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Abstract

This 1s the Final Report for the statistical evaluation of the effectiveness of child restraint systems, wiich are
regulated by Federal Motor Vehicle Safety Standard (FMVSS) 213. It is one of seven statistical evaluations to Le
conducted under this contract, The seven Standards are:

1. FMVSS 108: Side Marker Lamps {only) 4. FMVSS 213: Child Seating Systems

2. FMVSS 202: Head Restraints 5. FMVSS 214: Side Door Beams

3. FMVS5 207: Seat Back Locks (only) 6. FMVSS 222: School Bus Seating and Crash Protection
7. FMVSS 301: Fuel System Integrity

which manufacturers of child seats must meet. The Standard became effective April 1, 1971. Action is pending on
oroposed revisions. )

The objective of the analysis is 1o determine the overall effectiveness of child restraints when used, rather than to
evaluate FMVSS 213 in particular. This required an analysis of subsets of mass accident data involving 4 year old and
younger child occupants of known injury level, seating position and restraint usage in passenger cars. Evaluations
were based on 21,837 cases in New York (1974, 1977), 6,738 cases in New Jersey (1975) and 3,766 cases in Idaho (1576-
1978). Contingency table data were subjected to log-linear modeling and adjustment to minimize potential confounding i
effects and allow direct comparison of injury rates between children using child restraints, children using seat-
belts, and unrestrained children.

The results clearly show that accident-involved children restrained by either child restraints or seatbelts sustain sia-
nificantly fewer injuries than unrestrained children. In the largest sample, New York, child restraint usage results in

a 30 percent reduction in KABC injuries, a 26 percent reduction in KAB injuries, and a 28 percent reduction in KA injuries,
In New York, the overall effectiveness values for child restraint use and seatbelt use are about the same for KABC injuries,
although for KAB and KA injuries, seatbelt effectiveness values are 1.5 to 2 times higher than child restraint effectivensse
values. In New Jersey and Idaho, the effectiveness values for seatbelt use are generally 2.5 to 3 times higher than those
for child restraint use. Differences between child restraint and seatbelt effectiveness values, however, are statistically
significant only for the New Jersey sample.

Nn a nationwide basis, if 100 percent usage of child seats were assumed, about 12,000 injuries and 150 fatalities

could be prevented in children two years of age and younger. These figures most 1ikely underestimate the potuntial :

reduction in both the frequency and severity of injuries to be gained from the proper use of FMVYSS 213 child f

restraints, since the computed effectiveness values are based on child seats which may not have met FMVSS 213

requirements or which may have been misused. |
T
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EXECUTIVE SUMMARY

This is the Final Report of the statistical evaluation of the effectiveness
of child restraint systems, which are regulated by Federal Motor Vehicle Safety
Standard (FMVSS) 213.

FMVSS 213 1s a deatﬂ-and*injury~reduction Standard which, in its present form
(September 1980), mandates static tests,labeling, and other requirements that must
be met by manufacturers of child restraint devices. The Standard became effec-
tive 1 April 1971. Proposed revisions to the Standard, which will require dynamic
testing of all child restraints and will include previously-exempt car beds, in-

fant carriers and child harnesses, are expected to become effective 1 January 1981.

The objective of this analysis is to determine the overall effectiveness of
child restraints when used rather than to evaluate FMVSS 213 in particular. Ix-
isting mass accident data from New York (1974 and 1977), Idaho (1976-1978) and
New Jersey (1975) are statistically evaluated. These data do not provide infor-
mation on the type or make of the child restraint, or whether the restraint is
properly installed and correctly used.

To address the question of whether or not child restraint usage reduces the
frequency or severity of child injuries, a comparison is made between the injury
rates of children four years old and younger reported as using a child seating
system,with those of children who are unrestrained, after controlling for rele-
vant accident characteristics. By inference, any obtained differences in thesc
rates are attributed to the effect of the restraining device. Essentially, unre-
strained children are treated as a control group. Thus, effectiveness can be de-

fined as follows:

!;roportion of unrestrained _ Proportion of restrained
children injured : . Chlld?eqﬂ}g&gﬁgﬂwmwv x 100
Proportions of unrestrained
children injured

E =

Estimates of effectiveness are computed separately for both child restraint
and seat belt usage, so that the percent reduction in injuries due to the former

can be compared to any corresponding reduction in injury associated with the lat-

ter.
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Before effectiveness values are computed, however, the data are modeled by
fitting a hierarchical, log~linear model to a contingency table composed of
Injury, Restraint Usage and selected variables. The purpose of modeling is to
smooth the data and to remove random variability due to small cell frequencies
that occur when a large number of control variables are used. Modeling also
reveals the strength of various interactions among the variables. For each year
of New York data, separate models are fit for KA vs. BCO, KAB vs. CO and KABC vs.
0 injury dichotomies., For New Jersey, only the latter two models are fit, while
in the case of Idaho, only one model for the KABC vs. 0 injury dichotomy is fit.
This is due to the small sample sizes for the latter two states. The smoothed
cell frequencies are then adjusted to allow for the direct comparison of injury
rates. Adjustment is necessary in order to insure that the overall effective-
ness estimates will not be affected by different distributions of children in
child restraints, seat belts and unrestrained categories across different levels
of the control variables.

Overall effectiveness values for children in child restraints, seatbelts
and children restrained by ecither device for the smoothed, adjusted mass acci-
dent data in the three states are summarized in the following table. The effec-
tiveness results for New York consist of a weightedraverage of the individuai
effectiveness values for 1974 and 1977 samples (10,745 and 11,092 cases). The
effectiveness results for New Jersey and Idaho are based on sample sizes of
6,738 and 3,766 cases, respectively. Only statistically significant effective~-
ness findings are discussed. 7

In all instances, statistically significant findings show that accident-
involved children restrained by eilther child restraints or seathelts sustain sig-
nificantly fewer injuriles than unrestrained children. For example, the percent

reduction in the number of injuries sustalned by restrained children is:

e Killed and all injuries (K+A+BHC) = 30 to 37 7
e Killed and all but minor injuries (X+A+B) = 32 to 44 7
e Killed and severe injuries (K+A) = 41 7

When child restraint systems are considered separately, most of the findings

are statistically significant. In New York, for example, child restraint usage re-

sults in a 28 percent reduction in K and A injuries and a 26 percent reduction in
the overall incidence of K, A and B injuries, compared to a 30 percent reducﬁion
in K, A, B and C injuries considered collectively. In New Jersey, child restraint
ngage results in a 20 percent reduction in overall K, A, B and K, A, B and C

injuries.
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SUMMARY OF OVERALL EFFECTIVENESS VALUES

-OR CHILDREM

J-& YEARS™ OF AGE DERIVED FROM SMOOTHED, ADJUSTED MASS

ACCIDENT DATA

Iniur Is Effectiveness
Restraint L93e1y State Year Effectiveness |Significantiy Different
' (%) From Zero?
Chila K+4, New York 1974 & 1977 27.5 Yes
Restraint &y, avg | New York 1974 & 1977 25.9 Yes
New Jersey 1975 19,2 Yes
K+A+B+C§ New York 1974 & 1977 30.1 Yes
New Jersey 1975 19.8 Yes
Idaho 1976-1978 12,7 No
Seatbelt K+A New York 1974 & 1977 53.5 Yes
K+A+B New York 1974 & 1977 35.8 Yes
New Jersey 1975 60.5 Yes
K+A4B+C| New York 1974 & 1977 29.7 Yes
New Jersey 1975 48.4 Yes
1daho 1976-1978 37.7 Yas
K+A New York 1974 & 1977 42,9 Yes o
gﬂlﬁ?ain*s K+A+R New York 1974 & 1977 31.3 Yes f
T New Jersey | 1975 43.8 Yes ;
Seatbelts Iy nepec| New York 1974 & 1977 29,7 Yes ’;
New Jersey 1075 36.8 Yes %
Idaho 1976-1978 30.4 Yes 3

*
in New Jersey and Idaho, the age range of children is 1-4 years old.

While effectiveness values for seatbelt usage are generally one Lo two
times higher than those for child restraint usage, one wust be wary of attaching
ton much lmportance to this result, since the differences are not statisclealily
significant, except in the case of New Jersey. Furthermore, the lack of detail
characterizing state mass accident data bases with respect to the actual tyne of
child restraint device used, and whether they are properly used or migused, cause

the findings of this study to most likely underestimate the potential teduction

of both the frequency and severity of injuries to be gained from the proper use
of FMVSS 213 child restraints,

The actual and potential reduction in injuries and fatalities for children
two years old and younger, for the entire nation, that result from the use of

child restraints were estimated using the actual welghted New York effectiveness



value of 30 percent derived using the KABC vs O injury dichotomy. Child re-
straint usage rates of 20 percent, 10 percent and 5 percent were assumed for
less than 1 year old, 1 year old and 2 year old children, respectively. With
these low usage ratesg, it is estimated that roughly 1400 injuries and 19
fatalities are prevented in children of this age, through the use of child seats.
If 100 percent usage of child seats were assumed, about 12,000 injuries and

150 fatalities could be prevented in children two years of age and younger.
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1.0 INTRODUCTION

1.1 Background

This is the fourth in a series of reports of the statistical evaluation of
the effectiveness of seven Federal Motor Vehicle Safety Standards (FMVSS). This
work was conducted under Contract DOT-IIS~8--02014 by The Center for the Environment
and Man, Inc. (CEM) and its subcontractor, the Highway Safety Research Center
(HSRC) of the University of North Carolina. The seven FMVSS which were statis-
tically evaluated are:

FMVSS 108: Side Marker Lamps (Only)

FMVSS 202: Head Restraints

FMVSS 207: Seat Back Locks (Only)

FMVSS 213: Child Restraints

FMVSS 214: Side Door Beams

FMVSS 222: School Bus Seating and Crash Protection
FMVSS 30l: Fuel System Integrity

The Final Report on the effectiveness of child restraints is presented herein.

FMVSS 213 is a unique Standard. Its effectiveness depends on voluntary use
of child restraints, Unlike the other Standards evaluated in this study, it
applies to devices which are optional equipment. Unlike the reports on the six
other FMVSS, this report evaluates child restraints in general, rather than the
Standard (213) in particular.

FMVSS 213 became effective April 1, 1971; it established requirements for
labeling, installing, adjusting and attaching child seating systems to vehicle
seat belts. It also required manufacturers to produce child restraints which
met a static test at a force level of 1,000 pounds--which translates to about
15 miles per hour in a traffic crash. In March 1974, the National Highway Traffic
Safety Administration (NHTSA) proposed a revision which would expand the scope
of the Standard to cover all forms of infant and child restraints(child seats,
car beds, infant carriers and child harnesses); require dynamic crash simulation
tests of the restraints rather than the present static tests; and specify the
anthropomorphic test dummies to be used in the tests. In May 1978, NHTSA pub=-
lished a modified proposal for a revised child restraint system Standard hased
on recent child restraint misuse studies and a desire to improve usage of child
restraints while improving safety,and an evaluation of the comments concerning

the 1974 proposal." [1]
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NHTSA's amended regulations are scheduled to take effect on January 1, 1981,
[2] The broadened Standard will include previously-exempt car beds, child

harnesses and infant carrierg. All child restraints must:

e Offer adequate protection in 30 mph crash tests into a fixed
barrier by:

~ Restraining the test dummy.
-~ Keeping the system's structural integrity.

o Be designed to be held in place by the vehicle's seat bhelts.

- Special tether straps will be allowed (in addition to
the seat belt), but a minimum level of protection must
be met using the seat belt even when the tether is not
fagtened.

It became obvious that a strict evaluation of FMVSS 213 gs it existed during

the period of the CEM study, would offer little information on the overall effec~

tiveness of child restraints in reducing injuries to young children involved in

car crashes. The study became, therefore, a broader, more general evaluation

of the effectiveness of child restraints when they are used.

There are two major problems with using police-reported state mass accident
data to evaluate child restraint effectiveness. First, misuse of child restraints
is a major concern, insofar as police-reported data do not identily whether a
restraint was properly used, only that itrwas used. Second, state accident data
do not discriminate among the many types of "child restraints." For example, data
on children in "infant seats' and car beds may be mixed with data on children in
approved, properly-secured child restraint devices. These two issues are dis-

cussed next.

Misuse of Child Restraints
One of the pertinent issues raised hy NHTSA in its 1978 Standard revision

publication was whether its amendments adequately addressed the misuse problem.
During an international conference in Australia in 1977, the author of a survey
on installing child restraints reported that:

"Casual observation of child restraints in automobiles indicated
that a significant proportion were incorrectly installed, and
that a study was warranted to determine the extent of the problem.

"The major potential faults considered were as follows: straps not
connected; straps not tightened; and poorly located anchorage
points. The study found that only about 197 of child motor
vehicle occupants are correctly restralned in approved child
restraints. It was concluded that efforts must be made among
manufacturers, installers and consumers to insure that child
restraints be properly installed.” [3]
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A recent study sponsored by the Tnsurance Institute for Hiphwav Satetv
(IIHS) reported only 4.7 percent of 494 young children were rostrained hv
either vehicle lap belts or child restraints. Only one-third of the devices
in use during crashes were used properly. The study said incorrect usage of
child restraint systems increased injury potential (e.g., failing to use the
car lap belt to secure the restraint device and failing to use the restraint
device's safety harness). Among the properly restrained children there was
only one minor injury.{4] In an earlier ITHS study, 7 percent of 8,993 child~
ren under ten years of age were restrained--5 percent by seathelt only and 2 per-
cent by a child restraint device. An additional 5 percent of the children were
in child restraints which were not nromerly secured in the vehicle and/or the
children were not properly restrained within the device. According to this
study, whatever crash protection child restraints nrovide is elther "reduced or
eliminated" if they are not used cotrrectly.[5]

ITHS's most recent study provided a detailed analysis of 48 crashes involving
63 children under nine years of age, out of an original population of 348 crashes
involving 494 children. It was found that:

"There is still the problem of proper use. One of the discon-
certing things found in our study is that in those small
number of cases in which a child restraint was present and
in use, very few of those child restraints were heing used
correctly. People go to the trouble of buying them, then
don't use them correctly, either because they are in a
hurry or they just don't know that they are not anchoring
them effectively." [6]

Inclusion of Restraints Falling to Meet FMVSS 213 in Data Rase

CEM'sg initial survey of state accident reporting forms indicated that
most states do not record the use or non-use of child restraints and, where
data are taken, the reports lack detail. Among those states which do record
child restraint usage, the coding forms do not differentiate between various
types of child restraint systems; therefore, car beds, infant carriers, and
child harnesses*, none of which are currently covered by the requirements of
FMVSS 213, are included in the data base. In addition, since few police
officers are trained in assessing what is an appropriate, approved child re-

straint, it is probable that the data bases also include some restraints,

*Type 3 seat belt assemblies, commonly referred to as child harnesses, are

presently under FMVSS 209 (Seat Belt Assemblies). They are a combination of
pelvic and upper torso restraints for persons welghing up to 50 pounds and
capahle of sitting upright by themselves~~that is, children approximately

8 months to 6 years old., Car beds and infant carriers are not covered by any
present Federal Motor Vehicle Safety Standard, but will be covered under the
reviged FMVSS 213,
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such as the earlier hook~over car seatg, which are now outlawed by the Stan-
dard. TIHS's 1975 report on child restraint use stated that, "Manv of the
devices that are used to transport children in vehicles provide no crash pro-
tection, e.g., 'car seats' that hook over regular automobile seats.,.and other
seats and carriers designed in ways that ensure that they do not protect
children in crashes.” [5]

1.2 Objective and Purpose

This report is an analysls of child restraint systems in general, to
determine whether or not theilr effectiveness (regardless of type or proper use)
can be determined from statistical analyses of existing mass accident data.

This evaluation cannot be considered an evaluation of FMVSS 213 in
particular, for reasons described in the preceding section., Rather, its purpose is
to either assess the effectiveness of child restraints with respect to injury
avoidance, or to demonstrate that existing masg accident data are not adequate
for such purposes. Suggestions for a further evaluation program, developed

earlier, are described in References 7 and 8.

1.3 Scope
o This study involves the statistical analysis of state mass
accldent data concerning deaths and injuries incurred in
automobile accildents by children four years of age or legs,
including both those who are unrestrained, those in child
restraint systems, and those restrained by seat belts.

® Analysis of detailed National Crash Severity Study (NCSS) data are not
carried out,8ince about 50 children(of approximately 10,000 available

cases) are coded as using child restraints.

® The mass accident data used are those from New York (1974 and 1977),
Idaho (1976-1978) and New .Jersey (1975).

~ Only one year of New Jersey data is used, since there is no
child restaint usage information available for 1976, and there
appear to be severe miscoding problems in 1977 with respect
to child restraint usage.

e The analysis emphasizes comparison of child injury rates with
respect to the use or non-use of child restraints., Given sample
gize limitations, an effort is made to refine the analyses by
controlling for concomitant variables, such as position of the
child in the car, direction of force from impact, accident severity,
child's age, accident type, etc. ’



1.4 Approach

1.4.1 Background and Accident Data Populations

The statistical evaluation of the effectiveness of child restraints is
baged on the comparison of injury rates of children using a child restraint sys-
tem with those of unrestrained children, after controlling for relevant accident
characteristics. Specifically, simple displays of Injury Level by Child Restraint
Usage are stratified for various combinations of conditioning variables, such as
front or back seat occupancy, age of child, severity of accident, single or
multivehicle accident, front, side or rear-impact accidents, etc. Hence, the
question of overall effectiveness as well as the effectiveness of specific
subpopulations can be addressed. Table l-1 summarizes the estimated population
sizes for the various data sources.

TABLE 1-1

ESIMATED NUMBER OF ACCIDENTS
INVOLVING A CHILD (AGE 0-4)"AS VEHICLE OCCUPANT

New York New Jersey Idaho
Children Children Children Children Children Children
Year in in in in in in
Accidents Restraints Accidents Restraints Accidents Restraints
No. No.J ] No No. [’% No. No. | %
1974 14,148 931 7 - - - - - -
1975 - - - 7543 . 764 10 - - -
1976 - - - - - - 1457 79 5
1977 14,215 1081 | & 7500 o5 | 0.3 1493 84 | s
1978 - - - - - - 1718 104 6

*
In New Jersey and Idaho, the age range of children is 1-4 years,
S . J s . 03 . .
Low value is due to serious miscoding problem in New Jersey with respect to child

restraint usage in 1977.
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1.4.2 Analysis Approach

The use of child restraints should reduce the frequency of injuries to
children in car accidents. However, because we know that child restraints are
frequently misused and that not all child "restraints" can meet the requirements
of the Standard (revised), the results of our analysis reflect a combination of
factors. In addition to analyzing the effectiveness of those devices reported
by police as child restraints, we also analyze the effectiveness of reported
seat belt use for comparison with child restraint effectiveness.

' Our general approach is to perform a categorical data analysis, using
mass accldent data from New York, Idaho, and New Jersey. Thig involves selec-
ting the critical variables, modeling the data and adjusting the modeled data

in order to make unbiased comparisons, using injury as the dependent variable.

1.5 Limitations of tha Study
The evaluation of child restraints is limited by the small size of the

restraint users sample, The usage of child restraints is voluntary, and studies
have shown that the usage rate of child restraints is 20 percent or less. Fur-~
thermore, relatively few young children are occupants of vehicles involved in
accidents, For the most part, states do not record the use or non-use of éhild
restraining devices (other than seat belts) in their police accident reports, so
the analysis had to be limited to states that do record it. Hence, state méss
accident data alone are not always sufficient to establish effectiveness with a
gsuitable degree of statistical significance, National Crash Severity Study (NCSS)
data, while providing more detaill, include about 50 children in child restraints,
thus offering no opportunity for analysis.

Another limitation involves the fact that state mass accident data do not

differentiate between varlous types of child resgtraints, nor do they indicate

the restraint's appropriateness with respect to a child's age and height, or

whether the restraint is properly used. Thus, any observed effectiveness of
child restraints in reducing injury that ig derived from police-reported state
accident data is probaBly an underestimate of the effectiveness of properly-used
FMVSS 213 child restraints,



1.6 Outline of the Report

Section 2 of this report summarizes the analyses performed. It includes
a discussion of the measure of effectiveness, the estimated effectiveness values
and their confidence intervals, discussions of the overall success of the evalua-
tion, the credibility of the analysis, and a comparison of rasults. Detailed
analyses of the data are described in Section 3. Appendix A summarizes back-
ground characteristics of the New York, Idaho and New Jersey samples. Appendix
B contains the fully crogs—classified contingency tables derived from the state
mass accident data bases. Appendix C summarizes the effects included in the
various models fitted, along with thelr marginal associations. Appendix D
contains a summary of effectiveness values derived from observed, unadjusted
data. Appendix E outlines the method used for computing confidence limits for

effectiveness estimates based on the ratio of injury probabilities.
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2.0 SUMMARY OF ANALYSIS

2.1 Meagure of Effectiveness

The effectiveness measure used in the study is defined as follows.

Proportion of unrestrained Proportilon of restrained
children injured - children injured

=
]

Proportion of unrestrained
children injured

Effectiveness values are computed separately for three restraint usage conditions--

child restraints, seat belts, and usage of either device.

2.2 Estimated Effects of Child Restraints

The estimated effectivenaess of child restraints can be potentially con-
founded by three factors: (1) the accuracy of police reporting on the use of a
child restraint, (2) the notential variety of types of child restraints in use
during the years analyzed (1974-1978), including infant carriers, car beds, etc.—-
some of which presumably do not meet the safety requirements of FMVSS 213, and
(3) the frequent misuse of chlld restraints. The effects of the latter two fac-
tors might result in effectiveness values that are probahly less than what would
be obtained for children correctly restrained in child seats that meet the re-

quirements of FMVSS 213.
The effectiveness values for child restraints, seat belts and both child

restraints and seat belts derived from observed, unadjusted as well as from
smoothed, adjusted mass accident data in New York, New Jersey and Idaho are sum-
marized in Table 2-1., The effectiveness results for New York are for chlldren
of age ranges O-4 years old and represent a weighted average of effectiveness
values for 1974 and 1977 (10,745 cases and 11,092 cases). The effectiveness
results for New Jersey and Idaho are for children in the age range 1-4 years old
and are for the years 1975 and 1976-1978 (6,738 cases and 3,766 cases).

The term "smoothed, adjusted" refers to data which has been first modeled
in order to remove random variation due to small contingency table cell frequen-
cies for certain categories of control variables, and then standardized to allow
for valid comparisons to be drawn between injury rates for various subpopulations.
On the average, the net effect of smoothing and adjusting the data was to decrease
effectiveness values by roughly 1 to 5 percentage points for New York samples,
and to increase effectiveness values by 4 to 8 percentage points for the Idaho
sample. In the case of the New Jersey sample, modeling and adjustment had no

apprecilable impact on effectiveness values.
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TABLE 2-1

N :

SUMMARY OF OVERALL EFFECTIVENESS VALUES FOR CHILDREN 0-4 YEARS OF AGE
DERIVED FROM MASS ACCIDENT DATA

Observed, Unadjusted Data

Inju;y Y Is Effectiveness
Leve State ear . 95 % Confidence ec €
Standard Significantly
Restraint Effectiveness Deviation Interval Different
(Percent) From To From Zero?
K+A New York 1974 & 32.2 12.9 11.1 53.3 Yes
1977 ** '
K+A+B New York 1974 & 26.6 4.8 18.8 34.4 Yes
1977 ** ,
Child New Jersey | 1975 18.0 10.1 1.4 34.6 Yes
Restraint ?
K+A+B+C | New York 1974 & 31.9 3.5 26.2 37.6 Yes
1977 ** '
New Jersey 1975 19.8 5.5 10.8 28.8 Yes
Idaho 1976~ 4.6 18.5 -25.8 34.9 No-
1978
K+A New York 1974 & 50.6 8.6 40.5 68.7 Yes
1977 ** :
K+A+B New York 1974 & 37.6 3.7 31.6 43.6 Yes
1977 **
Se:t New Jersey | 1975 60.5 5.9 51.0 70.2 Yes
Belt -
K+A+B+C | New York 1974 & 31.5 2.9 26.8 36.3 Yes
1977 *+
New Jersey | 1975 47.4 3.9 41.0 53.7 Yes
1daho 1976~ 41.3 9.8 25.2 57.4 Yes
1978 ,
K+A New York 1974 & 45.5 7.6 33 57.9 Yes
1977 ¥ ,
K+A+B New York 1974 & 33.1 3.0 28.1 38.0 Yes
1977 **
chitd
Restraint 7 New Jersey | 1975 43.3 5.6 34.1 52.5 Yes
geat K+A+B+C | New York 1974 & 31.4 2.3 27.6 35.1 Yes
elt Yok
1977
New Jersey | 1975 36.2 3.3 30.7 4.6 Yes
Idaho 1976- 30.5 9.0 15.7 45.3 Yes
1978

*In New Jersey and ldaho, the age range of children is 1-4 years old.
"Heighted mean, using the inverse of the variance as a weighting factor.
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TABLE 2-1 (Continued)

Smoothed, Adjusted Data

Injury y P
Level State ear 95 % Confldence 3 ectiveness
Standard Significantly
Restraint Effectivene;s Deviation Interval Different
(Percent) From To From Zero?
K+A New York 1974 & 27.5 13.3 5.6 49.4 Yes
1977 **
K+A+B New York 1974 & 25.9 4.8 18.0 33.8 Yes
1977 **
Child New Jersey 1975 19.2 10.0 2.7 35.7 Yes
Restraint
K+A+B+C New York 1974 & 301 3.5 24.3 35.9 Yes
1977 w*
New Jersey 1975 19.8 5.5 10.8 28.8 Yes
1daho 1976- 12.7 17.8 -16.5 42.0 No
1978
K+A New York 1974 & 53.5 8.7 39.2 67.7 Yes
1977 ** -
K+A+B New York 1974 & 35.8 3.7 29.7 42.0 Yes
1977 **
Seat New Jersey 1975 60.5 5.9 50.9 70.1 Yes
Belt
K+A+B+C New York 1974 & 29.7 2.9 24.9 34.4 Yes
1977 *+
New Jersey 1975 48.4 3.8 a2 54.6 Yes
1daho 1976~ 37.7 10.1 21.2 54.3 Yes
1978
K+A New York 1974 & 42.9 7.8 30.2 55.7 Yes
1977 **
K+A+B New York 1974 & 31.8 3.1 26.8 36.8 Yes
1977 **
Child
Restraint New Jersey | 1975 43.8 5.6 38.6 53.0 Yes
Seat K+A+B+C | New York 1974 & 29.7 2.3 25.8 33.5 Yes
| Belt 1977 **
New Jersey 1975 36.8 3.3 31.4 42.2 Yes
1daho 1976~ 30.4 9,1 15.5 45.2 Yes
1978

“In New Jersey and Idaho, the age range of children is 1-4 years old.

"ueighted mean, using the inverse of the variance as a weighting factor.




In all instances, findings show that accident-involved children restrained
by either child restraints or seat belts sustain significantly fewer injuries
than unrestrained children. For example, the percent reduction in the number
of injuries sustained by restralned children ranges from 30 to 37 percent for
K, A, B and C injuries; 32 to 44 percent for K, A, and B injuries; and is 41

percent for K and A injuries.

When child restraint systems are considered separately, most of the
findings are statistically significant. For example, in New York, child re~
straint usage results in a 28 percent reduction in K and A injuries and a 26
percent reduction in the overall incidence of K, A and B injuries, compared to
a 30 percent reduction in K, A, B and C injuriles, considered collectively, :

In New Jersey, child restraint usage results in a 20 percent reduction in over-

all K, A, B and K,A, B and C injuries.

While effectiveness values for seat belt usage are generally ome to two
times higher than those for child restraint usage, one must be wary of attaching
too much importance to this result, since the differences are not statistically
significant in most cases. The only exception to this involves the New Jersey
1975 sample, where seat belts are significantly more effective in reducing KAB
and KABC injuriles than child restraints (Table 2-2). Furthermore, the lack of
detail characterizing state mass accident data bases with respect to the actual

TABLE 2-2

STATISTICAL SIGNIFICANCE* OF DIFFERENCES BETWEEN SEAT BELT AND
CHILD RESTRAINT EFFECTIVENESS VALUES DERIVED FROM
SMOOTHED, ADJUSTED MASS ACCIDENT DATA

Injur Seat Belt Child Restraint Differenca | 1s Difference
{ndury State Year Effectivensss Effectiveness eTeNCY | statistically
@) | (s.d) | ) | (s.d) | (%) |(s.d) | Significant?

K+A New York | 1974 & 1975 3.5 8.7 27.5 13.3 | 26.0 | 15.9 No

K+A+B | New York | 1074 & 19777 35.8 3.7 25.9 | 4.8 9.9 6.1 No

New Jersey | 1975 60.5 5.9 19,2 10.0 | a1.3) 11 Yes

e

K+A+BHC | New York | 1974 & 1977 | 29.7 2.9 30.1 3.5 | -0.4] 4.6 No

Mew Jersey | 1975 48.4 3.8 19.8 5.5 28.6 6.7 Yes

Idaho 1976-1978 37.7 | 1041 12,7 17.8 | 25.0 | 0.5 No

*Two-tailed test, « = 0.05
i
Weighted mean, using the inverse of the variance as a weighting factor,
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type of child restraint device used, and whether they are properly used or mis-

used, cause the findings of thils study to most likely underestimate the potential

reduction of both the frequency and severity of injuries to be gained from the

proper use of FMVSS 213 child restraints,

The actual and potential reductions in injuries and fatalities for children
two years old and younger, for the entire nation, that result from the use of child
restraints, were estimated using the actual weighted New York effectiveness value
of 30 percent derived using the KABC vs O injury dichotomy. Current (September 1980)
child restraint usage rates of 20 percent, 10 percent and 5 percent were assumed
for 0 year old, 1 year old and 2 year old children, respectively. With these low
usage rates, it 1s estimated that roughly 1400 injuries and 19 fatalities are
prevented in children of this age through the use of child seats. If 100 percent
usage of child seats were assumed, about 12,000 injuries and 150 fatalities could
be prevented in children 2 years of age and younger. The above estimate, however,
reflects both the current degree of correct usage of child seats and the particu-
lar type of child seats in use, including those that do not meet the requirements
of FMVSS 213,
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2.3 Evaluation of the Analysis

2.3.1 Overall Succegs of the Analysis

The effectiveness results which were summarized in Table 2-~1 and discussed
in the previous sectlon conclusively demonstrate the positive effectiveness of
child restraints and seat belts In reducing injuries to children four years éf
age or younger. These regults are obtalned in spite of recognized problemg in
police reporting of child seat usage, inclusion in the data of child seats which
do not meet FMVSS 213 requirements, and tbe possible misuse of child seats in
general, The 30 percent effectivenesg value that was used to estimate the poten-
tialrinjuries avoided through the use of child restraints is almost certainly a
lower bound for the "true" effectiveness that would be obtained given the correct
use of child restraints that satisfy FMVSS 213, and fully accurate police reporting.

2,3.2 Limitations of the Analysils

Three potential limitatioms to the study have already been mentioned. These

are: (1) inadequate reporting of child restraint usage, (2) inclusion of child
restraints in the data base that fail to meet FMVSS 213, and (3) misuse of child
restraints. In addition, limitations that apply fo the New Jersey and Idaho
data bases are the abgence of infants less than one year old and the relatively
small gample sizes. Finally, the analysis was limited to data from the few states
that code child restraint use.

2.3.3 Credibility of the Analysis

The results are credible. In the larger New York and New Jersey data bases,

child restraints showed positive effectiveness values that were statistically sig-
nificant for KABC vs. 0 in both states and for KAB vs CO in New York., Furthermore,
there is much consistency among the results from the three sﬁates, especially when
the gample sizes are considered. 1t is emphasized that the child restraint effec-
tiveness values obtained reflect the actual variety of makes and types of child
restraints, as well as the actual patterns of misuse which characterize the samples.
Therefore, the findings of this study most likely underestimate the effectivéness
of child restraints in réducing the frequency and severity of injuries that would

be found given the proper use of child restralnts satisfying FMVSS 213.



3.0 ANALYSIS OF THE EFFECTIVENESS OF CHILD RESTRAINT SYSTEMS

In thig section, the effectiveness of chlld restraint systems in reducing

injuries is emplrically assesged, using police-reported state mass accident
data, Since exlsting state accident data files do not contain sufficient in-
formation for an in-depth evaluation of child restraint effectiveneés,* the
analyses necessarily focus on the use or non~use of child seating systems in
general, regardless of whether or not they meet the requirements of FMVSS 213.
What follows is a brief description of CEM's approach to the analysils of
child restraint effectiveness; a degcription of all relevant data bases used,
along with information on how they were derived; a detailed presentation of

the analysis; and finally, a summary of results,

3.1 Analysis Approach

The purpose of this analysis is twofold: (1) to test the hypothesis that
the uge of child restraint systems reduces the incidence of injuries sustained
by children occupying accident-involved vehicles; and (2) to assess the magni-
tude of the percent reduction in injuries which can be attributed to child re-
straint usage.

To address the question of whether or not child restraint usage reduces the
frequency or severity of child injuries, a comparison is made between the injury
rates of children reported as using a child seating syetem with those of children
who are unrestrained, after controlling for relevant accident characteristics.

By inference, any obtained differences in these rates are attributed to the
effect of the raestraining device. Essentially, unrestrained children are treated
as a control group.

Figure 3-1 depicts the basic Injury by Restraint Usage table central to
the analyses, which 1s stratified by a set of control variables selected according
to the procedures outlined in Section 3.3. Cell entries consist of both observed

, . t “ . '
counts (nijk 8) and obgervgd proportions (pijk g).

*For example, detailed and reliable information is not available at present on
whether or not the child was in a restraint considered correct for his weight
and size; whether the tether strap was fastened, if the restaint had one;
whether the child restraint was anchored correctly by the vehicle's seat
belt;or whether the child seating system was, in general, being misused. TFur-
thermore, state accident coding forms do not at present differentiate among
various types of child restraint systems.
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Figure 3-1. Basic Injury by Restraint Usage table, stratified by
k-levels of control variables.

In general, effectiveness can be defined as follows:

Proportion of unrestrained __  Proportion of restrained
children injured children injured x 100

Proportion of unrestrained
children injured
However, estimates of effectiveness are computed separately for both child re-
straint and seat belt usage, go that the percent reduction in injuries due to the
former can be compared to any corresponding reduction in injury associlated with
the latter. Using the notation presented in Figure 3-1, overall measures
of effectiveness for child restraint and seat belt usage by children less than

five years of age can be formulated as follows:
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In addition to computing point estimates of effectiveness, an estimate of
variability is necessary to generate the corresponding ranges of effectiveness
(confidence intervals). Furthermore, in order to demonstrate that the observed
effectiveness is significantly different from zero, one must reject the null
hypothesis that there is no difference between the injury rates of restrained
and unrestrained children,

Prior to computing effectiveness values, however, the following preliminary
treatment of the data must be carried out:

® Selection of a set of relevant control variables.
® Smoothing of the data to remove chance variation,

e Adjustment of the data to allow for direct comparison
of injury rates.

Each of these procedures is described in detail later in this section. In gen-
eral, the effectiveness of child restraints is carried out in the following steps.

1. Select the full mass accident data base. The data bases
analyzed are New York 1974 and 1977, New Jersey 1975,
and Idaho 1976, 1977 and 1978,

2. Extract the partial data set o be used directly in
~evaluating child restraint effectiveness. The partial
data set consists of occupants of passenger vehicles
who were four years of age or younger.

3. Define a set of variables to be considered for modeling
and adjustment purposes. In addition to Injury Level
and Restraint Usage, all available variablesg that might
represent possible confounding effects are considered
for modeling and adjustment,

4. Apply the variable selection procedure. This procedure
consists of ranking all potential variables according
to the strength of thelr interactions with Injury and
Restraint Usage, and choosing those variables with the
highest overall degree of interaction,
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8.

Fit a hierarchical, log~linear model to the contingency
table composed of Injury, Restraint Usage and thosge
variables selected in Step 4. The purpose of modeling
is to smooth the data and to remove random variability
due to small cell frequencies that occur when a large
number of control variables are used.

Modeling also reveals the strength of various inter-
actions among the variables, For each year of New

York data, separate models are fit for KA vs. BCO,

KAB ve, CO and KABC vs. 0 injury dichotomies. For

New Jersey, only the latter two models are fit, while

in the case of Idaho, only one model for the KABC vs. O
injury dichotomy ds fit, This is a result of the smaller
gample sizes for the latter two states.

Adjust the smoothed cell frequencies to allow for the
direct comparison of injury rates. Adjustment ig
necessary in order to insure that the overall effec~
tiveness estimates will not be affected by different
distributions of children in child restraints, seat belts
and unrestrained children across different levelg of
the control variables identified in Step 4.

Compute effectiveness and confidence intervals, The effec~
tiveness of child restraints and seat belts is computed

for each state-year of data,and an estimate made of the
varlances of these values. Appropriate confidence inter-
vals are determined, and the hypothesis that differences

in the injury rates of unrestrailned and restrained children
are gignificantly greater than zero is tested.

Extrapolate the results. A weighted mean of New York 1974
and 1977 values is used to extrapolate effectiveness to
a nationwide basis.
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3.2 Data Characterilstics

The data characteristics for each state are presented separately in this
subsection. The three generic tables that document each set are:

e Relation of partial data set to full data base.
® Unilvariate frequency distribution of relevant variables.

e Injury rates for child restraint use, seat belt use and un-
restrained by relevant variables.

In each case the data characteristics are discussed for four data sets:
o New York 1974
e New York 1977
e New Jersey 1975
e Idaho 1976-~1978 (pooled),

The size of the partial data sets used in the analysis of child restraints
relative to the entire state mass accident data bases can be characterized by
noting the fraction of accidents, vehilcles, Injuries and fatalities contained in
the full data set as gilven in Table 3-1. All results are based on analyses of
the partial data sets derived from the above listed police-reported mass accident
data bases.* CEM originally planned to also use NCSS data for 1976 and 1977,
However, out of approximately 10,000 cases, about 50 children are coded as using
child restraints, thus offering little opportunity for analysis.

As 1llustrated in Table 3-1, only a very small subset of each state's
yearly accldent data base was used for the analysis of the effectiveness of
child restraints. Each partlal data set was derived by selecting only those
children between the ages of 0 and 4 (inclusive§*who could be fully cross-class-
ified (i.e., had no missing information) with respect to injury severity, seating
position, age and restraint usage. The resulting data set was further refined
by elimirating children occupying vehicles other than passenger cars, as well
as those children occupying seating positions other than front center, front
right, back left, back center or back right - i.e., excluded were occupants of
the far back seat in a station wagon, the driver's seat, etc. This was done be-
cause the number of fatalities for these children was disproportionately higher
than for rear seat occupants. Since there were too few far back geat occupants
to treat separately, their inclusion might have biased the findings. [Towever,
only five percent of the data was lost by eliminating occupants of the far back

geat.

- ‘
With the exception of Connecticut and Tennessee, no other states record the use
or non-ige of child restraining devices in their police accident reports to date.

*t . ] .
Children less than one year old could not be identified in either New Jersey or
Idaho samples, since the particular code value used for infants was identical to
that used for missing data,
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TABLE 3-1

NUMBER OF ACCIDENTS, VEHICLES, INJURIES AND FATALITIES
IN DATA BASES USED FOR THE ANALYSIS OF CHILD SEATING SYSTEMS

« Full Partial
State Year Variable Datay, Data, |Percent
Base Base
New York 1974 Accidents 377,818 8,596 2.28
Vehicles 704,477 15,472 2.20
Injuries 294,477 3,088 1.05
Fatalities 2,664 10 0.38
New York 1977 Accidents 356,683 8,873 2.49
Vehicles 662,175 15,971 2.4
Injuries 281,119 3,054 1,09
Fatalities , 2,471 12 0.49
New Jersey 1975 Accidents 219,526 5,548 2.53
Vehicles 409,207 9,762 2.39
Injuries 103,537 2,083 2.01
Fatalities 1,079 16 ].48
Idaho 1976- Accidents 68,011 2,959 4,35
1978 Vehicles 117,786 5,542 4,70
(Pooled) Injuries 38,440 654 1.70
Fatalities 944 29 3.07

*

For ldaho, the legal (dollar) reporting threshold was $100 in
1976, and $250 in both 1977 and 1978. For New Jersey, the
Tegal reporting threshold was $200 in 1975. For New York, it
was $200 in both 1974 and 1977.

*h
Reportable accidents only.
+Includes non-reportable accidents.

Bagsic characteristics of the samples derived from New York, New Jersey and
Idaho police-reported accident data bases are contained in Appendix A, and are
summarized only briefly in this section. Tables 3-2, 3-3 and 3-4 contain the
univariate frequencies of certailn "key" variables used in the analysis of child
restraints for the New York 1974 (N=10,745), New York 1977 (N=11,092), New Jersey
(N=6738) and Idaho (pooled N=3766) samples, From these tables, it can be seen
that:

e Overall injury rates (K+A+B+C) are higher for children in
New Jersaey (31 percent) and New York (28 percent), as compared
to Idaho (18 percent). The majority of children, however,
sustained no injuries (between 69 and 82 percent).
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TABLE 3-2

FREQUENCY DISTRIBUTIONS OF KEY VARIABLES
FROM NEW YORK 1974 AND 1977 SAMPLES

1974 1977
c % of
ariable Category Absolute 9 of Absolute

var Frequency Known Frequency Known
Child's Injury Level None 7647 71.2 8038 72.5
c 1117 10.4 1191 10.7

B 1635 15.2 1612 14.5

A 293 2.7 239 2.2

X 10 0.1 12 0.1

Injured 43 0.4 — -

(Extent Unknown)

Restraint Usage None 8542 79.5 8768 79.2
Seatbelt 1411 13.1 1327 12.0

Child Seat 792 7.4 979 8.8

Sex of Child Male 5558 52.0 5677 51.3
Female 5128 48.0 5383 48.7

Missing 59 e 32 -

Age of Child Less than Two Years 2695 25.1 3262 29.4
Two Years 2537 23.6 2663 24,0

Three Years 2798 26.0 2623 23.6

Four Years 2715 25.3 2544 22.9

Child's Seating Front Center 2730 25.4 2817 25.4
Position Front Right 2565 23.9 2743 24.7
Back Left 1808 16.8 1785 16.1

Back Center 1666 15.5 1802 16.2

Back Right 1976 18.4 1947 17.6

Sex of Driver Male 4955 46.1 5200 46.9
Female 5790 53.9 5892 53.1

Age of Driver 16-25 2824 26.5 2786 25.3
26-30 3345 31.4 3526 32.0

30 or Older 4477 42.0 4712 42.7

Missing 105 - 68 -~

Number of Vehicles One 1442 13.4 1473 13.3
in Accident Two 8067 75.1 8168 73.6
Three or More 1236 11.5 1451 13.1

Road Classification State Highway 3780 36.7 4302 40.2
County Road 1394 13.5 1428 13.4

Town Road 1368 13.3 1417 13.7

City Street 3009 29.2 2700 25.2

Limited Access 749 7.3 851 8.0

Missing 445 - 394 --

Road Surface Dry 7098 66.2 6781 61.3
Condition Wet 2557 23.9 2589 23.4
Muddy 8 0.1 14 0.1

Snow/Ice 863 8.1 1505 13.6

Stush 146 1.4 148 1.3

Other 27 0.3 24 0.?

Missing 26 - 3 -
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TABLE 3-2 (Continued)

1974 1977
Variable Category Absolute 9 of Absolute % of
Frequency Known Frequency Known
Weather Condition Clear 7416 69.4 7218 65.3
Cloudy 1675 15.7 1933 17.5
Rain 239 2.2 272 2.5
Snow 612 5.7 667 6.0
Sleet/Hail 665 6.2 380 8.0
Fog/Smog/Smoke 85 0.8 a3 0.8
Missing 53 - 39 -
Vehicle Weight LT 3000 Tbs 2701 27.8
3000 - 3599 1bs 2553 26.2 *
3600-4399 1bs 3531 36.3 Not Availahle
4400 1bs or More 939 9.6
Missing 1012 -
Towaway No 7423 69.1 : .
Yes 3392 30.9 Not: Available
Extent of Vehicle None 498 4.7
Damage Light 3036 28.8
Moderate 5629 53.4 R
Severe 1291 12.2 Not Available
Demolished 94 0.9
Missing 197 -
Initial Point of Front 3308 32.1
Impact Right Side 2713 26.3
Left Side 2737 26.6 Not Available
Rear 1547 15.0
Missing 440 e
Total Number of Cases ' 10,745 - 11,002 | .-

"This information was not coded fn New York for 1977,




TABLE 3-3

FREQUENCY DISTRIBUTIONS OF KEY VARIABLES
FROM NEW JERSEY 1975 SAMPLE

. Absolute % of

Variable Category Frequency Known

Child's Injury None 4652 69.0

Level Type C 1342 19.6

Type B 707 10.5

Type A 52 0.8

Killed 3 0.0

Restraint Usage None 5174 76.8

Seatbelt 931 13.8

Child Restraint 633 9.4

Sex of Child Male 3470 51.8

' Female 3232 48.2

Missing 36 --

Age of Child One Year 1737 25.8

. Two Years 1566 23.2

Three Years 1711 25.4

Four Years 1724 25.6

Child's Seating Front Center 1788 26.5

Position Front Right 1815 26.9

Back Left 1380 20.5

Back Center 883 13.1

Back Right 872 12.9

Sex of Driver Male 2663 39.1

Female 4066 60.4

Missing 9 -

Age of Driver 15~25 1937 28.8

26-30 2079 30.9

31-54 2469 36.8

55 or Older 233 3.5

Missing 20 -

Number of Vehicles One 791 1.7

in Accident Two or More 5947 88.3

Severity of No Injury other than 3236 48.0
Accident Chiid's

Injury or Fatality 3502 52.0

City Size LT 5,000 637 9.5

5,000~ 24,999 3019 44.8

25,000-49,999 1667 24.7

50,000~99,999 814 12.1

100,000 or More 601 8.9

Road State Highway 2223 33.0

Classification County Road 2583 38.3

City Street 1737 25.8

Interstate 195 2.9

Weather Clear/Cloudy 4907 73.0

Rain 1553 23.1

Snow 193 2.9

Fog 25 0.4

Other 48 0.7

Missing 12 --

Road Surface Dry 4580 68.2

Condition Wet 1840 27.4

Snow/ Ice 280 4.3

Other 19 4,1

Missing 19 .-

Traffic Density Light . 2432 36.2

Medium 3155 47.0

Heavy 1126 16.8

Missing 25 -

Total Number of Cases 6738 -




TABLE 3-4

FREQUENCY DISTRIBUTIONS OF KEY VARIABLES
FROM IDAHO 1976/1977/1978 SAMPLE

. Absolute % of

Variable Category Frequency Known

Child's Injury None 3105 82.4

Level Type C 213 5.7

Type B 368 9.8

Type A 73 1.9

Killed 7 0.2

Restraint Usage None 3289 87.3

Seatbelt 332 8.8

Child Restraint 145 3.9

Sex of Child Male 1890 50.3

Female 1865 49,7

Missing 11 “—

Age of Child One Year 1 295

Two Years 1009 26.8

Three Years 851 22.6

Four Years 795 21.

Child's Seating Front Center 1021 27.1

Position Front Right 1265 33.6

Back Left 487 12.6

Back Center 536 14,2

Back Right 457 12.1

Sex of Driver Male 1299 35.3

Female 2386 64.7

Missing 81 -

Age of Driver 16-25 1443 39.1

26-30 1183 32.0

31-54 937 25.4

55 or Older 13 3.5

Missing 72 -

Number of Vehicles One 478 12.7

in Accident Two 3288 87.3

Severity of No Injury other than = 2427 64.4
Accident Child's

Injury or Fatality 1339 35.6

Rural/Urban Rural 1452 38.6

, Urban 2314 61.4

Initial Point Front 1425 39.8

of Impact Side 1661 46.4

Rear 495 13.8

Missing 185 -

Was Vehicle No 2593 85.0

Totalled? Yes 458 15.0

Missing 715 --

Extent of Vehicle $250 or Less 1235 34.6

Damage $251-$500 1179 33.0

$501-$1000 702 19.7

$1001 or More 456 12.7

Missing 194 -~

Total Number of Cases 3766 ——

3-10




e The percentage of children guffering elther sorlous or iatal
injuries (K+A) in New York and Idaho 18 2.5 to 3 tiwes preater
than in New Jersey (2.5 and 2.1 ve 0.84 percent, respectively),
although the overall incildence of Berious and fatal injuries is
quite small in all states,

¢ In New Jersay, 76.8 percent of children in accidents were unre-
gtralned, compared to 87.3 percent in Tdaho and 79.3 percent in
New York, However, the rate of child restraint usage in New
Jersey and New York is more than twice that found in Idaho
(9.4 and 8.2 percent vs. 3.8 percent), while the seat belt usage
rate for children in New Jersey and New York is approximately
1.5 times greater than in Idaho (13.8 and 12.5 percent vs. 8.8
percent).

e Children (1-4 years old) in accidents in each sample are essen-
tially uniformly distributed by age, although in New York 1977,
the inclusion of infants in the one-year—old category increases
the frequency of one year old children who are involved in acci-
dents. The greater number of one year old children in Tdaho
might possibly reflect the inclusion of infants in the sample
due to police reporting errors with respect to thelr age.

e In Idaho, 60.7 percent of children ride in the front seat, with
slightly more than half of these occupying the front center
seat. In New Jersey, only 53.5 percent of the children ride
in the front seat, with equal frequency of front right and
front center seat occupancy. In New York, about 50 percent
of the children occupy front seats, with little difference
in frequency of front right and front center occupancy.

e In each state, male children are involved in accidents slightly
more frequently than female children.

® The ratio of single~vehicle accidents to multivehicle accidents -
is roughly the same in each state.

In addition to the foregoing sample characteristics, Appendix A contains
a summary of selected bivariate relatlonships between key variables in New York,

New Jersey and Idaho samples.

3.3 Variable Selection

The variable gelection procedure 18 designed to select from a large group of

potential variables a limited number that will be used to fit models to and
adjust the data. The procedure, which is fairly straightforward, is listed below:

1. For each potential variable, a three variable saturated log-
linear model containing Injury, Restraint Usage and Variable is
fit, ,

2. Three likelihood ratio (LR) chi=-square (xz) statistics are computed
for the differences between the saturated model and three separate
sub-models, the first of which differs from the saturated model
only by the exclusion of the Variable x Injury interaction term,

)
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the second differing only by the exclusion of the Variable x
Restraint Usage interaction term, and the third differing only
by the exclusion of the Variable x Injury x Restraint Usage
interaction term,

3. The harmonic mean of the three Lsz statistics 1s computed.

4, The varlables are ordered according to the magnitude of the
harmonic mean, and the highest ranked varlables are selected
for modeling and adjustment.

In addition to Injury and Restraint Usage, no more than five variables can
be accommodated by the computer program which 1s used to fit hierarchical log-
linear models: to the data(BMDP:Biomedical Computer Program-P3F). Furthermore,
to avoid problems of acute data sparsity in the contingency table to be modeled,
the determination of the number of variables to be selected must take into account
both the size of the sample from which the table is constructed and the number of
categoriesg characterizing each variable selected.

With regard to the latter, it should be emphasized that the choice of cutting
points used to categorize a variable was not completely arbitrary, Whenaver
appropriate (and possible), several different 'versions" of a given variable -
each with different cutting points,and in many cases, with a different number of
categories = were input intc the variable selection procedure. Only ome ”vérsion"
of a variable, that with the highest harmonic mean of LRXZ'S, was used in sub-
sequent analyses.

Figure 3~2 illustrates a typical example of the effort involved in deter-
mining the "optimal" cutting points of the variable city size in the New Jersey
1975 sample. (The 25,000 cutting point is chosen.)

. : : Potential Harmonic Mean
Original Distribution Di chotomies of Lsz's
Categor % &
gory L ¢ Less than 10,000 5 0.558

Less than 2,500 2.7 8 10,000 or more Sm—
2,500 - 4,999 6.8
5,000 « 6,999 12.9

l.ess than 25,000

e 10,881

10,000 « 24,999  31.9 | o 25,000 or more e
25,000 - 49,999 24.7
50,000 - 99,999 12,1 o Less than 50,000

lcrmeeg— 4,218
100,000 or more 8.9 » 50,000 or more m———

Figure 3-2. Example of determination of "optimal" cutting points
of categorical variables.
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Tables 3-2, 3-3 and 3-4 contain the varilables which were candidates for
selection in the New York, New Jersey and Idaho gamples, TInjury rates (KABC
percentages), along with the number of child occupants in each restraint cate-
gory, are presented geparately for each variable category in Tables 3-5 through
3-8 for New York 1974, New York 1977, New Jersey and Idaho.

It was noted previously that the overall injury rates for New York, New
Jersey and Idaho are 28 percent, 31 percent and 18 percent respectively.

The figures can be kept in mind in the brief discussions below. In the New

York 1974 sample, injury rates range from a high of 47.0 percent for unre-
strained children in severely damaged vehicles to a low of 10.0 percent for
children 1n child restraints in cars experiencing no damage or only light damage.
As might be antilcipated, rates are higher for towaway accidents, severely dam-
aged vehicles, vehicles weighing less than 3000 1bs., children in front seats,
vehicles experiencing frontal impacts and roads classified as limited access

and city streets. The Injury rates for the New York 1977 sample are generally
similar. Considering the question of restraint usage, the overall injury rates are
19.8 percent for children using child restraints, 22.3 percent for children using
seat belts and 30.7 percent for unrestralned children in New York 1974. The
corresponding values for New York 1977 are 21.1 percent, 18.6 percent and 29.6
percent, respectively,

In New Jersey, injury rates range from a high of 48.0 percent for unre-
strained children in accidents involving injury or fatality to a low of 8.3
percent for children in seat belts in accidents in which there was no injury
other than the child (if the child had am injury). Injury rates are higher for
unrestrained child front seat occupants, Interstate highways, vehicles with
young drivers (16~25 years old) and accidents with injuries or fatalities. Over-
all, the injury rates are 27.0 percent for children in child restraints, 17.7

percent for children using seat belts and 33.8 percent for unrestrained children.

In'Idaho; injury rates range from 47.4 percent for children In child restraints
in"totalled"vehicles (only 31 children in this category)to 0.0 percent for chil-
dren in seat belts in vehicles suffering a rear impact (43 children in this category).
Injury rates are higher for totalled vehicles, single vehicle accidents, accidents
involving an injury or fatality and accidents in which the vehicle damage was
greater than $500. Overall, the injury rates are 15.9 percent for children in
child restraints, 10.5 percent for children using seat belts and 18.3 percent

for unrestrained children.
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TABLE 3-5
INJURY RATES FOR NEW YORK 1974 SAMPLE

Injury Rate (Percent) Number of Child Occupants
Variabl Category Child Seatbelts| Unrestrained Child Seatbelts| Unrestrained| Total
ariable . Restraints | > Restraints
Road Classifi- | State Highway 19.1 18.2 28.1 335 506 2939 3780
cation County/Town Road 19.5 18.0 29.2 226 383 2153 2762
(N = 10,300) City Street 26.3 33.0 37.0 152 339 2518 3009
’ Limited Access 17.0 30.4 30.3 47 125 577 749
Age of Child One Year 19.0 18.6 27.4 485 n 1837 2695
(N = 10,745) Two Years 22.7 17.9 32.0 185 324 2028 2537
* Three Years 18.8 26.1 29.5 85 364 2349 2798
Four Years 18.9 26.4 33.5 37 352 2326 2715
Vehicle Weight | LT 3000 1bs 24.3 28.3 34.6 222 396 2092 2710
(N = 9,733) 3000-3599 1bs 20.0 17.7 29.7 205 294 2054 2553
’ 3600 1bs or More 16.6 21.5 27.9 34 591 3565 4470
Extent of None/Light 10.0 14.6 22,2 260 460 2814 3534
Vehicle Damage | Moderate 19.1 22.9 32.1 414 767 4448 5629
(N = 10,548) Severe 45.3 -39,1 47.0 106 161 1118 1385
Initial Point Front 23.4 27.2 35.5 214 390 2704 3308
of Impact Side 19.9 19.8 29.2 412 739 4299 5450
(N = 10,305) Rear n.7 20.0 23.5 128 240 1179 1547
Towaway Yes 33.7 33.6 42.4 243 393 2686 3322
(N = 10,745) No 13.7 18.0 25.4 549 1018 5856 7423
Number of One 27.8 24.1 34.3 97 166 1179 1442
Vehicles in Two 18.4 21.9 30.3 610 1056 6401 8067
Accident Three or More 21.2 23.3 29.5 85 189 962 1236
(N = 10,745)
} Sex of Driver Male 16.4 23.5 31.7 269 613 4073 4955
{ N = 10,745) Female 21.6 21.4 29.9 523 798 4469 5790
| Age of Driver 16=25 22.5 24.8 32.4 222 318 2284 2824
(N = 10,640) 26-30 19.0 20.0 29.9 315 497 2539 3345
i 31 or Older 17.7 22.7 30.2 243 596 3632 aan
Child's Seating | Front Seat 22.2 24.8 35.4 374 689 4232 5295
Position Back Seat 17.7 19.9 26.1 418 722 4310 5450
(N = 10,745)
Sex of Child Male 18.7 22.6 30.6 407 707 4444 5558
o0
(N = 10,686) Female 21.1 22.4 31.1 383 693 4052 5120
Weather Clear/Cloudy 18,7 22.5 30.5 588 1059 6605 8252
o | Other 20,2 21.9 31.6 203 347 1922 2472
(N = 10,742)
‘FRoad Surface Dry 19.7 22.7 30.7 527 935 5636 7098
Condition Other 20.1 21.5 30.9 264 474 2883 3621
{N = 10,719)
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TABLE 3-6
INJURY RATES FOR NEW YORK 1977 SAMPLE

Injury Rate (Percent) Number of Child Occupants
Variable Category Child Seatbelts; Unrestrained Chitd Seatbelts| Unrestrained{ Total
- Restraints ’ Restraints

Road Classifi- [State Highway 18.8 14.3 26.2 383 510 3409 4302
cation County/Town Road 23.9 16.4 31.4 306 384 2155 2845
(N = 10,698) City Street 20.9 28.8 34.6 187 267 2246 2700

Limited Access 22.5 23.4 29.1 71 124 656 851

Vehicle Weight |LT 3000 Ibs 20.6 23.0 34.3 291 326 2026 2643

(N = 10,080) 3000-3599 1bs 19.8 17.5 30.0 248 309 1976 2533
13000 1bs or More 21.7 15.9 26.4 378 579 3947 4904

Age of Oriver }16-25 26.2 22.3 31.9 244 247 2295 2786

(N = 11,026) 26-30 22.0 17.6 29.1 386 467 2673 3526
31 or Older 16.9 17.8 28.3 344 602 3766 472

Age of Child One Year 20.2 16.8 28.2 667 434 2161 3262

(N = 11,002) Two Years 23.3 16.9 30.9 210 314 2139 2663
Three Years 25.8 20.8 29.1 62 303 2258 2623
Four Years 17.5 21.0 30.2 40 276 2228 2544

Number of One 23.0 21.0 34.0 113 167 1193 1473
Vehicles in Two 21.7 18.1 28.8 738 851 6479 8168
Accident Three or Mors 16.4 1.1 29.4 128 209 1114 1451
(N = 11,092)

Child's Seat- |Front Seat 24.4 20.8 34.0 430 638 4490 5558
ing Position }Back Seat 18.6 16.5 25.0 549 689 4296 5534
(N = 11,092)

Road Surface Dry 22.7 18.8 29.9 578 818 5385 6781
Condition Other 19.1 18.2 29.1 397 506 3377 4280
(N = 11,067)

Sex of Child Male 20.8 19.2 30.1 523 657 4497 5677
(N = 11,061) Female 21.1 18.2 29.2 457 664 4268 5383
Sex of Driver Male 18.6 19.8 29.4 317 576 4307 5200
(N = 11,092) Female 22.4 17.7 29.8 662 751 4479 5892
Weather Clear/Cloudy 21.6 18.4 29.6 712 988 6593 8293
(N = 11,071) Other 19.9 19.0 29.5 266 336 2176 L2778

]
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INJURY RATES FOR NEW JERSEY 1975 SAMPLE

TABLE 3-7

Injury Rate (Percent) Number of Child Occupants
Child Chiid
Variable Category Restraints | Seatbeits| Unrestrained | o & 0 | Seatbelts| Unrestrained| Total
Child's Seat Front Seat 26.7 20.1 40.4 326 536 2,141 3,603
Position Back Seat 27.4 14.4 26.4 307 395 2,433 3,135
(N = 6,738)
Road State Highway 26.7 20.7 30.5 221 328 1,674 2,223
Classification | County Road 29.9 13.4 33.9 23] 374 1,978 2,583
(N - 6,738) City Street 22.4 19.5 37.2 161 200 1,376 1,737
’ Interstate 35.0 27.6 39.7 20 29 146 195
City Size LT 25,000 26.4 13.0 30.4 383 507 2,766 3,656
25,000 or More 28.0 23.3 37.8 250 424 2,408 3,082
(N = 6,738)
Age of Driver 16 - 25 27.7 21.6 37.3 166 222 1,549 1,937
(N = 6,714) 26 - 30 27.8 14.9 34.6 237 328 1,514 2,079
’ 31 or older 25.7 17.8 30.3 230 381 2,091 2,702
Age of Child One Year 28.0 16.4 35.9 400 238 1,099 1,737
(N = 6,738) Two Years 28.5 17.9 34.2 158 240 1,168 1,566
i Three Years 17.0 20.2 31.5 47 218 1,446 1,71
Four Years 21.4 16.6 34.2 28 235 1,461 1,724
Severity of No Injury other 10.7 8.3 17.5 281 555 2,400 3,236
Accident than Child's
. Injury or 40.1 31.6 48.0 352 376 2,774 3,502
(N - 6,738) Fatality .
Traffic Density (Light 26.7 19.3 36.9 210 296 1,926 2,432
Medium/Heavy 27.2 17.0 31.8 423 631 3,227 4,281
(N = 6,713)
Sex of Child Male 27.1 15.% 32.4 321 517 2,632 3,470
(N = 6,702) Female 26.8 20.4 35.4 302 412 2,518 3,232
Sex of Driver Male 27.4 20.5 35.6 164 375 2,124 2,663
N - Female 26.7 15.9 32.5 468 555 3,043 4,066
(N = 6,729)
Number of Ve- One 241 19.0 39.0 83 105 603 791
hicles in Two 27.5 17.6 33.1 550 826 4,57 5,947
Accident
(N = 6,738)
fweather Clear/Cloudy 27.4 18.5 34.2 470 642 3,795 4,907
_ Other 25.9 16.0 32.6 162 287 1,370 1,819
(N = 6,726)
Road Surface Dry 27.7 18,6 34.6 441 587 3,552 4,580
Condition Other 25.1 16.2 32.0 191 340 1,608 2,139
(N = 6,719)
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TABLE 3-8
INJURY RATES FOR IDAHO 1976/1977/1978 SAMPLE

Injury Rate (Percent) Number of Child Occupants
v I Child Chiid
arfable ategory . Restraints Seatbelts]| Unrestrained Restraints Seatbelts| Unrestrained| Total
Age of Driver |16-25 19.0 10.1 21.8 58 109 1,276 1,443
(N = 3,694) 26-30 8.8 11.5 17.2 57 122 1,004 1,183
! 31 or older 25.9 10.0 15.3 27 100 941 1,068
Age of Child One Year 15.8 12.9 18.3 95 124 892 1,111
(N = 3,766) Two Years . 22.6 8.6 16.2 31 92 885 1,009
: Three Years . 7.7 8.2 19.9 13 61 777 851
Four Years 0.0 11.1 19.3 6 54 735 795
Extent of $500 or Less 7.1 4.0 11.3 84 226 2,104 2,414
Vehicle $501 or More 32 25.8 31.5 53 97 1,008 1,158
Damage
(N = 3,572)
Initial Point | Front 24.1 11.6 23.2 58 YA 1,246 1,425
of Impact Side 13.6 10.7 1_6.6 59 159 1,443 1,661
(N = 3,581) Rear 4.3 0.0 7.0 23 43 429 495
Severity of No Injury Other 3.4 4.3 8.6 88 233 2,106 2,427
Accident than Child's
- Injury or 35.1 25.3 35.6 57 99 1,183 1,339
(N = 3,766) Fatality
Rural/Urban Rural 14.9 16.3 20.1 47 123 1,282 1,452
(N = 3,766) Urban 16.3 7.2 17.2 98 209 2,007 2,314
Sex of Child Male 17.2 1.1 17.0 87 71 1,632 1,890
(N = 3,755) Female 13.8 9.4 19.7 58 160 1,647 1,865
Number of One 15.8 26.5 31.8 19 34 425 478
Vehicles in Two 15.9 8.7 16.3 126 298 2,864 3,288
Accident
(N = 3,766)
Sex of Driver | Male 20.0 8.5 16.6 30 106 1,163 1,299
(N = 3,685) Female 15.3 1.3 19.2 mhm 221 2,054 2,386
Was Vehicle No 10.6 7.6 13.2 94 238 2,261 2,593
Totalled? Yes 47.4 41.9 44 .4 19 3 408 458
(N = 3,051) '
Child's Seat Front 20.5 11.9 21.6 78 202 2,006 2,200
Position Back 10.4 8.5 13.3 67 130 1,283 1,48f
(N = 3,766)
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The information used in the variable selection procedure to determine those
variables selected for modeling and adjustment purposes in the New York 1974,
New York 1977, New Jersey and Idaho samples is given in Tables 3-9, 3-10,

3-11 and 3-12., 1In each table, the variables analyzed are listed in descending
order of the magnitude of the harmonic mean of the Lsz's of the partial
association of the following three interaction terms: Variable x Injury,
Variable x Restraint Usage, and Variable x Injury x Restraint Usage. For the
convenience of the reader, the variables selected in each sample are listed -

‘below in the same order as they appear in the tables.

New York 1974 ‘ New York 1977
Road Classification Road Classification
Age of Child ' Vehicle Weight
Vehicle Weight Age of Driver

Extent of Vehicle Damage

New Jersey 1975 Idaho (1976-1978)
Child's Seat Position Age of Driver
Road Classification Age of Child
City Size Extent of Vehicle Damage

Age of Driver

Thus, the most frequently used variables for modeling and adjustment are Road

Classification, Age of Driver, Age of Child, Vehicle Weight and Extent of Vehicle

Damage.
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TABLE 3-9

INTERACTION TERMS EVALUATED IN VARIABLE SELECTION PROCEDURE

NEW YORK 1974 SAMPLE

Interaction Terms from the 3-Variable Saturated Model
Containing Injury, Restraint Usage and Variable

Harmonic
X B . Mean of
Variable - Restraint Variable x Injury .
Variable x Injury Variable x Usage x Restraint Usage In%eract1on
erms
LR x? df LR X2 df LR X2 df
Road 81.67 3 54,98 6 12.02* 6 26.40
Classification z
Age of Child 25.17 3 636.38 6 10.78* 6 22.38
Vehicle Weight 39.72 2 18.62 4 4,86* 4 10.54
Extent of 317.69 2 4,90% 4 10.46 4 9.91
Vehicle Damage
Initial Point 75.05 2 15.48 4 4.06* 4 9.25
of Impact
Towaway 318.80 1 3.41% 2 4, 38* 2 5.72
Number of Vehicles 10.5] 2 9.00* 4 2.61% 4 5.09
in Accident
Sex of Driver 2.47* 1 58.50 2 4.85* 2 4.78
Age of Driver 7.14 2 63.50 4 1.79* 4 4,20
Child's Seat 92.72 1 0.45% 2 1.90* 2 1.09
Position
Sex of Child 0.41* 1 1.78* 2 0.62* 2 0.65
Weather 0.59* 1 6.58 2 0.28* 2 0.55
Road Surface 0.01* 1 0.08* 2 0.29* 2 0.26
Condition
+*
p >0.05
Note: The variables above the heavy 1ine were selected for modeling.

——
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TABLE 3-10

INTERACTION TERMS EVALUATED IN VARIABLE SELECTION PROGEDURE
NEW YORK 1977 SAMPLE

Interaction Terms from the 3-Variable Saturated Mode)
Containing Injury, Restraint Usage and Variable

Harmonic
, . . . Mean of
Variable ; ; : Restraint | Variable x Injury :
Variable x Injury Variable x Usage x Restraint Usage In%:;cs;twn :
LR x? df LR x2 df LR x? df
Road 62.31 3 49.86 6 14.31 6 28.31
Classification
Vehicle Weight 42.13 2 30.76 4 5.86% 4 13.22
Age of Driver 15.23 2 67.64 4 4.41* 4 9.77
Age of Child 5.61* 3 881.09 6 4.,62*% 6 7.58
Number of Vehicles 13.43 2 11.36 4 2.52% 4 5.36
in Accident
Child’'s Seat 94,86 1 14.83 2 1.29% 2 3.52
Position
Road Surface 1.45% 1 1.80* 2 1.07* 2 1.38
Condition
Sex of Child 0.72* 1 3.51* 2 0.37* 2 0.69
Sex of Driver 0.18* 1 107.63 2 2.73% 2 0.51
Weather 0.05* 1 2.61% 2 0.38* 2 0.13
- .
p >0.05
Mote: The variables above the heavy line were selected for modeling.
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TABLE 3-11

INTERACTION TERMS EVALUATED IN VARIABLE SELECTION PROCEDURE

NEW JERSEY 1975 SAMPLE

Interaction Terms from the 3-Variable Saturated Model

. Containing Injury, Restraint Usage and Variable Harmonic
Variable Variable x Injury Variable x Reﬁﬁ;gznt xaalgglgi:tlgiggg InEEE;EIion
LR x? df LR x? df LR X df

Child's Seat 105.30 1 15.12 2 13.20 2 19.82
Position

Road 13.86 3 10.86* 6 16.59 6 13.36
Classification

City Size 42.15 1 10.02 2 6.57 2 10.88
Age of Driver 19.84 2 30.77 4 4.67* 4 10.10
Age of Child 4.91* 3 604.66 6 5,69* 6 7.87
Severity 712.68 1 27.68 2 1.69*% 2 4.77
of Accident
Traffic Density 12,98 1 10.06 2 1.67* 2 3.87
Sex of Child 6.86 1 4.,98% 2 2.03* 2 3.58
Sex of Driver 7.30 ] 55.87 2 1.28* 2 3.20
Number of Vehicles 6.01 1 1.39* 2 2,47*% 2 2.32
in Accident
Weather 1.81* 1 7.26 2 0.28*% 2 0.70
Road Surface 4.43 1 10.01 2 0.08* 2 0.23
Condition

*P > 0.05

Note: The variables above the heavy line were selected for modeling.
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INTERACTION TERMS EVALUATED IN VARIABLE SELECTION PROCEDURE
IDAHO 1976/1977/1978 SAMPLE

TABLE 3-12

Interaction Terms from the 3-Variable Saturated Model
Containing Injury, Restraint Usage and Variable

Harmonic

Nate:

322

The variables above the heavy line were selected for modeling.

. Mean of
variable Restraint Variabie x Injury s
Variable x Injury Variable x Usage x Restraint Usage In¥z$;§t1qn
LR x? df LR x2 df LR x2 df
Age of Driver 15.24 2 14.36 4 6.13* 4 10.06
Age of Child 3.76% 3 117.25 6 6.21%* 6 6.89
Extent of 219.24 1 2.76* 2 5.16% 2 5.35
Vehicle Damage
Initial Point 77.94 2 2.26% 4 4.30% 4 4,36
of Impact
Severity 407,68 1 2.68* 2 2.88* 2 4.15
of Accident
Rural/Urban 6.7 1 2.67% 2 4, 32% 2 3.97
Sex of Chiid 2.92* 1 5.97* 2 1.76% 2 2.78
Number of Vehicles 56.92 1 1.01% 2 2.96* 2 2.23
in Accident
Sex of Driver 3.51* 1 15.78 2 0.98* 2 2.19
Was Vehicle 221.44 1 1.27% 2 1.65* 2 2.15
. Totalled?
Child's Seat 40.93 1 2.90% 2 0.48* 2 1.22
Position
¥*
p > 0.06




3.4 Analysis of Mass Accident Data

Following completlon of the variable selection procedure, the analytical
steps that remain are modeling, adjustment of data, computation of effective-
ness values, error estimation, and extrapolation of results to the nation. Each

of these steps, along with the results, is described in the following subsections.

3.4,1 Modeling
The basilc purpose of modeling as it is applied to the evaluation of child

restraint effectiveness is twofold:

1. To "smooth" the data--i.e., remove random variation due
to small cell counts,

2. To compensate for the uneven distribution of data across
cells, especially the sparsity of data which characterizes
the "injured" categories for certain subpopulations.

CEM used the log-linear modeling routine (BMDP3F) of the Biomedical Computer
Program's P-Series to generate sroothed or "fitted" cell frequencies. The
BMDP3F program, which is based on an iterative proportional fitting (IPF)
algorithm, was chosen for the number of dimensions in contingency tables (up
to seven) which it can handle, as well as for its model screening capability.

The fitting of log-linear models to the data involves several steps. First,
fully cross-classified contingency tables--i.e.,containing no missing data for any
of the variables—-were constructed, using Injury Level, Restraint Usage and all
variables selected by the procedure discussed in Section 3.3. Depending upon
the size of a given sample, tables were generated using several different injury
dichotomies, as follows.

® For New York 1974 and 1977 samples, three tables were con-
structed for each samplesfor KA vs. BCO, KAB vs CO and
KABC vs O Injury dichotomies,

e For the New Jersey 1975 sample, two tables were generated,
for KAB vs. CO and KABC vs. 0 injury dichotomies.

¢ For the Idaho 1976-1978 sample, only one table was constructed,
for the KABC vs. O injury dichotomy.

Appendix B contains complete listings of each of the above nine contingency

tables.

Next, a description of the relationships among variables (or "effects")

was obtained, consisting of a test of the significance of the main
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effects and of the various Interactions between these effects.> This rrovided
a basis for ordering the interaction terms by thelr importance (significance).
Using this information, a model was fit according to the following lterative

procedure.

1. As many significant effects as required were first specified
in an attempt to derive a model with an optimal fit,
Optimal fit refers to the situation in which the magnitude
of the model's LR chi-square is roughly similar to its
number of degrees of freedom,

2. Effects were either deleted or added to the model in a step-
wise fashion until the deletlon of any one effect would
result in a significant worgening of the fit, whereas the
addition of any single effect would not significantly improve
the model's fit.

This approach representg a compromise of 8orts between the two considerations
of parasimony and goodness-of-fit. In all casas, residuals were examined to
datact possible systematic patterns in the error terms, which might necessitate
the respecification of the model.

Tables 3-13 to 3-16 gsummarize the models fit to data for the various
gamples and injury dichotomies used. The likelihood ratio (LR) chi-square
values were derived from tests of Eﬂﬁﬁiﬁﬁl agsoclation for each effect, in
which the cell counts for the complete contingency table were summed over all
unspecified marging, after whilch the effect (Iinteraction term) was tested to
be zero, using a LR Chi-square statistic.

Since the log-linear models fitted are hierarchlcal models, the specifi~
cation of a given effect forces all lower-order effects which are subsets of the
effect into the model. For example, 1if an "Injury x Restraint Usage x Child
Age'" effect is specified, the following additional terms are hierarchically
included:

Injury x Regtraint Usage
Injury x Child Age
Restraint Usage x Child Age
Injury

Regtraint Usage

Child Age

e & % 2 & 8

*Tha terminology used here (main effects, interaction terms, etc.) is analogous to
that used in an Analysis of Variance model. A major difference involves the
fact that in the log-lincar modeling approach, it is the logarithm of the
expected cell frequency which is an additive function of both main effects
and interaction terms.



TABLE 3-13

SUMMARY OF TESTS OF MARGINAL ASSOCIATION OF DIRFCTLY SPFCIFIEN
MODEL EFFECTS FOR NEW YORK 1074 SAMPLE

KA vs. BCO KAB vs. CO KABC vs. 0
Effect LRx2 | df | Prob. | LRx2 | df Prob.| LRx2 | df | Prob.
Injury x Rd. Class - - - 22.22 3 0.0001 -- .- --
Injury x Child Age - -- .- 12.69 3 0.0054| 38.12 3 | 0.0000
Injury x Weight - -- -- 37.95 2 0.0000{ 39.16 2 10.0000
Injury x Damagw 65.49 0.0000 - - -- -- -~ --
Restraint x Rd.Class - - 49.75 6 0000 47.70 6 | 0.0000
Restraint x Child Age 570.39 0000 | 570.39 6 0000|574.69 6 |0.0000
Restraint x Weight 13.55 0089 13.55 4 0.0089) 14.49 4 |0.0059
Rd. Class x Child Age -- -~ - - - - 9.76 g |0.3701
Child Age x Weight 21.64 0.0014 21.64 ) 0.0014] 22.54 6 |0.0015
Injury x Restraint x Rd. 17.25 0.0084 - -~ -- -- -~ -~
Class
Injury x Restraint x Damage -~ -- - 13.85 4 0.0078{ 10.51 4 10.0327
Injury x Rd.Class x Damage - - - - -- - 16.49 6 |0.0168
Rd.Class x Weight x Damage 2r.21 12 0.0474 21.21 12 04741 22.65 12 10.0309
Summary of Model 641.42 { 787 1.000 780.99 | 780 0.4833)734.55 | 765 |[0.7799
TABLE 3-14
SUMMARY OF TESTS OF MARGINAL ASSOCIATION OF DIRECTLY SPECIFIED
MODEL EFFECTS FOR NEW YORK 1077 SAMPLE '
KA vs. BCO KAB vs. CO KABC vs. 0
Effect
LRy2 df Prob. LRy 2 df Prob. LRy2 df Prob.
Injury x Restraint 15.76 2 0.0004 - - -- - - -
Injury x Weight 6.83 2 0.0329 .- -- .- 33.78 2 0.0000
Injury x Dr.Age 9.85 2 0.0073 19.04 2 0.,0001 16.23 2 0.0003
Restraint x Rd.Class 39.43 6 0.0000 . - —— - - -
Restraint x Weight 28.15 4 0.0000 -- - - 28.15 4 0.0000
Restraint x Dr.Age 65.56 4 0.0000 65.56 4 0.0000 65.56 4 0.0000
Injury x Restraint x Rd. Class -- - .- -- -- -- 14.44 6 0.0251
Rd. Class x Weight x Dr.Age 23.51 12 0.0237 23.51 12 0.0237 23.51 1 12 0.0237
Injury x Restraint x Rd. Class -- - - 20.32 12 0.0613 -- -- --
x Weight
Summary of Model 151.73 | 157 0.603% {129.51 { 114 0.1519 | 149.46 {148 0.4509
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TARLE 3~

TESTS OF MARGINAL ASSOCIATION OF NIRECTLY SPECIFIEN
MODEL EFFECTS FOR NEW JERSEY 1975 SAMPLE

SUMMARY OF

15

Injury Dichotomy

KAB vs. CO KAB vs. 0
Effect -

LRy2 df Prob. LRx2 df Prob.
Injury x Dr. Age - -- - 22.43 2 0.0000

Injury x Restraint x Seat Pos. 11.14 0.0038 - -- --
Injury x Restraint x Rd. (lass 15.90 0.0032 16.23 4 0.0027
Injury x Seat Pos. x Rd. Class -- - -- 12.72 2 0.0017
Seat Pos. X Rd. Class x Dr.Age - - - 12.97 4 0.0114
Injury x Restraint x Seat Pos. x - e - 6.17 2 0.0457

City Size
Restraint x Seat Pos. x City Size x 13.04 4 0.0111 13.04 4 0.01M1
Dr.Age
Restraint x Rd.Class x City Size x 21.27 8 0.0065 21.27 8 0.0065
Dr.Age
Injury x Seat Pos. x Rd. Class x 12.01 4 0.0172 .- - -~
City Size x Or.Age

Symmary of Model 99.95 88 | 0.1808 [ 121.36 116 | 0.3482

of of i

215 215
TABLE 3-1h

SUMMARY OF TESTS OF MARGINAL ASSOCIATINN NF DIRECTLY SPECIFIED
MODEL EFFECTS FOR IDAHO 1976/1977/1978 SAMPLE

KABC vs 0O

Effect LRx2 | df | Prob.
Injury x Restraint 12.63 { 2 0.0018
Injury x Dr.Age 13.80 | 2 0.0010
Injury x Dainage 219.76 | 6 0.000
Restraints x Child Age 1115 | 6 0.000
Dr.Age x Child Age 123.37 { 6 0.000
Restraint x Dr.Age x Damage 14.82 1 4 0.0051
Summary of Model 110.13 | 1.041} 0.3468
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Therefore, Tables 3-13 to 3-16 contain the LR X2 values and significance levels
of the directly specified effects only. A complete enumeration of both speci-
fied and hierarchically included model effects can be found in Appendix C.
Chi-square values marked with an asterisk in the Appendix represent effects
which were specified. All other chi-square values denote those effects which

were included due to the hierarchical nature of the log-linear models.

3.4.2 Adjustment of Data

Prior to computing the actual effectiveness values, the smoothed (or "fitted")

data were adjusted so as to allow for the direct comparigon of Injury rates. Such
adjustment is necessary in order to insure that the overall effectlveness estimate
will not be affected by a potentially different distribution of unrestrained
children, children in child restraints and children regtrained by seat belts
acrogs all levels of the control variables identified by the variable selection
procedure (described in‘Section 3.3).

Each smoothed cell count (nijk) was adjusted to yield a corresponding

smoothaed, adjusted cell count (n' ) as follows {(notation is presented in

iik
Figure 3-3).
n n .,
) - . -k L
n ijk ijk X ’
n n o,
LI ) L) ']1(
° * ® ¢ /
L ] /
///Af/////// / ///
///7 /// ////// //J
x-1
Child n13k n23k / / /
Restraint 3 / o
L
RESTRAINT seat Belt 2 | 12k | "22k ///’ //ﬁj LEVELS OF CONTROL
USAGE VARIABLES
(3) /| / (k)
Unrestrained 1 "k | 2ik %
1
1 2
Yes No

INJURY (1)

Figure 3-3. Summary of notation used to describe the data adjustment procedure.
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By adjusting cell counts in this manner, the total sample size remains the
same——i,a., n'  =n_ . Additional relations hetween adjusted and unadjusted

cell counts are as follows.

R T
(2) n"j_ = ny,
T T
R N R
(3) om0 = oy,

In other words, the total number of children in each injury category does not
change, nor does the total number in each restraint usage category or in each
leval of every control variable change.

It should be noted, however, that within each combination of Restraint Usage
(j) and Level of Coﬁtrol Variables (k), the adjusted count will not equal the
unadjusted count:
(n

) ()

n

LI

oj!

=]

[}

=
#'

However, under these condltions, the injury risk does remain unchanged:

]
"k o= Mk
y

ik T ik

After all cell counts were adjusted, the data were aggregated over all

n

levels of all control variables, resulting in a simple Injury x Restraint Vsage
table for each injury dichotomy that was used for each sample. These tahles
served as the basis for all subsequent effectiveness computations and error
egtimations.

By way of summary, Table 3-17 contains the variables which, in conjunction

with Injury and Restraint Usage, were used in adjusting the smoothed cell counts.
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TABLE 3-17
CONTROL VARIABLES USED IN DATA ADJUSTMENT PROCEMIRE

State

Year

Variables

Categories

New York

1674

Road Classification

State Highway
County/Town Road

City Street

Limited Access Highway

Age of Child

One Year
Two Years
Three Years
Four Years

Vehicle Weight

LT 3,000 1bs
3,000 - 3,599 1bs
3,600 1bs or more

Extent of Vehicle
Damage

None/Light
Moderate
Severe

1977

Road Classification

State Highway
County/Town Road

City Street

Limited Access Highway

Vehicle Weight

LT 3,000 1bs
3,000 - 3,599 1bs
3,600 1bs or more

Age of Driver

16 to 25
26 to 30
31 or older

New Jersey

1975

Child's Seat Position

Front Seat
Back Seat

Road Classification

State Highway
County Road
City Street
[nterstate

City Size

LT 25,000
25,000 or more

Age of Driver

16 to 25
26 to 30
31 or older

Idaho

1976~1978

Age of Driver

16 to 25
26 to 30
31 or older

Age of Child

One Year
Two Years
Three Years
Four Years

Extent of Vehicle
Damage

£$500 or less
$501 ar more
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3.4.3 Effactiveness and Error Estimation

Estimation of Effectiveness Values

- As noted previously, the overall effectiveness of child restraints in re-

ducing injuriles can be expressed as:

: = 100 x —- P .
E (Child Restraints) 1 A3 ’
P
11-
using the notatlon denicted in Figure 3-4. Cell entries in Figure 3-4 consist

of smoothed, adjusted counts (nijk's) as well as the corresponding nronortions

1]
(pijk ).
L ] [ ]
. . . . /
1////// ///, ’ ///
X~1
chita | M3 | "o //// /,/”
Restraint Prak | P23k ///, o
Reggﬁgéur Seat Belt 2 | M2 | "oz /,// L;iJ LEVELS OF CONTROL
p P VARIABLES
. 12k 22k J//ﬂ
(i) 3 (k)
Unrestrained 1 | 11k | "21k ,/5/
Plik | P21k /
1 2
Yes No
INJURY
(1)

Figure 3-4. Summary of notation used to describe the effectivenass and
error estimation procedures.

However, given the stochastic nature of the phenomenon under studv, this

equation can be written to explicitly include an error term (e) as

M3 G+ e13-)>
mpe Gt e

E'

= 19 -
(Child Restraints) 0 x 1 (

where the ﬂlj are the expected values of the Dlj '

.
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the n

Furthermore, it is assumed that for each Pyy. = My ./n i 13

are binomially distributed random variables. The term

(1+ "l3->

(1+ nll')

can be approximated by expanding the fraction in a power serieb in € From

11.°
Appendix E, it can be seen that when expanding r (retaining terms only up to

the third order), the expected value of r can be written as

pto= 1o+ 1Ty (A -my,) G-2my )
21, M) (n (1, N7
2
g 3@ =m0 po Qmmyy ) (=6myy  (d=wy, )
(“.1.(“11.))2 (n . (“11.))3

If R is defined as Pig /pll , then the expaected value of R

R' - r' (113.>
"1,

is greater than p /p . Therefore, to use P as an estimator for R' over-
13,711,

estimates the "true" effectiveness value 1-R'. Unbiased values for child restraint

effectiveness () can be computationally derived by the following equation.

Ll ~

= AL
E(child Restraints) = 100 * |1 13. r .
P
11.
where r = 1 + lnpll. _ (l—-pll.) <1—?p'l.)

ny ) (n (.07

2

¢ 30-py ) o gy ) Q=bpyy Uopyy D

(“.1.(1’11."))2 (“.1.("11.))3
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The above can easily be adapted to seat belt effectiveness by replacing

the terms € N and P13 in the numerator with €yp.0 Mo and Pyp. s Te-

13 13.

spectively.

Variance of Effectivenegs Values
The method for éstimating the variance of effectiveness values 1s discussed
at length in Appendix E. However, a brief summary will be presented here,along with
the"” ‘equations used in computing ozﬁ for elther child restraints or seat belts.
Using thé saime notation as before, the variance of effectiveness values

for child restraint usage can be expressed as

UZE = R2 (uz (r)), where
R = ( p13.) 2 and
P11,/
w0 = pd (@) - @ ()
2 2 1 .

The value of ”é {(r) can be derived by

wp @ o= |1+ MPas, <1+ 3 ( 1-pyy, )
n 4, (Py3,) ERTR

2
(4, (pyy,0)

9

2 |
o5 3Py ) 4 Q=pyy ) (A=bpyy (A-pyy ) )

g, Gy 0 (1, oy )7

vwhile the value of (ui(;))z can be obtained by squar}ng the value of ;, which
was computed previously in the process of estimating E.

Again, the above can be easily adapted to compute estimates of the variances
of seat belt effectiveness values by replacing the P13, and n 3. terms in the

preceeding equation by Py and n 9. respectively.
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Interval Estimation and Hypothesgis Testing

Aé noted previously, estimates of’unbiased child restraint effectiveness

values and thelr variances were obtained by expanding the error term

+4
r = (1 513.) in a power series in €11, retaining terms up to the third order

(l+gll.) %

only. Hence, the 'true" distribution of r was approximated by using a normal dis-

tribution with the '"true' mean and variance. Having derived Ug s, 95 percent
E

confidence intervals were computed as follows.

~

Lower Limit = E - l.640§
Upper Limit = E + 1.640;

A

p vere expressed in the form of percentages.

In all cases, the values of E and o

Separate tests of the hypothesis that the obtained level of effectiveness
is significantly greater than zero were carried out as a matter of course,
since interval estimation and hypothesis testing are generally not equivalent.
However, in this study we are dealing with a special case, in which the values
of ﬁ, by virtue of the way in which they were approximated, are based upon a
normal distribution with a "known" 0. As a result, the results of hypothesis
testing can generally be inferred from the results of the interval estimation.

In any event, the results of the separate hypothesis testing are based upon
a standard test for the difference of two proportions --i.e., between the propor-
tion of unrestrained and restrained children who are injured. The test statistic

ugsed is:
P =Py

A A

Pq (l/nl + l/n2)

where Py and Py represent the injury rates of unrestrained and restrained chil-

dren, respectively. Also, p = Py + Py, , while q = 1 - p,

nl + n2
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Results

Major findings, including the actual values for the effectiveness of .
restraint usage by children four years of age or younger are presented in this
subsection. Tables 3-18 to 3-21 contain thelgbllowing information for each
gample and for each injury dichotomy used.

e Injury distributions presented separately for unrestrained
¢hildren, for children restrained by child restraints, by :
seat belts, and by either device, as well as for all children..

e Separate injury rates for the above regtralnt usage categories,
as wall as for all children.

e Effectiveness values, standard deviations and 95 percent
confidence intervals presented separately for children
in child restraints, seat belts and either device.

Tables 3-18 and 3-19 summarize this information for New York 1974 and 1977
samples, respectively, for all three injury dichotomies. Tabhle 3-20 contains
the findings for the New Jergey 1975 sample, for KAR vs. CO and RABC vs. Or
injury dichotomies.. Finally, Table 3-21 presents the results for the Idaho
1976-1978 sample, in which only a KABCvys, 0 injury dichotomy was used.

For the convenience of the reader, this information is also presented in
Tables 3-22 to 3-24, and is organized somewhat differently in order to facilitate
comparisons--i.e., Tables 3-22, 3-23 and 3-24 summarize all findings pertaining
to child restraints, seat belts and both devices, respectively. Tahle 3—22
shows that accident-involved children restrained by either child restraints or
seat‘belts sustain significantly fewer injuries than unrestrained children. For
example, the percent reduction in the number of injuries sustained by restrained
children ranges from 30 to 37 percent for K, A, B and C injuries; from 32 to 44
percent for K, A, and B injuries; and is 41 percent for K and A injuries.

When child restraint systems are considered separately (Table 3-22), fewer
findings are statistically ;;;ﬁificant. However, in New York, child restraint usage
regults in a 28 percent reduction in K and A injuries and a 26 percent redﬁction in
the overall incidence of K, A and B injuries, compared to a 30 percent reduction in
K, A, B and C injuries, considered collectively. In New Jersey, child restraint
usage results in a 20 percent reduction in overall K,A, B and K, A, B and C in-
juries. Effectiveness values for KA in New York 1974 and KABC in Idaho 1976-1978
are not significantly different from zero.

While effectiveness values for seat belt usage (Table 3-23) are generally
one to two times higher than those for child restraint usage, one must be wary
of attaching too much importance to this result, since the differences are statis-

tically significant only in the case of the New Jersey 1975 sample. Table 3~25
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TABLE 3-18

SUMMARY OF CHILD RESTRAINT EFFECTIVENESS STUDY USING
NEW YORK 1974 DATA (SMOOTHED, ADJUSTED)

Total Cases = 9104

| I NJURY DI 8STRKRIBUYTIONS
| , w s R e s P oW B " R B R BR oE PP e R e RoR R ® D@ 8 P NS E PR W E R * e e mow
| ) RESTRAINED CHILDREN \
| UNKESTKAINED | » & ¢ = @« & ¢ o o » @ © o« s p o = = ¢ o n o = w o = |
i CHILOREN I CHILD KRESTWAINT | SEATBELT | EITHER DEVICE | ALL CHILDREN
InJURY | ® @ ® ® ® ® P 8 W E R BN SRS RS e EM N B R E TP ED e e e " e . e
CATEGORIES | N | L S N | X | N | L | N I x| [ | %

LT T T Y Y Y L Y e L P e Y R L L L e L L L L L Y e A L L L T L R I A S R R L L Ll A

L R T Ry e e N Y Y T L Y I L T T e e Y L L Y R P Y R R Y R R Y DY

KA o 22T 1 2,9 | 280t 0,2 ) 2 1 0.2} 41 1 0,5 1 268 | 249
beCel | 6979 1 Tu,7 | 678 | T.4 | 1179 1 13,0 4 18%7 | 20,4 ) RE36 | 97,
P R I R I . . T T T e I T T o )
Kéaep | 1379 1 19,1 | 106 1 1.2 1 158 1 1.7 4 26U 1 2.9 1 1643 | 18,0
Ce0 | 5828 | b4.0 | 591 1 b5 | 1042 1 1.4 | 1633 1 17,9 1 7461 | B2,.0
PR R I T T T e I I I . . . S
KeAsHIC ¥ 2e0d  t 2441 4 155 1.7 1 285 | 3,1 1 440 | 4.8 | Pe48 | PY.C
v | 503¢ b S%,0 | 540 6,0 | 920 I 1041 | 1466 I 16,0 | [T - B U
PRSP OESP T ULV PR NE R RO ATPRNOI NIV R ERNEORPRE RN BB ERERSUPREN YRR RNERRE NP RERUERE TSRS RR WD R ERRERE TR LR ® R
Reaepe(e) | 7206 b T9,e2 | 698 i Te? | 1200 1 3.2 | 1898 I P0.8 | Q104  110(,C
| b N‘ J L RY HATES (PERCENT)
| ® ®» @« ® 0 e e B E e R AN R R P e P RN D E G R P ReoE s R s N e s e e R e
| i RESTRAINED CHILDKEN i
INJURY } UNRESTYRAINED | ® & » w moa P oem e osomEme % EEme eow o= ow |
CATEGORIES | CHILDREN | CHILD HEBTHRAINTY | SEATBELY I EITHER DEVICE 1 ALL CHILDREN

XL T P Y Y Y L Y P L L L P P T e T Y e L R T R L e R L AL R )

P I L T T I T T I I T I I T L T T T T L L T T T P T T E P T DY Y

Kea ! 3049 | 2,87 I 1478 [ 2e16 I 2.94

[ I T Y I I I TR I T R R D IR R R I R T R R T T R R B L I A L B L D L B A A
Kea+B | 19,12 | 15,24 I 13,17 I 13.92 | 18.0%

® ¢ P 8 B e PR e e ® S a N w P BN RR T e W e e P e ®» P e " B R LA IRY B L - ® » = »
KeAspel ! 30,5¢C ! 22411 ! 23,65 } 23.0F ! 28,.9%

SUMMARY UF EFFECTIVENESS VALUES (PERCENT)
L I T R BN IR R R R I B L L L O
| | 95X CONFIDENCE INTERVAL
1hJuny HESTHAINY EFFECTIVENESS | STANDARD | » @ o = « o o o = « = «
CATEGORIES | UBAGL 1 | DEVIAYION | FROM | 70

L Ty e e e Y L T L L L Yy N Y e e T P R T Y R L 2

EET Y Y L e e e Y Y P Y T L T L T L P L Y T R L L T P L R L L LT

I CrILD RESTRAINT | 8,64 i 21.12 w26,00 ' 43,P8
Ked } BEATBELY | 44,20 | i2.68 | 23,40 | 65.0C
| EITHEK DEVICE | 3tq12 [ 11,66 | 12,01 | 50.24
L *® e @ e = - L I I R B I N L I D IR B L I B I - e e P W W - B e O w e © -
I CRILD RESTRAINTY 20,47 | Te37 8,38 | 32,57
KeAeoB | SEATBELY | 31.15% I 5,38 | 22433 1 39,996
i EIYHEW DEVICE ) 2%,23 ) 4yS2 19,81 | 34,604
- = - = ® e ¥ - - W% e B @ & & e @D - - ¥ e W e e e s E - w - e P P W - - - e e om - - -
| CHILD RESTHAINT 27.47 i 5.30 | 18,78 l 36.17
KereBel | SEATBEL?T | e, 42 | 44295 | Eolb | 29.39
| EITHER DEVICE | 24,28 ] 3.44 18,64 ' 29.9¢2

*

Row totals for the K+A+B+C vs 0 injury categories do not equal the row totals for K+A+B+C+0, due to the inclusion
of 43 cases classified as "injured - extent unknown,*
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TABLE 3-19

SUMMARY OF CHILD RESTRAINT EFFECTIVENESS STUDY USING
NEW YORK 1977 DATA (SMOOTHED, ADJUSTED)

Total Cases = 9686

! I NJ U K Y DYSTRIRBRUTIDNS
| - e ® 9 ® e s e mE BoE e " e e

l | RESTRAINED CHILDREN }
| UNRESTKAINED | » o &= @ o » » p & s v e o w P e ewe e s e |
!

|

- W R e e e R B R R e E " e ®® W ®™ B m e W e o= #

ChILDKREN I CHILD RESTRAINT | SEATBELY | EXTHER DEVICE | ALL CHILDREN
INJURY L I R I T I R I R O . T I T T I I R R R ]
CATEGURIES | N | L 2| N 1 X o N 1 L 2] N | | N | X

P L L T T e R e e N L L T e R N L L L L T

T Y L L LY L e e L e T Y T Y )

ReA | 188 | 1.9 1 13 1 0,8} 11 b 0e1 I 24 1 0,21 212 | 2.2
pelel { T443 | Toe8 871 1 9,0 | 1160 ) 1240 ) 2031 ) 21,0 | QUT4 | 97,8

I I R R R I R T I R I L L T I I R T T . T T R S R SRR )
KeAep { 1395 | 14,4 ) 113+ 1,2 1 126 1 1.3 | euy 1 2.5 1 1636 | 16,9
Ce0 | 6235 1 bd,4 | T L 8,0 1 1043 | 0.8 | 1854 1 18,7 | 8049 1 ARY,)

P T T R T R T I T R R T I T T R R A I I T T . T T T R S S
ReAee( | gebe | 23,4 1 176 1 1,8 1 222 | 243 | 'Y oJ VI R N B | Pobe | 27,5
0 | 5364 1 8%,4 ) 706 V7.3 949 t 9.8 | 1655 1 17,1 7019 1 72,58

I IR TR TR AR R N R NN L PN R L L L L L LA LR I Y I A I T I A A LR LR Y ]
KepaeneCep | 7634 | Toeb | 8B4 1 9,1 | 1171 1 12.1 ) 2058 1 21.2 | 9686 1100.0

INJLRY R ATES (FERCENT)

|
| = » ® & 0 o ® & a0 * 2 e B 8 e @ p e E=
| | KESTRAINKD CHILOKFN [
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TABLE 3-20

SUMMARY OF CHILD RESTRAINT EFFECTIVENESS STUDY USING
NEW JERSEY 1975 DATA (SMOOTHED, ADJUSTED)

Total Cases = 6719
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TABLE 3-21

SUMMARY OF CHILD RESTRAINT EFFECTIVENESS STUDY USING
IDAHO 1976-1978 DATA (SMOOTHED, ADJUSTED)

Total Cases = 3509
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EFFECTIVENESS VALUES FOR CHILDREN 0-4 YEARS OF AGE*
DERIVED FROM SMOOTHED, ADJUSTED MASS ACCIDENT DATA

TABLE 3-22
SUMMARY OF OVERALL RESTRAINT USAGE (CHILD RESTRAINTS OR SEAT BELTS)

Unbiased

95% Confidence

Is Effectiveness

Injury : Standard Interval Significantly
Level State Year Effec%%eness Deviation Different
From To from Zero
K+A New York 1974 1. 1.7 12.0 50.2 Yes
1977 52,3 10.4 35.4 69.3 Yes
1974 § ** 42.9 7.8 30.2 55.7 Yes
1977 .
K+A+B New York 1974 27.2 4.5 19.8 34,6 Yes
1977 35.8 4.2 29.0 42.7 Yes
1974 & ** 31.8 3.1 26.8 36.8 Yes
1977
New Jersey 1975 43.8 5.6 34,6 53.0 Yes
K+A+B+C | New York 1974 24.3 3.4 18.6 29.9 Yes
1977 34.4 3.2 29.2 39.6 Yes
1974 & ** 29.7 2.3 25.8 33.5 Yes
1977
New Jersey 1975 36.8 3.3 31.4 42,2 Yes
Idaho ©1976-1978 30.4 9.1 15.5 45,2 Yes

*In New Jersey and Idaho, the age range of children is 1-4 years,

*k
Weighted mean, using the inverse of the variance as a weighting factor.
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SUMMARY OF OVERALL SEAT BELT EFFECTIVENESS VALUES
FOR CHILDREN 0-4 YEARS OF AGE* DERIVED FROM

TABLE 3-23

SMOOTHED, ADJUSTED MASS ACCIDENT DATA

Injury Unbiased Standard 95%Iﬁggiig?nce ISsEQﬁ???Z;ﬁgiis
Level State Year EFfectly®es® | Deviation Different
From To from Zero
K+A New York 1974 44,2 12.7 23.4 65.0 Yes
1977 61.7 11.9 42,2 81.2 Yes
1974 §*+ 53.5 8.7 39.2 67.7 Yes
1977
K+A+8 New York 1974 31.2 5.4 22.3 40,0 Yes
1977 40.2 5.2 31.6 48,7 Yes
1974 & ** 35.8 3.7 29.7 42.0 Yes
1977
New Jersey 1975 60.5 5.9 50.9 70.1 Yes
K+A+B+C| New York 1974 22.4 4.2 15.5 29.4 Yes
1977 36.1 4.0 29.6 42.7 Yes
1974 & »* 29,7 2.9 24.9 34.4 Yes
1977
New Jersey 1975 48.4 3.8 42.1 54.6 Yes
Idaho 1976-1978 37.7 10.1 21,2 54.3 Yes

*In New Jersey and Idaho, the age range of children is 1-4 years,

**weighted mean, using the inverse of the variance as a weighting factor.
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TABLE 3-24

SUMMARY OF OVERALL CHILD RESTRAINT EFFECTIVENESS VALUES
FOR CHILDREN 0-4 YEARS OF AGE™ DERIVED FROM
SMOOTHED, ADJUSTED MASS ACCIDENT DATA

Injury Unbiased | giondard 95%13222?“8 Iss?éﬁf?fézﬁms
Level State Year Effectiveness Deviation : Different
From To from Zero
K+A New York 1974 8.6 21,3 ~26.0 43.4 No
1977 40,0 17.2 11.8 68.2 Yes
1974 & ** 27.5. 13.3 5.6 49.4 Yes
1977
K+A+B New York 1974 20.5 7.4 8.4 32.6 Yes
1977 30,0 6.4 19,6 40.5 Yes
| 1974 & 25.9 4.8 18.0 33.8 Yes
o877
New Jersey 1975 19.2 10.0 2.7 5.7 Yes
K+A+B+C | New York L 1974 27.5 5.3 18.8 36.2 Yes
1977 32.2 4.7 24.5 39.9 Yes
1974 & ** 30,1 3.5 24.3 35.9 Yes
1977
New Jersey 1975 19.8 5.5 10.8 28,8 Yes
Idaho 1976-1978 12,7 17.8 -16.5 42.0 No

L3
In New Jersey and Idaho, the age range of children is 1-4 years.

Tk
Weighted mean, using the inverse of the variance as a weighting factor.
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presents the results of tests of the statistical gignificance of differences
between seat belt and child restraint effectiveness values derived from smoothed,
adjusted mass accident data, These findings suggest that almost all observed
differences between the measured effectiveness of seat belts and child restraints
in reducing both the frequency and severity of iInjuries are most likely due to
chance.

With regard to the percent reduction in the severity of injuries sustéined
by restrained children, findings are suggestive only. For example, there appears
to be a very slight trend whereby effectiveness values of child restraint usase
decreasq somewhat as the definition of the "injured" category narrows. In New
York, there 1s a shift in chlld restraint effectiveness values from 30 perdent to
26 percent to 24 percent for the KABC, KAB and KA injury categories, respectivelyv.
<In New Jersey, effectiveness for KA is not computed because of small samnlé
gize, and the corresponding values for KABC and KAB are roughly equal.

Seat belt effectiveness shows the opposite trend. For example, effective-
ness values for New York are 29, 36 and 52 percent for KABC, KAR and KA injury
categories. The greatest difference occurs between the KA and KAR dichotoﬁies.
In New Jersey, the corresponding percentages are 48 and 60, for KABC and KAB,
respectively.

It should he noted that, given the variability of the individual effective-
ness values, these trends are slight, and are just as likely due to chance.
Furthermore, the consistency of gsuch trends ig diffilcult to assess, insofar as
all three injury dichotomies were not used for New Jersey and Idaho samnleé.

Finally, Table 3-26 summarizes all effectiveness values derived from ob=-
served, unadjusted data as well as from smoothed, adjusted data. From this
table, it can be seen that on the average, the net effect of smoothing and adjus-
ting the data was to decrease effectiveness values by roughly 1 to 5 percentage
points for New York samples, and to increase effectiveness values by 4 to 8 per-
centage points for the Idaho sample. In the case of the New Jersey sample,
modeling and adjustment had no appreciable impact on effectiveness values.

In any event, given the lack of detail characterizing state mass accident
data bases with respect to the make and type of child restraint systems used,

and to whether they are misused or not, one can safely conclude that the ohserved

effectiveness values reported here most probably underestimate the reduction in

injuries gained from the proper use of FMVSS 213 child restraints.
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TABLE 3-25

STATISTICAL SIGNIFICANCE* OF DIFFERENCES BETWEEN
SEAT BELT AND CHILD RESTRAINT EFFECTIVENESS VALUES
DERIVED FROM SMOOTHED, ADJUSTED MASS ACCIDENT DATA

Seat Belt

Child Restraint

Is Difference

{232§y State Vear Effectiveness Effectiveness Difference Statistically
(%) [ G.d) | %) | (s.q) | (#8) f(s.d) | Significant?
K+A New York 1974 44,2 12.7 8.6 21.1 35.6 } 24.6 No
1977 61.7 1.9 40.0 17.2 21,7 1 20.9 No
1974 & ¥*| 53,5 8.7 27.5 13.3 26.0 | 15.9 No
1977
K+A+B New York 1974 31.2 5.4 20,5 7.4 10.7 9.1 No
1977 40,2 5.2 30.0 6.4 10.1 8.2 No
:{g;? & »*| 35,8 3.7 25.9 4.8 9.9 6.1 No
New Jersey 1975 60.5 5.9 19,2 10.0 41,3 | 11.6 Yes
K+A+B+C | New York 1974 22.4 4,2 27.5 5.3 -5.0 6.8 No
1977 36.1 4.0 32.2 4,7 4,0 6.2 No
1974 & ** | 29.7 2.9 30.1 3.5 ~-0.4 4.6 No
1977
New Jersey 1975 48.4 3.8 19.8 5.5 28.6 6.7 Yes
Idaho ' 19761978 37.7 10.1 12.7 17.8 25.0 | 20,5 No

*Two~tai1ed test, a« = 0.05

**weighted mean, using the inverse of
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TABLE 3-26
SUMMARY OF OVERALL EFFECTIVENESS VALUES FOR CHILDREN 0-4 YEARS OF AGE f

Observed, Unadjusted Data
Injury )
Level State Year 95 % Confidence |13 Effectiveness
Effectd Standard Interval Significantly
Restraint ectiveness | peviation Different
(Percent) From To From Zero?
K+A New York 1974 22.2 19.4 -9.6 54.1 No
1977 * 40.0 17.2 11.8 68.2 Yes
1974 & 77 32.2 12.9 a3 53.3 Yes
K+A+8 New York 1974 23.2 7.2 11.3 35,0 Yes
1977 * 29.3 6.4 18.8 39.8 Yes
1974 & 77 26.6 4.8 18.8 34.4 Yes
Child
Restraint New Jersey [1975 18.0 10.1 1.4 34.6 Yes
K+A+B+C New York 1974 34.2 5.1 26.0 42.6 Yes
1977 - 29.9 4.8 22.0 37.7 Yes
1974 & 77 31.9 3.5 26.2 37.6 Yes
New Jersey [1975 19.8 5.5 10.8 28.8 Yes
Idaho 1976-1978 4.6 18.5 -25.8 34.9 No
K+A New York 1974 46.9 12.4 26.6 67.1 Yes
1977 « 61.7 11.9 42.2 81.2 Yes
1974 & 77 54.6 8.6 40.5 68.7 Yes
K+A+B New York 1974 32.8 5.3 24.2 41.5 Yes
1977 - 42.0 5.1 33.6 50.4 Yes
1974 & 77 37.6 3.7 31.6 43.6 Yes
Seat New Jersey 1975 60.5 5.9 51.0 70.2 Yes
Belt
K+A+B+C New York 1974 24.6 4.2 17.8 3.4 Yes
1977 * 37.8 4.0 31.3 44.4 Yes
1974 & 77 3.5 2.9 26.8 36.3 Yes
New Jersey 1976 47.4 3.9 41.0 53.7 Yes
1daho 1976-1978 . 41.3 9.8 25.2 57.4 Yes
K+A New York 1974 37.8 11.0 19.8 55.8 Yes
1977 * 52.4 10.4 35.4 69.3 Yes
1674 & 77 45.5 7.6 33.1 57.9 Yes
K+A+8 New York 1974 29.3 4.4 22.0 36.6 Yes
1977 - 36.5 4.2 29.7 43.4 Yes
1974 & 77 33 3.0 28.1 38.0 Yes
Either
Device New Jersey [1975 43.3 5.6 34 52.5 Yes
K+A+B+C New York 1974 28.1 3.3 22.7 33.6 Yes
1977 " 34.4 3.2 29.2 39.6 Yes
1974 & 77 31.4 2.3 27.6 35.1 Yes
New Jersey [1975 36.2 3.3 30.7 41.6 Yes
Idaho 1976-1978 30.5 9.0 15.7 45.3 Yes

¥In New Jersey and Idaho, the age range of children is 1-4 years old.

*Neighted mean, using the inverse of the variance as a weighting factor.
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TABLE 3-26 (Continued)
SUMMARY OF OVERALL EFFECTIVENESS VALUES FOR CHILDREN 0-4 YEARS OF AGF f

Smoothed, Adjusted Data
Injury ]
Level State Year 95 % Confidence Is Effectiveness
Effectd s Standard Interval Significantly
Restraint ectiveness | peviation Different
(Percent) From To From Zero?
K+A New York 1974 8.6 211 -26.0 43.4 No
1977 4 0.0 17.2 1.8 68.2 Yes
1974 & 77 27.5 13.3 5.6 49.4 Yes’
K+A+B New York 1974 20.5 7.4 8.4 32.6 Yes
1977 . 30.0 6.4 19.6 40.5 Yes
child 1974 & 77 25.9 4.8 18.0 33.8 Yes
Restraint New Jersey (1975 19.2 10.0 2.7 35.7 Yes
K+A+B+C New York 1974 27.5 5.3 18.8 36.2 Yes
1977 - 32.2 4.7 24.5 39.9 Yes
1974 & 77 30.1 3.5 24.3 35.9 Yes
New Jersey [1975 19.8 5.5 10.8 28.8 Yes
Idaho 1976-1978 12.7 17.8 -16.5 42.0 No
K+A New York ha74 442 12.7 23.4 5.0 Yes
977 N 61.7 11.9 42.2 81.2 Yes
1974 & 77 53.5 8.7 39.2 67.7 Yes
K+A+B New York 1974 31.2 5.4 22.3 40.0 Yes
1977 . 40.2 5.2 31.6 48.7 Yes
1974 & 77 35.8 3.7 29.7 42.0 Yes
Seat New Jersey [1975 60.5 5.9 50.9 701 Yes
Belt
K+A+B+C | New York - 1974 22.4 4.2 16.5 29.4 Yes
1977 36.1 4.0 29.6 42.7 Yes
974 & 77" 29.7 2.9 24.9 34.4 Yes
New Jersey |1975 48.4 3.8 42.1 54.6 Yes
Idaho 1976-1978 37.7 0.1 21.2 54.3 Yes
K+A New York 1974 31.1 n.7 12.0 50.2 Yes
1977 52.3 10.4 35.4 69.3 Yes
1974 & 777 42.9 7.8 30.2 §5.7 Yes
K+A+B New York 27.2 4.5 19.8 34.6 Yes
e LFeA 35.8 4.2 29.0 | 42.7 Yes
ho74 & 77 1.8 3.1 26.8 36.8 Yes
Efther
Device New Jersey {1975 43.8 5.6 34.6 53.0 Yes
K+A+B+C 24.3 3.4 18.6 29.9 Yes
’ New York }S;; 34.4 3.2 29.2 39.6 Yes
1074 & 77°| 297 2.3 25.8 33.5 Yes
Idaho ]976‘1978 30.4 9.1 15.5 45,2 Yes
*In New Jersey and ldaho, the age range of children is 1-4 years old,
*Neighted mean, using the inverse of the variance as a weighting factor.




3.4.4 Extrapolation to the Nation

Using New York child restraint effectiveness estimates, it is possible (for
heuristic purposes) to extrapolate to the natlion, although the resulting estimatoes
of the actual and potential reduction In injuries and fatalitles that do result
and could result from the use of child restraints are obviously approximate. The
estimates given below pertain solely to child restraint usage and do not consi-
der the additional savings in injuries and lives that result from the use of seat
belts and shoulder straps, especially with children two years or older. It is
further noted that the extrapolation is restricted to children and infants less
than three yearsroldzbecause actual usage of child seating systems declines to a
very small percentage (less than 3 percent) for older children. ‘

In the extrapolation, the following assumptions and use of data are critical:

® The actual effectiveness value for child restraint usage to be
applied is 30 percent. This represents the weighted mean of
New York 1974 and New York 1977 data effectiveness values, which
were derived using a KABC vs. 0 injury dichotomy. However, this
effectiveness 1s assumed to apply to all injury levels.

e The usage rates used for zero (less than 12 months), one and two
year olds are 20 percent, 10 percent and 5 percent, respectively.
These rates are reasonably conservative and representative of
previous surveys.

e The percentages of child occupant fatalities relative to all occu-
pant fatalities (0.654 percent for zero year olds, 0.540 percent
for one year olds and 0.547 percent for two year olds) were de-
termined from FARS 1976 data. The percentages of child occupant
injury at each AIS level were assumed to be the same as those for
fatalities.

With the above assumptions in mind, the extrapolation of child seating sys—
tem effectiveness to national estimates of injuries and fatalities saved proceads

in the following manner:

1. The total number of automobile occupant fatalities and injuries
in the United States for AIS levels 1 through 5 are estimated ‘
using 1977 FARS data and NCSS ratios of OAIS injurles-to-fatalities.

2. The number of child occupants of zero, onc and two years of age
are computed.
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3. For each age level, the casualtles that would result if no child
seating systems were available or used (0 percent usage) are
determined.

4. A similar computation as (3) is performed assuming that every child
2 years of age or less 1s in a child seat (100 percent usage).

5, The actual reduction in fatalities and injuries for zero to two year
old children is obtained by subtracting the actual fatalities and
injuries from the fatalitles and injuries that would occur 1if no
child seating systems were used () percent usage).

6. The potential reduction 1in fatalities and injuries 1s computed by
subtracting the fatalities and injuries for 100 percent usage
from those obtained with 0 percent usage.

Before presenting and discussing the results,the formulas for carrying out

steps 3 and 4 will be given. The effectiveness E 1s defined by:

where Pl is the injury probability for unrestrained children and Pz is the

injury probability for children in child seating systems. This equation can

be rewritten ast
Py = Py (1 -E) .

The relationship between the number of Injuries (n) and the totaj population (N)

can be expressed as:

=N [u.p2+(1~u)p1],

where u 1ig the agsumed usage rate for child seating systems, If we substitute

for P, it can be easily shown that:

n=Np, (l-uB.

Rearranging terms, the total population N 1s written as:

N = n
p; 1 ~uE)
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The number of injuries when everyone is restrained,nr,is given by:

n_ = Np, = Np, (1 -E) = n (1 - E).
r 2 1 (1. - u E)

L4

Similarly, the number of injuries when no one is restrained,nu,is expressed as:

K Npl 1 E uE) .
The equations for n_ and n ~are used té compute the number of casualties assuming
100 percent vs. 0 percent child restraint usage, respectively. As noted above,
the usage rate values (u) assumed for child seating systems are 20 percent,
10 percent and 5 percent for zero, one and two year-old children, respectively.

Estimates of the number of child occupants who were eilther killed or
injured in motor vehicle accildents in 1977 are depicted in Table 3-27. The re-
sults of the extrapolation of effectiveness of child seating systems to national
estimates of fatalities and casualties avoided are shown in Table 3-28.

With the current low usage rates of child seating systems, it is estimated
that roughly 1440 injuries and 19 fatalities are prevented in children two years
of age and younger through the use of child seats. Ahout 900 of the injuries
and 11 of the fatalities avoided occur in children under one year old. The po-
tential savings are, of course, much greater if usage rates for child seating
systems are, in fact, higher than estimated here. If 100 percent usage of
child seats were assumed, about 12,000 injuries and 150 fatalities could be pre-
vented in children two years of age and younger. This includes 4,500 injuries
and 57 fatalities in children under one year old. '

In the above estimates of actual and potential savings of injuries and fa-
talities, it should be noted that no assumption has been made about the correct

usage of child seats or about the particular types of child seats currently being

used. Thus, the estimates of potential savings in injuries and fatalities that
result from the universal use of child seats implicitly reflect the present
degree of correct and incorrect use, as‘well as the particular variety of tybas
of child seats currently in use, including those which do not mecet the require-
ments of FMVSS 213. Hence, these extrapolated estimates most likely underesti-
mate the potential reduction in both the frequency and severity of injuries to

be gained from the proper use of FMVSS 213 child restraints.
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TABLE 3-27

NUMBER OF ACCIDENT-INVOLVED CHILD OCCUPANTS
EITHER KILLED OR INJURED IN 1977

N“gg?;dOf Number of Auto Occupants
f Indi d
Severity  {Auto Occupant of Indicated Age (n)
Casualties 0 Year 1 Year 2 Year
1977* 0.654 % 0.540 % 0.547 %
Fatalities 27,353 179 148 150
AIS 5 2,750 18 15 16
{Nonfatal)
AlS 4 11,000 72 59 66
(Nonfatal)
AIS 3 69,000 451 373 377
AlS 2 137,000 896 740 749
AlIS 1 1,910,000 12,491 10,314 10,477
Total 2,157,103 14,107 11,649 11,805

*
Source: Kahane, C.J., 4n Zvaluation of Standard 214, U.S. Department
of Transportation, NHTSA Office of Program Evaluation,
September 1979, p. 145,
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TABLE 3-28

NATIONAL ESTIMATES OF CASUALTIES ACTUALLY AND POTENTIALLY
PREVENTED BY CHILDREN 0-2 USING CHILD RESTRAINTS

CR11d In?iiy Casualties if Casualties jf Actual Savings* Potential Sayings**
ge Severity D % Restrained 100 % Restrained in Casualties in Casualties
Fatalities 190 133 N 57
5 19 13 1 6
4 77 54 5 23
0 3 480 336 29 144
2 953 667 57 286
1 13,288 9,302 797 3,986
Total 15,007 10,505 900 4,502
Fatalities 153 107 5 46
5 15 om 0 4
4 6] 43 2 18
] 3 384 269 1 115
2 763 534 23 229
1 10,633 7,443 319 3,190
Total 12,009 8,407 360 3,603
Fatalities 153 107 3 46l
5 16 11 0 5
4 67 a7 1 20
2 3 383 268 6 115
2 760 532 11 228
1 10,606 7,424 159 3,182
Total 11,985 8,389 180 3,596
Fatalities 496 347 19 149
5 50 35 1 : 15
4 205 144 8 61
0-2 3 1,247 873 46 374
2,476 1,733 91 743
1 34,527 24,169 1,275 10,358
Total 39,001 27,301 1,440 11,700

*
”'Assumes use rate of 20% for zero-, 15% for one-, and 10% for two-year old children.
Assumes 100% use rate.
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APPENDIX A

SUMMARY OF BACKGROUND CHARACTERISTICS OF
IDAHO, NEW JERSEY AND NEW YORK SAMPLES

This Appendix contains simple tabulatlons for New Jersey, Idaho (pooled) and
New York samples as follows:

e Idaho: 1976,1977,1978 (3,766 cases)
o New Jersey: 1975 (6,738 cases)
e New York: 1974 (10,745 cases)
e New York: 1977 (11,092 cases)

In general, for passenger car accidents involving children of ages 1, 2, 3 and
4 years, the univariate and bivariate tabulations for Idaho, New Jersey and New
York show:

® Over one-half of the drivers are female. (Table 1)
e More than two-thirds of all drivers are age 25 or older. (Table &)

e Children 1, 2, 3 and 4 years of age in accidents are approximately
uniformly distributed in age, with the exception that in Idaho
and New York (1977), one-year old children in accidents occur
slightly more frequently than older children. The higher number
of one-year-olds in New York, however, is due to coding pro-
cedures which include infants in this category. In the case of
Idaho, the data suggest the possible inclusion of infants in the
one~year-old category, which might be attributed to errors in
police reporting with respect to infants' age. (Table 3)

e Male children appear in accidents slightly more frequently than
female children. (Table 4)

e In Idaho, roughly 18 percent of the children in accidents were injured,
compared to 31 and 28 percent of children in New Jersey and New York,
respectively. Type B injuries account for 10-15 percent of the cases
in the three states, but New Jersey children have 3.4 more Type C in-
juries than Idaho children (5.7 percent in Idaho; 19.6 percent in New
Jersey) and nearly twice as many Type C Iinjuries as New York children.

Type A injuries are three times more frequent in New York, compared

with New Jersey (2.5 percent in New York; 0.8 percent in New Jersey).

Also, children are more likely to be killed in Idaho accidents (0.2 percent)
compared to New Jersey (0.4 percent) and New York (0.1 percent). (Table &)

e The usage rates of child sgeats in New Jersey and New York are at least
twice the Idaho rate (3.8 percent). Also, the usage rates for seat
belts (including shoulder straps) in New Jersey and New York are approx
imately 1.5 times greater than in Idaho (8.8 percent). (Table 6)

e In Idaho, about 60 percent of accident-involved children ride in the front
seat, with slightly more than half of these occupying the front center
seat. In New York and New Jersey, roughly one-half of the children
ride in the front seat, with equal frequency of front right and front
center seat occupancy. The three rear seat positions have approximately
equal probability of occupancy in Idaho and New York. However, in
New Jersey, the left rear seat is more frequently occupied than the
other two. (Table 7)



e On an overall basis, the reductlon in Injury risk due to child restraint
usage ranges from 13 percent (Idaho) to 36 percent (New York 1974).
For children in seat belts, the range is 27 percent (Idaho) to 48
percent (New Jersey). These reductions are relative to the injury
risks of unrestrained children., With the exception of New York (1974),
the injury rates of children in seatbelts are consistently lower
than those of children using child restraints. (Table 8)

e The probability of children being injured is approximately independent
of age in both Idaho and New Jersey. In New York, however, where infants
are included in the samples, the injury rate of children increased
with age.(Zable 9)

e In all three states, children in the front seat were more likely to
be injured than children in the rear seat. (Table 10)

® Of the children (at least one-year olds)® using child restraints,
nearly two-thirds are one year old (65 percent in Iddho; 63 per-
cent in New Jersey; 64 percent in New York). TFour year old
children were four to five times more likely to be restrained by
seat belts, rather than child seats. At age three, they are two
to three times more likely to be restrained by seat belts, while at
age two, the usage rates are approximately the same. (Table 12)

@ Children in either child restraints or seat belts are approximately
equally likely to be found in front or rear seats. (Table 13)

® Two-thirds to three-quarters (77 percent in Idaho; 71 percent in
New Jersey; 64 percent in New York) of one-year-old children are
found in front seats. As the children grow older, they shift to
the rear seat, so that by age four, over half ride in the rear seat
(52 percent in Idaho; 59 percent in New Jersey; 61 percent in New
York). (Table 14)

Because of procedures used in data recording and handling, neither the.
Idaho nor the New Jersey data base has information on children less than
one year old. However, the age distribution of children in Idaho suggests
that the one-year-old category might in fact include some infants, ’

possibly as a result of police reporting errors with respect to the
age of children less than one year old.



1.0 DRIVER SEX

Drivers of cars in accidents in which children one to four vears old

are involved are more likely to be female.

TARLE 1

DRIVER SEX IN PASSFMARFR CAR ACCINENTS
INVOLVING CHILDRFN (1-4) AS PASSFNGFRS

Driver Sex Idaho New Jersey New York
Female 64.7 % 60,4 % 53.9 % 53.1 %
Male 25.3 39.6 46.1 46.9
No. of Cases 3,766 6,729 10,745 11,092
Year(s) 76, 77, 78 75 74 77

2.0 DRIVER ACE

The drivers in passenger car accidents involving children 1-4 are pre-
dominantly 25 years of age or older. Wowever, accident-involved drivers in

Idaho are younger than drivers in New Jersey and New York.

TARLE 2

DRIVER AGE, BY SEX, IN PASSFNGFR CAR ACCIDENTS
INVOLVING CHILDRFN (1-4) AS PASSEMGERS

Driver Sex Age [daho New Jersey New York 1974 New York 1977
225 | 63.4% 79.6 % 70.6 % 7.5 %
Female <25 | 36.6 20.4 29,1 285
225 | 74.7 3.6 76.7 78.4
Male <25 | 25.3 16.4 23.3 21.6
No. of Cases 3,713 6,718 10,640 11,024




3.0 CHILD AGE
Children in accldents are eggentlally uniformly distributed by age; the

higher incidence of one-year-olds in New York 1977 is due to the fact that in~
fants (less than one year old) are included in this category. Since 1974, policc
in New York State have reported the age of occupants 23 months or younger as one

year old. Furthermore, the higher number of one-year-olds in Idaho suggests that

some infants may have also been included in this category, possibly as a result

of reporting errors with respect to the age of Infants and very young children.

TARLE 3
CHILD AGE IN PASSENGER CAR ACCIDENTS

Child Age Idaho New Jersey New York 1974 New York 1977
One 29.5 % 25.8 % 25.1 % 29.4 %
Two 26.8 23.2 23.6 24.0
Three 22.6 25.4 26.0 23.6
Four 21.1 25.6 25.3 22.9

No. of Cases | 3,766 6,738 10,745 11,092

4.0 CHILD SEX

Male and female children in accidents are essentially equally probable,

although males are slightly more probable than females.

TABLF 4

SEX NF CHILDREN (1-4) IN PASSENGER CAR ACCIDFNTS

Child Sex [daho New Jersey Mew York 1974 New York 1977
Male 50.3 % 51.8 % 52.0 % 51.3 %
Female 49,7 48.2 48.0 48.7

No. of Cases 3,755 6,702 10,685 11,060
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5.0 CHILD INJURY RATES

Injury rates of children in accidents range from 18 percent (Idaho)

to 31 percent (New Jersey).

It appears that Idaho and New York are less

likely to classify very minor "injuries" as Type C injuries than in New Jersey.

Only 32 to 39 percent of all injuries are Type C in Idaho and New York vs.

63.5 of all injuries in New Jersey.

TABLE 5

INJURY RATES FOR CHILDREM (1-4) IN PASSENGER CAR ACCIDENTS

Injury
Classification Idaho New Jersey New York 1974 New York 1977
Injury Injury Injury Injury
0 82.4 % Distribution 69.0 % Distribution n.z % _Distribution 2.5 % Distribution
c 5.7 32.2 % 19.6 63.5 % 10.4 36.1 % 10.7 39.0 %
B 9.8 55.7 10.5 33.9 15.2 52.7 14.5 52.8
A 1.9 1.1 0.8 2.5 2.7 9.5 2.2 7.8
K 0.2 1.1 0.04 0.14 0.1 0.3 0.1 0.4
Injured
Extent Unknown -T o - - 0.4 1.4 - -
None (0) 82.4 % 69.0 % 71.2 % 72.5 %
C+B+A+K 17.6 31.0 28.8 27.5
No. of Cases 3,766 6,738 10,745 11,092




6.0 RESTRAINT USAGE
From 13 percent (Idaho) to 23 percent (New Jersey) of children age 1-4 in

accidents use either seat belts or child restraints. Children in New Jersey

are 2.5 times as likely to be in child seats than in Idaho. The New Jersey
children are 1.6 times as likely to be in seat belts. Overall, New Jersey
children are 1.8 times more likely than Idaho children to be in seat belts or

child restraints. Restraint usage rates for New York children in both 1974

and 1977 fall between the rates of the above two states, but are considerably

closer to New Jersey.

TABLE 6
USE OF RESTRAINTS BY CHILDREN (1-4) IN PASSENGER CAR ACCIDENTS

Restraint Usage Idaho New Jersey New York 1974 New York 1977
Child Seat 3.8% 9.4 % 7.4 % 8.8 %

12.6 % 23.2 % 20.5 % 20.8 %
Seat Belt* 8.8 13.8 13.1 12.0
No Restraint 87.3 76.8 79.5 79.2
No. of Cases 3,766 6,738 10,745 11,092

*Inc1udes belt with shoulder strap.

7.0 SEATING POSITION
Between 49 percent (New York 1974) and 61 percent (Idaho) of all children

in accidents are in the front seat. 1In New Jersey and New York, these children

are found in the front center or front right seats with approximately equal
probability. However, in Idaho, they are more likely to be sitting in the
front right seat.

TABLE 7
SEATING POSITION OF CHILDREN (1-4) IN PASSENGER CAR ACCIDENTS

Seat Position Idaho { MNew Jersey New York 1974 New York 1975
Front Seat 60.7 % 53.5 % 49.3 % 50.1 %

¢ Front Center 27.1 26.5 25.4 25.4

¢ Front Right 33.6 26.9 23.9 24.7
Rear Seat 39.3 % 46.5 9% 50.7 % 49.9 %

¢ Rear Left 12.9 20.5 16.8 16.1

® Rear Center 14.2 13.1 15.5 16.2

¢ Rear Right 12.1 12.9 18.4 17.6

No. of Cases 3,766 6,738 10,745 11,092




8.0 INJURED/UNINJURED FREQUENCIES, BY RESTRAINT USAGE

Children using seat belts or child restraints are more likely to avoid

injury than unrestrained children.
be injured than children in child seats in Idaho and New Jersey.
1974, children using child restraints have the lowest injury rate.

Children in seat belts are less likelv to

In New York

However,

in New York 1977, the injury rate is lower for seat belts, as is the case in

Idaho and New Jersey.

TABLE 8
FREQUENCY OF INJURED/UNINJURED CHILDREN (1-4) IN PASSENGER CAR ACCIDENTS
Restraint Idaho New Jersey New York 1974 New York 1977
Usage Uninjured | Injured Uninjured | Injured Uninjured | Injured Uninjured | Injured
Chiid Restraint 84.1 % 15.9 % 73.0 % 27.0 % 80.2 % 19.8 ¢ 78.9 % 21.1 %
Seat Belt  89.5 10.5 82.3 17.7 77.7 22.3 81.4 18.6
No Restraint 81.7 18.3 66.2 33.8 69.3 30.7 70.4 29.6
No. of Cases 3,766 6,738 10,745 11,092
xz/‘d.f./p 12.9/2 d.f./p=0.002 100.8/2 d.f./p=0.000 | 75.6/2 d.f./p=0.000 91.6/2 d.f./p=0.000
9.0 INJURED/UNINJURED FREQUENCIES, BY AGE

The distribution of injury by age in Idaho and New Jersey is essentially

uniform, i.e., being injured or not injured is independent of age.

This is

not the case in New York where one year-old children have the lowest injury

rate and four year-old children have the highest rate.

It should be noted,

how-

ever, that the one-year-old age category in New York also includes infants.

- TABLE 9

FREQUENCY OF INJURED/UNINJURED CHILDREN, BY AGE, IN PASSENGER CAR ACCIDENTS
Child's Idaho New Jersey New York 1974 New York 1977
Age Uninjured | Injured Uninjured | Injured Uninjured | Injured Uninjured | Injured
One 82.5 % 17.5 % 68.6 % 31.4 % 75.4 % 24.6 % 75.0 % 25.0 %
Two 84.3 15.7 68.9 31.1 70.5 29.5 71.3 28.7
Three 81.1 18.9 70.3 29.7 71.2 28.8 72.0 28.0
Four 81.4 18.6 68.4 31.6 67.6 32.4 71.0 29.0

No. of Cases 3,766 6,738 10,745 11,092

xz/d.f./p 4.2/3 d.f./p=0.24 1.8/3 d.f./p=0.6] 40.7/3 d.f./p=0.000 | 15.0/3 d.f./p=0.002




10.0 INJURED/UNINJURED FREQUENGIES, BY FRONT/REAR SEAT

The rear seat is 25 to 30 percent safer than the front seat.

The benetity

of placing unrestrained children in the rear seat, {in other words, arce about

the same as placing them in a child restraint in the front seat.

TABLE 10

FREQUENCY OF INJURED/UNINJURED CHILDREN (1-4),
BY FRONT/REAR SEAT, IN PASSENGER CAR ACCIDENTS

Seat Idaho New Jersey New York 1974 New York 1977
Positio L. . . .
ition Uninjured | Injured Uninjured | Injured Uninjured | Injured Uninjured | Injured
Front 79.3 % 20.7 % 63.9 % 36.1 % 66.9 % 33.1¢% 68.2 % 31.8 %
Rear 87.3 12,7 75.0 25.0 75.3 24.7 76.7 23.3
No. of Cases 3,766 6,738 10,745 11,092
2
x"/4.f./p 39.6/1 d.f./p=0.0 96.6/1 d.f./p=0.0 93.4/1 d.f./p=0.0 100.0/1 d.f./p=0.0

11.0 INJURY LEVEL FREQUENCIES, BY RESTRAINT USAGE

Restrained children are less likely to be injured or killed than unre~

strained children.

belts appear to be equally effective.

In terms of reducing fatalities, child restraints and seat

However, compared to child restraint

usage, seat belts account for a greater reduction in child injury rates for Type

A, Type B and (with the exception of New York 1974) Type C injuries,

This -

latter finding might be attributed to the fact that child restraints are

often misusged.

TABLE 11

FREQUENCY OF INJURY LEVELS FOR RESTRAINED/UNRESTRAINED
CHILDREN (1-4) IN PASSENGER CAR ACCIDENTS

% b % N York 1977 (%
Restraint Idaho (%) New Jersey (%) New York 1974 (%) ew Yor 77 (%)
Usage olc| s|Aalk ol c| 8 |A]k o] c| BlA]k o ¢! B]AJK
Child Restraint [84.1(4.1] 9.7]2.1(0.0 | 73.0 16.71 9.5/0.8l0.0 | 80.6] 4.9{12.1{2.3]0.1 78.91 8.1{11.5(1.5{0.0
Seat Belt 89.513.3| 6.0(1.210.0 | 82.3[12.8] 4.3]0.6{0.0 ] 78.0] 9.6 10.711.6 0.1 81.4] 8.1 9.6}1.0}0.0
| No Restraint 81.716.0110.2j2.010.2 | 66.2]21.2|11.7]0.8]0.06 ] 69.5 11.1116.3{3.010.1 70.4111.4115.612.440.1
No. of Cases 3,766 6,738 10,702 11,092
xz/d.f./p 13.9/8 d.f./p=0.08 106.3/8 d.f./p=0.000 88.0/8 d.f./p=0.000 96.1/8 d.f./p=0.000




12.0 RESTRAINT USAGE, BY AGE

Parents who restrain accident-involved children tend to put one=vedr -olds

RY

in child restraints, while shifting to seat belts for two, three awi ouv-vear-

old children.
TABLE 12

FREQUENCY OF USE OF CHILD RESTRAINTS AND SEAT BELTS
BY AGE OF CHILDREN IN PASSENGER CAR ACCIDENTS

Idaho (%) New Jersey (%) New York 1974 (%) New York 1977 (%)

Restraint .
Usage Tota) Usage by Age {year) Total Usage by Age (year) Total Usage by Age (year) Total Usage by Age Year

Usage| | | o1 3| g [|Usa9e] | o | 3| afUsase] | o | 3| 4 (U898 11 2| 3| &

Child Restraint| 3.8 |65.5/|21.4| 9.0 4.1 9.4 |63.2{25.0| 7.4 4.4] 7.4 |61.2]23.4{10.7f 4.7] 8.8 {68.1]21.5] 6.3| 4.1
Seat Belt 8.8 {37.3]28.0(18.4(16.313.8 |25.6(25.8]23.4|25.2|13.71 ]26.3(23.0(25.8]24.9112.0 |32.7(23.7/22.8(20.8
No Restraint 87.9 (27.1126.9]22.6122.3176.8 [21.2122.6(27.9(28.2179.5 121.5(23.7(27.5{27.2179.2 124.6(24.3]|25.725.4

No. of Cases 3,766 6,738 10,745 11,092

led.f./p 120.7/6 d.f./p=0.000 609.7/6 d.f./p=0.000 681.3/6 d.f./p=0.000 893.3/6 d.f./p=0.000

*In New York (and possibly Idaho), the one-year-old category includes infants.

13,0 RESTRAINT USAGE, BY FRONT/REAR SEAT

The percentages of restrained children occupying the front and rear seats

are approximately equal, This also holds true when considering children in

geat belts and child restraints separately.

TABLE 13

FREQUENCY OF USE OF CHILD RESTRAINTS AND SEAT BELTS
BY CHILDREN (1-4) IN FRONT/REAR SEATS IN PASSENGER CAR ACCIDENTS

ldaho New Jersey New York 1974 New York 1977
Restraint
Usage Front Rear Front Rear Front Rear Front Rear
Seat Seat Seat Seat Seat Seat Seat Seat
Child Restraint | 3.4 % 4.5% | 9.0 % 9.8%)] 7.1 % 7.7%) 7.7 % 9.9 %
Seat Belt 8.8 8.8 14.9 12.6 13.0 13.2 11.5 12.5
No Restraint  { 87.8 86.7 76.1 77.6 79.9 79.1 80.8 77.6
No. of Cases 3,766 6,738 10,745 11,092
xz/d.f./p 3.02/2 d.f./p=0.22 7.8/2 d.f./p=0.02 1.69/2 d.f./p=0.43 20.7/2 d.f./p=0.00
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14,0 AGE FREQUENCIES, BY FRONT/REAR SEAT

As age increases, the positlon of the child-passenger shifts from the

w .
front to rear seat. The shift is most pronounced between ages one and two,

TABLE 14

FREQUENCY OF AGE OF CHILDREN (1-4) IN
FRONT/REAR SEATS IN PASSENGER CAR ACCIDENTS

ldaho New Jersey New York 1974 New York 1977
Child
Age Front Rear Front Rear Front Rear Front Rear
Seat Seat Seat Seat Seat Seat Seat Seat
One 77.3 % 22.7 % 70.5 % 29.5 % 64.5 % 35.5 % 63.8 % 36.% %
Two 58.9 41.) 54.9 45.1 51.2 48.8 50.7 49,3
Three £3.2 46.8 47.3 52.7 42.8 §7.2 43.7 56.3
Four 47.8 52.1 4.2 58.8 3.0 61.0 38.6 61.4
No. of Cases 3,766 6,738 10,745 11,092
xz/d.f./P 205.4/3 d.f./p=0.000 335.2/3 d.f./p=0.000 | 416.5/3 d.f./p=0.000 | 421,7/3 d.f./p=0.000

*In New York {and possibly ldaho), the one-year-old category includes infants.
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TABLE B-1

FULLY CROSS-CLASSIFIED TABLE OF NEW YORK 1974
RAW DATA FOR KA/BCO INJURY DICHOTGH

DAMAGE WELIGHT OCCAGE RDCLABS RESTRAINI KAXBCO (1)
X 0

W c Rt Ko BeCeD
P...’—.-..--.-....--......-.--.--“-.t-’.-."-.-‘ﬂ-..--------.---
NUNELITE LY 3000 1 YEAK  STATEHWY NODNE 1 3 3%
SEATBELYI 0 1
CH, REBY! 0 16

I
COUNTYRD NONE ¢ i 26
SEATBELYY 0 i
CH, RESTY 0 b

1
CITY BTR NONE 1 0 S4
SEATBELTI 0 T
CHe RESTY 0 6

b
INTERST NONE 1 0 S
SEATBELTY 0 4
CH, REBTI Q e
R I R T S € L Ty P T Y LY )
2 YEARS STATEHKMY KNONE I 0 56
SEATBELTI 0 )
CHs RESTIY 0 7

1
COUNTYRD NONE 1 0 49
8EATRELTSE 0 8
CH, RESBTY 0 8

1
CITY 8TR NONE 1 0 53
SEATRELTY 0 10
CH, REBTI 0 0

1
INTERST NONE 1 Y 5
BEATBELTI 0 i
CH, REBTI 0 {
presessnureenesttn]lsvenecenncvenwensy
3 YEARS STATEHWY NONE 1 H 60
SEATBELYS 0 7
CHe RESTY 0 3

I
COUNTYRD NONE I 3 32
SEATBELTY 0 7
CH. RESTY 0 3

1
CITY STR NONE 1 i 40
SEAYBELTI 1 8
CHe REBTE 0 i

3
INTERSY NONE 1 0 10
SEATBELTY! Q 2
CHe RESTY 0 i
sesununenvcswvevvoessfcscrncososanenarnenn
4 YEARS STATEHRY NONE i 0 56
SEATBELTY 2 4
CH. RESTY 0 0

I
COUNTYRD NONE 1 e 39
SEATBELTY 0 7
CHe RESTI! 0 0

1
CITY 8TR MNDME 1 0 38
SEATBELT? 0 S
CH, REST! 0 2

1
INTERST NOUME 1 0 10
SeaTBELYY 0 4
Ch, RESTI 0 0

P S A TP R L DL L EL R S ik dhadad



TABLE B=1 {continued)

Q-.-...-.-....-....--.--.-.x----.-.--.----pcug

30003999 § YEAR

¢ YEARS

1 YEARS

4 YEAKS

SYATEHNY

COUNTYRD

CITY BTR

INTENSY

SYAYEHNY

COUNTYRD

CITY 87TR

INTEKSY

STATEWKY

COUNTYRD

CITy 871R

INTERSTY

STATEHNY

COUNTYRD

ClTY STR

INTERST

NONE 1 2 44
SEATBELT! 0 i0
CH, RESTI! 0 17
1
NONE by ! 35
SEATBELTI 0 8
CH, REBT! 0 11
I
NDNE I 2 44
SEATBELT! 0 ]
CH, REST! 0 7
1
NONE 1 0 4
SEATBELT! 0 {
Chy RESTI 0 3
meenwsssensensnsug | reunocnervRsnenesnn
NONE b 1 47
SEATBELYY 0 8
CHe REST! 0 b
b
NONE I 0 44
SEATBELTYY 0 4
CH, RESTI 0 y
1
NONE 1 0 49
SEATBELTY 0 4
CH, REST! 0 1
1
NOME 1 0 8
SEATRELTY ¢ !
CH, RESTI! 0 2
-----..-..--'-.--.1-.--.-.--.---..--~
NONE 1 0 b1
SEATBELT! 0 8
CH, REST! 0 ]
!
NONE 1 0 b4
SEATBELTY! 0 6
tH, REST! 0 ?
!
NONE s H 54
SEATHELT! 0 7
CH, REST! 0 1
1
NONE 1 0 4
SEATBELT! 0 1
CH, REST! 0 ]
rumovnnsesennansnplpronsncnsrsnsnuncnn
NOMNE 1 2 &7
BEATBELYI 0 L}
CH, RE3T? 0 2
1
NOMNE ! 0 4a
SEATBELTY! 0 5
CH, RESBT! 0 0
I
NONE 1 2 38
SEATHRELYY 0 2
CH, RESTI 0 0
!
NONE 1 0 5
SEATBELTY1 0 3
CH, RESTI] 0 1

wersassanveconsranlirresenusnsnensenmen

B2



TABLE B-1 (continued)

-qq----n----.unn--um..aaum'Imnw.-nwnnoqqu.aa.u

3600 ¢« { YEAR STATEHWY NONE b ] 90
SEATBELYY 0 18
CH, RESTHY 1 3%

b
COUNTYRD NONE 1 0 SY
SEATRELTY 0 12
LW, RESTY 0 et

i
CItY STR NONE i 1 65
SEATBELTI 0 15
CH, RESTY 0 1%

I
INTEHBT NUMNE 1 1 .}
SLAYBELTY o} 4
CHy REBTI 0 2
--.--n-nanuno»n-ﬂgIq.uon-nncn-.n-a.-ﬂ-
2 YEARS STATEHWY NONE i 2 96
SEAYBELTYY 0 20
CHe RESTI 0 14

1
COUNTYHD NOKE 1 e 90
SEATBELTY 0 14
CHe REBTY 0 7

1
CITY BTR NOKE™ I 5 84
SEATBELTE 0 ie
CHy RESBTI 0 X

i
INTENST NONE 1 i 14
SEATBELYY 0 2
CH, RESY! 0 i
L L T LY S LY D e T T P
3 YEANS STATEWKY NONE { 2 123
SEATBELTY 0 i8
CHy RESTI 0 4

I
COUNTYRD NONE 1 2 87
SEATBRELTY 0 17
CHy RESTY 0 %

1
CITY STH NOME 1 2 82
YEATBELTY 0 1
CH, RESYI 0 5

1
INTERST NONE i 0 13
SEATRELTY G 3
CH, RESTY 0 i
-.ﬂ.u..--pnt_nﬂnﬂw'xnounnnanuﬁotnﬂvnnq
4 YEARS STATEHWY NUNE i Q 102
SEATBELTY i el
CH, RESTIY 0 2

i
COUNTYRD NONE ! 1 {28
SEATBELTY 0 en
CHy AESTI 0 i

1
CITY 5TR NOUNE b 1 B9
SEATRELTYZ 0 10
LW, RESYTY 0 0

1
INTERST NONE 1 0 i9
SEATBELY] 0 0
CH, RESTY 0 1

wogprasacennsswntp | vbporenenlsunsBw Py

LI T LT T T L T PP Y T L LTS PP LR T P Y T e



TABLE R-1 (continued)

-----.--.-....-.-..-.----.-.O---..-'I...--------.-.-.‘-

MOOERATE LY 3000 | YEAR STATEHNY NONE 1 3 87
SEATBELTY 0 20
CHy RESTI 0 30

1
GOUNTYRD NUNE b4 3 56
SEATRELTI 1 i3
CHe REST! 0 18

I
CITY 8YR NONE 1 i 68
SEATBELT! { 16
Ch, RESTI! e 18

1
INTERSY NUNE b i 2
SEATBELY! 0 2
CHe REST! 0 5
-q---.------------I------.----------.
2 YEARS 9TATEHWY NONE b4 5 68
SEATBELTY ¢ 13
CH, REST] 0 ie

!
COUNTYRD NONE 1 3 56
SEATBELT! 0 21

CH, RESTI 0

I
CITY BTR NONE I 3 T
SEATBELTYY 0 11
CH, REST! 0 X

. b
INTEKST NONE I 0 20
- SEATBRELT! 0 ?
CHy RESTY ] 2
mousnerasnunnenonguverensnnswnscanny
3 YEARS STATEMWY, NONE 1 H 112
SEATBELT! o 17
. CHa RESTI 0 3

1
COUNTYKD NONE 1 4 67
SEATBELTI 0 et
CH, RESTI ! 3

1
GITY STR NUNE 1 1 82
SEATBELTI Y 11
CH, REST! 0 3

I
INTERET NONE ! i 20
- BEATBELT! 0 14
CH, RESTI L0 0
. ) ----.--.--.-----.1L-‘:'-ﬁ.'..'-."."
4 YEARS STATEHNWY NONE 1 S 110
SEATBELT! i ee
- CH, REST! ¢ 1

!
COUNTYRD NONE 1 e 7
SEATBELTY 0 7
,  CH. RESTI 0 4

1
CITY B8TR NQONE 1 0 90
SEATBELT! 0 6
CHy REST! 0 0

I
INTEKST NONE ! 0 18
SEATBELTI Q 3
Ch, REST! 0 0

eepovunvasunurnwng pevsnnmnasnsvesenn

P-4



TABLE B-1 (continued)

POPPCRTRRPNRRRFNINEYYPRYUNR JoRPORPRCasanncuuawe

30003599 { YEAR  BTATEHWY NOWE i

SEATRELTY

tH, REBTY

I

COUNTYRD RNONE i
SEATRELTY

CH, RESTI

1

CITY 8TR NONE 1
BEATBELTY

CH, REST?

1

INTERST NQNE I
SEATBELTY

CH, RESBTI

[oR o) O == D OO W

78
i2
24

bl
ie
24
b4
9
i1
17
]
X

Pesscnnnnguuanneng (ernpunsscswnavenng

2 YEARS STATEHWY NONE i
SEATBELYY

Cr, RESTI

i

COUNTYRD NOWE i
BEATBELT])

CH, REBTY

I

CITY BTR NONE b4
SEATBELTY

CH, REBYI

i

INTERBT NONE i
SEATRELTY

CH, RESTI

2
i
0

oo

T
17
i0

74
it
]

80
i2
8

et
3
0

L N L T Y P Y Y Y Y

3 YEARS STYATEHKY NONE b
SEATBELT!

CHy RESYI

b}

COUNTYRD NOKE I
BEATHELTY

CH, RESTI

1

CITY 8TR NOME i
SEATBELTY

CH, RESTI

I

INTERST NONE 1
GEATBELYI

Cre RESTY

4

3
0

< Wi T OO W

[=N-% o)

110

16
9

75
11
h)

84
7
3

16
3
i

.q----u--nnpu.ngp'!s-o------uq---,.wq

4 YEARS STATENWWY NONE b

SEATBELTY

CH, REBTY

1

COUNTYRD NONE 1
SEATHELTI

CH, RESTI

Y

CITY STR NOMNE 1
SEATBELTY

CH, RESTI

1

INTEKST NONE 1
SEATBELTY

CH, RESTI

S

0
@
2
Q
Y
2
i
0
0
0

0

as
15

2%
2
H

T L T T LIS € T A P L L L e

B=5



3600 »

TABLE B-1 (continued)

’ﬂpn.'...--.q..-.-----.-.-'I»UOOQDDO-Q--.-.-..-

{1 YEAR

‘2 YEARS

‘¥ YEARS

4 YEARS

STATENWY NONE 1 1
SEATBELTY
CH, REBTI

1

COUNTYRD NONE 1
SEATBELTY

CH, REST!

1

CITY B8TR NDNE 1
BEATBELTI
CH, REBTI
b

NONE 1 1
SEATBELTI 0
CH, REST! Y

cow nNo

[« - 2F

INTERSY

122
37
-38

80
13
28

132
18
13

ez
4
]

LA AL A LILLIII YL LTI TS E L LT LY Ty Y T Ter

STATEHNY NONE 1 i
SEATBELTY 0
CH, REBT! 0

1
COUNTYRD NONE 1 ]
SEATBELTI 0
CH, REBT! 0

!
CITY BTR NONE 4 2
8EATBELT! 0
CH, REST! {

!
NONE 1 {
SEATBELTI 0
CH, REST? 0

INTERSY

133
24
20

3

Srenserennuansvenploseravsansorasenny

SYATEHNY NONE 1
SEAYRELTY!

CH, RESTI!

1

COUNTYRD NONE 1
SEATBELT!

CH, REST!

1

CITY 8TR NONE 1
SEATBELTI

CH, REST!

b

Qe OO . (=R 2 ]

INTERST NOME 1 }

SEATBELT!
CH, REBY! 0

190

26
T

122

19
4

152

es
4

30
'
{

,..,..q..-.-c---lox.----......._'-_.-

ATEHWY NOMNE o 4

7 SEATBELYS

CH, REST]

1

COUNTYRD NONE 1

SEATRELTI

CH, RESBTI

1

CITY 8YR NONE 1 6

SEATBELTI! )

CH, RESTI 0
1

NONE 1 0

SEATBELTY ¢

CH, RESTI! 0

INTERSY

(o R el o) o O

164

3
1

122
28
4

teu
18
2

28
9
0

sesvavasesnsunsriguscnvasnnsnnnssany

Peonevsemnvencsnusnrseanshisesnonensenennaneny



SEVERE

TABLE R-1

(continued)

-.-Ohttﬂlb.’-ucnnucp.nn--...nn---auw!‘u---nm..--.-‘u‘..

LT 300¢

{ YEAR

2 YEARS

'3 YEARS

4 YEARS

SYATEMNY

COUNTYRD

GITY 87TR

INTERSY

NONE 1
SEATRELTY
CH, RESYS

1

© O o=

NONE 1
SEATBELTY
CHy RESTY

i
NDNE 1
SEATBELTI
CH, RESYI

I
NONE b
BEATBELTI
CH, RESTI

- [~R=F

(=R =0 1]

3
S
12

24
2
10

>
- e o

o e

Aneueeesnonevcesyy  woeoconcacosyeneapry

STATEHKY

COUNTYRD

CITY 8TR

INTERSY

NONE i i
SEATRELTS 0
CHy RESBTY i

1
"‘NONE b
HEATBELTY
CHy REBTX

1
NONE b
BEATBELTI
CHy REST§
NONE 1
SEATBELTY
CH, RESTI

(=R o} =] OO OO

36
5
2

25
4
]

13
!

i
2

(LI LI P T PRI L L L T Y PR T 2 Y]

STATEHNWY

COUNTYRD

CITYy 8TR

INTERSY

NONE 1 1
BEAYBELTI 0
CH, RESTI 0

I
NONE b
SEATBELTI
CH, RESYI

X
NONE 1
SEATBELTY
CH, RESTY

b
NONE 1
SEATBELTI
CH, RESTY

[~ R ~ RV} OO W L~ =

34

v
2

a6

(= RN} n O

LT LT P T L B o X T e ey ey

STATEMNWY

COUNTYRD

CIty 8YR

INTERSTY

.’--uutubcenumu’nqIuvuauuuwau..mﬁia-

NONE { 2

BEATHELYY 0

‘e, RESTI T g
1
NONE 1
SEATBELTY
CH, RESTIY
!
NONE 1
SEATBELTI
CH, RESTY

o s

oo

1
NONE ¥ i
SEATBELYI 0
CH, RESTI 0

23

i

4
e
¢
5
2
0
-



TABLE B-1 (continued)

-’.p.---..‘-.-.—..------.--p1--..---....--0-...

30003599 § YEAR

2 YEARS

3 YEARS

a4 YEARS

SYATEWNY NONE !
GEATBELYY

CH, RESTY!

!

COQUNTYRD NONE 1
SEATBELTY

CH, RESTI

I

CITY 8TR NONE 1
SEATBELTI

CH, REST]

1

INTERST NDNE 1
SEATHELYI

CH, RESTI

oo (=R} -] [=NoN o) - O

e3
8
]

17
2
8

-
L7 ¥ ¥

NOwW

peensnusvensvsnnyplonasensrnnescsacay

STAYEHRY NONE b
SEATHELT]

CH, RESTI

. b
COUNTYRD NODNE 1
SEATBELTI

CH, RESTI

1

CITY STR NONE 1
SEATBELTY

CH, REBT!

1

INTERST NONE I
SEATBELTI

CH, RESTY

=OW OO

2
0
¢

QO -~

30
4
1

20
2
1

O i -

O - o

,q--"-.-.l..--y-qx.-....----.-.---.q

STATEHWY NONE I
SEATBELTY

CH, RESTI

1

COUNTYRD NONE 1
SEATBELTY

CH, RESTI

1

CITY BTR NDNE 1
SEATBELYY

th, REST!

1

INTEKSY NONE 1
SEATBELT!

CH, RESTI

-

con oo ocCc

OO e

4
2
2

1%

(= RV I

OO e

.-.----.u-h..----,I-----.-.--..-n----

STATEHWY NONE I
SEATBELTI

CH. RESTI

1

COUNTYRD NONE 1
SEATBELT!

CH, RESTY

. 1

CITY 8TR NONE b
BEATBELTI

CH, RESTI

1

INTERST NONE 1
SEATBELT!

tH, RESTY!

'.l‘--l-.-...-----I----.--..--..--..

B-8

e
0
0

[~ =0

cCoOO OO0

s
2
1

14
0
0

13
1
]

[
0
0



TABLE R-1 (concluded)

Q--o..n.--.-n.wunn--uuuan-p1u-uu-.-u-uun.--.--

3600 o 1 YEAR STATEMWY NONE b 3 28
SEATBELTY . 0 ()
CHe RESTY i 4

b
COUNTYRD NONE i 2 21
SEATBELTY 0 2
CH, REST! 0 3

1
CITY BTR NONE 1 0 17
BEATBELTY 0 4
CH, RESBTI 2 6

1
INTERSY NONE I i 3
BEATBELYI 4 3
CH, REBTI 0 e
Pecwessevsnsronsupvnessounsesnenawny
2 YEARS STATEWWY NOME 1 i el
SEATBELTI 0 7
CH, RESTI] 0 5

1 :

COUNTYRD NONE i 2 17
BEAYBELTY 1 s
Chy RESTI 0 2

1
CITY 8TR NONE 1 Y 17
SEATBELTI Y 1
CHe RESTI 0 i

1
INTERST NONE 1 i 7
QEATHELYI 0 0
CHe RESBTI 0 v
T T P R T A L L L 2 T Ty T
3 YEARS STATEMWY NONE 1 2 33
SEATBELYI 0 5
CH, BRESTY 0 2

1
COUNTYRD NONE b H 30
SEATBELT! 0 6
Chy RESTI Yy $

i
CITY STR NONE H 0 27
SEATBELTY 0 4
CHe REBTI Q 0

1
INTERST NONE 1 | 4
SEATBELTY Q 3
CH, RESTY 0 0
4 YEARS SYATERWY NONE 1 2 50
SEATBELTL 2 4
CHy RESTY 0 0

1
COUNTYRD NONE 1 4 22
BEATBELTI 0 g
CHo RESTI 4 {

i
CITY 8TR NONE i e e
SEATRELTY 0 Y
CHe REZTI 0 0

i
INTERST NONE 1 e 9
SEATBELTI 0 1
CH, RESTI 0 0
!‘--.-.----.----puqup-.----u-----O--.--—mmumu«~nn--ca---o---u-v-

TWE TOTAL FREQUENCY 1S 9103



TARLE B-2

FULLY CROSS-CLASSIFIED TABLE OF NEW YORK 1974
RAW DATA FOR KAB/CO INJURY DICHOTOMY

DAMAGE WEIGHY 0cCaGE RDCLASS RESTRAINI KABXCO (I)
X L] a ¢ R b KetAeB +0

Py Y T Y T T Y T T R YR L L T L R Y T T R R A L L L L Y L L)
NONELJTE LT 3000 | YEAR STATENKY NONE 1 8 34
SEATBELT! 3 11
CH, REST! ! 1%

1
COUNTYRD NONE 1 4 es
SEATBELT? 1 i1
CH, REST} 0 6

1
CITY BYR NDNE 1 1 47
BEATBELT! 0 7
CHy, REBTI 0 6

1
INTERST NONE 1 i 8
SEATBELY! i 3
CH, RESTY 0 2
reermesunwrraccsng [ rrenscrsonessnesanns
2 YEAKS STATEMWY NONE b 8 48
8EATBELTI e 8
CHMs RESTI 0 7

1
COUNTYRD NONE 1 8 41
SEATRELTY 0 8
CH, RESTYI 0 ]

1
CITY 8TR NUME I 9 44
SEATBELT? i 9
CH, REST? 0 0

I
INTERST NOME 1 { 4
SEATBELT? { 0
CH, RESTY 0 1
Y L DAY L e P P S T Y L L R S e L Y
3 YEARS STATEHWY NONE 1 7 55
SEATBELTY i b
CH, REST? 0 3

1
COUNTYRD NONMNE 1 [ 29
SEATBELTY? i 6
CH, RESTI 0 3

: 1
CITY SYR NONE I 5 36
SEATBELT! 1 8
CH, RESTI 0 i

1
INTERST NONE 1 i 9
SEATBELYI 1 1
- CH, RESTI 0 1
Srenscnanansnasnn sransenensoneawene
4 YEAKRS SYATEHWY NOME I 14 'L
BEATRELY! 3 3
CH, RESTI [} 0

1
COUNTYRD NUNE I 4 37
SEATBELTI 0 7
CH, RESTI Q 0

I
CITY S8TR NONE 1 e 26
SEATBELYL 2 Y
CH, RESTI 0 2

1
INTERST NONE 1 3 7
SEATBELTI i 3
CH, REST] 0 4
rovonoroanersevnveg suvsvenesnssencacnns

B-10



TABLE B-2 (continued)

(I YT T T 2 TY L LT T YT LTS T T T T ¥ P r e e

30003598 § YEAR

2 YEARS

3 YEARS

4 YEAKS

STATERNY

COUNTYRD

CITY 8TR

INTERST

NONE !
BEATBELTY
CH, RESBTI

I
NOKNE 1
BEATBELTY
CH, RESYTI

1
NONE 1
SEATBELT!
CH, REBYI

1
NONE pe
SEATBELYY
CH, RESBT]

39
10
17

N
]
11

39

OO~ oo Wwm [» =200

ST e
L2 Y ~8 un

(AL EEI L LY P D PELT LTS £ T T P T A ™

STATEHNY

COUNTYRD

CITY 8TR

INTERSTY

NONE 1
SEATBELTI
CH, REBTI

1
NONE H
SEATBELTI
CH, RESTI

1
NONE !
BEATBRELYI
CH, RESTI

1
NONE i
SEATBELTI
CH, RESTI

40
]
b

38

L= =3 7 - O o o
=

7
i
4

=~

p...--u-——---.m-q'I-‘-a---apunuann.pp

STATEHNWY

COUNTYRD

CIfy 8TR

INTERSY

NQNE 1
SEATBELYY
CH, RESBTIY

1
KOKE I
SEATHELTSY
CH, RESBTI

bt
NONE 1
SEATRELTY
CH, RESTI

1
NOME 1
SEMTBELT]

Che RESTT

9 52

8
4

0

Q

[ 58

i 5

0 2

47
7
1

OO

0
0
0

D e

P T L L P L LR T Py e L L]

STATEHRY

COUNTYRD

CITY SYR

INTERSY

NONE 1

BEATBELTI

CH, RESTI

1
NONE 1
SEATRELYY
CH, REBTI

1
NONE 1
SEATRELT!Y
CH, REYTI

1

NONE 1
8EATBELYY
CH, REBTI

9 60

4
0 3
0

panasrnsedrlunsnEay [roenBeascavswBEBweeR

P11



TABLE B-2 (continued)

'ﬂ.-'Q-...--.-n.-..-...-.‘.I.‘.u..--.n---.---.

3600 « { YEAK STATEHNY
COUNTYRD
CIty 87R

INTERSTY

NONE 1
SEAYBELTI
‘CH, RESTI

1
NONE 1
BEATBELTI
CH, RESTI

1
NONE 1
BEATBELTI
CH, REBTI

I
NONE 1
SEATBELTI
CH, REBTI

10
i

)
-
1
0
9
i
e

!
1
¢

ap
17
33

52
11
21

57
14
13

]
]
2

Prnessnernnrnnsran svasnsnvsnsnsuaneny

2 YEAME STATEHWY

COUNTYRD

CITY BTR

INTERST

NONE 1
BEATBELTY
CH, RESTI

1
NDNE 1
SEATBELTY
tH, RESTI

1
NONE 1
BEATBELTYY
CH, RESTI

1
NONE 1
BEATBELT!
CHs RESYI

10
0
0

-
O Ll =X

OO W

88
20
14

81
14
6

76
i2
!

ie
2
1

.U-.--.---..---.-pI--.---.-------.--q

3 YEARS SYATEHNWY

COUNTYRD

CITy 87TR

INTERST

NONE 1
SEATBELTI
CH, RESY!

1
NONE 1
SEATBELTY
CHy RESTI

I
NONE 1
SEATBELYI
CH, REBTI

‘1
NOME 1
SEATBELT]
CH, RESY!

11

-t O -

oCc o (VR -

114
17
¢

84
16
4

Té
5
b

13
3
{

snowencsenvasssennny ervavensanavecswen

4 YEANS SYATEMNWY
COUNTYRD
CITY 87TR

INTERSTY

NONE I
SEATBELTI
CH, RESYI

!
NONE I
SEATBELTY
CH, RESTI

1
NONE I
SEATBELTYY
Cry RESTI

I
NOKE 1
SEATBELTI
CH, RESTI

14
3
0

2

0
0

&8

10

17
0
{

'---..'....‘...-9'x,------o-ubuqlunh-

susessrcenscusnssasansansae ] cnennvnsanrresvavns

B-12



TABLE B~2 (continued)

.—-.-..--.'p-----.Q----u-..-.--ﬂ-..'!-.n--t--u-unab.--p

MUDERATE LT 3000

{ YEAR

2 YEARS

3 YEARS

4 YEARS

STATENWY NONE 1
BEAYBELTY
tH, RESTI

1

COUNTYRD NONE 1
SEATBELTI
CH, RESTI

1

CITY 8TR NDNE 1
SEATBELTY
CH, RESTI

1

INTERSY NONE 1
BEATBELTY
CH, RESTY

& - e e O MO L

Cron O

81
20
2%

30
13
16

57
16
16

13
1
5

CE T T YT P Y PR LYY TP T Yy L1

STATEHWY NONE 1
BEATBELTY

CH, REBTI!

1

COUNTYRD NONE 1
SEATBELTI

CH, RESTI

1

CITY STR NONE 1
BEATBELTY

CHe RESTI

!

INTERST NONE 1
BEATBELTI

CH, RESTYY

25

3
5

15
]
H}

ee
4
Y

O O v

48
12
7

44

37
4

52
Y
3

19

?
2

P LR R TR P T L TS S L T T L L LY

STATEHWY NOMNE 1
SEATBELYI

GH, RESTY

!

COUNTYRD NONE b
SEATBELTI

CH, RESTI

!

CITY 8TR NONE M
SEATRELTY

CH, REBTY

1

INTERST NUKNE i
SEATBELTY

CH, REBT!

18
4

H

N
[0 . o= 8

4
i
0

95
14
2

b4
R0
2
61
7
3
17

]
o

sossewenpwenssrurapnlecowsnarunrrovernenee

SGTATEHWY NONE 1
SEATBELTI

CH, REBTI

1

COUNTYRD NONE 1
SEATBELTY

CH, RESTI

1

CITY 8TR NONE 1
SEATBELTI
CH, RESTI
!

NONE 1
SEATBELTI
CH, RESTI

INTEKSY

26

88
22

T T T P T P Y L TS L T P T T Y T

B~13



TABLE B=-2 (continued)

voprsrnvasnspesenvansopenorp jocssssvnvesuncncnny

30003599 § YEAR STATEHWY NONE 1 16 65
SEATBELT! 2 10
CH, REST! 3 19

1
COUNTYRD NONE 1 10 54
SEATBELTY 1 i1
CH, REBY! 5 20

b
CITY BTR NONE 1 8 56
SEATBELYY 0 9
CHy RESBTI 3 10

1
INTERSY NONE 1 1 ib
SEATBELT! i ]
CH, RESTI 0 3
7 u.-.--n-.--o.---ugI---u.---y-...---.q
2 YEARS SYATEWWY NONE 1 14 65
SEATBELT! e 16
CH, RESTI 0 10

!
COUNTYRD NONE b 14 61
SEATRELTY! i 10
CH, RESTI 1 5

1
CITY 8TR NONE 1 19 65
SEATBELT! 3 9
CHy RE3T] 0 8

!
INTERSY NONE 1 X 18
SEATBELTI 1 2
CH, RESTY 0 ¢
rersrenvenessnrane sunsnanonrwsranannn
Y YEARS STYATEMRY NONE I 25 89
SEATBELTY 2 15
CH, RESTI! 0 5

I
COUNTYRD NONE 1 12 66
SEATBELTI ) 10
CH, REBTY { 2

I
CITY 8TR NONE I 18 71
SEATBELTI 3 14
CH, REBTI! 0 3

1
INTEKST NONE 1 3 14
SEATBELTI 0 b
CH, REST! 0 i
puescscsnenerssnuy [envsosnssnenauncen
4 YEARS STATEWWY NONE 1 13 76

SEATBELT] R S VA

CHy, RESTI 0 3

1
COUNTYRD NOMNE I 12 S1
SEATBELTI 2 9
CH, RESTI 0 0

1
CITY SYR NONE 1 25 60
SEATBELTI 2 10
CHe RESTY 0 '

1
INTEKRST NONE 1 4 2t
BEATBELTY ) '
CH, RESBTY 1 [4]

p.------------Q.n-gpoon-vn--qcannnunn

R~14



3600 +

TABLE B-2 {continued)

POPIC S ICOIREENREDS R RNOes e Inuua-vu-.w--.-.-hq

BYATEHWY NONE i
SEATRELTY

CH, REBTI

1

COUNTYRD NONE i
SEATBELTI

CH, RESBT!

1

CITY 8TR NOKE b
BEATBELTY

CHe RESTI

!

INTERBT NONE 1
SEATBELTY

CH, REBTI

§ YEAR

p.tqunn-u-wnn..dqnI-u.—--.bunu--.n-.p

2 YEARS STATEHWNWNY NONMNE 1
BEATBELTL

CH, RESTI

1

COUNTYRD NONE 1
BEATBELTI
CHe RESTS

i

CITY 8TR NDNE 1
SEATBELTI

CH, RESTI

i

INTERST NONE {
SEATBELTI

CH, RESTI

XTI PP PR T Y L PR LI L AL L L AL 2 LY T

3 YEAKS STATEHWY NONE 1
SEATBELTY

CH, RESTI

1

COUNTYRD NOWE 1
SEATBELTI

CHy RESTI

1

CITY 8YR NONE 1
SEATRELTY

CH, RESTI

1

INTERST NONE !
SEAYBELTI

CH, RESTI

-.---..ouu-uu-n-!p!---.----u-.uo-..q.

ARS STATEMWY NOME 1
‘v T SEATBELTI
CH, RESBTY

1

COUNTYRD NOKE 1
SEATBELTY

CH, HRESTI

1

CITY 8TR NONE 1
SEATBELT]

CH, RESTI

I

INTERST AOAE 1
SEATBELTI

CH, RESTI

14 109
3 kT
5 15

16 b6
i 12
i 27

23 115
4 14
F 1
6 17
0 4
| F]

17 117
0 24
0 20

24 8s
3 20
0 13

84 108
2 1
3 5
4 21
0 8
0 3

34 163
$ 2%
0 4/

23 102
2 11
3 3

36 118
4 22
0 4
2 29
2 6
0 |

33 162
2 29
3 0

21 104
I 2é
0 4

42 128
4 15
0 2
é a2
P 7
0 0

LLE LY D L L Ly R R Y

OO D T 00 G GVt ) ] 0 e A G e S G AR DD B B Y



TABLE B-2 {continued)

.-.-----.-Q'-ﬁ_-l-."..-qn.--’--n.u.o-!'---.---n---._--o.

SEVERE LY 3000 § YEAR STATEHWY NOKNE I 11 11
SEATBELTI a 3
CHa RESTI 3 7

1
COUNTYRD NONE b i2 13
SEATBELTYI 2 0
CH, RESTI S 5

I
CITY BTR NDNE 1 6 18
SEATBELT! i 3
CH, RESTYI 3 1

I
INTERST NONE 1 4 2
SEATBELTI i !
CH, RESTI 0 0
pPrsonsanswsacventg aressnercsnoscoase
2 YEARY STATEHAWY NONE I 16 21
BEATBELTI 1 4
CH, RESTI 2 1

I
COUNTYRD NONE { 11 1§
SEATBELTI 2 2
CHy RESTI 3 2

I
CITY BTR NONE I 2 1
SEATRELTI 0 i
CH, REBTI 0 1

b
INTEKST NONE 1 3 5
SEATBELTI 0 1
CH, RESTI 0 ?
3 YEARS STATEHWY NONE 1 i a4
8EATBELYI 0 0
CHe RESTI 0 e

1
COUNTYRD NONE 1 11 16
SEATBELTY 3 6
CH, RESTI 0 1

!
CITY BTR NONE I 7 16
SEATBELYY 1 2
CH, RESTI 0 2

1
INTERSY NONE 1 3 5
SEATBELTI 0 {
CH, RESTI 0 0
ronevetnerwssaowesr  sncneanssnnssresee
4 YEAKS STATEHKY NWONE 1 1 14
SEATBELT! 1 L}
CH, RESBTI 1 1

1
COUNTYRD WONE 1 15 15
SEAYBELTI i 5
CH, RESTI 0 0

1
CITY BIR NONE 1 7 7
’ SEATBELT! i |
CHy, RESTI 0 0

b
INTERSET NONE 1 3 3
SEATBELTI 0 2
CH, RESTI 0 ¢
!-.-.-..-.-.------ Iﬂ--..-.--.--..-.-.
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TABLE B2 (continued)

[ ITTIT LY L L DR LT 2L L LY Y L Y T T Ty Y upiguppuyy

30003%99 ¢ YEAR

2 YEARS

I YEARS

4 YEANRS

STATEWNY NONE 1
SEATBELTY

CH, RESTI

!

COUNTYRD NONE 1
SEATRELTI

CH, RESTI

b

CITY BTR NONE 1
SEATBELTY
CH, REST!
1

NONE 1
SBEATBELYY
CH, RESYY

- 0O Mmoo

N ve

INTERSY

oD O

20

- - =D N R

oW

PENEARNRIBTRENRERT P [ rl eSS LR R R

STATEHRY NONE I 14
BEATBELTY e

CHe REBTI!

1

0
COUNTYRD NONE 1 7
BEATBELTY 0
tHe RESTI 0

H
CITY BTR NONE 1 8
SEATBELTI i
CH, RESTI i

1
NONE 1 2
SEATBELT! 1
CH, RESTI 0

INTERSTY

18
2
{

P
g e

[= N o NT ] oo

rocvmssnavcnnnacty ] srenrreassenarrewny

STATEHNY NONE 1
SEATBELT!

CH, RESTI

i

COUNTYRD NONE 1
SEATBELTY
tH, RESTI

1

CITY BTR NOME 1
SEATBELTI

CH, RESTI

1

INTERBT NOWE 1
BEATBELTI

CH, RESTI

Lo o2 - C O [N -2 -

OO~

a1

(=20 V. N oo o

O W

woevnenrermorenavap [ rennnverRreerBonen

STATEHWY NOME I 7
SEATBELT! 0

CHo RESTY 0

1

COUNTYRD NOKNE 1
BEATBELTI

CH, RESTI

1

CITY BTR NONE 1
SEATBELTI

CH, RESTI

1

INTERSTY NOMNE 1
SLATBELT?

CH, REBT!

o OWw

© O W OO0~

Cenwnesorwnmwevanng [suennseeswacanne e

B-17
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TABLE B-2 (concluded)

Pl passenanmsonsrrasuBRnEaRp  seREREORREEancannny

3600 « { YEAR STATEHNY NONE 1 10 F3}
SEATBELTY s 5
CH, REBTI 3 2

1
COUNTYRD NDNE 1 4 19
BEATBELTY! 3 1
CH, RESTY 2 1

I
CITY S8TR NONE 1 H] 12
SEATBELTT e 2
CH, RESTE 3 5

1
INTERST NONE 1 ! 3
SEAYBELTY 0 1
, CH, RESBTI 0 2
u-.q-q..-------”p'l-----------u---p-'
2 YEARS BTATEWNWY NONE 1 6 16
SEATBELTY | 6
CH, REBTY 3 2

1
GOUNTYRD NONE 1 7 12
SEATBELTY 1 3
CH, RESTI 0 2

1
CITY 8TR NOKNE 1 6 8]
SEATBELTY 1 0
CH, REBT! ! 0

I
INTERBT NONE 1 ! 7
SEATBELT! 0 0
CH, REST! 0 0
...------..-.-..ﬂp,:.---.-.------'.'-Q
S YEARS STATEHWWY NONE 1 1 e8
SEATBELT! 0 5
CH, REDTY 1 !

1
COUNTYRD NONE 1 8 23
SEATBELTI i 5
CH, REATI ! ¢

1
CITY 3TR NOME 1 6 21
SEATBELT! 3 4
CHM, RESTI 0 0

1
INTERST NOME 1 4 1
SEATBELTL 2 1
CH, RESTI 0 0
p---.----..--.-o._]u-n--o—.----.-obou
4 YEARS STATEHKY NONE ! 10 42
BEATBELT! 2 4
CH, RESTI 0 0

. , !
- " COUNTYRD NOMNE 1 11 15
SEATBELT! 2 s
CH, REST! 0 |

1
CITY STR KNOME 1 6 18
SEATRELTS 0 1
CH, RESTY ] 0

1
INTEKAT NOME 1 4 y
BEATBELTI 0 !
CH, RESTI v 0
’-....'--.‘-.-.-..-'q..-,.-----.-.----.-.’.--......-.---...--.-.

THME T0TAL FREGUENCY 1§ 5§03

B--18



TARLE B-3

FULLY CROSS-CLASSIFIED TABLE OF NEW YORK 1974
RAW DATA FOR KABC/0 INJURY DICHOTOMY

LA DAL LA AL I I AL I L L T L LT Y LD LT LT T L TR R Sy Y Sy p v gy

DAMAGE  WwEIGHT  OCCAGE
X w ]
NONELITE LT 3000 1 YEAW

2 YEARS

3 YEARS

4 YEARS

RDCLASE RESTRAINT KABCXD (I)
G R t KeAtbiel O

STATEHKY NONE 1 10 32
QEATHELTI X i1
CM, RESBY! ! 15

!
COUNTYRD WOMNE 4 4 23
SEATRELTY 2 10
CH, RESYY 0 [}

1
CITY 5YR NONE 1 15 39
SEATBELT? 1 6
CH, REST) } 5

1
INTERST NONE 1 2 7
BEATBELTI 1 3
CH, RESTI 0 2
L G N R e )
STATEMWY NONE X 14 42
SEATBELYI 2 8
CH, RE8TY i 6

1
COUNTYRD NONE b 14 35
SEATBELYY 0 8
CH, RESBTS 0 9

I
CITY 8TR NONE b 16 37
SEATBELTY 1 9
CH, RESTI 0 0

b
INTERST NONE 1 i 4
SEATBELTY 1 0
Chy REBTZ 0 H
LT LT TR YT TS ST T LT P T T
STATEMHY NONE i 9 Sy
SEATBELTI e 6
CH, REBTI] ] 3

1
COUNTYRD NONE T 9 as
SEAYBELTY 2 L
CHy, RESTIX e 3

1
CITY STR NONE 1 11 39
SEATBELTY H 8
CH, RLSTI 0 |

1
INTERST KOME b 1 L
EATOELTL 1
CH, RESTI [ 1
rwenssosnenwmnarnn {cneorerenrereraens
STATEMWY WONE 1 18 38
SEATRELTY 3 3
CHy, RESYI 0 0

1
COUNTYRD NONE I ie 29
SEATBELTI 0 7
CH, RESTY Y 0

s
CITY 8TR NONE I {s 23
SEATBELTY 3 6
CHy RESBTI 0 2

I
INTERST NONE I 3 7
SEATBELYTY 1 3
CH, RESTI 0 0

PRLUBRCENGBURBERLUS Ay [TeerserroroReRBNRY

B-19



TABLE R-3 (continued)

:'.p-.--...----.-.---...-.-pI'n-...b-....n.‘..ﬁ

30003599 { YEAR

2 YEARS

3 YEARS

4 YEAKS

STAYEHRY NONE 1
SEATBELYY

‘CHy RESTI

1

COUNTYRD NDNE 1
SEATBELTI

CHe RESBTY

I

CITY BTR NONE I
- BEAYBELTY

CH, RESTI
1

NONE 1
SEATBELTI
CH, RESTI

INTERSY

(=X =3¢ ]

[o
[N -] -

— L3 e

37
ic
17

N~ g

Ponveasenarnneseny [sanncnnevasnanweny

STATEHWY NONE i
SEATBELTI

CHy RESBTI

1

COUNTYRD NOKE 1
SEATRELTY

Ch, RESTY

I

CITY TR NQNE 1
SEATBELTY
CH, RESTI
1

NONE 1
SEATBELTI
CH, RESTY!

INTEWSY

13
i
i

[~ 2«2 ] oo

OO

3%

N v ~4

rensrssvesununvenploanvennocsennnaveany

SYATEHWY NONE I 15

SEATHELTY
CH, RESTI
I

COUNTYRD NONE 1 1

SEATBELTI
CHy RESTY
I

SEATBELT]
CH, REBTY
1
NONE I
SEATBELTY
CH, RESTI

i
1
0
CITY STR NOMNE b4 12
2
0

INTENST

46

[= 2l -3

p.-----------u.--qI.;;.;.-a.--------v

STATEHWY NONE 1 16

SEATHELTY
CH, RESTYI
bt

COUNTYKRD NOMNE I {

SEATRELTI

CH, RESTI

1

CITY STH NONE 1
SEATBELTI
CH, RESTY
1

NONE 1
SEATRELYI
CHo RESTY

INTERS?T

Y T L I TR T S R T T L Y T L T

B-20-
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TABLE R-3 (continued)

w.wq‘?.tunn.uﬂnnun.w-womuwvImvweam-wmu--uuuv-n

3600 ¢

i YEAR

2 YEAHWS

3 YEARS

4 YEAKRS

80
18
33

43
i
a0

81
13
13

8
$
2

78
18
i2

7%
ie
6

67
$0
1

i1
a
i

106

14
4

73
16
]

ba
G
3

i2
3
{

a——
16

2

103
i8

i

70

8
4

17

0

STATEMWY NONE i ia
SEAYBELTY 3
CHy, RESTI i
1
COUNTYRD NONE I 1%
SEATRELTY i
CHe REBTI i
I
CITY 8TR NONE by 15
SEATBELYY 4
CH, RESTI e
I
INTERST NONE 1 i
BEAYBELTY 3
CH,y, REBTI 0
R T T R T T T Y T T
STATEHRY NOWE I 20
SEATBELTY &
CH, REBYI 2
i
COUNTYRD NONE 1 i9
BEATHELTI 2
CH, REBTI i
I
CITY BYR NONE b¢ 23
SEAYBELTY P4
CH, RESTI 2
1
INTEKST NOME I 4
SEATBELTI 0
CH, REBTI 0
pessasvancacnwnngp  vovncoenvanesavnes
STATEHWY NOAE 1 19
SEATRELTI 4
CH, RESBTIY Q
I
COUNTYRD NONE i 14
BEATBELTI H
CH, RESTI i
i
CITY BYR NONE 1 22
SEATBELTY ]
CH, REBTI 2
i
INTERSY NONE i é
SEATBELTY 0
LMy REBYI @
LTI YL ET LT LY T s e )
SYATERWY NQME 1 28
SEATRELTY 6
CH, RESTY 0
I
COUNTYRD NOME 1 26
SEATRELTY 2
EH, RESTY 0
i
CITY STR NONE 1 20
SEATBELTT H
CH, RESTY 0
I
INTERST NONE b ]
SEAYBELTS Y
CH, REBTI 0

i

PO BB S0 | 0w e oy W e e

T T L e e P Y LT L L T L L L ey



TABLE B-3 (continued)

SEATBELTY

CH, REBTI

1

COUNTYRD NONE I
SEATBELTI

Ch, RESTY

1

CITY STR NONE 1
SEATBELTY

CH, REBYI

1

INTEKBY NONE b
BEATBELTY

CHe RESBTI

19
3
7

12
¥
e

e

- Wur e

.q-.---....p-.--..-.-..-.-.n-v—.oquI-D‘Qﬂ--...-abtthhq

MUDERATE LT 3000 | YEAR STATEHWY NONE I

T2
18
23

47
i1
16

46
12
1%

13
i
4

Srecssssrevronvennylenernrecnnanenesey

2 YEARS STATENWY NONE 1
SEATBELTY

CH, RESTI

1

COUNTYRD NONE 1
SEATBELTY

CH, RESTY

1

CITY STR NONE 1
SEATBELT!

CH, RESTI

1

INTERST NONE t
BEATBELTY

CH, REST]

30
e
]

24
8
e

36
6
0

4
0
H

by

i
7

35
13
4

38

S
3

16
7
1

-g-----..----a---_!--..-n.--—.-.-—.-'

3 YEARS STAYEHwWY NONE 1
SEATBELTI
CH, REBTI

I

COUNTYRD NONE !
SEATBELT?

CHy RESYI

I

CITY 8TR NONE 1
SEATBELTY

CH, REST]

bt

INTERET NONE 1
SEAYHELTY!

CHy REBTY

15
L
{

15
5
é

=
oOWwo

1
2
Y

78

12
2

S6

i6
2

49

6
3

14

S
0

PurasnssnencnacvnergloranenensEoCaBERaS

4 YEAKS STATEHWY NONE i
SEATBELTI
CH, RESTI

I

COUNTYRD NONE b
BEATBELTYI

CH, RESTI

1

CITY BTR NONE 1
SEATBELTY

CHy RESTY

I

INTERST NUNE b
SEATBELTI

CHs REBTY

mesecocensnvconarca fensovrnnovesncnsen

B-22

43
6
0

28
2
H

40
§
0
8

e
0

75
17
1

50

10
1
0
-



TABLE R-3 (continued)

9.p---,uo-.----.--q---a-wu.In.-u-u.--o-.-----.

STATEHWY

30003599 § YEAR

COUNTYRD

CITY BTR

INTERST

NONE b4
S8EATBELTI
CH, RESTI

1
NONE 1
SEATRELTY!
CH, RESTI

1
NONE 1
SEATBELT!
CHo RESBTI

1
NONE 1
SEATBELY!
CH, REBTI

19
)]
6

15
!
]

17

0
4

3
$
0

62
9
18

49
1
19

qy
9
10

14
3
3

O..o----..----‘.-ﬂl---u-u--o-a.--Q.‘.

STATEHWY

2 YEARS

COUNTYRD

gITY 8TR

INTEKST

NONE 1

SEATBELTI

CHe RESTI
I

NONE 1
SEATBELTI
CH, RESYI

1
NONE 1
BEATRELTY
CH, REBTI

b
NONE 1
BEATBELTY
CH, RESBTI

21
3
H

23
)
4

3

[’}
4
0
4
i

0

‘58

15
9

54
10
3

‘51

8
8
17

2
0

O---.--.O-u-nﬁoﬂ--Iu.-o-.------w-u--'

BYATERWY

X YEANWS

COUNTYRD

CITY 87TR

INTERSY

NONE I
SEATBELT!
CH, RESTY

I
NONE 1
SEATBELTYR
CHe REST!

1
NONE 1
SEATBELTI
CHy RESYI

i
NONE i
SEATBELTY!
CH, RESTI

40
]
i

18
3
i

%9
]
0

6

|
0

76
12
4

i
2
1

roesvensvaranssusnn[ensavsvonuounnayy

4 YEARS B8TATEHWY

COUNTYRD

CITY STR

INTEKST

NONE 1

BEAYBELTI

CH, REBTI

I
NONE 1
SEATBELTI
CH, RESTI

1
NONE 1
SEATBELT!
CH, REST

1
NONE I
SEATBELYY
CH, REBTI

O Wl L=2 .0

oz &

5

!
i

.22

698
iy
3
42
&
0
4

20
i
0

D-.----.----o-..-mI...u-‘uw.--uo-u---

B-23



3600 ¢

TABLE B-3 (continued)

-.pu-.--’n.-b---.ﬁ.uoﬂuwnupIibmwnnwn&‘---...qh

1 YEAR

€ YEARS

3 YEARS

4 YEARS

98
52
34

60
12
26

93
12
10

13
3
2

104
24
19

77
a0
12

19
i
3

18
4
3

145
23
Y

92
16
3

94
16
3

26
4
i

147
27

0

&5
a2
4

96
10
2

18
3

SYATEHKY NONE i a6
BEATBELTY 5
CH, RESTI [}
1
COUNTYRD NQOANE 1 ce
SEATBELTI 1
CH, RESTY 2
1
CITY B8TR NONE 1 43
SEATRELY! 3
CH, RESBTI 3
I
INTERET NQONE 1 8
SEATRELYI 1
CH. RESTI i
reresvenerenwranen jocesnenesrenveunuy
STYATEHWY NONE I 30
BEATRELTS 0
CH, RESTI 1
b
COUNTYRD NONE 1 30
SEATRELTY 3
CH, RESTI i
1
CITY 8TR NONE 1 63
SEATBELTY e
CH, REBTI 5
1
INTERSY NONE 1 7
SEATBELTYI H
CH, RESTIL 0
LT I L eI T I L LR T P R T T 2 T
STATEHWY NONE I 53
BEATBELTIX 3
CH, REBTI! 0
I
COUNTYRD NONE I 34
SEATRELTI 3
CW, RESTI 1
1
CITY STR NONE ! 60
SEATBELTY 10
CH, REBY! i
1
INTERSY NOKE 1 5
SEATBELT! 4
Cr, RESTI 0
Presrprprenencarpn [ recnencavseveaneay
STATEMKY NONE ! 50
SEATRELTY 4
Chy RESTIY i
i
COUNTYRD NDMNE 1 49
SEATBELTI b
CH, RESTI 0
1
CITY BYR NONE I 75
SEATBELTI i0
tn, REST! 0
b
INTERST NONE i 10
SEATRELTI &
CH, RESTI 0

0

LT L TY LY TR I T T R ST T Sy sy ey

L e L L e N R L L T T L T e

B-24



TABLE B-83 (continued)

---...'.’....---.---..'.‘O.ﬂ..-..‘.‘!.Q.-b..'--.-.-ﬁ.-.

SEVERE LY 3000 1 YEAR STATEHWY NONE 1 12 i0
SEATBELTI 2 3
CHs REBTYI 6 [
1
COUNTYRD NONE 1 16 it
SEATBELTI 2 0
CH, RESTI ] 3
b
CITY 8YR NOMNE 1 10 a
SEATBELTY 2 2
CH, REBTI 4 {
I
INTERST NONE 1 5 2
SEATRELTI H i
CH, REST] 0 0
2 YEARS STATEHWY NONE 1 17 20
SEATBELTY 2 3
CH, RESTI 2 {
1
COUNTYRD NONE I 14 13
BEATBELTI L] 2
CHy RESBTYI -3 @
1 .
CITY STR NONE I 4 9
SEATBELTI i 0
CHy REBTI 0
I
INTERST NONE i 5 |
SEATRELT! 0 1
CH, REST! 0 2
sovenssnvesvanswnnwneccunvonnenonrneny
3 YEARS STATEHWY NOME I 17 18
SEATBELTI Q 0
CHy, RESTIY 0 2
I
COUNTYRD NONE i 19 §4
SEATBELTI 4
CH, RESTI! 0 1
I
CITY STR NONE I i1 12
SEATBELT! e {
CH, RESTI] i 1
1
INTERSY NONE 1 3 ]
SEATBELTI 0 !
CH, REST! 0 e
sumcucnsessvonnrye esvawsrassnsnsrress
& YEARS STATEHMWY NONE 1 13 2
SEATBELTY! 8 4
CHe RESTY 1 1
b4
COUNTYRD NONE I 18 13
SEATBELT! 3 3
CH, RESTI 0 0
1
CITY 8TR NONE I 11 3
SEATBELTY 2 0
CHe RESBTI 0 0
!
INTERBY NONE 1 3 3
SEATBELT! 0 2
CHe REBTYI 0 0
sonsnernmecwenaewan [cevrecnsnnenssscee

B~25



TABLE R-3 (continued)

(AL LT YL DL LT T R L ol o o PP Py

30003599 1 YEAR

2 YEARS

3 YEARS

4 YEAKS

STATEHRY

COUNTYRD

CITY BTR

INTERSY

16
S
2

Y
2
4

[*
Lal? Nl

N Ow

cevnesvesveswvanennunnusresvoaenscreuua

STATEHWY"

COUNTYRD

CITY BYR

INTERSTY

16

[%
- N

O N

ug--.-p----w.--uugI.u.u--ucancuqn----

STATEHNWY

COUNTYRD

ClTY 8STR

INTERST

17
1
2

oW N o~

oo

rresaecssrenescong [cecancenunarRsaSae

STATEHuUY

COUNTYRD

cCITY 8TR

INTERST

EEE Y T LR T LY T T T e

NONE t 10
SEATBELTI 0
CH, RESTI 3
1
NONE ! 10
SEATBELTY 0
CH, REBT! {
1
NONE 1 4
SEATBELTIY )
CH, RESTI 2
1
NONE 1 2
SEATBELTY 0
tH, RESTI 0
NONE ! 16
SEATBELTY 2
CH. REST! 0
1
NONE 1 9
SEATBELYI 0
CH, REBTI 0
1
NONE 1 9
SEATBELYI 1
CH, REBTI {
1
NONE 1 4
SEATBELT! 1
CH, REST! 0
NONE 1 ]
SEATBELTI 1
CH, RESTI 0
1
NONE 1 11
SEATBELTI 0
CH, RESTI 0
1
NONE 1 4
SEATBELTY |
CH, RESBTI 0
1
NONE 1 2
SEATBELY! 0
CH, RESTY 0
NDNE 1 13
SEATBELTY 0
CH, RESYI 0
1
NONE 1 $
BEATBELTY 0
CH, RESTY 0
1
NUNE 1 10
SEATBELTI 0
CH, RESTY 0
t
NONE 1 3
SEATBELYY 0
CH, RESTI 0

RB-26
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TABLE B-3 (concluded)

php.---.--.-‘-----o---u-u-.I--...no------.-.nq

3600 ¢+ 1 YEAR  STATEMWY NOKE 1 12 19
SEATBELYY 2 4
CH, RESTI 4 |

i
COUNTYRD NONE 1 4 16
SEATBELTI | 1
CHy RESYI 2 4

1
CITY STR NONE 1 7 10
SEATBELTY F3 F]
CH, RESTI 4 4

i
INTEKBT NOME 1 2 2
SEATBELTI 1 o
Cn, RESTI 0 2
Preccerransusnreertnseursnorcorarenurny
2 YEAKS STATEHWY NOMNE 1 8 14
SEATRELTYY 1 6
CH, RESTI k1 2

1
COUNTYRD NOUNE 1 B 1
SEATBELTI ! 3
CH, REST! 0 2

1
CITY BTR NUNE 1 ) 9
SEATBELTY ! 0
CH, REST! H 6

1
INTERS8T NONE 1 3 L
SEATBELYI (] 0
CH, RESTI 0 0
p-u-.--------.uon.!---u-----.-----‘.q
3 YEARS STYATEHWY NONE b 13 22
SEATBELYY 1 4
CH, RESY? 2 ()

1
CDUNTYRD NONE 1 14 17
SEATBELTI 1 5
CH, REST} 1 e

1
CITY BTR NOME 1 12 15
SEATBELYY 3 {
CH, REST! 0 e

1
INTEKBT NOUNE 1 .5 0
SEATBELTY 2 !
CH, RESTI 0 0
y-.----.--.--u----Ip.---n‘--nnoanauti
4 YEARS STATEHKY NONE 1 17 35
SEATBELTI 4 2
CH, REST! 0 0

1
COUNTYRD NONE ! 12 14
SEATBELT! 2 3
CH, RESTI! Y !

1
CITY STR NUMNE 1 13 i
SEATBELT! 1 g

tH, RESTI 4

1
INTERST NONE 1 I
SEATBELY] 0 o
CHe RESTI 0 .

Y L el
Pyrpmpeyny PR T L 2l el
LI L T T I Y P Y Y TR L L DL L L bt addind

YTHE TOTAL FREGUENCY 18 9148
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TARLF R-4

FULLY CROSS-CLASSIFIED TABLE OF NEW YORK 1977
RAW DATA FOR KA/BCO INJURY DICHOTOMY

OKVAGE WEIGHT ROCLASSE HWESTRAIM] KAXBCO (I)
[+

" £ R I K BeleD
'.,“’..".‘-“..ﬂ..’!--..-..'-.0‘9'--....Q..ﬂ'..ﬁﬂ'ﬂﬂu.
Y113 ] LY 3000 SYATEMWY NONE 1 a 240
SEATBELYY ) 30
CHe RESY] i 40

i
COUNTYRD NONE S 7 145
SEATRELTY H 25
.CHy RESTY ¢ 18

by
CIYY SYR NDNE i & 134
BEATHELTY 0 9
cHy, REST] 0 16

I
INTERST NONE 3 2 eb
SEATBELTY 0 1
tH, RESY] 0 i
PePsREBRRUBRBROERYe [PRNCERRRrERRAEROCae
30003599 BYATEHWY NONE I 4 a67
SEATHBELT] 0 28
CHy RESTI ¢ .3

I
COUNTYRD KONE b4 b 154
SEATBELT] 0 20
CHe REBT] i 2%

i
CITY 8YR WONE b b 103
SEATBELTYI 0 10
CHe RESBT] i 19

i
INTERSY NONE i 3 2%
SEATBELTY 0 i
CHe REBY] 0 2
-,----.-n-v-n-v-tux-o-n.n-,--n-.----,
3600 ¢ STATEHKY NOKE. 1 7 368
SEATHELT] ¢} 37
CHy RESTI 0 29

i
COUNTYRD NONE 1 a 21e
SEATHELY] 0 25
CH, RESTY 0 19

1
CITY SYR NONnE 1 [ 237
SEATHELTY ¢ 17
CHy HESY] 0 15

1
INTERST NONE I ) X4
SEATBELTI 0 6
CHo NESBT] i 2

rrevsseesRrEHeRers lraRrucutpeReREERGBEY

PoencvevssanprssensuscaupsegloscsnaNesswaecRoany

B-28



TABLE B-4 (continued)

26930 LT 3000 BSTATEHWY NONE 1 2 248
SEATBELT] 0 57
CHe RESTL H 39

i
CUUNTYRD NONE 1 5 157
SEATBELTI i 36
CHy NESTY 0 49

I
C1TY SYR NONE 1 ] 168
SEATBELTY 0 23
CHy REST] e a4

{
INTERST NONE 1 2 %0
SEATHELTI 0 7
LMy RESTI 0 12
q-p---..----uounaqInq--.-wna.--.-t--q
30003599 BYATEMWY NONE 1 2 245
SEATBELT! { a1
CH, REST] 0 34

1
COUNTYRD NONE 1 ¥ 163
SEATHELTY 0 3s
CH, REBT] 2 26

i
CITY STR NONE b4 B | 187
SEATHELYY i 20
CH, REBTI 0 2}

1 .
INTERST NONE 1 .3 49
SEATBELT] 0 S
CHy REST] 1} 8
_--_.--n-.-n--.-uun--x,p--.--gphwnnﬂu---g
J6au0 ¢ STATEHWY NONE b 10 430
SEATBELTY ¢ 58
CH, REST] H 58
b ‘

COUNTYRD NONE I [ 300
SEATBELTI ] 60
CH, REST] e 46

S
CITY 8TR NONE 1 { 238
SEATBELTY ) 4
CHy RESBTI 0 22

i
INTERST NONE 1 i 89
SEAYBELTYY [+} Y4
CHy RESY] ¢ [}

--po---s...-.-ounmIu--u--wyo-m-nﬂ.n.q

LI YT LT T Y T T T TR T VTS e o e e T ™



TABLE B-4 (concluded)

...--....-'.-ﬂ.....ﬂt.'.-.-14‘-’.--‘-ﬂ-.ﬂ...'--

LY 3000  BTATEMWY NONE 1 11 291
SEATBELTY] $ 4
CHy, NEST] 4 35

1
COUNTYRD NONE 1 H 163
SEATBELTI 0 33
CHy KESTI i 20

1
CITY 8TR NONE I L] 198
SEATHELT! 1 26
CHe MNEYT] 0 14

S
INTERST NONE b 2 60
SEATBELTI { 14
CH, HEST] 0 11
3C003596 STAYEHWY NONE ¢ 9 R56
SEATBELY]Y i ERY
CHy, HESTI 0 21

1
COUNTYRD NONE I 4 200
SEATBELTI 0 37
CH, KEST] 0 27

1
ClTy 8YR NONE 1 3 177
SEATBELTY] 0 28
CH, WREST] 0 19

' 1
INTERST NONE 1 4 49
SEATHELT] 0 17
CH, REST] 0 4
----.-----.---u---x.--n-.nnancnunonog
3600 » STATEHWY NONE I 1! 723
SEATBELTY] 2 123
CH, NEST! 2 61

b
COUNTYRD NDNE I 18 482
SEATHELT] 0 a7
CH, RES8T] Y 59

1
CITY STR NONE i 9 417
SEATBELTY] 0 &0
CH, KESTYS ] 26

!
INTERST NONE 1 ] 127
SEATBELT] ¢ 18
CH, RESY] 0 13

THE YOTAL FREQUENCY ]8 %68%



TABLE B-5

FULLY CROSS-CLASSIFIED TABLE OF NEW YORK 1977

DRYAGE

0

wWEIGHT ROCLASE RESTRAIN]
N o ® I

RAW DATA FOR KAB/CO INJURY DICHOTOMY

KABXCO (1)

LA I T Y P PR DR L R L T L L T P L L LR Y Y Ty

iewas

LT 3000 STATEHWY NONE I
SEATBELTY

CH, REST]

be

COUNTYRD NONE 1
SEATHELYY

CHy RESTI

i

CITY STR NONE b
SEAYBELTL

CH, RESTI

I

INTERSY NONE 1
BEAYBELTI

Che HESTI

repesovessunuessen [eansenssprresuonneng

30003999 STATEMWY NONE 1
SEATHELT]
CH, REBYI

i

COUNTYRD NONE 1
SEATBELY]

CHe RESTI

!

CITY 8TR NONE 3
BEATHELT]

CH, RESTY

i

INTEREY NONE I
SEATBELY]

CHe RESTI

pupenenvrsnususien [essuenprovernaresy

STATERWY NONE i
SEAYBELYTY

GHe KESTI

1

CUUNTYRD NONE 1
SEATBELTI

CHs RESTX

1

CITY STR NONE I
SEATBELYY

GHe REST]

3600 «

i

INTERSY NONE 1
SEATHELYI

CHe REBTY

KeAeB Cel
86 192
8 26
4 37
42 it0
4 22
4 14
1 108
0 9
3 13
9 21
0 7
{ Q
1.} 223
i er
4 27
35 125
5 15
g 17
31 77
i 8
4 ié
2 24
¢ L
1 1
7é 303
'3 34
b 26
42 178
i 24
1 18
a2 201
2 15
2 13
& 2¢
i 5
§ 2

ahunu.uwowawﬁkumuux-:--.-npﬁa’uunnuuﬁ'

--.o--un-qup-n-u----wuawwn}.u-.n-q::;;upo-.nu



2bw30

TABLE B-5 (continued)

p-.‘--.----qp.'..u.-.n-.-..l----.-mg---.---g-.

LT 3000 SBTATEMWY NONE I 38 212
SEATBELT] 5 82
CHy KESTI 2 38

1
COUNTYRD NONE 1 38 124
SEATBELTIY 5 32
CH, REST] 9 40

1
CITY 8TR NONE b 30 139
SEATBELTI H 2}
CHy NESTYL 4 20

1
INTERST NONE I 11 a1
BEATHELT] 0 7
CH, REST] 4 8
Teprrosevennuevses [sunsnannennrnornne
30003599 BTATEMWY NONE b 4% aaz2
SEATHELTYS 3 39
CHe REST] -3 b3}

!
COUNTYRD NONE 1 37 129
SEATHELT] ] 32
CHy, REST] 3 25

) : 1
CITY 3TR NONE I 36 124
SEATBELT] b 15
CH, REST] 3 18

]
INTERSY NONE I 7 45
SEATBELTI H 8
CH, RE8Y] 4 8
nereassssunnvsvanes Jesnsnsrprecencuvey
3600 ¢ STATEHWY NONE b 67 373
SEATBELTI 6 52
CH, RES8T} 9 47

i
COUNTYRD NONE i 44 26g
SEATHELTI '$ 63
CHy REBY] 10 38

I
CITY STH NONE b 40 {99
SEATBELT] 3 b T]
CH, REST]} ) 20

I
INTERST NONE H 14 76
SEATHELTY '3 i1
CH, REBYY ) 7

-.----‘..-....--"I-‘.--.-.~---.-.-..

LI L P R Y T P T T P TS T Y P YT Y Py T Y TN

B~32



TABLE B~5 (concluded)

-Q--.----.-..-nn--.nm-wnﬂﬂﬂ1-WD--.ﬂD.Dn-.-¢~-*

3 ¢ LY 3000 STATEMWY NONE 1 84 248
SEATBELTI 3 39
Che RESBT] 3 32
)
CUUNTYRD NONE b 42 123
SEATHELYY 3 30
CHe KEUTY 2 19
1
CITY 8YR NORE 1 44 165
SEATBELY] 10 17
CHe REST] 4] 14
I
INTERSY NONE 1 13 uy
BEATBELY] ! 14
CHy RESTI 0 i1
-qp-nusu-n-n-nu-nmlpnnna-wpuuu--nau.g
30003599 BTATEHWY NOANE 1 48 217
SEATHELTY 3 4y
CHe HESY] ¢ 21
1
COUNTYRD NONE ¢ 36 1648
SEATRELTY ] L}
CHy REST] 0 27
i
CITY 8Tk NONE 1 36 144
SEATHELT) 8 23
CH, RESYI 2 it
1
INTERST NONE 1 8 4s
' SEATBELTY 3 14
CHMg RESYI 0 ]
pqp-umqn-—.u-n-uuuIu--anopp--na------
3600 + STAYEHMY NONE b¢ [:1] 645
SEATHELTY 10 115
CHy REST] 10 53
1
COUNTYRD NONE ! 1] 414
SEATBELYL [ 81
CHe REBT] 5 54
1
CITY STR NONE b .90 396
SEATBELT] ] S6
CHy REBYY 3 23
I
INTERST NONE i 2l 109
SEATBELTY 3 15
CHy HEBT] 2 i
X LR LR T L o T Y ™
THE TOTAL FREQUENCY 18 9684
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TABLF R-6

FULLY CROSS-CLASSIFIED TABLE OF NEW YORK 1977
RAW DATA FOR KABC/0 INJURY DICHOTOMY

DRVAGE WEIGMY ADCLASS NESTRAINI  KABCXD (1)
o

" c N I K*A+BaC O
P-.-.--..'....'.-----..----.'-ﬁ_...ﬂ..‘.----..-..-.-...
{6wes LY 3000 STATEAWY NONE i 79 169
SEATBELT]) 9 2e
CHy RESTI 5 36
b
COUNTYRD NONE 1 74 81
BEATHELT] § 21
CHy HWESTI 5 13
I
ClTY 83Tk NDNE 1 58 81
SEAYBELYI i 8
CHe RESTI 4 ie
x .
INTERST NONE 1 13 17
SEATHELT] 1 (]
CHy REBT] 1 0
-n,-.------.----.-1----.------:.-.--;
30003599 STATEHWY NONE 1 " 194
SEATBELY! 4 24
CH, RESTI 7 24
I
COUNTYRD NONE 1 51 106
SEAYHELT] 5 15
CH, RESTI 10 16
b/
CITY STR NONE 1 37 71
SEATBELYL 3 7
CH, KESTY] 5 15§
1
INTERST nNONE b 1 2%
SEATYBELTYI 0 i
CH, RESY] 1 H
'.q-.l.‘-h--..-.n'I.--.-‘---gﬂﬂ--...q
3600 » STATEHWY NONE 1 99 276
SEATHELT! s 32
CH, RESTI [ 23
I
CUOUNTYRD NONE I 72 148
SEATBELTI b 20
‘ CH, RESY] 7 12
' 1
i CITY SYR NONE 1 72 i
SEATBELT] 8 9
CHo KEST] ] i1
1
INTERST NONE 1 8 27
SEAYBELTI { 5
CHe REST] 1 2

l'g--------t.--..-l----o-.-.---a.--.‘;

AL T Y Y S Y P Y L L T )



TABLE p.g (continued)

-..o..n—-u---.-wn.-.apua-anIuvnbpunwpo.»nm----

SYATERMWY NONE H

26930 LY 3000

3600 ¢

CUUNTYRD

CITY 87R

INTERST

SEATBELTY
CHe REYTY

{
NUKE 1
SEAYBELTI
CHe KESTI

i
NONE I
SEATHELTY
CHy RESTI

bt
NONE b
SEAVAELT]
CHy REST]

12
b
6

63
7
ie

5%
8
[

i8
4
4

176
50
34

99
30
37

114
is
18

37
3
[

-n-.-n-au-am-nnanwInmmnwmmnumn-manuu.

30003599 STATEMWY NONE ¢

GEATBELTI
CHy KEBTY
!

CUUNTYRD NUNE i

SEATBELTY
CH, REaTY

i
CITY 3TR NOKE b

INTERSY

CSEATBELYY

CH, NESTI

I
NONE 1
SEATBELT]
CH, REBYY

X

i
1
i

180
37
27

11
30
24

S8
15
17

40
8
7

RepassrspunbevasenlananceRssRasRNBLEd

SYATEMWY NONE I

SEAYBELTY
CHy HESTY

1
COUNTYRD NONE 1

SEATHELTY
CHy REST]

I
CIYY BTR NONE I

INTERST

SEATBELT]
CHy REETYI

b
NONE 1
SEATBELY]
CHe RESTY

106

9
i3

T?
10
18

74
7
3

26
4
i

334
49
i3

ee9
58
33

168
34
19

64
10
1

—ugu-n-o--aaﬂuwnewina-uumne-anmn--uuu

LEL LR XYY E R L YRS T Y R P e )
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TABLE B-6 (concluded)

FrusessvorqPLancsacnsrseten [vevnasyraenenneong

3y ¢ LY 3000

3600 ¢

BTATEHWY NONE b
SEATBELT!

CH, RESYI

1

COUNTYRD NONE 1
SEATBELTI

"CHy RESTL

I

CITY 8TR NONE I
SEATBELT]

CH, HRESTI

)

INTERSY NDNE 1
SEATBELY]

CHy, REST]

86
5
]

63
7
6

72
12
3

el
6
!

216
1

30

100

26
15

134

15
11

4y
9
10

-'D----.'.-.Cﬂ---lx.--ﬂ---F-....P----

30003599 STATEHWY NONE b

SEATHELT]

CH, KEST]

1

COUNTYRD NONE I
SEATHELTI

CH, RESYI

bt

CITY 8TK NONE 1
SEATBELY]

CHe MEST]

!

INTERST NONE 1
SEATHELT]

CHe REST]

73
6

10
Y
{

192

4o
19

143

29
26

117

24
16

43
14
3

.------—.--—------x-.-------------.-q

STATEHRY NONE I
SEATBELT]

CH, RESTY

1

COUNTYYRD NONE 1
SEATBELT]

CHy REST]

1

CITY 8TH NONE 1
SEATHELT]
CHy HEST]

1
NONE 1
SEAYBELT]
CHy KEST]

INTERST

156
15
it

126
8
12

163
14
4
qe

a
5

518
110

52

371

79
47

323

46
22

90
14
10

[ L XL AL I L LR A S AN N R R R AL L PN YA 2 P L Al )

THE TOTAL FREQUENCY IS

9688
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TARLE B~7

FULLY CROSS-CLASSIFIED TABLE OF NEW JERSEY 1975
RAW DATA FNR KAB/CO INJURY DICHOTOMY

ONVAGE  RUNUKB  RDCLASS 8EATPOS RESTRAINI
0 P c ) R 1

KABXCO (1)

PN O AN NS R RN SO R R NSRRI R AN RNERNRDNNEDRNRNNRNRTENET IR RSB DRG0y

{525 LY 25K STATERWY FRONY NONE 1
SEATBELTY

CH, REBTY

1

BACK NONE I

SEATBELTY

CH, RESTY

LR LT P D L L TS T L P Y T Y 2

COUNTYRD FRONT NONE 1
SEATBELTI

CHy RESTI

1

BACK NDNE 1
SEATHELTY

CHy REST!

Reasesrensnspracsglenneerrssaneeseonn

CITY STR FRONT NONE b4
SEATBELTI

CH, REST!

1

BACK NONE i
SEATBELTY

CH, RESTI

Sreswssvusnannmarny lessrnsensnunevsanny

Qhu---.---unoouuuunnqo--u-.!...-n-.—..-.--..qg

25K # STATEHWY FRONTY NOKE 1
SEATBELTY

CH, RESTI

1

HACK NONE 1

BEATBELY?Y

CHe RESTS

L P L L L T S P P P L LY ¥

COUNTYRD FRONT ROMNE 1
SEATBELYY
tH, REST!

1

BACK NONE 1
SEATBELTE

CH, RESTY

LI L LI L D DL T T T e T T T Y )

CITY STR FRONT NONE I
SEATBELTY

CH, REBTI

H

BACK NONE 1
SEATBELTY

CHy RESTY

KeheB Cel
e9 164
0 26
2 14
18 146
4 20
4 e2
32 163
0 19
& 22
i8 107
0 9
3 14
26 89
2 (]
0 7
0 40
0 11
} 10
18 87
4 26
H 4
g 80
) 13
0 12
ar 115
& 29
2 14
i6 9%
0 10
H} [
20 185
R 28
i 13
9 89
i ¥
1 b

vensansnesswseapupronenesnsacansnnoey

-'p-.-.-..u-----..n--mn-‘uuIp---.-nup----mw.-'

[T I T T Y A L D L L L L Y L I Y AT P D L P Y Y Y P 2y Y
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TABLE B-7 (continued)

.-....-ODOQﬂu.ﬁw-u.---..---.---u.ﬂ-mI-nd.-woou--u-.-‘-.

20°30 LY 285k STATEWWY FRONY NONE ! 26 187
SEATBELT! 2 37
CHy RESTI 3 15

1
HACK NONE 1 11 149
SEATBELYX 0 X3
CH, RESTY 3 25
rerscnmeswuniendus fensrncuennrcomanuy
CUUNTYRD FRONT NONE 1 24 152
SEATRELTI i 51
CH, RESTI H 19

I
BACK NONE 1 23 14%
SEATBELTIL i 40
CH, RE311 3 10
P Ny I L L L LT B L Y Y T T L Oy Py e Y
CITY STR FRONY NONE 1 i6 3]
BEATBELTI 0 ié
CHy RESTI 0 24

1
BACK NOME I 5 51
SEATBELTI 0 i1
CHe RESBTI Q 19
LT TUY T LY T T LT R T T TP R e T
Qﬁpt.u--o.utnbo-'vtun-ﬂnq-qIw-.n..-.quonctu-'.
28K ¢ STATEMWY FRONY NOKE I i1 ae
BEATBELTI 4 27
CH, REST! 8 15

i
BACK NONE 1 18 a2
SEATBELTY 0 0
CHe REBTY i i7
LY L P LYY L R T T T P Y T
COUNTYRD FRONT RONE 1 12 126
SEATRELTI i 27
CHe REST% 2 i5
BACK NONE 1 14 10%
SEATBELYTI 0 25
CH, REBTY 4 22
LT T Y LY TP R LS T T T ey Wy Y LT ]
CITY STR FRONTY NONE i 25 96
SEATBELTY 2 ie
CHy RESTI 9 7

b
BACK NONE I 1Q 106
BEATRELTI { i3
CHy RESTY 2 4

enu...h-nn.-.-mu&-!n.o--..enu.---nwh-
'.-uu..-.-...tnnnnaouuﬂ.9°~10000-u~«u-9nn.u-.q

D 0 T P 5 P A S I WG s e 4 T I T en s 40 D e N e I D B e W O D B
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TABLE B-7 (Eonc1uded)

I-----u-.nnp---.-.--.-.-.-.--.----QuI.-------qnnupﬁnqu

51 ¢ LY 25K  STATEHWY FRONT NONE 1
SEATBELTI

CW, RESTI

1

BACK NONE 1

SEATBELYY

CH, RESTY

P T T T T L L S A T Y T LY T Py

COUNTYRD FRUNT NONE 1
SEATBELTI

CH, RESTI

1

BACK NONE 1
SEATBELTY

CHy RESBTY

D N Y LT TR T Y LY P Y Ty T

CITY 8Tk FRONY NONE I
SEATBELTYT

CH, REBTYI

1

BACK NONE b
SEATBELT!

CH, RESBTI

...--,D.-.-.I.d’-pI-.‘...--,D-‘..--'.

T T T T P Y T T L TR T T T P Y T Y T

25K ¢ STATEKWY FRONT NONE 1
SEATBELT!

CH, RESTI

1

BACK NONE I

SEATBELTI

CH, RESTI

PEY I T T LY T T Y TU) TR T Yy R Ty

COUNTYRD FRONY NONE 1
SEATBELTYI

CH, REBTI

i

BACK NONE I
SEATBELT!

CHy RESBTI

p---vuu---w-u.oﬁ.n1-.-&----;..--&.-&.

CITY STR FRONTY NONE 1
SEATBELTI

CH, REETI

I

BACK NONE 1
SEATRELTI

CH, RESBTY

24 167
p 38
2 15

24 221
4 4t
5 29

29 206
. 50
2 2%

29 198
0 35
4 22

17 88
2 26
! 24
7 104
0 19
0 13

1y 111
0 25
0 9
y 162
0 28
2 13

30 100
4 38
8 20
8 161
0 34
2 16

28 152
3 18
2 15

16 148
0 18
) 8

XX T Y YT T L A L R L A R P Y R R R T L L AL LA A P L g X

THE TOTAL FREBGUENCY 18 6718
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DRVAGE
D

1525

TABLE R-8

FULLY CROSS-CLASSIFIED TABLE OF NEW JERSEY 1975
RAW DATA FOR KABC/0 INJURY DICHOTOMY

KUKURB

P
LY 25k

25K ¢

RDCLASS SEATPDS RESTRAINI KABCXD (I)
c 8 R ! KeAsBeC O

I LI LT P T Y Y T L T T T Ty e L L T P R T o ey ey
STATEHWY FRONTY NONE I 72 118
SEATBELTY 4 ee
CH, REBTI 6 10

1
BACK NONE 1 43 1273
SEAYRELTZ 5 19
CH, REBTI 7 19
Povanvrccsvennenny [ ruseecevevonasavee
CUUNTYRD FRONT NUNE 1 T4 121
SEATBELT? 1 18
CH, RESTY 14 17
b .
BACK NONE 1 44 84
BEATRELTY i &
CH, RESTI] 7 10
L LYY L L P R T L L Y T Y T
CITY 8TR FRONTY NDME 1 49 b6
SEATBELT! 3 ’
CH, RESY! 2 5

I
BACK NONE 1 ] 35
SEAYBELTI 2 9
CH, RESTI. 2 - 4
LI LUl LI I T T T AL P L T Y L L 2y
[T e T L T P LS L L L L P R L Y T T
BTYATERWY FRONT NONE 1 48 57
SEATBELTY i1 19
CH, RESTYI 2 6

i
BACK NONE I 26 59
SEATBELTI 4 i2
Ch, RESTI! 2 10
LT T LT R S L L T Y LY Y
COUNTYRD FRONT NONE 1 b8 T4
SEATBELT! ? 24
CH, RESTI 4 ie

I
BACK NONE b 42 73
SEATBELTI 3 Y
CH, REST! 2 3
pesonpusnsncnseeny  verseessanacesssnne
CITY STYR FRONT NONE I 84 99
SEATBELTY ¥ 2y
CH. RESTY 4 10

1
BACK NONE 1 28 70
SEATHELTY 2 6
CH, RESBTI 1 7

FTZTII LTI IR PR T LY LY P TY ]

FCnpp--u..-ouunﬂhitmoa.n-"lnﬂwpolnpnanﬁoﬁtﬂﬁ.

RB=40

L e N L e e e e N L T T I Y T )



TABLE B-8 (continued)

--....t---.!..---‘--.-.DO--.-.---.QQI-hwﬂ..ﬂ.b'..-b‘-.'

2630 LY 25K STATEHWY FRONT

BACK

COUNTYRD FRONT

BACK

CITY 3TR FRONT

BACK

CLE LT PR Y Y L A Y P L S L LR L P LAY 2 L 2 1)

25K ¢ BTATERWY FRONT

BACK

COUNTYRD FRONT

BACK

CITY STR FRONTY

BACK

NUNE b 60 12%
SEATBELT! 3 36
CH, REST] i1 27
1
NONE 1 57 123
SEATBELTY - 7 26
CHy RESTI 11 17
L e I L T AT Y L e P Y T )
NONE b 60 116
SEATBELTIY [} 46
CH, RESTI 1 13
1
NONE 1 48 118
SEATRELT! 5 36
CH, RESTI 5 8
pomsaennnsensmevrpsosensvnoneconenny
NONE 1 29 52
SEATBELTS 0 16
CH, REST!? 2 22
b
NONE 1 1d 42
SEATBELTY 0 11
CH, REBTY 3 16
LT L L I T L PR L T T Y T Y Ty
NONE 1 46 54
BEATRELTI 13 18
CH, RESBTY 9 i1
1
NONE 1 29 71
SEATBELTI 4 18
CH, REBTI i 17
NONE 1 61 77
SEATBELTI § a3
CH, RESTI 3 14
!
NONE 1 39 78
SEATBELT! H 24
CH, REST] S 17
mussesBuvermancreny ssnnseaserenurtesnn
NONE 1 70 51
SEATBELTY 5 13
CM, RESTY] 4 5
1
NONE 1 3 8BS
SEATBELTY é t2
Ch, RESTY 3 4

--.-.u--n-un.--.-.!u--u---v-b.m-...-q

-..-.n.u-h-u---.--;.n.u.‘-.Iu-w.--h-----.-..-u

L T T T L T T L P Y S E L T T T R T T Y
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TABLE B-8 (concluded)

-.-..-.-'..-‘...-.-‘----.--.ﬂ----ﬁ-'x---..e-.u----h..-‘

31 . LY a5« STATEHWY FRUNTY NOUNE ! &7 124
SEATBELYY 9 33
CH, HESBTI 3 14

I
BACK NONE 1 52 190
- SEATBELTI 10 35
CH, RESTI i1 ey
P T T L T R LT T T Y Py T
COUNTYRD FRONY NONE 1 70 165
SEATBELTI 3 48
CH, REST!} 4 3

1
BACK NONE 1 60 167
SEATBELTT 0 3%
CH, REHTI [} 20
YL T T LY T T T T DR L T T T T ey g P e
CITY 3TR FRONTY NONE 1 38 67
SEATRELTY 4 24
CHy, RESTI q 24

1
BACK NONE I ee 89
SEATBELYY 3 i2
CH, RESTI 3 10
LTI T LT L R T e T T
U,Q-.-----.-.-.-nnhanutnoaoyxﬁﬁ--.-Du.---.‘p.-'
29K ¢ STATEnWY FRONTY NONE I 48 80
BEATRELTY 6 19
CH, REBTI i 8

I
BACK NONE 1 43 128
SEATBELTIY 4 24
CH, RESYIY d 13
P I TPR T DY T T TR T e e T T T
COUNTYRD FRONT NONE 1 69 101
SEATBELTI 12 27
CH, RESBTY 10 12

I
BACK NONE b 36 133
BEATBELYTI ] £8
CH, RESTI 5 13
L e L L Y L T T P
CITY 8TR FRONT NONE 1 B8 92
SEATBELT? 9 i2
CHy RESTI [ it

1
BACK NONE i 43 121
BEATBELYY £ 16
CHy RESTY 4 g

THE TOYTAL FREQUENCY 18 h718



TABLF R-9

FULLY CROSS-CLASSIFIED TABLE OF IDAHO 1976-1978
RAW DATA FOR KABC/O INJURY DICHOTOMY

DAMAGE OCCAGE DRVAGE HESTRAINI KARCXD (1)
X v D K 1 K+heBeC O

----ﬁ.-.--‘..-.......‘.-.--’-.“-....n-.-mﬂ---.ﬂﬂ.--ﬁ-.’
LT 350C 3 YEANW 16#25 NDNE 1 39 220
SEATHELT] 1 33
CHe REST] 5 20

i
26#30 NONE 1 i1 133
SEATHELY] 2 36
CHy NREST] i 23

i
31« NONE 1 8 12§
SEATOELTY i 9
CHe REST] ¢ ]
-F--....-..---“-.’11.."3‘.'”---~-D..-'
2 YEARS towg§ NONE S 26 2ol
SEATHELTY | 19
CHy REST] ¢ b

i
26030 NONE 1 15 1614
SEATBELTY 2 2a
CHe KESTY 0 8

1
Il e NONE b 13 119
SEATBELTI ¢ 21
CH, RESTI 0 a
-up—-----f-un-----lpu--.-n-----.--n-'
3 YEARS 16»25 NONE 1 a8 150
SEATBELT] ¢ 5
CHy, RESTI ¢ [

i
26+30 NONE I 19 138
SEATBELT] 0 14
CHy REST] ¢ i

1
31+ NONE 1 16 140
BEATBELY! ¢ 21
CHy KESY] ¢ 0
coprmsscunnevewran s osRerIENeese RO
4 YEARS longs NONE 1 25 94
SEATBELTY ¢ 10
CHe RESTI] c 2

I
26930 NONE 1 i8 iu8
SEATBELT] ¢ 15
CH, RESTI 0 {

i
34 ¢ NONE 1 16 176
SEATHELT] 2 11
CHy REBTI ¢ :

mapressnavencowewe [cunnwsRusevweeiocee

LYy Y Y Y T R T Y P T B P L R T L L L Ty
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TABLE B«9 (concluded)

-....Q..-QQ-....‘--Q.--..'.Xvn-l-....-.----.-.'

850) e 1 YEAR 16025 NONE S 51 102
SEATHELTL 6 9
CHy REST] ‘5 9

1
26n30 NONE i 23 58
SEATBELT] 3 (]
CHy REST] 2 L}

1
31 ¢ NONE 1 14 X9
SEATBELTY] 2 10
CHe RESYI ] [}
suprasnavegsenessvy [essnasnepgnensenany
2 YEARS 16w25§ NONE 1 36 86
BEATBELTI 2 8
CHe REST] 1 1

b
- 26w30 NONE b¢ I3 58
SEATBELT! ? (]
CH, REBT] 2 ")

i
31 o NONE 1 17 42
SEATBELTY H b
CHy RESTI q 1
3 YEARS 16w2§ NONE 1 e9 43
‘ SEATBELT] 1 ®
CH, RESTI 0 1

1
26e30 NONE I a7 53
SEATBELT] 2 3
CHy, REST] ¢ 1

I
3} e NONE i 24 58
SEATBELT] 2 6
CMy REST] { 1
4 YEARS {6m25% NONE b 21 42
SEATBELT] Q 3
CH, RESTI 0 0

x .

26030 NONE 1 LN a4
SEATBELT] 2 3
GHs RESTI Q 0

bs
31 - NCNE I a2 5%
SEATEELT] 2 6
GH. NEST] 0 i

THE TOTAL FREGUENCY IS 2809
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APPENDIX C

SUMMARY OF THE MARGINAL ASSOCTIATION
OF MODEL EFFECTS




TABLE C-1

SUMMARY OF TESTS NF MARGINAL ASSOCIATIONS OF MODEL EFFFCTS

FOR THREE INJURY DICHOTOMIES
NEW YORK 1974 SAMPLE

KA vs. BCO KAB vs. CO KABC vs. 0
Effect

iR X2 | df Prob. | LRx? | df Prob. | LR X% | df Prob.
Injury x Restra1ﬁt 9.58 2 0.0083 35,32 2 0.0000 59.65 2 0.0000
Injury x Rd. Class 5,16 3 0.1602 22.22% 3 0.0001 79.91 3 0.0000
Injury x Child Age - - - 12.69* 3 0.0054 38.12* 3 0.0000
Injury x Weight - - - 37.95% 2 0.0000 39.16* 2 0.0000
Injury x Damage 65.49* 2 0.0000 259,52 2 0.0000 278.30 2 0.0000
Restraint x Rd. Class 49.75 6 0.0000 49.75* 6 0.0000 47.70% 6 0.0000
Restraint x Child Age 570. 39* 6 0.0000 570.39* 6 0.0000 574.69* 6 0.0000
Restraint x Weight 13.55% 4 0.0089 13,55* 4 0.0089 14.49* 4 0.0059
Restraint x Damage -~ - -- 3.27 4 0.5131 3.27 4 0.5141
Rd. Class x Child Age -~ - - -- - - 9.76% 9 0.3701
Rd. Class x Weight 7.26 6 0.2979 7.26 6 0.2979 7.16 6 0.3060
Rd. Class x Damage 54,48 6 0.0000 54.48 6 0.0000 54.98 6 0.0000
Chi1d Age x Weight 21.64* 6 0.0014 21.64* 6 0.0014 22.54* 0.0010
Weight x Damage 57.96 4 0.0000 57.96 4 0.0000 62.70 4 0.0000

Injury x Restraint x Rd. Class 17.25* 6 0.0084 - - - - - --
Injury x Restraint x Damage -- - - 13.85*% 4 0.0078 10.51%* 4 0.0327
Injury x Rd. Class x Damage -- - - -— - - 15.49% 6 0.0168
Rd. Class x Weight x Damage 21.21* 12 0.0474 21.21* 12 0.0474 22.65* 12 | -.0309
SUMMARY OF MODEL 641.42 787 1.0000 780.99 780 0.4833 734.55 765 0.7799

*
Effect is directly specified in model. A1l others are forced into the model by hierarchical inclusion.
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TABLE C-2
SUMMARY OF TESTS OF MARGINAL ASSOCIATIONS OF MODEL EFFECTS

FOR THREE INJURY DICHOTOMIES

NEW YORK 1977 SAMPLE

KA vs. BCO KAB vs. CO KABC vs., 0
Effect 2 2 2

LR x df Prob, LR x df Prob. LR X df Prob.
Injury x Restraint 15.76* 2 0.0004 57.89 2 0.0000 91.20 2 0.0000
Injury x Rd. Class -= - -~ 16.64 3 0.0008 55.05 3 ¢.0000
Injury x Weight 6.83* 2 0.0329 21.62 2 0.0000 33.78* 2 0.0000
Injury x Or. Age 9.85*‘ 2 0.0073 19.04* 2 0.0001 16. 32% 2 0.0003
Restraint x Rd. Class 39.43* 6 0.0000 39.43 6 0.0000 39.43 6 0.0000
Restraint x Weight 28.15* 4 0.0000 28.15 4 0.0000 28.15% 4 0.0000
Restraint x Dr. Age 65.56* 4 0.0000 65.56% 4 0.0000 65.56* 4 0.0000
Rd. Class x Weight 7.83 6 0.2508 7.83 6 0.2508 7.83 6 0.2508
Rd. Class x Dr. Age 45.17 6 0.0000 45.17 6 0.0000 45.17 6 0.0000
Veh. Wt. x Or. Age 143.29 4 0.0000 | 143.29 4 0.0000 } 143.29 4 0.0000
Injury x Restraint x Rd. Class -- - - 4.21 6 | 0.6477 | 14.44*] 6 | 0.0257

rlndury x Restraint x Weight - - -- 4.45 4 0.3484 -- - -

Injury x Rd. Class x Weight - - -- 8.14 6 0.2278 .- - -

Restraint x Rd. Class x Weight -- - -- 10.61 12 0.5623 - - --
Rd. Class x Weight x Dr. Age 23.51* [ 12 0.0237 23.51* | 12 0.0237 23.51* 1 12 0.0237

Injury x Restraint x Rd. Class x Weight | -- - -- 20.32% | 12 | 0.0613 -- - --
SUMMARY OF MODEL 151.73 157 0.6039 | 129.51 {114 0.1519 | 149.46 |148 0.4509

*Effect is specified directly in the model. A1l others are

]

forced into the model by

hierarchical inclusion.




TABLE C-3

SUMMARY OF MARGINAL ASSOCIATINNS OF MODEL EFFECTS
FOR NEW JERSEY 1975 SAMPLE

INJURY DICHOTOMY
Effect KAB vs. CO KABC vs. O

R X2 | ar Prob. | LRx° | df Prob.
Injury x Restraint 54.68 2 0.0000 106.89 2 | 0.0000
Injury x Seat Position 28.21 1 0.0000 100.18 1 0.0000
Injury x Rd. Class 1.70 2 0.4283 7.99 2 0.0185
Injury x City Size 0.00 1 0.9734 40.67 1 0.0000
Injury x Dr. Age 9.22 2 0.0099 22,43 2 0.0000
Restraint x Seat Position ) 7.83 2 0.0199 7.83 2 0.0199
Restraint x Rd. Class 12.18 4 0.0160 12.18 4 0.0160
Restraint x City Size 10.97 2 0.0042 10.97 2 0.0042
Restraint x Dr. Age 32.98 4 0.0000 32.98 4 0.0000
Seat Position x Rd. Class 37.50 2 0.0000 27.50 2 0.0000
Seat Position x City Size 0.0} 1 0.9032 0.0 1 0.9032
Seat Position x Dr. Age 48.33 2 0.0000 48.33 2 (.0000

| Rd. Class x City Size 195.25 2 0.0000 195.25 2 0.0000
Rd. Class x Dr. Age 9,33 4 0.0535 9.33 4 0.0535
City Size x Dr. Age 2.50 2 0.2872 2.50 2 0.2872
Injury x Restraint x Seat Pos. 11.14% 2 0.0038 13.63 2 0.0011
Injury x Restraint x Rd. Class 15.90* 4 0.0032 16.23* 4 0.0027
Injury x Restraint x City Size - - - 6.68 2 (0.0354
Injury x Seat Pos. x Rd. Class . B.65 2 | 0.0133 12.72% 2 0.0017
Injury x Seat Pos. x City Size 2.13 1 0.1443 14.54 1 0.0007
Injury x Seat Pos. x Dr. Age 2.66 2 0.2646 -- - -
Injury x Rd, Class x City Size 0.83 2 0.6619 - - -
Injury x Rd. Class x Dr. Age 3.47 4 0.4825 .- - -

1 Injury x City Size x Dr. Age 2.85 2 0.2407 - - -
Restraint x Seat Pos. x City Size 1.63 2 0.4418 1.62 2 0.4418
Restraint x Seat Pos. x Dr. Age 4.86 4 0.3022 4.86 4 0.3022
Restraint x Rd. Class x City Size 30.44 4 0.0000 30.44 4 0.0000




TABLE C-3 (continued)

INJURY DICHOTOMY

Effect KAB vs. CO KABC vs. 0
2 2
LR X df Prob. LR x df Prob.
Restraint x Rd. Class x Dr, Age 14,53 8 0.0639 14,53 8 0.0689
Restraint x City Size x Dr. Age 10.13 4 0.0383 10.13 0.0383
Seat Pos. x Rd. Class x City Size 0.50 2 0.7781 -- - -
Seat Pos. x Rd. Class x Dr. Age 12,97 4 0.0114 12.97* 4 0.0114
Seat Pos. x City Size x Dr. Age 2.20 2 0.3326 2.20 2 0.3326
Rd. Class x City Size x Dr. Age 5.93 4 0.2044 5.93 4 0.2044
Injury x Restraint x Seat Pos. -- - - 6.17* | 2 | 0.0457
x City Size :
Injury x Seat Pos. x Rd. Class 11.28 2 0.0035 - - --
x City Size
Injury x Seat Pos. x Rd. Class 2.41 4 0.6616 -~ - -
x Or, Age
Injury x Seat Pos. x City Size 6.22 2 0.0445 -- - -
x Dr. Age
Injury x Rd. Class x City Size 10.68 4 0.0304 .- - --
x Dr. Age
Restraint x Seat Pos. x City Size 13.04* 4 0.0111 13.04* 4 0.0
x Dr. Age
Restraint x Rd. Class x City Size 21.27% 8 0.0065 21.27* 8 0.0065
x Dr. Age .
Seat Pos. x Rd. Class x City Size 2.09 4 0.7189 - - -
x Or. Age
Injury x Seat Pos. x Rd. Class 12.01* 4 0.0172 .- - -
x City Size x Dr. Age
88 116
SUMMARY QF MODEL 99,95 of (0.1808 121.36 of 0.3482
215 215

“Effect is specified directly in the model.

hierarchical inclusion.

CI}
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A1l others are forced into the model by




TABLE C-4

SUMMARY OF MARGINAL ASSOCIATIONS OF MODEL FFFECTS FOR
KABC/0 INJURY NICHOTOMY

IDAHO 1976-1278 SAMPLE

KABC vs. 0
Effect 2

LR X df Prob.

Injury x Restraint 12.63* 2 0.0018
Injury x Dr. Age 13.80 | 2 | o.0010
Injury x Damage 219.76* 1 0.0000
Restraint x Dr. Age 15.27 4 0.0042
Restraint x Child Age 111.15* 6 0.0000
Restraint x Damage Age 3.20. 2 0.2019
Dr. Age x Child Age 128.37* 6 0.0000
Dr. Age x Damage 1.22 2 0.5446
Restraint x Dr. Age x Damage 14.82* 4 0.0051
SUMMARY OF MODEL 110.13 1.05 | 0.3468

*Effect is specified directly in the model. A1} others are
forced into the model by hierarchical inclusion.
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APPENDIX D

SUMMARY OF EFFECTIVENESS RESULTS FOR
OBSERVED, UNADJUSTED STATE MASS ACCIDENT DATA




TABLE D-1

SUMMARY OF CHILD RESTRAINT EFFECTIVENESS STUDY USING
NEW YORK 1974 DATA (OBSERVED, NOT ADJUSTED)

Total Cases = 9103

I NJURY DISTRIRUTIONS
L I I . . T T R I e . . T T I A

|
|
| | RESTRAINED CHILDREN 1
| UNRESTRAINED | = # m o0 ® = 8 & & © W 0 w B oG kNN e e e e e s |
'
i

CHILDREN | LHILD RESTRAINT | SEATBELTY I EYTHER DEVICE | ALL CHILDREWN
INJURY L I A L Y I I R I I A K I I I B Y O I R A I I T R R
CATEGURIES ] | E 2 L] t L | N [ X 1 N i X | L3 I X

LT LY PP P P T T Y T Y Y LR L P L R P Y T Y LT P L D T P Y R P T P T A Y X

LI T e Y A T L L e e A e e T L R P Y Y R Y T LT L L

KA ) 2eT 1 2,5 | 17 1 Gee | 20 1 0.2 | 37 ) O.8 | T 2ku ) 2,9
beC*0 i 6979 | TbeT | 680 1 7.5 | 1180 | 13,0 1 1860 | 20,4 ¢ RB39 | 97,1
heAey ) 1387 1 15,2 | 103 1 {8 155 1.7 258 | 2.8 | 1645 | 1841
Cev I 5819 4 63,9 | 584 1 6.5 | 1049 1 13,5 | 1639 1 18,0 i T4S8 ) R1,.9

» v e e -#- LR A N N I A I I T O T T R R I I G I R B
LA AR 4" { 2edl 2444 | 142 1 f.6 ) 280 1 3.1 q2g 1 4,6 | 2683 1 P?6,0

¢ | 5008 | S4.b | 559 | 641 25 | 1041 1484 | 16,2 | €492 1 T1.0
KeAspe(el | 706 | 79,2 | 63T 1 TeT | 1200 1 13,2 1 1697 1 20,8 | 91C3  1100,C

I W3 LRY AT ES (P ERCENT)
L I I I I R A I L R I I R I . I I R I I )

|

]

| | RESTHAINED CHILDREN |

INJURY | UNKESTHAINED | & o o w o & wn ¢ w p w o 0 = 0 6 8 & 0 » » & »« « o » |
CATEGURIED | CHILDREN | CHILD RESTRAINT | SEATBELY I EITHER DEVICE ALL CHILDREM

AL LA DL TR LD YR I A XA IR P YL L Ll T I X A LT AT LA R LYY TR YT Y Y Y Y L YL PR Y Y R Y Y L)

LI LY L T T L R Y Y T R R L L R D T R e L L T L P R L P L R L Y R R Y R )

K+A i 3448 i 2o ld | 1467 | 1.9% | 2.9C

I I . T T T R T T R I T L T T T R T R e S .
ReAel [ 14,2% | 14,78 | 12,92 | 13,60 ¢ 18,07

L T R R S T I . I T O R T R R S TR T T TR SRS ST T T T T S}
KeAspel I 300062 I 20,2¢ I 23484 { 22t { 29,01

I SUMMARY UF EFFECTIVENESS VALUES (PERCENTY)

] v 8 & ® @ % B R oE e R R W e R B P e N e R e s s o=
! ! | 95% CONFIDENCE INTERVAL

INJURY HESTRAINT | EFFECYIVENESS | SYANDARD | v @ » = » @ = w » = = =

CATEWOKIES | USAGE | } DEVIATION | FROM 1 70

X R I P D T L P R R L L L T o L e R L e Y L L L L T )

|
|
[
|

L N A Y T T T L L L o R A A N e L T T Y TR L P R T L

i CrILD RESTRAINY | 2,23 1 19041 | wG.61 1 ba,n7
K a | SEATBELT ! 46,86 | 12,36 | 26,60 i 67t
| EITHER DEVICE t 37.81 ) 11,00 1 19,77 t 554P¢
® S B A e R e owW e e B B DD ® N e S D M D E B oW e ® HoS @ P WE ® B N L NN U @ e W
I CHILD RESTRAINT | 23,186 o T.2% | 11,32 i 35,04
Kehed | SEAYBELT | 32,85 | 5¢29 | 24,17 1 43,53
| EIThER UEVICE | 29,30 | Godu | 22,02 ! 36,58
LI B R I SR I I R S T I I I O L I Y L R I I B A R L I
| CHILD RESYRAINT | 34,29 { 500 | 25,95 1 42455
KehoB2C | SEATBELTY | 4,58 t 4al? 17,75 t 31,42
) EITHER DEVICE [ 28,14 I 3,34 | 22 .66 | 33001

*

Row totals for the K+A+B+C vs O injury categories do not equal the row totals for K+A+B+C+Q, d i i
of 43 cases classified as "injured - extent unknown." 0 due to the inclusion
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TABLE D-2

SUMMARY OF CHILD RESTRAINT EFFECTIVENESS STUDY USING
NEW YORK 1977 DATA (OBSERVED, NOT ADJUSTED)

Total Cases = 9685

I NJUKY DISTRIBUTIONSE
T T T T e T R

|
|
| i RESTRAINED CHILDREN )
} UNRESTRAINED | m » & o o & « » o » o % 8 0 ©w ©« & © o o = = o & = = |
|
|

CHILUREN | CHILD RESTYRAINT | SEATHELT | EITHER DEVICE | ALL CHILOREN
INJURY L I I R L L I I R R I I L R I
CATEGURIES N ! X N ! L S N t [ | N | % N 1 %

Y Ly Y Y Y P Y Y TR T Y L T L T L P Y T Y T A R L P Y e P PP R P e L Y T )

D T e T e T T o N T T P R L T L LY T

KeA t 188 1 1.9 | 13 Uel } 11 1} 0.1 ) 24 1 0.2 ) 212 | 2.2
BeCeQ I T442 | Te,.8 ) 873 1 9,0 | 1160 12,0 | 2031 | 21,0 ) 4Ty | 97,8
P T T e I T T T T T e R . I S . L R I )
KeAeh | 1393 | 14,4 4 134 1 Yee | 124 1 1.3 1 238 i 2.5 1 1631 | 1b.8
{0 t 6237 1 b4} 70 1 H.0 | 1047 ) 10.8 | 1817 ) 18,8 ) BLS4 ) B3.2
L . T T T I R R o I T T T L T T S N L)
KeAspel { 2ets | 2344 | 184 149 | 216 | 242 | 400 [ I PhES ) 27,5
¢} | 5365 1 S558.4 700 | Ve2 | 955 | 9.9 | 165% 1 17,1 | 7020 1 TelS
P L T T e T e e L L L Y T Ly T T T L L L L T P T
KeAeBeL+) | 7630 ) YB,8 | B4 1 Y,1 | 1178 4 121 | 2055 1 2142 | 96R5  110C,.0
{ INJLRY K A TES (PERCENT)
| ® ® 8 ¢ w v e p s R e P E N e e P d R S W B R PSP e S * % e e ® N Ne e e
i i RESTRAINED CHILODREN {
INJURY ] UNKESTYRAINED | ® w & @ & % @ B v ® B W ow e on omew e oW B ow |
CATEGURIES | CHILDREN i CHILD RESBTHAINT | SEATHBELT { EIYHER OEVICE ALL CWILDREN

X LT T P Y T Y Y P Y T L T T Y e L T e D Y L L Y L R L L e L P E R A L R T T L P T

CX Y T R P Y e T L L L L L X T ey L e L Y L L Tl P T L L L Y S Y S L L L L R L L L L L Dl 2

Rea | Y L) t 1,47 [ Ge94 l 1.17 | 2,19

P T R R I T I I R T S R R R B I I B 4
Keaop ] 18,2¢ | 12,9¢ | 10,59 | 11,58 | 16,84

* B omow e P e W S o P W R PR P E e W e R BB R R R W e PR D R w8 G % BN e % B s P w8 W e
Keaspe( [ 29,69 | 20,81 ) 18,45 | 19,46 ! 27,52

| | BUMMARY OF EFFECTIVENESS VALUES (PERCENT)
| | I R I IRT e A L T R SR SR N R 3
i | | | 95% CONFIDENCE INTERVAL
INJURY i RESTRAINY | EFFECTIVENESS | SYANDARD | » = » o « v = » = = =« =
CATEGOWIES | USAGE | | DEVIATION | FROM t 10

LY T Y T T T L T T T T Y T Y Y ey e LT R e e R P R T Y P L L L L Y L

LY LY R P T e T T P P T A L Y Y Y e T e e L L T N T P P A T Y X

! CHILD RESTRAINTY | 39,99 [ 17,18 11.81 ' 68,17
Ked | SEATBELT | bl.67 | 11,90 | GRelb i Bl.38
t EJTHEm DEVICE | 52,39 I 10,35 | 35,37 ! 69,32
- ® e W e e AR @ s P PR e N R R P B P F R WP B PR R F N R P N N N " e W
| CHIWD RESTRAINY | 29,32 | byl? | 18480 | 39.AR4
KeheB | BEATBELTY ] 41,96 | S5.13 | 33,55 ! 50,38
| EITHER QOEVICE | 36,53 | 417 28469 | 43,36
» B P w @ oe % P PN o PP e PP N e W S RoE E B R oW B R ¥ e w BB DR om R R =W
{ CHILD RESTRAINT 29,86 | 4,77 1 22,04 ! 37,48
KeA+BeC | SEATBELT | V.84 | 3.97 | 31.32 i 44436
} EITHEK DEVICE | 34,4y | 3,16 | 29.22 ! 39,60




TABLE D-3

SUMMARY OF CHILD RESTRAINT EFFECTIVENESS STUDY USING
NEW JERSEY 1975 DATA (OBSERVED, NOT ADJUSTED)

Total Cases = 6718

I NJURY DISTRIBUTIONS

- o owm e R e e W ow oW @ ® @ @ B BB @B W W W @ OmoE W B e W A D 9 "R e B wwW

!
|
! i REGTRAINED CHILOREN |
] UNRESTRAINED | = » ® ® © & @ w «w o = = o # « » @ © 8 w o * w o w @ |
i CHILOREN t CHILD RESTRAINY | SEATBELY | EITHER DEVICE ALL CHILOREN
INJURY |  ® @ & @ m W W W @ AW G ED AW W e VPGB B DB RE RS W R ® e W BT P W w e ®
CATEGURIES N i X N ! T N t LA N l ¥ | N 1 X

L T P R e L L L T P L R D L R L Tl T L L e e L L I e L L P e L L L R L L AL L R L L L]

L e e Y e e L L e e T L L P L P L L L L L e S DL L )

AeAYY [ bU6 I 9.6 | 65 ) 1.0 | 46 | Q.7 | 5 SRS I TP A 187 1 114}
C*Q y 4568 | Ahl.) | G648 | 845 | 888 | (3.2 i 1453 | 21,6 | 5961 | 88,7
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APPENDIX E

CONFIDENCE LIMITS FOR A
SIMPLE RATIO OF PROBABILITIES

1. Objective

To estimate a confidence interval for

p
R = -+ )
Py
where pi = Xi/ni’ and the xi are bionomially distributed random variables.
2. Approach
We write
T (l+€2)
where the m, are the expected values of the Py
Then we study
(l+el)
rE (l+€2) 3

by expanding the fraction in a power series in ¢ These series expressions

hold only if |e| <1; that requires p to be restricteﬁ to the range 0...2w, or x
to the range 0...2nv. Since o(x) = /nr(1-1), this is a + 20 range for nw = 4(1-m).
Since nm = m is usually much larger than 4, the restriction is violated only by

a minimal fraction of all cases. We calculate the first four moments of r to
various degrees of approximation and compare them. Finally, we will explore by
numerical examples how large the data base from which r is estimated has to be in

order to use the simple approximation.



3. Some Basic Formulas

The € are implicitly defined as:
R :
Since p = x/n

_ ¥Y-nm (5>

=
.

nmw

Therefore, for the central moments the relation

/

g A (6)
u,(e) = 6
i (nw)i
holds. Since x was assumed to be binomially distributed,

W) =0

uz(x) = nn (1=-m)

(7)

u3(x) = nr{l-m)(1-271)

u4(x) = 3n2ﬂ2(l—w)2 + nm(l-m)(l-67(1-m)),
therefore

-~
ul(s) = 0
l-m
M) = -
. (1-m) (1-2m) .
Ky (€) 5
(nm)
3(1-m)2, (1~-m) (1-6w(1-m))
u,(e) = +
4 (am) 2 (nn)3 J

Introducing the number of 'successes" (or injuries in our context)
m = nT, and assuming 7 to be negligibly small relative to 1, one obtains

the approximation

E-2



Later we will use t = 1/m to simplify the writing of the formulas.

uz(e)z

u3(5)a=

BNIu ENII—‘ g |~

-1
UA(E)% +--3—
m

To calculate powers of r, we need

and

(l+e)2 =1+ 2e + 22

(l+e)3=l+3e:+3€ + e

(l+r~:)4 = 1 + 4e + 652 + 4e” + 54

1 2 3 4

Tre l-e +¢ €+ ...
1.2 _ ,_ 2 _ 3 4

(l+e = 1-2e43e 4e” + 5 ...
1.3 2 3 4

L4 _ 2 _ o0 3 4
(l+e) =1 = 4g + 10e 20e” + 35¢ ...

Taking expectations, one obtains

and

E(l4e) = 1
E(l+e)2 = 1 + “z
3
EQ+e) = 1+ 3uy +

4 _
E(l+e) =1 + 6u2 + 4u3 + M,

1 _ _

E(___l+e -~l+1.12 1.\3-!-u4 con
1.2

ch;g) =1 + 3u2 - 4u3 + 5u4---

1.3
E(i—_;_-; = 1 + 6u2 - 10113 + 15u4...

4

~

>

1
E(—l-_;'é' = 1 + 10112 - 20113 + 35114... p

E-3
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(10)

(11)

(12)
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If we substitute the approximations (9) and use t = 1/m, we obtain

E(l+e)2.w a, = 1+t
E(l+e)3,‘53=l+3t+t2 (14)
B(1te)* m a, = 1+ 6t + 7624
and
w
1 _ 2 3
E<1+e""b1"l+t+2t +t
1.2 2 3
EQ;;; = by =1+ 3t + 11t" + 5t } (15)
1.3 ~ ) 3
E(’i:-é- zb3-—l+6t+35t + 15t
1.4 _ 2 3
E(l+€) - b4 = 1 4+ 10t + 85t~ + 35t W,
2 3 4 2 3
We will later also need bl’ bl’ and b1 and as. The approximations up to t
are: “~
az2 =1 4+ 2t + t2
b12=1+2t+5t2+6t3 L
(16)
bl3 =1 4+ 3t + 9t2 + 16t3
b % = 1 4 4t + 1462 + 32¢3
l P

We also will use that for independent random variables x and y

E(xy) = E(X)E(y) (17)

holds.

Finally, we will use the following relations between the central moments My
1

and non-central moments CPI

2
= L '
le uz (Ul )

3 (18)

#t

[ t ' '
Mg 3u1 Hy '+ 2(ul )

= v oL ot 121__ R
w,o=u, 4u1 Byt oF 6(ul ) Hy 3(ug)

o



4.1

4.2

The First Moment

Approximation Using Linear Terms Only

If one expands r, considering only the linear terms. one obtains

r=1+¢€¢, - ¢ : (19)

and, therefore,
E(r) = 1. (20)

Approximation Using Terms Up to the Second Order

An expansion up to second order terms is

1

r (l+el)(l—ez+522) (21)

2
l~ez—elez+ez .

i

1+ ¢

Because independence between the e, was assumed, this gives

E(r) = 1+ uy(e,). (22)

This shows that the expected value of R is greater than (pl/Pz)' Therefore,
using this as an estimator for R overestimates the effectiveness 1-R. To
assess the magnitude of this bias, we use the approximation (9) and obtain:

SN ,
E(r)=1 + mz . (23)

For the situation where each of the two p's is calculated from 20 injuries,
E(r)= 1.05,

for the situation where each is based on 100 injuries,
E(r) = 1,01,

These biases may appear small. However, if, e.g., R = 0.95 was estimated,
in the first case the true expected value would be R' = 0.998, and instead
of an effectiveness 1-0.95 = 0.05, 1-0.998 = 0.002 should be used in the
first case: this means that the expected effect is less than that which
one would expect from the biased estimate. In the second case R' = 0.96
is the unbiased expected value and the effectiveness should be 0.04 in-

stead of 0.05, a reduction by 20 percent.
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4.3 Approximation Using Terms Up to the Third Order

Using equation (17), we obtain

E(r) = E(l+e)E() (24)

2
and from (12) and (15)

_ 2,3
E(r) = l+t2+2t2+t2 , (25)

retaining only terms up to the third order. To make estimates of the

order of magnitude of the higher order terms, we assume t2 = T and obtain
E(r) = 1r+2rer | (26)

For the first case discussed in 4.2, m = 20, T = 0.05, one obtains E(r) =
1.005, compared with 1.05 in Section 4.2. Whether this difference ig im-
portant depends on how large R is. For the second case, m = 100, T = 0.01,

the effect is to increase E(r) from 1.01 to 1.0102, which is negligible.
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5. The Second Moment

5.1 Approximation Using Linear Terms Only

Using (12), (13) and (17), we obtain

1

E(r®) = (1, (e;)) (1431, (e,))

i

1+ uz(el) + 3u2(62)

(27)

when only first order terms in the M, are retained. 1In order to calculate

uz(r), we use (18) which requires
' -
uy'(x) = Itu,(e,) and

Gy N = 1+ 20y,

(28)

(29)

retaining only the first order terms in the Hy- Combining (27) and (29)

according to (18) gives

u, (r) = u,(e,) + u,(e,)s
2 2V°1 2V°2

(30)

the variance of the double ratio is the sum of the variances of the two

factors.

[y
N

Approximation Using Terms Up to the Third Order

For this approximation we immediately use the approximation (15) and (16).

First we have
1 )2
l+32

2 3
(1+tl)(l+3t2+llt2 +5t2 )

i

b, (@) = E(?) = EQl+e)) "EC

i

2 3

+lltlt 2+5t t

3
+5t2 +3t 2 152

1+ tl+3t2+llt2

]

152

if one retains only terms up to the third order. Since

' =
My bl(ez)
(16) gives
W2 e 2.3
(u1 yoo= 1+2t2+5t2 +6t2

(31)

(32)

(33)



retaining only terms up to the third order. Combining (31) and (33)

according to (18) gives

5 2 3 o2 3
My = tl+t2+6t2 -t, +3t1t2+1ltlt2 +5tlt2 (34)

The linear terms correspond to the sum of the two uz(ei). The higher
order terms are impracticably complicated to be used. Therefore, we

use again the special case where all t, = T and obtain:

uy(x) = 2T + 9T + 107>
= 2T(1 + %r + 572) (35)

2Tf

Since 2T corresponds to the linear terms of uz(r), f is the factor by
which it has to be increased. For m = 20 one has f = 1,24, and for

m = 100, one has f = 1,05, for m = 500, £ = 1.009. Thus, for m = 20,
the higher terms are not negligible; for 100 they will usually be so,

whereas for 500 they are practically always negligible.
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The Third Moment

(18) gives for the third moment
3
= ' - 1., ! '
My = H3 3Giyuy) + 2 (36)

Using directly (14), (15) and (16) and substituting one T for the tyo

we obtain
' 2 2 3
u3(r) = (1+3T+T") (1+6T+35T +15T")
(37)
2 3
= 1 + 9T + 54T + 126T
omitting all terms of higher than thirc order. Combining
W(r) = (I4T) (L43THLIT 45TY)
(38)
2 3
= 1 4+ 4T + 1477 4 16T
with (26) gives
' ' 2.3 . 2 3
ul(r)u (r) = (I+T+2T7+T7) (I+4T+HLATT+16TT)
2
(39)
2 2
= 1 + 5T + 201" + 31T
up to terms of the third order.
Finally, we need
w)? = 1+ 1+ 2’ ) (40)
according to (26). This gives
(“i)3 = 1+ 37 + 9% + 16T° (41)

again omitting terms of higher than third order. Combining (37), (39) and

(41) according to (36) gives

uy = 127° + 65T (42)
Since Hy is not easily interpretable, we will use it only for the Gram-

Charlier series expansion to be performed later.
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The Fourth Momeént

by =g - Auy) + (WD) 3en® 43
4
by = E(r) = E(1+a1)4 E(11%~) . (44)
2

Using (14) and (15) this becomes:

: (1+6T+IT24+T) (1410T+85T2+35T2)
(45)
1 + 16T + 1527 + 616T° '

3]

if omitting terms of higher than third order. Combining (26) and 27)
gives

(1+T+2T2+T3)(1+9T+54T2+126T3)

ft

pa(rul(r)
1 (46)

L + 10T + 65T% + 199T°,

Combining the simplified versions of (31) and (33) gives

2

(IH+4THLAT2416T7) (142145 T7+6T°)

1l

(1] (1)) %) (x)
(47)

2 3

1+ 6T + 2777 + 70T".

Il

Finally, by squaring (33), we obtain
2
i)A [1+ 2T + 577 + 613)
(48)

1+ 4T + l4T2 + 32T3.

(u

il

Combining (45), (46), (47) and (48) according to (43), we obtain

w, = 1+ 167 + 1521% + 6161°

 A(1H10TH6 5T 4+19977) '
2,3 (49)
+ 6 (1H6TH27T2470T°)
~ 3QHATHLAT +3277)
= 127% + 14473

2
Since Hy = 2T+..., the excess or curtosis u[*/u2 approaches 3 for small

values of T; this is the value for the normal distribution,
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8. Gram—-Charlier Series Expansion
8.1 Basic Formulas
A probability density function f(x) can be expanded intb a series
uy* M¥ g
f(x) = ¢(x)(1 + wg-H3(x) + *~§Z-H4(x) + ...), (50)
where it is assumed that x is transformed to have mean zero and variance
* P
1; Mg and u4‘ are the correspondingly transformed third and fourth
moments, Hi(x) are the Hermite polynomials
2
HZ(X) =x =1
3
H3(x) = x - 3x (51)
Hé(x) = x4 - 6x2 + 3
¢$(x) is the normal probability density.
The cumulative probability function can be expressed as
% *
Hg M, -3
F(x) = ¢(x) - (b(X)(T HZ(X) + TR T H3(I‘) + ..) (52)
where ¢(x) is the cumulative normal probability distribution.
In standard texts, no remainder terms were found which indicate
how accurately a finite series using only a few terms of the infinite
series approximates the true distribution.
8.2 Numerical Examples

8§.2.1 m = 20

If we assume that both p; are estimated from 20 injury cases, and that

the injury probability is small, we obtain:

First two moments (using linear terms only):

1 =1

2 . (53)
P2 T 20 T

First two moments (using terms up to the third order):
py =1 + g 2o Lo 1 055
1 20 202 203
(54)
w, = 5+ 5+ 3= 0124
20 20
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First four moments (using terms up to the third order):

' =
uj = 1.0551
u, = 0.1238
P 3 55)
Wy = 0.0381  u* = u M) = 0.8747 (55)
- % 2
u, = 0.0480 ua/uz = 3,1318

Figure 1 shows the two tails of the cumulative distribution of r. The
approximation of the first four moments was calculated from the Gram-
Charlier series. It is presumably the closest approximation to the "true"
distribution of r. The lower and upper fifth percentiles are at r = 0,55
and r = 1,74,

The approximation of the first two moments using terms up to the third
order is based upon a normal distribution with the "true'" mean and variance;
the lower and upper fifth percentiles are 0,47 and 1.64.

The approximation of the first two moments using linear terms only is

based upon a normal distributlon with mean 1 and variance = g 2+222.

It has the lower and upper fifth percentiles 0.48 and 1.52, '

Both of the latter two approximations are unsatisfactory since the effec-
tiveness is 1-R; using one of them may result in accepting an effect as
significant which is with a fairly high probability due to chance. t = 1,70
~would be considered significant at the 96.5 percent level, whereas it is

only 94 percent significant with the "true" distribution.

8.22 m = 100

The corresponding results are:

First two moments (using linear terms only):

uro= 1 ,
1 (56)
2 2
My = 700 - 002
First two moments (using terms up to the third order):
1 2 1
1 —
o= 1 4+ + + = 1,01
1 100 2 3
- 100 100 (57)
u, = 180 b 103 = 0.021
100 100
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Figure 1. Two tails of the cumulative distribution of r
?epicti?g the Tower and upper fifth percentiles
m= 20).



First four moments (using terms up to the third order):

| B
uj = 1.0102
by = 0.0209
_ o /3 _ (58)
Mg = 0.0013 My u3/ u, = 0.4302 ,
w,o=0.0013  u,¥=q, /2 =2.9761
4 ' 4 472 '

Figure 2 shows the tails of the corresponding distribution., Here, at the
left tail,the differences between two of the three dilistributions are negligible.
At fhe right tail, the difference between the approximations of the first
four and the first two moments (using terms up to the third order) is
negligible; the difference between them and the approximation of the first

two moments using linear terms only may just be important in some cases.

8.3 Approximate Estimation of Confidence Limits

To calculate the entire distribution or part of it to determine for which
x', F(x') = l-a holds is relatively time-consuming. An approximation may

be sufficient. We write

F(x) = F(xo) + F'(xo)(x - xo) (59)

We now chose X, 80 that ¢(x ) = 1l-a. X, is the derived confidence limit
for the normal distribution. We define x' as the confidence limit for
the studied distribution: F(x') = 1-a. Then we have

l—a4F(xo)

x' - x = (60)
o] F (xo) :

(52) gives

* %
My -3

bx ) - o(x )( = Hy(x ) + —5— Hy(x )

il

F(xo)
%* S (61)

LY u4 3
l-a-¢(xo)(—g-H (X ) + ———H (x ))

Since F'(x) = f(x), we can combine (60Q), (61) and (50) and obtain
% *

L ) e Hx) .
Hj u,~3
1+ —E'H3(x0) + i H4(XO)
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0.1 = : ) S
!
t
/
~
= ‘S | { | | | |
0.6 )r 1.2 T3 =

Figure 2. Two tails of the cumulative distribution of r
?epictin? the lower and upper fifth percentiles
m = 100).
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If we use a = 0.05 as an example, X, = 1.64, and we have H2(Xo) = 1.690,

HB(xo) = -0,509, Hh(xo) = -5,904. Therefore,

% %
O.282|J3 - 0.021(u4—3)
: (63)

x' - 1.64 = ” o .

l—0.085u3 - 0.246(u4—3)

Thus, one can calculate the approximate upper 95 percent confidence limit
% %

for any distribution, where the My (skewness) and Hy (excess, curtosis)

are given.



Conclusions and Recommendations

The numerical examples suggest that for m > 100 one can use the normal
approximation, preferably corrected for the bias ith; but for m > 400
or 500, this is definitely not necessary.

For m = 20, the normal approximation, cven if corrccted for bias and with
an inflated e, is definitely inadequate. Somewhere between 20 and 100 is
an m where it becomes sufficient to correct r and inflate €. The approxi-
mations were derived for "small" values of the - That means that the
Py have highly skewed distributions. ¥For larger T the distributions are

less skewed; for n, = 0.5 they are symmetric. Therefore, one can expect

i
that the normal approximations will be sufficient for smaller values of m
than suggested above, if the ™, are not small,

For small values of m one should proceed as follows:
1) Calculate ui(ej).

1.k k
I;E;) H E(l+€1) .

3) Calculate E(rk).

2) 'Calculate E(

4) Calculate uk(r).
* %
5) Calculate u3(r) and ua(r).
6) Apply équation (62) for the desired confidence limits,
Elaboration:

1) cCalculate ui(ej)

p
i = order of moment, j inde:: of pj in Ei
2

1 .k ; k
2) Using equation (8), calculate E(T;E~) ; E(l+g]) .
+e, ,

Assume that only the second order

approximation will be used: k =1, 2.

1.2 _ )
BT, = 1+ upley) —uglep) +wley)
B = 1+ 3u,(e,) - buq(e,) + 5u,(

Tte, H2%e2 H3%€2 ADY
E(1+el) = ]

2 _
E(l+82) =1+ uz(ez)
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3)

4)

5)

6)

1 )k
1+e2

Calculate E(rk) E(l+al)k E(

wl(x) = E@).

Calculate uz(r). Use equation (18),

1

ﬂ
Calculate uk(R) Cgl)uk(r).
2

w
1y
(;;)uk(r).

Calculate ué(R)

Omit for this level approximation.

For mj > 100, use a normal distribution with ui(R) and uZ(R).
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