonded to the directive with a plan to compare NCAP results and
real-world crash experience, based on various analyses of accident data files
[23]. A Report to Congress, presenting the highlights of the analyses, was
campleted in Deceber 1993 [24]. One analytic approach, described in Section 3
of the Report to Congress, addressed the correlation between NCAP performance and
the fatality risk of belted drivers in actual head-on collisions. This technical
report provides a more detailed exposition of the data sources, analytic approach
and statistical findings in the analysis of head-on collisions.

The New Car Assessment Program was developed in respanse to Title II
of The Motor Vehicle Information and Cost Savings Act of 1973 (MVICS) [20], which
authorized NHTSA to develop consumer information on the crashworthiness of
passenger vehicles. Since 1979, NCAP has been a program of frontal impact tests
at 35 nph into a barrier, with belted dummies at the driver and right-front seat
positions. The 35 mph impact speed is 5 mph faster than the test speed in
NHTSA's Federal Motor Vehicle Safety Standards for occupant protection in frontal
crashes (FMVSS 204, 208, 212, 219 and 301), and it produces a velocity change
close to the average in actual fatal frontal mpacts Measurements on the
durmies are used to calculate the Head Injury Criterion (HIC), chest g forces (3



millisecond peak) ard left and right femur loads (peak axial loads at knee). HIC
measures the cumulative impact force on the head during the crash. An average
of 30 passenger cars ard light trucks are tested each year, including make/models
that are new or significantly redesigned in that model year.

1.1 NCAP performance vs. crashworthiness on the highway

FMVSS 208 requires all passenger cars to have HIC < 1000, chest g’s
< 60 and femur load < 2250 pounds on a 30 mph test. NCAP is not a regulatory
program and does not set pass-fail levels of performance for its 35 mph test.
Nevertheless, it could be argued that the level of fromntal occupant protection
guaranteed by the basic FMVSS at 30 mph has largely been extended to 35 nph since
NCAP started in 1979. In model year 1979, fewer than 25 percent of cars met the
FMVSS 208 criteria at 35 mph. In subsequent years, NCAP results were widely
disseminated to consumers, mamufacturers and insurers. By 1986-91, over 60
percent of passenger cars met the FMVSS 208 criteria at 35 mph. While statistics
do not prove that the NCAP program was solely respansible for the improvement in
test results (e.g., autamatic occupant protection installed in response to FMVSS
208 was another cbvious factor), the trend is certainly in the right direction
and it appears to fulfill ane pramise of a consumer information program: the
mamifacturers significantly enhanced safety performmance as measured by the
pablicized ﬁeﬁt protocol. They are now "designing their vehicles to 35 mph."

While there is overwhelming evidence that vehicle performance an the
NCAP test has improved since the inception of the program, that evidence, by
itself, does not prove that cars have became safer in actual crashes on the
highway. The ultimate goal of all safety programs, including consumer
information programs such as NCAP is the reduction of deaths and injuries on the



highway. There is a desire for evidence that cars with poor NCAP scores are less
safe in actual crashes than cars with acceptable scores, and, more generally,
that cars have becare safer in actual crashes since the begimning of NCAP.
Researchers have eagerly explored the correlation between NCAP performance and
fatality risk in actual crashes since the initial years of NCAP [4]. There are
two reasons why their efforts have had little success in past years. NCAP is a
test program involving belted dummies, and, until very recently, there simply
have not been enough fatal or serious-injury accident data involving belted
occupants for a meaningful camparison with NCAP results. NCAP describes
differences in the crashworthinegs of vehicles on identical 35 nph tests, whereas
in accident data it is quite difficult to isolate the effects of crashworthiness
(the ability of a vehicle to protect its occupants fram death or injury, given
that a crash has occurred) fram other factors that affect fatality rates of cars:
the types of people who drive the cars, and the enviromments where they are
driven.

Thanks to the steady increase in belt use after 1984, as more ard more
States enacted belt use laws, enough accident data involving belted occupants had
accunulated, by 1993, for meaningful statistical amalyses. But it is still
necessary to find a method which isclates the crashworthiness differences between

cars and filters out the differences attributable to the way the cars are driven.

The method used in this report is to analyze fatal head-on collisions between two
passenger cars.
1.2

Before any discussion of the unique advantages of head-on collisions

as a data source, it helps to review the foibles of conventional measures of



fatality risk, such as the occupant fatality rate per million vehicle years. It
' is well known that "high-performance" cars popular with young male drivers have
a higher frequency of fatal crashes than family sedans, and it is generally
suspected that the difference is primarily due to the way the cars are driven,
not crashworthiness. But a lock at same actual fatality rates helps clarify the
extent to which differences in drivers and exposure influences the variation in
fatality rates.

For exanple, Table 1-1 displays the actual rate of fatalities per
million vehicle registration years for model year 1985-87 cars in calendar years
1986-88 (data cawpiled by the Insurance Institute for Highway Safety [28]). The
actual rates range fram 60 in the Volvo 740/760 to 520 in the Corvette - almost
a 9:1 ratio. The 15th percentile of actual risk is 120 (Pontiac Grand Am) ard
the 85th percentile is 310 (Dodge Daytcna) - still a 3:1 variation in risk across
the middle 70 percentiles. It is intuitively cbvious that 9:1 differences
between cars are due primarily to the types of pecple who drive them, rather than
real variation in crashworthiness. It is most unlikely than ane make-model is
intrinsically 9 times as dangerous as another. The make-models in Table 1-1 with
the lowest fatality rates are primarily lwairy and family cars. The models with
the highest rates are "performance" cars and small econamy cars. Even within a
specific make-model, station wagons have lower fatality rates than four-door
sedans, while two-door coupes have higher rates.

These differences are sanewhat diminished, but still persistent, even
after "adjusting" the rates for key variables such as car weight, driver age and
sex. The Insurance Institute attenpted to control for at least same of the

driver differences by camputing, for each make/model, a predicted fatality rate



TARIE 1-1

FATALTTY RISK INDICES BASED ON FATALITIES
PER MITLTON REGISTERED VEHICLE YEARS
(Mcdel year 1985-87 cars in calendar years 1986-88)

Fatality Rate Fambulity Fatality Rate ﬁ!‘:km.ity
Actual Predictd Index Actual Predictd Index
Volvo 740/760 4cr 60 140 43 Ford Escort 4dr 180 270 67
Ford Taurus Wagm 70 150 47 Ford Tarpo 4dr 180 180 100
Lincoln Town Car 80 120 67 Buick leSabre 180 140 129
W Jetta 4r 110 250 44 Olds Calais 2dr 190 190 100
Chev Cavalier Wagon 110 200 ss Fard Tarpo 2dr 200 260 77
Cressida 110 190 58 W Golf 4ar 200 250 80
Audi 5000 110 170 65 Nigsan Maxima 200 250 80
QOlds Ciera Wagon 110 150 73 Chev Nova 4dr 200 210 95
Caddy DeVille 2dr 110 140 75 Buick Regal 2d&r 200 190 105
Caddy DeVille 4dr 110 120 92 Subaru 4cr 200 180 111
Ford Escart Wagn 120 220 S5 Pt Grand Am 2dr 210 280 75
Volvo 240 120 190 63 Honda Civic 2dr 230 280 82
Pont Grand Am 4 120 190 63 Fard T-Birxd 230 250 92
Olds Ciera 2dr 120 180 67 Dodge Qmi 4dr 230 210 110
Pt Grand Pn-x'atdr 120 170 71 Chev Cavalier 4dr 230 go 121
Buick Century 120 160 75 Meraxry Ch.gr 240 0 109
Meraxy Gr Marguis 120 150 80 Chev Celelrity 2dr 240 150 160
Meraxy Sable 130 200 €5 Toyota Corolla 2dr 250 380 66
Pontiac 6000 130 170 76 Nissan 200X 250 330 87
Chev Celebrity Wagom 130 170 76 Parr Subird 4dr 250 180 139
Olds Ciera 4dr 130 150 87 BW 300 2dr 260 340 76
Buick Electra 130 140 93 W BExcel 4dr 260 260 100
Fard Taurus 140 200 70 Plym Reliant 4cr 260 160 163
Olds Calais 4dr 140 150 74 Chev Cavalier 2dr 270 260 104
Hxda Accard 2dr 140 180 78 Pt Sunbird 2dr 280 240 117
Subaru Wagn 140 170 82 Plym Horizon 4dr 280 210 133
Chev Caprice Wagn 140 170 82 Chev Mnte Carlo 280 210 133
Fard Crown Vic 140 160 88 ﬁ Aries 4 = 290 190 153
Nissan Sentra 2dr 150 430 35 Escart 2dr 300 290 103
Honda Prelude 150 310 48 Dodge Daytona 310 320 97
Buick Sarerset 2&r 150 220 €8 Chev Spectrum 2dr 320 250 128
Mazda 626 150 200 75 Chev Chevette 2dr 340 250 136
Honda Acoord 4dr 150 170 88 Pantiac Fiero 360 380 95
Qlds 98 150 150 100 Plym Turismo 360 260 138
Olds Delta 88 150 130 115 Pontiac Firebird 380 310 123
Chrys Sth Averne 150 120 125 Honde ORK 390 530 74
Toycta Celica 160 280 57 Chev Sprint 410 290 141
Crolla 4dr 160 230 70 Chev Chevette 4dr 410 150 216
Mercury 4cx 160 200 80 Rissan 300ZX 420 420 100
Cuoys New Yarker 160 160 100 Ford Mustang 440 370 119
Chev Caprice 4dr 160 140 114 Dodge Charger 450 330 136
Hada Qivic 4dr 170 260 €5 Chev Camaro 490 380 129
Chev Celebrity 4& 170 160 106 Chev Gorvette S20 360 144

Actual fatality rate = actual fatalities per million registration years (source:
ITHS [28]))

Predicted fatality rate "attempts to take into account the age ard sex of drivers
involved and the car size [28]."

Fatality risk index = 100 * Actual/Predicted



which "takes into account the age ard sex of drivers imvolved and the car size"
to the extent that they affect amual mileage, collision propensity and
vulnerability to fatal injury. The predicted rates are shown next to the actual
fatality rates in Table 1-1. The adjusted fatality risk index, equal to the
ratio of the adjusted to the predicted fatality rate (and miltiplying by 100) was
camputed for each make-model and is shown in the right colums of Table 1-1.
Cars with an index below 100 have lower fatality rates than acpectéd; indices
above 100 denote "higher than expected" fatality rates. The index ranges fram
35 in the Nissan Sentra 2 door to 216 in the Chevrolet Chevette 4 door - almost
a 6:1 ratio. The 15th percentile of the risk index is 67 (Lincoln Town Car) and
the 85th percentile is 129 (Chevrolet Camaro) - nearly a 2:1 variation in the

risk index across its middle 70 percentiles.

This fatality risk index filters out same of the worst disparities in
the actual fatality rates, but still does not isolate crashworthiness
differences. The differences between the best and the worst cars still seem
larger than what could likely be ascribed to variations in crashworthiness. The
index shows same large differences between cars that ocught to be about equally
crashworthy. For example, the Celebrity wagan has an index of 76, the Celebrity
4-door sedan’s index is 106 and the 2-door model’s index is 160. It is true that
4-door cars have a safety advantage over 2-door cars in certain types of crashes,
but not that large an advantage. Clearly, the types of people who drive station
wagons are much less likely to have serious accidents than the drivers of the
same age and sex who drive 2-door coupes. Similarly, Chevrolets and Fords
cansistently have highér risk indices than "corporate cousin" vehicles sharing
essentially identical camponents. For exanple, the Chevrolet Monte Carlo has an
index of 133, while the Pontiac Grand Prix has an index of 71; the Ford Tempo 4-



door has an index of 100 while the Mercury Topaz 4-door has an index of 80.
Differences like these are much too large to ascribe to crashworthiness and
probably reflect socioeconamic or geographic differences of the drivers. Almost
all the imported cars have risk indices below 100, often far below 100. The
advantage for imported cars, however, may be due to the clientele, not the
vehicle: the Chevrolet Nova is essentially the same car as the Toyota Corolla 4-
door, but the Nova has an index of 95 while the Corolla’s index is 70. In
sumary, simple fatality rates per million car years, even if they are adjusted
for driver age and sex, are poor measures of crashworthiness because 30-year-old
males who drive Volvos have cawpletely different driving pattermns and far lower

accident proneness than 30-year-old males who drive Corvettes.

1.3 Analysis overview

The dbjective of isolating the actual crashworthiness differences
between cars is better attained by studying h@_—_@w between two
passenger cars, each with a belted driver, which resulted in a fatality to one
or to both of the drivers. A head-an collision is a special type of highway
crash ideally suited for studying crashworthiness differences between two cars;
it cares close to a controlled laboratory test. Both cars are in essentially the
same frontal collision. The outcame is a verdict on the intrinsic relative
crashworthiness of the two cars and the intrinsic relative wulnerability to
injury of the two drivers. Events that happened before the mowent of impact -
unsafe driving acts, crash avoidance capabilities - are mostly irrelevant in
deciding which driver survives the crash and which dies. Records of every fatal
head-on collision since 1975 may be found in NHTSA’s Fatal Accident Reporting
System (FARS).



To set the scene, cansider a head-on collision between a Volvo 740 and
a Corvette. Both cars weigh just over 3000 pounds. Both drivers, in this
collision, are 30-year-old males. At the moment these two cars hit head-on, it
becames irrelevant that Corvettes have 9 times as high an overall fatality rate
per million car years as Volvos, as shown in Table 1-1. It is irrelevant that
one of the drivers (guess who) had an unblemished record ard used his car only
to camute between his office and his hame at a prudent 5 mph below the speed
limit, while the other was weaving at high speed down the wrong side of the road
in a drunk ard drugged haze, and had a lang record of accidents and violations.
The camendable past history of the ane driver will not protect him in the head-
on collision. If there are any survivors, the likelihood is that the driver of
the intrinsically more crashworthy car will be the cne to survive.

The preceding example of a head-on collision was a special case in
that both cars had identical weights and both drivers were 30-year-old males.
Neither car had an inherent advantage. In the absence of specific knowledge
about the intrinsic crashworthiness of the two cars, each driver would be
expected to have the same fatality risk in the crash. In most head-on
collisions, the two cars have different weights, and their drivers are not
necessarily the same age. Still, it is possible to predict the expected fatality
risk for each driver in a head-an collision between these two cars, as a functian
of the weights of the two cars and the age and sex of each driver. Weight, age
ard sex are important because the lighter car experiences a greater velocity
change than the heavier car, and an older/female driver is more vulnerable to
injury than a younger/male driver. The fact that age and sex are also correlated
with crash-proneness is irrelevant here, because the attempt is to predict the
relative fatality risk of each driver, given that the two cars have already



collided, head-on.

The expected fatality risk of each driver is calibrated fram the
accident data by a logistic regression. Regression coefficients vary slightly,
deperding on the calibration data set, but the following pair of regression
formulas is typical for head-on collisions in which both drivers are belted. The

expected fatality risk for driver 1 is

expl.616 - 5.427(log W, - log W,) + .0531(A,-A,) + .34(F,-F,)]
1 + expl.616 - 5.427(log W, - log W,) + .0531(A,-A;) + .34(F,-F,)]

where W, is the curb weight of car 1, A, is the age of driver 1 and F, is 1 if
driver 1 is female, 0 if male. The expected fatality risk for driver 2 is

%I.ﬁlG + 5.427(1% Wl hat lg W2) bt ,Qial‘A]_‘_A_zl d ;34!F1;E2)|
1+ expl.616 + 5.427(log W, - log W,) - .0531(A,-A,;) - .34(F,-F,)]

These formulas, as stated above, measure the relative vulnerability
to fatal injury of the two drivers, given that their cars had a head-on collision
not the propensity of cars to get imvolved in head-on collisions. For exanple,
given 100 fatal head-on collisions between 3000 pound cars driven by belted, 20-
year-old males and 2500 pound cars driven by belted, 50-year-old females, the
formulas predict 9 deaths among the young males in the heavier cars and 97 deaths
among the older females in the lighter cars (for a total of 106 fatalities in the

100 collisions, since same of them resulted in fatalities to both drivers).

Cars with average crashworthiness capabilities will experience an
actual mumber of fatalities very close to what is predicted by these formulas,
which are calibrated fram the collision experience of production vehicles. If

a particular group of cars, however, consistently experiences more driver



fatalities than expected in their head-on collisions, then it has to be
concluded, based on the empirical evidence, that this group of cars is less
crashworthy than the average car of similar mass. In the preceding example, if
the 3000 pourd cars with the young male drivers had 8, 9 or 10 deaths in the 100
crashes, they are doing about as well as expected, but if they had 30 deaths,
they are less crashworthy than the 2500 pourd cars with the older female drivers.

More generally, given a set of head-on collisions between ane group
of cars A and another group of cars B, it is possible to campare the
crashworthiness of the two groups. ’Ihécarsingrprarelessc:askmr&y:in
head-on collisions than the cars in group B if the actual mmber of driver
fatalities in group A is higher than the expected mmber of fatalities in the
collisions, given the weight, driver ages, etc. in groups A and B. The actual
fatalities and expected prababilities of fatality are summed for over all the

crashes for groups A and B, as follows:

Head-On Collisions between Groups A and B

Car Group A Car Group B
Actual fatalities 100 60
Expected fatalities 91.8 68.2

To the extent that the cars in group A (in this example) are, on the average,
slightly smaller than those in group B, more fatalities are expected in A than
in B. If the actual and expected fatalities had been equal, groups A and B would
have been judged equally crashworthy. In fact, group A performed slightly worse
than expected. There were more fatalities than expected in A and fewer than
expected in B. The jincrease in fatality risk for A relative to B is

[ (100/91.8) / (60/68.2) ] - 1 = 23.8 percent
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Conversely, the fatality reduction for B relative to A is
1 - [ (60/68.2) / (100/91.8) ] = 19.2 percent

In the central analyseés of this report, group A is a set of passenger
cars with "poor"™ NCAP scores and group B is a set of cars with "acceptable” NCAP
scores. In the actual head-on collisions between group A cars and group B cars,
do the cars with poor NCAP scores have significantly more driver fatalities than
would be expected? The analyses will measure the reduction in fatality risk, in
actual head-an collisions, for a car with good NCAP scores relative to a car with
poor NCAP scores. There are several methods to define "poor" and "acceptable"
NCAP perfommance - e.g., based an a single NCAP parameter (chest g’'s, HIC or
femur load), or based an a camposite of these parameters. How big is the
fatality reduction, for the "acceptable" vs. the "poor" cars, by each method?
Other analyses will measure the overall reduction in fatality risk, for belted
drivers in head-an collisions, since model year 1979, when NCAP testing began,
until 1991, the latest model year for whicn substantial accident data were
available as of mid 1993.

Two studies utilized the special advantages of head-on collisions for
isolating crashworthiness differences between cars. Zador, Janes and Ginsburg
analyzed the relative fatality risk of the two drivers in a fatal head-on
collision and, even with the quite limited data on belted drivers available in

the 1975-83 FARS, fourd sare significant correlations between NCAP scores and

fatality risk [30]. NHTSA’'s 1988 Evaluation of Occupant Protection in Frontal
Interior Impact also studied head-on collisions, but concentrated an the

unrestrained driver [19], pp. 111-140. After significant gains during the late
1960’s, little net improvement in frontal crashworthiness was found for the
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unrestrained driver during model years 1970-84. Since these two studies were
published, there has been a vast increase in FARS cases involving belted drivers,
permitting detailed analyses of the crashworthiness of passenger cars in head-on

collisions for belted drivers.

1.4 Sare preliminary caveats

While head-on collisions, as reported in the Fatal Accident Reporting
System, have many advantages for correlational analyses with NCAP results, it
must be pointed out that many of these head-on collisions do not came close to
resembling an NCAP test. FARS data can be used to distinguish head-on collisions
fram other crashes, but they currently do not identify many important details
about the collisions, such as the impact speeds, the exact aligmment of the
vehicles, the height and weight of the drivers, or the specific body region with
fatal lesians. All NCAP tests are 35 mph impacts straight ahead into a flat
barrier, with contact over the entire front of the car, which is regarded
equivalent to a perfectly aligned head-on collision of two identical cars, each
travelling 35 mph. The driver dummies simuilate 50th percentile males. NCAP test
results are limited to three body regions (head, chest, femur).

The FARS sanple, cn the other hand, includes the full range of closing
speeds that may occur an the highway, and the cars, although hitting front-to-
front, may be aligned at an angle, and with small or substantlal offset. The
drivers may be any height or weight, and may have adjusted the seat forward or
backward as they wish. Many fatal lesions are in the neck or abdamen: body
regians not specifically tested in NCAP. It is not possible, with FARS, to
single cut those head-on collisions that came really close to an NCAP test. As

a consequence, it is inappropriate to expect perfect correlation between NCAP
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test results and actual fatality risk in the FARS sample. Moreover, if there is
any significant correlation between the two, it suggests that the NCAP scores say
sarething about actual crashworthiness in a range of crashes that goes far beyond
the specific type tested in NCAP.

Nane of the analyses of this report are conducted at the make-model
level. There are not nearly enough head-on crashes with belted drivers to

campute a fatality risk index by make-model and to cawpare this index with NCAP
scores, by make-model. Thus, the analyses will indicate whether, gn the whole,
cars with poor NCAP scores have higher-than-average fatality risk in head-on
collisions, but they will not identify any gpecific make-model (with or without

poor NCAP scores) as being significantly less safe than the average car.

Since the accident data in this study are limited to head-on
collisians between two cars with belted drivers, the correlations fourd here do
not necessarily extend to other types of frontal impacts, such as collisions with
fixed dbjects or trucks, let alone side impacts, rear impacts, rollovers or

crashes involving drivers who do not wear safety belts.
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CHAPTER 2

AN ACCIDENT DATA FILE WITH NCAP INFORMATION

Most of the analyses of this report examine head-on collisiaons between
two passenger cars with belted drivers. Two groups of cars are selected, based
on their NCAP scores. The collisions between cars of the two groups are
examined, and the actual mmber of driver fatalities in each group is conpared
to the expected muber, given each car’s curb weight and each driver’s age and
sex. Thus, the type of data needed for the analysis, ideally, would be a file
of actual head-on collisions, with both drivers belted, resulting in a fatality
to at least ane of the drivers, indicating the age and sex of each driver, the
curb weight of each vehicle, and the HIC, chest g’'s and femur lcoad that were

recorded for the driver dummy when that vehicle was tested in NCAP.

NHTSA’s Fatal Accident Reporting System (FARS) contains a record of
every fatal crash in the United States since 1975. FARS data identify what
crashes were head-on collisions; indicate the age, sex and belt use of each
driver; and identify the vehicles by their Vehicle Identification Numbers (VIN).
However, FARS data, themselves, do not include an accurate measure of curb weight
or any information about NCAP results for the vehicles involved in the crash.
Accurate curb weights are indispensable, because the relative fatality risk for
two vehicles in a head-on collision is so sensitive to the relative weight (as
evidenced by the coefficient of 5.427 in the formulas of Section 1.3). This
chapter describes how the VIN and other vehicle codes are used to link FARS with
other data files - the R. L. Polk National Vehicle Population Profile and the
NHTSA file of NCAP test results - so that accurate curb weights and NCAP scores
can be appernded to the accident data.
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2.1 Initial FARS data reduction

At the time of this study, FARS data were available through mid 1992
[10], [11], [12]. The type of crash of specific interest for this analysis is
a head-on collision between two pagsenger cars resulting in a fatality to at
least one of the drivers. Although light trucks have been tested in NCAP since
model year 1983, collisions between a car and a light truck, or between two light
trucks were not included in the study, because of problems in cbtaining accurate
weight information on trucks, and also because the samples of crashes involving

belted truck drivers were insufficient.

The model years included in the study should, at least, range fram
1979, the first year of NCAP testing, through 1991, the last year before air bags
became the predaminant type of occupant protection. In the initial data
reduction, cars of model years 1976-78 were also included, because the designs
fram those model years sametimes carried over into the NCAP era. Cars of model
year 1975 and earlier were excluded because they usually had different belt
systems fram later models (ignition interlock or separate lap and shoulder
belts) .

Fram 1975 through mid 1992, FARS contains 1,006 records of head-an
collisions involving two passenger cars of model years 1976-91, fatal to at least
one driver, in which both drivers wore safety belts (2,012 cars). A 2-vehicle
file is designed, with one record for each collision, containing information an
vehicle no. 1 ard its driver and on vehicle no. 2 and its driver. A "head-on"
collision has to be a crash involving exactly two vehicles (VE_FORMS = 2); both
vehicles have to be passenger cars (BODY_TYP 1-9); both have to have frontal
damage (IMPACTZ = 11, 12 or 1); the "most harmful event" for each vehicle has to

16



be a collision with another motor vehicle, in transport or in "other rcadway"
(codes 12-13; prior to 1979, this variable was not defined on FARS, so it is not
used as a filter); for both drivers, FARS nust record their age (ard it must be
in the range of 14-98) and sex. A driver is "belted" if either a marual or an
autamatic belt was used, according to FARS (MAN REST = 1, 2 or 8 or AUT REST =
1 in 1975-90; REST USE = 1, 2 or 8 in 1991-92). Cars with air bags are included

in the study only if drivers wore their belts.

There are questians about the accuracy and cawpleteness of FARS belt-
use data, which are mostly based on information in police reports. Officers are
usually not present at the scene at the mament of the crash and must rely on
statements by survivors and witnesses, physical evidence and judgment. Belt use
is coded "unknown" for 18 percent of the drivers and is not necessarily accurate
in the remaining cases. The greatest concern is in States with buckle-up laws,
where belt use may be overreported by survivors to escape penalties. Based on
1983-92 trends in reported belt use among FATS fatalities vs. actual belt use
cbserved an the road, NHISA believes that the belt use of the fatally injured
occupants, at least, is quite accurately reported in FARS. In many cases, these
fatally injured occupants may not have been moved between the time of the crash
ard arrival of police, allowing easy identification of belt use. While the belt
use of survivors may not be as accurately reported as for fatalities, at least
there is no reasan to suspect that reported belt use is in any way confounded
with a vehicle’'s NCAP performance.

Before FARS data can be linked to the Polk or NCAP files by make-
model, it is cbviously necessary to have accurate make-model information on FARS.
The make-model codes an the basic FARS file, which are mamially entered and not
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decoded fram the VIN, are not suitable for the analysis. Many cars are miscoded,
especially where model names are easily confused (e.g., Cutlass, Cutlass Ciera,
Cutlass Calais, Cutlass Supreme). Also, the model is often coded "unknown" when
there is a valid, decodable VIN. The basic FARS file contains a 3-digit VINA MDD
code, which is cbtained fram the VIN, accurate, and suitable for linking FARS to
Polk data, which contain a similar code with the name SERS AER. The VINA MD
code, however, is not well-suited for linking FARS with other data files, such
as NCAP results, which do not have a correspanding code.

A program was written to decode VINs and define make-models, using
approximately the same 4 digit num_ezic scheme as in the basic FARS, superseding
the values in the original FARS data. Cases in which ane or both of the vehicle
records has a blank or nanvalid VIN are deleted. To prevent excessive deletions,
however, ane set of "minor" errors in the VIN is permitted: if a field which must
have a mumeric code has alphabetic O the program "corrects" it to mmeric 0;
likewise Ito 1, Zto 2, Sto 5, Gto 6 and B to 8 - ard vice versa if look-alike
numeric codes appear in an alphabetic field. The model year decoded fram the VIN
supersedes the model year code an FARS. The exclusion of cases with unknown or

novalid VINs reduces the file to 934 collisions (1,868 cars).

The meke-model code, by itself, is not sufficient for linking FARS to
the file of NCAP test results. The same make-model code naybe used for two
quite different cars (e.g., 1979 and 1991 Honda Civic), sametimes even in the
same year (e.g., 1988 Buick LeSabre H-body sedan or a B-body station wagon).
Conversely, the same or quite similar @rs can have different model codes (e.g.,
Dodge Colt and Plymouth Colt). As will be seen, nearly identical make-models in
the accident data will saretimes be linked to the same NCAP test. Based on the
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VIN, passenger cars of the 1976-91 era were classified into about 300 car groups
with shared body platfomms - e.g., all & N-body cars. A 4-digit code for the
car graup supplements the make-model code. When a car gets a major redesign, a
new car group is defined - e.g. Toyota Celica in 1976, 1978 and 1987. "Shared
body platform" generally means the same wheelbase, track width and drive system
(front-wheel or rear-wheel). Not all cars in a car group are nearly identical
*corporate cousins." Sametimes, they ray vary by several hundred pounds in
weight or have easily visible differences in structure or interior layout (e.g.,
1983 Cadillac Seville ard Eldorado). These differences will be discussed further

-in Section 2.4.

2.2 Curb weight data fram Polk files

The single most important safety factor in a head-on collision is the
relative weight of the two cars. As stated above, a 1 percent weight advantage
for ane of the cars translates into more than a 5 percent reduction of expected
fatality risk for that car. By the same token, a 1 percent error in the weights
of a group of cars can throw off their expected fatality risk by 5 percent.
Vehicle weights should be as accurate as possible and biases must be avoided.

The weight variable in the FARS data, VIN _WGT, is not usable for
several reasons. It lists the "shipping weight" (unoccupied car without fuel or
other fluids) of same cars in same years and, arbitrarily, the "curb weight"
(unoccupied car with fuel and other fluids) at other times, especially after
1981: about a 100 pound discrepancy [19], p. 118. It is defined at the make-
model level (which, itself, is inaccurately reported in the basic FARS) and does
not take into account the extra weight of optional engines, station wagon bodies,

etc. CQurb weights fram Autamotive News Almanacs [2] should also be avoided in
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this study (although, at least, they do not have severe year-to-year biases).
In general, the Almanac lists only ane or two curb weights for a specific make-
model in a given year and does not indicate exactly which engine and level of
decar (e.g., L, GL, or LX) this weight applies to.

The most accurate listings of curb weights are the official Autamwbile
Specifications supplied by the mamufacturers through the American Autamobile
Mamifacturers Association (then called the Motor Vehicle Mamufacturers
Association, or MMMA). The bocks list the baseline curb weight of every make-
model and level of decor plus the incremental weight of each optional engine and
other equipment. The vast amount of data in these hard-copy files has been
encoded in the tapes of R. L. Polk’s Natianal Vehicle Population Profile [21],
which lists a curb weight for each canbination of meke, model year, series (model
and decor level, expressed in the 3-digit SERS_AER code), body style, engine code
ard, possibly, fuel code. These Polk weights are highly accurate for a car which
contains no equipment beyand that which is standard in a particular make-model
ard subseries. (The Polk file, however, does not include curb weights for light
trucks. Although curb-weight information mey be available fram other sources,
its utility is uncertain, because a truck’s weight may be substantially augmented
by cargo.) A program was written to define variables an FARS that mimic those
on the Polk files and merge the two files. Make and model year are already on
FARS. So is the 3 digit series code (called VINA_ MDD an FARS ard, if missing,
cbtained marually by analyzing the VIN). The body style, engine and fuel codes
are derived fram the VIN. After the initial camputer merge, ard after a marmal
search through the MVMA specification books in those cases where the Polk file
had missing weights, it was possible to identify a curb weight for both vehicles
in 926 head-on collisions (1852 vehicles).
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2.3 Adjusting Polk weights based on actual weight measurements
Although the Polk weights are detailed and based on authoritative
sources, they are still not the weights of actual cars on the road. Before the
Polk weights.aze accepted at face value, it is wise to cawpare them to measured
weights of same actual cars. Moreover, it is likely that the actual cars would
be heavier, because most cars contain at least same opticnal equipment such as
air conditioning, radios, etc. Those items are not included in the Polk weight
unless they are standard equipment on a particular make-model and subseries.

NHTSA’s data bank of campliance tests for new cars is a reliable
source of actual curb weights. Since 1968, NHISA has performed hundreds of
capliance tests each year, under cantract at test laboratories, checking
selected new vehicles or safety equipment to see if they meet certain Federal
Motor Vehicle Safety Standards (FMVSS) or other regulations. A subset of the
campliance tests involve FMVSS where the measurement of curb weight is an
integral part of the test. For example, it is essential to know the curb weight
when testing Roof Crush Resistance (FMVSS 216), because 150 percent of the curb
weight (or 5000 pournds, whichever is less) has to be applied to the roof
structure. The FMVSS and other NHTSA regulations whose campliance tests always
include a measurement of curb weight [3] are FMVSS 105 (hydraulic brake systems),
110 (tire selection ard rims), 204 (steering control rearward displacement), 208
(occupant crash protection), 212 (windshield mounting), 214 (side door strength),
FMVSS 215/Part 581 (bumpers), 216 (roof crush resistance), 219 (windshield zone
intrusion), 301 (fuel system integrity) and Part 575 (cansumer information
regulations). In addition, the curb weight is sametimes measured and included
in test reports for FMVSS 124 (accelerator control systems) and 207 (seating
systems), even though it is not an essential part of the campliance test. Twenty
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cantractors have worked on campliance tests which include weighing the cars.

NHTSA does not test every make-model for every FMVSS every year, but
operates according to a sampling plan. In general, new FMVSS and new or
redesigned make-models are tested intensively, while existing FMVSS and carryover
make-models are spot-checked on a cyclical basis. On the average, 100 curb
weights are measured each year, but not for 100 different make models; 2-4 cars
of the same make-model may be tested one year, especially if this is a new or
redesigned model. Moreover, a single car may be tested for several different
FMVSS by one or more test laboratories. For exanple, a nondestructive test
(FMVSS 105) may be followed by a crash test which produces data on several FMVSS
(204, 212, 219 and 301). The car may be weighed several times or it may be

weighed just once and the same weight entered in more than one test report.

An important feature of the carpliance tests is that they are
performed on "real" cars. Contractors go to nearby retail dealerships and buy
cars off the lot, in all likelihood equipped with the types of options consumers
usually want for that meke-model (autamatic transmission, air conditioning,
radios, fancy decor, popular engines, etc.). Sametimes the cantractor gets a car
more "loaded" than usual and sametimes more "stripped," but it averages out to

the typical car of that type.

In all, as of July 1990, NHTSA campliance test reports furnish 2006
curb weight data points for passenger cars of model years 1968-89. The curb
weight data were mamually retrieved fram campliance test neports and encoded
along with the VINs of the cars, the mmber of the FWSS being tested, the name
of the contractor, etc. The VIN decode program that was developed for FARS data
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(see above) was also used on the campliance test file to define the make-model
and the car group. VINs were further decoded to meke the campliance test file
émpatible for merging with Polk’s National Vehicle Population Profile - by
defining the 3-digit series code (VINA M), body style, engine code ard,
possibly, fuel code. The merged file contains 1966 records of passenger cars
with an "actual" curb weight measured by the contractor and a "normative" or
"prescriptive” curb weight fram the Polk file (40 cases in the cawpliance test
file were lost due to errors in the VIN or because they were rare cars for which
Polk has no corresponding record). The 1966 records cawprise 1840 distinct
weight measurements (126 cases are entries of a previous weight measurement into
a 2nd or 3rd campliance test report), 1563 distinct vehicles (277 cases are 2nd
or 3rd weighings of the same vehicle) and 1192 distinct cawbinations of the merge
variables (make-model, MY, series code, body style, engine - as stated above,

NHTSA often tests more than one car of a particular type).

The camparison of actual vs. Polk weights would be simple if only the
ractual” weights themselves were carpletely accurate or, at worst, imprecise only
to the extent of tolerances allowed in scales. In fact, a few of the weights are
inaccurate, as evidenced, for exanmple, by discrepancies as high as 350 pounds in
two weighings of the same car by different contractors and 100 pournds in two
weighings of the same car by the same contractor on different FMVSS. A case-by-
case review was caonducted to eliminate records in which the measured weight was
suspected of inaccuracy. The review toock into account the FMVSS being tested;
the contractor; the size of the discrepancy between the measured and the Polk
weight; and, when a car was weighed more than ance, the discrepancy between the
various "actual" weights. The 126 records which were merely entries of a

previous weight measurement into a 2nd or 3rd canpliance test report were also

23



deleted, since they provide no new information.

Sare FMVSS were associated with fairly evident biases in the curb
weight measurements. For example, with FMVSS 124 and 207, where measurement of
curb weight is not really needed for performing the test, the weights were biased
upward and had to be discarded in most cases. In general, cases where the
measured weight was more than 10 percent above or 5 percent below the Polk weight
were discarded unless they demonstrated a problem with the Polk weight (in which
case the Polk weight was corrected, based on backup sources). For FMVSS-
contractor carbinations where the weight seemed to be biased in a particular
direction, discrepancies of more than 8 percent above or 3 percent below Polk
weight were not tolerated. If the same car was weighed twice and there was more
than 3 percent discrepancy between the weights, the less plausible measurement
was discarded. In all, 114 records were eliminated in the case-by-case review,

leaving a file of 1726 distinct weight measurements.

The 1726 weight measurements were aggregated into 61 make-model
groups. Most of the 61 groups had 10 or more weight measurements. The sinple
arithmetic percentage average of the excess of "actual" weight over Polk weight
was calculated for each group ard shown in Table 2-1. On the average, actual
curb weights are 2 to 3 percent higher than those an the Polk files - i;e., 70
to 105 pouds for a 3500 pound car, which seems about nght for optional
equipment included in the typical car. The average excess ranged fram 0.4 in
Mazdas to 5.3 percent in GM X-body cars. In general, damestic cars of the
1970's, which were usually sold with autamtic transmission and air conditioning
as optional equipment, had the highest excess of actual weight over Polk weight.
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TABLE 2-1

EXCESS OF ACTUAL CURB WEIGHTS OVER POLK WEIGHIS BY MAKE-MIDEL GROUP

(actual weights fram NHISA campliance test reports)

Make-Model Group

AMC older models
AMC newer models

Chrysler Dart/Valiant

Chrysler Belvedere/Coronet
Chrysler old fullsized
Chrysler Cordaba/Charger
Chrysler Aspen/Volare/later RWD
Chrysler Omi/Horizon

Chrysler K car derivs.

Ford LID till 78

Ford old luxury cars
Ford Maverick

Ford Pinto

Ford Torino

Ford Mustang II

Ford Granada

Ford Fairmont

Ford Mustang 79-

Ford new fullsized 79-
Ford Escort

Ford new midsized RWD
Ford new midsized FWD

&M Corvette till 82

& Nova RWD

&M Camaro till 81

M low-priced fullsized till 76
M med-priced fullsized till 76
&M lwary till 76

@M Vega

&M midsized 116" wb 73-77

QM midsized 112" wb 73-77

&M Monte Carlo 73-77

&M Monza 75-80

N of Test

23
47

22
15
47
21
46
17
46

23
24

17
26

23
16
17
19
17
16

32
18

39
14
11
22
10
22

25

Avg. Excess of Actual
over Polk Weight (%)

1.95
2.70
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TABLE 2-1 (continued)
EXCESS OF ACTUAL CURB WEIGHTS OVER POLK WEIGHTS BY MAKE-MODEL GROUP

(actual weights fram NHTSA canpliance test reports)

N of Test Avg. Bxcess of Actual
Make-Model Group Reports over Polk Weight (%)
&M Chevette 29 3.22
GM downsized big cars RWD 77- 29 3.35
M downsized lwairy RWD 77- 10 2.23
@M downsized intermeds RWD 78- 22 2.66
& M Carlo/Supreme G 78-89 20 2.90
&M X cars 21 5.33
M J cars 9 4.36
GM Camaro/Corvette 82- 10 2.38
M midsized FWD 82- 30 3.25
&M big/lwary FWD 79- 26 0.85
VW rear engine 17 0.93
W front engine 72 1.17
Buropean sports cars 31 2.22
European luxury cars 71 1.61
BEuropean ecaniny cars 85 2.54
Nissan midsized RWD till 81 -

& sports cars RWD till 79 18 4.09
Nissan econamy RWD 8 1.72
Nissan sports cars RWD 79- 19 1.80
Nissan FWD 45 1.54
Hondas of the 70’s 13 1.88
Hondas of the 80’s 42 1.60
Mazda 41 0.37
Subaru 33 0.83
Toyota Corolla RWD 17 3.24
Toyota Celica/RWD 36 1.40
Toyota FWD 32 2.31
Mitsubishi 76 1.58
All other cars 58 1.27
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Finally, each of the 1,852 Polk weights on the head-an collision file
were adjusted upwards by the percentage shown in Table 2-1, depending an the
make-model group to which the car belonged. The type of occupant protection
system at the driver’s position was decoded fram each car’s VIN, based on
programs develcoped in NHTSA's evaluation of occupant protection [6]; 84 percent
of the cars on the file had mamal belts anly, 3 percent had an air bag plus
marual belts and 16 percent had same type of autamatic belt.

2.4 A file of NCAP test results

An average of 30 passenger vehicles are tested each year. They are
crashed into a rigid barrier at a target speed of 35 nph, which is 5 nph faster
than the speed for carpliance with Standards 204, 208, 212, 219 and 301. There
are correctly restrained, instrumented 50th percentile male "Part 572" dummies

at the driver and right front passenger seat locations.

NHTSA naintains a data file containing information about each NCAP
test conducted since the program began with model year 1979. The information on
the data file matches the listing of test results in several NHTSA publications
(13}, [14], [15], [25], [26]. The variables on the file include the make and
model (written in plain English, not in a mumerical code), the model year, the
vehicle’s body style and type of occupant protection (depicted by 2-digit codes)
and the NCAP scores for the driver dummy: the Head Injury Criterion (HIC), chest
g’'s (3 millisecond peak) and left and right femur loads (peak axdal loads at
knee). Same of the NCAP scores are missing in a few cases when there were
operational problems with parts of the test instrumentation. The file includes
305 NCAP tests of passenger cars of model years 1979-91.
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The original NCAP test file was modified to facilitate linkage with
the accident data. The plain-English make and model descriptions were replaced
by the pair of 4-digit mmeric codes indicating the make-model and car-group, as
defined in Section 2.1. The codes for body style and type of occupant protection
were converted to the mmeric codes defined an the accident file.

Although NCAP scores most accurately characterize the performance of
the specific car that was tested, they may also apply, with same accuracy, to
cars of the next several model years. The custamary procedure in NCAP is to test
a make-model with high sales-volume in the first model year of its exdstence, or
as soon as possible thereafter. A given make-model is not retested until it is
significantly redesigned. For exanple, models are retested after a change in the
body platform or vehicle structure, a shift in the type of occupant protectian
(e.g., fram marmal belts anly to air bags plus belts), or when marmufacturers
inform NHTSA that they have modified safety-related interior camponents in a way
that might significantly change test results. Thus, an NCAP test result may be
cansidered valid for subsequent model years up to the next significant redesign
[26].

NHTSA staff reviewed the 1979-91 NCAP tests and determmined the "end
year" for each test: the last year before the car was discontimued or redesigned.
NCAP test results are considered valid fram the model year of the test vehicle
to the "end year." Results of 305 NCAP tests are listed in [22], ordered by car-
group, make-model and model year, indicating the test mumber, type of occupant
protection, body style, HIC, chest g's and femur lcad; and the "end year."

28



2.5 Matching NCAP tests with FARS cages

The ideal matching of NCAP tests with the accident data would be a
éﬁrple merge by meke-model, model-year, type of occupant protection arnd body
style. In other words, given a specific car involved in an actual head-on
collision, if a basically identical car was tested in NCAP, the driver’s HIC,
chest g’s and femur load are transcribed to the accident file. The problem is
that thousands of different cars (make-model-model year-body style carbinations)
were sold during 1979-91, but only 305 cars were tested in NCAP. Many of the
cars on FARS do not match up exactly with an NCAP case; there are only 12 head-on
collisions in which both drivers were belted and both vehicles match up exactly

with an NCAP case.

However, as noted above, NCAP test results are considered valid for
several subsequent model years, until a car is redesigned [26]. Moreover, when
two or more make-models, produced by the same manufacturer, not canly share a body
platform, but also have nearly jdentical interior and exterior caponents (e.g.,
Dodge Gmi and Plymouth Horizon), a test for cne of these models is considered
valid for its "corporate cousins" [25]. These two extensians in the reach of
NCAP results make it possible to match an NCAP test to a 1ot more accident cases.
Perhaps there are yet other situations where NCAP test results could be accepted
for samewhat dissimilar crash-involved cars, further extending the size of the
accident sample that can be matched with NCAP. For exanple, the results for a
2-door car might be acceptable for a 4-door car of the same make-model, and vice-

versa.

NHISA staff reviewed each of the cars in the head-on collision file

and identified the NCAP-tested car, if any, which most closely resembled it,
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based an four affinity factors. Each of the four affinity factors has several
quality levels ranging fram best (cawplete agreement of the NCAP car and the FARS
car) to worst. The affinity factors and their quality levels are the following:

form ~
4 (best) FARS and NCAP cars have the same make-model, body and chassis.

3 FARS and NCAP cars are "true corporate cousins" (identical body and
chassis, as evidenced by equal wheelbase, weight and exterior
dimensions). Example: Dodge Aries and Plymouth Reliant. Different
nameplates suggest, at most, slight differences of interior
carponents.

2 FARS and NCAP cars are built on the body platform, but are not true
corporate cousins. Above the chassis, the cars are not the same, as
evidenced by unequal weights, exterior dimensions, or appearance.
Bxample: FWD Buick LeSabre and FWD Buick Electra (or Olds 98).

1 (worst) FARS and NCAP cars are built on different chassis, as evidenced by
wheelbase, but one chassis is basically a "stretch" version

unequal
of the other, and the overall designs are similar. Example: RWD Olds
98 and Cadillac Fleetwood Brougham.

General model year rande

A (best) The model year of the FARS car is within the range of applicable
model years for the NCAP test - i.e., no earlier than the model year
of the NCAP test vehicle and no later than the "end year."

B The model year of the FARS car precedes the model year of the
"matching" NCAP test.

C (worst) 'IhemdelyearofthemRScarls;a_;gthanthe"aﬁyear" for the
matching NCAP test.
ifi
Best The FARS and NCAP cars are the identical model year.

The FARS and NCAP mxdel y=ars are not identical, but differ by N
years.

30



Body style

Best The FARS and NCAP cars have the same mmber of doors and exactly the
same body style (sedan/coupe, hatchback, station wagon, convertible).

The FARS and NCAP cars have the same muber of doors and almogt the
same body style (one is a hatchback and the other is a sedan/coupe).

The FARS and NCAP cars have the same mumber of doors, but different
body styles (station wagon vs. sedan, convertible vs. coupe).

Worst One is a 2-door and the other is a 4-door.

The "best" NCAP match was identified case-by-case, based on staff
discussions, rather than by an autamted procedure. When there is no perfect
match, but two or more choices among imperfect matches, the best choice depends
on the specific make-model involved. For exanple, if the FARS case is a 4-door
car, and the two NCAP tests for the same make-model are a 2-door car of the same
model year and a 4-door car of a different model year, the best choice depends
on whether, for this particular meke-model, the difference between the 2-door and
the 4-door version exceed the change in the 4-door version over time. In all
cases, though, the FARS and NCAP cars had to have the same type of occupant

protectian.

Reference [9] lists every car on the FARS file (model year 1976-91
cars involved in head-on collisions where both drivers were belted) and, next to
it, the NCAP test wvehicle, if any, which was judged to be the best match. It
exhibits, side by side, the make-model, model year and body style of the FARS and
NCAP cars, illustrating how well (or poorly) they match. The MATCHIVL data
field, a mmber followed by a letter, indicates the quality of the match
according to the first two criteria: body platform/make-model and general model
year rarge. For exanple, the first car an the FARS file, when it is ordered by
car group and make-model, is a 1980 AMC Spirit 2-door hatchback with mamal
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belts. The anly NCAP test vehicle that cames close is a 1981 AMC Spirit 2-door
hatchback with mamal belts. These two cars match exactly an the car group,
maeke-model, body style and type of occupant protectian. However, the FARS model
year (1980) is less than the NCAP model year (1981) and precedes the time span
fram the NCAP model year to the "end year" for that NCAP test (1981-83). Thus,
the MATCHLVL is rated 4B: 4 because the meke-model and car group match exactly,
B because the FARS model year precedes the NCAP year. It should be noted that
quite a few cars on FARS, such as the 1978 AMC Pacer, do not closely resenble any

cartestedinm,xanddonothaveanmnatch.

MATCHIVL 3A and 4A may be considered especially important in the
analyses. Here, the FARS and NCAP vehicles are of the same make-model or true
corporate cousins, and the FARS model year is within the "valid" range of the
NCAP test. As noted above, NHTSA has not asserted that NCAP test results can be
extended to cars which anly match an NCAP test at a lower level than that [25],
[26] . The head-on collisions in which both cars match an NCAP test at the 3A or
4A level and, possibly, also match on mmber or doors, then, would seem to be the
most matural data sets to lock for correlations between NCAP scores and fatality
risk. However, lower levels of matching, such as 2A or 4B, are not excluded fram
the data set at this time; in Chapter 3, these cases will be enpirically tested
for correlation between NCAP and fatality risk.

2.6 Creation of the analysis file

In all, there are 739 head-on collisions, involving 1,478 model year
1976-91 passenger cars, in which both drivers were belted and both cars match up
at any level with an NCAP case. Fram the previous FARS file of 926 head-on
collisions (1,852 vehicles), about 20 percent of the cases cannot be used in most
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of the analyses, because cne or both of the crash-involved vehicles do not match

up with any NCAP case. The following variables are defined for each vehicle and

driver an the file:

o] 0Oo0O0O0O0OOOOOCO

O0Oo00O0OCOCO0OO0OO0OO0OO0O

VIN

Model year

Car group (4 digit code derived from VIN)

Make-model (4 digit code derived fram VIN)

Fatality outcame: "1" if the driver died; "0" if the driver survived
Polk weight

Curb weight (Polk weight escalated by correction factor)

Driver age (has to be 14-98)

Driver sex (has to be known)

Body style (convertible, 2 dr coupe/sedan, 2 dr hatchback, 2 dr hardtop, 4
dr sedan, 4 dr hatchback, 4 dr hardtop, station wagon)

Type of occupant protection (marmal belts only, air bag plus mamual belt,
motorized belt, autamatic 3-point belt, nammotorized 2-point belt)
Test murber of the matching NCAP test car

Model year of the matching NCAP test car

Car group of the matching NCAP test car

Make-model of the matching NCAP test car

Body style of the matching NCAP test car

"End year" for the matching NCAP test car

Match level for the FARS-NCAP match

HIC for the driver in the matching NCAP test car

Chest g's for the driver in the matching NCAP test car

Left femur load for the driver in the matching NCAP test car

Right femur load for the driver in the matching NCAP test car

It should be noted that the HIC, chest g’s and femur load mubers

written on this file are those recorded on the driver dummy in the NCAP test

vehicle during a 35 mph barrier crash and pot those actually experienced by the

driver of the crash-involved wehicle an FARS, which are, of course, unknown.

On the analysis file, the two vehicles in the collision are referred

to as the "case" wvehicle ard the "other" vehicle, rather than vehicles "1" and

llz.ﬂ

Each record in the original FARS file is written twice onto the analysis

file: first with the original vehicle mmber 1 as the "case" vehicle and vehicle

rumber 2 as the "other" vehicle; then with the original vehicle mmber 2 as the
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"case" vehicle ard vehicle mmber 1 as the "other" vehicle. The cancept here is
that a head-aon collision is essentially a symmetrical event; while FARS may call
ane of the wvehicles "No. 1" and the other "No. 2" (arbitrarily, or based aon
pre-crash events that are no langer relevant to the analysis) it could just as
well have reversed the order. Both vehicles have participated as "case" vehicles
in a head-on collision. Thus the analysis file contains 1,852 records of head-on
collisions, camprising 1,852 different vehicles (each of which appears twice on
the file, once as the "case" vehicle and once as the "other" wvehicle). The
analyses will primarily deal with the subset of 1,478 collisiaon records in which
both the "case" and the "other" wvehicle match up with an NCAP test.
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CHAPTER 3

OORRELATION OF FATALITY RISK WITH INDIVIDUAL NCAP PARAMETERS

The initial investigation of the relationship between NCAP test
performance and fatality risk in actual head-on collisions is based on regression
analyses of fatality risk by HIC, chest g’'s, femur load, vehicle weight, driver
age ard sex. Specifically, since there are two cars in a head-an collision, the
fatality risk for the driver of the case vehicle is modeled as a functian of the
relative HIC scores for the two vehicles an the NCAP test, the relative chest

g’'s, etc. Does fatality risk increase significantly with higher NCAP scores?

3.1 Analysis abjective

In Chapter 2, a file of head-on collisions was created, including
1,478 records in which both vehicles could be "matched" to an NCAP test. These
1,478 cases are the raw material for the regression analyses, because they
contain all the necessary variables (weight, »3e, sex and NCAP scores for both
cars). The guality of the matches, however, var:.ed in the 1,478 cases.
Saretimes, the crash-involved car and the "matching" NCAP car had nothing more
in caomon than a similar body platform, while at other times they were
essentially identical vehicles.

The principal task of this chapter is to identify a gubset of the
1,478 cases which best indicates the relationship between NCAP parameters and
fatality risk. That involves a trade-off between sample size and the quality of
the matches. The full data set has the largest sample size, but the poor quality
of sare of the matches could cbscure the relationship: the NCAP scores assigned

to sare of the crash-involved vehicles may simply be inappropriate for those
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cars. On the other hand, demanding too close a match between the FARS and the
NCAP cars could reduce the sample size to the point where significant correlation
is unlikely. The approach of this chapter is to try out the regression analysis
on various subsets of the data file, defined by how closely the FARS and NCAP
cases match, and to find a subset which yields excellent correlations ard is also
intuitively reasonable. Based on NHISA statements an the applicability of NCAP
tests, the best results might be expected when the FARS and NCAP vehicles are of
the same make-model or true corporate cousins, the FARS model year is within the
*valid" range of the NCAP test, and, possibly, the FARS and NCAP wvehicles have
the same mmber of doors [25), [26]. However, regressions will also be performed

on a variety of other subsets of the data file.

3.2 sion is

The method for calibrating fatality risk as a function of relative
NCAP scores, weight, age and sex is logistic reqression on disaggregate data,
using mecdmum likelihood principles ([18]. Logistic regression uses a large
mmber of individual cbservatians of success (case driver survival) or failure
(driver fatality) given different actual carbinations of the independent
variables to predict the driver’s probability of fatality under any hypothetical
carbination of the independent variables. Specifically, the model generates an
equation which expresses the log-odds of a fatality as a linear function of the
independent variables. )

However, the scores for HIC, chest g’'s and femur load, as actually
measured on the NCAP tests, are not well-suited as independent variables in a
regression analysis. Their distributions are skewed in cne direction - e.g.,
there are a few tests with extremely high HIC (above 2000). The extreme values
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of HIC would have excessive weight in any regression analysis and that would
seriously distort the calibration of fatality risk as a function of HIC. For the
regression analyses to work, each actual injury criterion needs to be transformed
to variables with a normal distribution - or, at least, to a variable with a
symretric distribution that has a wide peak and narrow tails. Several procedures
exist for normalizing variables; ane of these was especially appropriate for the
present regression analyses. The actual NCAP results for the driver dummy were

transformed to logistic injury probability functions for each body region:
HEADINJ = 1 / [1 + exp(5.02 - .00351 HIC)]
CHESTINT = 1 / [1 + exp(5.55 - .06930 chest g’s)]
LFEMURINT = 1 / [1 + exp(7.59 - .00294 left femur load)]
RFEMIRINT = 1 / [1 + exp(7.59 - .00294 right femur load)]

These functions were developed by General Motors and others, based on empirical
testing with human surrogates and dummies [13], [27], [29]. They measure the
prabability of life-threatening or fatal head and chest injury (4-6 on the
Adbreviated Injury Scale [1]) and severe leg injury (AIS > 3), as a function of
HIC, chest g’'s and femur load. The logistic injury prababilities correspond to

actual NCAP scores as follows:

Logistic Injury Chest Femur
Probability HIC g’'s Load

.001 232
.01 121 1019
.02 321 24 1258
.05 591 38 1580
.10 804 48 1834
.20 1035 60 2110
.30 1189 68 2283
.40 1315 74 2444
.50 1430 80 2582
.60 1546 86 2720
.70 1672 - 92 2870
.80 1825 100 3053
.50 2056 112
.95 2269 :
.99 2739
.999 3398
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The original NCAP scores have been transformed into measures of relative injury
risk that can readily be used in regression analyses. The transformed variables
for the different body regions can be tested for correlation, added to one
another, and cambined into weighted or urweighted averages. The logistic injury
probabilities campress high values of the original scores into a narrow band and
eliminate the skew to the high side present in the original scores - e.g., all
HIC over 2056 are cawpressed into a range fram .90 to 1. The low values of the
original scores (e.g., HIC below 800, chest g’s below 48) are also campressed
into a narrow band. The mid-ranges of the original scores, which are critical
for differentiating between acceptable and poor safety performance, occupy a wide
middle band (.1 to .9) of the logistic injury prcbability distribution. The
logistic transformation acts like a lens that magnifies differences in the middle
of the range, but diminishes them at the low and high ends. The resulting
distributions, as desired, have short tails and wide peaks.

As explained in Section 2.6, each record on the analysis file contains
information on the two vehicles in a head-on collision, and their drivers: the
"case" vehicle and the "other" wvehicle. This infonmation is now supplemented
with logistic injury prababilities derived fram the NCAP tests. CHIC, OOG, CLFEM
and CRFEM are the logistic injury probability scores for HIC, chest g’s, left and
right femur load for the driver of the case vehicle. CHIC, OOG, OLFEM and ORFEM
are the correspanding scores for the driver of the gther vehicle.

In the initial regression model, each of the 1,478 head-an collision
records in which both vehicles match up with NCAP tests becames a data point.
The dependent variable is the actual outcame of the crash for the driver of the
case vehicle, egualing 1 for a fatality and 0 for a survivor. There are 6
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independent variables W, A, S, DELHIC, DEIKG and DELFEM, all of which are

calculated for the case vehicle relative to the other wvehicle, as follows:
w is the difference of the natural logs of the curb weight of the case

vehicle and the other vehicle (NHTSA’S Evaluation of Frontal Interior
Impact [19], pp. 138-140, showed exceptiocnally good fit when the
weight variable is exprased in this fomm).

A is the ginmple arithmetic difference of the ages of the two drivers,
the case driver’s age mimus the other driver’s age (with 14 or 15
year old drivers counted as 16 year olds). Evans [8] showed
exceptionally good fit when the age variable is expressed in this
form.

S is 0 if both drivers were males or both were females; -1 if the
driver of the case vehicle was male ard the other, female; and +1 if
the driver of the case vehicle was female and the other, male

DELHIC = COC - GIC

DELCG G - G

DELFEM (CLFEM + CRFEM) - (OLFEM + CORFEM) if all 4 of these are known,
2 CLFEM - (OLFEM + ORFEM) if CRFEM is unknown, the others known,
2 CRFEM - (OLFEM + ORFEM) if CLFEM is unknown, the others known,

etc.

W should have negative correlation with the dependent variable (the
heavier the case vehicle the lower the fatality risk for its driver). A and S
should have positive correlation with the dependent variable (older drivers and
female drivers are more vulnerable to fatal injury). DELHIC, DELCG and DELFEM
should also have positive correlation with the dependent variable: high HIC in
the case vehicle would be associated with high fatality risk in the case vehicle.
High HIC in the other vehicle would be associated with high fatality risk in the
other vehicle and, since most head-on crashes kill only ane of the drivers, low
fatality risk in the case vehicle.

3.3 The initial regression - including all NCAP matches
There are 1478 data points in the full data set of head-an collisions
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where both drivers were belted and both cars could be matched to an NCAP test at
any level of match quality. After excluding 86 data points where DEIHIC, DELCG
or DELFEM could not be defined because of missing data in the NCAP tests, there
are 1392 cases available for the initial regression. The regression coefficients

and their associated statistical significance levels are:

Initial Regression - All NCAP Matches

Reg. Chi Stat. Partial
Coeff. Square Sig.? Corr.
INTERCEPT .5555 51.45 RR
W (car weight) -5.5296 281.72 RR -.384
A (driver age) .0532 242.35 RR .356
S (driver sex) .3400 9.06 RR .061
DELHIC .0225 .01
DELCG 1.8400 6.62 R .049
DELFEM .3975 .77

In the preceding table, a Chi-square (x?) statistic is calculated for
each regression coefficient, to see if the variable makes a statistically
significant contribution to fatality risk. If x? is greater than 6.64 and the
coefficient has the "right" sign (as discussed above), the variable has a highly
significant association with fatality risk (two-sided alpha less than .01), even
after controlling for the other variables, as indicated by an "RR" in the
statistical significance colum. If x? is between 3.84 and 6.64 and the
coefficient has the "right" sign the variable has a significant association with
fatality risk (two-sided alpha between .05 and .01), as indicated by an "R." If
the regression coefficient is nonsignificant, the statistical significance colum
is left blank. The partial correlation coefficient measures the direction and
relative strength of the contribution of a variable to the prediction of fatality

risk (if x? is less than 2, this coefficient is set to zero).
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In this initial regression, knowledge of NCAP chest g's significantly
enhanced the ability to predict whether the driver of the case vehicle was killed
in a head-on collision (x? = 6.62, p < .05). If all other factors such a8 car
weight, driver age, etc. are equal, the driver of the car with the lower NCAP
chest g’s has a significantly better chance of survival than the other driver.
Of course, chest g’'s are far less important than relative car weight ard driver
age as predictors of fatality risk in head-on collisions, as demonstrated by the
much larger x? and partial correlation coefficients for W and A. But chest g’'s
have almost as much influence on relative fatality risk as the sex of the drivers
(S). Knowledge of HIC and femur load add little more to the ability to predict
fatality risk in this initial analysis, as evidenced by x* of 0.01 and 0.77,
although, at least, both coefficients have the right sign (positive).

A possible reason that the HIC and femur load variables do not
contribute much to the prediction of fatality risk is that both of them are
intercorrelated with chest g’s, and, as a rasult, same of the information
potentially conveyed by HIC and femur load is already contained in the chest g
variable. The logistic injury probability CHESTINT has correlatian coefficients
of .281 with HEADINJ, .162 with RFEMURINJ and .062 with LFEMIRINJ, all
statistically significant, suggesting at least a partial overlap in the scores.
Although, ordinarily, these are not damaging levels of collinearity for
independent variables, it will be seen in Chapter 5 that HIC ard femur load, when
analyzed separately fram chest g’s, have stronger relationships with fatality
risk than those revealed in the regression approach of this chapter.

This initial data set, however, cbscures the relationship between any
NCAP scores and actual fatality risk primarily because of the poor quality of
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many of the FARS-NCAP vehicle "matches." The HIC, femur load and chest g’s, in
sare cases, are derived fram NCAP tests of cars that are fairly distinct fram the
FARS vehicle and might be inaccurate for that vehicle. The regression needs to
be rerun with subsets of crashes in which both cars match up more closely with
NCAP tests. The regression coefficients can be expected to increase while the
sanple sizes decrease. If the right kind of subsets are selected, the gains in
the regression coefficients will overshadow the loss of sample size, and the x?

will increase.

3.4 R si on sets wi -

The closeness of the FARS-NCAP match was described in Section 2.5 by
a quality rating on each of four affinity factors. The affinity factors and
their quality levels were body platform/make-model (4 = same make-model, 3 = true
corporate cousin, 2 = same platform cnly, 1 = similar platform); general model
year range (A = FARS MY within NCAP MY-END MY range, B = FARS MY precedes NCAP
MY, C = FARS MY after END MY); specific model year (FARS and NCAP MY identical,
MY’'s off by 1, off by 2, ...); and body style (identical body style, similar body
style, identical N of doors anly, different. N of doors). The affinity factors
ard their quality levels are a basis for defining subsets of the head-on
collision file. A minimum acceptable match-quality level is specified for each
affinity factor, and the regression is nm for the subset of crashes in which
both cars meet or exceed the match-quality levels. For esample, NHTSA has never
claimed that NCAP tests are valid for cars that are less than true corporate
cousins or for cars outside the range of model years fram the NCAP test vehicle
year up to the "end year" [25], [26]. That is equivalent to demanding at least
levels 3 and A, and excluding levels 1, 2, B and C, although not setting any
minimm requirement on the specific model year. It would define a subset of
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crashes in which both cars match an NCAP test at either level 3A or 4A. Surely,
that has to be ane of the candidate subsets for the regression analysis. Another
important subset is the cone where both FARS cars match an NCAP test at level 3A
or 4A and on the mmber of doors.

Although the 3A/4A subset may seem, intuitively, the "right" data set,
it is worthwhile first to analyze same intermediate subsets, larger than the
3A/4A group, but smaller than the full data set. The first subset to be analyzed
cansists of crashes where both cars must match an NCAP test at level 3 or better
(identical make/model or true corporate cousin). No demands are made on the
general model year range, the specific model year or the body style. This subset
eliminates same of the least satisfactory FARS-NCAP matches: the crashes where
ane or both vehicles only matched NCAP at level 2 (same chassis, different body)
or level 1 (similar chassis). Since there were relatively few level 1 and 2
matches (see [9]), the sample size only decreased fram 1392 to 1110 cases. The

regression coefficients and their statistical significance levels are:

Level 3 and 4 Matches - Identical Make-Model or Corporate Cousin

Reg. Chi Stat. Partial
Coeff. Square Sig.? Corr.
INTERCEPT .6234 47.51 RR
W (car weight) -5.9405 218.11 RR -.378
A (driver age) .0590 205.49 RR .366
S (driver sex) .3065 5.60 R .045
DELHIC .2204 .55
DELCG 2.1339 7.06 RR .058
DELFEM .8514 2.04 .005

The results are a definite improvement on the initial reénession. The
coefficient for chest g’s increased from 1.84 to 2.13 and the x? increased fram

43



6.62 to 7.06, despite the reduction in sample size. The contribution of chest
g’s is now significant at the .01 level and its x? is greater than the x* for
gender. ‘The coefficient for HIC increased fram .02 to .22 and for femur load
fram .40 to .85; their x? increased substantially, although not to the level of

statistical significance.

Table 3-1 summarizes the main findings of the two preceding
regressians, plus the others that will be discussed in this chapter. It shows
the sample size for each subset, the regression coefficients for head, chest and
femur injury, and the x? for those variables.

The next subset to be analyzed takes cne more step upwards an the
first affinity factor. It consists of crashes where both cars must match an NCAP
test at level 4 - i.e. have the same make-model as the NCAP test. As before, no
demands are made an the general model year range, the specific model year or the
body style. The third line of Table 3-1 clows that eliminating "corporate
cousins" does not improve the results. The sample size drops severely, fram 1110
to 612. Although the regressian coefficient for chest g’s increased fram 2.13
to 2.37, its x*? fell fram 7.06 to 4.93, because of the reduced sample size,
dropping it out of the .01 significance level. The coefficient and x*? for femur
load increased, but the coefficient for HIC dropped out of the positive range to

a value close to zero.

The initial data set contained a moderate mumber of level B and C
matches, where the FARS model year preceded the NCAP model year or came after the
*end year® specified for the NCAP test. These are rather questicnable matches
ard good candidates for deletion. The 4th line of Table 3-1 shows results for
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TABLE 3-1

EFFECT OF NCAP-FARS MATCH QUALITY ON LOGISTIC RHGRESSIONS FOR NCAP VARTABLES

14

Betas (Regression Coefficients) Chi-Squares
Both Cars Match with NCAP N of Head Chest Feruur Head Chest Femuxr
Tests at the Following Level: Cars Injury Injury Injury Injury Injury Injury
At any level 1392 .02 1.84 .40 .01 6.62% .17
Level 3 or 4: identical make/model

or "corporate ocousin® 1110 .22 2.13 .85 .55 7.06** 2.04
level 4: identical make/model 612 - .01 2.37 1.42 .00 4 .93» 2.83
level A: NCAP MY < FARS MY < ENDYR 872 - .07 2.26 1.53 .06 6.35* 5.98+*
3A or 4A: same make/mode]l or corporate

cousin, NCAP MY < FARS MY < ENDYR 740 .21 2.70 1.41 .41 7.70%* 3.94*
4A: same make/model, .

NCAP MY < FARS MY < ENDYR 402 .14 2.43 3.67 .09 3.28 6.62*
3A or 4A, and (FARS MY - NCAP WY) < 2 416 - .04 2.70 2.30 .01 3.79 2.31
3Aor 4A, and (FARSMY - NOAP MY) < 1 252 .60 3.98 3.44 1.40 3.41 2.21
3A or 4A, and FARS MY = NCAP MY 78 .93 2.92 2.59 .33 .39 .13
3A or 4A, and N of doorg match 588 .42 2.52 .73 1.20 5.62* .98
4A, and N of doors match | , 306 .23 1.89 2.90 .18 1.74 3.50
3A or 4A, and body style matches exactly 452 .07 2.72 .67 .03 4.94% .44

*statistically significant, alpha < .05

**gtatistically significant, alpha < .01



the subset of level A matches, where both cars in the crash must have their model
year in the range fram the NCAP model year to the "end" year; no demards are made
an the other affinity factors (e.g., level 1 and 2 matches are included here).
The sample size is reduced to 872. Campared to the initial regression, the
results for chest g’s and, especially, femur load are improved. Both of these
coefficients are statistically significant at the .05 level. But the coefficient

for HIC drops out of the positive range.

Since limiting the data to levels 3 and 4 helped, and restricting to
level A also helped, good results can be expected if both limitations are applied
at the same time - i.e., both cars in the crash have to have be the same make
model or a true corporate cousin of their NCAP match, and the FARS model years
have to be in the "valid" range for the NCAP tests. The specific model year or
the body styles are not required to match. The sample size is 740 wvehicles,
which is slightly more than half the initial data set (actually, 792 vehicles,
but 52 had to be excluded fram this regression because DELHIC, DELCG or DELFEM
were missing). The regression coefficients (summarized in the 5th, bold line of
Table 3-1) are the following:

Ievel 3A ard 4A Matches

Reg. Chi Stat. Partial
Coeff. Square Sig.? Corr.
INTERCEPT .6883 39.19 RR
W (car weight) -5.7355 142.47 RR -.374
A (driver age) .0579 134.54 RR .364
S (driver sex) .3665 5.33 R .058
DEIHIC .2116 ) .41
DELOG 2.7004 7.70 RR .075
R .044

DELFEM 1.4109 3.94
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They are the most satisfactory results of any of the regressions, and this subset
will be used for most of the amalyses in the remainder of this report. The
coefficient for chest g’s is 2.7, ard its x? is 7.70, which is significant at the
.01 level and is the highest x? found in any of the regressions summarized in
Table 3-1. Femur load has a coefficient of 1.41, consistent with the two
preceding regressions in Table 3-1 and significant at the .05 level. Head injury

has a positive coefficient, although not statistically significant.

A camparisan of the x? here vs. the initial regression on the full
data set shows a higher x? for each of the NCAP variables in the 3A/4A regression
than in the full data set, despite a reduction in the sanple size fram 1392 to
740. That suggests there is little or no "correlation" between NCAP and FARS
when the FARS vehicles match NCAP at affinity levels less than 3A. The overall
correlations found in the larger subsets merely reflects the 3A/4A cases within
those subsets. Indeed, when the same regression is performed on the 652 cases
(i.e., 1392 - 740) where one or both cars do pot match an NCAP test at level 3A
or 4A, the coefficients for the NCAP variables are all nonsignificant: -0.22 for
head injury (x? = 0.22), 1.23 for chest injury (x* = 1.22) and -0.36 for femur

injury (x? = 0.66).

A further subsetting of the data, from level 3A/4A to exclusively
level 4A matches does not improve the results. The sanple size is reduced to 402
cases. When sanple sizes drop much below 500, the set of head-on collisions
becames too small to include a representative mix of cars, and anamalous results
can be expected when the regression model seizes on certain properties of the
vehicles in the sample and "attributes" the results to HIC, chest g’s or femur

load. The regression coefficients (summarized in the 6th line of Table 3-1) are
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the following:

Level 4A Matches

Reg. Chi Stat. Partial
Coeff. Square Sig.? Corr.
INTERCEPT .5846 15.38 RR
W (car weight) -5.7218 77.50 RR -.371
A (driver age) .0630 72.27 RR .358
S (driver sex) . -4360 4.06 R .061
DELHTIC .1433 .09
DELCG 2.4291 3.28 .048
DELFEM 3.6708 6.62 R .092

The regression coefficient for chest g’s drops to 2.43, which is not
statistically significant at that sample size. The coefficient for femur load
climbs to an unexpectedly high 3.67, and is significant at the .05 level. The
femur load coefficient is higher than in any of the other regressions in Table
3-1 and seems out of line with the general trend in that table.

So far, the analyses have shown that level 3A and 4A matches between
FARS and NCAP are satisfactory, while level 1, 2, B and C matches should not be
used. Nane of the subsets damanded the FARS and NCAP vehicles to match on
specific model year or body style. In the remaining regressions, FARS and NCAP
will always have to match up at the 3A or 4A level, and the effect of further
restricting the data to close matches an model year or body style will be
considered.

Given that the FARS model year is within the valid range of model
years for the NCAP test (level A), there is no advantage to further limits on the
model year. If it is demanded that the FARS and NCAP model years can differ by
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no more than 2 (7th line of Table 3-1), the sanple size is reduced fram 740 to
416, and all x? drop cut of the significant range. The coefficient for HIC drops
out of the positive range. Further limiting the FARS and NCAP model years to be
within one, or to be identical,. cuts sample sizes to unsatisfactory levels ard

does not produce statistically significant coefficients.

When NHTSA staff matched the FARS and the NCAP cases, they placed high
priority on matching the vehicles by body style. They generally preferred to
match a corporate cousin or an NCAP test several years old, but with the same
body style, than an NCAP test of the same make-model and model year, but with a
different body style. The great majority of the 740 level 3A and 4A matches also
had identical body styles or at least the same mumber of doors. The results were
slightly modified, but not necessarily improved by limiting the analyses to
subsets of crashes in which both vehicles matched NCAP test vehicles on N of
doors and/or exact body style.

There were 588 crashes in which both cars had the same muber of doors

as their NCAP test matches. The regression coefficients (summarized in the 10th

line of Table 3-1) are the following:

FARS/NCAP Match at Level 3A ard 4A and Same N of Doors

Reg. Chi Stat. Partial
Coeff. Square Sig.? Corr.
INTERCEPT .6600 29.17 RR
W (car weight) -5.6001 109.31 RR -.367
A (driver age) .0545 103.41 RR .356
S (driver sex) .4066 5.04 R .062
DELHIC .4218 1.20
DELCG 2.5179 5.62 R .067
DELFEM .7316 .98
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The regressian coefficients show same changes fram the 3A/4A analysis. The head-
injury coefficient increased fram .21 to .42, which is the highest level it
reached in any of the analysis of Table 3-1 that are based on more than 500
cases; nevertheless, it did not reach statistical significance (x® = 1.20). The
chest-injury coefficient stayed about the same (2.52 vs. 2.70), although its
statistical significance dropped fram the .01 level to the .05 level, in part due
to the reduction in sample size. The coefficient for femur load, which was
significant in the 3A/4A analysis, dropped out of the significant range here,

having a x? slightly lower than the head-injury coefficient.

The preceding analysis suggests a possibility that the higher
correlation coefficient for head injury is a result of requiring FARS and NCAP
tomatch on N of doors. If so, an even stronger requirement - viz. that FARS and
NCAP cases have the exactly the same body style (4-door sedan, station wagon,
etc.) - could be expected to maintain or even further increase the head-injury
coefficient. There are 452 crashes where botii vehicles matched an NCAP test at
levels 3A or 4A and exact body style: only a smll reduction fram the 588 cases
in the preceding analysis. However, the last line of data in Table 3-1 shows
that, for this subset, the head-injury coefficient dropped back close to zero.
Given the sample sizes on which the various regressions are based, the subtle
variations in the regression coefficients are quite prabably due to chance.

3.5 Sumary
The main purpose of this chapter was to identify a large set of head-

on collisions in which both cars match up close enough with NCAP test vehicles
that the scores for the NCAP vehicles accurately depict the 35 mph barrier
performance of the actual crash-involved wvehicles. The empirical evidence is
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that a "level 3A or 4A" match between the FARS and NCAP vehicles is close enocugh
- i.e., the FARS and NCAP vehicles are of the same make-model or true corporate
cousins, and the FARS model year is within the "valid" range of the NCAP test.
Anything less than a level 3A/4Amatch is insufficient. An altemative, samewhat
smaller data set that produces good, but slightly different correlations consists
of FARS cases in which both cars match an NCAP test at level 3A or 4A and have
the same mumber of doors as the NCAP test vehicle. The empirical findings are
consistent with NHTSA's earlier claims that an NCAP test result can be extended
to a car’'s corporate cousins, and for subsequent model years until the car is
redesigned ([25], [26].

While the methods of this chapter are not a preferred way to test for
correlation between NCAP performance ard actual fatality risk, they still showed
that significant correlations exist. In the analyses summarized in Table 3-1,
NCAP chest g’'s had a statistically significant regression coefficient in gvery
regression with a sarple size greater than 500, while the coefficient for femur
load reached significance in three analyses. (The methods in subseguent chapters
will confirm these correlations, and also show significant correlation with HIC
urnder certain conditions). At the same time, the statistics in Table 3-1
indicate that the regression coefficients can vary quite a bit in respanse to
moderate changes in the calibration data set. The range of Chi-Squares for chest
g's overlaps with the range for femur load, which, in turn, overlaps with the
range for HIC. 1In other words, while the accident data set is sufficient to
indicate an overall significant relationship between NCAP scores and actual
fatality risk, there are not enough data indicate the exact relative importance
of the three NCAP body regions in predicting fatality risk.
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CHAPTER 4

A QOMPOSITE NCAP SCORE: CORRELATTON WITH FATALITY RISK

HIC, chest g's ard femur lcad each provide sare information about a
vehicle’s safety performance an an NCAP test. An appropriate weighted average
of the scores for the three body regions could provide more information about a
car’'s overall safety performance than any score for a single body région, ard
have greater correlation with actual fatality risk than any single NCAP score.
The cbjectives of this chapter are to identify a composite NCAP score, NCAPINJ,
that has maximmm correlation with the fatality risk of belted drivers in the
principal calibration data set of actual head-on collisions, and to measure the
extent of that correlation. NCAPINJ is a specific weighted average of head,
chest and femur scores. However, sensitivity tests in this chapter will show
that NCAPINJ is not the only camposite score that has excellent correlation with
fatality risk; other weighted averages, and even an unweighted sum of logistic
injury probabilities, also correlate well with actual risk. NCAPINT may not be
the optimum camposite score an another calibration data set. Thus, the purpose
of defining NCAPINT is not to find a unique "magic bullet" that is the best and
only way to express the NCAP results, but to show that existing NCAP test scores
for the three body regions, when cambined by same reasanable scheme, have highly
significant correlatiaon with actual fatality risk in head-on collisions.

4.1 A camposite measure of NCAP performance

The regression analyses of Chapter 3 supply most of the framework for
generating a camposite NCAP measure that has excellent correlation with fatality
risk. Here are sare of the relevant analytic tools developed in Chapter 3. The
actual NCAP results for the driver dummy were transformed to logistic injury
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probability functions, ranging fram 0 to 1:

HEADINT = 1 / [1 + exp(5.02 - .00351 HIC)]

CHESTINT = 1 / [1 + exp(5.55 - .06930 chest g's)]
LFEMRINT = 1 / [1 + exp(7.59 - .00294 left femur load)]
RFEMIRRINT = 1 / [1 + exp(7.59 - .00294 right femur load)]

NCAP performance for the "case" vehicle relative to the "other" vehicle in a
head-on collision was defined in temms of these functions:

DELHIC = HEADINJog - HEADINIgmmm
DEL(E = mw - MM
DELFEM = (LFEMIRINJo g + RFEMRINIqg) - (LFEMIRINIopgr + RFEEMIRINI gy )

The most appropriate data set of head-on collisions for studying correlation with
NCAP was found to be the crashes in which both cars matched up with an NCAP test
vehicle at levels "3A" or "4A": the model year on FARS is within the range of
model years considered valid on the NCAP test, and the make-models can FARS and
NCAP are identical or true corporate cousins. That data set includes 396 head-on
collisions (792 vehicles); however, DELHIC, DELOG, or DELFEM are undefined, due
to missing data on NCAP tests, in 26 collisions, leaving a sample of 370
collisions (740 vehicles) for the initial regression amalysis. The logistic
regression model that best predicts the fatality risk of the driver of the case

vehicle, in those 740 cases, has the following regression coefficients and

chi-squares (x?):

Regression Coefficient Chi -Square
INTERCEPT .69 39.19
W (car weight) -5.74 142.47
A (driver age) .0579 134.54
S (driver sex) .367 5.33
DELHIC .21 .41
DELCG 2.70 7.70
DELFEM 1.41 3.94

The initial goal is to find a single variable DELNCAP, which would
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replace DELHIC, DELCG and DELFEM in the preceding regression and get a high x*.
If the choice of DELNCAP is limited to linear carbinations of DEIHIC, DELQG and
DELFEM, i.e.,

DELNCAP = W1 DELHIC + W2 DELCG + W3 DELFEM
then the preceding regression coefficients .21, 2.70 and 1.41, if substituted for
W1, W2 and W3, generate the DELNCAP that maximizes x? in those 740 cases. With

minor modifications, that will became the canposite measure of NCAP performance.

The regression in Chapter 3 was limited to the 740 cases in which HIC,
chest g’'s ard femur load an at least ane leg were known for both vehicles (i.e.,
they were successfully measured in the NCAP test that is matched with the crash-
involved vehicle). It is desired to expand the analysis to include cases where
the NCAP results are partially missing, to include as many of the 792 lewvel 3A
and 4A matches as possible. Just as DELNCAP, as defined above, was a linear
carbination of the relative scores for two vehicles, it is possible to define a
camposite logistic injury score for the driver of one vehicle if the NCAP results
are all known:

NCAPINT = W1 HEADINJ + W2 CHESTINJ + W3 (LFEMURINJ + RFEMURINT)
where W1, W2 and W3 are constants which remain to be determined. LFEMURINJ and
RFEMRINJ have similar means and distributions, and one can be used as a
surrogate for the other, if it is unknown - e.g., if only LFEMIRINJ is unknown,
NCAPINT = W1 HEADINT + W2 CHESTINJ + 2 W3 RFEMURINT

The situation is more camplicated if HEADINT or CHESTINT are unknown or if both
LFEMURINT and RFEMURINT are unknown, because these variables have different means
and meke different contributions to NCAPINT. In these 792 cases, the average of
HEADINT is .196, average CHESTINT is .123, and average (LFEMURINJ + RFEMURIND)

is .057. If HEADINT is unknown, define an inflation factor
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MISSHIC = (.196 W1 + .123 W2 + .057 W3) / (.123 W2 + .057 W3)
and inflate the NCAPINJ based on the other two body regions by this factor:
| NCAPINS = MISSHIC [W2 CHESTINJ + W3 (LFEMIRINJ + RFEMURINJ) ]
or, if LFEMRINT is also unknown,

NCAPINT = MISSHIC [W2 CHESTINJ + 2 W3 RFEMIRINJ]

Similar inflation factors are applied if just chest g’s or if both femur loads
are unknown. That expands the analysis to 784 cases in which NCAP scores were
known cn at least two body regians for each vehicle. Only 8 cases had to be
deleted because NCAP results were unknown cn more than one body region. There
are 756 cases in which NCAP scores are known for the chest (which has the highest
of the three relative weights) and at least cne other body region.

Starting with the values of .21, 2.7 and 1.41 for W1, W2 and W3,
ard defining DELNCAP = NCAPINI ¢ - NCAPINJ gz, YEQTESSions are run in which the
dependent variable is fatality risk in the "case" wvehicle, and the independent
variables are DELNCAP plus W, A and S (as defined in Chapter 3). These
regressions are performed for the full set of 784 cases (NCAP scores known for
at least two body regions) and its subset of 756 cases where chest g’s are known
for both vehicles. Two series of regressions are run with alternative values for
Wl and W3, relative to W2. In the first series, a sort of fine tuning to
maximize x?, examines the effects of slight variations fram the starting values

of W1, W2 and W3. The x? for DELNCAP were as follows:
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Relative Weights Chi-Squares

Bead Chest Femur 784 756

Injury Injury Injury Cases Cases
.21 2.7 1.41 16.08 13.93
1 2.7 1.41 16.25 13.75
.3 2.7 1.41 15.84 13.94
.21 2.7 1.3 16.03 13.96
.21 2.7 1.5 16.09 13.89
.21 2.7 1.6 16.06 13.81

All of the regressions produce x? close to the first one, indicating
a plateau rather than a peak of optimum correlation. While none of the
regressions has the maxdmm x? for both the 784 and the 756 cases,

NCAPINT = .21 HEADINJ + 2.7 CHESTINJ + 1.5 (LFEMURINJ + RFEMORINJ)

can be cansidered the best of the canposite injury scores. The x’ for the 784
cases reaches a local maximum of 16.09, while the x* of 13.89 for the 756 cases
is still close to the mecdmum. Althcugh the model with W1 = .1 for head injury
has a higher x? for the 784 cases, the x° fofthe?S6casesisthelowestofthe

group.

The secand series of regressions examines the width of ‘the plateau of
near-optimum correlation. It canpares the x? for the NCAPINJ with the optimum
weights (.21, 2.7 and 1.5), the x? for an unweighted injury function

INJ = HEADINT + CHESTINT + LFEMURINT + RFEMIRINT
ard for three intermediate injury functions, proceeding by harmonic steps fram
the optimum weights to‘ the unweighted function:
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Relative Weights Chi -Squares

Head Chest Penur 784 756

Injury Injury Injury Cases Cases
0.21 2.70 1.50 16.09 13.89
0.31 2.10 1.36 15.58 13.67
0.46 1.64 1.22 14.19 12.71
0.68 1.28 1.11 11.40 10.42
1 1 1 7.86 7.34

All x? are statistically significant at the .01 level, and in the
second and third line the x? are still close to the optimum values even though
the relative weights are quite different fram their optimum values. This second
series of regressions shows that the correlation of fatality risk with a
camposite NCAP score is relatively insensitive to the exact choice of the weight
factors and that any reasonable carbination of head, chest and femur injury
scores will correlate well with fatality risk.

The optimum score,
NCAPINT = .21 HEADIND + 2.7 CHESTINJ + 1.5 (LFEMIRINJ + RFEMIRINIT)
can range fran 0 to 5.91. It is a relative measure of overall NCAP performance
(the higher the NCAPINJ, the worse the performmance), but specific values of
NCAPINT, such as 0.5 or 1.0, do not correspard to any intuitive, absoclute level

of injury.

NCAPINJ, at first glance, seams to give a very low weight to head
injury and a surprisingly high weight to femur injury, as indicated by W1 = .21
and W3 = 1.5. However, the Wi’'s, by themselves, do not indicate the relative

weights of the body regions. As noted above, the average value of HEADINT is

58



.196, average CHESTINJ is .123, and average (LFEMURINJ + RFEMIRINJ) is .057.
Thus, the relative contribution of HEADINT to NCAPINT is .21 x .196 = .041; the
contribution of CHESTINT is 2.7 x .123 = .332; and the contribution of femur
injury is 1.5 x .057 = .086. To the extent that HIC, chest g’s and femur load
are intercorrelated, their "relative contributions" to the camposite score need
not reflect the actual relative importance of head, chest and lower-body injuries
in crashes - i.e., CHESTINJ may be making such a large contribution to NCAPINT
because it incorporates information of the prabability of head and femur injury,
in addition to chest injury. The camposite score is a mathematical method of
carbining NCAP informatian to get the best correlation with fatality risk in the
current data set of head-on collisions. (NCAPINJ is optimized for the current
data file of fatal head-on collisions, but when additional accident data became
available, the relative weights for the three body regions might change).

The camplete results of the regression model, with independent
variables W, A, S and DEINCAP = NCAPINI g - NCAPINIopgr, Where NCAPINT = .21
HEADINT + 2.7 CHESTINJ + 1.5 (LFEMRINJ + RFEMIRINT), for the 784 head-on
collision cases in which both cars matched up with an NCAP test vehicle at levels
"3A" or "4A" and DELNCAP could be calculated, are as follows:

DELNCAP = .21 DEIHIC + 2.7 DELCG + 1.5 DELFEM

Reg. Chi Stat. Partial
Coeff. Square Sig.? Corr.
INTERCEPT .6345 37.42 RR
W (car weight) -5.3305 146.49 RR -.368
A (driver age) .0558 143.87 RR .365
S (driver sex) .4200 7.91 RR .075
DEILNCAP 1.0665 16.09 RR .115
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The x* of 16.09 for DEINCAP indicates a strongly significant correlation (p <
.0001) between the camposite NCAP score and fatality risk. It exceeds the sum
of the x? for head, chest and femur injury when they were entered as separate
variables in the regression, because cases that had to be excluded fram that
regression due to missing NCAP data can now be included. However, the x? of the
regression coefficient for DELNCAP is just one of several ways to measure the
extent or strength of the relationship between NCAPINT and fatality risk in
actual head-on collisions. The remainder of this chapter presents other methods
to gauge the relationship, and to measure the actual fatality reduction for a

good NCAPINJ relative to a poor score.

4.2 :_actual ran i

DEINCAP = NCAPINIg - NCAPINTgny 18 @ measure of the relative NCAP
performance of two vehicles that became involved in a head-on collisian. If the
case vehicle had better performance on the NCAP test than the other wvehicle,
DEINCAP is negative. Another variable, RELEXP, will now be defined for each
head-on collision, measuring the relative actual performance of the two vehicles
in that collision. RELEXP will be negative when the driver of the case vehicle
did better than expected (e.g., survived) and the driver of the other car did
worse than expected, given the weights of the two cars and the age and sex of
each driver. RELEXP can be tested for correlation with DEINCAP; more generally,
the average value of RELEXP can be camputed for various groups of crashes (e.g.,
collisions of good NCAP performers with poor NCAP performers) .

The first step in cawputing RELEXP is a regression an the file of 784
head-an collision cases defined in Sectian 4.1 (both cars match an NCAP test
vehicle at levels 3A or 4A, and DEINCAP could be calculated), but without any
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NCAP variable. In other words, the dependent variable is the ocutcame for the
driver of the case wvehicle (fatality = 1, survival = 0) and the independent
variables are anly W, A and S - relative vehicle weight, driver age and sex:

Without NCAP Information

Reg. Chi Stat. Partial
Coeff. Square Sig.? Corr.

INTERCEPT .616 36.57 RR
W (car weight) -5.427 154.15 RR -.378
A (driver age) .0531 142.35 RR .363
R .056

S (dxriver sex) .34 5.39

The intercept and coefficients for W, A and S are similar to those cbtained in
the preceding regression with DEINCAP. This logistic regression model can be
used to predict the expected fatality risk for each driver in a head-on
collision, in the absence of NCAP information. The expected fatality risk E.
for the driver of the case vehicle is

expl.616 - 5.427(log W - 100 W) + 0531 (A -Ay.) + .34(F o -Feo)l
1 + expl.616 - 5.427(log Wo, - 1og W) + .0531(A -Ag,) + .34(Fo -Fogg)]

where W, is the curb weight of the case vehicle, A, is the age of the driver
of the case vehicle ard F . is 1 if the driver of the case vehicle is female, 0
if the driver is male. The expected fatality risk E4, for the driver of the

other wvehicle is
exp[.616 + 5.427(100 Wee - 100 Wegn) - 0531 (A -Aegn) - 34(F o -Fe )]
1+ epl.616 + 5.427(1og Woe - 109 W) - 0531 (A -RAgn) - -34(Fu -Fou )]

These formulas measure the relative vulnerability to-fatal injury of
the two drivers, given that their cars had a head-on collision. The risk is
greater in the lighter car than the heavier car, and the older/female driver is
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nore vulnerable to injury than the younger/male driver. The formulas do not
address the propensity of cars to get involved in head-on collisions as a
function of driver age, sex, etc. For exanple, if the case vehicle is a 2500-
pourd car driven by a belted, 50-year-old female and the other vehicle is a 3000-
pourd car driven by belted, 20-year-old male, E. = .97 and E4, = .09 (for a
total of 1.06 fatalities expected in the collision, since there is a 6 percent
chance that both drivers died). |

If A, and A, are the actual outcame of the collision for the driver

of each car (fatality = 1, survival = 0),
RELEXP = (A, - B,) - (A, - Bu.)

measures actual performance "relative to expectations." It can range fram -2 to
+2. The more negative it is, the better the actual performance of the case
vehicle relative to expectations. For example, if the 50-year-old female in the
2500-pourd case car actually survived, while the 20-year-old male in the 3000-
pourd other car died, RELEXP

-1.88 (much better than expectations). If she

died and he survived, RELEXP = +0.12 (about what would be expected). If both
drivers died in the crash, RELEXP = -0.88 (not a good cutcare for either driver,
of course, but the case vehicle performed better than expected, relative to the
other wvehicle). Note that RELEXP is measured for a two-car cragh, not for a
vehicle. It does not measure the absoclute safety of a wehicle, just the

performance of the case vehicle relative to the other vehicle.

The population standard deviation of RELEXP was camputed for the full
set of 784 crashes and for many subsets of these crashes. In every case, the
standard deviation was very close to 0.64. That makes it easy to test if the

average value of RELEXP is significantly less than zero for a specific group of
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crashes (i.e., the case vehicles were significantly safer than the other cars),
or if the difference in average RELEXP for two groups of crashes is statistically

significant.

4.3 ati f D

DELNCAP, a measure of the relative NCAP performance of two vehicles
that became involved in a head-on collision, and RELEXP, a measure of their
relative actual performance are defined for each of 392 collisions an the file.
DEINCAP and RELEXP are both close enough to a nommal distribution that their
correlation can be tested by the canventional Pearson method. (In the analysis
file, there are 784 collision records, but there are anly 392 actual collisions,
since each crash is listed twice. Reversing the "case" and the "other" vehicle
merely changes the sign of both DELNCAP and RELEXP, so the secord listing of each
crash provides no new information for the analysis, and using N = 784 would

spuriously inflate significance levels.)

DELNCAP and RELEXP have a correlation coefficient of .166, which has
strong statistical significance (p = .001, N = 392). In other words, the higher
the camposite NCAP score for car 1 relative to car 2, the higher the fatality
risk for driver 1 relative to driver 2, after adjusting for car weight, driver

age ard sex.

The correlation coefficient and its significance level both say a lot
about the relationship between NCAP perfonmance ard actual fatality risk in all
types of head-on collisions an the highway. On the cne hand, the correlation of
.166 is far fram perfect: the driver of the car with the lower NCAP score will

not always be the survivor in any type of head-on collision with a car having a
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higher score, even if both cars have the same weight. Furthermore, needless to
say, which driver dies in a head-an collision has a lot more to do with relative
vehicle weight and driver age than with NCAP scores. On the other hand, the
significance level of .001 suggests beyond doubt that there is same correlation
between NCAP ard actual fatality risk in head-on collisions: gn the average, cars
with acceptable NCAP scores have lower fatality risk, across the range of head-an

collisions, than cars of the same weight with high scores.

This analysis approach also mekes it possible to test if NCAP
information for a single body region, in the absence of information about the
other two body regicms, is correlated with fatality risk. The approach is
different fram Chapter 3, in which informatian for all three body regions was
simultaneously entered in a regression, and the relative contribution of each
NCAP score to fatality risk was estimated. DELOG, DELFEM and DELHIC are the
measures of relative NCAP performance, based an logistic injury probability
functions (see Sectian 3.2). DELGG has a statistically significant correlation
with RELEXP (r = .136, p = .008, N = 378). In other words, there is a
significant correlation between chest g’s, by itself, and fatality risk. DELFEM
has a positive correlation with RELEXP, but not quite statistically significant
(r = .094, p = .065, N = 387); DEIHIC also has a nonsignificant positive

correlation (r = .050, p = .321, N = 389).

4.4 Fatality reduction for the car with lower NCAPINJ

The accident data file contains 784 head-on collision records for
which DELNCAP = NCAPINJoq - NCAPINIyng (relative camposite NCAP performance)
is known. The records can be ranked by DELNCAP and listed in order, fram the
case with DELNCAP « -1.98 (largest differential in favor of the case vehicle) to
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the case with DELNCAP = +1.98. The 16 recoxds in the middle, with DEINCAP = O,
are deleted fram the list: both cars in the collision matched up with the same
4NU&P test, so NCAP gives no information to favor one car or the other. The last
384 records, with DEINCAP > 0, are also deleted: they are merely the same crashes
as the first 384 records, with the "case" and "other" vehicles reversed. That
leaves a file of 384 distinct head-on collisions, camwprising 768 distinct
vehicles, in which the NCAP performance of the case vehicle is always better than
the performance of the other vehicle. DELNCAP ranges fram -1.98 for the first

record to -0.000243 for the last (a very small advantage for the case vehicle).

The dbjective of this analysis is to campute the reduction in fatality
risk for the 384 "better" NCAP perfonmers relative to the 384 "poorer" NCAP
performers, and to test if the reduction is statistically significant. Moreover,
if the analysis is limited to the first half/quarter/tenth of the file, where the
NCAP performance advantage of the case vehicle successively increases, does the

fatality reduction for the case vehicle also escalate?

As explained in Section 4.2, each collision has an cutcame A, for the
driver of the case vehicle (fatality = 1, survival = 0) and A, for the driver
of the other car. The expected cutcames E and E,,. (expected prababilities of
fatality) are based on the relative vehicle weights and the age and sex of the
drivers. The actual and expected fatalities are summed over all the crashes
included in the analysis: sum(A,. ) and sum(A,. ) are the actual mmbers of driver
fatalities in the case and the other wehicles; sum(E,. ) and sum(E,.,) are the
rumbers of driver fatalities that would be expected in the case vehicles and the
other vehicles, given the relative weight, age and sex in each crash. The
fatality reduction for the case wvehicles, relative to the other wvehicles, is
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Fatality Reduction = 1 - ([sum(A,.)/sum(Ag,)] / [sum(EL ) /sum(Eg.)])

Specifically, in the 384 collisions with DELNCAP < 0, there were 202
actual driver fatalities in the case wvehicles and 246 fatalities in the other
vehicles. Since the wvehicle weights, driver age and sex distributions are
similar, on the average, in the better and poorer NCAP performers, the expected
munbers of fatalities are about the same: 220.7 in the case vehicles and 227.7
in the other vehicles. That is a relative fatality reduction of

1 - [(202/246) / (220.7/227.7)] = 15.3 percent
for the better NCAP performers. Conversely, the poorer performers had 18 percent
higher fatality risk.

The test for statistical significance of the fatality reduction is
based an the variable RELEXP, which is camputed for each collision record, as

explained in Section 4.2. RELEXP measures actual performance of the case vehicle

relative to expectations. The average value of RELEXP is

mean RELEXP = [(202 - 220.7) - (246 - 227.7))] / 384 = -.096
For this population of crashes, as for most others, the standard deviation of
RELEXP is very close to .64. With a sanple size of 384, the t statistic for
RELEXP is 2.96, which is significant at the .01 level_. In other words, the
better NCAP performers had significantly fewer fatalities than expected, relative

to the poorer performers.

Table 4-1 shows the fatality reductions and other statistics for all
crashes in which DELNCAP is less than zero or is more negative than same
specified amount (i.e., the case wvehicles did better on NCAP than the other
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TABLE 4-1

FATALITY REDUCTION FOR THE DRIVER OF THE CAR WITH THE LOWER OOMPOSITE NCAP SCORE

Camparison of Real-World Performance
NCAPINJ Differential

between the "Case" Car N of % Fat Red Mean Sum T-Test
and the "Other" Car Crashes for Better Car Relexp Relexp for Relexp
DELNCAP < 0 384 15.3 -.096 -37.00 2.96
DELNCAP < -0.18 203 15.8 -.102 -20.67 2.46
DELNCAP < -0.42 95 24.5 -.171 -16.25 ) 2.84
DELNCAP < -0.635 38 40.1 -.253 - 9.61 2,82

Mean NCAP Scores and Model Year ("Case® vs. "Other" Car)
NCAPINTG Differential

between the "Case" Car HIC Chest G’'s L Famr R Pemr Model Year
and the "Other" Car Case Other Case Other Case Other Case Other Case Other
DEINCAP < 0O 815 1007 43,9 53.5 858 1025 843 1033 85.6 85.0
DEINCAP < -0.18 820 1082 43.0 57.7 873 1141 831 1103 85.8 84.6
DELNCAP < -0.42 835 1095 43.5 62.7 891 1213 854 1081 85.7 83.3

DELNCAP < -0.635 832 1072 43.7 61.8 883 1738 903 1225 85.6 83.0



vehicles, by same specified amount). The first line in the upper half of Table
4-1 displays statistics for the analysis described above: the crashes with
DEINCAP < 0. It shows the sanple size, the fatality reduction for the case
vehicles, mean RELEXP, the t test and ane other statistic: the sum of RELEXP.
In this case, the sum is -37 = 384 x -.096. Intuitively, this sum describes the
total amount of "information" provided by the NCAP results for identifying safer
cars; the more negative the sum, the better. The bigger the actual safety
difference between the good and poor NCAP performers, and the more cars involved

in the analysis, the more negative the sum.

The first line in the lower half of Table 4-1 campares the actual NCAP
performance of the case vehicles and the other vehicles. The case vehicles (the
better NCAP performers), appropriately, had lower HIC, chest g’'s and femur loads,
on the average, than the poor performers. Average HIC was 815 in the case
vehicles, 1007 in the other cars. Chest g’'s averaged 10 less in the case
vehicles; femur loads averaged 167 pounds less on the left side and 190 pounds
less on the right side. These are average differences; they do not mean that
HIC, chest g’'s and femur loads are lower for the case vehicle in each individual
crash. Since NCAPINJ is a weighted sum of HIC, chest g's and femur load, the
case vehicle might have the higher HIC in same crashes, but DELNCAP would still
be negative if the case vehicle has much lower chest g’s. The average model year
is slightly more recent in the case wvehicles (85.6) than the other vehicles

(85.0).

In the preceding analysis, the case vehicle was only required to have
better NCAP performance than the other vehicle; even an infinitesimal difference

was sufficient. The fatality reduction for good NCAP performance is even greater
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when a "gap" is placed between good and poor performence and DELNCAP is required
to be more negative than same specified amount. The results are shown in the
2nd, 3rd and 4th lines of each section of Table 4-1. Approximately half the
crashes (203) an the original file have DELNCAP < -0.18. In that group, the
better NCAP performmrers have 15.8 percent lower fatality risk than the poor
performers; the reduction is statistically significant (t for RELEXP is 2.46, p
< .05). The case vehicles enjoy an even larger advantage in HIC, chest g’s and
femur load than in the preceding analysis. The gap in average model year also
grows (85.8 vs. 84.6), reflecting the superior NCAP performance of more recent

cars.

The sanmple size is again halved when DEINCAP < -0.42. In those 95
crashes, the case wvehicles had 24.5 percent lower fatality risk than the poor
NCAP performers, which is a statistically significant reduction (t for RELEXP is
2.84, p < .01). Although the fatality reduction is greater than in the preceding
analyses, the sum of RELEXP is smaller: here, NCAP identifies a amall murber of
cars that are quite unsafe; previously, NCAP identified a much larger mmber of
cars that were slightly less safe than average. The lower half of Table 4-1
shows that chest g’s are much higher in the other cars (62.7) than in the case
cars (43.5). The gap in HIC and femur load, on the other hard, is about the same
as in the preceding analysis. The difference in average model year cantimues to

escalate.

Finally, when DELNCAP < -.635, the accident file is reduced to 38
crashes, one-tenth of the original mmber. In these crashes with a large
contrast in NCAP performance, the good cars had 40 percent lower fatality risk
than the poor performers. The reduction is statistically significzﬁt (t for
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RELEXP is 2.82, p < .01). The "other" cars have much higher chest g’s and femur
loads than the case vehicles. The difference in fatality risk between these best
and worst NCAP performers is almost as great as the difference between a belted

occupant and an unrestrained occupant.

4.5

How about crashes with astonishing ocutcames - where an older driver
in a smller car walks away and the younger driver in the larger car dies? Did
the car with the unanticipated good performance have lower NCAP scores? This
analysis is the converse of the preceding one, cawparing the NCAP scoreg of two
cars in a head-on collision, when the driver of the case vehicle, in the actual
crash, did better than expected (as evidenced by negative RELEXP). The 784 head-
on collision records are ranked by RELEXP and listed in order, fram the case with
RELEXP = -1.89 (largest differential in favor of the case wvehicle) to the case
with DEINCAP = +1.89. The last 392 records, with RELEXP > 0, are deleted: they
are merely the same crashes as the first 392 records, with the "case" and "other"
vehicles reversed. That leaves a file of 392 distinct head-on collisians,
camprising 784 distinct wvehicles, in which the actual ocutcame, relative to
expectations, is always better for the case wvehicle than the other wehicle.
RELEXP ranges froam -1.89 for the first record to -0.004 for the last. The
crashes with RELEXP more negative than -1 are the ones in which the case car
driver survived even though the expected fatality risk was lower for the other
driver. A negative RELEXP that is close to zero does not signify an astonishing
outcare: it means that the driver with a heavy advantage did, in fact, survive;
or that two cars were almost evenly matched, and both drivers died.

Table 4-2 compares the NCAP performance of the "case" and the "other"
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TABLE 4-2

NCAP PERFORMANCE OF CARS WHOSE DRIVERS FARED BETTER THAN EXPECTED IN ACTUAL HEAD-ON COLLISIONS

RELEXP Differential
between the "Case" Car
and the *Other" Car
RELEXP < 0

RELEXP < -0.5

RELEXP < -0.75

RELEXP < -1.0

RELEXP Differential
between the "Case" Car
and the "Othexr" Car
REIEXP < 0

RELEXP < -0.5

REIEXP < -0.75

RELEXP < -1.0

Mean NCAP Scores ("Case" vs. "Other"” Car)

N of Maan T-Test HIC Chest G’s
Crashes DEINCAP for DELNCAP Case Other T-Test Case Other T-Test

392 -.063 3.17 899 924 1.24 47.7 49.7 3.14
152 -.132 4.08 903 942 1.05 46.6 50.3 3.47
88 -.117 3.17 896 907 .32 47.1 49.7 2.02
49 -.128 i.n 885 895 .02 46.2 48.1 1.32

Mean NCAP Scores and Model Year ("Case™ vs. "Other” Car)

L Femur R Famxr T-Test for Model Year
Case Other Case Other Equal Femur Inj Case Other T-Test
935 940 944 932 1.11 85.5 85.2 1.42
879 953 858 941 2.05 86.1 85.0 3.66
884 959 829 1007 2.50 ' 86.4 85.3 2.62
847 1000 791 1053 2.53 86.2 85.0 2.02



vehicles, in the crashes where RELEXP is less than zero or is more negative than
sare specified amount. The first line in the upper half of Table 4-2 analyzes
all 392 cases in which RELEXP < 0. The average value of DELNCAP is -.063, i.e.,
the cars with better actual performance also had better NCAP performance, as
evidenced by NCAPINT being .063 lower. These are gverage differences; they do
not mean that NCAPINJ is lower for the case vehicle in each individual crash.
However, the average difference in NCAPINJ performance is statistically
significant at the .01 level: a test of the hypothesis that DELNCAP = 0 yields

a t value of 3.17.

The case vehicles had lower average HIC (899) than the other vehicles
(924). Those are arithmetic averages of the original HIC scores. A significance
test for the difference in HIC can be based on the variable DELHIC, the
difference in the logistic injury prababilities. The t value for the hypothesis
that DEIHIC = 0 is 1.24, so the difference is not s.:i.gnificant. But the
difference in average chest g’'s, 47.7 vs. 49.7 is significant at the .01 level
(t for DEICG is 3.14, p< .01). The first line in the lower section of Table 4-2

shows that the case and other vehicles had about the same average femur loads and

model years.

There are 152 crashes in which the actual performance of the case
vehicle was a fair amount better than expected, as evidenced by RELEXP < -0.5.
NCAP performance of the case ard the other vehicle is campared in the second line
of Table 4-2. The average difference of NCAPINJ is -.132, which is more than
double the value in the preceding analysis. The cars with better actual
performance had lower NCAPINT, by a highly significant amount (t for DELNCAP is

4.08, p < .0001). Moreover, the cars with better actual performance had better
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NCAP results on every body region. HIC averaged 903 for the case vehicles ard
942 for the other vehicles; chest g’s averaged 46.6 for the case vehicles and
50.3 for the other vehicles; femur loads averaged about 80 pounds lower an both
legs. The difference in chest g’'s is significant at the .01 level, and for femur
load, at the .05 level. The cars with better actual performance had a

significantly more recent model year (86.1 vs. 85.0, t = 3.66, p < .001).

RELEXP was more negative than -0.75 in about cne-fourth of the
crashes. The difference in NCAPINJ (-.117) is about the same as in the preceding
analysis, and it is statistically significant (t for DEINCAP is 3.17, p < .01).
However, the difference in HIC and chest g’'s decreased fram the preceding cases,
while the gap in femur load increased. Finally, in the 49 crashes with really
surprising outcames, as evidenced by RELEXP < -1.0, NCAPINJ is once again
significantly lower in the cars with better actual performance (DELNCAP = -.128,
t = 3.11, p < .01). HIC is about the same in both cars; chest g’s are lower in
the case cars, an the average, by 2. Femur loads are significantly lower in the
case cars, by an average of 150 pournds on the left side and 260 pounds on the

right side. The average difference in model year remains close to one year.

The four analyses in Table 4-2 are strong evidence that cars with
better-than-expected actual performance, as evidenced by negative RELEXP, had
significantly better NCAP performance than the cars they hit. That, by itself,
is not really a new finding, since a highly significant correlation between
RELEXP and DELNCAP was already shown in Section 4.3. 'Ihls analysis, however,
reveals same traits of the relationship. »

First, the average differences in NP performmance, although
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statistically significant, are not vast in absolute terms. Average HIC differed
by 40 or less, chest g’s by 2-4 and femur 1cad by no more than 250 pounds. Who
.survives and who dies in a specific head-on collision, depends on many factors
besides vehicle performance as measured in an NCAP test; it depends a lot on the
personal vulnerability to injury of the individual occupants and the unique
circumstances that may be present in that crash. Nevertheless, an the average,

the cars with better actual performance had lower NCAP scores.

Second, the camposite performance measure NCAPINJ had a stronger
relationship with actual performance than did any of the NCAP scores for
individual body regians. In all four analyses, the difference in NCAPINJ was
significant at the .01 level, with t-values always over 3. Although HIC, chest
g’'s and femur loads were consistently lower, on the average, in the safer case
vehicles, the differences were not always statistically significant, and only
rarely at the .01 level (chest g’s in the first two analyses).

4.6 Fatality reduction for wi

NHTSA'’s Decemmber 1993 Report to Congress contains an analysis similar
to the approach in Section 4.4, but with the collision records ranked by head or
chest imjury risk, rather than NCAPINJ [24], p. 72. The analysis is called "Case
A" in the Report to Congress. The accident data file contains 740 head-aon
collision records in which NCAP HIC and chest g’s are known for both drivers.
The maxdmm head/chest injury for a driver is the greater of the logistic injury
probability functions, HEADINT and CHESTINJ (see Sectiom 4.1):

MAXHCINT = max (H:EADN,G@IW)
The performance for the case vehicle relative to the other vehicle is
DELMAXHC = MAXHCINIq g - MAXHCTNTongm

74



The records were ranked by DEIMAXHC, starting with the crash having the largest
differential in favor of the case vehicle. The 12 records in the middle, with
'DEIMAXHC = 0, and the last 384 records, with DEIMAXHC > 0, are deleted, as in
Section 4.4. That leaves a file of 364 distinct head-an collisions, camprising
728 distinct vehicles, in which the NCAP head/chest injury performance of the
case vehicle is always better than the performmance of the other vehicle.

In the 364 collisions with DEIMAXHC < 0, the average NCAP scores for

the "case" and "other" vehicles, and the actual and expected fatality counts were

as follows:
Case Vehicle Other Vehicle
Average HIC 721 1111
Chest g’'s 45.0 52.7
Left femur load 1012 895
Right femur load 1002 902
Actual fatalities 199 228
Expected fatalities 207.8 217.4
Fatality reduction (%) 8.7
Mean RELEXP - .053
T-test for RELEXP 1.62

Chest g’s and, especially, HIC are lower, on the average, in the
*case" vehicles. Femur loads, which are not factored into the calculation of
MAXHCINT, are actually slightly higher in the case vehicles. 'Ihe reduction in
actual fatality risk, adjusted for vehicle weight, driver age and sex, is
1 - [(199/228) / (207.8/217.4)] = 8.7 percent
in the case vehicles, and it is not statistically significant, although it cames

close to significance (t = 1.62).
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4.7 Sensitivity test: NCAPINJ on a different calibration data set
NCAPINT was the specific weighted average of head, chest and femur
scores that had maximm correlation with fatality risk on the basic calibration
data set of FARS cases in which.both cars match with an NCAP test at levels 3A
or 4A. In Section 4.1, regression analyses with that data set showed excellent
correlations of NCAP scores arnd fatality risk even when the relative weights for
the three body regions diverged substantially fram .21, 2.7 ard 1.5, the weights
in NCAPINJ. As an additional sensitivity test, these regressions can also be run
on a subset of the FARS cases: where each FARS car not only matches up with an
NCAP car at level 3A or 4A, but also nust have the same mmber of doors as the
NCAP car. In Section 3.4, it was shown that the regression analysis with DELHIC,
DELQG and DELFEM as geparate variables assigned them regression coefficients of
.42, 2.52 and .73. Thus, the optimmm camposite measure of injury for this data
set would have relative weights for the three body regions close to these values
- i.e., a slightly higher weight for HIC and a lower weight for femur locad than

in the full data set.

The new calibration data set contains 620 cases in which NCAP scores
are known an at least two body regions for each vehicle, and 598 cases in which
the scores are known for the chest and at least ane other body region. The
second series of regressions in Section 3.1, which conpared the x? for the
NCAPINT with the original optimum weights (.21, 2.7 and 1.5), for an unweighted
injury function, and for three intermediate injury functions, is rerun for the
new calibration data set. A regression is also run for a camposite injury

function based on the new optimum weights (.42, 2.52 and .73):
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Relative Weights Chi -Squares

Bead Chest Femur 620 598

Injury Injury Injury Cases Cases
0.21 2.70 1.50 10.80 8.43
0.31 2.10 1.36 10.73 8.52
0.46 1.64 1.22 10.41 8.47
0.68 1.28 1.11 9.31 7.78
1 1 1 7.49 6.46
0.42 2.52 0.73 11.24 9.61

All x? are statistically significant at the .01 level (except the
regression on 598 cases with the unweighted injury function, which is significant
at the .05 level). The last regression produces the highest x?. The original
NCAPINJ is not the optimal injury function on this calibration data set, although
its x? is just slightly less than the maximum values. The drop-off in x?, as the
regressions proceed fram the original NCAPINT to the unweighted injury function,
are less precipitous than on the original calibration data set. Here, they drop
by about 30 percent; there, the descent was closer to 50 percent.

The sensitivity tests confirm that any reascnable carbination of head,
chest and femur injury scores, not just NCAPINJ, will correlate well with
fatality risk. While the FARS sample is adequate to show that chest g’s need to
be given a substantial weight in any camposite score, the accident sample is not
really large enocugh to determine exactly the relative inmportance of the head and

the femur injury scores.
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CHAPTER 5

COLLISIONS BETWEEN A "GOCD" AND A "POOR" NCAP PERFORMER

Probably, the simplest way to estimate the fatality reduction
associated with good NCAP scores is to partition the cars based on a specific
NCAP score - e.g., HIC, chest g’'s, femur load or a camposite score such as
NCAPINJ - and to consider anly the subset of head-on collisions in which the case
vehicle has a score in the "good" range and the other vehicle has a score in the
"poor” range. Do the cars with the poor NCAP scores have significantly more
driver fatalities than expected, after control for the curb weight, driver age
and sex?

Most of the analyses in this chapter are based an the data set of FARS
head-on collisiaons between two passenger cars in which both cars matched up with
an NCAP test vehicle at levels "3A" or "4A": the model year on FARS is within the
range of model years considered valid for the NCAP test, and the make-models an
FARS and NCAP are identical or true corporate cousins. That data set includes
396 head-on collisions (792 wvehicles). As a sensitivity test, same of the
analyses are repeated, in Section 5.9, on the subset of head-on collisions in
which both vehicles not anly match an NCAP test vehicle at levels 3A or 4A, but
also have the same mumber of doors as the NCAP test vehicle (310 collisions, 620

cars) .

5.1 Cars with low NCAPINJ hit cars with high NCAPINJ

A canposite measure of NCAP performance, MPINJ ‘was defined in
Section 4.1, as a weighted average of logistic injury probability functions for
the head, chest and femurs. The weights were chosen to maximize the correlation
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of NCAPINJ with fatality risk in the principal calibration data set (crashes
where both vehicles match an NCAP test at the ’'3A or 4A level’) but are not
‘necasan'.ly optimal for other accident data sets (e.g., crashes where both
vehicles match an NCAP test at the ’3A or 4A level and N of doors’). In Section
4.3, 384 head-on collisians were identified in which the case vehicle had a lower
(better) NCAPINJ score than the other wvehicle. The fatality risk was a
statistically significant 15 percent lower in the case vehicles. In that
analysis, the NCAPINJ for the case vehicle did not have to be below any specified
level, nor did the NCAPINT for the other vehicle have to be above same specified
level: it was only required that the case vehicle did better than the other
vehicle. Thus, the set of 384 collisions includes same where both vehicles did
quite well (in absolute texms) and same where both did poorly.

The approach of this chapter is generate subsets of the 384 collisions
in which all the case vehicles had "good" NCAP performance: better than same
specified level A. All the other vehicles had "poor" performance: higher than
another specified level B, where B > A. By eliminating the cases where both cars
did well, or both did poorly, there should be an even larger differentiation of
fatality risk between the case and the other vehicles.

Table 5-1 presents the results of nine analyses for the special case
where B = A; i.e., there is a single boundary between "good" and "poor"
performance. All cars with NCAPINT lower than the boundary are "good” and all
above it are "poor." The nine analyses use boundary values of 0.2, 0.3, ...,
1.0, respectively. In every analysis, the fatality risk is significantly lower
in the good NCAP performers than in the poor performers, as evidenced by t-test
results greater than 1.65 (p < .05). The fatality reduction for a good NCAPINT
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TABLE 5-1

QOLLISIONS OF CARS WITH LOW NCAPINJ INTO CARS WITH HIGH NCAPINJ:
EFFECT OF MOVING THE BOUNDARY BETWEEN "LOW" AND "HIGH" NCAPINJ

Camparison of Real-World Performance

Definition of Definition of N of % Fat Red for Mean Sum T-Test
"Low" NCAPINJ "High" NCAPINJ Crashes Low NCAPINJ Relexp Relexp for Relexp
NCAPINT < .2 NCAPINT > .2 115 19.1 -.112 -12.91 1.83
NCAPINT < .3 NCAPINS > .3 186 11.6 -.072 -13.47 1.68
NCAPINT < .4 NCAPINJ > .4 186 17.0 -.108 -20.17 2.56
NCAPINT < .5 NCAPINT > .5 147 17.3 -.114 -16.83 2.44
NCAPINJ < .6 NCAPINT > .6 117 26.4 -.181 -21.13 3.22
NCAPINT < .7 NCAPINT > .7 108 27.2 -.189 -20.46 3.34
NCAPINT < .8 NCAPINT > .8 80 28.7 -.201 -16.10 3.13
NCAPINT < .9 NCAPINT > .9 55 31.9 -.216 -11.88 2.73
NCAPINT < 1.0 NCAPINT > 1.0 27 41.2 -.279 - 7.53 2.84
Mean NCAP Scores and Model Year ("Low" vs. "High® NCAPINJ Car)
Definition of Definition of HIC Chest G’s L Femr R Femur Model Year
*"Low" NCAPINJ *"High® NCAPINJ Low High Low High Low High Low High Low High
NCAPINT < .2 NCAPINT > .2 647 952 36.0 50.3 721 941 694 993 85.9 85.4
NCAPINT < .3 NCAPINT > .3 709 1064 40.4 53.5 825 1044 749 1078 85.9 85.4
NCAPINT < .4 NCAPINT > .4 801 1070 42.1 55.7 816 1121 775 1136 85.8 85.0
NCAPINT < .5 NCAPINT > .5 852 1103 43.9 59.8 908 1119 901 1031 85.8 84.3
NCAPINT < .6 NCAPINJ > .6 898 1106 45.0 62.6 878 1161 846 1117 85.8 83.1
NCAPINT < .7 NCAPINT > .7 922 1103 45.9 62.7 866 1226 865 1164 85.5 83.2
NCAPINT < .8 NCAPINT > .8 942 1090 47.5 64.1 940 1179 953 1058 85.0 83.8
NCAPINT < .9 NCAPINT > .9 962 1069 47.8 63.8 947 1487 951 1294 84.9 83.2
NCAPINT < 1.0 NCAPINT > 1.0 1026 908 49.0 62.4 979 1979 974 1200 85.0 84.0



score, relative to a poor score, ranges fram 12 percent when 0.3 is the boundary
value to 41 percent when 1.0 is the boundary value. In general, the higher the
boundary value, the greater the fatality reduction for good vs. poor performance.
However, the analyses with high boundary values have sharply reduced sample
sizes, because there are few cars on the file which had really high NCAPINJ
results. These last analyses anly provide information about a fraction of the
cars cn the file; they don’t say much about the "typical" car an the road.

The ideal analysis should conbine a large fatality reduction and a
large sample size. The variable "sum RELEXP," which is the product of mean
RELEXP and sample size, intuitively describes the total "information" provided
by an analysis. Sum RELEXP reaches a maximum of 21.13 when "good" NCAP
performance is defined as NCAPINJ < 0.6 and "poor" NCAP performance is defined
as NCAPINJ > 0.6. There are 117 head-on collisions of a "good" performer with
a "poor" performer, in which both drivers are belted. In the 117 cars with
NCAPINT > 0.6, 77 drivers died, whereas anly 65.5 fatalities were expected, based
on car weight, driver age and sex. In the 117 cars with NCAPINJ < 0.6, there
were 62 actual and 71.6 expected driver fatalities. (The good performers weighed
almost the same as the poor performers - 2868 vs. 2869 pouxis, an the average,
but the drivers of the 1ow-NCAPINJ cars were older than the drivers of the high-
NCAPINJ cars - 44.7 vs. 40.5 years, on the average; thus, the expected fatalities
are slightly higher in the cars with low NCAPINJ.) The fatality risk is

1 - [(62/77) / (71.6/65.5)] = 26 percent
lower in the good performers than in the poor performers, after controlling for
vehicle weight, driver age and sex (t for RELEXP is 3.22, p < .001).

Of course, even in these accident samples tailored to highlight the

82



safety benefits associated with good NCAP scores, the relationship between the
NCAPINT and fatality risk over the range of head-on collisions experienced on the
highway is not perfect. Merely having the lower camposite NCAP score of the two
cars in the collision does not guarantee survival, even if the two cars are of
the same weight and the drivers of the same age and sex. Yet, on the average,
in collisions between cars with NCAPINJ < 0.6 and cars with NCAPINT > 0.6, the
driver of the car with the better camposite NCAP score had 26 percent less
fatality risk than the driver of the car with the poorer NCAP score, even after

controlling for weight, age ard sex.

The sample size of 117»is about a third of the 384 cases considered
in Section 4.3. Although it seems small, it is close to the "ideal" sample size
for the analyses of this chapter, whose technique is to exclude the crashes
between two "good" cars or two "poor" cars, ard include anly the crashes between
a "good" and a "poor" car. If exactly half the cars had "poor" NCAP performance,
that would eliminate exactly half the crashes, leaving a sample of 190.
Intuitively, though, substantially less than half the cars can be called really
"poor" performers on NCAP. If the "poor" performers are the worst 20 percent or
80, and the "acceptable™ performers are the best 70-80 percent (with perhaps 10
percent in a borderline area), the file of 384 crashes can be expected to contain
about 110-130 collisions between an "acceptable" and a "poor" performer. In

general, the objective in this chapter is to find boundary wvalues between
*acceptable" and "poor" performmance that mendmize the fatality reduction for

The lower half of Table 5-1 campares the average scores of "good" and
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"poor” NCAPINT performers an the individual NCAP body regions. Since NCAPINT is
‘a weighted sum of injury probabilities for all of the body regions, the cars with
NCAPINT < 0.6 have, on the average, lower HIC than the cars with NCAPINT » 0.6
(898 vs. 1106), also lower chest g’s (45 vs. 62.6), and lower femur loads (878
vs. 1161 an the left; 846 vs. 1117 an the right). Similar patterns are found in
the other analyses, except when the boundary value is 1.0, where the sample is
quite stall. As the boundary values rise, so do HIC, chest g’s and femur loads,
for both the "acceptable" and the "poor" groups. As NCAPINJ rises above 0.7,
though, HIC and chest g’s tend to level off, while femur loads contimie to
escalate. Reflecting the trend of Wt in NCAP results during 1979-91,
the average model year for the "good" performers ranges fram 0.4 to 2.7 years

more recent than for the "poor" performers.

Table 5-2 shows what happens when a "gap" or borderline area is placed
between "low" and "high" NCAPINJ. More and more crashes drop out of the sample,
as one or both cars have NCAPINTJ in the borderline region. Table 5-2 starts with
a single boundary of NCAPINJ = 0.6 (the "best" analysis in Table 5-1) and
expands, by 0.1 at a time, the distance between the lower and upper boundary
values. For exanple, in the secand analysis of Table 5-2, the "good" cars are
the ones with NCAPINJ < 0.5 and the "poor" anes have NCAPINJ > 0.6. As the
sample size drops fram 117 to 22, the fatality reduction for good performance
rises fraom 26 to 57 percent. Although the analyses with the larger gaps have
impressive fatality reductions and high statistical significance (t values as
high as 4.11), they don‘t really mean as much as the analysis without a gap, as
evidenced by steadily declining sum RELEXP. In the lower half of Table 5-2,
average scores for the individual body regians indicate that the analyses with
big gaps campare really gocd all-around NCAP performers to really poor all-around
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TABLE 5-2

QOLLISIONS OF CARS WITH LOW NCAPINJ INTO CARS WITH HIGH NCAPINJ:
EFFECT OF PLACING A GAP BETWEEN "LOW" AND "HIGH" NCAPINJ

Comparison of Real-World Perfornmance

Definition of Definition of N of % Fat Red for Mean Sum T-Test
"Low" NCAPINJ "High® NCAPINJ Crashes Low NCAPINJ Relexp Relexp for Relexp
NCAPINT < .6 NCAPINT > .6 117 26.4 -.181 -21.13 3.22
NCAPINT < .5 NCAPINT > .6 102 24.1 -.165 -16.78 2.99
NCAPINT < .5 NCAPINT > .7 92 26.1 -.181 -16.66 3.28
NCAPINT < .4 NCAPINT > .7 71 29.6 -.208 -14.78 3.28
NCAPINT < .4 NCAPINT > .8 . 45 38.2 -.276 -12.40 4.11
NCAPINT < .3 NCAPINT > .8 34 42.9 - -.282 - 9.60 3.44
NCAPINT < .3 NCAPINT > .9 22 57.0 -.370 - 8.15 3.72

Mean NCAP Scores and Model Year ("Low™ va. "High® NCAPINJ Car)

Definition of Definition of HIC Chest G’s L Femr R Famir Model Year
"Low® NCAPINJ *Righ® NCAPINJ Low High low High Low High Low Righ Low High
NCAPINT < .6 NCAPINT > .6 898 1106 45.0 62.6 878 1161 846 1117 85.8 83.1
NCAPINT ¢ .5 NCAPINJ > .6 846 1093 43.6 62.3 891 1198 873 1111 85.7 83.2
NCAPINT < . .5 NCAPINT > .7 864 1093 44.1 62.4 880 1247 887 1117 85.7 83.2
NCAPINT < .4 NCAPINT > .7 857 1102 42.3 62.8 783 1195 771 1187 85.5 83.0
NCAPINT < .4 NCAPINT > .8 850 1086 42.8 64.3 786 1166 793 1079 85.1 82.9
NCAPIN < .3 NCAPINJ > .8 748 1064 41.8 63.6 777 1152 727 1098 85.4 82.9
NCAPINT < .3 NCAPINT > .9 733 1207 41.6 62.8 813 1399 746 1327 85.1 82.6



NCAP performers. Crashes of that type are rare, but the advantage is strongly
with the good NCAP perfommer.

5.2 with low st g’s hit with hi '

The carposite score NCAPINJ is quite efficient for partitioning the
cars into a "safer" and a "less-safe" group, as evidenced by the 26 percent lower
fatality risk for cars with NCAPINT < 0.6 in 117 crashes where they hit cars with
NCAPINT > 0.6. NCAPINJ is a weighted sum of NCAP scores for three body regions.

Do the NCAP scores for any gingle body region have camparable efficiency for
identifying differences in actual safety performance?

Chest g’s, which had significant correlation with actual fatality risk
throughout Chapters 3 and 4 and are the largest camponent of NCAPINJ, are a
reliable single parameter for partitioning the cars into safer ard less-safe
groups. Table 5-3 describes 14 analyses, each using a different single boundary
between "good" and "poor" chest g’s. The bounda.ry ranges fram 42 to 68 g’s. For
example, 60 chest g’s, the maxdmum value allowed by Federal Motor Vehicle Safety
Standard (FMVSS) 208, is used as the boundary in cne of the analyses. There are
92 actual head-on collisions (both drivers belted) in which one of models had >
60 chest g’s for the driver when it was tested in NCAP, and the other had < 60
g’'s. The fatality risk is a statistically significant 24 percent lower in the
cars with < 60 g’s than in the cars with > 60 g’s (t for RELEXP is 2.74, p <
.01). However, 60 g's, the pass-fail value in FMVSS 208 is just ane possible
bourdary. All of the other cutoff points from 42 to 68 g’s, except 48 and 50,
produce statistically significant differences, as evidenced by t values greater
than 1.65. The boundary value that yields a sample size closest to the farget
of 120 crashes is 56 g’s: the fatality reduction for the "good" cars is 19

86



Y
.« e

.
.

Q
\D \D WO NN NN DLW D N N
€O G 0 M O WP MWD WD D

833332 ILIIII

CORDMNANINNDOMSP ™
.
AN EHON SO MO =N

T
i3

90°¢
95°¢
092
0s°¢
¥.°T
(33 A
e’
0z'ez
c0°¢
60°T
951
18°¢C
9z ¢
S8t

dxeteod 103
IseL-L

TL9
L99
L9
969
6t8
L18
0€6
9¥6
£96
LE6
8¥6
8T0T
10T
8L6

A0 Ppoop 8 I00g

0T10T
Zoot
T100T
L66
£S6
0L6
S¥6
86
Z¥6
6¥%6
v¥6
T68
158
8¥8

Tulsd §

LoL 290t
1¢8 0t10T
€8 91701
98 8001
tI8 oLe
oLs8 8L6
¥96 6v6
856 £C6
sce 656
121 896
9té6 LL6
tv6 €001
56 ¥96
696 L6
POCH
ey 1

9'oL Te¥
Z°0L T1°8¥
T°0L €°8%
89 S'LY
199 0°9%
8°69 L'S¥
ey 9wV
8°'¢9 1'%
€19 O0°Ed
S°65 L°CY
LS viv
¥'Sss 86t
0°Ss Z'e6t
T'¥s §°8t
WOd  Ppoop
8.0 I8P

98

€L8

£68

€901
SPIT
SEIT
880T
1607
¥60T
6901
01
czoT
6¢0T
1201

OIH

(T8 «I00ds "8A ,POOHe) XWX TOPON PUR SAXOS JVON USSR

£E1r’e -
30°0T-
(X A1)
[ X200 4 o
8Z°ST-
[AS8 4%
ey ST-
95" ¥1-
[AAR 4%
¢e’s -
ceer-
8BS 6T-
0tT"LT-
6% ¥1-

dvetey
g

5,0 ISHHD dV¥ON «d00d« ANV «dOODw NEHMIAH XAWANNCH HHL SNOACW J0 LOHAIH
8,D ISIFHD «300ds HLIM SV QINI SHICOS O ISHHD d¥ON 4000« HLIM S¥UD 40 SNOISITICO

681" -
0TZ" -
602" -
LT -
991" -
0ST” -
1 X4 S
-
860" -
0S0° -
890" -
LOT" -
660" -
680" -

dwetoy
ueey

6°5C 2 4

9°6Z 8%

L 6z (34

. 6°%C 99

(A /4 4

0-ze 143

L 8T STT
0°LT otT
0°st SPT
6'L 991
6°0T 28T
691 €81
(A2 Lt
g°st 29T

%) pocH 03 seysexr)

PeY I8 & JO N

eouRKIDIIed PTIOM-Tesy JO uosfaedm)

£-S IVl

£20T
£66
S66
cee6
968
968
v1i6
<06
SS8
628
818
Z8L
0SsL
(478

89 < 8,6 3z
99 < 8,6 3maD
%9 < 8,6 g&AD
Z9 < 8,6 s
09 < 8,6 asaD
8s < 8,6 asaD
95 < 8,6 jgeD)
¥5 < 8,6 s
Zs < 8,6 saaD
05 < 8,6 183D
8y < 8,6 18D
9% < 8,6 Isan
¥y < 8,6 IsAD
z¥ < 8,6 188D

TR 2300de ®
30 WTTUTIeq

89 < 8,b asap
99 < 8,6 s
¥9 < 8,6 1sapD
29 < 8,6 s
09 < 8,6 IsBAD
8s < 8,6 I8P
9§ < 8,6 8D
¥ < 8,6 asap
Zs < 8,6 3sap
0s < 8,6 IsAD
8y < 8,6 383D
9% < 8,6 3saD
¥ < 8,6 3sap
v < 8,6 3sap

I »I00de ®
30 WTITUEIeq

L EH L

vl vivivivl vl vl vl v vivi v vl v

-

N WO O N

Lt
;

UWEITUEIed

- =

bbb hh
»

viviviviviviviviviviviviviv
TRV RODODDND

- -

N w9\ DO N VHOMN \0 O

-

A0 «PO0Ds ©
30 WORIFUTIea

87



percent (t for RELEXP is 2.32, p < .05).

The lower half of Table 5-3 campares the average NCAP performance of
the cars with "good"” and "poor" chest g’s. Needless to say, there is a large
difference in the average chest g’s. The difference is about 16 g’s in the first
four anmalyses, and gradually gets larger as the boundary value increases,
eventually reaching 22 g’s. However, the "good" cars are also better, in many
cases, on the other body regions. As noted in Section 3.3, chest g’s have a
strong correlation coefficient of .281 with HIC, and weaker correlations of .162
with right femur load and .062 with left femur load. Thus, the cars with the
higher chest g’s also terd to have higher HIC, by about 200-250, on the average,
in all of the analyses with boundary values up to 62 g’s. The femur loads are
about the same, or slightly higher in the high-chest g cars, up to the analysis
with a boundary of 56 chest g’s. But, above those boundary values, the pattern
reverses. The smll groups of cars with very high chest g’s tend to carmpensate
for it with lower HIC and femur loads than their counterparts with low chest g’s.
Reflecting the trend of improvement in NCAP results during 1979-91, the average
model year for the "good" performers ranges fram 1.1 to 2.3 years more recent
than for the "poor" performers.

On the whole, chest g’'s are not as efficient as NCAPINT for
discriminating safer and less-safe cars, as evidenced by a camparisaon of Tables
5-1 and 5-3. For accident samples of camparable gize, the fatality reduction for
low NCAPINT is consistently greater than the reduction for low chest g’s - e.g.,
26 vs. 19 percent at the target sanple size of 120 crashes. Sum RELEXP exceeds
20 three times in Table 5-1 and never in Table 5-3. The t value is always
significant and goes above 3 in three NCAPINJ analyses; but in the chest g
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analyses it is usually close to 2 and is nonsignificant in two cases. In almost
every analysis of Table 5-1, the cars with higher NCAPINJ had, an the average,
higher NCAP scores aon all three body regions; in Table 5-3, high chest g’s were
not always accarpanied by high HIC and often coincided with low femur loads.

Table 5-4 shows that the fatality reductiaon for good vs. poor chest
g’'s can be magnified by placing a gap between the "good" and the "poor" groups.
The results parallel earlier findings for NCAPINJ (Table 5-2). When the gap is
8 g’'s or more, the fatality reductions for the "good" cars approach 40 percent,
with high statistical significance (t values of 4 or more). However, the sanples
of crashes are quite limited; these analyses really don’t say much about the
relationship between chest g’s and fatality risk in the overall wvehicle fleet.

5.3 with low HIC hit with high HT

Table 5-5 presents 30 analyses that partition cars into "good" and
"poor" groups based on the Head Injury Criterion (HIC). Same of them use a
single boundary between "gocd" and "poor" HIC, while others have two bourdary
values and gap. A HIC of 1000 is the ma:amm amount permitted by FMVSS 208;
boundary values ranging fram 800 to 1600 are considered in Table 5-5. The
analyses are ordered by the lower boundary value and by the size of the gap.

Table 5-5 shows that HIC is moderately reliable, by itself, for
identifying differences in actual safety performance. In 29 of the 30 analyses,
the cars with low HIC have lower fatality risk than the high-HIC cars they
collided with, and the reduction is statistically significant in 5 of the
analyses (t > 1.65, p < .05). The camparison that meddmizes fatality reduction
with a sample size close to 120 defines HIC < 1000 as a "good" car and HIC > 1200
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06

OOLLISIONS OF CARS WITH "GOOD" NCAP CHEST G SCORES INTO CARS WITH "POOR" CHEST G’S

Definition of

a "Good" Car

Chest g’'s < 60
Chest g's < 58
Chest g’s < 58
Chest g’s < 56
Chest g’'s < 56
Chest g's < 54
Chest g's < 54
Definition of
a "Good" Car

Chest g’'s < 60
Chest g’'s < 58
Chest g’'s < 58
Chest g’'s < 56
Chest g’'s < 56
Chest g’'s < 54
Chest g's < 54

TABLE 5-4

EFFECT OF PLACING A GAP BETWEEN "GOOD" AND "POOR" NCAP CHEST G's

Definition of

a "Poor" Car

Chest g’s
Chest g's
Chest g's
Chest g's
Chest g’'s
Chest g’s
Chest g's

V V.V V V VYV

Definition of
a "Poor"® Car

60
60
62
62
64
64
66

Chest g’'s
Chest g’s
Chest g’s
Chest g’'s
Chest g's
Chest g’'s
Chest g's

V V.V V V VYV

60
60
62
62
64
64
66

N of % Fat Red
Crashes
92 24.2
89 22.8
60 26.3
56 32.9
40 37.9
39 40.7
35 40.7

HC

Good

896
895
913
905
979
982
282

Poor

1145
1147
1088
1108
907
914
914

Canparison of Real-World Performance

Chest G’'s
Good Poor

46.0
45.6
46.1
45.3
45.7
45.4
45.4

66.1
66.2
68.4
68.3
70.2
70.2
70.2

Mean

for Good Car Relexp

-.166
-.156
-.184
~.242
-.297
-.325
-.325

L Femr R Femr
Good Foor  Good Poor
970 864 953 839
977 882 967 834
1016 839 1009 631
994 856 981 621
967 801 950 579
970 822 -944 594
970 822 944 594

Sum
Relexp

-15.28
-13.92
-11.03
-13.58
-11.88
-12.67
-12.67

T-Test

for Relexp

Model Year
Good Poor
85.3 83.2
83.4 83.3
85.4 83.7
85.6 83.6
85.6 82.8
85.6 82.8
85.6 82.8

2.74
2.51
2.50
3.70
4.11
4.75
4.75

Mean NCAP Scores and Model Year (*Good" vs. "Poor" Car)



16

TABLE 5-5

COLLISTIONS OF CARS WITH "GOOD" NCAP HIC SCORES INTO CARS WITH "POOR" HIC

Camparison of Real-World Performance

Definition of Definition of N of % Fat Red Maan Sum

a “Cood® Car a “Poor* Car Crashes for Good Car Relexp Relexp
HIC < 800 HIC > 800 182 1.3 -.006 -1.14
HIC < 800 HIC > 900 133 4.2 -.024 - 3.26
HIC < 800 HIC > 1000 8s 2.6 -.016 -1.33
HIC < 800 HIC > 1100 73 none +.007 + .52
HIC < 800 HIC > 1200 59 14.1 -.090 - 5,29
HIC < 900 HIC > 900 190 10.7 -.066 -12.53
HIC < 900 HIC > 1000 127 10.7 -.067 - 8.47
HIC < 900 HIC > 1100 109 8.0 -.049 - 5.34
HIC < 900 HIC > 1200 92 19.0 -.126 -11.55
HIC < 900 HIC > 1300 68 26.5 -.181 -12.31
HIC < 1000 HIC > 1000 155 10.4 -.064 - 9.99
HIC < 1000 HIC > 1100 133 7.8 -.048 - 6.36
HIC < 1000 HIC > 1200 113 14.2 -.090 -10.22
HIC < 1000 HIC > 1300 81 20.2 -.130 -10.56
HIC < 1000 HIC > 1400 58 15.8 -.102 -5.91
HIC < 1100 HIC > 1100 139 6.2 -.037 - 5.15
HIC < 1100 HIC > 1200 118 13.1 -.082 - 9.69
HIC < 1100 HIC > 1300 85 17.1 -.107 - 9.13
HIC < 1100 HIC > 1400 62 11.6 -.072 - 4.49
HIC < 1100 HIC > 1500 48 13.2 -.084 - 4,01
HIC < 1200 HIC > 1200 120 10.8 -.067 - 8.03
HIC < 1200 HIC > 1300 87 ' 14.0 -.086 - 7.48
HIC < 1200 HIC > 1400 64 7.3 -.044 - 2.83
HIC < 1200 HIC > 1500 50 7.7 -.047 - 2.35
HIC < 1300 HIC > 1300 921 12.0 -.071 - 6.50
HIC < 1300 HIC > 1400 66 8.5 -.051 - 3.34
HIC < 1300 HIC > 1500 52 9.1 -.055 - 2.87
HIC < 1300 HIC > 1600 44 9.1 -.056 - 2.48
HIC < 1400 HIC > 1400 68 8.5 -.051 - 3.44
HIC < 1500 HIC > 1500 54 9.1 -.055 - 2,96

T-Tast
for Relexp

13

.22
n.a.
1.21

1.39
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TABLE 5-5 (Contirnued)
COLLISIONS OF CARS WITH "GOOD"™ NCAP HIC SCORES INTO CARS WITH "POOR" HIC

Mean NCAP Scores and Model Year ("Good® vs. "Poor® Car)

Definition of Definition of HIC Chest G's L Femuur R Femur Model Year
a "Good" Car a "Poor® Car Good Poor Good Poor Good Poor Good Poor Good Poor
HIC < 800 HIC > 800 620 1159 44 .8 51.4 997 899 974 885 86.4 84 .4
HIC < 800 HIC > 900 618 1272 45.7 52.8 946 901 934 888 86.5 84.1
HIC < 800 HIC > 1000 605 1449 44 .8 52.6 971 837 992 737 86.6 84.7
HIC ¢ 800 HIC > 1100 599 1512 44 4 51.5 993 838 1016 739 86.6 84.9
HIC < 800 HIC > 1200 590 1598 44 .2 54.3 988 862 1009 794 86.4 84.8
HIC ¢ 900 HIC > 900 691 1299 46.5 53.3 921 918 915 894 86.1 84.1
HIC < 900 HIC > 1000 690 1468 45.8 53.5 919 880 939 7187 86.1 84 .5
HIC < 900 HIC > 1100 686 1537 45.7 52.7 942 871 963 772 86.1 84.6
HIC < 900 HIC > 1200 688 1608 45.8 54.7 932 895 956 812 86.0 84 .4
HIC < 900 HIC > 1300 703 1741 46.3 54.5 926 914 946 762 85.9 84.6
HIC < 1000 HIC > 1000 738 1476 47.2 53.5 939 852 968 789 85.5 84.5
HIC < 1000 HIC > 1100 735 1546 47.0 52.9 958 840 988 765 85.5 84.5
HIC < 1000 HIC > 1200 739 1616 47.3 54.8 964 861 995 807 85.3 84.3
HIC < 1000 HIC > 1300 746 1767 47.4 54.2 958 899 983 ‘761 85.3 84.8
HIC < 1000 HIC > 1400 747 1936 48.1 51.2 1000 978 1035 678 85.5 85.4
HIC < 1100 HIC > 1100 749 1%56 47.5 53.0 965 829 986 761 85.4 84.5
HIC < 1100 HIC > 1200 752 1629 47.8 54.9 970 851 993 804 85.2 84.3
HIC < 1100 HIC > 1300 761 1782 48 .2 54.4 963 881 986 762 85.2 84.7
HIC < 1100 HIC > 1400 767 1946 49.1 51.7 1005 953 1035 684 85.3 85.3
HIC < 1100 HIC > 1500 781 2084 49.3 50.4 989 927 1011 695 85.0 85.0
HIC < 1200 HIC > 1200 759 1634 47.6 54.17 967 853 980 800 85.2 84.2
HIC < 1200 HIC > 1300 769 1786 48.0 54.3 959 883 969 757 85.2 84.7
HIC < 1200 HIC > 1400 778 1947 48.9 51.5 998 953 1010 680 85.3 85.2
HIC < 1200 HIC > 1500 79% 2080 49.0 50.2 981 928 980 690 84 .9 84 .9
HIC < 1300 HIC > 1300 790 1777 48 .4 54.3 945 872 971 769 85.1 84.7
HIC < 1300 HIC > 1400 792 1943 49.1 51.6 985 936 1000 681 85.2 85.3
HIC < 1300 HIC > 1500 812 2069 49.3 50.4 966 907 969 691 84.9 85.1
HIC < 1300 HIC > 1600 811 2164 49.6 50.2 959 856 972 695 84.6 85.0
HIC < 1400 HIC > 1400 808 1938 49 .6 51.5 983 940 1008 679 85.1 85.3
HIC < 1500 HIC > 1500 832 2058 49 .9 S0.3 963 913 979 687 84.8 85.1



as a "poor" car: the fatality reduction for the good cars is a statistically
significant 14 percent (t for RELEXP is 1.68, p < .05). The other analyses that
show statistically significant differences, with smaller samples, also have
boundary values for HIC close to 1000 or just above it, and they have a modest
gap: 900/1200, 900/1300, 1000/1300 and 1100/1300. Boundary values above 1300 did
not produce large fatality reductions (unlike the situation with NCAPINJ and
chest g’s, where high boundary values produced large fatality reductions,
although with small sanple sizes.)

The second page of Table 5-5, which describes the average NCAP scores
for the low-HIC ard high-HIC groups, explains same of the trends in the fatality
reductions. HIC is significantly correlated with chest g’s. In gvery case, the
low-HIC group has average chest g’s under 50 and the high-HIC group has over 50
g’'s. However, the divergence between the low-HIC and the high-HIC group varies
fram 0.4 to 8.9. The average chest g’s for the high-HIC group varies fram 50.2
to 54.9. The analyses with a statistically significant or near-significant
fatality reduction almost all have average chest g’s over 54 in the high-HIC
group, and vice-versa. These high-HIC groups contain a rich selection of high-
chest g cases, and have elevated fatality risk. When the boundary value for HIC
goes above 1300, the divergence in chest g’'s is diminished, and so is the
difference in fatality risk. Table 5-5 also shows that the driver dummies with
high HIC had, on the average, slightly or even appreciably lower femur loads than
the dummies with low HIC.

5.4 i , £ i wi igh £
In the NCAP test, femur lcads are measured separately on the dummy’s
left and right legs (2250 pounds on either leg is the critical value on FMVSS
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208). 'The definition of a "car" with high [low] femur load has to take into
accoaunt the results for both legs. The approach used here is to say a car is a
*good” performer if the left femur load < A and the right-side measurement is
also < A and the sum of the two measurements < another mmber B < 2A. A car is
a "poor" performer if the left femur load > C or the right femur load > C or the
sum of the loads > D, where A < C and B ¢ D < 2C. Table 5-6 presents six
analyses in which there is no gap between the lower and upper bourdary values (A
= Cand B = D) and the critical value for the sum of the loads is 1000 above the
load an either leg. For example, in the first analysis of Table 5-6, "good" cars
must have femur loadsgBOOpoundsmieach leg and < 2300, total; performance
is "poor" if femur locad exceeds 1300 pounds an either leg or 2300 total.

Table 5-6 shows that femur load is rather reliable for differentiating
safer fram less safe cars. Over a range of boundary values fram 1300 to 1800
pounds on ane leg (and 2300 to 2800 pounds, total), the "good" performers
consistently have a fatality reduction that is statistically significant at the
.05 level. The significance never reaches the .01 level, as with chest g’s ard
NCAPINJ, but it never falls below the .05 level, as with HIC. The camparison
that maximizes sum RELEXP with a sample size close to 120 defines femur lcad <
1600 aon each leg (and 2600 total) as a "good" car and femur load > 1600 on either
leg (or 2600 total) as a "poor" car: the fatality reduction for the good cars is
a statistically significant 20 percent (t for RELEXP is 2.36, p < .05). The
fatality reduction remains close to 20 percent for boundary values in the 1400-
1800 pound range (for ane leg; 2400-2800 pounds for both legs). Analyses were
also tried with various gaps between "good" and "poor" performance; the gaps
merely reduced sanmple size without appreciably escalating the fatality reduction
for "good" performers. The secand page of Table 5-6 shows that cars with low
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TABLE 5-6

(OLLISIONS OF CARS WITH "GOOD" NCAP FEMUR LOAD SCORES INTO CARS WITH "POOR" FEMUR LOADS:
EFFECT OF MOVING THE BOUNDARY BETWEEN "GOOD" AND "POOR" NCAP FEMUR LOARDS

Camparison of Real-World Performance

Definition of Definition of N of % Fat Red Mean Sum T-Test
*Poor* Car Crashes for Good Car Relexp Relexp for Relexp
L Femur > 1300 OR
1300 AND R Femur > 1300 OR
< I+R Femur > 2300 164 13.5 -.084 -13.81 1.73
1400 AND L Femur > 1400 OR
1400 AND R Femur > 1400 OR
< 2400 I+R Femur > 2400 157 17.7 -.113 -17.74 2.24
1500 AND L Fenur > 1500 OR
1500 AND R Femur > 1500 OR
< 2500 I#+R Femur > 2500 142 18.0 -.116 -16.53 2.18
1600 AND L Femur > 1600 OR
1600 AND R Femur > 1600 OR
< 2600 I+R Femux > 2600 132 20.1 -.131 -17.30 2.36
1700 AND L Ferur > 1700 OR
1700 AND R Femur > 1700 OR
< 2700 I+R Fenur > 2700 128 20.2 -.132 -16.85 2.30
1800 AND L Ferur > 1800 OR
1800 AND R Femur > 1800 OR
< 2800 I+R Femur > 2800 123 19.0 -.123 -15.07 2.08
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TABLE 5-6 (Continued)

QOLLISIONS OF CARS WITH "GOOD" NCAP FEMUR LOAD SCORES INTO CARS WITH "POOR" FEMJR LQOADS:

Definition of
a "Poor" Car

LFem > 1300 OR
RFem > 1300 OR
L+R Fem > 2300

LFem > 1400 OR
RFem > 1400 OR
I+R Fem > 2400

LFem > 1500 OR
RFem > 1500 OR
I+R Fem > 2500

LFem > 1600 OR
RFem > 1600 OR
I4R Fem > 2600

LFem > 1700 OR
RFem > 1700 OR
I[#R Fem > 2700

LFem > 1800 OR
RFem > 1800 OR
L+R Fem > 2800

942

913

906

913

920

918

EFFECT OF MOVING THE BOUNDARY BETWEEN "GOOD" AND "POOR" NCAP FEMJUR LOADS

Mean NCAP Scores and Model Year ("Good" vs. "Poor"™ Car)

HIC

877

881

889

898

896

880

Chest G's
Good Poor Good Poor

48.9

48.6

48.3

48.4

48.3

48.6

50.0

49.8

50.7

51.0

51.1

51.4

L Pamr

Good Poor Good Poor

713

746

763

759

763

T77

1442

1480

1505

1531

1542

1540

R Femur

709

738

747

734

740

752

1486

1545

1619

1659

1665

1703

Model
Good

85.5
85.5

85.4

Year
Poor

85.6

86.0

85.7

85.6

85.6

85.5



femur loads also have, on the average, slightly lower chest g’s than the cars
‘with high femur loads; the difference in chest g’s ranges fran 1.1 to 2.8. There
is little difference in HIC. The modest reduction in chest g’s that accampanies
low femur load may be a contributing factor in the fatality reduction, but

prabably not an important one.

In the preceding analyses, chest g's were usually more efficient than
femur load for discriminating the actual safety performance of cars; femur load,
in turn, was more usually reliable than HIC, although there was same overlapping
in the results. The findings, which are consistent with the correlation analyses
of Chapters 3 ard 4, raise two interesting, related questions. Why are chest g's
especially efficient? Given that femur injuries are rarely fatal, why does femur
load correlate at all with fatality risk in actual crashes? The answer appears
to be that the three NCAP test measurements are not independent cdbservations on
isolated body regions. ‘There is not just a statistical correlation but,
prabably, also an intuitive overlap between the scores. Cars with intuitively
excellent safety design tend to have low scores on all parameters. Cars with
crashworthiness problems tend to have high scores on ane or more parameters, but
it is not always predictable which ane. Thus, high femur load could reflect a
more general problem affecting injury risk to other body regions in same crashes.
Chest g’s have two special advantages. Since the chest is the body region "in
the middle, " chest g’s are correlated with both HIC and femur load; a poor score
on chest g’s often reflects poor scores an the other parameters. The measurement
of chest g’s tends to be less sensitive than the other parameters to moderate
changes in the test conditions. That will make chest g’s work especially well
with the accident data used here, which, of necessity, include vehicles that do

not exactly match the NCAP test wvehicle, occupants of various héights and
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weights, and all types of head-on collisions, not just those that closely
‘resenble an NCAP test.

5.5 itd of fleet an

Any single NCAP parameter, as shown above, can do an adequate jcb of
partitioning the cars into a safer ard a less safe group. Two parameters for two
separate body regions, working together, can often do an even more reliable job.
Table 5-7 examines the relative fatality risk in cars with good HIC ard chest g
scores when they hit cars with poor HIC or chest g scores. The approach used
here is to say a car is a "good" performer if HIC < A and chest g’s < B. A car
is a "poor" performer if HIC > Cor chest g's > D, wiere Ac Card B < D. In
every analysis of Table 5-7, the fatality risk is lower for the good performers.
The reduction is statistically significant in every analysis which uses boundary
values for HIC close to 1000, with a modest gap, and bourdary values for chest
g's close to 60, without a gap or with a modest gap. Sare of the analyses show
fatality reductions well over 20 percent, with samples of 80-90 crashes.
However, in the camparison that meddmizes fatality reduction with a sanple size
close to 120, the "good" performers are defined as the cars with driver HIC ¢
1100 and chest g’'s < 60, and the "poor" performers as the cnes with either HIC
> 1300 or chest g’s > 60. The fatality risk is a statistically significant 19
percent lower for the drivers of the cars with the better NCAP scores (t for

RELEXP is 2.31, p < .05).

The secand page of Table 5-7 shows, not surprisingly that the average
HIC ard chest g's of the good performers are substantially lower than for the
poor performers. The femur loads, however, tend to be samewhat higher for the
good HIC-chest g perfommers. This page of Table 5-7 shows quite similar trends
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TABLE 5-7

QOLLISIONS OF CARS WITH "GOOD" NCAP HIC AND CHEST G SCORES INTO CARS WITH "POOR" HIC OR CHEST G'S

Definition of
a "Good" Car

HIC < 800 AND
Chest g’'s < 48

HIC < 800 AND
Chest g’s < 48

HIC < 900 AND
Chest g’s < 55

HIC < 900 AND
Chest g’s < 55

HIC < 900 AD
Chest g’s < 55

HIC < 900 AND
Chest g’s < 56

HIC < 1000 AND
Chest g’s < 60

HIC < 1000 AND
Chest g’s < 60

HIC < 1100 AND
Chest g’s < 64

HIC < 1100 AND
Chest g’s < 60

HIC < 1200 AND
Chest g’s < 70

Definition of
a "Poor®" Car

HIC > 800 OR
Chest g’s > 48

HIC > 1100 OR
Chest g’'s > 64

HIC > 1250 OR
Chest g's > 60

HIC > 1250 OR
Chest g’s > 62

HIC > 1250 OR
Chest g’s > 65

HIC > 1300 OR
Chest g's > 60

HIC > 1000 OR
Chest g’'s > 60

HIC > 1200 OR
Chest g’s > 70

HIC > 1100 OR
Chest g’s > 64

HIC > 1300 OR
Chest g’s > 60

HIC > 1200 OR
Chest g’s > 70

Comparison of Real-World Performance

N of % Fat Red
Crashes for Good Car
165 3.3
63 8.2
92 23.0
86 26.7
81 26.7
93 24.7
170 13.5
104 19.1
155 11.2
125 18.9
120 12.3

Mean
Relexp

.020

.047

.155

.181

.184

.167

.084

121

.070

.122

.076

Sum
Relexp

- 3.23

- 2.97

-14.23

-15.57

-14.91

-15.58

-14.36

-12.58

-10.79

-15.32

- 9.12

T-Test
for Relexp

.39

.58

2.16

2.31

1.39



TABLE 5-7 (Contimued)

COLLISIONS OF CARS WITH "GOOD"™ NCAP HIC AND CHEST G SCORES INTO CARS WITH "POOR" HIC OR CHEST G'S

Mean NCAP Scores and Model Year ("Good® vs. "Pocr® Car)

001

Definition of Definition of HIC Chest G’'s L Pemur R Panmr Model Year
a "Good* Car a "Poor® Car Good Poor Good Poor Good Poor Good Poor Good Poor
HIC < 800 AND HIC > 800 OR

Chest g’'s < 48 Chest g’s > 48 613 1056 39.8 52.8 1106 890 1026 897 86.6 84.5
HIC < 800 AND HIC > 1100 OR

Chest g’'s < 48 Chest g’'s > 64 600 1387 39.9 55.3 1075 840 1010 801 87.0 85.1
HIC < 900 AND HIC > 1250 OR

Chest g’s < 55 Chest g’s > 60 711 1432 43.3 59.0 980 918 946 793 86.2 84.2
HIC < 900 AND HIC > 1250 OR

Chest g’s < 55 Chest g’s > 62 712 1465 43.3 58.8 968 855 936 785 86.1 84.3
HIC < 900 AND HIC > 1250 OR

Chest g’s < 55 Chest g’s > 65 713 1503 43.3 58.5 972 863 944 760 86.2 84 .4
HIC < 900 AND HIC > 1300 OR

Chest g’s < 56 Chest g’s > 60 709 1426 43 .4 59.0 990 923 946 801 86.2 84.3
HIC < 1000 AND HIC > 1000 OR

Chest g’s < 60 Chest g’s > 60 748 1339 45.6 55.9 1001 847 1003 801 85.5 84.6
HIC < 1000 AND HIC > 1200 OR ,

Chest g’s < 60 Chest g’s > 70 742 1608 45.3 55.0 984 871 995 835 85.4 84 .4
HIC < 1100 AND HIC > 1100 OR

Chest g’'s < 64 Chest g’'s > 64 760 1395 46.2 56.0 994 809 1018 745 85.5 84.5
HIC < 1100 AN HIC > 1300 R

Chest g’'s < 60 Chest g’'s > 60 769 1414 46.0 59.3 1009 846 1016 779 85.3 84.2
HIC < 1200 AND HIC > 1200 OR

Chest g’s < 70 Chest g’s > 70 757 1609 47 .4 55.4 967 869 982 809 85.2 84.2



to the second halves of Tables 5-3 (partition by chest g’'s) and 5-5 (partition
by HIC). To the extent that HIC and chest g’s are fairly correlated, they are
sanewhat redundant measures in a statistical sense. They act as a check on e
another, and using both of them together enhances the reliability of their
infomation. Cars with low HIC tend to have low chest g’s, and vice-versa, but
the easiest way to find cars with low HIC and chest g’s is to lock at both of the
variables. Neither variable, however, conveys the information that is contained

in the femur load variable.

Since femur load is rather orthogonal (statistically uncorrelated)
with HIC and chest g’s, it might be expected that the carbination of femur lcad
with one of the other two variables is exceptionally useful for partitioning the
fleet. Table 5-8 confimms that chest g’s-and-femur load, or HIC-ard-femur load
can be used to differentiate the safer and the less-safe cars. If "good"
performance is defined as chest g’s < 56 and femur load < 1400 an each leg and
< 2400, total, while chest g’s > 60 or femur 1oa£i > 1700 on either leg or > 2700,
total delineates "poor" performance, the fatality risk in 134 collisiaons between
good and poor performers is a statistically significant 22 percent lower for the
drivers of the cars with good NCAP scores (t for RELEXP is 2.93, p< .01). The
lower half of Table 5-8 shows that the "good" performers, in this analysis, have

lower average scores an all three body regions, not just the chest and femurs.

Most interestingly, the second analysis in Table 5-8 shows that HIC
and femur load, without chest g’s, can be used to partition the safer fram the
less safe cars. When the criterion for "good" performance is HIC < 900 and femur
load < 1400 on each leg ard < 2400, total, axd the criterion for "poor"

performmance is HIC > 1300 or femur load > 1700 can either leg or > 2700, total,
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TABLE 5-8

OCOLLISIONS OF CARS WITH "GOOD"™ NCAP SCORES FOR TWO BODY REGIONS

INTO CARS WITH "POOR" NCAP SCORES FOR AT LEAST ONE OF THOSE BODY REGIONS

Definition of

a "Good" Car
Chest g’a < 56 AND
L Femur < 1400 AND
R Famur < 1400 AND
I#R Femur < 2400
HIC < 900 AND
L Famur < 1400 AND
R Femur < 1400 AND
I+R Femur < 2400

Definition of
a "Good" Car

Chest g < 56 AND
LFem < 1400 AND
RFem < 1400 AND
I+R Fem < 2400

HIC < 900 AND
LFem < 1400 AND
RFem < 1400 AND
I+R Fem < 2400

Camparison of Real-World Performance

Definition of N of % Fat Red Mean Sum T-Test
a "Poor" Car Crashes for Good Car Relexp Relexp for Relexp

Chest g’s > 60 OR
L Femur > 1700 OR
R Femur > 1700 OR
I+R Famur > 2700 134 22.1 -.147 -19.66 2.93

HIC > 1300 OR
L Femur > 1700 OR
R Famur > 1700 OR
L+R Femur > 2700 121 19.4 -.128 -15.44 2.30

Mean NCAP Scores and Model Year ("Good™ vs. "Poor” Car)

Definition of HIC Chest G’s L Famr R Pemur Model Year
a "Poor" Car Good Poor Good Poor Good Poor Good Poor Good Poor

Chest g > 60 OR
LFem > 1700 OR
RFem > 1700 OR
I+R Fem > 2700 890 983 43.9 55.6 754 1311 742 1336 85.5 84.8

HIC > 1300 OR

LFem > 1700 OR

RFem > 1700 OR

I+R Fem > 2700 698 1194  46.8 51.5 738 1311 766 1294 85.7 85.1



the fatality risk in 121 head-on collisions between good and poor performers is
a statistically significant 19 percent lower for the drivers of the cars with low
HIC and femur load (t for RELEXP is 2.30, p < .05). The lower section of Table
5-8 shows that the cars with good HIC and femur load have substantially lower
chest g’s (46.8 vs. 51.5) than the cars with poor HIC or femur load. That HIC
with femur load works about as well as HIC with chest g’s or femur load with
chest g's illustrates the extent to which the three NCAP scores contain both

overlapping and camplementary information.

5.6 Partitions of the fleet based on all three NCAP pargmeters

A reliable differentiation of safer and less-safe cars may be cbtained
by using NCAP scores for all three body regions, with separate bourdary values
("pass-fail" criteria) for each body region. This method is perhaps not quite
as efficient as a camposite variable such as NCAPINJ, but is just as reliable,
or more so, than the analyses based an ane or two body regions. Table 5-9
illustrates five analyses using various boundary values for HIC, chest g's, and
femur load. An accident sanple close to the target of 120 crashes is cbtained by
defining "good" performance as HIC < 900 and chest g’s < 56 and femur load < 1400
on each leg ard < 2400, total. HIC > 1300 or chest g’s > 60 gr femur locad > 1700
on either leg or > 2700, total defines "poor" performance. The fatality risk in
118 actual head-on collisions between a good and a poor performer is a
statistically significant 21 percent lower for the drivers of the cars with good
NCAP scores (t for RELEXP is 2.68, p < .01).

Table 5-9 shows that the boundary values can be varied by a moderate
amount and the fatality reduction for the "good" perfommers will still be
statistically significant, often at the .01 level. Such reductions are found in
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Definition of
a "Good®” Car

HIC < 900 AND
Chest g’s < 56 AND

HIC < 900 AND
Chest g’'s < 60 AND
L Ferur < 1400 AND
R Femur < 1400 AND
I+R Femur < 2400

HIC < 1100 AND
Chest g’'s < 56 AND
L Femur < 1400 AND
R Femur < 1400 AND
L+R Femur < 2400

HIC < 1100 AND
Chest g’'s < 60 AND
L Femur < 1400 AND
R Femur < 1400 AND
I+R Famur < 2400

HIC < 1100 AND
Chest g’'s < 60 AND
L Pemur < 1400 AND
R Femur < 1400 AND
L+R Femur < 2400

TABLE 5-9

QOLLISIONS OF CARS WITH "GOOD" NCAP SCORES FOR ALL THREE BODY REGIONS
INTO CARS WITH "POOR" NCAP SCORES FOR AT LEAST ONE BODY REGION

Coamparison of Real-World Perfornmance

Definition of N of % Fat Red Mean Sum
a "Poor" Car Crashes for Good Car Relexp Relexp

HIC > 1300 R
Chest g’s > 60 OR
L Femir > 1700 OR
R Famxr > 1700 OR
IAR Famur > 2700 118 21.2 -.139 -16.44

HIC > 1300 OR
Chest g’s > 60 OR
L Femur > 1600 OR
R Femur > 1600 OR
I+R Femur > 2600 128 20.7 -.137 -17.54

HIC > 1300 R
Chest g’s > 60 OR
L Femur > 1600 OR
R FPamr > 1600 CR
L+R Femur > 2600 140 19.6 -.128 -17.91

HIC > 1300 OR
Chest g’s > 60 OR
L Femur > 1600 OR
R Famur > 1600 OR
IAR Femur > 2600 153 18.3 -.118 -18.05

HIC > 1300 OR
Chest g’s > 60 OR
I, Ferur > 1800 OR
R Femur > 1800 OR
I+R Femur > 2800 148 19.0 -.123 -18.24

T-Test
for Relexp

2.68

2.65

2.72

2.46

2.50
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HIC < 900 AND
Chest g < 60 AND
L Fem < 1400 AND
R Fem < 1400 AND
I#R Fem < 2400
HIC < 1100 AND
Chest g < 56 AND
L Fem < 1400 AND
R Fem < 1400 AND
I+R Fem < 2400
HIC < 1100 AND
Chest g < 60 AND
L Fem < 1400 AND
R Fem < 1400 AND
L+R Fem < 2400
HIC < 1100 AND
Chest g < 60 AND
L Fem < 1400 AND
R Fem < 1400 AND
I+R Fam < 2400

TABLE 5-9 (Contirmued)

OOLLISTONS OF CARS WITH "GOOD" NCAP SCORES FOR ALL THREE BODY REGIONS
INTO CARS WITH "POOR" NCAP SCORES FOR AT LEAST ONE BODY REGION

Definition of
a "Poor" Car

HIC > 1300 OR
Chest g > 60 OR
L Fem > 1700 OR
R Fam > 1700 OR
I4R Pem > 2700

HIC > 1300 OR
Chest g > 60 OR
L Fem > 1600 CR
R Fem > 1600 OR
IL+R Fem > 2600

HIC > 1300 OR
Chest g > 60 OR
L Fem > 1600 OR
R Fem > 1600 OR
I+R Fem > 2600

HIC > 1300 OR
Chest g > 60 OR
L Fem > 1600 OR
R Fem > 1600 OR
I+R Fem > 2600

HIC > 1300 OR
Chest g > 60 OR
L Fem > 1800 OR
R Fem > 1800 OR
L+R Fem > 2800

704

703

739

744

745

Mean NCAP Scores and Model Year ("Good" vs. "Poor"® Car)

HIC

1154

1156

1161

1161

1173

Chest G’'s
Good Poor Good Poor Good Poor Good Poor

43.1

43.9

43.8

45.0

45.1

53.6

53.3

53.7

53.8

54.0

L Famr

778

767

71

7155

756

1230

1229

1201

1185

1180

R Fammr

715

776

775

763

770

1200

1208

1192

1198

1194

Model
Good

85.9

85.6

85.5

85.4

Year
Poor

84.8

84.8

85.0

84.9

84.8



analyses with HIC boundary values reasanably close to or slightly above the FMVSS
.208 value of 1000, with a modest gap; chest g boundary values close to the FMVSS
208 value of 60 g’s; and femur load boundaries in the 1400-1800 pourd range. The
analyses show fatality reductions of 18-21 percent in accident samples ranging
up to 153 crashes, and sum RELEXP values up to 18.24, approaching the sum RELEXP
values of 20-21 foud in the analyses based on NCAPINJ (see Table 5-1). The
second page of Table 5-9 shows that the "good" performers had, ocn the average,
substantially lower HIC, chest g’s and femur loads than the poor perfommers.

5.7 Sensitivity test: collisions of two cars with similar mass

None of the analyses, so far, placed any limits an the relative masses
of the two cars in the head-an collisions. The data included same crashes in
which the two cars had a severe weight mismatch - e.g., 1800 and 3800 pourds.
A question could be raised if the cases with severe mismatch are "driving" the
results. In those crashes, where the driver of the lighter car is almost certain
to be a fatality, the difference between actual and "expected" performance may
not be as meaningful as in crashes where both drivers have a good chance of
survival. Would the results be different if the sanple were limited to

collisions of cars with similar weights?

Table 5-10 limits two of the earlier analyses to the subset of head-on
collisions in which the weights of the two cars differ by no more than 1000
paunds. In the subsample of 86 collisions of a car with NCAPINJ < 0.6 into a car
with NCAPINJ > 0.6, both cars having curb weights within 1000 pourds of one
another, the fatality reduction for the good NCAP performers is 23.9 percent,
which is about the same as the 26.4 percent fatality reduction in the
unrestricted sample of 117 collisions (see Table 5-1). In the subsample of 94
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TABLE 5-10

QOLLISIONS OF CARS WITH "GOOD" NCAP SCORES INTO CARS WITH "POOR" SOORES

WHERE THE "GOOD" AND "POOR"™ CARS HAVE SIMILAR MASS

Camparison of Real-World Performance

Definition of Definition of N of % Fat Red Mean Sum T-Test
a "Good" Car a "Poor" Car Crashes for Good Car Relexp Relexp for Relexp
NCAPINT < .6 NCAPINT > .6

and weight difference < 1000 pounds 86 23.9 -.164 -14.14 2.33
HIC < 900 AND HIC > 1300 OR
Chest g’s < 56 AND Chest g’s > 60 OR
L Femur < 1400 AND L Femur > 1700 OR
R Femur < 1400 AND R Femur > 1700 OR
I+R Femur < 2400 I+R Femur > 2700

ard weight difference < 1000 pourds 94 20.7 -.135 -12.72 2.17

Car Weight, Driver Age, Sex and Model Year ("Good" vs. "Poor" Car)

Definition of Definition of Avg Weight Avg Age % Female Model Year
a "Good" Car a "Poor* Car Good Poor Good Poor Good Poor Good Poor
NCAPINT < .6 NCAPINT > .6

and weight difference < 1000 pourxs 2872 2929 42.8 41.8 49 48 86.0 83.2
HIC < 900 AND HIC > 1300 OR
Chest g’s < 56 AND Chest g’s > 60 OR
L Femur < 1400 AND L Femur > 1700 OR
R Femur < 1400 AND R Femur > 1700 OR
1+R Femur < 2400 I#R Femur > 2700

and weight difference < 1000 pounds 2840 2842 42,3 43.5 50 40 86.0 84.9



collisions of a car with low HIC, chest g’s and femur load into a car with high
HIC, chest g’s or femur load, the fatality reduction for the good performers is
20.7 percent, which is almost identical to the 20.8 percent reduction in the
unrestricted sample of 118 cases (see Table 5-9). The lower half of Table 5-10
shows that, in both analyses, the "good" and "poor" NCAP performers have nearly

the same average curb weights and driver ages.

5.8 Sensitivity test: weighted vs. unweighted composite score
The camposite measure of NCAP perfonmance,
NCAPINT = .21 HEADINT + 2.7 CHESTINT + 1.5 (LFEMURINJ + RFEMURINJ)
was calibrated in Section 4.1 as the weighted cambination of logistic injury
prabability functions for the head, chest and femurs that has maximum correlation
with fatality risk in the set of head-on collisions where both cars match an NCAP
test at the ‘3R or 4A level.’ However, it was also shown in Section 4.1 that
this particular weighted sum did not "magically" enhance correlation; other
weighted sums had almost equally high correlations, and even an unweighted sum

of the injury prababilities had significant correlation with fatality risk.

Similarly, the approach of this chapter showed that NCAPINT was
efficient for separating the safer cars fram the less safe cars, mexdmizing the
difference in relative fatality risk when a "good" NCAP performer hits a "poor"
performer head-on. Here too, however, NCAPINT is merely "first among equals® for
the purpose of identifying safer and less safe cars. Table 5-11 shows that even
an unweighted sum of the logistic injury probabilities,

INJ = HEADINT + CHESTINT + LFEMIRINJ + RFEMURINY
accamplishes the same purpose with just slightly less efficiency. The top half

of Table 5-11 presents six analyses of head-on collisions between cars with
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TABLE 5-11

COLLISIONS OF CARS WITH A LOW NCAP CCMPOSTTE SCORE INTO CARS WITH A HIGH NCAP CCMPOSITE SCORE:
WEIGHTED VS. UNWEIGHTED CCMPOSITE SCORE

WEIGHTED: NCAPINJ = .21 HEADINJ + 2.7 CHESTINJ + 1.5 (LFEMURINJ + RFEMORINJ)

Definition of Definition of N of % Fat Red for Mean Sum T-Test
"Low" NCAPINJ *High" NCAPINJ Crashes Low NCAPINJ Relexp Relexp for Relexp

< .4 NCAPINT > .4 186 17.0 -.108 -20.17 2.56

< .5 NCAPINT > .5 147 17.3 -.114 -16.83 2.44

< .6 NCAPINT > .6 117 26.4 -.181 -21.13 3.22

< .7 NCAPINT > .7 108 27.2 -.189 -20.46 3.34

< .B NCAPINY > .8 80 28.7 -.201 -16.10 3.13

< .9 NCAPINT > .9 55 31.9 -.216 -11.88 2.73

JHE

UNWEIGHTED: INJ = HEADINJ + CHESTINJ + LFEMURINJ + RFEMURINT

Definition of Definition of N of % Fat Red for Mean Sum T-Test
*Low* INJ *High" INJ Crashes Low INJ Relexp Relexp for Relexp

.3 INT > .3 191 14.6 -.092 -17.60 2.16

.4 INT > .4 149 17.7 -.115 -17.13 2.36

.5 INg > .5 121 21.6 -.145 -17.54 2.77

.6 INT > .6 97 18.1 -.117 -11.33 2.00

.7 N > .7 78 21.2 -.139 . -10.86 2.08

.8 N > .8 57 16.7 -.115 - 6.55 1.56



"good" and "poor" NCAPINJ scores, recapitulating material frum Table 5-1. The
lower half of Table 5-11 presents results of six similar analyses based an the
unweighted camposite score INJ. In the NCAPINJ analyses, the fatality risk is
17-32 percent lower for the driver of the "good" car than for the driver of the
"poor"® car; the reductians in the first two analyses are significant at the .05
level, and in the last four analyses they are significant at the .01 level. In
the INJ analyses, fatality reductions range fram 15 to 22 percent; the first five
analyses show statistically significant reductions, with the third analysis
significant at the .01 level. In general, INJ works about as well as NCAPINJ
when the boundary between "good" and "poor" performance is set at a fairly low
level - i.e., the first two or three analyses. Only when the boundary is set at
a high level does NCAPINJ became visibly more efficient than INJ.

In the third analysis with the uweighted score INJ, the fatality
reduction is 21.6 percent with a sample of 121 crashes. . Thus, at the target
sanple size, INJ is slightly more efficient than any single NCAP parameter, and
works about as well as carbinations of two or three NCAP parameters.

5.9 Sensitivi : if

The preceding analyses were conducted with the principal data set of
head-on collisions in which both cars matched an NCAP test vehicle at levels "3A"
or "4A": the model year on FARS is within the range of model years considered
valid for the NCAP test, and the make-models an FARS and NCAP are identical or
true corporate cousins. In Section 3.4, an altermative data set was defined in
which both vehicles not anly match an NCAP test vehicle at levels 3A or 4A, hut
also have the game muber of doors as the NCAP test vehicle (310 collisions, 620

cars). In the multiple regression approach of Section 3.4, the alternative data
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set produced higher regressian coefficients for HIC, and lower coefficients for
femur load than the principal data set. In Section 4.7 it was shown that NCAPINT
did not have optimal correlation with fatality risk on the alternative data set
(although it was close to the optimmm), and that the umeighted score INJ was
just slightly less correlated with fatality risk than NCAPINJ.

When the methods of this chapter are applied to the alternative data
set, the results closely parallel the earlier findings. Table 5-12 considers
head-on collisions between a "good" and a "poor" NCAP performer, based on the
values of a single NCAP parameter. The left three colums of mmbers are the
sample size, fatality reduction for the good car and t-test result for RELEXP in
the principal accident data set (level 3A/4A matches). The right three colums
are the corresponding analysis results on the alternative data set (level 3A/4A
and N of doors matching). Since the principal data set contains the alternative
set, the N'’s aon the right are always smaller; when N is smaller, the same

percentage of fatality reduction will produce a weaker t-test result.

The first section of Table 5-12 presents six analyses of crashes of
cars with low NCAP chest g’s into cars with high chest g’s. The fatality
reductions are virtually identical in the two data sets, ranging fram 11 to 30
percent in the principal data set and 10 to 28 percent in the alternative set.
In four of the six analyses, the reductions are within 2 percent on the two data
sets; in the first analysis, the altermative data set produces a slightly higher
reduction, while in the fifth analysis, the principal data set produces a greater
effect. The findings are cansistent w:Lt.h Section 3.4, where chest g’s had nearly

the same regression coefficient in the two data sets.
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TABLE 5-12

OOLLISIONS OF CARS WITH "GOOD" NCAP SCORES INTO CARS WITH "POOR" NCAP SCORES
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Definition

of

a "Poor" Car

Chest g’s
Chest g’s
Chest g’'s
Chest g’'s
Chest g’s

> 44
> 48
> 52
> 56
> 60

Chest g's > 64

HIC > 900
HIC > 1000
HIC > 1200
HIC > 1200
HIC > 1200
HIC > 1300

L Fem > 1500 OR
R Fem > 1500 OR
I+R Fem > 2500

L Fem > 1600 OR
R Fem > 1600 OR
L+R Fem > 2600

L Fem > 1700 OR
R Fem > 1700 OR
L+R Fem > 2700

COMPARISON OF TWO ACCIDENT DATA SETS

N

172
182
145
125
92
49

133
127
92
113
118
87

142

132

128

18.0

20.1

20.2

2.18

2.36

2.30

FARS Matches NCAP at
Level 3A/4A and N of Doors

N

139
145
113
99
71
38

108
96
68
82
86
64

121

112

108

% Fat Red

18.

9.
14.
18.
20.
28.

[YS I - 3 S I e B Vo Vo]

12.
20.
26.
16.
17.
15.

e RrOuwou R

15.8

15.7

T-Test

.36
.21
.59
.88
91
.94

BR RN

.23
.25
.73
.73
.80
.30

PR NDN R



The middle section of Table 5-12 contains six analyses based an HIC,
each with a smll gap between "good" and "poor" performers. Here, the fatality
reduction is greater for the alternative data set, especially in the first three
analyses, where the boundary values of HIC are relatively low. In the third
analysis, the fatality reduction is statistically significant at the .01 level
in the alternative data set. That level of significance was never achieved in
the principal data set with HIC, despite larger sample sizes. In the last three
HIC analyses, where the cars are partitioned at higher levels of HIC, the results
for the two data sets more or less canverge, axd the reductions drop out of the

statistically significant range, even in the alternative data set.

Canversely, the lower section of Table 5-12 shows that femur load does
not work as well on the alternative data set as on the principal data set.
Fatality reductions are 4-6 percent lower on the smaller data set, and they are
not statistically significant. Whereas femir load seaems to be more efficient
than HIC on the main data set, HIC works slighuuy better on the altermative set,

consistent with the regression coefficients in Section 3.4.

Table 5-13 campares the effects of the weighted camposite score
NCAPINT and the unweighted sum of logistic injury probabilities, INJ for the
principal and alternative data sets. The first half of the table presents six
analyses for NCAPINJ. In the principal data set, the reductions are always
statistically significant, and in the last four analyses the reductions range
fram 26 to 32 percent and are significant at the .01 level. NCAPINJ does not
work so efficiently for the altermative data set, although it still produces
fatality reductions up to 24 percent. Three of the six analyses produce

statistically significant reductions at the .05 level.
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Definition of Definition of

TABLE 5-13

QOLLISIONS OF CARS WITH A LOW NCAP OOMPOSITE SCORE INTO CARS WITH A HIGH NCAP CCMPOSITE SCORE:
OOMPARISON OF TWO ACCIDENT DATA SETS: WEIGHTED VS. UNWEIGHTED CCMPOSITE SCORE

WEIGHTED: NCAPINJ = .21 HEADINJ + 2.7 CHESTINJ + 1.5 (LFEMURINJ + RFEMIURINJ)

FARS Matches NCAP
at Level 3A or 4A

FARS Matches NCAP at
Level 3A/4A and N of Doors

rit

"Low" NCAPINJ "High" NCAPINJ N % Fat Red T-Test N % Fat Red T-Test
NCAPINT < NCAPINJ > .4 186 17.0 2.56 146 15.4 2.06
NCAPINT < NCAPINY > .5 147 17.3 2.44 113 14.4 1.75
NCAPINT < NCAPINT > .6 117 26.4 3.22 88 18.8 1.88
NCAPINT < NCAPINT > .7 108 27.2 3.34 82 21.2 2.06
NCAPINT < NCAPINT > .8 80 28.7 3.13 61 23.9 2.18
NCAPINT < NCAPINT > .9 .65 31.9 2.73 41 21.8 1.53
UNWEIGHTED: INJ = HEADINJ + CHESTINJ + LFEMDORINJ + RFEMORINJ

FARS Matches NCAP FARS Matches NCAP at

at Level 3A or 4A Level 3A/4A and N of Doors
Definition of Definition of
"Tow" INJ *High® INJ N % Fat Red T-Test N % Fat Red T-Test
INT < .3 INT > .3 191 14.6 2.16 149 18.5 2.46
INT < .4 INT > .4 149 17.7 2.36 115 20.0 2.35
INT < .5 INT > .5 121 21.6 2.77 97 18.5 2.02
INT < .6 INT > .6 97 18.1 2.00 76 15.7 1.54
INT < .7 NT > .7 78 21.2 2.08 61 17.0 1.50



The lower half of Table 5-13 presents five analyses with the
umweighted composite score. It works about equally well on the principal and
altemative data sets: with low boundary values, the fatality reduction is
slightly greater on the alternative data set, but in the last three analyses, the
results are more favorable on the principal data set. It is especially
interesting to campare the upper and lower half of the table. With the principal
data set, NCAPINJ does a visibly better jab than INJ when the cars are
partitioned at a relatively high score: NCAPINT pushes the fatality reduction up
to the 30 percent range, but INJ does not. On the altermative data set, NCAPINT
does not do as well as INJ an the first two analyses, and only slightly better
on the subsequent cnes.

These sensitivity tests with an altermative accident data set
illustrate two points rather clearly: (1) The FARS data show significant
relationships between each of the three NCAP parameters and fatality risk, but
they are not really sufficient to rank-order the strength of the three
relationships; smll changes in the accident data set can change the rank order.
(2) The FARS data show that a camposite score based on all three parameters, such
as NCAPINT, has excellent correlation with fatality risk, but they are not
sufficient to establish "ideal" relative weights for the three parameters; small
changes in the data set will change the optimum relative weights.

5.10 Sunmary

Table 5-14 extracts from Tables 5-1 through 5-9 the analyses that
mexcimized fatality reduction and sum RELEXP, in the preceding tables, with sanple
sizes close to the target of 120 crashes. They are the "best in their class"

analyses, based on various ways of partitioning "good" and "poor" NCAP
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SUMMARY: QOLLISIONS OF CARS WITH "GOUD" NCAP SCORES INTO CARS WITH "POOR"™ NCAP SCORES
(N of crashes approximately 120 in each cavparison)

HIC < 1000

L, Faur < 1600 AND
R Femur < 1600 AND
I+R Femur < 2600

e P

A
N
>
[=]
o

Definition of
a "Poor" Car

NCAPINT > .6
Chest g's > 56
HIC > 1200

L Feur > 1600 OR

R Femur > 1600 OR
I#R Feamur > 2600

HIC > 1300 OR

Chest g’s > 60

Chest g’s > 60 OR
L Ferur > 1700 OR
R Famur > 1700 OR
I+R Femur > 2700

HIC > 1300 oR
L Femur > 1700 OR
R Femur > 1700 OR
I4R Famr > 2700

HIC > 1300 OR
Chest g’s > 60 OR
L Femur > 1700 OR
R Famur > 1700 OR
I+R Femur > 2700

TABLE 5-14

N of
Crashes

117

125

113

132

125

134

121

118

Campariscn of Real-World Performance

% Fat Red Mean
for Good Car Relexp
26.4 -.181
18.7 -.123
14.2 -.090
20.1 ~.131
18.9 -.122
22.1 -.147
19.4 -.128
21.2 -.139

Sum
Relexp

~21.13

-15.42

-10.22

-17.30

-15.32

-19.66

-15.44

-16.44

T-Test
for Relexp

3.22
2.32
1.68
2.36
2.31

2.93

2.30

2.68
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SUMMARY: COLLISIONS OF CARS WITH "GOOD" NCAP SOORES INTO CARS WITH "POOR" NCAP SCORES
(N of crashes appraximately 120 in each camparison)

Definition of
a "Good" Car

NCAPINT < .6
Chest g < 56
HIC < 1000

LFem < 1600 AND
RFem < 1600 AND
I+R Fem < 2600

HIC < 1100 AND
Chest g < 60

Chest g < 56 AND
LFem < 1400 AND
RFem < 1400 AND
I+R Fem < 2400

HIC < 900 AND
LFem < 1400 AND
RFem < 1400 AND
L+R Fem < 2400

HIC < 900 AND
Chest g < 56 AND
LFem < 1400 AND
RFem < 1400 AND
L+R Fam < 2400

Definition of
a "Poor" Car

NCAPINT > .6
Chest g > 56
HIC > 1200

LFem > 1600 OR
RFem > 1600 OR
I+R Fem > 2600

HIC > 1300 OR
Chest g > 60

Chest g > 60 OR
LFem > 1700 OR
RFem > 1700 OR
I+R Fem > 2700

HTC > 1300 OR
LFem > 1700 OR
RFem > 1700 OR
I+R Fem > 2700

HIC > 1300 OR
Chest g > 60 OR
LFem > 1700 OR
RFem > 1700 OR
L+R Fem > 2700

TABLE 5-14 (Continued)

Mean NCAP Scores and Model Year ("Good"” vs. "Pooxr" Car)

HIC
Good Poor
898 1106
914 1088
739 1616
913 898
769 1414
890 983
698 1194
704 1154

Chest G’s
Good Poor

45.

44.

47.

48.

46.

43,

46.

43,

0

6

62.6
63.4

54.8

51.0

59.3

55.6

51.5

53.6

L Pemurxr
Good Poor

878
949

964

759

1009

754

738

778

1161
964

861

1531

846

1311

1311

1230

R Femr

Good
846
945

995

734

1016

742

766

775

Poox

1117

930

807

1659

779

1336

1294

1200

Model
Good

85.7

85.9

Year
Poor

83.1

83.5

84.3

85.6

84.2

84.8

85.1

84.8



performers. Table 5-14 shows that NCAPINJ does a slightly better job than any
of the original NCAP scores, singly or in carmbinations, in separating the safer
cars fram the less safe cars, at a target sample size of 120 crashes (with the
caveats, as noted in Sections 5.8 and 5.9: an umeighted carbination of the
injury scores did nearly as good a job as NCAPINJ, especially on an alternative
data set). The fatality reduction of 26 percent is higher than any of the
others, which range fram 14 to 22 percent. Sum RELEXP and the t-test values are
also higher. A camposite score such as NCAPINT is more efficient than the other
methods because it allows excellent performance on two body regions to campensate
for moderately poor performance an the third. Intuitively, a car with HIC = 999,
chest g’'s = 59 and femur loads = 1500 each did not perform as well on NCAP as a
car with HIC = 1001, chest g’'s = 40 and femur loads = 500 each. NCAPINJ (or
other carposite scores) will put the first car in the "good" group and the second
car in the "poor" group, consistent with intuition, while the other methods, if
they had a boundary value of 1000 for HIC, would do the reverse.

The mejority of cars, however, do not have unusual NCAP scores like
the two exanples above. They tend to be really good NCAP performers, or quite
poor. All of the methods developed in this chapter will assign them to the
correct group. The most important finding canveyed by Table 5-14 is that any
reasanable partiticning of the fleet, based an HIC, chest g’s and/or femur load
will work. In every case, there are significantly fewer fatalities in the "good®
cars than in the "poor" cars, when they collide head-on.
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CHAPTER 6

FATALITY RISK INDICES FOR "GOCD" AND "POCR" NCAP PERFORMERS

All of the analyses so far examined head-on collisions in which both
cars matched up with an NCAP test. When ane of the cars in the collision was a
good NCAP performer and the other had poor NCAP scores, there was a significant
safety advantage for the car that performed well in NCAP. Ideally, though, a car
with good NCAP performance should be safer-than-average for belted drivers over
the full range of head-on collisions - regardless of whether the NCAP performance
of the other car in the crash was poor, good, or unknown. This chapter presents
a more generalized analysis, based an a larger sample of head-on collisions. The
"case" vehicle in these collisions has to match up with an NCAP test, but the
"other" wvehicle in the crash can be any 1976-91 passenger car with a belted
driver, not necessarily matching with any NCAP test. Fatality risk indices are
calculated separately for the case vehicles that are good NCAP performers and for
the case wvehicles that are poor performers; the difference in the indices
represents the safety benefit of good NCAP performance over the full range of

head-on collisions.

6.1 for i f ity ri

Chapter 2 defined a file of 926 head-on collisions, cawprising 1,852
distinct vehicles. Both vehicles in a collision had to be 1976-91 passenger
cars, with belted drivers; at least cne of the drivers was a fatality. Same of
the vehicles match up only weakly or not at all with an NCAP case; Section 2.5
presents criteria for assessing the quality of the match and Section 3.4
demonstrates that FARS and NCAP cases should match at least at the "3A or 4A"
level: the FARS and NCAP vehicles should be of the same make-model or true
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corporate cousins, and the FARS model year should be within the "valid" range of
the NCAP test. NCAPINJ, a camposite measure of NCAP performance, was defined in
Section 4.1. There are 392 head-on collisions, camprising 784 distinct vehicles,
in which both cars match up with an NCAP test at the 3A or 4A level and NCAPINT
can be calculated for that test (i.e., missing NCAP data for no more than ocne
body regian). Those 392 collisions were the basis for the analyses in Chapters
4 and 5. However, there are an additional 405 head-on collisions in which only
cne vehicle matches an NCAP test at the 3A or 4A level with known NCAPINJ, and
the other vehicle is a 1976-91 car with a belted Qriver.

A more generalized analysis, which allows a much larger sample size
of 1189 crashes, applies to head-on collisions in which the "case" vehicle of
interest is a 1979-91 car that matches up with an NCAP test, whose driver wore
belts, but the "other" vehicle in the crash can be any 1976-91 passenger car with
a belted driver, not necessarily matching closely with an NCAP test. Thus, there
are a total of 1189 individual vehicles (784 + 405) that have level 3A or 4A NCAP
matches with known NCAPINJ. They were involved in 797 distinct head-on

collisions (392 + 405).

The accident analysis file, camprising 1189 head-on collisian records,
is created as follows. If both cars in a collision were level 3A/4A matches with
known NCAPINT, that collision cantributes two records to the ar;alys:Ls file: cne
record with car 1 as the "case" vehicle and car 2 as the "other” vehicle, ard the
other record, vice-versa. If only one car in a collision was a 3A/4A match with
known NCAPINT, the analysis file contains ;:nerecord, with that car as the "case"
vehicle. Each record on the amalysis file contains NCAP scores for the "case"
vehicle and the curb weight, driver age and sex for both wvehicles.
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The first step in the analysis is a regression an these 1189 head-on
collision cases whose dependent variable is the outcame for the driver of the
case vehicle (fatality = 1, survival = 0) and whose independent variables are W,
A and S - relative vehicle weight, driver age and sex:

Case Vehicle Is 3A/4A Match; Other Vehicle Is Any 1976-91 Car

Reg. Chi Stat. Partial
Coeff. Square Sig.? Corr.
INTERCEPT .525 39.44 RR
W (car weight) -5.214 219.92 RR -.379
A (driver age) .0516 195.72 RR .358
S (driver sex) .38 9.80 RR .072

The intercept and coefficients for W, A and S are similar to those cbtained in
Section 4.2, but the chi-squares are larger because there are more accident
cases. The model is used to predict the expected fatality risk for each driver
in the collision, in the absence of NCAP information. The expected fatality risk
E, for the driver of the case wvehicle is

expl.525 - 5.214(1od W - 10g Weg) + 0516 (A o -Agr) + .38(F -Forl
1 + exp[.525 - 5.214(10g Wey - 10g Wee) + .0516(Ag -Agy) + -38(Few -Feg )]

where W, is the curb weight of the case wvehicle, A is the age of the driver
of the case vehicle and F,. is 1 if the driver of the case vehicle is female, 0
if the driver is male. The expected fatality risk E,, for the driver of the
other vehicle is

1 + expl.525 + 5.214 (log Wo - 10 Wey) - .0516 (A -Agy) - .38(Fuy -Foeu)]

A fatality risk index can be camputed for any subset of case vehicles
(e.g., the case vehicles with poor NCAP scores), as follows. Each collision has
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an actual outcare A, for the driver of the case vehicle (fatality = 1, survival
= 0) and A, for the driver of the other car. The actual and expected
fatalities are summed over all the crashes included in the subset: sum(A, ) and
sum(AL,) are the actual mmbers of driver fatalities in the case and the other
vehicles; sun(E,. ) and sum(E,) are the mmbers of driver fatalities that would
be expected in the case vehicles and the other wvehicles, given the relative
weight, age and sex in each crash. The fatality risk index for that subset of
case vehicles is

Index = 100 [sum(A. )/sum(E. )] / [sum(A,.)/sum(E,. )]
The risk index for any subset of case vehicles measures the fatality risk for
this subset of case vehicles relative to the "average car om the road." The
critical assumption here is that the "other" wvehicles in these crashes are an
essentially randam sample of 1976-91 passenger cars with belted drivers: a
representative cross-section of the "average car on the road." The assunption
will be tested later in the chapter. If this particular group of case vehicles
is as crashworthy as the average car cn the road, sum(A_. ) will appraximately
equal sum(E,. ) and sum(Rs,) will appradmately equal sum(Es.): the risk index
will be close to 100. The lower the risk index, the more crashworthy the subset
of case vehicles (for belted drivers in actual head-on collisions).

The fatality reduction for one graup of cars as canpared to another,
taking into account the full range of head-on collisions that can occur on the
highway, is measured by the relative difference in the risk indices. For
eample, a risk index is camputed for a subset of case vehicles with "good" NCAP
scores and also for a subset with "poor" NCAP scores. The fatality reduction for
good NCAP scores relative to poor NCAP scores is

Fatality Reduction = 1 - (IndeX,/IndeX. )
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RELEXP = (A, - E,.) - Ay, - Eg)

is defined for each irndividual collision, and it measures the actual safety
performance of the vehicles "relative to expectations," as in Section 4.2. In
the 1189 crashes, and in most subgroups of the crashes, RELEXP has a populatiaon
standard deviation of 0.64. That makes it easy to test if the average value of
RELEXP is significantly less than zero for a specific group of crashes (i.e., the
case vehicles were significantly safer than the other cars), or if the difference
in average RELEXP for two groups of crashes is statistically significant. A
significance test for the difference in the risk indices for case vehicles with
gocd NCAP scores and for case vehicles with poor NCAP scores is based an

Z = [avg RELEXP,, - avg RELEXP.,] / [.64% (1/Ngy + 1/Ngy) ]

As in Chapter 5, the case vehicles are partitioned into "good" and
rpoor" NCAP performance groups (with possibly an in-between "borderline" group)
by the camposite score NCAPINJ, or by the actual NCAP test results for a single

body region, two body regions, or all 3 body regions.

6.2 Risk indices for r

Table 6-1 presents the results of nine analyses camparing the risk
indices of good NCAP performers and poor NCAP performers. In the first of those
analyses, the performance criterian is the camposite score NCAPINT. As discussed
in Sections 4.1 and 5.8, NCAPINJ is the weighted sum of logistic injury
prababilities for the head, chest and femurs that has mecxdmum correlation with
fatality risk in the set of head-on collisions where both cars match an NCAP test
at the '3A or 4A level.’ However, other weighted (or unweighted) sums had almost
equally high correlations on this data set, and, in sare cases, higher

correlations on other data sets.
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FATALITY RISK INDICES FOR CARS WITH "GOOD" NCAP SCORES VS. CARS WITH "POOR" NCAP SCORES

Crashes with *"Good® Case Vehicles

Definition
NCAPINT < .6
Chest g’s < 56
HIC < 900

L Femur < 1400 AND
R Fenur < 1400 AND
I4R Femur < 2400
HIC < 900 AND
Chest g’s < 55
Chest g’s < 56 AND
L Femur < 1400 AND
R Ferur < 1400 AND
I4+R Femur < 2400
HIC < 900 AND
L Femur < 1400 AND
R Femur < 1400 AND
14R Famwr < 2400
HIC < 900 AND
Chest g’8 < 56 AND
L Ferur < 1400 AND
R Femur < 1400 AND
I+R Fenur < 2400
HIC < 1200 AND
Chest g’'s8 < 56 AND
L Femur < 2000 AND
R Femur < 2000 AND
1+R Ferur < 3000

N of Fatality
Crashes Risk Index
951 93.90
912 94.73
737 95.75%
858 93.43
654 94.49
€76 91.85
526 93.76
463 92.62
694 94 .37

TABLE 6-1

Crashes with "Poor® Case Vehicles

Definition
NCAPINT > .6
Chest g’s > 56
HIC > 1300

L Fermuxr > 1400 OR
R Femur > 1400 OR
I+R Femur > 2400

HIC > 1250 OR
Chest g’s > 65

Chest g’s > 60 OR
L FPerur > 1700 CR
R Famur > 1700 OR
I+R Femur > 2700

HIC > 1300 R
L Femur > 1700 OR
R Femur > 1700 OR
I#+R Femur > 2700

HIC > 1300 R
Chest g’s > 60 OR
L Femur > 1700 CR
R Femur > 1700 OR
L+R Femur > 2700

HIC > 1400 ORrR
Chest g’s > 62 (R
L Femur > 2250 OR
R Famur > 2250 OR
I4R Femur > 3200

N of
Crashes

238
259

146

325

234

363

349

446

301

Fatality
Risk Index

119.35
111.89

110.37

113.63

111.37

113.07

113.49

109.58

112.10

Risk Comparison

% Fat. Red. Z Teat for

for "Good® Car Equal Relexp
21.3 3.01
15.3 2.13
13.2 1.32
17.8 2.62
15.2 1.95
18.8 2.83
17.4 2.34
15.5 2.21
15.8 2.24



Intuitively, the boundary between "poor" and "acceptable/good"
performance should be set so that appraximately 20-25 percent of cars will be in
the poor performance group: about 200-300 cars, given that the data file contains
1189 case vehicles. A single boundary value of NCAPINT = 0.6, the same as used
in Section 5.1, puts 238 cars into the "poor" perfommance group, leaving 951 cars
in the "acceptable” group.

In the 951 crashes where the case vehicle had NCAPINTJ < 0.6, and the
other vehicle could be any 1976-91 car with a belted driver, there were 572
driver fatalities in the case vehicles, but 590.1 were expected. There were 511
fatalities in the other wvehicles, but 495.0 were expected. (The "other" cars
average 200 pounds heavier than the case vehicles, so they have fewer expected
fatalities.) The fatality risk index for the case vehicles is
IndeX,,y = 100 (572/590.1) / (511/495.0) = 93.9
In the 238 crashes where the case vehicle had NCAPINJ > 0.6, there were 150
actual and 133.2 expected fatalities in the pcuo NCAP performers. There were 132
actual and 139.9 expected fatalities in the "other" wvehicles. The index is
Index,, = 100 (150/133.2) / (132/139.9) = 119.4
Over these 1189 collisians, the fatality reduction for good NCAPINJ scores
relative to poor NCAP scores is
Fatality Reduction = 1 - (93.9 /119.4) = 21 percent
The average value of RELEXP is -.0359 in the 951 crashes involving "good" case
wvehicles and +.1038 in the 238 crashes involving "poor" case vehicles.
Z = [.1038 - (-.0359)] / [.64%(1/238 + 1/951)°] = 3.01
so the fatality reduction is statistically significant at the .01 level.

The other analyses of Table 6-1 partition the case vehicles into
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"good" and "poor" NCAP performance groups by the same criteria as in Chapter 5:
first by a single NCAP parameter, then by a pair of NCAP body regions and,
finally, by independent pass-fail criteria an all three body regions. In every
analysis, the group of case vehicles with good NCAP perfonmance has a lower
fatality risk index than the poor performers. Most of the fatality reductions
are statistically significant at the .05 level. Cars with chest g’s < 56 have
a risk index 15 percent lower than cars with chest g’s > 56 (2 for equal RELEXP
is 2.13, p < .05). The fatality reduction for HIC < 900, relative to HIC > 1300
is 13 percent, which cames close to statistical significance (Z for equal RELEXP
is 1.32). Cars with low femur loads are 18 percent safer than cars with high

femur loads (2 for equal RELEXP is 2.62, p < .01).

When the cars are partitioned according to NCAP scores for any two of
the three body regions, or for all three body regions, the "good" cars always
have significantly lower risk indices than the "poor" cars. The fatality
reductions range fram 15 to 19 percent; the‘ sanple of case vehicles with "poor"

performance ranges fram 234 to 446.

The results in Table 6-1 can be campared to those in Table 5-14, which
sumarized the analyses of those limited subsets of crashes where a "good"
performer hit a "poor" perfommer. The reductions in the fataliry risk indices,
in the broad-based analyses of Table 6-1, range from 1 to 6 percent lower than

the effects in the specialized, high-contrast analyses of Table 5-14, as follows:
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NCAP Perfornmance Fatality Reduction Fatality Reduction

Criterian in Table 5-14 (%) in Table 6-1 (%)
NCAPINT 26.4 21.3
Chest g’'s 18.7 15.3
HIC 14.2 13.2
Femur load 20.1 17.8
HIC, chest g’s 18.9 15.2
Chest g’s, femur load 22.1 18.8
HIC, femur load 19.4 17.4
HIC, chest g’s, femr load 21.2 15.5

It is unknown why the analysis methods of Chapters 5 and 6 do not
produce identical results. The small differences of 1-6 percent could easily be
due to chance alane. Even though the effectiveness is always higher in the
Chapter 5 analysis (and, at first glance, that resembles flipping a coin and
getting "heads" 8 times in a row), the various analyses are hardly independent.
They all use the same data set; the groups of cars with "good" performance
largely overlap, and so do the groups of cars with poor performance. The 1-6
percent difference is well within the range of sampling error on a single
analysis.

If the discrepancies are not due to chance alone, cne possibility is
that the "other" wvehicles in the Chapter 6 analyses are npot, as had been assumed
above, essentially randam samples of 1976-91 passenger cars with belted drivers.
The basic assumption of this chapter was that the "good" cars and the "poor" cars
are both hitting "average" cars, so their fatality risk indices are directly
cawparable. If, in fact, the "good" cars tend to hit other "good" cars and the
*poor" cars tend to hit other "poor" cars, the difference in the risk indices
would understate the fatality reduction for good NCAP scores. Detailed
statistics, however, support the basic assumption. For example, in the first
analysis of Table 6-1, the case vehicles with NCAPINT < 0.6 have average NCAPINJ
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= 0.31 and the case vehicles with NCAPINT > 0.6 have average NCAPINJ = 0.90. But
the "other" cars that hit the "good" cars have nearly the same average NCAPINT
as the "other" cars that hit the "poor" cars: 0.453 vs. 0.466. They also have
nearly the same average weight (2971 vs. 3010 pounds), driver age (42.7 vs. 43.2
years) and driver gerder distributions (45 percent female vs. 44 percent female).
The "other" cars, in both cases, are basically identical.

Another possibility is that the specialized amalyses of Chapter 5
saehow intensify the fatality reductions associated with good NCAP scores. In
the full range of head-on collisions, "good" scores reduce risk by X and "poor"
scores increase it by Y, but when a "good" car specifically hits a "poor" car,
the difference in risk may be even greater than X + Y. If so, the results of
this chapter provide a more conservative assesament of the overall reduction of

fatality risk for cars with good NCAP scores.
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CHAPTER 7

ACTUAL CRASHWORTHINESS AND NCAP PERFORMANCE DURING 1979-91

It is well known that the performance of passenger cars on the NCAP
test has greatly improved since the program was initiated in 1979. Substantial
reductions in HIC and chest g’s have been documented in NHTSA’s 1992-93 Reports
to the Congress ([17], [23], [24] and in NHTSA presentations at ESV canferences
during 1983-92 [7], [13], [14], [15), [16]. The studies cited specific changes
in wvehicle structures and occupant protection systems that improved NCAP
perfomence. The first six chapters of this report demonstrated statistically
significant associations between NCAP perfonmance and the fatality risk of belted
drivers in head-on collisions. Given that NCAP performance improved during 1979-
91, and that good NCAP performers have lower fatality risk in actual crashes, it
is logical to expect that cars became safer in actual crashes during 1979-91.
This last chapter estimates the payoff: the reduction in the actual fatality risk
of belted drivers in head-on collisions since 1979. (Of course, this report is
a statistical study and it does not pin down cause and effect. Although it shows
that cars became safer as NCAP scores inmproved, it does not prove that the NCAP
program was a stimulus for each of the vehicle changes that saved lives during
1975-91. For example, Federal Motor Vehicle Safety Standard 208 has been an

inportant stimulus for safety improvements during the NCAP era.)

In general, the fatality rates of cars of different model years are
not directly camparable. There are two patterns in fatality rates that create
the delusion that "cars are getting safer all the time." The overall fatality
rate per 100 million vehicle miles has been declining for a long time - e.g.,

fran 5 in 1969 to 3 in 1981 to 2 in 1992. But that improvement may primarily

129



reflect long-term changes in driving behavior, roadway enviramments and
demographics, not crashworthiness. For exanple, pedestrian fatalities, which are
unaffected by improvements in vehicle interior crashworthiness, have declined as
rapidly as occupant fatalities. The bias fram lang-temm population trends could
be avoided by using accident data fram a single calendar year and camparing the
fatality rates of cars of two different model years. However, in any single
calendar year, the cars of earlier model years are older than the late-model
cars. Because of their drivers’ demographics and behavior, older cars typically
accumilate fewer miles, but have more severe crashes; low-severity crashes of old
cars are often unreported. Thus, the fatality rate per 100 million miles or per

100 reported crashes is lower for new cars than for old cars, even if both are
equally crashworthy.

A head-on collision between cars of two different model years,
however, reveals their relative crashworthiness. Both cars are in essentially
ﬂ1esamefrantal collision, on the same road, in the same year, on the same
accident report. The behavior of each driver, prior to the impact, has little
effect on who dies during the impact. After adjustment for differences in car
weight, driver age and sex (vulnerability to injury), the model year with more
survivors is more crashworthy. The methods of the preceding chapters, used there
to campare good and poor NCAP performers, will now be used to cowpare cars of
different model years. NHISA's 1988 Evaluation of Occupant Protection in Frontal
Interior Impact has already used this method to campare the fatality risk of cars
of different model years for unrestrained drivers [19], pp. 111-140. It found
that cars of model years 1970 through 1984 were about equally crastworthy for
unrestrained drivers in head-on collisions. The remainder of this chapter
studies the trend in fatality risk for belted drivers.
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7.1 with late hi wi 1

A straightforward way to estimate the improvement in crashworthiness
over time is to study only those collisions where a late-model car hits an early-
model car. Table 7-1 presents seven analyses of the same accident file that was
used in Chapter 5: collisions of two 1979-91 cars, both of which match up with
an NCAP test at level 3A or 4A - i.e., the FARS and NCAP vehicles are of the same
make-model or true corporate cousins, and the FARS model year is within the
"valid" range of the NCAP test (see Sectioms 2.5 and 3.4). In the first
analysis, the "early" cars are MY 79-81 and the "late-model" cars are MY 82-91.
The boundary between "early" and "late" is pushed forward, cne year at a time,
in the subsequent analyses.

Table 7-1 demonstrates statistically significant improvements in
crashworthiness for belted drivers in head-on collisions. For example, the
second analysis in the table is based on 121 actual head-on collisions between
a model year 1979-82 car and a model year 19s3-91 car. This analysis allows a
camparison of cars built during the first four years of NCAP to subsequent cars,
where mamufacturers have had time to build in safety improvements. In the 121
older cars, 80 drivers died, whereas only 69.2 fatalities were expected, based
on car weight, driver age and sex. In the newer cars, there were 61 actual and
71.2 expected driver fatalities. That is a fatality reduction of

1 - [(61/80) / (71.2/69.2)] = 26 percent
for the 1983-91 cars, ard it is statistically significant (t for RELEXP is 3.09,
p < .001). Fatality reductions greater than 20 percent were also found in the
first analysis (79-81 vs. 82-91) and the third analysis (79-83 vs. 84-91). When
the bourdary between "early" and "late" is pushed beyond 1983, the fatality
reduction is diluted, because vehicles with safety improvements are taken out of
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TABLE 7-1
COLLISIONS OF CARS WITH "LATE" MODEL YEARS INTO CARS WITH "EARLY" MODEL YEARS:

EFFECT OF MOVING THE BOUNDARY BETWEEN "EARLY" AND "LATE" MODEL YEARS
(MY 1979-91 cars; both cars match an NCAP test at level 3A or 4A)

Canparison of Real-World Performance

CET

Definition of Definition of N of % Fat Red for Mean Sum T-Test
"Late® MY Car "Early” MY Car Crashes Late MY Car Relexp Relexp for Relexp
MY 82-91 MY 79-81 98 29.9 -.205 -20.06 3.66
MY 83-91 MY 79-82 121 25.9 -.174 -21.02 3.09

MY 84-91 MY 79-83 146 21.3 -.138 -20.11 2.69
MY 85-91 MY 79-84 177 14.7 -.092 -16.34 1.93

MY 86-91 MY 79-85 183 9.0 -.055 -10.15 1.15
MY 87-91 MY 79-86 183 18.8 -.120 -21.97 2.53
MY 88-91 MY 79-87 143 14.8 -.090 -12.92 1.69

Mean NCAP Scores and Model Year ("Late® vs. “Early" Car)

Definition of Definition of HIC Chest G’s L Pamr R Femur Model Year
"Late” MY Car "Early" MY Car Late Early Late Early Late Early Late Early Late Early
MY 82-91 MY .79-81 858 1029 47.4 55.9 859 942 904 999 86.1 80.0
MY 83-91 MY 79-82 821 1021 46.4 54.9 905 976 915 1048 86.8 80.6
MY 84-91 MY 79-83 853 1000 46.2 53.6 902 1004 891 1040 87.0 81.1
MY 85-91 MY 79-84 872 959 46.5 50.8 956 944 945 983 87.4 82.0
MY 86-91 MY 79-85 883 943 46.7 50.4 975 926 955 939 87.8 82.6
MY 87-91 MY 79-86 864 942 47.0 49.5 1022 948 1022 911 88.3 83.2
My 88-91 MY 79-87 808 963 47.1 49.1 1014 885 1045 873 89.0 83.7



the "late" group and placed in the "early" group.

Each of the cars analyzed in Table 7-1 matched up with an NCAP case.
Based an these match-ups, the lower section of Table 7-1 campares the average
NCAP performance of the early and late-model cars. (NCAP scores are averaged
over the various cars on the accident file - i.e., each NCAP-tested model is, so
to speak, weighted by the mmber of fatal crashes involving that model.) HIC has
improved fram an average of 1029 in 1979-81 cars to 808 in 1988-51 cars. HIC was
reduced fram 1030 to the mid-800‘'s in 1982-83, stayed close to that level for the
next 5 years, ard dropped below 800 after 1988. Chest g’'s were reduced fram 56
in 1979-81 to 47 in 1982-91. Most of the reduction was achieved in the first 4
or 5 years of NCAP; chest g’s have been close to 47 since 1982. Average femur
loads dropped from about 1000 to 900 in the mid 1980’s, but crept back to 1000
in the late 1980’s. However, in the secard analysis of Table 7-1, the 121 1983-
91 cars performed substantially better than the 121 1979-82 cars on gvery NCAP
parameter. Average HIC declined from 1021 to 821, chest g’s fram 54.9 to 46.4,
left femur load fram 976 to 905 and right femur load fram 1048 to 915. The
carposite NCAP score, NCAPINJ (defined in Section 4.1), declined by a

statistically significant 0.206 (t = 5.85, p < .0001).

The preceding analyses were based an cars that matched up with NCAP
tests: the same data base as in Chapter 5. However, if the dbjective is merely
to campare the crashworthiness of early vs. late-model cars, without regard to
their NCAP performance, it is not necessary to limit the data to cars with
matching NCAP information. In Table 7-2, the analysis has been extended to
include any head-on collision between two 1979-91 cars, with both drivers belted.

That is a set of 723 collisions (1,446 distinct vehicles) - nearly double the

133



PeET

Definition of
"Late* MY Car
MY 82-91
MY 83-91
MY 84-91
MY 85-91
MY 86-91
MYy 87-91

MY 88-91

TABLE 7-2
QOLLISIONS OF CARS WITH "LATE" MODEL YEARS INTO CARS WITH "EARLY" MODEL YEARS:

EFFECT OF MOVING THE BOUNDARY BETWEEN "EARLY" AND "LATE" MODEL YEARS
(all MY 1979-91 cars - not necessarily matching an NCAP test)

Comparison of Real-World Performance

Definition of N of % Fat Red for Mean Sum

"Early" MY Car Crashes  late MY Car Relexp Relexp
MY 79-81 196 23.0 -.147 -28.80
MY 79-82 241 22,2 -.143 -34.54
MY 79-83 274 20.5 -.130 -35.64
MY 79-84 321 15.6 -.096 -30.94
MY 79-85 321 11.8 -.071 -22.91
MY 79-86 311 13.5 -.083 -25.68
MY 79-87 248 8.9 -.053 -13.12

T-Test
for Relexp
3.33
3.43
3.30
2.62
1.88
2.14

1.24



sample available for Table 7-1. Of course, Table 7-2 does not have a "lower
section” like Table 7-1, since NCAP information is unavailable for many of the
vehicles.

The pattermn of fatality reductions in Table 7-2 is similar to Table
7-1, with the oscillations smoothed by the larger sanple size. In the secand
analysis, the fatality reduction for 1983-91 cars, relative to 1979-82 cars is
22 percent, and it is statistically significant (t for RELEXP is 3.43, p < .001).
The fatality reductions in the first three analyses are over 20 percent, as in
Table 7-1, and here they are all significant at the .001 level.

7.2 Fatality risk i NT

A more generalized analysis of crashworthiness trends over time is
achieved by camputing fatality risk indices for cars of different model year
groups. The procedure for estimating risk indices was developed in Section 6.1,
and it was applied in Section 6.2 to compare the index for cars with good NCAP
scores vs. cars with poor scores. However, a risk index can be calculated for
any group of cars, such as all cars of a specific model year, or a group of model
years. As in Chapter 6, the data base camprises all head-on collisions in which
the "case" vehicle of interest is a 1979-91 car that matches up with an NCAP
test, whose driver wore belts, but the "other" vehicle in the crash can be any
1976-91 passenger car with a belted driver, not necessarily matching with an NCAP
test (1189 accident records). The actual and expected fatalities are tallied in
the "case" and "other" wvehicles; the fatality risk index is

100 [(actual , /actual 4,) / (expected,. /expected,.)]

One advantage of this approach, unlike the method in Section 7.1, is
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that 1979-91 cars can be partitioned into more than two model-year groups.
Specifically, case wvehicles are assigned to three model-year groups: 1979-82,
1983-86 and 1987-91. The initial years of NCAP were 1979-82. By 1983-86,
manufacturers had leadtime to address major deficiencies in the initial NCAP test
results. The 1987-91 cars were often equipped with air bags or other autamatic

protection.

In the 280 crashes with a 1979-82 case vehicle, there were 181 driver
fatalities in the case wehicles, but 166.2 were expected. There were 141
fatalities in the other vehicles (any 1976-91 car with a belted driver), but
154.0 were expected. The fatality risk index for 1979-82 cars is

Indexngp = 100 (181/166.2) / (141/154.0) = 119.0
The fatality risk index for the 452 1983-86 cars is just 95.0, ard the risk index
for the 457 1987-91 cars drops to 90.9 (a risk index of 100 correspords to the
"average" 1976-91 car on the road with a belted driver). The fatality reduction
fran 1979-82 to 1983-86 is
1 - (95.0/119.0) = 20 percent

and it is statistically significant (Z for equal RELEXP is 2.60, p < .01). The
additional fatality reduction fram 1983-86 to 1987-91 is 4 percent, which is not
statistically significant. The net fatality reduction fram 1979-82 to 1987-91

is a statistically significant 24 percent (2 for equal RELEXP is 3,18, p < .01).

It is especially interesting to campare the trend in the actual
fatality risk index with the trend in NCAP performance. Each of the case
vehiclesinthepmcedinganalysisnatdxedupcloselywithanmtestarﬂras
a carposite NCAP score, NCAPINJ. The camposite scores are averaged for each of
the three model-year groups on the accident file (i.e., each NCAP-tested model
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is, so to speak, weighted by the mmber of fatal crashes involving that model).
The risk indices and average NCAP performance for each model-year group are as
follows:

Model Years

1979-82 1983-86 1987-91

Fatality risk index in '

actual head-on collisians 119 95 91
Average value of NCAPINT .59 .40 .37
Percent of cars with NCAPINT > 0.6 49 14 9
Average HIC 1052 915 827
Average chest g's 54.9 46.8 46.5
Average left femur load 928 883 1002
Average right femur load 1079 784 1018

The trends in the actual fatality risk and the average value of NCAPINJ are
almost identical. The risk index decreased fram 119 in model years 1979-82 to
95 in 1983-86, to 91 in 1987-91, a large redurtion followed by a much smaller
reduction. In parallel, NCAPINJ greatly improved fram an average of .59 in model
years 1979-82 to .40 in 1983-86, with an additional, modest improvement to .37
in 1987-91. The percentage of cars with poor NCAP performance (NCAPINJ > 0.6,
a yardstick established in Chapters 5 and 6) also took a big drop, from 49
percent in 1979-82 to 14 percent in 1983-86, followed by a small drop to 9
percent in 1987-91. As discussed in Sections 4.1 and 5.8, NCAPINJ is the
weighted sum of logistic injury prababilities for the head, chest and femurs that
has maxdmm correlation with fatality risk in the set of head-on collisions where
both cars match an NCAP test at the ’'3A or 4A level.’ However, other weighted
(or unweighted) sums had almost equally high correlations on this data set, and,
in sare cases, higher correlations on other data sets. While NCAPINJ nicely

137



portrays the trend of improved NCAP performance, other weighted (or unweighted)
sums will show quite similar trends. Average HIC was substantially reduced fram
1979-82 to 1983-86, and again fram 1983-86 to 1987-91. Chest g’'s were greatly
reduced fram 1979-82 to 1983-86, but stayed about the same after that. The
average femur loads did not change much during 1979-91.

Figure 7-1 graphs the actual fatality risk index, by model year, fram
1979 to 1991 (data grouped into two-model-year cchorts, to smooth the results).
Figure 7-2 graphs the average value of NCAPINJ, and Figure 7-3, the percentage
of cars with NCAPINT > 0.6, by model year fram 1979 to 1991. The three figures
have nearly identical pattemms: little, if any, improvement fram 1979 to 1981;
impressive reductions fram 1982 to 1984; leveling off after 1984, with a possible
trend of further improvements after 1988.

As in the preceding section, the camputation of nsk indices does not
have to be limited to case vehicles which closely match an NCAP test, but can be
extended to all 1979-91 cars that collided head-on with a 1976-91 car, with both
drivers belted. That has the advantage of exterding the sample size fram 1189
to 1632 vehicles, although, without the NCAP matches, the trend in risk indices
cammot be campared with the trend in NCAPINJ. The risk indices in this extended
sample are about the same as in the preceding analysis:

3A/4A Matches Extended Sample
N Risk Index N Risk Index
MY 1979-82 280 119.0 425 117.5
MY 1983-86 452 95.0 610 96.5
MY 1987-91 457 90.9 597 92.6
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FATALITY RISK INDEX IN ACTUAL HEAD-ON COLLISIONS, BY MODEL YEAR

FIGURE 7-1:
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AVERAGE VALUE OF NCAPINJ, BY MODEL YEAR

FIGURE 7-2
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The fatality reduction fram 1979-82 to 1983-86 is a statistically significant 18
percent (Z for equal RELEXP is 2.69, p < .01). The additional fatality reduction
fram 1983-86 to 1987-91 is a nonsignificant 4 percent. The net fatality
reduction from 1979-82 to 1987-91 is a statistically significant 21 percent (Z
for equal RELEXP is 3.29, p < .001), slightly less than the 24 percent in the
preceding analysis.

7.3 Comparison of the NCAPTNT and model-year effects

The principal finding in Chapters 4-6 is that cars with good NCAP
performance are about 20 percent safer in head-on collisions than cars with poor
NCAP performance. The principal finding here is that late-model cars are
likewise about 20 percent safer than early-model cars. These two findings don’t
quite "add up." Although late-model cars have, on the average, substantially
better NCAP performance than earlier models, the late models are not all "good"
and the early models are certainly not all "poor." Thus, the 20 percent fatality
reduction for late models cammot be fully explained by the 20 percent fatality
reduction for good vs. poor NCAP performance. There has been same "residual"
improvement, during 1979-91, which is not "explained" by a camposite score such
as NCAPINJ, or by other variables derived fram NCAP scores. The three remaining
analyses of this chapter campare the fatality reductions associated with NCAPINT
and the "residual" model-year effect.

An important reminder: the analyses that follow describe statistical
associations, not cause-and-effect relationships. The portion of the 1979-91
fatality reduction "attributable to the reduction of NCAPINJ" is not necessarily
"caused by NCAP." The "residual” reduction is not necessarily "caused by factors

other than NCAP." Just because a vehicle change reduced NCAP scores does not
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prove that it was implemented purely in response to NCAP. Canversely, if a
wvehicle change improves actual safety without having much of an effect on NCAP
scores, that does not prove that it was unrelated to NCAP: marmfacturers usually
don’t know, in advance, exactly how a vehicle change will affect scores; this
change might have been motivated, in part, by a hope that NCAP scores would
improve. No claim is made here to include gr exclude any portion of the actual
fatality reduction as "lives saved by the NCAP program."

Chapter 5 demmnstrated that when a car with "good" NCAP scores hits
a car with "poor" scores, the "good" cars have a significant safety advantage.
However, most of the cawarisons in Chapter 5 showed that the "good" NCAP
performers also had a later model year, on the average, than the "poor"
performers. For exanple, in Table 5-1, the average model year of cars with
NCAPINT < 0.6 was 85.8, and the average model year of cars with NCAPINT > 0.6 was
83.1. The first analysis asks whether the fatality reduction for good NCAP
scores exists independently of model year, or whether it is merely an artifact

of the better NCAP performers being more recent cars.

The camparisaons in Chapter 5 did not place any limits on the relative
model years of the two cars in the head-on collisions. The data included same
crashes in which one car might have been 10 or even 12 years older than the
other. Table 7-3 limits two of the Chapter 5 camparisons to subsets of head-on
collisions in which the model years of the two cars are close to one another.
In the subsanple of 61 collisions of a car with NCAPINJ < 0.6 into a car with
NCAPINJ > 0.6 in which -5 € MY - MYpe < 3, the fatality reduction for the
good NCAP performers is 32 percent, which is statistically significant (t for
RELEXP is 3.03, p < .01) and, in fact, slightly higher than the 26 percent
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fatality reduction in the unrestricted sample of 117 collisions (see Table 5-1).
The range of allowable model years, -5 € MYgop - MYpocr < 3, Serves to equalize
the average model year of the good and poor NCAP performers at 84.6. In the
subsample of 93 collisions of a car with low HIC, chest g’'s and femur load into
a car with high HIC, chest g’s or famr load in which -5 €« MY gyop - MYpoog < 5,
the fatality reduction for the good performers is a statistically significant 23
percent (t for RELEXP is 2.07, p < .05), which is almost identical to the 21
percent reduction in the unrestricted sample of 118 cases (see Table 5-9). The
last line of Table ' 7-3 shows that the "good" and "poor" NCAP performers have
nearly identical average model years. Thus, the strong association between NCAP
performmance and actual fatality risk exdsts independently of the model year.

Canversely, the second analysis searches for a model year effect
independent of NCAPINJ. In Section 6.2, fatality risk indices were camputed for
case vehicles with NCAPINJ < 0.6 and NCAPINJ > 0.6; in Section 7.2, for late-
model and early-model cars. But a risk index can be calculated for any group of
case vehicles, including groups defined by their NCAP performance and model

years:
Model N of Risk
NCAPINT Years Cases Index
< 0.6 1979-82 144 111.2
1983-91 807 91.1
> 0.6 1979-82 136 128.0
1983-91 102 109.2

The effect of NCAPINT and the "residual" effect of model year are both strong and
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nearly independent in these risk indices. Controlling for NCAPINJ < 0.6, the
late-model cars are almost 20 percent safer than the early-model cars.
Controlling for NCAPINT > 0.6, the late-model cars again have close to 20 percent
lower risk indices than the early model cars. In other words, there is a
cansistent "residual" model year effect, after controlling for NCAPINJ. But
these risk indices also show a consistent effect close to 20 percent for NCAPINT
within model year groups: e.g., for 1979-82 cars, the good NCAP perfomers had
a risk index of 111, and the poor performers, 128. The "N of Cases" colum shows
a dramatic shift fram poor to good NCAP performance in the late-model cars.
Thus, the net reduction in the risk index for late-model cars is associated with

shift fram poor to good NCAP performance plus a "residual" model-year effect.

The third analysis campares, in statistical temms, the relative
"strength" of the NCAPINT effect and the residual model-year effect in the file
of 392 head-on collisions where both cars match up with an NCAP test at level 3A
or 4A. In Section 4.3, it was shown that DELNCAP = NCAPINJ . - NCAPINJ 4, has
a strongly significant correlation with RELEXP, actual safety performance
relative to expectations; the Pearson correlation coefficient was .166 (p = .001,
N = 392). However, if another variable, DEIMY = MY, - MY, is defined on that
file, it also has a significant correlation of -.133 with RELEXP (p = .008). In
other words the net correlation of model year with actual fatality risk is
significant. But if DEINCAP and DEIMY are gimultaneougly entered as independent
variables in a linear regression, with RELEXP as the dependent variable, the
regression equation is

RELEXP = .036 + .23 DELNCAP - .0148 DEIMY

The coefficient for DELNCAP is statistically significant at the .01 level (t =
2.78), whereas the coefficient for DEIMY is barely significant at the .05 level
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(t = 1.96). That suggests the association of NCAPINJ with fatality risk is
strong, while the residual association of model year with fatality risk, after

controlling for NCAPINT, is not quite as strong.
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