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SIMYBRY

The Appropriations Act for Fiscal Year 1992 directs "NHISA to provide
a study to the House and Senate Qcnttdttees on Appropriations comparing the
results of NCAP data fran previous model years to determine the validity of these
tests in predicting actual on-the-road injuries and fatalities over the lifetime
of the models." In Decentoer 1993, the agency responded with a Report to the
Congress that ccnpared 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 and the fatality
risk of belted drivers in actual Vwiri-nn 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.

NHISA's goal was to see if cars witn poor NCAP scores had more belteddriver fatalities than would be expected, given the weights of the cars, and the
age and sex of the drivers involved 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 people who drive the cars, not the
actual crashworthiness of the cars. For example, "high-performance11 cars popular
with young male drivers have an exceptionally high frequency of fatal crashes because they are driven in an unsafe manner - even though they nay be just as
crashworthy as other models.
actual

crashworthiness

NHISA's analysis objective was to isolate the

differences

between

cars,

removing

differences

attributable to the way the cars are driven, the ages of the occupants, etc., and
then to correlate NCAP performance with crashworthiness an the highway.

Arra"lysis overview
Since NCAP is a frontal irtpact test involving dummies protected by
safety belts, the agency limited the accident data to frontal crashes involving
belted occupants. However, NHISA 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 than had
a "safe" driver and the other, an "unsafe" driver; at the manent 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 depends

primarily an 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 formulas predicting
the expected fatality risk for each driver in a head-an 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-on 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
vi

pound cars driven by belted, 50-year-old females, these formulas predict 10.8
tines as many deaths among the older females in the lifter cars as among the
young males in the heavier cars.

Cars with average crashworthiness capabilities will experience an
actual number of fatalities very close to what is predicted by these formulas,
which are calibrated frcm 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 empirical 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-on collisions, for a car with good
NCAP scores relative to a car with poor NCAP scores. They measure the overall
reduction 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 collisions, with
both drivers belted, resulting in a fatality to at least one of the drivers,
indicating, for both cars, the curb weight, the driver's age and sex, and the
HIC, chest g's and femur loads that were recorded for the driver dunmy when that
car was tested in NCAP. NHISA's Fatal Accident Reporting System (EBRS), complete
through mid-1992, provided the basic accident data for the study. The EBRS data
were supplemented with accurate curb weights, derived frcm R. L. Folk's files and
NHISA compliance tests.

Insufficient NCAP and FKRS data were available to
vii

include light trucks, vans or sport utility vehicles in the analyses. Thus, the
study is limited to collisions between two 1979-91 passenger

NHISA staff reviewed the cars involved in head-on collisions on EARS
and identified, where possible, the NCAP test car that came closest to matching
the ERRS 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:
(l) The make-models an EARS and NCAP are identical or true "corporate cousins"
(e.g., Dodge Qnni and Plymouth Horizon).

(2) The model years on EARS and NCAP

are identical, or the EARS model year is later than the NCAP model year, but that
model was basically unchanged during the intervening years. The EARS cases were
supplemented with the matching NCAP test results for each car. The sample is
large enough for a statistical analysis of NCAP scores and fatality risk.

EARS data do not single out those head-on collisions that closely
resemble an NCAP test: perfectly aligned collisions of two nearly identical cars,
with minijiBl offset, a closing speed close to 70 mph, and both drivers 50thpercentile males. In addition, EARS cases may involve injury to the neck or
abdomen: 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 EARS sample.

Mareover, if there is any significant

correlation between the two, it suggests that the NCAP scores say something about
actual crashworthiness in a range of crashes that goes far beyond the specific
type tested in NCAP.

Correlation of NCAP scor^fs and fatality risk
Ihe goal of the analysis is to test if cars with poor scores an 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 NHISA staff demonstrate a statistically significant
relationship between NCAP scores and actual fatality risk, as shown in the
accompanying table.

A straightforward way to delineate "poor" and "good" scores is to
partition the cars based on their NCAP score for a single body region - chest
g's, HIC or femur load - and to consider only a subset of the 392 head-on crashes
where one 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 approximately 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-cm 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 only 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
ix

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

Performance i n Actual Crashes
•Good" NCAP
Perfon

•Poor" NCAP
Perform

Chest g ' s < 56

Chest g ' s > 56

125

HIC < 1000

HIC > 1200

113

L Femur < 1600 AND
R Fenur < 1600 AND
L+R Fenur < 2600

L Fenur > 1600 OR
R Fenur > 1600 OR
L+R Fenur > 2600

132

20"

HIC < 1100
AND
Chest g's < 60

HIC > 1300
OR
Chest g's > 60

125

19*

Chest g's
L Fenur <
R Fenur <
L+R Fenur

Chest g's
L Fenur >
R Fenur >
L+R Fenur

> 60 OR
1700 OR
1700 OR
> 2700

134

22"

HIC < 900
AND
L Fenur < 1400 AND
R Fenur < 1400 AND
L+R Fenur <. 2400

HIC > 1300
OR
L Fenur > 1700 CR
R Fenur > 1700 OR
L+R Fenur > 2700

121

19*

HIC < 900
AND
Chest g's < 56 AND
L Fenur <. 1400 AND
R Fenur < 1400 AND
L+R Fenur < 2400

HIC > 1300
OR
Chest g's > 60 OR
L Fenur > 1700 OR
R Fenur > 1700 OR
L+R Fenur > 2700

118

21**

NCAPINJ < .6

NCAPINJ > .6

117

26"

< 56 AND
1400 AND
1400 AND
< 2400

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

N of
Crashes

Fatality
for Good Car (%)

1 - [(74/80) / (77.6/68.2)] = 19 percent
for the cars with the lower chest g's. Ihe relationship between chest g's en the
NCAP test and fatality risk over the range of head-on collisions experienced en
the highway, although statistically significant, is not perfect. Marely 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. Ihe 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 some distance between the "good" and the "poor" groups.
For example, 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, ftfeny other boundary values between low and 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 iraxiinizes the fatality reduction for an
accident sample close to 120 crashes.

Ihe Head Injury Criterion (HIC) can be used to partition the cars into
two performance 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.
xi

Ihe femur loads

measured on the NCAP tests can also, by themselves, differentiate safer from 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 pounds en frit^y leg, p£ a sum > 2600 pounds. In 132 headon collisions, the fatality reduction for the "good" NCAP femur load performers
was a statistically significant 20 percent.

One reason that chest g's, HEC and femur load all "work" by themselves
is that the three NCAP test measurements are not independent observations an
isolated body regions. Cars with intuitively excellent safety design tend to
have low scores an all parameters, while cars with crashworthiness problems tend
to have high scores an one 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 completely understood at this time, since
injuries to the lower extremities, by themselves, are generally not fatal.

Any 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 on 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

accompanying 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 regions, with an independent "passfail" criterion on each score, work about as well as scores for any two body
xii

regions. "Good" performance could be defined as HIC < 900 and chest g's < 56 and
fenur load <. 1400 en each leg and <. 2400, total, while HIC > 1300 or. chest g's
> 60 or fenur load > 1700 en either leg or > 2700, total defines "poor"
performance. The fatality risk in 118 actual head-on collisions between a good
and 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 and 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 FMVSS 208 value of 1000, the chest g cutoff is not far fron the FMVSS 208
value of 60 g's, and the femur load cutoff ranges from 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 combine them into a single composite score, wherein
excellent performance an two body regions might compensate for moderately poor
performance on the third. The composite score could be same type of weighted or
unweighted average of the scores for the various body regions. For example, a
weighted average measure of NCAP performance, NCAP3NJ, was derived by a two-step
process. First, the actual NCAP results for the driver dummy were transformed
to logistic injury probabilities. HEADHiT, CHESTTNJ, LFEM1RINJ and RFEMURINJ,
each ranging from 0 to 1. The weighted average
NCAPINJ « .21 HEADINJ + 2.7 CHESTINJ + 1.5 (LFHURINJ + RFHURINJ)
has the empirically strongest relationship with fatality risk for belted drivers
in the specific data set of actual head-on collisions described above (396
collisions, 792 cars). The accident data include 117 head-on collisions of a car
with NCAPINJ < 0.6 into a car with NCAPINJ > 0.6.
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Fatality risk is a

statistically significant 26 percent lover in the cars with NCAPINJ <0.6. Since
ICAPINJ is a weighted sum of NCAP scores for all of the body regions, the cars
with NCAPINJ <.0.6 have, an the average, substantially lower HIC, chest g's and
femur loads than cars with NCAPINJ > 0.6.

The purpose of defining NCAPINJ was to illustrate the strength of the
overall relationship between NCAP performance and fatality risk.

However,

NCAPINJ is not a "magic bullet" or "ideal" way to combine 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 from 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 ERRS vehicles are also required to have
the same number of doors as their matching NCAP test vehicles, NCAPINJ is not the
optimum weighted average (although it comes close to the optimum), and it is only
slightly more correlated with fatality risk than an unweighted sum of the
logistic injury probabilities. Mareover, on this alternative data set, HIC and
femur load have about equally strong correlation 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?
xiv

In general, it is not easy to ccnpare the crashworthiness of cars of
different model years. Fatality rates per 100 million vehicle miles have been
declining for a long 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 impression 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 environments, 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, 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 an 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-on collisions between a model year
1979-82 car and a model year 1983-91 car, in which both drivers were belted.
These collisions allow a comparison of cars built during the first four years of
NCAP to subsequent cars, where manufacturers 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 198391 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 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
xv

the "other" vehicle in the crash can be any 1976-91 passenger car with a belted
driver. For any subset of crashes, a fatality -Hpic p;yv»y can be computed for the
"case" vehicles, based an the ratio of actxial to expected fatalities in the case
and other vehicles. The lower the risk index, the more crashworthy the car (100
•= average). The actual fatality risk indices can be ccnpared in three model-year
groups, 1979-82, 1983-86 and 1987-91.

So can the NCAP test performance, as

measured by a ccrrposite score such as NCAPINJ, or by the average values of the
actual NCAP parameters for the three body regions:

Model
1979-82

Y e a r s

1983-86

1987-91

Fatality risk index in
actual head-on collisions

119

95

91

Average value of NCAPINJ

.59

.40

.37

49

14

9

1052
54.9
928
1079

915
46.8
883
784

827
46.5
1002
1018

Percent of cars with NCAPINJ > 0.6
Average
Average
Average
Average

HEC
chest g's
left femur load
right femur load

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 frcm 1979-82 to 1983-86, and by another 4 percent from
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
frcm model years 1979-82 to 1987-91. A composite NCAP score, such as NCAPINJ,
nicely portrays the improvement in NCAP performance over time. Parallel to the
reduction in the fatality risk index, NCAPINJ greatly improved frcm an average
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of 0.59 in model years 1979-82 to 0.40 in 1983-86, with an additional, modest
improvemsnt 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 HTC
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.

cone] i ipions and cnveats
o

There is a statistically significant correlation between the performance
of passenger cars an the NCAP test and the fatality risk of belted drivers
in actual head-on collisions.

Since many head-on collisions differ

substantially from NCAP test conditions, this suggests NCAP scores are
correlated with actual crashworthiness in a wide range of crashes.
o

In a head-on collision between a oar 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" from "poor" NCAP
performance is by a single, composite NCAP score, such as a weighted
caibination of the scores for the three body regions. However, 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.
XVll

NCKP scores have iirproved steadily since the inception of the program in
1979, with the greatest iirprovement in the early years.

By now, most

passenger cars meet the EMVSS 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 197991, with the largest decreases during the early 1980's.
This is a staHpHraT study and it is not appropriate for conclusions
about cause and effect. It shows that passenger cars became significantly
safer in head-on collisions during 1979-91, as NCW? scores improved. It
does not prove that the NCftP program was the stimulus for each of the
vehicle modifications that saved lives during 1979-91. (For example, the
automatic protection requirement of EMVSS 208 was another important
stimulus.)
The correlation between NCAP scores and actual fatality risk is
statistically significant, but it is far from perfect. On the whole, cars
with poor NCM> scores have higher-than-average fatality risk in head-on
collisions, but there is no guarantee that every specific make-model with
poor NCAP scores necessarily has higher fatality risk than the average
car. Conversely, 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 NCfcP scores (e.g., above the, EMVSS 208
criteria) have significantly elevated fatality risk in head-on 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 performance.

XVlll

CHAPTER 1
INIRCDUCTICN AND ANALYSIS OVERVIEW

The Appropriations Act for Fiscal Year 1992 directs "NHTSA to provide
a study to the House and Senate Carrmittees an Appropriations comparing the
results of New Car Assessment Program (NCAP) data f ran previous model years to
determine the validity of these tests in predicting actual cn-the-road injuries
and fatalities over the lifetime of the models" [5], p. 35. In February 1992,
the agency responded 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

ccmpleted in December 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 h<=«d-<^n 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 response to Title II
of The Motor Vehicle Information and Cost Savings Act of 1973 (MVICS) [20], which
authorized NHTSA to develop consumer information en the crashwort^ineps of
passenger vehicles. Since 1979, NCAP has been a program of frontal impact tests
at 35 mph 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

NHISA'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 impacts.

Measurements en the

dummies are used to calculate the Head Injury Criterion (HIC), chest g forces (3

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

1.1

NCAP performance vs. crashworth''TvaHfji on the highway
FMVSS 208 requires all passenger cars to have HEC <. 1000, chest g's

<. 60 and femur load < 2250 pounds an 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 frontal occupant protection
guaranteed by the basic FMVSS at 30 mph has largely been extended to 35 mph 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, manufacturers 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 responsible for the improvement in
test results (e.g., automatic occupant protection installed in response to FMVSS
208 was another obvious factor), the trend is certainly in the right direction
and it appears to fulfill one promise of a consumer information program: the
manufacturers significantly enhanced safety performance as measured by the
publicized test protocol. They are now "designing their vehicles to 35 mph."

While there is overwhelming evidence that vehicle performance on the
NCAP test has improved since the inception of the program, that evidence, by
itself, does not prove that cars have become safer in actual crashes en the
highway.

The ultimate goal of all safety programs, including consumer

information programs such as NCAP is the reduction of deaths and injuries an the

highway. There is a desire for evidence that cars with poor NCM> scores are less
safe in actual crashes than cars with acceptable scores, and, more generally,
that cars have becctne safer in actual crashes since the beginning of MIBP.
Researchers have eagerly explored the correlation between N3VP performance and
fatality risk in actual crashes since the initial years of I O P [4]. There are
two reasons why their efforts have had little success in past years. ICaP is a
test program involving belted dumtdes, and, until very recently, there siitply
have not been enough fatal or serious-injury accident data involving belted
occupants for a meaningful caqparisan with NCRP results.

UCKP describes

differences in the crashworthiness 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 fron death or injury, given
that a crash has occurred) fron other factors that affect fatality rates of cars:
the types of people who drive the cars, and the enviraments where they are
driven.

Thanks to the steady increase in belt use after 1984, as more and more
States enacted belt use laws, enough accident data involving belted occupants had
accunulated, by 1993, for meaningful statistical analyses.

But it is still

necessary to find a method which isolates 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 h^wi-on collisions between two
papsencrer

1.2

The ^'iffic'i ty of isolating crashworth"'r|*ags effects
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 look at seme actual fatality rates helps clarify the
extent to which differences in drivers and exposure influences the variation in
fatality rates.

For example, 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 compiled by the Insurance Institute for Highway Safety [28]). The
actual rates range from 60 in the Volvo 740/760 to 520 in the Corvette - almost
a 9:1 ratio. The 15th percentile of actual risk is 120 (Pcntiac Grand An) and
the 85th percentile is 310 (Dodge Daytcna) - still a 3:1 variation in risk across
the middle 70 percentiles.

It is intuitively obvious that 9:1 differences

between cars are due primarily to the types of people who drive them, rather than
real variation in crashworthiness. It is most unlikely than one make-model is
intrinsically 9 times as dangerous as another. The make-models in Table 1-1 with
the lowest fatality rates are primarily luxury and family cars. The models with
the highest rates are "performance" oars and small economy 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 attempted to control for at least sane of the

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

TBHLE 1-1
EA3MJTY RISK INDICES BASED ON FATALITIES
PER MELLICN REGISTERED VEHICLE YEARS
(tfodel year 1985-87 cars in calendar years 1986-88)

Fatality Rate

Fatality
C4al
Indax
Actual Predictd
Volvo 740/760 4dr
Ford Taurus Vfagan
T-Hnnoin itwn Car

VWJetta 4dr
Chev Cavalier Wagcn
Toyota Cressida
Audi 5000
Olds dera Wagon
Caddy DeVille 2dr
Caddy DeVille 4dr
Ford Esaart Wagcn
Afalvo 240
Pent Grand An 4dr
Olds Ciera 2dr
Pent Grand Prix
Buick Century 4dr
Ifercury Gr Iferquis
Ifercury Sable
Pantiac 6000
Chev Oelefarity Wagcn
Olds dera 4dr
Buick Electra
Ford Taurus
Olds Calais 4dr
Honda accord 2dr
Subaru Wagon
Qiev Caprice Wagon
Ford Crown Vic
Nissan Sentra 2dr
Hcnda Prelude
Buick Somerset 2dr
Mazda 626
Honda Accord 4dr
Olds 98
Olds Delta 88
Chrys 5th Avenue
Toyota Oelica
Toyota Corolla 4dr
Mercury Topaz 4dr
Chrys New Yorker
Chev Caprice 4dr
Honda Civic 4dr
Chev Celebrity 4dr

60
70
80
110

no

110
110

no
no
no
120
120
120
120
120
120
120
130
130
130

130
130
140
140
140
140
140
140
150
150
150
150
150
150
150
150
160
160
160
160
160
170
170

140
150
120
250
200
190
170
150
140
120
220
190
190
180
170
160
150
200
170
170
150
140
200
190
180
170
170
160
430
310
220
200
170
150
130
120
280
230
200
160
140
260
160

43
47
67
44
55
58
65
73
79
92
55
63
63
67
71
75
80
65
76
76
87
93
70
74
78
82
82
88
35
48
68
75
88
100
115
125
57
70
80
100

n4

65
106

Fatality Rate

Fatality
P4aV
KJUBIC

Actual Predictd
Ford cm-illi 4dr

Ford Tfenpo 4dr
Buick IfiSabre
Olds Calais 2dr
Ford Ttenpo 2dr
VWGaLf 4dr
Nissan Msoma
Chev Nova 4dr
Buick Regal 2dr
Subaru 4dr
Pent Grand An 2dr
Honda Civic 2dr
Fond T-Bird
Dodge Qtni 4dr
Chev Cavalier 4dr
Msrcuzy Cougar
Chev Olftoity 2dr
Toyota Corolla 2dr
Nissan 200SX
Pent Sunbird4dr
B W 300 2dr
Hyundai Exnel 4dr
Plym Reliant 4dr
Chev Cavalier 2dr
Pent Sunbdrd 2dr
Plym Harizcn 4dr
Chev Itnte Carlo
Dodge Aries 4dr
Ford ^ a n | > i 2dr

Dodge Dacytona
Chev Spectrum 2dr
Chev Chevette 2dr
Pcntiac Fiero
Plym TurisoD
Pcntiac Firebird
Honda CRX
Chev Sprint
Chev Chevette 4dr
Nissan 300ZX
Ford Mjstang
Dodge Charger
Chev Camaro
Chev Corvette

180
180
180
190
200
200
200
200
200
200
210
230
230
230
230
240
240
250
250
250
260
260
260
270
280
280
280
290
300
310
320
340
360
360
380
390
410
410
420
440
450
490
520

270
180
140
190
260
250
250
210
190
180
280
280
250
210
190
220
150
380
330
180
340
260
160
260
240
210
210
190
290
320
250
250
380
260
310
530
290
190
420
370
330
380
360

Index

67
100
129
100
77
80
80
95
105

ni
75
82
92

no
121
109
160
66
87
139
76
100
163
104
U7
133
133
153
103
97
128
136
95
138
123
74
141
216
100
US
136
129
144

Actual fatality rate = actual fatalities per million registration years (source:
USB [28])
Predicted fatality rate "attetrpts to take into account the age and sex of drivers
involved and the car size [28]."
Fatality risk Index = 100 * Actual/Predicted

