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fhis is the Final Report for the statistical evaluation of the effectiveness of Federal Motor Vehicle Safety
Standard (FMVSS) 108: Side Marker Lamps (Only). It ts one of seven statistical evaluations to be conducted
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1. FMVSS 108:
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Child Restraints
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FMYSS 108 1v an accident~avoidance Standard which mandates

forward amber and rear red side marker lamps that

are also reflective. The Standard became effective 1 January 1969,

During 1969, the Standard could be met =ither by

reflectors only, or by lamps with reflective covers.
vagquired.

ducing the freguency of angle collision accidents oc
acnidants in North Cavelina (1973, 1974 and 1975)

Pre- and Post-Standard passenger vehicles,

The resultis Indicate that for all samples analyzed,

Tamp reyudiraments of FMYSS 108,

On a nationwide basis, it 1s estimated that roughly

Tight angle collisions could have been prevented by

The objective of this study is to evaluate the effectiveness of FMVSS 108 side marker lamp requirements in re-

an analysis of subsets of mass accident data consisting of side collisions between two passenger vehicles
appronching at an angle, occurring etther at an intersection or driveway access.
based upon 98,811 accidents in Texas (1972, 1973 and 1974), 17,566 accidents in New York (1974), and 19,709

and adjustment to winimize potential confounding effects and to allow for direct comparison of angle collision fre-
auencies between various Tighting conditions and Pre- Standard
accidents were used as a control group to compensate for potentially different reduced Tight exposure risks for

of 18 percent in the numbar of angle collisions occurring during periods of reduced Jighting that can be attri-
buted to both vehicles involved in a potential reduced Tight side collision situation satisfying the side marker
An analogous average reduction of 11 percent in the number of reduced lighting
angle collisions fn all three states was observed when only one of Lhe vehicles in a potential reduced 1ight
cide vollizion situation was efquipped with side marker Tamps.

by FMVYSS 108 in 1974, when the numbers of Pre- and Post-Standard vehicles driven were approximately the same.
a1l of the vebicles driven in 1974 baen equipped with side marker lamps, however, an estimated 103,000 reduced

After 1 January 1970, lamps with reflective covers were
curring during periods of reduced visibility., This required
Evaluative statistics were
Contingency table data were subjected to log-linear modeling
Single vehicle

- and Post-Standard configurations of vehicles.

there was, on the average, an overall significant veduction

64,000 reduced 1ight angle collisions were actually prevented
Had

FMVSS 108,
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EXECUTIVE SUMMARY

This 1s the Final Report of the statistical evaluation of the effective-
ness of Federal Motor Vehicle Safety Standard 108: Side Marker Lamps (Only).

FMVSS 108 1s an accldent-avoldance Standard which mandates forward amber
and rear red side marker lamps that are also reflectlve. The Standard became
affective 1 January 1969, During 1969, the Standard could be met either by
reflectors alone, or by lamps with reflective covers. After 1 January 1970,
lamps with reflectlve covers were required.,

The objective of this study is to statistically analyze a limited amount
of mags accident data pertaining to angle collisions involving varlious config-
uration of Pre- and Post-~Standard vehicles. Police-reported state accident data
from Texas (1972-1974), New York (1974) and North Carolina (1973-1975) are sta-
tistically evaluated.

Since the purpose of the study is to evaluate the effectiveness of the FMVSS
108 sgide marker lamp requirements in reducing the frequency of angle collision
accidents occurring during perlods of reduced visibility, two distinct types of
gmplrical estimates of side marker lamp effectiveness arc derived. Estimates of
full effectliveness represent the amount of accldent avoidance realized when both
vehicles involved in a potential reduced light angle collision situaﬁion satisfy
the gide marker lamp requirements of FMVSS 108. Thus, full effectiveness ig

defined as:

Vehicle Aceldents Involvin
Post-Standard Vehicle

Yehicle Accldents Involving
Pre-Standard Vehicle

o
. -
f (" Number of Daylight Angle “ Number of Reduced Light
Collisions baetween Pre- Angle Collisions between-J
\. Standard Vehicles - Yost-Standard Vehicles .
("~ Number of Reduced Light ™ Number of Dayvlight Angle
Angle Colllsionsg betweanJ [Co]lisions between Post-
L = 1~ o Pre~Standard Vehicles Standard Vehicles x 100
(Full) » - P
™ Number of Daylight Single ] [Number of Reduced Light Single]
Vahicle Accldents Involving Vehlcle Accildents Invelving
L. Pre—-Standard Vehicle x .Pogt~Standard Vehicle

Number of Reduced Light Single Number of Daylight Single
g
L - J
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- Estimates of partial effectiveness represent the amount of accident avoidance

E

realized when only one of the vehicles in a potential reduced light angle
collisjon situation is equipped with side marker lamps. Therefore, pariial

effectiveness is defined as:

r~ . 5

Number of Daylight Angle Numbar of Reducad Light Angle

Collisions between Pra- Colligions betwaen One Pre- and

Standard Vehiclas x One Post~Standard Vehicle

Number of Reduced Light Number of Daylight Angle

Angla Collisions between Colligions between One P're-

Pre-Standard Vehicles and One Post-Standard Vehicle |
{partial) = - X x 100
) Numbar of Daylight Single Number of Reduced Light Single

[:Vahicle Accidents Involving Vehicle Accidents Involving

Prae-Standard Vehicle x Pogt—~Standard Vehicle

Number of Reduced Light Single Number of Daylight Single

Vehicle Accidents Involving Vehicle Accidents Involving

Pre~Standard Vehicle Poat-Standard Vehicle J J

L

Since the daylight and reduced light exposure risks of Pre- and Post-Standard
vehicles are not necessarily the same in the population at large, the daylight~to-
reduced light involvement ratios for Pre- and Post-Standard vehicles involved in

gingle vehicle accldents are explicitly incorporated into the effectiveness csti-

mation equations to control for any observed effects which arg not due to FMUSS 103,
In thils sense, gingle vehicle accldents are treated as a control group, and repre-
gent measureg of relative exposure risk. By Inference, any observed reduction in
the frequency of reduced light angle collisions involving Post-Standard vehicles,
after controlling for relative expogure risk, are attributed to the effect of side
marker lamps.

Accidents, rather than vehicles, are used as the unit of analysis, since Pre-
Standard vehicles can also benefit from FMVSS 108, to the extent that they are
able to avoid collisions with Post-Standard vehicles during periods of reduced
lighting as a result of the greater conspicuity of the latter. Before either full
or partial effectiveness values were computed, however, hierarchical, log-linear
models were fit to contingency tables composed of Light Condition, Vehicle Conflp-~
uration (Pre-with-Pre, Pre-with-Pogt and Post-with- Post) and selected conlrol
variables for each state-year of data. Modellng served the dual purposc of smoolhing
the data by removing random variability due to small cell frequencles, and of re-
vealing the strength and pattern of varlous interactions among the variables

comprising the contingency tables,

iv



The smoothed data were then adjusted (standardized) to allow for the dir-

ect comparison of angle colliglon frequenciles,
necessary in order to insure that the overall full and partial
estimates were not affected by different distributions of Pre-w
Post and Post-with-Post angle colligions occurring in daylight
periods across different levels of control variables. In most
impact of modeling and adjustment was to iIncrease the value of

estimates by 1 to 3 percentage points, while slightly reducing

Adjustment of the data was

ef faoctlveness
ith-Pre, Pre-with-
and reduced 1ight
cases, the net

effectiveness

the varilability

of these estimates.,

overall full and partial side marker lamp effectiveness values derived from
gmoothed, adjusted data (after controlling for relative exposure risk) are sum-—
marized in the following table for each sample. In the case of Texas and North
Carolina, where multiple years of data werce analyzed, weighted means of indivi-
dual-vear effectiveness values are also presented. Also, an overall welghted mean
individualwyear effectiveness values is presented. All effec~

oi all states'

tiveneds valueg are based upon the following number of accidents in each sample.

Lexas North Carolina
1972 34,011 cases 1973: 6,249 cases
1973: 34,255 cases 1974 6,486 cases
19743 30,545 cases 1975: 6,974 cases
New York
1974: 17,566 cases

On the average, overall full effectiveness values for each of the three
states range from 12 to 27 percent with an overall mean value of 18 percent
for all states, and represent the amount of accident avoidance realized when
both ol the vehicles involved in a potential reduced lighting angle collision
All average

situation satisfy the side marker lamp requirements of FMVSS 108.

full effectiveness values obtained are statistically significant.

Average partial effectiveness values obtained from Texas 1972-1974 and North
Carolina 1973-1975 samples represent significant reductions in the number of re-
duced light angle collisions of 12 and 16 percent, respectively. These valucs

can be interpreted as the amount of accident avoidance realized in each state when

gltuation is equipped with side marker lamps. The partial effectiveness found

for the New York 1974 sample was not statistically gignificant.



SUMMARY OF OVERALL FULL AND PARTIAL SIDE MARKER LAMP EFFFCTIVENFSS VALUES
DERIVED FROM SMONTHED, ADJUSTED STATE ACCIDENT DATA
AFTER CONTROLLING FOR RELATIVE EXPOSURE RISK

Full Effectiveness Partial Effectiveness
£f 95% Confidence | ¢ t:seness Effec- 95% Confidence Effect§3eness
State Year [Effec-ici,ndard Interval ectiv Standard Interval e
tive- Significantly|tive~ Significantly
Deviation Deviation
ness F T Different {[ness From To Different
rom o1 from Zero? from Zere?
Texas 1972 118.63] 4.03 12.00 125.27 Yes 14.6] 2.70 9.83] 19.38 Yes
1973 10.79 4,22 3.85 117.74 Yes 8,03 3.42 2.41 13.66 Yes
1974 22219 4.02 15,57 128.81 Yes 11.26 3.88 4.87 1 17.64 Yes
*
1972~ 1 17.40 2.36 13.52 {21.28 Yes 11.71 1.92 8.65{ 14.87 Yes
1974
New York|{ 1974 12.54 5.64 3.26 {21.81 Yes 1.46 5.37 -7.371 10.28 No
North 1973 20.48 8.42 6.63 |34.34 Yes 7.51 7.74 -5,22 | 20.25 No
Carolina "
1974 36.38 6.20 25.03 147.73 Yes 25.56 6.83 14,32 36.80 Yes
1975 15.45 9.69 -0.49 |31.40 No 12.55 8.88 ~2.06 | 27.16 No
*
1973~ 126.61 4,67 18.93 }34.29 Yes 16.38 4.44 9,08 1 23.68 Yes
1975
AlY 3 A1l , 118.45 1.97 15.21 121.69 Yes 11.38 1.67 8.63 | 14.13 Yes
States Years

*Weighted mean, using the inverse of the variance of each year as a weighting factor.

Partial effectiveness values in almost all cases were between one-fifth
to two-thirds less than the corresponding full effectiveness values. The only
exceptions to this involved the New York 1974 sample, where the [ul/ effective-
ness estimate was roughly nine times greater than the partial effectiveness value.

When extrapolating from these findings to the entire nation, it is estimated
that roughly 64,000 reduced light angle collisions were actually prevented by
FMVSS 108 in 1974, when the numbers of Pre- and Post-Standard vehicles driven
were approximately the same. Ilad all of the vehicles driven in 1974 been equipped
with side marker lamps, however, it is estimated that more than 103,000 reduced

light angle collisions could have been prevented by FMVSS 108.
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1.0 INTRODUCTION

1.1 Background

This report ig the filrgt in a gseries of Winal Reports of the statistical
evaluation of the effectiveness of seven Federal Motor Vehicle Safety Standarvds
(FMVSS). This work ﬁas been conducted under Contract DOT-1IS-8-02014 by The
Center for the Environment and Man, Inc. (CEM) and its subcontractor, the High-~
way Safety Research Center (HSRC) of the University of North Carolina. The
seven FMVSS to be statistically 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 Strength

FMVSS 222: School Bus Seating and Crash Protection
FMVSS 301: Fuel System Integrity

The Final Report on the effectiveness of PMVSS 108 (Side Marker Lamps [Onlv]) is

presented hereiln.

Side marker lamps are one of 15 separate lighting clements covered by
FMVSS 108 (the formal title of this Standard is Lamps, Reflective Deviees and
Assorted FEquipment ). The overall purpose of the Standard is to prevent accidents by
improving the driver's visual information during darkness or other conditions of
reduced visibility. Side marker lamps are intended to help drivers notice the
presence of ,and judge the distance to,other vehicles when the vehicles are at
an angle to one another during conditions of reduced visibility. FMVSS 108
was implemented in several phases, as outlined below.

e DBefore January 1, 1969, regular passenger vehicles were
not required to have any side markers,

However, due to styling considerations, some earlier
models had various lights which were visible from the side.

® DBetween January 1, 1969 and December 31, 1969, passenger
vehicleg could satigfy the Standard with any combination of
lamps or reflectors positioned front and rear as long as the
colors were amber forward and red rear.

o After January 1, 1970, passenger vehicles had to have both
lamps and reflectors for both forward and rear side markers.
Some models achieved this by enlarging the front and/or rear
lighting group so that it could be seen from the side; other
models had totally separate side marker lamps. Usually, the
lamp cover ig both translucent and reflective,

1-1



1.2 Objective and Purpose

The objective of this study is to statlstically analvaoe police-tepevicd siaie
accident data pertalning to angle collisions fnvolving various contignvations of
pre~ and Pogt-Standard vehicles. Existing mass accident data from Texas (19720-
1974), New York (1974) and North Carolina (1973-1975) werce statistically evaluated.

The purpose of the study is to evaluate the effectiveness of the side markoer
lamp requirement of FMVSS 108 in reducing the frequency of side collisions during
conditions of reduced visibility.

1.3 Scope

s This analysis involves the statistical analysis of state mass accident
data concerning the frequency of side collisions occurring during
conditions of reduced vigibility in which either two Pre-Standard,
two Post-Standard or one Pre~ and one Post-Standard vehicles are
involved.

e The mags accident data files used are those from Texas (1972-1974),
New York (1974) and North Carolina (1973-1975).

e 'The analysis congiders whether the incidence of side colligion acci-
dents under conditions of reduced visibility involving Post-Stan-
dard vehicles differs from the frequency of similar accidents Involving
Pre-Standard vehicles, after controlling for relevant vehicle, driver,
highway and envirommental factors; and taking into account the relative
exposure risks of Pre- and Post-Standard vehicles during daylight or
reduced light periods,

1.4 Approach

l.4.1 Background and Accident Data Populations

The statistical evaluation of the effectiveness of side marker lamps re-
quires a large set of side collision accident data. Since the evaluation is based
on a comparison of the incidence of side collision accidents involving Pre-Standard
vehicles with the incidence of similar accldents involving Post-Standard vehicles,
relatively old accident data bases are analyzed, in which numbers of Pre~ and Post-
Standard vehicles are roughly the game. Police-collected accident information
from Texas, New York and North Carolina constitute the primary sources of eval~
uation statistics.

Table 1=1 below shows the size of the data bases used I1n the analyses. This
population is described in greater detail in Section 3.2. 1In Table 1-1, the column
labeled "Partilal Data Base' contains the numbers of accidents which are applicable
to the analysis of the effectiveness of side marker lamps~-i.e., side collisions
between Lwo passenger vehlcles approaching at an angle, occurring either at an

intersection or driveway access.



NUMBER OF ACCIDENTS AND VEHICLES IN DATA BASES

TABLE 1-1

USED FOR THE ANALYSIS OF FMVSS 108

Full Partial
State Year Variahle Data Base Data Base Percentage
Texas 1972 Accidents 432,997 34,637 8,0
Vehicles 744,697 69,274 9.3
1973 Accidents 464,225 35,019 7.5
Vehicles 800,543 70,038 8.8
1974 Accidents 434,193 31,044 7.2
Vehicles 747,832 62,098 8.3
1972-1974 Accidents 1,331,415 100,705 7.6
{pooled) Vehicles 2,293,072 200,410 8.8
New York 1974 Accidents 377,818 18,913 5.0
Vehicles 704,477 37,826 5.4
North 1973 Accidents 129,150 6,312 4.9
Carolina Vehicles 232,825 12,624 5.4
1974 Accidents 121,568 6,584 5.4
Vehicles 218,5n6 13,168 6.0
1975 Accidents 129,013 7,053 5.5
Vehicles 232,180 14,106 6.1
1973-1975 Accidents 379,731 19,948 5.3
{pooled) Vehicles 683,511 39,898 5,8

1.4.2 Analysis Approach

The basic hypothesis is that side marker lamps will prevent side collisions

during periode of reduced visibility.

Tests of this hypotheses will be conducted

in reference to the primary table shown in Figure 1-1,

S8ince the final designation of which car is "struck” and which car is "striking'
ig in many instances determined during the last split second before a side col-

ligion accident occurg, no distinction is made between accidents in which Pre-

Standard vehicles strike Post-Standard vehicles, or vice versa.

Vehicle
Configuration

Light Condition

Daylight

Reduced Light

Pre with Pre

Pre with Post

Post with Post

Figure 1-1.

Primary tahle.

1-3



The analysils of the effectiveness of side marker lamps is carried out in
the following steps.
1. Select the full mass accldent data base.

2, Extract the partial data set to be used directly in
evaluating the effectiveness of gide marker lamps.

3. Define a set of potentlal control variables.

4. Select the varlables to be used for modeling and
adjustment purposes,

5. Fit a hierarchical, log-linear model to the contingency
table composed of Vehicle Configuration, Light Condition
and the control variables selected in Step 4.

6. Adjust the smoothed cell frequencies to allow for the direct
comparison of reduced lighting angle collision frequencies.

7. Examine single vehicle accldent frequenciles to determine
whather the exposgure risk for Pre~ and Post-Standard
vehicles during reduced lighting periods is the same.

8. Compute effectiveness values and confidence intervals.
9. Extrapolate the results to the nation.

1.5 Limitations of the Study

The study is subject to several limitations. We do not know from mass
accident data whether the vehicles' lights were on or whether there were any
obstructions blocking the view of either driver. We also do not always know if
the cars werc approaching at an angle--only that they struck each other from
front to gide.

An additional limitation of the study is that the single vehicle accident
data are not modeled or adjusted prilor to thelr use in the effectiveness estima-
tion procedure to control for differential exposure risk.

1.6 Outline of the Report

Section 2 of this report summarizes the analyses performed. 7Tt includes

a discussion of the measure of effectiveness, the estimated effectiveness values
and their confldence intervals, discussions of the overall success of the evalu-
ation, the credibility of the analysis, and a comparison of results, Detailed
analyses of the data are described in Section 3. Appendix A contains the fully
cross—classified contingency tables derived from the state mass accident data
bases, Appendix B summarizes the terms included in the various models fitted,
along with their marginal assoclations. Appendix C contains a summary of all

effectiveness values derived from both observed, unadjusted and smoothed, adjus-—

ted data,



2.0 SUMMARY OF ANALYSIS

2.1 Measures of Effectiveness

The effectiveness measures uged in the statistical evaluatilon of TMVSS 108

are defined as follows.

[ —
Number of Daylight Angle Number of Reduced Light
Collisions between Pre- Angle Collisions between
Standard Vehicles x Post~Standard Vehicles
Numbar of Reduced Light Number of Daylight Angle
Angle Collisions betweaen Collisions between Post—
E - 1 - Pre-Standard Vehicles . Standard Vehicles x 100
(Full) 2
Number of Daylight Single Number of Reduced Light Single
Vehicle Accidents Involving Vehicle Accidents Involving
Pre~-Standard Vehicle x Post~Standard Vehicle
Number of Reduced Light Single Number of Daylight Single
Vehicle Accidents Involving Vehicle Accidents Involving
L L Pre~Standard Vehicle Post~-Standard Vehicle 2 J
"ill effectiveness represents the amount of accident avoidance realized when
both vehicles involved in a potential reduced light angle collision satisfy
the gide marker lamp requirements of FMVSS 108,
r ~- o )
Humber of Daylight Angle” Number of Reduced Light Angle
Collisions between Pre- Collislons baetween One Pre- and
Standard Vehicles X One Pogt~Standard Vehicle
Number of Reduced Light Number of Daylight Angle
Angle Colliglons betwaen Collisions between One Pre-
E - ] - Pra=Standard Vehicles and One Pogt-Standard Vehicle
(Partial) x 100
Number of Daylight Single Number of Reduced Light Single )
Vehicla Accidents Involving Vehicle Accidents Involving
Pra~Standard Vehicle x Poat-Standard Vehicle J
Number of Raduced Light Single ~ Number of Daylight Single
Vahicle Accldents Involving Vehicle Accidents Involving
L L Pre~Standard Vehicle Pogt-Standard Vehicle
-
o

Partial effectiveness represents the amount of accident avoildance realized when
only one of the vehicles in a potential reduced light angle collision situation
is equipped with side marker lamps.

Since the daylight and reduced light exposure risks of Pre~ and Post=Standard
vehicles are not necessarily the same 1n the population at large--i.e., Post=

Standard cars may in fact be less likely {or more likely) to be driven during
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periods of reduced lighting than Pre-Standard cars--the daylight-to-reduced Light

involvement ratios for Pre- and Post-Standard vehicles iIn single vehicle accidents
are explicitly incorporated into the effectiveness measures to control for any
observed "effect" that is not due to FMVSS 108. In this sense, single vehicle
accidents are used as a control group. The overall magnitude of such "spurious"
effects is negligible in all three years of Texas data, and approximately

-4 percent in North Carolina for 1973 and 1975. However, in the case of both

New York and North Carolina, single vehicle accident data reflect highly signif-
icant reductions in the number of reduced light angle collisions between Post-

Standard vehicles of 6 and =16 percent, respectively, which cannot be at:tributed
to FMVSS 108,

2.2 FEstimated Effects of Side Marker Lamps

Tables 2-1 and 2-2 contain the full and partial effectiveness values ob-
tained both prior to and after controlling for different exposure risks of Pre-
and Pogt-Standard vehicles during periods of reduced lighting. Effectivenass
values derived from both obgerved, unadjusted and smoothed, adjusted dara are
contalined in these tables. Tigure 2-1 places in perspective the various effecc-
tiveness values and their 95 percent confidence intervals.

The estimated overall effectiveness of side marker lamps in reducing the
number of angle collisions occurring during periods of reduced lighting can

be summarized as follows.

1. TFull Effectiveness. After controlling for differential
exposure risk, overall effectiveness values for the three
states ranged, on the average, from 12 to 27 percent,

This represents a 12 Lo 27 percent reduction Iin the number
of reduced light angle collislons which can be attributed
to both vehicles involved in a potentilal reduced light
angle colllslon gituation gatisfying the side marker lamp
requlrements of FMVSS 108.

The mean full effactiveness values obtained for all indi-
vidual state-~years of data was approximately 18 percent.

All weighted averages of full effectiveness values obtained,
moreover, were statistically significant,

2. Partial Lffectiveness. Based upon weighted averapges of
overall partidl effectiveness values (after controlling
for differential exposure) derived from Texas 1972-1974
and North Carolina 1973-1975 samples, significant reduc-
tions in the number of reduced light angle collisions of
12 and 6 percent, respectively, were obtained when only
one of the vehicles involved in a potential reduced light
angle colligion situation was equipped with side marker
lamps. No significant partial effectiveness was found
for the New York 1974 sample.
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TABLE 2-1

Prior to Controlling for Relative After Controlling for Relative
Exposure Risk Exposure Risk
Observed, Smoothed,
State Year Unadjusted Data Adjusted Data Smoothed, Adjusted Data
Is
. . 95% Confidence
Effec- Standard Effec Standard Effec Standard Interval Effegt!veness
tive- |1 Hation|51Ve™ Ipeviation |t1Ye |peviation Stgnificantly
ness ness ness From To 0t fferent
from Zero?
Texas 1972 118.86 3.33 20.1 3.28 18.63 4,03 12.00 | 25.27 Yes
1973 14.56 3.34 12.76 3.42 10.79 4,22 3.85|17.74 Yes
1974 117.77 3.59 20.54 3.46 22,19 4,02 15.57 | 28.81 Yes
*
}g;i 17.03 | 1.97 17.85] 1.95 |17.401) 2.36 13.52 { 21.28 Yes
New York 1974 22.78 4.06 23.08 4.05 12.54 5.46 3.26 {21.81 Yes
North 1973 [10.44 8.01 13.25 1.75 20.48 8.42 6.63 ] 34.34 Yes
Carolina
1974 16.5% 7.56 14.74 7.75 36.38 6.90 25.03147.73 Yes
1975 5.08 9.29 7.7% 8.99 15.45 9.69 -0.49 131.40 No
*
1973- 11.46 4.73 12.30 4.68 26.61 4,67 18.93134.39 Yes
1975
A1l 3 ANl w h7.30 | 1.66 18.03! 1.64 [18.45 | 1.97 15.31 | 21.69 Yes
States Years

*Neighted maan,

using the inverse

of the variance of each year as a weighting factor.




TABLE 2-2
SUMMARY OF OVERALL PARTIAL FFFECTIVENESS VALUES

Prior to Controlling for Relative
Exposure Risk

After Controlling for Relative
Expasure Risk

Observed Smoothed
State Year | Unadjusted Data | Adjusted Data Smoothed, Adjusted Data
Is
- _ 95% Confidence
Effec- Standard Effec Standard Effec Standard Interval Effectjveness
tive- Deviation tive- Deviation tive Deviation Significantly
ness ness ness Different
From To
from Zero?
Texas 1972 14,57 2.65 15.39 2.63 14.61 2.90 9.83 119.38 Yes
1973 110.49 3.10 9.05 3.16 8.03 3.42 2.41 ]13.66 Yes
1974 8.42 3.82 10.32 3.72 11.26 3.68 4.87 |17.64 Yes
*
1972- fy1.88] 1.78 [12.23 1.78 [ 11.n 1.92  |'8.55 | 14.87 Yes
1974
New York| 1974 6.69 4.78 7.59 4.73 1.46 5.37 -7.37 }10.28 No
North 1973 1.76 7.77 3.40 7.61 7.51 7.74 -5.22 |20.25 No
Carolina .
1974 15.38 7.34 13.83 7.50 25.56 6.83 14.32 1 36.80 Yes
1975 6.62 9.11 8.65 8.87 12.55 8.88 -2.06 |27.16 No
*
1973- | 8.36 4.60 8.68 4.58 16.38 4.44 9.08 |23.68 Yes
1975
A1 3 A v ho91 | 157, | 157 |n.as | 167 | 863 (1413 Yes
States Years

. .
Weighted mean,

using the inverse of the variance of each year as a weighting factor.
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As expected, these partial effectlveness valuos wore in
almoat all casas baetween one-fifth to two~thirds less
than the corresponding full effectiveness values. An
overall average partial effectiveness value of 1l per-
cent was obtalned for all state-years of data analyzed,
after controlling for exposure risk.

3. Impact of Adjustment of Data. Overall, the net impact of
adjusting smoothed cell counts was to increase effective-
ness values by roughly 1-3 percentage points, and to
gslightly reduce the variability of these estimates. Illow-
ever, in the case of Texas 1973 and North Carolina 1974
samples, smoothing and adjustment resulted in a decrease
in effectiveness values of approximately 2 percentage noints.

4. Impact of Controlling for Exposure Risk. In the case of
North Carolina, where the analysis of single vehicle acci-
dents revealed a gilgnificant over-representation of Pogt-
Standard vehicles driven during periods of reduced lighting,
full and partial effectiveness values were uniformly
increased by an average of roughly 13 to 7 percentage points
as a result of controlling for exposure risk. TFor the New
York 1974 gample, where Post-Standard vehicles driven under
reduced lighting conditions were under-represented in the
population at large, full and partial effectiveness values
were decreased by 10 to 5 percentage points, respectivelv.
Controlling for exposure risk in the Texas samples, however,
had no apprecilable impact on effectiveness values, since
both Pre~ and Post-Standard carsg driven during periods of
reduced lighting were equally represented.

Using a weighted mean of 1974 effectiveness values for Texas, New York, and
North Carolina to extrapolate to the nation, it is estimated that roughly
64,000 reduced light angle collisions were actually prevented by FMVSS 108 in
1974, when the numbers of Pre- and Post-Standard vehicles driven were approxi-
mately the same. Had all of the vehicles driven in 1974 been equipped with side
marker lamps, however, it 1s estimated that more than 103,000 reduced light angle

colllisions could have been prevented by FMVSS 108.
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2.3 Evaluation of the Analysis

2.3,1 Overall Success of the Analysils

The findings summarized in Tables 2~1 and 2-2 conclusively demonstrate
the positive effectiveness of gside marker lamps in preventing angle collisions
occurring during periods of reduced lighting. The results of thils analysis
also indicate that, 1in many instances, side marker lamps are effective in pre-
venting accidents even when only one vehicle in a potential reduced light

collision situation satisfies the requirements of FMVSS 108,

2.3.2 Limitations of the Analysis

There are several potential limitations to this study which merit dis-
cussion., First, police-reported accident data are often lacking in detail
and completeness, For example, we do not know from mass accident data whether
the vehicle lights were on at the time of the accident. Furthermore, in New
York, light condition information was not recorded in 1974, and had to be esti-
mated from other information (county, time of day, month, etc.). Also, in New
York, no record was made of whether the vehicles were approaching at an angle.
However, information concerning the location of an accident (intersection or
non~intersection), the vehicles' direction of travel, and the initilal point of
impact was available. The completeness of police accident reports was problem-
atic insofar as many relevant accidents had to be excluded from the samples be-
cause Information pertaining to vehicle model year, light condition or velevant

control variables was unknown. In addition, a limitation which applies to the

North Carolina data base concerns its relatively small sample size.

An additlonal limitatlon of the study is that the single vehicle accident
data are not modeled or adjusted prior to their use in the effectiveness estima-—
tion procedure to control for dlfferential exposure risk. Ideally, it would
have been desirable to construct a Light Condition by Vehicle Configuration
by Accident Type (angle collision or single vehicle) table stratified by
relevant control variables for purposes of modeling, adjustment and computation
of effectiveness values. Structural incompatibilities between the two groups
of accidents, however, preclude this approach; as there is no vehicle config-

uration classification for single vehicles which is analogous to "Pre-with-Post."

2,.3.3 Credibility of the Analysis

The results of the analysis of the effectiveness of side marker lamns are
quite credible, given the overall size of the data bases, the general degree
of consistency among the findings, the statistical significance of almost all
effectiveness values obtained, and the straightforwardness of the analytic approach.
The credibility of the analysis has been particularly enhanced by the use of
single vehicle accidents as a control group. .
2-7



3.0 ANALYSIS OF THE EFFECTIVENESS OF SIDE MARKER TLAMPS

In this section, the effectiveness of side marker lamps in reducing the
frequency of side collision accidents during periods of reduced lighting is
emplrically assessed, using police-reported state mass accident data. What
follows 1s a brief description of CEM's approach for the analysis of side marker
lamp effectiveness; a description of all relevant data bases used, along with
information on how they were derived; a detailed presentation of the analysis;

and finally, a gsummary of results.

3.1 Analysils Approach

The hypothetical impact of side marker lamps for three distinct scenarios
of angle collisions occurring at intersectlons during periods of reduced light-
ing (night, dawn and dusk) is illustrated in Fipure 3_1.* Since the purpose of
the statistical evaluation of slde marker lamp effectiveness is to test the
hypothesls that side marker lamps reduce the frequency of reduced light angle

colligions, this can be done by comparing the observed number of Post-Post

Scenario 1 Scenario 7 Scenario 3

A [rre A [pREP a [ posT]

p p

p 0 0

R S S

4 T T

B B B
Neither vehicle has Both vehicles have Both vehicles have an
any advantage in some advantage, since | advantage, since each
avoiding a collision Vehicle A can see can presumably see
which can be Vehicle B more readily | the other more
attributed to side due to Vehicle B's readily due to the
marker lamps, side marker lamps, presence of side

Hence, Vehicle A can marker lamps.
avoid a collision with
Vehicle B, even if
Vehicle B does not see
Vehicle A.

Figure 3-1. Hypothetical expectations for the impact of side marker Tamps
in various scenarios for reduced light angle collisions at

intersections.
*Although each scenario allows for two possible colliawlon outeomen (A uwiribon
B, or B strikes &), no distinction is made between the "strack” and MeloPkTog
vehicles, since in many instances this is determined during the lagt aplit second
before a side collision occurs, and 1s not necessarily directly related to the

presence or absence of side marker lamps.
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collisions with the expeoted number of such accidents, after controlling or
relative exposure risk. Additionally, the observed number of reduced lipht
Pre-Post collisions can he compared with the expected number of such
collisionsg to test the partlal effectiveness of ¥MVSS 108, again alfter con~
trolling for relative exposure risk. DBy inference, the percent diflerence be-
tween the expected and observed nymber of reduced light angle collisions in
each case can be attributed to the effect of slde marker lamps.

Accidents, rather than vehlcles, are used as the unit of analysils, since
Pre-Standard vehicles can also benefit from FMVSS 108, to the extent that they
are able to avoid collisions with Post-Standard vehicles during periods of
reduced lighting due to the greater conspicuity of the latter. Tigure 3-2
depicts the basic Vehicle Configuration-by-Light Condition table central to the
analyses, which is stratified by a set of control variables selected according

to the procedures outlined in Section 3.3 TFigure 3-2 also contains the basic

Pre~Post-by~-Light Conditions table for single vehicle accidents, from which

measures of relative exposure rigk are derived for control purposes. Cell

Angle Collislons Between

Tvo Passenger Vehicles Single Vehicle Accidents

Post-Standard 2

PRE~-POST

//
;j (3)

/ Pre-Standard 1
Post r//‘ b3 E
;:,?; 3y "M | ek /V . Daylight  Reduced
' Light
Pre ’,// ’//;
. with 2 1 Mo | maay LIGHT CONDITION
VEHICLE bost ”,; LEVELS 0F
s )
TONFIGURATION Pre J/ CONTROL t
) with 1 ™M | Mogk L2 VARTABLES
Pre | (k)

1 2
Daylight Reduced
Light

LIGHT CONDITION (1)

Figure 3-2. Basic contingency tables used to derive full and partial
side marker lamp effectiveness estimates.
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gntries consist of observed counts (njjl's and mijk's), which are used to
LK

derive both "full"” and "partial" effectiveness estimates.
upon comparigons between Pre~Pre and Post-Post angle collision frequepcies,
aftar controlling for relative expogure risk, while the latter can be obtained
by comparing the incidence of Pre-Pre and Pre-Pogt collisions across different
light condition categories, agaln after controlling for relative exposure risk.
Stated differvently, full effectiveness represents the amount of accident
avoidance realized when both vehicles in a potential reduced light angle col-
lision satisfy the side marker lamp requirements of FMVSS 108, while partial

effectiveness represents the amount of accident avoidance realized when only

one of Lhe vehicles satisfies FMVSS 108.

Full effectiveness can be defined as follows.

The former are based

-
r (" Number of Daylight Angle Number of Reduced Light
Collisions betwean Pre~ Angle Collisions between
. Standard Vehilcles Ppst~Standard Vehicles
(" Number of Reduced Light Number of Davlight Angle
Angle Collisions between Collisions between Post-
E w 1l - \. Pre~Standard Vehlcles Standard Vehlcles
(Full) )
(" Number of Daylight Single Numbar of Reduced Light Single
Vehicle Accidents Involving Vehicle Accidents Involving
.. Pre~Standard Vehlcle x Post-Standard Vehicle
Number of Reduced Light Single Number of Daylight Single
Vehicle Accldents Involving Vehlcle Accidents Involving
L L Pre-Standard Vehicle Post-Standard Vehicle J

Using the notation In Figure 3~2, this can be expressed as:

1.
M1,

23,
21.

Epull) n

M1 Mg
M1 ™2

x 100

x 100



Partial effectiveness is defined as follows.

~ -
r~ -y
(~ Number of Daylight Angle Number of Reduced Light Angle
Colligions between Pre- Collisions betwean Ona Pre~ and
\. Standard Vehicles X One Post~Standard Vehicle
™ Numbar of Reduced Light (* Number of Daylight Angle
Angle Collisions between Collisions between One Pre-
g - 1 - . Pra~Standard Vehicles \. and One Post-~Standard Vehicle
(Partial) x 100
: ™ Numbar of Daylight Single (~ Number of Reduced Light Single
Vehicle Accidents Involving Vehicle Accidents Involving
. Pre~-Standard Vehicle X L. Post-Standard Vehicle
(" Number of Reduced Light Single ™ Number of Daylight Single
Vehicle Accidents Involving Vehicle Accidents Involving
L - Pre-Standard Vehicle \.. Pogt~Standard Vehicle ]
L J
()
n n m
e 1 L= L 22, i 100
artia n n X .
12, "21, M1 ™2

Since the daylight and reduced light exposure risks of Pre~ and Post-

Standard vehicles are not nccessarily the same in the population at large--

i.e., Post-Standard cars may, in fact, be less likely (or more likely) to bhe

driven during periods of reduced lighting than Pre-Standard cars--the daylight-

to~reduced light involvement ratlos for Pre- and Post-Standard vehicles in single

vehicle accidents are explicitly incorporated into the preceding equations to

control for any observed "effect" that is not due to FMVSS 108.

In this sense,

single vehicle accidents are used as a control group, and represent measures of

relative exposure risk.

tiveness, it should be noted that the term m

squared,

/m,..m

1122/ ™21™12

In the case of the equation for estimating full effec-
in the denominator is

Since single vehicle accidents are used throughout the analvsis as a

measure of the reduced lighting exposure risk of Post-Standard vehicles relatlve

to Pre-Standard vehicles, then the expectation (based upon exposure) of a

reduced light angle collision between two Post—-Standard vehicles can be expresscd

as the product of the expectations of each Post~Standard vehicle being involved in

/m

a reduced light angle collision--i.e., the square of m
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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
nffectiveness is eignificantly different from zero, one must reject the null
hypothesis that there is no difference between the expected and observed inei-

dence of angle coliikion accidents occurring under conditions of reduced Viphtinn.

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

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

Adjustment of the data to allow for direct comparison
of angle collision accidents.

Lach of these procedures is described in detail later in this section. In general,
the evaluation of the effectiveness of side marker lamps is carried out in the

following steps.

1, Select the full mass accident data base. The data hases
analyzed are Texas 1972-1974, New York 1974 and North
Carolina 1973-1975,

2. FExtract the partial data set to be used directly in
evaluating side marker lamp effectiveness. The partial
data getr consists of side collision accidents involving
two passenger vehlcles.

3. Define a set of variables to be considered for modeling
and adjustment purposes. In addition to Vehicle Config-
uration and Lighting Condition, all availlable variables
that might represent possible confounding effects are
considered for modeling and adjustment.

4, Apply the variable sgelection procedure. This procedure
consists of ranking all potential variables according
to the strength of their interactions with Vehicle Con~
figuration and Lighting Condition, and choosing those
variables with the highest overall degree of interaction.

5. Fit a hierarchical, log~linear model to the contingency
table composed of Vehicle Configuration, Lipghting Con-
dition and those variables selected in Step 4. The purpose
of modeling is to smooth the data and to remove random
variability due to small cell frequencles that occur when
a large number of control variables are used. Modeling
also reveals the strength of various interactions among
the variables.

6. Adjust the smoothed cell frequencies to allow for the direct
comparison of side collision accidents. Adjustment is
necessary to insure that the overall effectiveness estimates’
will not be affected by different distrihutions of Pre-Pre,
Pre~Post and Post-~Post accidents in daylight and reduced
lighting conditions across different levels of the control
variables identified 1a Step 4.
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7. Examine single vehicle accident frequencies. The daylight-
to-reduced light ratlos of Pre~ and Pogt-Standard vehicles
involved in single vehicle accidents provide the basis for
determining the extent to which Post-Standard vehicles
are elther over- or under-represented during periods of
reduced lighting in the population at large, relative to
Pre~Standard vehicles,

g, Compute effectivenegs values and confidence intervals., Values
for both the full and partial effectiveness of side marker
lamps are computed for each state-year of data, and an
estimate made of thelr variances. Appropriate confidence
intervals are determined, and the hypothesis that the obtained
effectiveness values are significantly greater than zero
is tested.

9. Extrapolate the results. A welghted mean of Texas 1972, 1973
and 1974 effectiveness values is used to extrapolate findings
to a nationwlde basis.
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3.2 Data Characteristics

The data characteristics for each state are presented separately in this
subsection, The generic tables that document each data set are the following.
e Relationship of partial data set to full data base.
® Univarilate frequency distribution of relevant variables.

¢ Reduced lighting angle collision involvement rates for each
level of vehlcle configuration and relevant variables.

In each case, the data characteristics are digcussed for three datra scls:

o Texas 1972~1974
e New York 1974
e North Carolina 1973-1975,.

The size of the partial data sets used in the analysis of side marker lamps
relative to the entire state mass accident data bases can he characterized by
noting the fraction of accidents and vehicles contained in the full data set
as given in Table 3-1, All results are based on analyées of the partial data

sets derived from the above listed police~reported mass accident data bhases.

TABLE 3-1

NUMBER OF ACCIDENTS AND VEHICLES IN DATA BASES
USED FOR THE ANALYSIS OF FMVSS 108

g ial
State Year Variahle Daig1éase Dgigt;gse Percentage
Texas 1972 Accidents 432,997 34,637 8.0
Vehicles 744,697 69,274 9.3
1973 Accidents 464,225 35,019 7.5
Vehiclies 800,543 70,038 8.8
r
1974 Accidents 434,193 31,040 7.2
Vehicles 747,832 62,098 8.3
1872-1974 Accidents 1,331,415 100,705 7.6
(pooled) Vehicles 2,293,072 201,410 8.8
New York 1974 Accidents 377,818 18,913 5.0
Vehicles 704,477 37,826 5.4
North 1973 Accidents 129,150 6,312 4.9
Carolina Vehicles 232,825 12,624 5.4
1974 Accidents 121,568 6,584 5.4
Vehicles 218,506 13,168 6.0
1975 Accidents 129,013 7,053 5.5
Vehicles 232,180 14,106 6.1
1973-1975 Accidents 379,731 19,948 5.3
{pooled) Vehicles 683,511 39,898 5.8
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Ag illustrated in Table 3-1, only a small subset of each state's yearly
accident data base was used for the analysis of the effectiveness of gide marker
lamps, The criteria for the inclusion of accidents in the subsample for use in
the analysis 1s the following.

e Accldent type = Collision hetween motor vehicles.

e Manner of collision = Angle collision.

e Number of vehlcles in accident = 2,

e Type of both vehicles in accident = Passenger car,

e Location of accident = Intersection or driveway access,
e Defects for both vehicles = None,

e Model year for both vehicles = Non-missing.

o Location of vehicle damage = One vehicle damaged in front,
the other in the side.

The basic characteristics of the samples derived from Texas, New York and
North Carolina can be seen from the univariate frequencles gilven in Tables 3-2,
3-~3 and 3~4 of certain "key" variables used in the analysls of the effectiveness
of side marker lamps. A critical variable in the analysis ig Vehicle Conflgur-
ation, which is classified relative to the Standard implementation date as Pre
with Pre, Pre with Post or Post with Post. Texas accident data for 1972 through
1973 has the greatest representation of angle collisions in which both cavrs are
Pre~Standard (25%); both New York (13% in 1974) and North Carolina (177 for
1973,1974,1975) have smaller rperesentations of accidents in which both cars are
Pre-~Standard. 'The most frequent combination in all samnles is Pre with Post,
which includes roughly one-half of all accidents analyzed.

A gecond critical or "key" variable is Light Condition. The overall propor-
tlon of daylight accidents ig 82 percent in Texas and 80 percent in North Carolina.
In New York, /3 percent of all angle collisions occur in daylight. It is quite
possible that there is a higher percentage of nighttime driving in New York. Iow-
ever, It should also be noted that Light Condition was a derived rather than an
obgerved variable in New York. The proportion of accidents in Dawn/Dusk light
conditions is 5.4 percent in New York compared with 2.4 percent in Texas and
4.2 percent in North Carolina. The proportion of accldents in dark conditions is
22 percent in New York compared with 16 percent in Texas and 15 percent in North

Carolina.



TARLE 3-2

FREQUENCY DISTRIBUTIONS OF KEY VARTABRLES FROM
TEXAS 1972-1974 SAMPLES

Spate |

1972 1973 1974 Total: 1972

Variable Category Absolute |% of IAbsolute [ % of | Absolute | % of | Absolute | % of
Frequency { Known | Frequency | Known [ Frequency | Known | Frequency { Known
Prepost Pre with Pre 12,142 35.1 8,429 24.1 5,031 16.2 25,602 25.4
Pre with Post 16,193 46.8 16,888 48.2 14,621 47.1 47,702 47.4
Post with Post 6,302 18.2 9,702 27.7 11,397 36.7 27,401 27.2
Light Daylight 28,356 81.9 28,765 82.1 25,431 81.9 82,543 81.8
Condition Dawn 120 0.3 110 0.3 135 0.4 365 0.4
Dusk 734 2.1 708 2.0 542 1.7 1,984 2.0
Dark - Road Lit 1,724 5.0 1,868 5.3 1,792 5.8 5,384 5.4
Dark - Road Unlit 3,703 10.7 3,568 10.2 3,149 10.1 10,420 10.4
Road U.S. State Highway 8,160 23.6 8,503 24.3 7,453 24.0 24,116 24.0
Classification County Road 526 1.5 481 1.4 428 1.4 1,435 1.4
City Street 23,117 66.7 23,139 66.1 20,569 66.2 66,825 66.3
Farm-to-Market 1,218 3.5 1,231 3.5 1,066 3.4 3,515 3.5
Other 1,616 4.7 1,665 4.8 1,533 4.9 4,814 4.8
Road Surface Dry 28,129 81.2 27,562 78.7 24,803 79.9 80,494 80.0
Condition Het 6,109 17.6 6,939 19.8 6,102 19.7 19,150 19,0
Snow-Ice 394 1.2 51 1.4 134 0.4 1,039 1.9
Other 5 0.0 7 0.0 10 0.0 22 J.4d
Weather Clear-Cloudy 29,768 85.9 29,410 84.0 26,235 84.5 85,413 34,3
Rain 4,569 13.2 5,248 15.0 4,539 14.6 14,356 14.3
Snow 110 0.3 188 0.5 48 0.2 346 0.3
Fog 185 0.5 165 0.5 213 0.7 563 )
Just 5 0.0 8 0.0 14 0.0 27 0.0
Traffic Control None 8,006 23.1 7,935 22.7 4,202 13.5 20,143 20.0
Signal 8,258 23.8 8,701 24.8 8,537 27.5 25,496 25.3
Stop Sign 15,162 43.8 15,256 43.6 13,005 41.9 43,423 43.1
Flashing Light 657 1.9 635 1.8 612 2.0 1,904 1.9
Yield Sign 1,793 5.2 1,723 4.9 1,486 4.8 5,002 5.0
Center Stripe/ 675 1.9 661 1.9 3,108 10.0 4,445 4.4

Divider
Other 86 0.2 108 0.3 98 0.3 292 0.3
Location of Intersection 30,798 88.9 30,816 88.0 27,363 88.1 88,977 88.3
Accident Driveway Access 3,839 1A 4,203 12.0 3,686 11.9 11,728 1.7
Severity of Property Damage Only 26,450 76.4 26,994 77.1 23,843 76.8 77,287 76.8
Accident Type C Injury 3,040 8.8 2,920 8.3 2,820 9.1 8,780 8.7
Type B Injury 3,758 10.8 3,855 11.0 3,507 11.3 11,120 11.0
Type A Injury 1,269 3.7 1,116 3.2 820 2.6 3,205 3.2
Fatality 120 0.3 134 0.4 59 0.2 313 0.3
City Size Less than 5,000 3,276 9.5 3,116 8.9 2,633 8.5 9,025 9.0
5,000 - 9,999 1,503 4.3 1,543 4.4 1,331 4.3 4,377 4.4
10,000 - 24,999 3,464 10.0 3,524 10.1 3,018 9.7 10,006 9.9
25,000 - 49,999 2,197 6.3 2,371 6.8 2,197 7.1 6,765 6.7
50,000 - 99,999 5,104 14.7 5,420 15.5 4,706 15.2 15,230 15.1
100,000 ~ 249,999 2,709 7.8 2,364 8.2 2,759 8.9 8,332 8.3
250,000 or More 16,384 47.3 16,181 46.2 14,405 46.4 46,970 46.6
Worst TAD in 0-1 5,743 16.6 6,299 18.0 5,822 18.8 17,864 17.7
Accident 2 11,009 31.8 11,686 33.4 10,512 33.9 33,207 33.0
3 11,187 32.3 11,206 32.0 9,813 31.6 32,206 32.0
4 3,943 11.4 3,564 10.2 3,185 10.3 10,692 10.6
5 1,573 4.5 1,319 3.8 1,069 3.4 3,961 3.9
6-7 1,182 3.4 945 2.7 648 2.1 2,775 2.8

w
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TABLE 3-2 (continued)

1972 1973 1974 Total: 1972-1974

Variable Category
Absolute [ % of | Absolute { % of | Absolute | % of | Absolute % of
Frequency | Known | Frequency| Known | Frequency| Known | Frequency | Known
Age of Driver of 15-24 12,687 37.4 12,789 37.3 11,724 38.6 37,200 37.6
Striking Vehicle| 25-34 7,466 22.0 7,871 22.9 6,930 22.8 22,267 22.6
35-54 8,340 24.6 8,280 241 7,027 23.1 23,647 24.0
55 or Older 5,457 16.1 5,359 15.6 4,731 15.6 15,547 15.8
Missing 687 -~ 720 -~ 637 - 2,044 .
Age of Driver of 15-24 11,684 34.4 12,148 35.3 10,929 35.8 34,761 35.0
Struck Vehicle 25-34 7,336 21.6 7,434 21.6 6,954 22.8 21,724 22.0
35-54 8,855 26.0 8,685 25.2 7,261 23.8 24,801 251
55 or Qlder 6,136 18.0 6,136 17.8 5,401 17.7 17,673 17.9
Missing 626 - 616 -~ 504 -- 1,746 -
Sex of Driver of Male 21,176 61.4 21,30¢ 61.1 18,520 59.9 61,002 60.8
Striking Vehicie| Female 13,318 38.6 13,559 38.9 12,403 40.1 39,280 39.2
Missing 143 -- 154 -- 126 -- 423 --
Sex of Driver of Male 19,600 56.8 19,655 56.3 17,162 55.5 56,417 56.2
Struck Vehicle Female 14,906 43.2 15,244 43.7 13,777 44.5 43,927 43.8
Missing 131 - 120 -- 110 -- 361 --
Total Number of Cases 34,637 -~ 35,019 -- 31,049 .- 100,705 -~




TARLE 3-3

FREQUENCY DISTRIBUTIONS NF KEY VARIABLES FROM

NEW YORK 1974 SAMPLE

Absolute

% of
Variable Category Frequency Known
Prepost Pre with Pre 2,478 13.1
Pre with Post 8,770 46.4
Post with Post 7,665 40.5
Light Condition Daylight 13,715 72.5
Dawn/Dusk 1,011 5.4
Dark 4,187 22.1
Road Classification U.5.~State Highway 5,245 29.2
County Road 2,169 12
Town Road 2,359 13.1
City Street 7,937 44 .2
Limited Access 255 1.4

Missing 948 --
Road Surface Condition Dry 12,463 66,2
Het 5,019 26.6
Snow/Ice/Slush 1,307 6.9
Other 49 0.3

Missing 75 -
Weather Clear 10,913 57.9
Cloudy 3,751 19.9
Rain 3,227 17.1
Snow/Sleet 878 4,7
Other 76 0.4

Missing 68 -
Traffic Control None 5,241 28.2
Signal 5,680 30.5
Stop Sign 6,676 35.9
Flashing Light 399 2.1
Yield Sign 387 2.1
Other 222 1.2

Missing 308 -
Location of Accident Intersection 16,257 86.0
Non-Intersection 2,656 14.0
Severity of Accident Property Damage Only 6,331 33.5
Personal Injury 12,527 66.2
Fatality 55 0.3
Maximum Vehicle Damage None 9 0.0
Light 3,583 19.2
Moderate 11,760 63.1
Severe 3,185 17.1
Demolished 88 0.5

Missing 288 -
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TABLE 3-3 (Continued)

Absolute % of

Variable Category Frequency Known

Number of Towaways None 11,090 58.6
Only One Vehicle 4,571 24,2

Both Vehicles 3,252 17.2

Age of Driver of Striking 15-24 6,163 32.9
Vehicle 25-34 4,329 23.1
35-54 5,295 28.2

55 or Older 2,964 15.8

Missing 162 -

Age of Driver of Struck 15-24 5,525 29.4
Vehicle 25-34 4,249 22.6
35-54 5,521 29.4

55 or Older 3,468 18.5

Missing 150 .-

Sex of Driver of Striking Male 12,643 66.8
Vehicle Female 6,270 33.2
Sex of Driver of Struck Male 11,909 63.0
Vehicle Female 7,004 37.0
Total Number of Cases 18,913 .-

3-12




FREQUENCY DISTRIBUTIONS OF KEY VARIABLES FROM
NORTH CAROLINA 1973-1975 SAMPLES

TABLE 3-4

1973 1974 1975 Total: 1973-1675
Variable Category Absolute % of | Absolute Absolute Absolute % of
Frequency | Known | Frequency Frequency Freguency | Known
Prepost Pre with Pre 1,464 23.2 1,054 851 3,369 16.9
Pre with Post 3,098 A 3,150 3,168 9,416 47.2

Post with Post 1,750 .7 2,380 3,034 7,164 35.
Light Daylight 5,044 9.9 5,240 5,705 15,989 80.1
Condition Dawn 49 0.8 54 59 162 0.8
Dusk 224 3.5 222 230 676 3.4
Dark-Road Lit 670 10.6 741 759 2,170 10.9
I Dark-Road Unlit 325 5.1 327 300 952 4.8
Road ~U.S. Highway 887 4.2 827 834 2,543 12.8
Classification State Highway 512 8.2 462 543 1,517 7.6
i kural Roads 717 11.4 129 746 2,192 11.0
. City Street 4,148 66.2 4,557 4,895 13,600 68.5

I Missing 48 14 35 97 -
Road Surface Dry 5,100 80.8 5,213 5,536 15,849 79.5
Condition ‘Wet 1,074 17.0 1,350 1,475 3,899 19.6
" Snow-1ce 123 2.0 12 25 160 0.8
i Other 12 0.2 4 8 24 0.1

'Missing 3 5 9 17 -
Weather [Clear 4,267 68.1 4,281 4,626 5.8 13,174 66.3
i Cloudy 1,126 18.0 1,272 1,227 7.4 3,625 18.2
{Rain 787 12.6 943 1,102 5.7 2,832 14.3
Snow/Sleet/Hail 53 0.8 15 22 0.3 90 0.4
Fog 35 0.5 53 53 0.8 14 0.7

Missing 44 20 23 87 -
Traffic "None 1,306 21.0 1,526 1,549 22.3 4,381 22.3
Control :Signal 1,525 24.5 1,690 1,904 27.4 5,119 26.0
Stop Sign 3,108 50.0 2,995 3,165 45.5 9,268 47.1
Flashing Light 125 2.0 146 137 2.0 408 2.1
Yield Sign 127 2.0 106 141 2.0 369 1.9
Other 34 0.5 42 58 0.8 134 0.6

Missing 92 79 a9 270 -
Location of Intersection 5,362 4.9 5,458 5,893 16,713 83.8
Accident Driveway Access 950 5.1 1,126 1,169 3,236 16.2
Investigating jMunicipal Police 4,461 70.7 4,818 5,169 14,448 72.4
Agency Highway Patrol 1,851 .3 1,766 1,884 5,501 27.
City Size Less than 5,000 2,271 36.0 2,200 3.4 2,318 32.9 6,789 34.0
5,000 - 9,999 406 6.4 420 6.4 439 6.2 1,265 6.3
10,000 - 24,999 750 11.9 819 12.4 971 13.8 2,540 12.7
25,000 - 49,999 822 13.0 825 12.5 860 12.2 2,507 12.6
50,000 - 74,999 316 5.0 404 6.1 438 6.2 1,158 5.8
Over 75,000 1,747 27.7 1,916 29.1 2,027 28.7 5,690 28.5
Severity of Property Damage 3,987 63.2 4,225 64.2 4,435 62.9 12,647 63.4
Accident Type C Injury 991 15.7 1,061 16.1 1,223 17.3 3,275 16.4
Type B Injury 946 15.0 1,002 15.2 1,048 14,9 2,996 15.0
Type A Injury 361 5.7 273 4.1 317 4.5 957 4.8
Fatality 27 0.4 23 0.3 30 0.4 80 0.4




TABLE 3-4 (continued)

. 1873 1974 1975 Total: 1973-1975
Variable Category Absolute % of | Absolute % of | Absolute % of Absolute % of
Frequency | Known | Frequency | Known | Frequency | Known Frequency | Known

Maximum VehicleflLess than $250 1,123 17.8 1,080 16.4 1,088 15.4 3,291 16.5
Damage $250 - $499 2,212 35.0 2,365 35.9 2,340 33.2 6,917 34.7
$500 - $699 1,129 17.9 1,109 16.8 1,265 17.9 3,503 17.6

$700 - $999 853 13.5 886 13.5 962 13.6 2,701 13.5

$1000 or More 995 15.8 1,144 17.4 1,398 19.8 3,537 17.7

Maximum Vehicle| 20 MPH or Less 1,275 21.0 1,354 21.2 1,343 19.5 2,972 20.5
Speed 21 - 29 MPH 855 14.1 968 15.1 1.041 15.2 2,864 14.8
30 - 40 MPH 2,821 46.5 3,03} 47.4 3,342 48.6 9,194 47.5

41 - 49 MPH 447 7.4 456 7.1 532 7.7 1,435 7.4

50 MPH or More 671 11.0 589 9.2 613 8.9 1,873 9.7

Missing 243 - 186 - 182 - 611 -

Age of Driver |15 - 20 1,377 22.0 1,468 22.5 1,483 21 4,328 21.8
of Striking 21 - 25 1,084 17.3 1,191 18.2 1,218 17.3 3,493 17.6
Vehicle 26 - 35 1,319 21.1 1,307 20.0 1,490 21.2 4,116 20.8
36 - 55 1,467 23.4 1,523 23.3 1,678 23.9 4,668 23.6

56 or Older 1,011 16.2 1,042 16.0 1,153 16.4 3,206 16.2

Missing 54 -- 53 - 31 -- 138 -

Age of Driver |15 - 20 1,355 21.7 1,438 22.0 1,459 20.8 4,252 21.5
of Struck 21 - 25 980 15.7 1,083 16.6 1,104 17.7 3,167 16.0
Vehicle 26 - 35 1,227 19.6 1,260 19.3 1,492 21.3 3,979 20.1
36 - 55 1,621 25.9 1,600 24.5 1,741 24.8 4,962 25.1

56 or Older 1,066 17.1 1,156 17.7 1,222 17.4 3,444 17.4

Missing 63 -~ 47 - 35 - 145 --

Sex of Driver |Male 3,877 61.7 3,901 59.4 4,115 58.4 11,893 59.8
of Striking Female 2,410 38.3 2,661 40.6 2,932 41.6 8,003 40.2
Vehicle Missing 25 -— 22 -- 6 .= 53 --
Sex of Driver [Male 3,634 57.7 3,736 56.9 3,909 55.4 11,279 56.6
of Struck Female 2,663 42.3 2,828 43.1 3,142 44.6 8,633 43.4
Vehicle Missing 15 -- 20 - 2 -- 37 S
Total Number of Cases 6,312 -- 6,584 -~ 7,053 -~ 19,949 -

3-14




Because of the lmportance of the Light Condition variable, {t should be noted
briefly how it was derived 1n New York. Using infoimation on the County iu which
the accident occurred, the approximate latitude (LA) and longitude (LO) of the
accldent location was determined. The four relevant equations used for the

computation of sunrise time (SRT) and sunset time (SST) are:

SRT = 12 = Y - ET - TZN + LO/15

Y = %g-x cosw1 (-tan LA x tan §)
= 23° n-80

§ = 23° x sin [:( EVD ) 360]

S8T = 24 - SRT

where ET is a correction time for time zone TZN = 5, i.e., Fastern Standard Time,
5 i the declination, and n is the Julian Day. The values used for FT For each
month are given in Table 3-5. It should also be noted that Daylight Savings
Time was in effect from January 6, 1974, until the last Sunday of October in
1974. Light Condition was clagsified from the computations in the following
manner.

@ Daylight: Sunrige to sunset.

¢ Dawn: Forty minutes before sunrise to sunrise,

e DNDusk: Sunset to 40 minutes after sunset,

e Dark: Forty minutes alter sunset to 40 winutes before suarise.

TABLE 3-5

MONTHLY VALUES USED FOR TIME CORRECTION

, ET Value ET Value
Month (Hours) Month {Hours)
January -.19 July ~.10
February .23 August «.05
March -2 September Al
April .02 October .26
May .06 November .23
June -.03 December .03

While the above computations may introduce some error to the Light Con-
dition variable in New York, note that there are also some dissimilarities
in the observed light conditions under which accidents occur in North Caro-
lina and Texas. Basically, dawn/dusk appears to be considered a more extended

perlod in North Carcolina than in Texas. Also, a "night" accident is more



likely than not to occur under a street light in North Carolina. The situation

ig reversed in the Texas samples.

Some additlonal comments on the univarlate frequencles are listed briefly

below.

® The percentages of Pre-Pre, Pre-Post and Post-Post accidents
are roughly similar among matching years of Texas, New York
and North Carolina data.

Both North Carolina and Texas seem to experience similar weather
conditions in terms of the percentage of accidents occurring
for a givan weather condition. 1In New York, a higher percen-
tage of accldants occur in rain, and a far higher percentage
(about five percent) of accidents occur in snow or sleet.

@ In all three states, there is a greater proportion of male
drivers 1n striking cars as compared to the proportion of
male drivers in struck cars. There is also a tendency in all
three states for younger drivers to be found in slightly
higher proportions in striking cars as compared to struck cars,

e Also in all three states, about one-third or more of the drivers
in striking cars and a similar fractlon of drivers in struck
cars were between 15 and 24 vears of age (inclusive).
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3.3 Variable Selection

The variable selection procedure is designed to select from a large proun
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 detalled

below.

1. For each potential variable, a three-variable saturated
log~linear model containing Vehicle Configuration, Light
Condition and Variable is fit,

2. Three likelihood ratio (LR) chi-square (x2) 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 Vehicle Configuration interaction term, the second differ-
ing only by the exclusion of the Variable x Light Condition
interaction term, and the third differing only by the exclu-~
sion of the Variable x Vehicle Confilguration x Light Condition

interactlon term.
’ \
3. The harmonic mean of the three LR x? statistilcs is computed.7

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

In addition to Vehicle Configuration and Light Condition, no more than five
variables can be accommodated by the computer program used to fit hierarchical log-
linear models to the data (BMDP: Biomedical Computer Program~P3F). Further-
more, to avoid problems of acute data gparsity in the contingency table to be
modeled, the determination of the number of variables to be selected must take
into account both the slze of the sample from which the table is constructed and
the number of categories characterizing each variable selected. o

With regard to the latter, 1t should be emphasized that the choice of
cutting pointg used to categorize a variable was not completely arbitrary.
Whenever appropriate (and possible), geveral different "versions'" of a given var-
iable--each with different cutting points,and in many cases, with a different
numbeir of categorles--were input into the varilable selection procedure. Onlv one
"verglon" of a variable, that with the highest harmonic mean of LRxZ's, was used
in subsequent analyses.

Figure 3-3 i1llustrates a typical examnle of the effort involved in deter-
mining the "optimal" .cutting points of the variable "Age of Driver of Struck

Vehicle" in the New York 1974 sample (the tetrachotomv is chosen).

n

The harmonic mean of a set of n values, s ig found from evaluating n/L L/ai;
i=1 |

*
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Figure 3-3.

Example of determination of "optimal" cuttina points of cateqorical
variables.

Tables 3-2, 3-3 and 3-4 contain the variables which were candidates for
gelection in the Texas, New York and North Carolina samples. Reduced Lighting
angle collision involvement rates, along with the number of angle collisions
in each Vehicle Configuration category, are presented separately for each vari-
able in Tables 3-6 through 3-12 for Texas 1972, 1973. 1974; New York 1974; and
North Carolina 1973, 1974, 1975 samples, respectively,

As noted previously, the_gngiil reduced lighting angle collision rates for
Texas, New York and North Carolina are 18,2 percent, 27.5 percent and 19.9 percent,
respectively. These figures can be kept in mind in the brief discussion below.

In the Texas sample, reduced lighting angle collision rates range from a high
of 36.6 percent in 1974 collisions between Pre-~Standard vehicles with at Jeast one
TAD between 5-7, to a low of 8.2 percent in colllsions in the same year between
Post-Standard vehicles when at least one driver was 55 years of age or older.
Reduced lighting angle collision rates tend to be higher {or accidents involving
at least one young driver, at least one male driver, accidents involving injuries

or fatalities and accidents with a high TAD for at least one of the vehicles.

Reduced lighting angle collision rates tend to be lower for accidents occurring on
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DURING PERIODS OF REDUCED LIGHTING

TABLE 3-6
PERCENT OF ANGLE COLLISIONS OCCURRING

FOR TEXAS 1972 SAMPLE

Angle Collision Rate for
Reduced Lighting Conditions

Number of Angle Collisions

{Percent)
Variable Category
Pre with| Pre with| Post with Pre with| Pre with | Post with
Pre Post Post Pre Post Post

Road City Street 17.9 15.6 15.5 8,262 10,747 4,108
Classification U.S. State Highway 264.4 20.7 18.6 2,8Q2 3,839 1,519
(N = 34,637) Other 22.5 22.0 19.0 1,078 1,607 675

Age of Oriver of 15-24 24.1 21.5 21.6 4,252 5,428 2,004
Struck Vehicle 25-54 20.2 17.2 15.7 5,332 7,671 3,188
(N = 34,011) 55 or QOlder 1.1 10.4 10.3 2,304 2,818 1,014

City Size Less than 100,000 17.7 15.7 15.9 5,740 7,213 2,591
(N = 34,637) 100,000 or More 21.8 18.8 17.2 6,402 8,980 3,711

Age of Driver of 15-24 22.9 20.3 20.3 4,622 5,972 2,093
Striking Vehicle 25-54 20.8 18.1 16.4 5,182 1,335 530
(N = 33,950) 55 or Qlder 10.6 9.1 9.6 2,087 2,529 871

Sex of Driver of Male 23.7 21.7 21.0 7,090 9,124 3,386
Struck Vehicle Female 14.1 11.6 11.5 4,996 7,011 2,899
(N = 34,506)

Location of Intersection 19.5 17.3 16.7 10,911 14,368 5,519
Accident Driveway Access 23.0 19.0 16.2 1,231 1,825 783
(N = 34,637)

Road Surface Ory 19.3 16.8 16.5 9,876 13,114 5,139
Condition Other 22.2 20.3 17.3 2,266 2,079 1,163
(N = 34,637)

Sex of Driver of Male 23.8 20.9 20.3 7,600 9,865 3,711
Striking Vehicle Female 12.9 11.8 11.2 4,477 6,268 2,573
(N = 34,494)

Worst TAD in 0-2 17.0 14.6 14.8 5,872 7,828 3,052
Accident 3-4 21.0 19.0 16.9 5,310 7,061 2,759
(N = 34,637) 5-7 30.3 26.2 26“5 960 1,304 491
Severity of Property Damage Only 18.2 15.8 15.4 9,096 12,403 4,957
Accident Injury or Fatality 24.8 22.7 21.3 3,046 3,790 1,351
(N = 34,637)

Traffic Contrnl Yes 20.0 17.8 17.0 8,933 12,210 4,766
Sign/Signal/Device No 19.3 16.5 15.5 3,209 3,983 1,536
Oresent? ‘

(N = 34,637)

Weather Clear-Cloudy 19.5 17.1 16.5 10,455 13,895 5,418

(N = 34,637) Other 21.9 19.6 17.6 1,687 2,295 384
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PERCENT OF ANGLE COLLISIONS OCCURRING
DURING PERIONS OF REDUCED LIGHTING

TABLE 3-7

FOR TEXAS 1973 SAMPLE

Angle Collision Rate for
Reduced Lighting Conditions

Number of Angle Collisions

(Percent)
Variable Category
Pre with | Pre with | Post with Pre with | Pre with | Post with
Pre Post Post Pre Post Post

Sex of Driver of Male 23.2 20.9 20.5 5,412 10,261 5,633
Striking Vehicle Female 11.9 12.4 11.9 2,961 6,558 4,040
(N = 34,865)

Road City Street 17.4 16.1 15.5 5,707 11,146 6,286
Classification U.$. State Highway 24.4 20.5 19.6 2,002 4,127 2,374
(N = 35,019 Other 20.4 21.2 20.0 720 1,615 1,042

Age of Driver of 15-24 21.9 20.6 20.5 3,275 6,171 3,343
Striking Vehicle 25-54 20.3 17.9 16.6 3,544 7,755 4,852
(N = 34,299) 55 or Older 10.6 9.7 9.3 1,392 2,629 1,338

Worst TAD in 0-2 15.9 14.9 14.4 4,299 8,693 4,993
Accident 3-4 21.5 19.6 19.2 3,621 4,090 4,059
(N = 35,019) 5-7 33.2 27.2 22.9 509 1,105 550

City Size Less than 100,000 16.7 16.0 15.4 4,104 7,772 4,098
(N = 35,019) 100,000 or Move 21.8 19.1 18.1 4,325 9,116 5,604

Traffic Control Yes 19.5 17.8 18.0 6,287 12,737 7,336
Signal/Sign/Device | No 18.8 17.2 13.7 2,142 4,151 2,366
Present?

(N = 35,019)

Age of Driver of 15-24 23.4 21.8 21.0 3,106 5,849 3,193
Struck Vehicle 25-54 19.8 17.6 16.6 3,498 7,758 4,863
(N = 34,403) 55 or Older 10.6 9.6 9.7 1,651 2,990 1,495

Sex of Driver Male 24.0 21.8 21.4 4,893 9,566 5,196
of Struck Vehicle Female 12.5 12.0 1.7 3,498 7,268 4,478
(N = 34,899)

Severity of Property Damage Only 17.7 16.2 15.9 6,299 13,036 7,659
Accident Injury or Fatality 23.9 22.7 21.0 2,130 3,852 2,043
(N = 35,019)

Road Surface Dry 18.7 17.3 16.3 6,607 13,304 7,651
Condition Other 21.7 18.9 19.3 1,822 3,584 2,051
(N = 35,019)

Weather Clear-Cloudy 18.8 17.3 16.5 7,085 14,198 8,127
(N = 35,019 Other 22.2 19.6 19.6 1,344 2,690 1,575

Location of Intersection 19.2 17.5 17.4 7,548 14,891 3,377
Accident Driveway Access 20.7 19.1 14.3 881 1,997 1,325
(N = 35,019)
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DURING PERIODS OF REDUCED LIGHTING

TABLE 3-8
PERCENT OF ANGLE COLLISIONS OCCURRING

FOR TEXAS 1974 SAMPLE

Angle Collision Rate for
Reduced Lighting Conditions

Number of Angle Collisions

(Percent)
Variable Category
Pre with | Pre with| Post with Pre with{ Pre with | Post with
Pre Post Post Pre Post Post

Age of Driver of 15-24 24.4 22.3 21.7 1,825 5,252 3,852
Struck Vehicle 25-54 20.4 18.4 16.1 2,094 6,461 5,660
(N = 30,545) 55 gr Qlder 10.4 1.1 8.2 1,014 2,655 1,732
Worst TAD in 0-2 16.5 15.6 14,4 2,510 7,723 6,101
Accident 3-4 21.5 20.9 18.4 2,237 6,060 4,701
(N = 31,049) 5-7 36.6 27.1 30.1 284 838 595
Road City Street 17.6 16.7 15.6 3,489 9,683 7,397
Classification U.S. State Highway 24.8 22.4 19.0 1,152 3,547 2,754
(N = 31,049) Other 25.4 20.8 19.2 390 1,391 1,246
City Size Less than 100,000 16.9 16.4 15.6 2,365 6,770 4,750
(N = 31,089) 100,000 or More 22.5 20.2 17.8 2,666 7,851 6,647

Age of Driver of 15-24 23.1 21.8 20.6 1,967 5,613 4,144
Striking Vehicle 25-54 20.7 18.7 16.3 2,016 6,420 5,521
(N = 30,412) 55 or Older 10.7 8.9 9.0 933 2,298 1,500
Traftfic Control Yes 20.7 19.1 171 3,783 11,200 8,713
Signal/Sign/Device | No 17.3 16.2 16.0 1,248 3,420 2,684
Present?

(N = 31,049)

Weather Clear-Cloudy 18.9 17.6 16.2 4,273 12,386 9,576
(N = 31,049) Other 25.5 23.4 20.1 758 2,235 1,821
Sex of Driver of Male 23.9 22.1 20.7 3,147 8,873 6,500
Striking Vehicle Female 12.6 12.4 1.7 1,862 5,682 4,859
(N = 30,923)

Severity of Property Damage Only 17.9 17.0 15.5 3,709 1,174 8,960
Accident Injury or Fatality 25.3 23.0 22.0 1,322 3,447 2,437
(N = 31,049)

Road Surface Dry 18.8 17.4 16.0 4,027 11,723 9,053
Condition Other 24.0 22.7 20.1 1,004 2,898 2,344
(N = 31,049)

Sex of Driver of Male 24,1 22.9 21.3 2,943 8,187 6,032
Struck Vehicle Female 13.4 12.5 11.8 2,062 8,376 5,339
(N = 30,939)

Location of Intersection 19.6 18.5 16.9 4,505 12,945 9,913
Accident Driveway Access 21.7 17.8 16.8 526 1,676 1,484
(N = 31,049)




PERCENT OF ANGLE COLLISIONS OCCURRING
DURING PERIODS OF REDUCED LIGHTING

TABLE 3-9

FOR NEW YORK 1974 SAMPLE

Angle Collision Rate for
Reduced Lighting Conditions

Number of Angle Collisions

{Percent)
Variable Category
Pre with | Pre with | Post with Pre with| Pre with | Post with
Pre Post Post Pre Post Post

Age of Driver of 15-24 35.3 33.4 29.7 811 2,635 2,079
Struck Vehicle 25-34 32.0 29.1 27.6 506 1,912 1,831
(N = 18,763) 35-54 31.2 29.0 23.5 673 2,571 2,277

? 55 or Older 18.1 19.8 18.5 465 1,673 1,430

Road State Highway 33.2 29.9 27.2 632 2,320 2,293
Classification County Roads 30.4 26.9 21.4 299 973 897
(N = 17,710) Town Roads 24.1 21.8 20.6 365 1,127 867

’ City Streets 31.8 21.6 26.7 1,044 3,802 2.00N

Number of None 28.8 26.3 24.0 1,514 5.118 4,458

Towaways One Vehicle Only 30.0 30.7 26.8 527 2,157 1,887
. Both Vehicles 35.9 34.0 27.2 437 1,495 1,320
(N = 18,913)

Maximum Vehicle None-Light 27.2 25.4 24.2 419 1,622 1,551

Damage Moderate 29.8 28.4 25.0 1,583 5,476 4,701
= Severe-Demolished 34.3 32.6 26.9 440 1,544 1,289
(N = 18,625)

Age of Driver of 15-24 33.9 31.8 29.0 912 2,997 2,254
Striking Vehicle 25-34 33.4 33.0 28.2 515 1,982 1,832
(N = 18,751) 35-54 28.5 27.4 24.5 666 2,394 2,235

’ 55 or Older 21.2 17.5 15.5 354 1,324 1,286

Road Surface Dry 28.6 26.6 24.3 1,596 5,764 5,103
Condition Other 33.1 32.8 271 875 2,971 2,529
(N = 18,838)

Sex of Driver of Male 34.7 32.4 29.5 1,637 5,600 4,672
Struck Vehicle Female 21.8 22.1 18.5 841 3,170 2,993
(N = 18,913)

Traffic Control No 26.6 25.8 23.6 698 2,496 2,263
Signal/Sign/Device | Yes 37.6 30.0 25.9 1,751 6,128 5,269
Present
(N = 18,605)

Weather Clear-Cloudy 29.2 27.4 24.5 1,884 6,788 5,9_92
(N = 18,845) Other 33.8 33.2 28.0 589 1,948 1,644

Location of At Intersection 30.0 28.7 24.9 2,155 7,556 6,546
Accident Non-Intersection 32.5 28.8 27.3 323 1,214 1,119
(N = 18,913)

Severity of Property Damage Only 24.5 23.7 21.3 695 2,796 2,840
Accident Injury or Fatality 32.6 31.0 27.5 1,783 5,974 4,825
(N = 18,813)

Sex of Driver of Male 33.8 32.1 28.9 1,758 5,979 4,906
Striking Vehicle Female 21.7 21.3 18.6 720 2,791 2,759
(N = 18,913)
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DURING PERIODS OF REDUCED LIGHTING

TABLE 3-10
PERCENT OF ANGLE COLLISIONS OCCURRING

FOR NORTH CAROLINA 1973 SAMPLF

Angle Collision Rate for
Reduced Lighting Conditions

Number of Angle Collisions

Variable Category (Percent) .
Pre with| Pre with{ Post with Pre withi Pre with] Post with
Pre Post Post Pre Post Post

Age of Driver of 16-25 25.0 24.1 25.0 532 1,162 641
Struck Vehicle 26-55 20.4 19.4 16.0 629 1,368 851
(N = 6,249) 56 or Qlder 13.2 14.8 13.4 280 540 246

City Size Less than 50,000 20.9 19.6 17.3 1,063 2,104 1,082

~ 50,000 or More 20.4 21.7 22.3 4017 994 668
(N = 6,312)

Maximum Vehicle Less than $350 18.1 19.6 18.3 652 1,103 529
Damage $350 - $899 22.3 20.4 19.0 668 1,400 785
(N = 6,312) $300 or More 25.7 21.3 20.6 144 595 436

Road Surface Dry 19.4 18.5 18.6 1,163 2,501 1,436
Condition Other 26.2 27.7 22.0 301 595 313
(N = 6,309)

Age of Driver of 15-25 24.0 24.0 22.2 550 1,237 674
Striking Vehicle 26-55 21.1 20.2 19.6 630 1,323 833
(N = 6,258) 56 or Older 13.7 11.6 9.33 270 516 225

Severity of Property Damage 18.2 19.2 17.8 889 1,966 1,132
Accident Injury or Fatality 24.7 22.1 21.8 575 1,132 618
(N = 6,312)

Weather Clear-Cloudy 19.4 19.2 19.0 1,251 2,628 1,514
(N = 6,268) Other 28.1 25.5 21.3 203 447 225

Road U.S. State Highway 23.7 24.9 21.4 317 694 388
Classification City Street 20.0 18.7 19.2 957 2,041 1,150

N Rural Paved Road 19.9 20.2 14.6 171 331 198
(N = 6,247)

Maximum Vehicle Less than 30 MPH 16.3 15.9 17.0 509 1,051 612

Speed 30-49 MPH 21.6 22.1 19.8 749 1,617 902
_ 50 MPH or More 28.3 26.5 21.6 152 325 194
(N = 6,111)

Sex of Driver of Male 23.3 23.0 22.6 927 1,921 1,029
Striking Vehicle Female 16.1 15.8 14.1 528 1,167 715
(N =6, 287)

Sex of Driver of Male 24,2 23.4 22.6 300 1,757 977
Struck Vehicle Female 151 16.1 14.9 562 1,334 767
{N = 6,297)

Traffic Control No 19.3 21.7 22.8 296 650 360
Signal/Sign/Device | Yes 21.2 19.8 18.3 1,749 2,398 1,367
Present?

{N= 6,220)

Location of Intersection 21.3 20.1 19.3 1,265 2,622 1,475
Accident Driveway Access 17.6 21.0 18.5 199 476 275
(N = 6,312)

Investigating Municipal Police 20.1 19.4 18.9 1,035 2,191 1,235
Agency Highway Patrol 22.4 22.3 20.0 429 907 515
(N =6,312)




TABLE 3~11

PERCENT OF ANGLE COLLISIONS OCCURRING

DURING PERIODS OF REDUCED LIGHTING

FOR NORTH CAROLINA 1974 SAMPLFE

Angie Collision Rate for
Reduced Lighting Conditions

Number of Angle Collisions

variable Category (Percent)
Pre with{ Pre with| Post with Pre with| Pre with| Post with
Pre Post Post Pre Post Post

Age of Driver of 15-25 26.6 25.3 21.8 414 1,221 886
Struck Vehicle 26-55 23.6 18.6 20.7 416 1,341 1,103
(N = 6,537) 56 or Older 14.3 11.4 12.4 217 569 370

Road U.S. State Highway 26.1 23.3 24.1 21 617 456
Classification City Street 20.1 19.2 18.9 712 2,159 1,686

N Rural Paved Road 33.9 20.4 16.1 127 363 224
(N = 6,555)

Sex of Driver of Male 24.8 23.9 22.7 673 1,877 1,351
Striking Vehicle Female 19.3 14.1 15.8 379 1,262 1,020
(N = 6,562)

Investigating Municipal Police 20.1 18.9 19.3 755 2,283 1,780
Agency Highway Patrol 30.1 23.1 21.0 289 867 600
(N = 6,584)

Maximum Vehicle Less than $350 20.6 19.2 18.0 461 1,092 768
Damage $350 - $899 23.3 18.0 18.3 489 1,447 988
(N = 6,588) $900 or More 31.7 26.4 24.2 104 617 624

Sex of Driver of Male 25.6 22.7 24.0 669 1,786 1,28}
Struck Vehicle Female 18.0 16.3 14.8 383 1,352 1,093
(N = 6,564

City Size Less than 5,000 27.2 21.0 20.1 379 1,091 730
(N = 6,58) 5,000 or More 20.6 19.6 19.6 675 2,059 1,650

Severity of Property Damage 20.1 17.2 18.1 683 1,995 1,547
Accident Injury or Fatality 28.3 25.0 22.8 37 1,155 833
(N = 6,584)

Age of Driver of 15-25 27.3 24.3 23.3 429 1,253 977
Striking Vehicle 26-55 22.4 19.9 19.2 420 1,321 1,089
(N = 6,531) 56 or Older 14.6 11.0 9.5 199 547 296

Road Surface Dry 21.0 18.4 17.6 858 2,481 1,874
Condition Other 31.6 26.5 27.9 196 665 505
(N = 6,579)

Traffic Control No 22.0 18.3 16.7 246 705 575
Signal/Sign/Device | Yes 23.3 20.5 20.7 791 2,418 1,770
Present?

(N = 6,505)

Maximum Vehicle Less than 30 MPH 17.8 15.8 16.8 381 1,108 850

Speed 30-49 MPH 25.4 20.2 20.7 551 1,676 1,260
p ;
(N = 6.415) 50 MPH or More 31.6 33.3 25.4 95 285 209

Weather Clear-Cloudy 21.6 18.8 18.2 898 2,655 2,000
(N = 6.564) Other 29.6 26.6 27.8 152 489 370

Location of Intersection 23.3 20.4 20.4 881 2,637 1,940
Accident Driveway Access 21.4 18.1 16.8 173 513 440
(N = 6,584)
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DURING PERIODS OF REDUCED LIGHTING

TABLE 3-12
PERCENT OF ANGLE COLLISIONS OCCURRING

FOR NORTH CAROLINA 1975 SAMPLE

Angle Collision Rate for
Reduced Lighting Conditions

Number of Angle Collisions

Variable Category (Percent)
Pre with | Pre with | Post with Pre with{ Pre with | Post with
Pre Post Post Pre Past Post

Age of Driver of 15-25 24.5 24.0 25.1 323 1,247 1,137
Striking Vehicle 26-55 21.2 18.3 17.0 354 1,369 1,445
(N = 7,022) 56 or Older 9.3 8.8 11.0 172 536 445
Road U.S. State Highway 24.3 20.9 21.3 181 623 573
Classification City Street 18.0 18.5 19.0 567 2,165 2,163

X Rural Paved Road 23.0 18.0 15.1 100 355 278
(N = 7,005)

Severity of Property Damage 18.2 16.8 19.1 528 1,967 1,940
Accident Injury or Fatality 22.9 22.4 19.0 323 1,201 1,094
(N - 7,053)

Sex of Driver of Male 23.0 22.0 23.9 521 1,818 1,570
Struck Vehicle Female 15.2 14.7 13.9 330 1,349 1,463
(N = 7,051)

Age of Driver of 15-25 24.6 22.6 23.2 301 1,139 1,123
Struck Vehicle 26-55 20.4 18.8 18.7 358 1,432 1,443
(N = 7,018) 56 or Older 11.5 12.4 10.5 183 582 457

Maximum Vehicle Less than 30 MPH 15.2 16.2 16.4 295 1,089 1,016
Speed 30-49 MPH 23.6 20.2 20.0 449 1,743 1,682
(N = 6,887) 50 MPH or Mare 19.2 22.4 24.7 78 272 263

Maximum Vehicle Less than $350 19.0 17.2 18.3 378 1,024 878
Damage $350 - $899 20.6 18.5 18.6 384 1,431 1,327

o5 5 .
(N = 7,053) $900 or More 21.4 22.2 20.6 89 713 829

Road Surface Dry 19.5 17.5 171 673 2,499 2,364
Condition Other 21.5 24.1 26.1 177 665 666
(N = 7,044)

City Size Less than 75,000 19.6 18.8 18.2 673 2,315 2,038

_ 75,000 or More 21.3 19.2 20.9 178 853 996
(N = 7,053)

Weather Clear-Cloudy 20.1 18.0 17.7 713 2,632 2,508
(N = 7,030) Other 19.4 23.4 25.5 134 526 517

Investigating Municipal Police 18.7 18.7 18.9 603 2,294 2,272
Agency Highway Patrol 23.0 19.4 19.7 248 874 762
(N = 7,053)

Sex of Driver of Male 22.2 21.9 22.4 537 1,856 1,722
Striking Vehicle Femaie 16.2 4.7 14.7 314 1,309 1,309
(N = 7,047)

Traffic Control NO 24.4 19.1 19.6 193 681 675
Signal/Sign/Device | Yes 18.2 19.1 18.8 648 2,439 2,318
Present?

(N = 6,954

tocation of Intersection 18.5 18.9 19.0 713 2,652 2,528
Accident Driveway Access 27.5 19.0 19.4 138 516 506
(N = 7,053)
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city streets, involving at least one older driver, at least one female driver,
and involving no personal injuries and minimal vehicle damage.

In the New York sample, reduced lighting angle collision rates range from a
high of 35.9 percent in towaway accldents in which both cars are Pre-Standard to
a low of 15,5 percent for colligions in which both cars are Post-Standard and the
age of at least one driver is 55 years or older. Rates tend to be higher when
young driverg and male drivers are involved, and when accidents occur on state
highways, involve am injury or fatality, result in extensive vehicle damage,
result in both vehicles being towed, and occur when the envirommental condition
is other than dry.

In the North Carolina sample, reduced lighting angle collision rates range
from a high of 33.9 percent for collisions between Pre-Standard cars on rural
paved roads in 1974, to a low of 8.8 percent for collisions between one Pre-
Standard and ona Post-Standard car in 1975 in which the age of at least one
driver 1s 56 years or older. Higher reduced lighting angle collision rates are
asgoclated with young drivers, male drivers, high speed accidents, precipitating
conditions and wet surfaces, high dollar amounts of vehicle damage and accidents
involving injuries or fatalilties.

The information used in the variable selection procedure to determine those
variables selected for modeling and adjustment purposes in the Texas, New York
and North Carolina samples i1s given in Tables 3-13 through 3-19. In each table,
the variables analyzed are listed in descending order of the magnitude of the
harmonlc mean of the LRy?'s of the partial association of the following three
interaction terma: Variable x Vehicle Configuration, Variable x Light Condition,
and Variable x Vehicle Configuration x Light Condition.

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.
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Texas 1972

¢ Road Classification
e Age of Driver of Struck Vehicle

Texas 1973

* Sex of Driver of Striking Vehilcle
® Road Claggification

o Age of Driver of Striking Vehicle
s Worst TAD in Accildent

Texas 1974

¢ Age of Driver of Struck Vehicle
e Worst TAD 1n Accident
® Road Classification

North Carolina 1973

® Age of Driver of Struck Vehicle
® Clity Size
®Maximum Vehlcle Damage

North Carolina 1974

eApge of Driver of Struck Vehicle
®Road Classification

@Sex of Driver of Striking Vehicle
North Carolina 1975

eAge of Driver of Striking Vehicle
®Road Clagsgification
#Severity of Accildent

New York 1974

¢ Age of Driver of Struck Vehicle
® Road Classification
® Number of Towaways

Thus, the most frequently used variables for modeling and adjustment are Road
Claggification, Age of Driver, Worst TAD in Accident (or Maximum Vehicle Damage),

and Sex of Driver.



TABLE 3-13

INTERACTION TERMS EVALUATED IN VARIABLE SELECTION PROCEDURE
TEXAS 1972 SAMPLE

Interaction Terms from the 3-Variable Saturated Model
Containing Prepost, Light Condition and Variable Harmoni ¢
Mean of
Variable Light Variable x Prepost x | Interaction
Variable x Prepost | Variabie X,Cond1t1on ,ight Condition Terms
LR x2 df tRx? | df Rx2 | of
Road Classification 27.24 4 137.23 2 6.23* 4 14.67
Age of Driver of Struck 78.25 4 407.33 2 5.01* 4 13.96
Vehicle
City Size 68,96 2 56.33 1 3.93% 2 10.46
Age of Driver of Striking 125.47 4 386.60 2 3.50% 4 10.13
Vehicle
Sex of Driver of Struck 31.54 2 566.28 1 2.70* 2 7.43
Vehicle
Location of Accident 23.84 2 8.'04 1 3.85% 2 7.04
Road Surface Condition’ 1.24% 2 28.07 1 3,12+ 2 2.58
Sex of Driver of Striking 20.48 2 544.51 1 0.90* 2 2.58
Vehicle
Worst TAD in Accident 0.80* 4 249.12 2 4,15% A 2.01
Severity of Accident 27.27 2 177.76 1 0.55% 2 1.61
Traffitc Control 15.65 2 5.51 1 0.58* 2 1.52
Weather 0.66™ 2 13.79 1 0.60* 2 0.92
*
p >0.05 "‘

Note: The variables above the heavy 1ine were selected for modeling.
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TARLF 3-14

INTERACTION TERMS EVALUATED IN VARIABLE SFLECTION PROCEDURE
TEXAS 1973 SAMPLE

Interaction Terms from the 3-Varlable Saturated Model
Containing Prepost, Light Condition and Variable Harmonic
Mean of
Variable Light Variable x Prepost x | Interaction
Variable x Prepost | Variable X_Cond1t10n Light Condition Terms
LR x2 df LR x? df LR x2 df
Sex of Driver of Striking 70.66 2 498.16 1 5.38% 2 14.85
Vehicle
Road Classification 32.01 4 120.51 2 5.96% 4 14.47
Age of Driver of Striking 111.03 4 353.25 2 3.49* 4 10.06
Vehicle
Worst TAD in Accident 5,83* 4 273.20 2 8.02* 4 10.00
City Size 81.18 2 70.89 1 3.47% 2 9.54
Traffic Control 3.16* 2 11.58 1 13.50 2 4,36
Age of Driver of Struck 141.63 4 443.30 2 1.28*% 4 3.80
Vehicle
Sex of Driver of Struck 36,79 2 625.09 1 1.26% 2 3.65
Vehicle
Severity of Accident 41.77 2 148.05 1 0.99* 2 2.88
Road Surface Condition 0.57* 2 20.39 1 1.84% 2 1.28
Weather 0.57* 2 24,40 | 0.71% 2 0.94
Location of Accident 44.70 2 0.06% 1 11.92 2 0.18
*
p >0.05

Note: The variables above the heavy line were selected for modeling.
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TABLE 3-15

INTERACTION TERMS EVALUATED IN VARIARLE SFLECTLON PROCENURE
TEXAS 1974 SAMPLF

Interaction Terms from the 3-Variable Saturated Model
Containing Prepost, Light Condition and Variable Harmonic
Variab] Mean of
ariable Light Variable x Prepost x | Interaction
Variable x Prepost | Variable X,Cond1t1on Light Condition Terms
LR x2 df tx? | df tx? | ar
Age of Driver of Struck 137.70 4 396.45 2 7.07* 4 19.84
Vehicle
Worst TAD in Accident 19.12 4 257.67 2 9.5) 4 18.60
Road Classification 55.38 4 115.4% 2 6.15% 4 15.85
City Size 71.83 2 64,42 1 5.73* 2 14.71
Age of Driver of Striking 147.04 4 387.80 2 4.41* 4 12.70
Vehicle
Traffic Control 4.61* 2 21.80 1 2.84% 2 4.88
Weather 4.10* 2 70.69 1 1.78% 2 3.66
Sex of Driver of Striking 51.18 2 492,971 1 1.14% 2 3.34
Vehicle
Severity of Accident 44,23 2 146,98 1 0.84* 2 2.46
Road Surface Condition 2.99*% 2 75.63 1 0.41* 2 1.08
Sex of Uriver of Struck 45,24 2 539.57 1 0.18* 2 0.54
Vehicle
Location of Accident 26,34 2 0.01* 1 1.64* 3 0.03
*
p >N.N5

Note: The variahles ahove the heavy 1ine were selected for modeling,
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INTERACTLON TERMS EVALUATED IN VARIABLE SELECTION PROGEDURFE

TABLE 3-16

NEW YORK 1974 SAMPLF.

Interaction Terms from the 3-Variable Saturated Model

Containing Prepost, Light Condition and Variable Harmonic
Vardabl " Mean of
ariable Light Variable x Prepost x | Interaction
Varfable x Prepost | Variable x ¢corateion | Light Condition Terms
LR x2 df LR X2 df wx® | df
Age of Driver of Struck 39.96 6 197.41 3 9.35% 6 21.89
Vehicle :

Road Classification 55.43 6 74,54 3 5.55% 6 14.18

Number of Towaways 14.46 4 50.14 2 6.,18% 4 11.96

Maximum Vehicle Damage 15.78 4 25.09 2 3.39* 4 7.53

Age of Driver of Striking 64.22 6 240.62 3 2.37% 6 6.79
Vehicle

Road Surface Condition 3.45+ 2 44.95 1 4,08*% 2 5.38

Sex of Driver of Struck 20.02 2 271.00 1 1.93* 3 5.25
Vehicle

Traffic Control 2.56% 2 23.87 1 1.60% 2 2.84

Weather 4.67* 2 35.23 1 1.18% 2 2.75

Location of Accident 4.,62* 2 2.22* 1 1.51* 2 2.26

Severity of Accident 79.51 2 103.28 1 0.34* 2 1.01

Sex of Driver of Striking 44 .80 2 251.32 1 0.24* 2 0.72
Vehicle

*
p >0.05 .

Note: The variables ahove the heavy Tine were selected for modeling.




INTERACTION TERMS EVALUATED IN VARIABLE SELECTION PROCFDURE
NORTH CARDLINA 1973 SAMPLE

TABLE 3-17

Interaction Terms from the 3-Variable Saturated Model

Containing Prepost, Light Condition and Variable

Harmonic
Mean of
Variable Light Varigble x Prepost x | Interaction
Variable x Prepost | Variable x o, 4y: 40, Light Condition Terms
LR x2 df LR x? df tRx2 | df

Age of Driver of Struck 21.17 4 57.99 2 4,23*% 4 9.97
Vehicle

City Size 43.53 2 5,17 1 3.40% 2 5.88

Maximum Vehiclie Damage 153.17 4 4.76 2 2.72% 4 5.14

Road Surface Condition 3.38* Z 29.49 1 2.88* 2 4,43

Age of Driver of Striking 26.63 69.12 2 1.42% 4 3.98
Vehicle

Severity of Accident 5.73*% 2 14.84 1 1.78% 2 3.68

Weather 2.29* 2 15..0 1 1.99* 2 2.98

Road Classification 1.29*% 4 14,17 2 4.01% 4 2.18

Maximum Vehicle Speed 0.99* 4 35.14 ? 2.99% 4 2.18

Prior to Impact

Sex of Driver of Striking 7.64 2 54 .61 1 0.55* 2 1.52
Vehicle

Sex of Driver of Struck 11,51 2 60.13 1 0.49* 2 1.40
Vehicle

Traffic Control 0.46% 2 1.93* ] 3.38% 2 1.00

l.ocation of Accident 3.32% 2 0.17* 1 1.47* 2 0.44

Investigating Agency 0.02* 2 4,01 1 0.37* 2 0.06

*p>0.05

Note: The variables above the heavy 1ine were selected for modeling.

3-32




TABLE 3-18

INTERACTION TERMS EVALUATEN IN VARIABLE SFLECTION PROCEDURF
NORTH CAROLINA 1674 SAMPLE

Interaction Terms from the 3-Variable Saturated Model
Containing Prepost, Light Condition and Variable Harmoni ¢
Mean of
Variable Light Variable x Prepost x | Interaction
Variable x Prepost | Variable x Condition Light Condition Terms
LR x2 df LR x2 ] df LR x2 df
Age of Driver of Struck 22.46 4 76.21 2 5.70 4 12.87
Vehicle
Road Classification 8.98* 4 14,51 2 . 10.95 4 11.05
Sex of Driver of Striking 13.86 2 65.64 1 3.72* 2 8.42
Vehicle
Investigating Agency 4.,95% 2 14.06 1 4,92% 2 €.30
Maximum Vehicle Damage 145.27 4 32.76 2 2.21% 4 6.12
Sex of Driver of Struck 26.10 2 58.08 1 1.72% 2 4,71
Vehicle
City Size 13.05 2 3.49% 1 3,35% 2 4.53
Severity of Accident 2.01* 2 42.02 1 1.87* 2 2.84
Age of Driver of Striking 38.76 4 89.12 2 0.95* 4 2.75
Vehicle
Road Surface Condition 4. 54% 2 54,60 1 0.72* 2 1.85
Traffic Control 2.88% 2 5.38 1 0.91% 2 1.84
Maximum Vehicle Speed 0.65* 4 56.16 2 5.41% 4 1.72
Prior to Impact
Weather 1.16% 2 35.72 1 0.43* 2 0.93
Location of Accident 4.91% 2 4.42 1 0.35% 2 0.91

p >0.05
Note: The variables above the heavy line were selected for modeling,
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TABLE 3-19

INTERACTION TERMS EVALUATED IN VARIABLE SFLECTION PROCEDURE
NORTH CAROLINA 1975 SAMPLE

Interaction Terms from the 3-Var1ab1e Saturated Mode!l
Containing Prepost, Light Condition and Variable

Harmonic
Mean of
Variabie Light Variable x Prepost x | Interaction
Variable x Prepost | Variabie X,Cond1t1on Light Condition Terms
LR x2 df LR x2 df tx® | df
Age of Driver of Striking 23.96 4 128.03 2 4,28* 4 10.59
Vehicle
Road Classification 12.95 4 6.60 2 4. 15% 4 6.39
Severity of Accident 2.57* 2 9.97 1 7.94 2 4.88
Sex of Driver of Struck 33.18 2 » 83,31 1 1.61* V4 4.52
Vehicle
Age of Driver of Struck 25.35 4 76.74 2 1.18*% 4 3.33
Vehicle
Maximum Vehicle Speed T1.51* 4 24.20 2 3.66% 4 3.07
Prior to Impact
Maximum Vehicle Damage 143.66 4 7.89 2 1.16* 4 3.01
Road Surface Condition 1.07* 2 36.84 1 3.45% 2 2.40
City Size 56.49 2 2.38% 1 1.03* 2 2.04
Weather 0.86% 2 19.95 1 3,03% 2 2.04
Investigating Agency 7.74 2 1.32* 1 1.09* 2 1.66
Sex of Driver of Striking 10.83 2 59.57 1 0.38* 2 1.05
Vehicle
Traffic Control 0.71% 2 0.94* 1 2.70*% 2 1.05
Location of Accident 0.21* 2 1.00* 2 4, 55% 2 0.50

*
p »>0.05

Note: The variables above the heavy line were selected for modeling,
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3.4 Analysis of Mass Accident Data

Following completion 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 reésults, is described in the following subsections.

3.4.1 Modeling

The basic purpose of modeling as it Is applied to the evaluation of side
marker lamp effectiveness 1s 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 reduced light categories for certain subpopulations.

CEM used the log-~linear modeling routine (BMDP3F) of the Biomedical Com-
puter Program's P~Series to generate smoothed 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--l.e., containing no missing data for
any of the variables--were constructed, using Lighting Condition, Vehicle Con-
figuration and all variables selccted by‘the procedure discussed in Section 3.3.
Appendix A contalns complete listings of each of these contingency tables.
' Next, a description of the relationships among variables (or "effects')
was obtained, consisting of a test of the significance of the main effects and
of the various interactions betwecen these effects.® This provided a basis for
ordering the interaction terms by their importance (significance). Using this
information, a model was fit according to the following iterative 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 deletion of any one effect would re-
sult in a significant worsening of the fit, whereas the
addition of any single effect would not significantly improve
the model's fit.

*The 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~linear modeling approach, it is the logarithm of the ex-
pected cell frequency which 1s an additive function of both main effects and

interaction terms.
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This approach represents a compromise of sorts between the two considera-
tions of parsimony and goodness-of-fit. In all cases, residuals were examined
to detect possible systematic patterns in the error terms, which might necessitate
the respecification of the model.

Tables 3-20 to 3-22 summarize the models fit to data from Texas, New York
and North Carolina samples. The likelihood ratio (LR) chi-square values werc
derived from tests of marginal association for each effect, in which the cell
counts for the complete contingency table were summed over all unspecified
margins, after which the effect (interactlion term) was tested to be zero, using
a LR chi-square statistic.

Since the log-linear models fitted Arc hicrarchical models, the specifi-
cation of a given effect forces all lower-order effects which are subsetls of
the effect into the model. Tor example, il a "Vebicle Configuration x Light
Condition x Road Type" effect is specified, the following additional terms
are hierarchically included:

Vehicle Configuration x Light Condition
Vehicle Configuration x Road 'Type

Light Condition x Road Type

Vehicle Configuration

Light Condition

Road Type

e & @ & % ¢

Therefore, Tables 3-20 to 3-22 contain the LR X2 values and significant levels
of the directly specified effects only. A complete enumeration of both specified
and hierarchically included model effects can be found in Appendix B. Chi-square
values marked with an asterisk in Appendlix B represent effects which were speci-
fied. All other chi-square values denotc 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 to allow for the dilrect comparison of angle col-
lision frequencies. Such adjustment 1s necessary to insure that the overall
effectlveness estimate will not be affected by a potentially different disg-
tribution of Pre-with-Pre, Pre-with-Post and Pogt-with-Post collisions across
all levels of the pre-crash control variableg ldentified by the variable

gelection procedure (described in Sectlon 3.3).



TARLF 3-20

SUMMARY OF TESTS OF MARGINAL ASSOCTATION OF DIRECTLY SPECIFIEDN
MODEL EFFECTS FOR TEXAS 1972-1974 SAMPLE

Effect Texas 1972 Texas 1973 Texas 1974

) LR y2 | df’ Prob. | LR y2 I de Prob. | LR 2 ] df] Prob.
Veh Mix x Light Cond 36.28 2| 0.000 17.15 2 | 0.000 22.12 2 0.000
Veh Mix x Road Type 24.54 41 0.000 30.61 4 1 0.000 49.90 4 0.000
Veh Mix x Dr Age 76.26 41 0.000} 108.97 4 1 0.000 133.23 4 0.000
Light Cond x Road Type 134.56 2| 0.000{ 123.57 2 | 0.000 114.06 2 0.000
Light Cond x Dr Age 405.35 24 0.000] 349.9% 2 10.000 391.95 2 0.000
Road Type x Dr Age 126.87 41 0.000 73.42 4 | 0.000 39.79 4 0.000
Road Type x Max TAD - - - 338.29 4 1 0.000 247.97 4 0.00C
Max TAb x Dr Age - - - 56.42 4 1 0.000 18.47 4 0.001
Veh Mix x 0Or Age x Dr Sex - - - 19.28 4 1 0.001 - - -
Veh Mix x Light Cond x Max TAD - - - - - - 9.40 4 0.052
Light Cond x Max TAD x Dr Age - - - 10.60 4 }0.032 - - -
Light Cond x Max TAD x Dr Sex - - - 8.38 2 1 0.015 - - -
Light Cond x Dr Age x Dr Sex - - 21.54 2 1 0.000 - - -
Light Cond x Road Type x Dr Age - - - - - - 9.18 4 0.057
Road Type x Dr Age x Dr Sex - - - 13.35 4 10.010 - - -
Max TAD x Jr Age x Dr Sex - - - 9.76 4 10.045 - - -

SUMMARY OF MODEL 36.28 281 0.138) 260.81 256 | 0.405 125.97 {112 0.173

*For the Texas 1972 and 1974 models, driver characteristics refer to drivers of the struck vehicles,
whereas for the Texas 1973 model, they refer to drivers of the striking vehicle.
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TARLFE 3-21

SUMMARY OF TESTS OF MARGINAL ASSOCIATION OF DIRECTLY SPECIFIED
MODEL EFFECTS FOR NEW YORK 1974 SAMPLE

¥

Effect * New York 1974

LR x2 I df L Prob.
Vehicle Mix x Light Condition 37.04 2 0.000
Vehicle Mix x D}" Age x Towaways 21.65 12 0.042
Vehicle Mix x Road Type x Towaways 40.63 12 0.000
Light Condition x Dr Age x Road Type 13.99 9 0.123
Light Condition x Dr Age X Towaways 21.10 6 0.002
Light Condition x Road Type x Towaways 25.80 18 0.104
Dr Age x Road Type x Towaways 172.60 166 0.347

SUMMARY OF MODEL

* Driver Age refers to drivers of struck vehicles.

TABLF 3-22

SUMMARY NF TESTS OF MARGINAL ASSOCIATION OF DIRECTLY SPFCIFIED
MODEL EFFECTS FNR NORTH CAROLINA 1973-1975 SAMPLE

" North Carolina 1973 North Carolina 1974 North Carolina 1975

Effect i

LR 2 [ df] Prob. | LR x2 | df‘l Prob. | LR x? l df [ Prob.

Veh Mix x Light Cond 1.96 2 0.376 4.46 2 0.107 .0.49 2 0.782

Veh Mix x Dr Age 20.72 4 0.000 [ 21.77 4 0.000 | 22.83 4 0.000
Veh P;h'x x City Size 41.76 2 0.000 - - - - - -
Veh Mix x Damage 147.83 4 0.000 - - - - - -

Veh Mix x Road Type - - - 9.72 4 0.045 13.39 4 0.010
Ligh;c Cond x City Size 4.36 1 0.037 - - - - - -

Light Cond x Dr Age 57.53 2 0.000 | 70.30 2 0.000 | 126.72 2 0.000
Drr Age x City Size 16.14 2 0.000 - - - ~ - -

'Dr Age x Road Type - - - 19.18 4 0.001 19.01 4 0.001
City Size x Damage 7 9.30 2 0.010 - - - - - -
Light Cond x Dr Age x Damage 12.11 4 0.016 - - - - - -

Light Cond x Road Type x Severity - - - - - - 6.81 2 0.033
Jr Age x Road Type x Dr Sex ~ - ~ 10.29 4 0.036 - - -

Veh Mix x Light 6ond x Severity - - - - - - 7.85 2 0.020
Veh Mix x Ughf Cond x Road Type - - - 20.74 4 0.000 - - -

x Dr Sex -
SUMMARY OF MODEL | 68.711 70 | 0.542 49.49 54 0.649 73.24 72 | 0.437

*

For the North Carolina 1973 and 1975 models, driver characteristics refer to the drivers of the struck

and striking vehicles, respectively., For the North Carolina 1974 F
) . odel, Age refe 3 C
vehicles, while Sex refers to drivers of striking vehicles, elv Age refers to drivers of struck
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fach smoothed cell count (n Y was adjusted to yicld a correspounding

Lik
smoothed, adjusted cell count (n'”k

Filgure 3-4).

Y} as Toltows (notation (s presented in

n N
..k .
n',,. = n,, n §1"AJ_'
ijk ik | 7L <k
& L ] /
e e
@ o
// /,
POSt / / )(-‘]
with 3 1 Mg | Magy o
Post ’/// .
P?e 2 n V// V/j
VEHICLE g;:g 12k | a2k V//’ ‘ LEVELS OF
3
CONFIGURATION Pre Ve PES%%QEH
(3) g;:h " | "2k /2 VARIABLES
//1 (k)
1 2
Daylight Reduced
Light
LIGHT CONDITION (i)

Figure 3-4. Summary of notation used to describe the data adjustment procedure.

By adjusting cell counts in this wmanner, the total sample size remains the

4

same--i.e., n', , , = n,, . Additional relations between adjusted and unadjusted

cell counts are as follows:

(Dt =0y
(2)m' = on
S ¥
W n'y e T Mk
(5) n'ij. = nij

In other words, the total number of accidents in each light condition category
does not change, nor does the total number of accidents in each vehicle con-

figuration or within each level of every control variable change.



It should be noted, however, that within each combination of Vehicle Con-
figuration (j) and Level of Control Variables (k), the adjusted count will not

equal the unadjusted count:

Olj;}(n..k>

T S '3 I S

"

However, even under these conditions, the cross—product ratios that scrve as a

basis for computing both full and partial effectiveness values remain unchanged:

1 1

n n, n n

E%;k“g%gk; = Eilkﬁaggk‘ (full effectiveness)
21k 13k 21k 13k

n! n n n,

E%lk négk‘ = ,llEAaégﬁ (partial effectiveness)
21k 12k 21k M2k

After all cell counts were adjuSted, the data were aggregated over all
levels of all control variables, resulting in a simple Light Condition x Vehicle
Configuration table for each sample. These tables scrved as the basis for all
subsequent effectiveness computations and error estimations.

By way of summary, Table 3-23 contains the pre-crash variables which, in
conjunction with Light Condition and Vehicie Configuration, were used in ad-

justing the smoothed cell counts.
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TARLF 3-23

PRE~CRASH CONTROL VARIARLES USED
IN DATA ADJUSTMENT PROCFDURE

Categories

State Year Variables
Texas 1972 Road Type City Street ‘
U.S./State Highway
Other
Age of Driver of 15 to 24
Struck Vehicle 25 to 54
55 or Older
1973 Road Type City Street
U.S./State Highway
Other |
Age of Driver of 15 to 24 |
Striking Vehicle 25 to 54
55 or Older
Sex of Driver of Male
Striking Vehicle Female
1974 Road Type City Street
U.S./state Highway
Other
Age of Driver of 15 to 24
Struck Vehicle 25 to 54
l 55 or Older
' )
New York 1974 Age of Driver of 15 to 24 ‘
Struck Vehicle 25 to 34
35 to 54
55 or Qlder
Road Type State Highway
County Road
Town Road
City Street
North 1973 Age of Driver of 15 to 25
Carolina Struck Vehicle 26 to 55
' 56 or Older
City Size LT 50,000
50,000 or More
1974 Age of Driver of 15 to 25
Struck Vehicle 26 to 55
56 or Older
Road Type U.S./State Highway
City Street
Rural Road
Sex of Driver of Male
Striking Vehicle Female
1975 Road Type U.S./State Highway

City Street
Rural Road
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3.4.3 Effectiveness and Error Estimation

Estimation of Effectiveness Values

As noted previously, the overall effectiveness of side marker lamps (E)

in preventing angle collisions during periods of reduced Iighting, after con-

trolling for differentlal exposure risk, can be expressed as:

2
n n m m
11. %23, 11 ™22
E = 1 = d. 23, Al 22 ,

11 x 100 , and

(Full) M3, Mo, M1 Mo
. . i "11, 22, M11 M22 < 100
b

(Partial) Ny, Moy My My,

using the notation depicted in Figure 3-5. The niik

justed counts, while the ij

's represent smoothed ad-

's consist of observed, unadjusted frequencies.

Angle Collisions Between
Two Passenger Vehlicles

Single Vehicle Accidents

Post-Standard 2 m m
/1 PRE-POST 12 22
(3) Pra-Standard 1 ™ Mo
X
Pasgt / *-1 ! 2
with 31 M | Mo " Daylight Reduced
Post / . Light
Pre 4
with 2 My | LIGHT CONDITION
VENICLE bost 22k 4 LS!&%SQEF )
CONFIGURATION pra / o
(j) with 1 n”k "Z'Ik L 2 VARIABLES

Pre (k)

1

1 2
Daylight Raduced
Light

LIGHT CONDITION (1)

Figure 3-5. Summary of notation used to describe the effectiveness and

error estimation procedures.
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Data
For purposes of reference, Tables 3-24 to 3-30 contain the daylight and
reduced light frequencies of angle collisiong between two Pre~Standard vehicles,

between two Pogt-Standard vehicleg, and between one Pre~ and one Post-Standard
vehicle (smoothed, adjusted), as well as the daylight and reduced light distri-
butions of single vehicle accidents (neither smoothed nor adjusted) for each
gample. Tables 3-24 to 3~26 gummarize this information for Texas 1972, 1973

and 1974 samples, respectively. Table 3-27 pertaing to the New York 1974 sample.
Finally, Tables 3-28 to 3-30 correspond to North Carolina 1973, 1974 and 1975

gamples, respectlvely,
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TABLE 3-24

DISTRIBUTION OF SMOOTHED, ADJUSTED ANGLE COLLISION FREQUENCIES AND
OBSERVED, UNADJUSTED SINGLE VEHICLE ACCIDENT FREQUENCIES FOR
TEXAS 1972 SAMPLE (Total Cases = 34,011)

! D18YRIBUTILION o F ANG L E CoOLLI ST ONS
' L . T I I I I I L B B L R I R B I I R L I R I N ]
LIGHY | PRE=POST MIX UF VEHICLES IA ACCIDENTS
| o M e e w B W e W R e W H N MR H N S W N Y W W W W A O EoW W W S e
CUNDITIUN | PRE WITH PRE { PRE wlTH POST | POSY WITH PUBT | ROW TOTALS
| » = 9 «w « @ 4 8§ 8 8 8 4 S WG WA B G EP P e N RN RN w e oo
| N | X 1 N ! L I | N ) X | N | X

O e Y T e e T R L L D R L Y Y L R Y N T P R )

Py g A T I I A L T Y L R L L R R L R R Y Y R R R L R P L L Y

DAYLIGHT | 9513 | 28,0 | 13141 1 38,6 | SIT4 t 15,2 27828 | 81,8
REDUCED LIGHTY 2375 1 Te0 | 2176 1 8,2 | 1032 1 3,0 | 6183 1 18.2
e L L T Y T L L T R T R P YR L L P Y Y PN L Py )
COLUMN TOTALS | 11888 t 39,0 ) 19917 | 86,8 | 6206 | 18,2 | 34013 110040

gy e 0 S S O S A B 0. 0 I, - Py e 0 2O B A S5 8N

U1 8TRIBUTION nF s I NGLE

|
LIGHY | VEHICLE ACCIDENTS
’ | o % & u % ® .8 .% 8 8 B oE u RosW W RN Rw NN o
CONDYTSION { FRE~STANDARD | PO3ST«STANDARD | ROW TOTALS
| » = @ 0 % % v % 0 8 ® ® @ & ® " @ "N e N a =
| N i X | N § L S N | %

" L e e e T e e L P L L L L DL R L R L P RS I R R R R L PR L L AL R

P e L N T R A R L Y R R L T P P R P Y R LN P LX)

DAYLIGHY | 26287 | 29,6 | 19989 ) 18,0 | a22r2 ) 4v.6
REDUCED LIGHT 29023 1 33,7 | fru8  § 19,7 ) 46811 | %2.4
GOLUMN TUTALS | 93310 | €2.1 1 33473 | 37,7 68783 (100,.0

TABLE 3-25

DISTRIBUTION OF SMOOTHED, ADJUSTED ANGLE COLLISION FREQUENCIES AND
OBSERVED, UNADJUSTED SINGLE VEHICLE ACCIDENT FREQUENCIES FOR
TEXAS 1973 SAMPLE (Total Cases = 34,255)

| DISTRIBUTION ogF ANGLE COLLISTIONS
. W M e B R o oA W B R W R R W oM oW B M W W @ W % om W oW oW o B oW W ow W W
LIGHTY | PRE=POST MIX OF VEHICLES IN ACCIDENTS
. @ @ m o® P W W W " AW e AR S W T R W oM R W oW W R W T W W M oEE e o weon
CUNDITION | PRE WITH PRE | FHRE WITH POSY | PQBT WITH POST | ROW TOTALS
. I I IR L T I B N B B R R . . T T R T S S A T
! N i L N ! X | N 1 | 2 N | X

Y A e P P A P L R P Y E R Y PR R N R A T TR R R T T R Tl g e e ey S Pty

OAYLIGHY { 6637 | 19,4 | 13649 1 39,68 | T90¢ 1 2341 | 28196 | 82,2
REDUCED LIGKRY | 1562 | Q.8 ) 2918 1 8,9 | 1682 | 4.7 1 6099 | 17,8
”“'ﬂ-g-.ﬁﬂ-.n..-ﬁ‘-‘.--...-.“-.--.ﬁ-hﬁ---..‘-..---.--‘.‘.H..ﬁ-ﬂﬁ-.ﬁ..-ﬂ'--..-"’---..--.-
COLUMN TOTALS | 8199 | 23,49 | 16934 | 48,3 | 9922 1 27.8 | 3425% 1100,0

6 L E

| DISTRIBUTION ne 8 I N
LIGHT | VEHMTICLEFE ACCIDENTSS
| # v @ & © % 0 @ U AR Y WP N NN S e e oW W
CONDEYION ( PRE=STANDARD | POSBT=STANDARD | ROW TOYALS
| N | % N | x | N | X

DAYLIGHY | cR%12 | 2%.1 | 20303 | 22.2 | a3aLs | 47,3
REQUCED LIGHT i 25619 | 28,1 | 22450 | 24,6 | 48069 | %2.7

AL LAY L P AL PR R R R LR AL L LT X T L TR YR T TR TR T TR R O

COLUMN TUYALS 48931 | 33,21 427353 | 46,8 | 91284 {10040
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TABLE 3-26

DISTRIBUTION OF SMOOTHED, ADJUSTED ANGLE COLLISION FREQUENCIES AND
OBSERVED, UNADJUSTED SINGLE VEHICLE ACCIDENT FREQUENCIES FOR
TEXAS 1974 SAMPLE (Total Cases = 30,545)

1 DISgTRIBUT I ON 0¥ ANGLE CotLLI STONS
' L R T T T T O S . T T . T T T S S P SR S
LIGHT | PRE-POST MIX OF VEHICLES IN ACCIDENTS
| I T I T R R R R R A T 2 I T R R R R R R . I I
CONDLTIUN [} PRE wITH PRE | PRE WITH POSY | POST WIYH PDBT | ROW TOYALS
} # ® @ »m 2 @ 8 ® ¥ 0 e e9E e e W m O e NN ® RN w P RN w e om
| N R N o N . N lox

P T e e R T R Ry e R T Y Y Y L R T

P I e e e e L Y P Y L L LA L L R L L Y L A L R Y LT R R Y Y )

DAYLIGHY | 3937 t 12.9 ) 11718 | 38,3 | 9362 | 30,6 | 2%010 | 81,9
REOYCED LIGHT | 996 | 343 | 2697 | 8,7 | 1882 | 6,2 | 5535 | 18,1
T TYTY YT T E R I R R R R L R YRR R RN FER RN "R 2R R E AL AR RN AT Y XY L FELEREYRFE L LELLELEY Y YRR TR R R R
COLUMN TOTALS | 4933 | 1641 ) 10368 ) 47,0 | 11244 | 36,8 |  Y054%  1100,0

B I8STRIBUTION aF § I NG L E
NT S

{
LIBHY | VEHKICLE ACCLIODE
' L 2 I S L I RN D TR I D R B L I L B R
CONDITY]ION | PRE=STANDARD | PO3T»STANDARD | ROW TOTALS
| w o @ » = 5 a0 0« 8 % 8 8 ® B 8 B G RoE S w e oW
! N | x| N ! b S N t X

E R P T R R L T N T Y PR T L R T Y R

P R L Y L T L L Rl R T e L T LT L R T T RS L L LR LAy LY

DAYLIGHT ! 17513 | 20,9 | 20980 | 2%.1 | 38498 | 46,0
KEDUCED LIGHT | 20438 | 24,4 247140 | 29,6 | 45478 | %4,.0
COLUHMN YOTALS | 379453 | a%,4 | 8720 | 54,8 83673 §100,.0

TABLE 3-27

DISTRIBUTION OF SMOOTHED, ADJUSTED ANGLE COLLISION FREQUENCIES AND
OBSERVED, UNADJUSTED SINGLE VEHICLE ACCIDENT FREQUENCIES FOR
NEW YORK 1974 SAMPLE (Total Cases = 17,566)

| OIS TRIBUY I ON nF ANG L E CoOLLISIONS
'-.—-wﬂquuwnnv:wguwmwmuuwwtﬂn---wu---
LI6uT } FRE«POST MIN OF VEHICLES IN ACCIDENTS
I A R I L A R I L R
CONDIYION : PRE WITH PRE | PRE WITH POSY | POUSY WITH POST | ROW TUTALS

W B g W e @ G @ P BB W ol oy o m o N B W & W W % W W @ W W w % om o o

f N f E I | N | LI N | L N ! X

LR L L T R E Ll R R T L L L L T Ty ey

B G0 AR D T o0 OB b I @ KA CD U Sk Ak e A O e T R K D B W KD K0 D KD R N 60 B T A 6R e W I WD 9 L e B Y D R W N LD WD Y e B W D 60 WA G B W U SR W e G e i W

DAVLIGHT { 1603 | 941 ) 5769 | 32.8 | 5287 | 3041 | 12699 | 72,4
REDUCED LiAHY T8 1 ded |} 2318 | 13,% | 18014 1 10,3 ¢ 4907 1 27,9
.U.UWWQI‘ﬁu.kf"/‘wﬂﬂu-ﬁﬂvdﬂ&l‘nﬁ-l’l.-n.ﬁ..-..-.ﬁdIl‘.“‘ﬂﬂ.lﬂ-ﬂﬁ!-“wl’i!ll-ﬁﬂhﬂ-—..“&l"-ld.ﬂu-.--.ﬂ-ﬁ'-.
COLUMN TOYALS | 2318 1 13,2 8147 1 H6,.4 | 7101 ) 40,4 | 17566 1100.0

PIB8STRIBUTYTILION 0F 8 NGLE
v N 8

S
T

|
LIGHY 1 ENTICLE ACCIODE
| » & ® ¢ 6 & & 6 9 ® B 9 ¢ P WP E W W e ®E e oW =
COANDLITLON | PREaSTANDARD | PUSY=8TANDARD | ROW YOTALS
‘--w.---'unuo-ﬁmn-unnunmﬁ-an
t N | I | N | ¥ | N | X

LR AL D L LR R R g R e R e Y L Y L L™

00 Gh B0 A A0 T D e 0 e TR D €D R W W P e G WP G OO D D e T B D G G 0 D W U e O R G OB 9 P OD D Gl P RN 0 W e e D U g B e w e

DAYLIGHY | 9778 | 19.9 | 16932 | 33,7 | 26310 | 43,6
KEDUCED LIGHY | 880% | 47,9 | 13969 | @B,4 | 82746 | Ub,4
COLUMN YOTALS | 184983 | 37,9 | 30493 | 6248 48076 1100,0
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TABLE 3-28

DISTRIBUTION OF SMOOTHED, ADJUSTED ANGLE COLLISION FREQUENCLES AND
OBSERVED, UNADJUSTED SINGLE VEHICLE ACCIDENT FREQUENCIES FOR
NORTH CAROLINA 1973 SAMPLE (Total Cases = 6,249)

| DISTRIBUTY ION 0 F ANG L E CUtLLYSIONS
[ T R I I I I R I R I I L R e I T -
LIGHY { PRE«POSY MIX OF VEHICLES IN ACCYDENTS
' L R R N T I I R T R R . . T TR T T S
CONUITIUN } PRE wITH PRE | PRE WITH PUST | POBT WITH POST | ROW YOYALS
| » = » L R A e I I A LR N B A A B A B A B I
i N | X N | X | N | X | N | X

T I LI T T Y N L R R R I T D Y T L R Y B R o o L L)

I I e e e T Y T L L A L L R Y P T Y T P Y L E P T T T Y TR R )

DAYLIGHY | 1139 1 1842 14 2444 | 39,4 | 1413 ) 2246 | 4996 | 79,9
REDUCED LIGHT |} 302 | 4,8 ) b2e | 10,0 | IS 1 5.2 1 1233 1 20,1
'.-...'.--—-.-ﬂ'----‘-ﬂ-----.-“...--.U.--O-.-"--ﬁHﬂ..‘---n---ﬁﬁﬂvﬁ.....-ﬂ-"..ﬂ-.ﬁ---'.
COLUMN TOTALS taay 88,4 0 070 1 49,4 | 1738 1 27,8 | 6249 1300,0

| D1 &§TRIBUTILION 0F § I NG L E
LIGHY | VEHICLE ACCIDENTS
| @ » @« « ® & 68 @ & 8 0 ¥ 6 @ U ET B W N R R P e w oW
CONDITION | PRE=STANDARD 1 PO8T#3TANDARD | ROW TDYALS
| = » & & » % ® @ 5« 7w WO W AB R DO S W e om oW
) N | x| N i X | N | X

L L L R Y Y L Y L L A T R L PR L R P R R L L T R

L P Y R Y Y Y L Y P R R L PR Y R Y D PR Y P L L T T Y Y

DAYLIGHY | 4303 f 2149 4q4r | 22.2 | 8748 | 43.7
REVDUCED LIGHY | 5429 | 27,1 ! 5863 | 29,3 1 11298 | 56,3
COLUMN TOTALS ! 9730 | 48,4 | 10310 ) S1.4 1 20040 j100.0

TABLE 3-29

DISTRIBUTION OF SMOOTHED, ADJUSTED ANGLE COLLISION FREQUENCIES AND
OBSERVED, UNADJUSTED SINGLE VEHICLE ACCIDENT FREQUENCIES FOR
NORTH CAROLINA 1974 SAMPLE (Total Cases = 6,487)

| I3 TRIBUTIDN oF ANGLE CoLL1IS8IONS
| # @ @ o 9 @ ® @ P @B e B WA e E Y DWW e e YW R e Fm W@
LIGHT | MRE=PUBT MIX OF VEHICLES IN ACCIDENYS

| % = » » & 8 @ 5 0 @ » a pF @ O WE NN B e e TP e R EY TR P e

CONDITIUN ] PRt wITH PRE | PRE WITH PDOSY ) PDSY WITH POSBTY | ROR TOTALS
‘ - 9 @ e & W & ¥ W E e ®H B W N ®opP P T G N W B RSN RS N W W ow » w

| ] | £ N ! LI N { L I N t X
LR R R R L A AL T EY A AL ELERERE R R IR L AR LR L LA L ALYl LYY Y R L NN NN T -ow

LAY Y N E R L L P P PN L L R L L L LT T N TR RV T Y Y YR Y R R R TR PR T Spve o S R Y XN

DAYLIGHY | a08 | 1249 | 2491 | 18,4 | 1879 | 28,9 | 3174 | 79,8
REDYCED LIGHY 233 | 3ab | 819 1 9,8 | 461 | 7.1 | 1313 | 20,2
LA R L R R A AR R L R L P D L L L L L LY L L LR LR YT XYL Y YR RN R Yy
COLUMN TOYALS 10at | 1640 | 1110 1 47,9 | 2336 | 36,0 | 6487 1100,0
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01 8TRIBUTION oFr 8 I NG L E

|
LIGHY } YEHICLE ACCIDENTS
| W » % W oamew e N e e e B e e W OE e m e R omee e W
CONDITION | PREwSTANDARD | POST=STANDARD | RDOW TOTALS
' L I I . S T T T S S S RN SPPRRY “ERY S,
| N { % 1 N | X | N | X

LA L L R I Y L Y P S L A L L LR R R L P Y Y PR PR P LY T T Y

LA LA R TR PY R PR PR FT LR LR LY Y LT T Y RN T R R N N W S N

DAYLIGHY | 3460 { 18,0 ! 4317 | 23,8 ¢ 7811 41,9
REQUCED LTIuHY | 4479 | 23,3 | 6769 | 3%,2 | 11248 | %4.9
LAA B K L LA X L AR RIS TY L EEXE LY ELERERLERE DL LT Y Y FAN N R XY PR Sy R X N RN R Ay ey
COLUMN TOTALS | 7939 ) 41,3 i 11286 1 58,7 | 19223 1100.0

snnamiepe »
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TABLE 3-30

DISTRIBUTION OF SMOOTHED, ADJUSTED ANGLE COLLISION FREQUENCIES AND
OBSERVED, UNADJUSTED SINGLE VEHICLE ACCIDENT FREQUENCIES FOR
NORTH CAROLINA 1975 SAMPLE (Total Cases = 6,974)

{ pDresTRIBUTION 0nF A NG E CoOL L I8 aNS
' L2 I R I I L I R R T B R I I R R R I L. . I T T T T )
LIGHY | PRE=POSY MIX OF VEHICLES IN ACCIDENTS
| a B P m B B R W WP R T W R W WP E e ®ORW P R oW OE Y oW o™ oW P
conNpITION | PRE WITH PRE | PRE WITH POSY | POST WITH POST | ROW TOTALS
'-pnu-nu,pnw-nvquvun--.y-o--.-.u-----.
{ N ! X 9 N | L I N ' L S N | X
LTI T T R R L DR LR A L R L R L A A A A A LAl A L Ay P I L LI P P Y Y R L R
P I T T R R P R P R LR A L R L Ll I A A A A L L T Y T R Y Y T L Y Y )
OAVLIGHMY | 674 1 947 | 2331 | 36,3 | 2434 1 34,9 | 5639 | 80,9
REQUCED LIGHT ) 172 1 Re8 590 1 8495 | 373 I 8,2 ) 1339 | 19,14
PROUB I AN DDA P PTEIBU RN PR NDEN IR T GEAI BTN TSN RDTTOVNAVE N DR WO RSN U BT RRB RN BRP PP IO TRl OO s ol oW
COLUMN TOTALS |} 846 | 12,1 | Y121 1 44,8 | 35007 1 43.1 ) 6974 1100,0
f 0l THIBUTION 0OF 3INGLE
LIGHTY | VEHTICLE ACCLlIDENDYS
| @ # @ 9 ® @ B 8w & B S B BV WG YW N R P e ® W
CONDJTION | PHE=STANDARD | POSTw3YANDARD | ROW YOTALS
'-l-Qou-w---ﬂ-nwwuwwﬁnvunuocu
{ W { | M { t ! N | b4
:~mcum--.—n--Qq.-on*.u.-—u---ﬂ---nnuo'---uuouwu-au.-«u--.-ydm-u---cn--n
DAYLIGHY i 2926 | 1%.1 5166 | 26,6 | 80%2 | 41,7
REDUCED LIGHY | 3974 § 2,8 | 7329 t 37,8 | 11303 § 88,3
COLUMN TUTALS | 6900 | 3%,6 1 12495 | 64,4 | 19393 1100.0

Effectiveness Values Prior to Controlling for Fxposure Risk

In terms of the amount of accident avoidance realized when both vehicles
in a potential reduced light angle collision are equipped with side marker lamps

(full effectiveness), Table 3-31 indicates that, before controlling for differen-

tial exposure risk, estimates of the percent reduction in the number of reduced
light angle collisions due to FMVSS 108 on the average range from 12 percent in
the 1973-1975 North Carolina samples to 23 percent in the New York 1974 sample,
with the overall Texas 1972-1974 effectiveness value falling roughly midway be-
tween these extremes (18 percent), Table 3-32, on the other hand, contains es-
timates of the percent reduction in the number of reduced light angle collisions
realized when only one of the vehicles involved in a potential reduced light anglce
collision situation is equipped with side marker lamps (partial effectiveness)-——
again prior to controlling for differential exposure risks of Pre- and Posgt-
Standard vehicles during periods of reduced lighting. On the average, the overall
values of pariial effectiveness range from 8§ and 9 percent in New York and North

Carolina, respectively, to 12 percent in Texas. These partial effecltiveness



values are in all cases less than the corresponding full effectiveness values,

which conforms to intultive expectations that the effectivencss of FMVSS 108

in preventing reduced light angle colllisions 1s lessened when only one accident-

involved vehicle 13 equipped with side marker lamps.

TABLE 3-31

SUMMARY OF OVERALL FULL LFFECTIVENESS VALUES
PRIOR TO CONTROLLING FOR RELATIVE EXPOSURE RISK

Observed, Unadjusted Data

Smoothed, Adjusted Data

- Is — Is
State Year |Effec- 95% Confidence Effectiveness|Effec- 95% Confidence Effectiveness
Standard Interval Standard Interval s
tive- Deviation Significantly|tive- Deviation _|Significantly
ness From To Different |ness From To Different
from Zero? from Zero?
Texas 1972 18.86 3.33 13.38 |24.34 Yes 20.11 3.28 4.7 25.51 Yes
1973 {14.56 3.34 9.06 |20.06 Yes 12.76 3.42 7.14 | 18.38 Yes
1974 17.77 3.59 11.86 23.68 Yes 20.54 3.46 14,84 26.23 Yes
*
}g;§~ 17.03 1.97 13.79 30.27 Yes 17.85 1.95 14.64 | 21.06 Yes
New York 1974 22.78 4.06 16.09 [29.47 Yes 23.08 4.05 16.42 | 29.73 Yes
North 1973 10.44 8.01 -2.73 ]23.61 No 13.25 7.75 0.50 } 26.01 Yes
Carolina )
1974 ]16.59 7.56 4.15 129,02 Yes 14.74 7.75 1.99 | 27.48 Yes
1975 5.08 9.29 +10.20 }20.37 No 7.75 8.99 ~7.03 | 22,54 No
; )
1973- {11.46 4,73 3.68 119.24 Yew 12.30 4.68 4,60 | 20.00 Yes
1975

*
Weighted mean, using the inverse of the variance of each year as a weighting factor.
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TABLE 3-32

SUMMARY OF OVERALL PARTIAL EFFECTIVENESS VALUFS
PRIOR TO CONTROLLING FOR RELATIVE EXPNSURE RISK

Observed, Unadjusted Data

Smoothed, Adjusted Data

Is Is
, 95% Confidence : 95% Confidence
State Year |Effec- Standard Interval EffectivenesstEffec- Standard Interval Effectiveness
tive- | iatd . _(Stgnificantiyftive- Deviation | ___|significantly
ness viation F T Different |ness From To Different
rom O from Zero? from Zero?
Texas 1972 14.57 2.65 10.21 {18.94 Yes 15.39 2.63 1.07 {19.70 Yes
1973 10.49 3.10 5.38 }15.59 Yes 9.05 3.16 3.85 | 14.25 Yes
1974 8.42 3.82 2.14 |14.70 Yes 10.32 3.72 4.20 | 16.44 Yes
W
1972~ [ 11.88 1.78 8.95 [14.81 Yes 12.33 1.78 9.30 | 15.16 Yes
1974
New York| 1974 6.69 4.78 ~1.17 }14.55 No 7.59 4.73 -0.19 {15.37 No
North 1973 1.76 7.77 -11.02 |14.53 No 3.40 7.61 -9.13 |15.92 No
Carolina
1974 115,38 7.34 3.30 [27.45 Yes 13.83 7.50 1.49 }26.16 Yes
1975 €.62 9.1 -8.37 {21.61 No 8.65 8.87 -5.94 |23.24 No
* .
1973~ 8.36 4.60 0.79 15,93 Yes 8.68 4,58 1.15 116.21 Yes
1975

" ;
Weighted mean, using the inverse of the variance of each year as a weighting factor,

To obtain the effectiveness estimates in Table 3-31 and 3-32 without con-

trolling for differential exposure risk, simplified versions of the previously

defined effectiveness measures were applied, as follows.

A

E
(Tull)

”~

E(partial)

if

[

%13, M1, J

N
n n,.
- ()
|

"2, Mo1.

using the notation dapicted in Figure 3-5.
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Given the stochastic nature of the phenomenon under study, {he o ocisveeas
values computed prior to controlling for differential exposure risk (F) vcan %o

written to explicitly include an error term (x) as

-
%'(Fljll) = 100 x{1 -~ N23.Nl] . (1+X23‘,) (]‘+Xll.)) and
U VM2 N3, Uy ) Uxgg)
~

»

' = -
B! tpartia1)™ 100 X1 (N22.Nll. (I, ) (1+X11.)>
Nyp Npg,  (hxpy ) (hxg, )

where the Nii are the expected values of the nii .

It is assumed that the observed frequencies n,, are independent and Poisson-

distributed with expected values of Nij , anas further assumed that the
Poisson distribution can be approximated by a normal distribution., In other

words, nij is assumed to be approximately normally-distributed with mean Ni'

and Gij. = Nij. . Therefore, Xij e Myso = Ni‘. 1s normally
Nij.
distributed with mean 0 and o( ) N .
Xy, .
. ij
4 »
Using E (Full) as an example, the term

(Thxyq ) (g, )
(hxpp ) gy )

can be approximated by expanding the fractlon in power series X9y and Xq3. -

These series expresgions hold only if <l, a restriction which is violated

X43.

only by a minimal fraction of all cases.

An expansion of r up to secord order terms is
T= bt Xy, FXan, T Xan, T X3, T Ya3, Xai. T Xa3, Xoi. T Xa3, Xis,

2 2
< Xpp %91, T Xpn X3, ToXorXas, TXap, ToXgs, -

Taking expectations (independence among the xii was assumed), one obtains

2

2
which can be written as
r = 1 +51q-= + %I- .
21. 13.



Squaring the difference hetween r and T, and taking expectations, one obtains

1o, 1\

— 2 2 2 2 2
E(r - r)° = E(X ) + E(x ) + E(x ) + E(x ) + <
23. 11. 21. 13. N21_ ng. s

or ,
. , , L 1 2
E(r ~r)z = I}I + ]}] + 1{1 + ;] + -]1(]»— o
23, 11, 21, 13. 21. 13.
2 .y “.)2 then the variance of fi' is
Since o. = E(r~-r s en 3 " (Full)
2
o2s, = f Y23. Mna, ot .
E N.. N.. r
(Full) 21. M13.

The above can be eagily adapted to the measurce of partial effectiveness
(prior to controlling for exposure rigk) by substituting the terms N,)2 » My,

and Xy9. for N23., UPENE and gl and the terms le., Ny, and X1g. for
NlB.’ LIPS and X153, respectively.

Effectiveness Values After Controlling for Exposure Rigk

Table 3-33 containg estimates of the extent to which Post-Standard ve-
hicles driven during periods of reduced light are either over-represented
(negative value ) or under-represented(positive value) in the population at
large. FEgsentially, these aestimates represent the percent difference between
the daylight-to-reduced light ratlo of accldent-involved Pre~Standard vehicles
and the corresponding ratio for accldent~invelved Post~Standard vehicles.

Stated differently, thege estimates repragont the percent reduction in the
number of reduced light angle collisions which cannot be attributed ro MVSS
108, since they are derived from single vehlcle accldent data.

From Table 3-33, it can be geen that differences in the reduced light cxposure
rigks for Pre- and Pogt-Standard vehicles are negligible in all three years of
Texas data, and approximately -4 percent in North Carolina for 1973 and 1975.
However, in the case of both New York 1974 and North Carolina 1974, the estimated
differences in reduced light exposure risks between Pre- and Post-Standard vehicles

are highly significant, and represent values of 6 and -16 percent, respectively.



TABLE 3-33

ESTIMATED DIFFERENCES IN REDUCED LIGHTING EXPOSURFE RISKS
FOR PRE~ AND PNST-STANDARD VEHICLES
DERIVED FROM OBSERVED SINGLE-VEHICLE ACCIDENT DATA

Daylight Reduced Light Total Differ-

P Post ora’ fential | standard
State Year Pre Post . _ﬂﬁnw_ri?_,,M,ﬂ,_u“nwmt?‘ .| Number JEgxposr, Desiai1nn
Number % Number ] % Number [' % Number ]~_ ¥ of Cases| Risk

Texas 1972 26,287 | 29.6 15,985 { 18.0 29,023 | 32.7 17,488 | 19.7 48,783 0.91 1.37

1973 22,912 | 251 20,303 | 22.2 25,619 | 28.1 22,450 | 24.6 91,284 1.1 1.31

1974 17,515 | 20.9 20,980 | 25.1 20,438 | 24.4 24,740 | 29.6 83,673 | -1.06 1.4

North 1973 4,301 | 21.5 4,447 | 22.2 5,429 | 27.1 5,863 | 29.3 20,040 | -4.45 2.98
Carolina

1974 | 3,460 | 18.0 | 4,517 | 23.5 | 4,479 | 23.3 | 6,769 | 35.2 | 19,225 |-16.76 | 3.44

1975 2,925 15.1 5,166 | 26.6 3,974 | 20.5 7,329 { 37.8 19,395 [ -4.46 3.18

New York | 1974 9,778 { 19.9 | 16,532 | 33.7 8,805 | 17.9 | 13,961 | 28.4 | 49,076 | 6.22 1.75

Table 3-34 contains the full and partial effectiveness values obtained
after controlling for different exposure risks of Pre— and Post-Standard vehicles
during periods of reduced lighting. On the average, full effectiveness values
derived from smoothed, adjusted data range from 12 and 17 percent in New York
and Texas , to 2/ percent in North Carolina. Individual effectiveness values for
the three years of Texas data are roughly the same for the 1972 and 1974 samples
(19 vs. 22 percent), although for the 1973 sample, the full effectiveness value
ig almost one-half of these values (1l percent). On the other hand, effective-
ness values for individual years of North Carolina data vary considerably, from
20 to 36 to 15 percent for 1972, 1973 and 1974 samples, respectively. With the
exception of the North Carolina 1975 sample, however, all full effectiveness values
reported in Table 3-34 are statistically significant.

Table 3-34 also summarizes the overall partial effectiveness values obtained
after controlling for differential exposure risk. On the average, the overall
reduction in the number of reduced light angle collisions realized when only one
vehicle involved in a potential reduced light angle collision situation was
equipped with side marker lamps was 12 percent for Texas samples and 16 percent
for North Carolina samples. 1In the case of the New York 1974 sample, the amount
of partial effectiveness was negligible and most likely due to chance (1.5 percent).
Again, all partial effectiveness values obtained after controlling for differential

exposure risk were less than the corresponding full effectiveness values.
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TABLE 3-34
SUMMARY OF OVERALL FULL AND PARTIAL EFFFCTIVENFSS VALUES

DERIVED FROM SMOOTHED, ADJUSTED DATA
AFTER CONTROLLING FOR RFLATIVFE EXPOSURE RISK

Full Effectliveness Partial Effectiveness
Is Is
95% Confidence . 95% Confidence
State Year (Effec- Standard Interval Effegtiveness Effec- Standard Interval Effectiveness
tive- Deviati Significantly|tive- Deviation |~ Significantiy
ness eviation F i To Different |ness From To Different
rom from Zero? from Zero?
Texas 1972 |18.63] 4.03 12.00 | 25.27 Yes 14,61 2.70 9.83 | 19.38 Yes
1973 10.79 4,22 3.85 117.74 Yes 8,03 3.42 2.41 | 13,66 Yes
1974 22.18 4.02 15.57 | 28.81 Yes 11.26 3.88 4.87 | 17.64 Yes
*
1972- 17.40 2.36 13.52 |21.28 Yes 11.71 1.92 8.55 14.87 Yes
1974
New York| 1974 12.54 5.64 3.26 |21.8] Yes 1.46 5.37 -7.371 10.28 No
North 1973 20.48 8.42 6.63 [34.34 Yes 7.51 7.74 -5,22 } 20.2% No
Carolina
1974 36.38 6.90 25.03 147.73 Yes 25.56 6.83 14.32 1 36.80 Yes
1975 15.45 9.69 -0.49 131.40 No 12.55 3.88 -2.06 27.16 o
*
1973~ [26.61 4,67 18.93 |34.29 Yes 16.38 4.44 9.08 23.68 Yes
1975 '
411 3 A1l L, 118.45 1.97 15.21 |21.69 Yes 11.38 1.67 8.63 ] 14.13 Yes
States Years

*Weighted mean, using the

inverse of the variance of sach year as a weighting factor.
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E . n
2 .
(Full) m mzz] 11

2

Epartial) My Moy

Fu11) 2™ Eipariial)

for relative exposure risk were obtained as follows (see Flgure 3-5 for notation).

The variance of wvalues of E obtained after controlling

N

11,23,
"13.M21, 1 1 L 1 4 4 4

11 M1 M2 12

a1 ™12

2
111.%22,

n,, n .
o 12,21, SRR R SR S S S S

a1 ™2

Thege aquatlons are based on the agsumptlon that the m /m term is

11™22/ ™1™ 10

cloge to 1, with a relatdvely small error.

2

Having derived ¢ “, 95 percent confidence Intervals were computed as follows,

Lower Limit = F - 1.64c
B

Upper Limit = E + 1.64c0
F

Furthermore, separate tests of the hypothesls that the obtalned level of effec-
tiveness 1s significantly greater than zero were also carried out, since interval
estimation and hypothesis testing are generally not equivalent. In an attempt

to reject the null hypothesis that the observed effectiveness values are equal

to zero in the population, the following test statistic was used:

E~0

S.E.E

where E represents a given effectiveness value. A one-tailled test required
a t-value greater than 1.64 in order to reject the null hypothesis, since
without exception the number of cases (and hence, degrees of frecdom) exceeded

120 by a considerable margin.
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By way of summary, the following conclusions can bhe drawn from the pre-
ceding findings.

1. Full Effectiveness. After controlling for differential
exposure risk, overall effectiveness values for the three
states ranged, on the average, from 12 to 27 percent.
This represents a 12 to 27 percent reduction in the num-
ber of reduced light angle collisions which can be
attributed to both vehicles involved in a reduced light
angle collision situation gatisfying the side marker lamp
requirement of FMVSS 108,

The average full effectiveness value obtained for all
individual state-years of data was approximately 18
percent. Furthermore, all mean full effectiveness values
obtained were statistically significant.

2, Partial LEffectiveness. Based upon weighted averages of
overall partial effectiveness values( after controlling
for differential exposure risk) derived from Texas 1972~
1974 and North Carolina 1973-1975 samples, significant
reductions in the number of reduced light angle collisions
of 12 and 16 percent, respectively, were obtained when
only one of the vehicles involved in a potential reduced
light angle collision sgituation was equipped with side
marker lamps. No slgnificant partial effectiveness was
found for the New York 1974 sample.

As expected, these partial effectiveness values were in
almost all cases between one-f1fth bto two-thlrds less than
the corresponding full effectiveness values. An overall
average partial effectiveness value of 11 percent was
obtained for all state-years of data analyzed, after
controlling for expogure rigk.*

3. Impact of Adjustment of Data. Overall, the net impact
of adjusting smoothed cell counts wag to increase
effectiveness values by roughly 1 to 3 percentage points,
and to slightly reduce the variabilility of these estimates.
However, in the case of Texas 1973 and North Carolina
1974 samples, smoothing and adjusting resulted in a
decrease in effectiveness values of approximately 2 per-
centage polnts,

4, Impact of Controlling for Exposure Risk. In the case of
North Carolina, where the analysls of single vehicle
accidents revealed a significant over-representation of
Pogt-Standard vehicleg driven during periods of reduced
lighting, full and partial effectiveness valucs were
uniformly increased by an average of roughly 13 and 7
percentage polnts as a result of controlling for exposure
rigk., For the New York 1974 sample, where Post-Standard
vehicles driven under reduced lighting conditions were
under-represented in the population at large, full and

%
Weighted mean, using the inverse of the variance of each year as a weighting
factor.
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partial effectiveness values were decreased hy 10 and
5> percentage points, respectively. Controlling for
exposure rigsk in the Texas samples, however, had no
appreclable impact on effectivenecss values, since hoth
Pre~ and Pogt-Standard cars driven during periods of
reduced lighting were equally represented.

While interpreting these and other findings, the reader should keep in

mind the various limitations of the analysis discussed in Sections 1.5 and 2.3.

3.4.4 Extrapolation to the Natlon A

Using a weighted mean of the 1974 side marker lamp effectiveness values
for Texas, New York and North Carolina, it ig posgsible (for heuristic purposes)
to extrapolate to the nation, although the resulting estimates are obviously
approximate. No single state was used for extrapolation purposes, since the
relationship between light condition and traffic density in either Texas or
New York is mnot representative of the nation at large. TFurthermore, North Caro-
lina sample sizes are smaller than the other two states. Hence, a combination
of all three states' effectiveness values was used. The year 1974 was chosen as
a basils for extrapolating to the nation for the simple reagon that it is the
only year common to all three state data bases used in the analysils., During
1974, moreover, the numberg of Pre- and Post-Standard vehicles driven were

approximately equal.

In order to derive estimates of the total number of reduced light angle
collisions which were actually prevented nationwide in 1974, along with the
number which could have potentially been prevented had all vehicles been equipped
with side marker lamps, extrapolations were carried out in the following steps.

1. The total number of motor vehicle accidents [N] occurring
nationwide in 1974 was estimated, along with the number
of these which were angle collisions occurring during
periods of reduced lighting [N'].

2. Three-gtate averages of the proportions of all reduced light
angle collisions involving Pre with Pre, Pre with Post, and
Post with Post vehicle configurations were computed (E&'s).

3. Weighted means for Texas, New York and North Carolina
1974 effectiveness values were computed, after controlling

for differential exposure risk (E(Full) and h(Partial)'



4. Based on the preceding infoemation, extrapolated values
were derived for the number of reduced fight anple collisious:

Ay

- Expected if no vehicles had been eauivved
with side marker lamps [X(None)]“

- Expected if all vehicles had side marker lamps [X(All)]'
- Actually prevented by FMVSS 108 [S(Actua])]'

- Potentially prevented by FMVSS 108 at full
implementation [S(Potential)]'
Since available estimates of the total number of motor vehicle accidents
in 1974 vary considerably, accident gtatistics from 13 states were used as a
basis for approximating the national total. From Table 3-35 it can be seen
that these 13 states account for 45 percent of both the total number of fatal-

ities and the total number of motor vehicle registrations recorded in 1974.

TARLF 3-35

ESTIMATION OF THE NUMBER NF REMICED LIGHTING ANGLE COLLISINNS
NATIONWIDE IN 1974, BASED UPON DATA FROM 13 STATES

stace [Mrer B [l SO QTR N T | Nomer | tunker o

(1974) Accidents Percent Number Fata??tiesb §2§?£t¥§2}§;§
California 496,577 9.89'° 49,132 7,019 13,684,399
I1tinois 486,812 6.38 31,085 2,007 6,174,102
Michigan 296,936 5.96 17,745 1,875 5,400,904
Missouri 30,406 1.96 600 1,042 2,825,461
New Hampshire 18,520 ©13.81 2,558 166 490,303
New Mexico 39,741 5.97 2,371 540 763,452
New York 377,818 6.62 25,014 2,620 7,457,802
North Carolina| 121,568 5.46 T e 633 T, 580 3,569,769
Oregon 7 45,476 7.44 3,384 670 1,579,736
Tennessee 10,302 6.94 Y 1,285 2,568,381
Texas 434,194 5.98 25,968 3,046 8,053,269
Virginia 144,537 5.10 7,366 1,050 3,171,744
Washington 106,242 7.30 7,761 759 2,444,446
13-State 2,609,129 6.91 160,331 20,659 58,183,768
Total :
Nationwide 5,798,064 6.91 400,736 46,200 129,893,311
Total \

a. Numbers in ftalics are estimates deri?ed from reports of state authorities.

b. Source: Aceident Facts, 1975, National Safety Council.

¢. Source: Highway Statistice 1974, U.S. Department of Tramsportation,
Federal Highway Administration.



Therefore, by inflating the 13-state accident totals by a factor of 2,22, one
obtains a national estimate of 5,798,064 (=N) accidents in 1974, of which
400,736 (=N') were angle collisions under reduced light conditions.

The formulas used to carry out Step 4 above are:

( — —
r T
X(Vone) = N' r, + 2 + 3
I . . N
-8 pappgary/ 100 1-[E (17 /1001
-
-
1-[E /100]
- - (Full) -
= N' r, (1-E 10014+ ' + .
X a11) 1 ( (Fu1s)’ 30 2 (JF[E 7200] 3
(Partial)
-
= ]
S(Actual) X(None) N
S(Potential) = X(None) - X(All)
— P24
Using the notation depicted in Figure 3~6, 1, = .
i n21 + n22 + n23
VEHICLE
CONFIGURATION
()
r * N
Pre with Pre  Pre with Post Post with Post
(n (2) (3)
. Daylight (1) "y LI nys
CONDITION
(1)
Rf?gﬁgd (2) nz] n22 n23

Figure 3-6, Summary of notation used in extrapolation
to the nation.

Also, N' refers to the national estimate of reduced light angle collisions for
1974 (N' = 400,736). Values for ;i can be found in Table 3-36, whereas values
for E(Full) and E(Partial) are contained in Table 3-37., By substituting these

values in the above equations, one finds that in 1974, when the numbers of
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Pre- and Post-Standard vehicles driven were roughly the sawme, approximately
64,000 reduced light angle collislons were actually prevented by the side wavker
lamp requlirement of FMVSS 108. At this time, had the Standard been fully fuple-
mented--1.e., had all vehicles driven been equipped with gide marker lamps--it fis
estimated that alwmost twice as many reduced light angle collisions (~1073,000)would
have been prevented. These extrapolations of both the actual and potential num-

bers of accidents preveanted by FMVSS 108 are summarized in Table 3-38.

TABLE 3~36

PROPORTIONS OF ALL REDUCED LIGHT ANGLE COLLISIONS
CORRESPONDING TO EACH VEHICLE CONFIGURATION CATEGORY (1974)

Texas New York North Carolina | A1l Three States
Vehicle -
Configuration N,:
(; a =
"ai | AT BN "5 | i | (Pooted)|
Pre with Pre (1) 966 0.18 715 0.15 233 0.18 1914 0.17
Pre with Post (2) 2657 0.48 2378 0.48 619 0.47 5654 0.48
Post with Post (3) 1882 0.34 1814 0.37 461 0.35 4157 0.35
TABLE 3-37
SUMMARY OF 1974 SIDE MARKER LAMP EFFECTIVENESS
VALUES USED FOR EXTRAPOLATIONS
Effectiveness Values Corrected for Bias
State Full Partial
(1974) " pe
E s.d. E s.d.
Texas 22.19 4,02 11.26 3.88
New York 12,54 5.64 1.46 5.37
North Carolina 36.38 6.90 25,56 6.83
A1 Three States | 22.14 | 2.96 10.99 2.86

w
Weighted mean, using the inverse of the variance as a
weighting factor.

TABLE 3-38

ESTIMATED NUMBER OF REDUCED LIGHT ANGLE COLLISIONS ACTUALLY AND
POTENTIALLY PREVENTED NATIONWIDE IN 1974 BY SIDE MARKFR LAMPS

Estimated Potential Number of
Expected Number Actual Number Expected Number Actual Number of Reduced Light
of Reduced Light fu & of Reduced Light Reduced Light Angle Collisions
Angle Collisions - Red 3 Light Angle Collisions Angle Collisions Prevented By
If No Vehicles Had | , oSCUCEC w1 If A1l Vehicles Had Prevented By FMVSS 108 at Full
5ide Marker Lamps ngle Loliisions Side Marker Lamps FMVSS 108 Implementation
464,369 400,736 361,558 63,633 102,811

3-59



APPFNNIX A

FULLY CROSS-CLASSIFIFD CONTINGENCY TABLES
DERIVED FRNOM STATE MASS ACCINENT NDATA RASES




TABLE A-1

FULLY CROSS-CLASSIFIID TABLE OF
TEXAS 1972 RAW DATA

DHVAGE2 KOADTYPE LIGHTINGI STAYUS (§)
A

R L I PRE=PHE PRE=PQST POSTPOST
{5=-24 cIrvy DAYLIBGHTI 2319 2998 1039
REDUCED I 634 728 267
I
US=STATE DAYLIGHYL 625 are 346
REQUCED I 291 a9 121
1
QTHER OAYLIGHTY 28e 393 176
REDUCED I 101 146 45
252594 cIry DAYLIGHT! 3oty 4303 1429
REDUCED I b74 758 300
I
US~STATE DAYLIGHTI YY) 1419 580
REDUCED T 2995 386 130
4
UTHER DAYLIGHTI 370 629 ery
REDUCED T 110 176 72
55 + cirTy DAYLIGHTY 1308 1614 544
REDUCED I 145 164 63
1
U8=STATE DAYLIGHYI 576 69k 286
REDYCED 1T 48 108 3]
!
UTHER DAYLIGHTY 164 215 30
REDLCED I a3 24 10
webOH ANALYSIS, Ce0G1 IS ADDED TO EACH CELL ABQVE
THE TOTAL FREGUENCY [9 349011



TARLTF A-?
FULLY CROSS-CLASSIFIED TARLF OF TEXAS 1973 RAW DATA

ODrvoERY uUrvaLEl Maxlay wGanpYRL CTCRTINGT  8TATyYS ()
¥

A 1 [ L 1 PREePRE PrE«PLST POSTPQSY
MALE 195=24 Dewg cIvy CAYLIGHTI b2u 1042 54¢C
REDULED T 152 241 119
1
LO=ST1ATE DAYLIGHYY 19y 279 138
REDUCED 1 59 49 5%
1
UTHEHX GAYLIBGHTI (Y3 132 b6
REDUCED T 1b 41 2c
. 3
3my cIty DAYLIGHTI 51t B8u7 420
NEDUCED 1 173 257 147
1
US=STATE DAYLIWLHTIL 16¢ 328 167
ke DUCED 1 79 142 &C
1
UTHEK DAYLIGHT! Td 117 57
KEDUCED 1 24 57 LL]
Se¥ clly DAYLIBHT] 5?7 119 58
KeDuCkD 13 52 17
1
U3=STATE DAYLIGHTI 29 44 38
kEDUCED T 2o 3¢ 1§
1
OTHER DAYLIGHTT 9 ed 17
KEDUCED ) 9 14 10
L A Y
2Reby Qe? clTy CAYLIGHTY 39 12ds 7483
REDUCED Y 130 250 153
1
US«STATE DAYLIGHTY 179 418 296
REQUCED 1 57 116 bt
1
OTRER DAYLIGHTY 5¢ {ve 1212
REPUCED T 28 36 18
Iy [AR DAYLIGHTI 420 915 523
REDUCED 3 167 280 149
T
US*STATE DAYLIGHTYI 190 378 ebs
REDUCED 1 &t 145 93
1
UTHEK DAYLIGHTI T6 143 9C
FEDUCED 1 23 be 42
- 2
Sat CIty CAYLIGHTY 34 104 73
REDUCED 1 27 57 21
1
US=STATL DAYLIGHTI 29 9% a4
REDUCED 1 25 4s ci
1
UTnEhn CAYLIGHTY] ib 3 17
REDUCED 1 7 i 1C
e L T L T R T R e
55 « (=2 CITY DAYLIGHT] FLE] 510 248
KEDUCED I 33 60 {7
1
USHSTATE DAYLIGHTI {18 ait 99
RENUCED 18 24 14
1
OTHER DAYLIGHTI 3e b7 ay
REDVYCED 1 5 [ 8
2=y Cl1y OAYLIGHTT 190 157 179
REDUCED I 2e 36 23
1
US«STATE DAYLIGHTYT LX) 174 -X:]
REguoen 1 §7 Ll 11
]
QTHEN PAYLIGHTT 32 [T 29
REDUCED 1 2 9 8
Se? clry DAYLIGHTI 17 2R 16
KEDUCED 1 4 8 2
1
US~8YATE TAYLILKTI 11 37 i6
WEDUCET ] Yy & 3
1
UTHEK CAYLIGHTI 2 14 7
KEDUCED 1 1 i 0

A-2




TABLE A-2 (Continued)

DrwveEat Dwvabtl  "ax)AD NOAD I YPL LIGHTINGT  STATYS  (F)

X A 1 K L 1 PRE=PRE  PRE=PULST POSTRPOST
FeMALE 1 S=rPd Gwd LIvy GAYLIGHTI iNd 749 qug
HLtuyceD I 37 120 be
!
US«8TAYE DAYLIGLMTY 70 194 §19
REDUCED T 13 34 2e
1
UTHEN DAYLIGHTI u3 68 X4
REDUCED 1 7 19 19
{=d cITy DAYLILGHTT 253 Sed 307
KEOUCED T 50 97 L]
1
US=8TATE DAYLTIGHWTI 67 te9 106
RENDUCED T 20 13 29
1
YinEn DAYLIGHYL 28 15 S6
REDUCED T 4 14 9
Sw7 cIty CAYLIGHTI 21 57 43
REDUCED I 8 9 9
1
uS=3TATE DAYLIGHRTT 16 39 17
HeouckD 1 b 8 ]
i
UTHEN DAYLTGHT T 4 %] 7
RECULCLD I [¥] 8 3
B R B Y L T Y SRR Py
2%=54d 0=~2 cIry NAYLILHTT 906 1084 120
ReQuceD T a4 ta? 73
M
YIS TATE DAYLIGHTT 120 Xi2 18C
REDUCELD I 17 47 2c¢
1
JTHEK DAYl IGkT! 1 1¢9 93
Repyced ¥ ! 14 14
Juy crIry CAYLTGHTT $62 790 485
REDUCED T 4o 101 hé
N 1
US=STATE DAYLIGHTT 104 2715 178
HeDucen 1 21 47 27
1
UTHEN CAaYLIGHTTY 3¢ 131 95
FEQUCED T 11 20 11
Se/ crvy NAYLIGHTT ) 47 57
REDWCED T ) LA L4
14
UIRSTATE DAYLIGHIT 13 39 13
RENUCED T 1] 17 8
T
UTHER DAYLIGHTT 3} 14 19
Repuced ! 1 2 dq
1 a0 e e e 8 r W o | s e P e ) ok o e 8 > o o
99 + =g cIlTy DAYLIGHTT 180 18z 178
REOUCED T 14 32 14
1
Ud=STATE OAYLIGHY] 70 134 62
“EDuCED T 15 10 3
1
UTHEK CaYuLlaHTt 21 3 t4
RECUCED I 0 2 é
3=y CITY DAYLIGHTI 129 220 117
RECUCLED T 4q 290 1e
I
US«81ATE CAYLIGHTI u3 45 LY}
REDUCED I 4 7 6
!
JTHER OAYLIGHTT 12 28 19
REMYCED 1 Q [ 4
Se? CITY DAYLIGHT! 10 X 19
REBUCED I b} 2 {
1
UI=8TATE DAYLIGHTT 13 16 1c
RECUYCED I 2 3 3
1
QTnEH CAYLIGHTT 1 A 2
KEBUCED T [§ 1 ¢
*wFORK ANALYSIS, Ta001 19 ADUEU 10 EACH CHLL ABUVE
fHE TOLAL FREUULENCY LS 3425%

A-3




TARLE A-3
FULLY CROSS-CLASSIFIED TARLE OF TEXAS 1974 RAW DATA

DrVAGELE MARTAD RLALUTYPE LIGHTINGI SBTATUS  ($)

A 1 4 i 1 PRl =PRE FRE=FPOST POSTPUSY
1hm2k Uwe CiTy DAYLIGHT RT3 1565 1177
REDUCED I 111 303 224
1
US=STATE GAYLIGHTI 125 426 34k
REDUCED 1 4z 150 97
1
GTHEH DAYLLGHTY wa 197 156
KEDULFD ] 19 38 49
3ud CITY DAYLIGHT] ago 1156 765
KEDUCED 1 131 333 220
I
LSmSTATE DAYLIGHTI 132 359 278
RELDUCED I 7C 170 112
1
GTHER UAYLIGHTI 46 181 151
RELULED I s (] us
Se? £1Ty DAYLIGRT] 39 114 80
NEUULED I 21 67 us
1
LS~STATE UAYLIGHTI 1z 61 s
KREDLCED 1 17 35 e7
1
OYTHER DAYLIGHTI 1u 22 2R
REOUCED 1 10 9 12
25=54 owe CITY DAYLIGHTI 670 2054 LR06
RELULED I 1ie 47 =3-1
I
L5mSTATE UAYLIGHTI 16# 603 565
REDUCED 1 49 146 10¢
1
CTHER DAYLIRHT] be 239 250
REDULED I 1€ 61 50
- 1 .
3=b CIty UAYLIGHT] aps 1365 1212
REDUCED ] 122 326 236
I .
1'8=5TaTE [(AYLIGHT] 161 498 490
KELUCED 1 b4 149 108
1
CTHER CAYLIGHTI 45 207 233
REDUCFD I 18 69 50
a7 cITy DAYLIGHTI 43 138 g
KEDUCED I 22 a1 41
1
LS=STATE DAYLIGHTI 2¢ 95 72
KEUUCEL I 17 18 27
1
ClhEk UAYLLGHTI 5 ¥ 21
KEQUCED 1 (3 13 15

A4




TABLE A-3 (Continued)

CRVAGEZ RAXTAD RUALUTYPE LIGHTIING]T  STATUS  (8)
K

4 1 ool PRE=FRE PRE=POST POSTPUST
55 4 vee CI1Ty DAYLIGHTI i1 856 SH6
HEDULED 1 35 RS 36
1
{S=STATE DAYLIGHTI 164 3ng 187
REUUCFD 1 7 x5 18
1
PTHEM DAYLINHTY 3 104 b2
KEDUCED 1 2 13 "
P 1 S -
s=4 C1TY DAYLIGHT] 281 578 ap3
REDULED 1 28 70 47
I
L5=STATL DAYLIGKT] 106 292 202
b DULEDL 1 11 5e 2%
1
[THER UAYLIGRTI 27 85 72
REDUCED 1 € 15 10
Y
S CLTY DAYLIGHTL 2u 61 48
KEOUCED 1 c 12 »
1
LSSTATE DAYLIGHYI 13 60 19
REDUCED I (3 4 5
I
OTHER DAYLIGHTL 3 17 11
NEDUCED 1 ¢ 4 3
WuE N ANALYSLS, L UCL I8 ADDEC TO EACH CELL ABNVE
THE T00AL FREGLENCY 15 30545




TARLE A-4

FULLY CRNSS-CLASSIFIFD TARLE NF NEW YORK 1974 RAN NATA

NUMTOWED WOADTYRPE DwVAGE2 LIGHTING] S8TATUS (85)
[}

1 L L I PRE=PRE PRE«POST POSTPUST
NUNE STATE 15=c4 DAYLIGHT] ar e6s 2bh
REDUCED I K 111 97
1
29=34 DAYLIGHTI 54 161 201
REDUCED 1 17 b8 © bh
1
35«54 DAYLIGHT] T4 26% 269
REDUCED I e 75 a2
1
5% «+ DAYLIGHTI 5S¢ 189 189
REDUCEDL I 12 38 5¢
COUNTY 15=¢4 DAYLIGHT] 4t 129 98
REDUCED I it 96 3
1
ed5=34 DAYLIGHT] et T3 84
REDUCED I e 23 18
1 .
15=54 DAYLIGHTI 2b 110 138
REDUCED ] i 27 es
I
59 + DAYLIGHT] et 60 82
KEDULED [ C 19 19
TOwn 1=24 DAYLIGHTI 6C 169 103
RELDULED 12 53 34
1
25=34 DAYLIGHTI 34 105 by
REDULEDL 1 b 21 22
1
35«54 UAYLIGHYI 14 154 131
REDUCED 1 1% 28 27
I
55 4+ DAYLIGHT] 27 88 Y]
REDUCED I & 13 i
CITY 8TR 1a=24 DAYLIGAT] 138 378 317
REDUCED I 69 el 131
1
25«34 DAYLIGHT] 113 444 1356
KEDUCED I 57 179 154
I
15=54 DAYLIGHRTI 137 484 437
HEDUCEL 1 74 233 150
1
S5 DAYLIGRKT] i1 Jug 276

REDUCED 1 LB 86 59

3




TARLE A-4 (continued)

NUMTOWED KOADTYPE DKVAGEP LIGHYINGE STATUS  (8)
T

M A Lo PRE=PRE PRE~PDST PUSTPUST
ONE ONLY STATE Jyegl DAYLIGHTL 3% 125 110
: KEDUCED | 2 61 58
1
25354 UAYLIGHT] 14 T8 15
KEDUCED § 11 us 38
1
35-54 DAYLIGHT] 29 106 122
KEDUCED 1 1e 60 Gk
1
5y 4 DAYLIGHT] 21 97 91
REUUCED I g 36 26
COUNTY  15=24 DAYLLGHTI 2¢ 44 40
REDUCED 1 14 23 20
1
2534 UAYLIGHT] i 36 39
KEDUCED I 9 1 16
1
1554 DAYLIGHT] 13 52 54
KEDULEU I a 27 14
1
5y 4 UAYLIGHTI 1c " 35
RELUCED 1 5 10 3
T0mWN 1524 DAYLIGHT] 28 69 53
NEDUCED I Y 21 18
1
eHe»34 DAYLIGKHT] 7 50 43
KEQULED I y 13 11
1
15«50 DAYLIGHT] ' 8 63 58
REDUCED 1 11 25 18
I
55 < DAYLIGHTY g 27 23
KEDUCED 1 ? B 2
CITY STR 15w24 DAYLIGHTI 43 146 128
KEUUCED I 23 93 67
1
P5=34 DAYLIGHT] PR 145 149
KEDUCED I 11 12 58
1
35-50 DAYLIGKT] 31 166 151
REDUCED I 13 96 59
1
55 + DAYLIGHT] 37 144 123
REQUCED 1 3 ¢ 29




TABLE A-4 (Concluded)

NUMTUWED RDADTYPE DRVAGEZ LIGHTINGL 8TaTUS (§)
T

K A L 1 PRE=PRE PRE«PDST POSTPOST

BUTH STaATt 15=gd VAYLIGHT] 32 95 T
REDLCED 1 25 86 58

1
2534 DAYLIGHT] 19 50 68
KREDUCED ] 13 312 L¥

1
15«54 DAYLIGHT] e3 100 10%
REDUCED 1 eé 56 40

1
SH + DAYLIGHT] 32 75 87
REQUCED I 2 22 25
COUNTY f5ez4 DAYLIGHTI [ 58 38
REDUCED 1 14 23 21

1
25«34 DAYLIGHT] [ 27 ed
REDULED 1 H 15 14

1
15«54 DAYLIGHT] 13 40 4%
RELUCED 1 19 8

1
55 * DAYLIGHTI 13 27 29
REDUCED 1 9 2
TOWN $95=24 DAYLIGHTI 16 53 4y
REDUCED 1 1é 26 i1

1
£5=34 DAYLIGHT] 7 24 25
REDUCEL 1 4 15 8

1
35«54 DAYLIGHT] 1c 49 13
KEDUCED I [ i6 9

1
55 .« UAYLIGKTI 13 27 £5
REDUCED 1 [/ [ ?
CIYY STR 5«24 DAYLIGHT] 16 80 80
REDUCED I el 60 - 32

1
25«34 DAYLIGHT] 17 83 G
REDUCED 1 14 4e 4o

1
15«54 DAYLIGHT] e 86 78
REDUCED ] [ 50 28

1
59 + DAYLIGMTI el T2 82
REVUCED I 2 16 13

**FOR ANALYSIS, 0,001 1S ADOED TO EACH CELL ABOVE

THE TD1AL FREGUENCY 1S 17568




TARLE A=

FULLY CROSS~CLASSIFIEND TARLF OF NORTH CAROLINA 1973 RAW DATA

MAXpaMaL CIVYSIZE DervaGey LIGHIIAGL  BTATUS  (8)

0 C A L 1 PRE-FRE PRE«POSY POSTROST
Bo=3uy LY HUK 159=25 DAYLIGHT] 129 199 86
REVUCED 1 17 55 ee
1
2u=5% VAYLIGHT] 147 ert 127
REDUCED 1 3¢ 57 29
1
50 « DAYLIGHT] 91 115 41
REDULED I 1C 186 3
S0K # 15=¢5 DAYLIGHYT 56 114 52
REDUCED I it 32 15
I
26=5% DAYLAGHT] 68 120 103
REDULED 1 17 4% 2h
I
Se + DAYLIGHY] 34 59 23
RELUCED I 5 10 6
E e e T Ty A
$350=809 LY SyK 15=¢5 UAYLIGHT] 1¢8 c8¢e 144
REDUCED ) 48 QU 51
b
26~55 DAYLIGHTL 176 334 194
NEDUCED I 45 T6 21
I
56 + DAYLIGRT] 8} 143 60
HEDUCED I 12 29 14
SOR + 15=25 DAYLIGHT] qe 118 79
REDUCED 1 18 de ep
1
Eh=55 DAYLIGHT] 63 175 123
REDUCEL I i1 34 25
1
56 + DAYLIGHT] 1e 50 33
REDUCED 1 8 9 4
L e R T Y r L Y
3900 + LY 5S¢k §15=25 DAYLIGHTI 10 120 a2
KEDUCED I 13 37 ée
1
26255 DAYLIGHYT] 29 14y IR B
REDUCED I 8 35 20
1
56 + DAYLIGHT] 16 70 4é
REDUCED 1} 1 11 b
Y0k # {o=25% DAYLIGHT] 8 a9 38
REDUCED I [ 20 2e
1
26%5% DAYLIGHT] 18 B 57
REOUCED 1 H 19 19
I
S6 + DAYLIGHTY 5 23 10
REDUCED ¢ 5 0
wafOR ANALYSIS, 0,001 18 ADVED YO EACH CELL ABOVE
THE VYOTAL FREGUENCY 18 hgdayg




TABLE A-6

FULLY CROSS-CLASSIFIED TARLF OF NORTH CAROLINA 1974 RAW DATA

UKVSEXY KDADIYPE DrvaGE? LIGHTIINGL  SYATLS (8}
X [ A L 1 PRE=-PRE  PRE=-PDST PUSTPOSY
Malt UE=STATE 15=25 DAYLLIGHT] i9 125 92
REDLLED 1 18 52 15
1
2b=55 DAYLIGRT] 34 i1e 94
KEOUCED | el 15 38
1
56 # DAYLIGHTI e3 75 38
RELUCED I 7 8 8
CITY 8TR 15«2% DAYL1GHTI 122 32 28¢
KEQUCLED 39 138 78
1
26«59 DAYLIGHTI 144 427 337
REDUCED 1 33 129 97
1
Se + DAYLIGHTL 8¢ 200 129
KEQUCED I 1¢ 3e 21
RURAL RD 15=2% DAYLIGHT] gd 70 43
KREDUCEL 1 1R 5 A
1
26=5% UAYLIGHTL ec 67 48
REDUCEL I 1C 1e 12
1
56 + DAYLIGHTI 1C 16 11
REDUCED I 3 2 2
-vu--a-—.---------I-u-cuw------n-a----.--—-n--
FEMALE US=8TATE 15=¢2%5 DAYLIGHT] 16 60 59
REDUCLED I k! 23 14
1
26=5% DAYLIGHT] ed 7e T4
REDUCEL I [} i8 12
1
56 + DAYLIGRHTI 18 24 2b
KREQUCED ] C 4 2
X
CIlY STk {hegs DAYLIGHTI as 284 eel
REQUCED 1 24 53 43
1
2b=55 DAYLIGHT] 79 345 216
REDUCEUL 1 23 40 bU
1
Sb + DAYLIGHTY Se 1586 106
REVQUCED I g 15 12
WURAL KRC 15=¢8 DAYLIGHT] 14 417 34
REVUCED ) 7 1 &
1
2o=5% DAYLIGHTY] 11 b1 3p
KEDUCED 1 3 10 4
1
50 + DAYLIGHTI 5 26 11
REDUCED I 1 4 !
*xFOR ANALYSIS, C.001 IS ADUDED YO EACH CELL ABOVE

THE TOTAL FREGUENCY 18

A-10

64Be




TABLE

N-7

FULLY CRNSS~CI.ASSIFIEN TARLFE NF NORTH CAROLINA 1975 RAW DATA

ACCSEY KOADTYHE DNVAGEY LILHTINGI] STATUS (s
H « & L 1 PrRE=PRE PRE=POSY PUSTPUSY
KeA+Bel US=STATE 15«5 VAYLIGHTT 18 T4 53
REDUCED I 8 21 19
1
2bo=%5 DAYLIGHT] 29 105 S0
REDUCED 1 7 26 2u
1
56 + UDAYLIGHT] 1% 26 32
REDUCED I C 4 5
CITY STK 15=-£5% DAYLIGKT] 5% el cle
REDUCED I 28 91 16
1
2659 DAYLIGRHT]) Tt 277 327
REDUCED I el 1A) he
1
56 + DAYLIGHT] 37 140 9¢
RELDUCED 1 4 16 14
RUKAL RD 15=25% DAYLIGHTI ? 45 19
REQUCED 1 2 19 5
1
ctmhh DAYLLIGHT] 4 37 39
REDUCED I k] 10 11
I
So + DAYLIGHTY € i1 6
KEDUCED I 1 1 v
B e L e L T L L LY
NONE US=S1ATE 15=25% DAYLLIGHTI 31 112 104
REDUCED ) 1C 4] ip
1
Po=55 DAYLIGHTT 2é 1ee 134
WEDUCED 1 14 31 29
1
S6 BAYLIGHT] 18 58 4q¢
REDUCED 1 9 7 7
CITY &Th 15«25 DAYLIGHT] 102 409 295
REDUCED 1 24 105 130
1
?o=8S DAYLIGHTI 121 488 517
REDUCED I 21 91 {eo
1
56 + DAYLIGHTI] 73 2eo 196
REQUCED I 4 16 ee
KUKRAL KD 1%«2% DAYLIGHT] e? 87 67
REVUCED 1 1 18 15
1
£o~5% VDAYLIGHY] 23 82 8e
KREDUCED I 8 13 9
1
o + DAYLIGHTI 7 27 ee
wEDUCED I e 3 2
wwfFON ANALYSIS, 0,001 I5 ADDED TU EACH CELL ABODVE

THE TOTAL FREGQUERCY IS

h9T7Y

A-11




APPFMNTY R

SUMMARY OF THE MARGINAL ASSOCIATIOM
OF MODEL EFFECTS




TABLE B-1
SUMMARY OF TESTS OF MARGINAL ASSOCIATIONS OF MODEL EFFECTS
TEXAS 1972-1974 SAMPLE
Effect* Texas 1972 Texas 1973 Texas 1974

LR x2 , dfl Prob. | LR x2 l df l Prob. | LR x2 | de Prob.

Veh Mix x Light Cond 36.28 21 0.000 17.15 2 10.000 22.12*% 2 0.000
Veh Mix x Road Type 24.54 4 { 0.000 30.61 4 10.000 49,90 4 0.000
Veh Mix x Dr Age 76.26 4| 0.000 | 108.97* 4 lo.000 | 133.23 4 | 0.000

Veh Mix x Dr Sex

- - - 73.59% 2 10.000 - - -

Veh Mix x Max TAD

- - - - - - 19.87* 4 0.000

Light Cond x Road Type

134.56 21 0.000 ) 123.57 2 10.000 114.06* 2 0.000

Light Cond x Dr Age

405.35 2 ] 0.000 § 349.91% 2 10.000 391.95* 2 0.000

Light Cond x Max TAD

- - - 271.82* 2 10.000 265.06* 2 0.000

Light Cond x Dr Sex

- - - 512.37* 1 .000 - - -

Road Type x Dr Age

126.87 4 ] 0.000 73.42*% 4 000 | 39.79%* 4 0.000

Road Type x Max TAD

- - 338.29 4 .000 | 287.97 4 0.000

Road Type x Dr Sex

Max TAD x Dr Age

- - - 56.42* 4 .000 18.47 4 0.001

Max TAD x Dr Sex

0
0
0

- - - 66.25% 2 10.000 - - -
0
0

- - - 52.66% 2 .000 - - -

Or Age x Dr Sex

- - - 99.15* 2 {0.000 - - -

Veh Mix x Dr Age x Dr Sex - - - 19.28 4 10.001 - - -
Veh Mix x Light Cond x Max TAD - - - - - - 9.40 4 0.052
Light Cond x Max TAD x Dr Age - - ~ 10.60 4 10.032 - - -
Light Cond x Max TAD x Dr Sex - - - 8.38 2 10.015 - -~ -
Light Cond x Dr Age x Dr Sex - - - 21.54 2 ]0.000 - - -
Light Cond x Road Type x Or Age - - - - - - 9.18 4 0.057
Road Type x Or Age x Dr Sex - - - 13.35 4 10.010 - - -
Max TAD x Dr Age x Or Sex - - - 9.76 4 10.045 - - -

SUMMARY OF MODEL

36.20 28 10.138 | 260.81 256 {0,405 125.97 112 0.173

teor the Texas 1972 and 1974 models, driver characteristics refer to drivers of the struck vehicles, whereas
for the Texas 1973 model, they refer to drivers of the striking vehicle.

*
Effect is specified directly in the model.

B=1




TARLE R-2

SUMMARY OF TESTS OF MARGIMAL ASSOCIATIONS NF MODFL EFFFCTS
NEW YORK 1974 SAMPLE

frfect ¢ New York 1974

LR X2 df Prob.

Vehicle Mix x Light Condition ' 37.04 2 0.000
Vehicle Mix x Dr Age 38.98* 6 0.000
Vehicle Mix x Road Type 52.40% 6 0.000
Vehicle Mix x Towaways 13.04* 4 0.0Mm
Light Condition x Dr Age 210.91* 3 0.000
Light Condition x Road Type 71.75% 3 0.000
Light Condition x Towaways 44.86* 2 0.000
Dr Age x Road Type 135.81~ 9 0.000
Dr Age x Towaways 15.79% 6 0.015
Road Type x Towaways 260.51%* 6 0.000
Vehicie Mix x Dr Age x Towaways 21,65 12 0.042
Vehicle Mix x Road Type x Towaways 40.63 12 0.000
Light Condition x Dr Age x Road Type | 13.99 9 0.123
Light Condition x Dr Age x Towaways 13.83 6 0.032
Light Condition x Road Type x Towaways 21.10 6 0.002
Dr Age x Road Type x Towaways 25.80 18 0.3104
SUMMARY OF MODEL 172.60 166 0.347

*Driver Age refers to drivers of struck vehicles.

*
Effect is specified directly in the model.



TARLE B-3

SUMMARY OF TESTS OF MARGINAL ASSNCIATINNS NF MONEL
NORTH CAROLINA 1973-1975 SAMPLE

Effect North Carolina 1973 North Carolina 1974 North Carolina 1975 7
W2 [ de] prob. | LR 2 1 df ] Prob. | LR x? ] df { Prob.
Veh Mix x Light Cond 1.96 2 [0.376 4.46* 2 0.107 {‘0.49* 2 0.782
Veh Mix x Or Age 7 20.72 4 [0.000 21.77 4 0.000 22.83 4 0.000
Veh Mix x City Size 41.76 2 10.000 - - - - - ~
Veh Mix x Damage 147.83 4 | 0.000 ~ - - - - -
Veh Mix x Road Type - - - 9.72% 4 0.045 13.39 4 0.010
Veh Mix x Dr Sex - - - 14.60* 2 0.001 - - -
Veh Mix x Severity - - - ; - - 3.16% 2 0.206
Light Cond x Dr Age 57.53* 2 10.000 70.30 2 0.000 |126.72 2 0.000
Light Cond x City Size 4.36 1 |0.037 - - - - - -
Light Cond x Damage 3.7 2 |0.156 - - - - - -
Light Cond x Road Type - - - 14.88* 2 0.001 6.66* 2 0.036
Light Cond x Dr Sex - - - 65.30* 1 0.000 - - -
Light Cond x Severity - - - - - - 9.22* 1 0.002
Or Age x City Size 16.14 2 10.000 - - - - - -
Dr Age » Damage ° 6.27% 4 10.180 - - - - - -
Or Age x Road Type - - - 19.18* 4 0.001 19.01 4 0.001
Dr Age x Dr Sex - - - 0.25* 2 0.883 - - -
City Size x Damage 9,30 2 10.010 - - - - - -
Road Type x Dr Sex - - - léj;g; 2 0.000 - - -
Road Type x Severity - - - - - - 16.29* 2 0.000
tight Cond x Dr Age x Damage 12.11 4 10.016 - - 7 - - - -
Light Cond x Road Type x Dr Sex - - - 0.44% 2 0.803 - - -
Light Cond x Road Type x Severity - - - - - - 6.81 2 0.033
Veh Mix x Light Cond x Road Type - - - 10.81* 4 0.029 - - -
Veh Mix x Light Cond x Dr Sex - - - 4.46* 2 0.108 - - -
Veh Mix x Road Type x Or Sex - - - 6.32% 4 0.177 - - -
Veh Mix eright Cond x Severity - - - - - - 7.85 2 0.020
Dr Age x Road Type x Dr Sex - - - 10.29 4 0.036 - - -
Veh Mix x Light Cond x Road Type - - - 20.74 4 0.000 - - -
x Dr Sex
SUMMARY OF MODEL £8.11 70 10.542 49.49 54 10.649 73.24 72 1 0.437

}For the North Carolina 1973 and 1975 models, driver characteristics refer to the drivers of the struck and
striking vehicles,respectively. For the North Carolina 1974 model, Age refers to drivers of struck vehicles,
while Sex refers to drivers of striking vehicles.

*Effett is specified directly in the model.



APPENDIX C

SUMMARY OF FFFECTIVFNESS RESHLTS
FOR OBSERVED, UNADJUSTEN
STATF MASS ACCINENT DATA




TABLE C-1

SUMMARY OF FMVSS 108 EFFECTIVENESS STUDY USING
TEXAS 1972 DATA (OBSERVED, NOT ADJUSTED)

Total Cases = 34,011
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SUMMARY OF FMVSS 108 EFFECTIVENESS STUDY USING

TABLE C-2

TEXAS 1973 DATA (NBSERVED, NOT ADJUSTEDN)
Total Cases 34,255
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TARLE C-3

SUMMARY OF FMVSS 108 EFFECTIVENESS STUDY UJSING
TEXAS 1974 DATA (ORSERVED, NOT ADJUSTED)

Total Cases = 30,545
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TABLE €-4

SUMMARY OF FMYSS 108 EFFECTIVENESS STUDY USING
NEW YORK 1974 DATA (NRSERVED, NOT ADJUSTED)

Total Cases = 17,566
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TARLE C-5

SUMMARY 0OF FMVSS 108 FEFFECTIVENESS STUDY USING
NORTH CAROLINA 1973 DATA (NBSERVED, NOT ANJUSTED)

Total Cases = 6,249
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TARIE C-6
SUMMARY OF FMVSS 108 EFFECTIVENESS STUDY USING

NORTH CAROLINA 1974 DATA (ORSFRVED, MOT ANJUSTED)

Total Cases = 6,486
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TARLE C-7

SUMMARY OF FMVSS 108 FFFICTIVENESS STHNY USING
NORTH CAROLINA 1975 DATA (OBSIRVED, NOT ADJUSTFN)

Total Cases = 6,974
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W R 0 G B 1 40 91 B KD G b 4D R OR W T M 9 G0 U T 9A W G ol G S 0B W G A D O Y W O T O 0 D T G0 (9 e 9 W ER D S T B W O T a8

DAVLAGHY ! A%26 | 19,1 1 9166 | 2646 | 8092 | 41,7
HEGUCFD LIGHY 3974 § 20,9 ) T329 | 37,8 ) 11303 1 98,13
COLUMN TUTALS 4900 1 39,6 | 12099 | 64,4 | 19395 1100.,0
i EFFECTYTYVENE®SS v ALUES (tPERCENT)
I I . L T T T R e R T . T I R T P R L T
i BEFORE CONTROLLING FNR BINGLE VEWICLF FXPOYURE | . AFYER CONYAROLLING FOR SINGLE VEHICLE EXPOBURE
| © » @ © © ¢ © © ¢ W W W W BV R W W WA W W MWD MM W T WG E R B W YRR W M NN B NN E P oW
TYPE OF i EFFFCTIVENESS I 95% CONFYIDENCE [NTERVAL | EFFECYIVENESS | 95X CONFIDENCE INTERVAL
EFFECTIVE® | o o w » m o0 » @ © @ o © | & & & ® 8 & & & a4 o o ® ] vw & & = ® 4 % B B e O & | B oA W W E o we s N -
NESS ¢ VvALUE i 810, VEV, | FROM I L] i VALUE I 3TN, DEVY, | PRUM 1 10

@ w0 K T 03 D 5 D 7 D2 AR R ) W K D D e 0 9 P 0T R 1 A e 1 9 G O I T R B R R G RS AR RS AR Y NSNS RN RPN R R L O Y Y
i 9B O A 53 5 D W VR KD T e 6 W 8 N A9 T 10 48 8 D D 0 T O G 0 89 6 T 6 W0 B i S Y T 0 e AT A 00 I EE B4 e 5 OB B G5 e I 4 G I S N M T B RS R NN N R e AN R R T W0 ew
LATINY ! 4,08 i 9,29 | v310,20 | 20,37 ! 13,01 t t0.014 | «y,49 I 29,47
PART LA 0 LY i Pell [ “8,37 ! 21661 i 10,60 1 9432 | wli U0 | 25,61




TARLE C-8

SUMMARY 0OF FMVSS 108 FFITCTIVENESS STUNDY NISING
TEXAS 1972 DATA (SMOOTHED, ANDJUSTED)

Total Cases = 34,011

| 0O I 87TRIBUTTION o F ANGLE cCoLLISIONS
' L T . L. I T T T R T S T I S R T I R R R T T R R
LIGHT ) PRE~POSY HIX OF VEHICLES IN ACCIOENTS
| © # n & 4 # e @ e s e s R WY RS Y E s e e T PR R E e N NN W
CONDITION ] PRE WITH PRE | PRE WITH POBY | POSY WITH POST ) ROW TOTALS
. { # 9 @ » w5 ¥ W e wEE R R WY WE SRR N Qe NS R e e =
| N I LI N | L S N | X N | X

P L L L L L T T T R R R R Ry T R R Ry R N T I L L]
P L L L T T e L L L L L LT L e P Ry
DAYLIGHT | 9513 | 28,0 | 13141 | 38,6 | 5174 1 8.2 | 27828 | 81,8
REDUCED LISHT | 2315 | T.U arrs t 8.2 | 1032 1+ 3,01 6183 | 18,2

L T Y R R e e R R e L L L L L I I L]

CULUMN YOTALS | 11888 | 39,0 | 13917 ) 46,8 | 6206 ) 18,2 1 3401t 110040

I 01 &8YHIHBUTYLION or 8 I NGLE
LIGHY 4 VEHLTCLEF ACCIOENTES
| & # 9 8 ® 9 © @ & w B * W E B RY P PR RN =
CONDYITEON | PRE«STANDARD | POSTY-ATANDARD | ROW TOYALS
| ¢ 9 o ¢ @ &« p & &8 P B P R E = WG R RN TN R e "N
| N I L S| N ! L S | N i X

G RGN R DR SRR PN IR PN R RN RN AR P LT PN AR NN TR YL U

Ly e L L T T R R L e Y Y PRI L Y LY P P LY )

DAYLIGHT | 26267 | 29,6 | 15989 | 18.0 | 42212 | 47,8
HEDUCED LIGHY | 29023 § 32,7 | 17488 | 19,7 | 46%11 ) 52,4
CUOLUNN TUTALS i 55310 ) 62,3 | 13473 | 7.7 | AaTAY  1100,0

| EFFECTIVENEST SHS VALUES (PERCENT)
{ # ® @ v @ a ® @ & W ®@ ¥ 6 W O W R P W W N R R B E R WM BB NS N MR oW W WM OE B WY mMOR oW W W WP R
| REFORE CONTROLLING FUR OINGLE VEMICLE EXPOSURE | AFTER CONTROLLING FOR SINGLE VEHICLE EXPUSURE
| © o w @ ¢ 60 &8 @ & @ @ @ B U B BB R WG R B BN B MW NS R ® @ % W W Eew ®E WE NR o ow R oE W
TY°E 0F i EFFECTIVENESS I 95% CUNFIDENCE INYERVAL EFFECTIVENESS | 95X CONFIOENCE INTERVAL
EFFECTIVE® | ~ @ o« @ @ o w a = »m » = | o= ¢ # # 8 »w o ® c & u 8 | @ 9 & 0o ¢« » o w o vn e | onp>eonep=" 009
NESS | VALUE | 81h, UEV, | FROM | To I VALUE I 8TD, DEV, | FROM { T0

D L L L R e e A e L L L R R e e R L L L L L L L T R
L T e R L L R Y R Y A Ry e e L L LT
fuLL ! 20,4141 | J.a8 | 14,74 | 25,91 ! 18.63 | 4,09 | 12,00 | 23,27
PARTIAL 19,39 | 2q63 1 11,07 I 19,70 | .61 ! 2.90 t 9.83 t 19,38
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TABLYE -9

SUMMARY OF FMVSS 108 LFFECTIVINESS STUDY USING
TEXAS 1973 DATA (SMOOTHED, ADJUSTED)

Total Cases = 34,255

| DI 8sTRIBUTITON 0F ANGLE CoLL1SIONS
’ PO o e m % W W W R W W RN N W W Tm W W W @ o w R W N oo M om e W W o N
LIGHT | PRE=PNIY MIX 0OF VEMICLES IN ACCYDENTS
| & @ e P w W oW W E RN R Rw S PR R oA e W W W N oG W ® R W W e N
CONUTITION | PRE WIYH PRE | FRE WITH @08Y |  PUSY wITH POST | ROW YOTALS
| LI B I I I T R R R R T I R R I N R R T R R L T B T T T R )
\ ) N f X N | LI N ] LI | N | %

R R L L L R R T T Y T

0k T e By e D D e P DR B W R D M Y0 K W D 43 SO e B0 T T R N e D L e K0 S R G5 0 L e o P R e e B Gt b o e e R e O B e i g 5 W R e e e e U8 o Y

DAYLIGHTY { 6637 1 19,4 | 13619 | 39.8 | 7960 1 23.1 | 281% | 82,2
REOUCED L1GWT 1962 | Q.6 | 2913 8,9 | 1622 1 4,7 | 6099 | 17,8
G o o W S B Ly e N D B T Bh S G W e O O e A e R D R T B D e Uk U A e Y S G Y e e W D D B 3 e S e 0 e D e A0S R Y
CULUMN TOTALS | 8199 ) 23,9 | 163%4 1 48,3 | 9522 | 2148 | 34299 1100,0

| DIi8gTHIBUYILUN 0 F 8 L NG L E
LIGHT | VEHR T CLE ALCIDENTYS
' R I I B e A T ]
CURDLYION | PRE«STANDARD | PBOSY=STANDARD ! HOW TNYALS
| L R I R I R L R S v e e ]
| N i LI N | v ! N | X

e G R R e B N e D R N 0 K S5 e KD e B A S B TP AR S R D M W A B D6 h a0 D % B e O e N ST e e G P W Y S e e

D a0 o e e e e D N O e s Do A B s e M R e S OV 0 S D TN UG A B S 0 K s 6 0 S M3 S A S R Kk B A W R A I D WS DY Oy 4 e e 00 W e o

DAYLIGHY boo22912 1 29411 20303 4 22,2 1 4¥215 | 47,3
REDUCED LIGHT ) 25619 .| 28,1 | 22450 | 24,6 | 48069 | 52,7
O D e R W T W P G b A D N e B O D e D G0 B G A R D WK w0 A OO e K 6D N e R S ke 2 T D e D D W T A U 60 U g e et 0 W WO O
COLUMN TOYALS | 68%31 | 5¥,2 1 42753 | 46,8 ¢+ 91284 1100,0

) FFFECY LI VENEZSS vVALUES {PERCENT)
] @ @ 2 m @ 8 @ % ¥ e @ m S A A YR R T W W B B W H B @ N W oR WY e 8 P W w NW NP e W eEeomeE EoRes
| REFURE CONTROLLING FOR BINGLE VEHICLE EXPOSURE | AFYER CONTROLLING FUR SINGLE VENICLE EXPOSURE
| @ & &8 o & w @ A& ®w = 8 ® W W BB H P B R W W WM OE B W WG ow omeowm ¥ oW W WM ® e 4 PR e % ® e e v e e w
YYPE (F f EFFECTIVENESS i 99% CONFIDENCE INTERVAL | EFFECTIVENESS I 9%% CONFIVDENCE INTERVAL
EFFRLTIVE® | » @ w # ® © o w o « o % | 0 & @ % 0 @ & @ « & » W | ©« » & & v ¢« 9 & W e 2 | @ * N e ey eomow
NESS i VALUE | 9¥D, DEvV, ! PROM | Yo | VALUE ! 970, DEV, | FROM ] 10
R R R R L L R e g R L L R T Y TR E LT LY TR

5 1 0 O 0 e A 1 i 8 0 0t 1 0 R 1 0 e 8 0 o B ot e St = o o e B e e
FuLL { 12,76 ] 1.a8 | Told t 18438 | 10,79 { 4,22 5.8% { §T.74
PANYEIAL ¢ - 9,09 i 3.6 1,89 YO S 8,03 1 3,42 2,01 I 13,86
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TABLE C-10

SUMMARY OF FMVSS 108 EFFECTIVENESS STUDY USING
TEXAS 1974 DATA (SMOOTHED, ADJUSTED)

Total Ca;es = 30,545

| DI 8§ THIBUT T UN o F ANGBG L E COLLYSYYTONS
. " O WL e W W om W @ MmN W R M C W W W s & o W R D W M o om B e W om oW W
LIGKHT § PRE~POST MIX OF VFHICLES IN ACCIDENTS
[N T R R I I A A I I I I R A
CUNDTTIUN \ PRE wlITH PHE |  PHE wITH PUOSY | PUSY WITH POSY ROW TOTALS
' W OB W M oY ®W e MW E RN R BB W E W oA oP P E Y P N @ E RN R ™y
| N | X i N i £ | N | F S| N | X

B KR e A e D D Y B D T D NP Y R A ke O W T T I D T e W e 1 B e T 0 00 D K xR D TR S D R G W D W S K e e e Y
DAYLIGHT i 31937 ) 13,9 11718 ) 38,3 | 9362 ) 0.6 29010 | 81,9
REDYLED LIGHT ¢ 996 i X3 1 2687 1 8,7 | rae 1 b2 | 3535 | 184t

D g P N R R e T e Y L Ry g R ROy T s

CUOLUMN JOTALS | 4933 | 16.1 | 14368 | 47,0 ) 1244 |4]b.8 | J0%48  1100,0

DI 3 YTHYBUTITON aF 81 NGLE
N T 8

|
LIGHY i VEHTITCLE ACCIODE
} » & 0 &% ¢ @ 0 @ W e Y e oW w o ow e e W WD R w @ @
CURDIYION i PRELSTANDARD | POSTeSTANDARD | ROW TOTALY
| I I T R T R R R - S L B L B R 1
} N ] 2 N { X N H X
N e L e D G B T e D 6B 0 D D N T <0 60 KD 4 VA e 0 e R G e D R R S B D e v DD e B e

D R e Y R g R R L L ]

DATLEGHT | 17949 | 20,9 | 20980 | 2%.1 | 38499 | 46,0
KEQUCED LIGHT | 20438 | 24,4 | 2ara0 } 29,6 1 4S1Y8 | 94,0
PR REV OISR RN RO ISR NN YRRE IR RV N DR RERTURN PR RN RR RN IDI B G0® N
COLUHN YOTALE 37953 | 44,4 | 49720 1 B4.6 | B3I6T3 110040
¥ €EFFECTIVENETSS v AL UES {PERCENT)
I »m o m % 8 a e ow o e e @ oW om Bom M B B M e RS W N G @M M W W N B WU N RN ® ow @ W@ NN W E U R § #
| BEFURE CONTHOLLING FOR BINBLE VEWICLE EXPUSURE | AFYER CONTROLLING FQOR SINGLE VEHICLE EXPQSURE
| @ © @ & @ @ v @ @ ® ® 9 & B @ W A B oA oW E G B Y DR oW W W B W F W oe R oE oW Om MR W e ® P e W e owow
YYPE OF { EFFECTIVENESS { 98% CUMFIQENGCE INVEHVAL EFFECYIVENESS | 95X CONFIDENCE INTERVAL
EFFECTIVE® | = = = & & o » v & @ v &« | 8 o w # uw & w » o « o o | & @ 9 » « 8 © 3 w o w o | 86 @0 2 = = s » 5 » o «»
NESS ) VAL LE f 810, LEV, FROHM ] T0 ! YALUE | 8Y0, DEV, | FROM } 10

O 0 T DR D e D G T G G G M W O S e D G R O M Y W € D A 60 el o e T D S T W e 3 e T 08 U e G g o e P e A e e e Y R Y T e e e 0 S R e R G e W T

B T T e e Rl T e T g N L R L L L L L o r e iU S U VS v,

FuLl t 20,494 | 346 | 16,84 | 26.23 f 22,19 i 4,02 | 15,57 i 28,8)
PART LA, 10,3¢ ' 3,72 | 4,20 | [ PEL] I 11.26 I .80 ! 4,87 f 17,64




r

TABLE C-T11

SUMMARY OF FMVSS 108 FFFFCTIVENESS STUDY USING
NEW YORK 1974 DATA (SMOOTHFD, ADJUSTEN)

Total Cases = 17,566

[ OIS THIBUTILION 0 F ANGLE COoOLL1S8STONS
' - o o u“ L R R T . T T R T I S B
LIGHY I PRE=POYY MIX OF VFHICLES IN ACCIDENTSH
' I T S R I R T T O L T R T T P RV
T CONBITION | PRE WITH PHE | PHE wITH POBT | POSTY witH POIY ROW TOTALS
| » ¥ m = © % w w9 Q@ ® & 4RGP H U W oMo S R R R E W W oaaom e W oW oW o

i N | L | N | LI | il I X | N { X

T W W G G e e (S O U e D B e T e b O MW % 6 ) GO W e D N U D T e 4 Rs D BN e G O e D O e 63 SO S B A TR 5o Y e D M W S A

- s N e e G A e N T N e A AP D N B R TP T e D Y U G D WA G e e D W D O D U G D a0 O A0 N 0 4D e N O e A W S e R

DAYLTUHT | 1603 9,1 | 4769 | 32,8 | 5287 | Y0.1 | 12639 1 7241
REOUCED LIGHY | 719 b 4} | 2378 1 13,9 ¢ 1814 | 10,8 1 4907 | 27,9

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

CULUMN TOTALS 2318 | 13,2 | ajay | 46,4 | T101 | 40,4 4 17966  1100,0

I 87VRHIBUYTTON nF 3
V EH T F ACCTIDEN
-

1
|
{ o @ » w = 9 ® = WD e B ow W W W OB om W Y Y o o4 W
|

I NGL E
LIGHT T s

[ B oad

CONDITLON PRESTANDARD

w % om o om ot owm 9 o

POST=8TANDARD | ROW TOYALS
L A - T R R I I IR )

I N § L N | % | N |

D 4 00 W T O e @ ST O M e D S P e B S e G KD T G 1 T T ded 08 B TN s I g 93 62 G Ay R e W O 0 T L G D W 0 G e

[ B A

03 B 00 T AT 0) D GB  n W Y G ke P T CD W R 0 G G T 40 D e D U T W0 B D O3 B B W M D B b e S Y 60 09 6 N T 2 e GF 6T e e 0 e W

DAYLIGHT ! 9TI8 ) 1949 16832 | 39,7 | 26310 | 43,6
HELUCED LIGHY 8809 | 17,9 1 13961 | 2844 2d766 | 46,4

0N WA S n e D0 e e N D WD E D L ER Nk CU Y G O3 AN T D ¢ 0 KD F4 6 KD MDD 0 4 SR T R D s e 9w e e e v 5D D e 69 WO KD W B D e 2 o e O e

COLUKN TYOTALS | 16496% ) 37,9 1 1049% | 6.1 49076 1100.0

! EFFECTIVENEFSS v AL UE 3 (PERCFNT)
} ® @ © & % m om ok M ow o @ B oW B om WD MM OB e W om W om o m BB M o M W e % WS WM O ® @ oW W W W oW W W oo o~
| AeFORE CONTROLLING FOH SINGLE VEHICLF ¥FXPUSURE AFYER CUNYRULLING FOR SINGLE VEHICLE EXPOSURE
| @ = & @ @ % mowomom ow wom 8 e omomomommom e W S BB % % M %o omoweowmeowm s om % owy omomoweweww o oW
TYPE (F | EFFECTIVENEYSS | 98X CUNFIDFNCE INVERVAL 1 EFFECTIVENESS I 9%% CONFIDENCE INTERVAL
EFFECTIVE® | » @ © @ @ a w = @ o a8 m | w o o @ 6 9 @« 6 059 | ¢ 99 «asosweee| 258ecuowomneesn

HESS | VALUE | 8Thy DEV,. FROM | T i VALUE ! 810, DEV, | FROM ! 10
o o ) e A Bl o 5 e e 08k o P 2 D A L a4 Y G D N0 4D G 0 S R L B G0 B S e e 0t e O 8 A e S8 e T s W
s 2 et 0 o ke P e 8 o 4 9 G R 0 e D Y B R 0 e N U 6 ke T o D 8 D 29 D Y D 0 e e e e e e 8 e e

FYLL I 23,08 { 4409 ! 1h,82 | 29473 | 124594 t Ge64 1 1.26 { 21,81

PART AL 7,99 ' q,753 | »0.19 | 15.37 | 1,46 i 5437 | “T437 i 10,78

C-11




TABLE C-12

SUMMARY OF FMVSS 108 FFFECTIVENESS STUDY USING
NORTH CAROLINA 1973 DATA (SMOOTHED, ADJUSTED)

Total Cases = 6,249

i DI ST RIBUTIUN o F ANGLE catiLis&sIoNSs
J] @ # 8 = & 8 2 9 ® e NP e W R R e E =G e oNw win = o - v o e =
LIGHT ] PRE=POSY MIX OF VEHICLES IN ACCIDENTS
] LR T R I T N R . T T T T e SR . L T
CONDITION { PRE wITH PNE | PHE WITH POST | POST WITH POAT ROW YOYALS
' LI R I R I I L I I . T TR DY T T R L IR I I B R R
{ N | X N | X | N | ) N | X

B 0 D G P D e R M N S Y1 D e e G P S0 6 D I G S T D 6 R R R ) R O e A e ) Y T AP R NP O B e g e m R e B W 0 e W

Py R L D R L L R L L L L L L L L L L I T ey

DAYLIGHT | 1199 | 18,2 | 24a4 | 39,1 | 1413 | 2246 | 4996 | 19,9
AEDUCED LIGHT | 302 1 448 ) 626 | 10,0 325 ) 8,2 | 1253 | 20.1
CULUMN TOTALS | fuag t P3.1 0 3070 | 49,1 | 1738 | 27,8 | 6249  1100,0

| b I8TYHLIBUTYTIUN nF § I NGLE
LIGHY | VEHICLE ACCIDENTSS
| » ® ¢ & » » & ¥ @ P B P R A R BT R W R W oW oE N o
CONDITLON i PRE=STANDARD |  POST=8TANGARD | ROW TNTALY
| # 8 8 @ ® % 0 uw o ® P R RS W eeE RS W oW W & @ e & om

| N | | N | £ i N 1 X
o e 2 e e 3 2 e 0 D R S N M PSR AL C NSRS GaO e DR

W 4O 3 B W T TR ok G A9 D D R W O e D AR G M w0 Ch A OH e e D ) e e o ) 0 e B0 s M e <3 Y e N a0 e e W

DAVLIGHY I 4301 1 21.% 1 a4qy ) 22,2 1 848 | 43,7
HEDULED LIGHY S429 1 2%.1 1 $863 | 29,3 11292} 56,3
COLUMN YOTALY | 9130 1 4846 | 10310 | 1.4 4 20040  1100,0

e 00 5000 10

| EFFELCY]IVENEHSS vaLUES (P ERCENT)
| » » @ @ 82 B ¢ 8 B P W E BB LB RS GRS B B R oW R @ R oE e T W M @ g T MW N W e s g N Y P W W
i BEFURE CONTHOLLING FIOH SINGLE VEHIZLE EXP{SURE | AFTER CUNTROLLING FOR SINGLE VEHICLE EXPOSURE
| 2 X B W B M oW B oW e M@ W 6 9 E WM oE P W B w BoE P Mm@ W om e W W @D oe @ R ® woP ¥ O W W P BB W T w9
TYPE OF t EFFECTIVENESS ! 95% CUNFIOENCE INTERVAL | EFFECTIVENESS | 959X CONFIDENCE INTERVAL
EFFELTIVE® | © ®» @ o @ @ % o 2 @ o = | ¢« & o ¢ 8 w w o w » ¢ 8 | @ # % & = @« « % = =« & @ | @« w 6 ® & 60 o v o5 oo

Ne3S [ VALUE | 8YDg DEV, FRUOM | T0 | VALUE I 81Th, DEV, | FROM | ¥0

B T R e L L R R T L L e L L L T T ]
R R L R e b e e e e e L L L R T L T R e e T T L
FuLL i 18:.2% | T+15 J 0450 ! ?6.01 | 20,48 | 8.42 | 6,63 f 34,584
PART [AL | 3,40 ! Ts61 t “9413% l 15492 f 7.91 t T4 | 5,27 1 20,23

Y
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TABLE C-13

SUMMARY OF FMVSS 108 LFFECTIVENESS STUDY USING
NORTH CAROLINA 1974 DATA (SMOOTHED, ADJUSTED)

Total Cases = 6,487

{1 0181 RIBUTIUN 0 F ANGLE COLLISIONS
{ *# % W @« 4 @ « ¥ © = B 8 B P ST N W B R WP B W W e oRw wm
LIGHT Vo PHE=POST MIX OF VEHICLES IN ACCIUENTS
(% 9 = © 6 @ g »w % @ &8 ¥ P8 S WP E e E e RN R T e
CONUITIQN I PRE WITH PRE | PHE WITH POST | PUST WITH POST | ROW TOTALS
| @ W e oM @ Mo W oW M oW P B W N R oW OB W% RN B Y OP W e w R e o w w W
y N oY N oy N Pox N T

- o 0S8 A 0 0 0 S e A O O O D O D A 0 Y 0 RS e D o R e e oy O
DAVLIGHT | a0s 1 13,3 | 249% | 38,4 | 1879 | 28,9 | 4174t 79,8
REOUCED LIGHY 233 | 30 | 619 | 9.5 1 463 | T4 1 1313 1 20,2

P L L L T R L R L L b e L T R e e A L L T LI

COLUMN TOTALY 1041 1 16,0 i 3110 L 41,9 | 2336 | 3640 64RT  1100,0

DIBTRIBUYUTILION nF 8 I NGLE

LIGHY VEHICLE ACCIDENTS
W oM W B M W W @ 3 R W W W R W e oW W
CONDLITION PREWGVANDARD | POBT=8VANDARD | ROW TOTALS

|
i
| @ = @ @ v « a
i
i

- W m Mmoo W R W W e e W P om oW M W e @ W
l N I L] N I X | N I X
0 e o B D N 80 G 8 ok 48 G S 0 B B O 0 e 0 e e s

0 4 D T D IR A0 W WD O S R D B0 e T W S AT W B KD e e T2 D TP R e R G o e FO W A D R O R o e e e g W e

UAYLLGHY { 3460 § 18,0 1 4917 t 28.4 | T8TT 41,9
HEQULED LIGHT 4879 ) 2343 ) 6769 | 3542 | 11248 | 98,8
T e R R R A L L L R L E R R e e T R R Y Y T T
CULMMAN YUYALS 7939 1 41,31 1ie8h | 58,7 | 19223 1100,0
| EFFECTTIVENEFESS VALUES (PERCENT)
' I T T Y R T I T T S O R I T . . T . T T R T R I N T B . . T T T
I BEF JRE CORTROLLENG FOR SINGLE VEHICLE FXPUSURE | AFTER CONTROLLING FDR SINGLE VFHICLE EXPOSURE
B | » @ 8 @ ® 9o @ & @ © ® O BB E @ WP E oM B oW P WM oWE K W MM W B W oRmOWOE W oM N W W W S W W S W
TYPEL OF [ EFFECYIVENESS I 99% CONFIDENCE INYERVAL | EFFECTIVENESS ) 95X CONFIDENCE INTERVAL
EFFECTIVE® | = = @ 8 & « @ m v o & « | & o « F v u @« « o w o & | @ ¢ @ v« @@wewea®e|o=weocsecowsee
NESS | vALUE t 9104 DEvV, | FRIUM { Tu | VALUE I 81D, DEvV, | FRUM { 10

LA AL LN LR A R L LA L N E R L AL L L L R LR A L L L L A L L L R L R L R L P LR L L L R L E LN A X
fULL ] tu 74 i Tol4 | te99 | EXRTL i 36,38 | 6,90 [ 29,03 | 41,13
PARTIAL 13,83 i 7,50 | 1,49 | LR | 29,%6 | 6,87 | 14,132 I 36,80
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TABLE C-14

SUMMARY OF FMVSS 108 EFFECTIVENESS STUDY USING
NORTH CAROLINA 1975 DATA (SMOOTHED, ADJUSTED)

Total Cases = 6,974

N 0F ANG
- L

.

LI 8 I10NS
- w e W e .

| uTtuo co
| - * = o= g L I T I A LI ) -
LIGHT I PRE=POSY MIX OF VEHICLES 1 CCIVENTS '
' ® B B 0 e e W MO R BTV R W e E D W Eom B W W W W EP W w P w P w
CONBETION [ PRE wiiw PRE | PHE WITH POSY | PUSY WITH POST | ROW YUTALS
i

® RN e R O WP Y S FE MW B W e @ YA A w B P PR G P 8 OB B R BN

| N | L B N { L I N ! X N | X
o e B e D B e N 0 P A e 0 e D 0 O 90
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