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EXECUTIVE SUMMARY

This is the Final Report of the statistical evaluation of the effective-

neso of Federal Motor Vehicle Safety Standard 108: Side Marker Lamps (Only).

FMVSS 108 is an accident-avoidance Standard which mandates forward amber

and rear red side marker lamps that are also reflective. The Standard became

effective 1 January L969. During 1969, the Standard could be met either by

reflectors alone, or by lamps with reflective covers. After 1 January 1970,

lamps with reflective covers were required.

The objective of this study is to statistically analyze a limited amount

of mass accident data pertaining to angle collisions involving various 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 side marker lamp requirements in reducing the frequency of angle collision

accidents occurring during periods of reduced visibility, two distinct types of

empirical estimates of side marker lamp effectiveness are derived. Estimates of

full effectiveness represent the amount: of. accident avoidance realized when bojth

vehicles involved in a potential reduced light angle collision situation satisfy

the side marker lamp requirements of FMVSS 108. Thus, full effectiveness is

defined as:

i.
(Full)

1 -

("Number of Daylight
Collisions between Pre~

L Standard Vehicles

| Number of Roducad Light""]
Angle Collisions between

w» Pre-Standard Vehicles .J

(~Number of Reduced Light")
Angle Collisions between

L I'ost-Standard Vehicles J

("Number of Daylight Angle
Collisions between Pest-

le Standard Vehicles

PNumber of Daylight Single ""}
Vehicle Accidents Involving

LPre-Standard Vehicle J

PHumber of Reduced Light Single!
Vehicle Accidents Involving

L Pre-Standard Vehicle ->

(~Number of Reduced Light Si
Vehicle Accidents Involving

LPost-Standard Vehicle

"I2

ngle"j

* J
P Number of Daylight Single *"1
Vehicle Accidents Involving

LPost-Standard Vehicle J J

i no

i n



Estimates of pavtial effectiveness represent the amount of accident avoidance

realized when only one of the vehicles in a potential reduced light: angle

collision situation is equipped with side marker lamps. Therefore, pay Ha/

effectiveness is defined as:

'(Partial)
1 -

f~ Number of Daylight Angle ~|
Collisions between 'Pre-

L Standard Vehicles J

C Number of Reduced Light ~|
Angla Collisions between

LPre-Standard Vehicles ->

Number of Reduced Light Angle
Collisions between One Pre- and
One Post-Standard Vehicle

f" Number of Daylight Angle
I Collisions between One Pre
L and One Post-Standard Vehiclecle J

C Number of Daylight Single "j
Vehicle Accidents Involving

L Pra-Standard Vehicle -J

C Number of Reduced Light Single
Vehicle Accidents Involving

L Pre-Standard Vehicle

Number of Reduced Light Single
Vehicle Accidents Involving
Post-Standard Vehicle

f~ Number of Daylight Single
Vehicle Accidents Involving

L Post-Standard Vehicle

x LOO

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

single vehicle accidents are explicitly incorporated into the effectivene.ss esti-

mation equations to control for any observed effects which are; not, due to FMYSS ! .IS.

In this sense, single vehicle accidents are treated as a control group, and repre-

sent measures 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 exposure 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 \*d.th 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-Jinear

models were fit to contingency tables composed of Light Condition, Vehicle Config-

uration (Pre-with-Pre, Pre-with-Post and Post-with- Post) and selected control

variables for each state-year of data. Modeling served the dual purpose ol smoothing

the data by removing random variability due to small cell frequencies, and of re-

vealing the strength and pattern of various interactions among the variables

comprising the contingency tables.
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The smoothed data ware then adjusted (standardized) to allow for the dir-

ect comparison of angle collision frequencies. Adjustment of the data was

necessary in order to insure that the overall full and partial effectiveness

estimates were not affected by different distributions of Pre-with-l're, Pre-with-

Post and Post-with-Post angle collisions occurring in daylight and reduced light

periods across different levels of control variables. In most cases, the net

impact of modeling and adjustment was to increase the value of effectiveness

estimates by 1 to 3 percentage points, while slightly reducing the variability

of these estimates.

Overall full and partial aide marker lamp effectiveness values derived from

smoothed, 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 were analyzed, weighted means of indivi-

dual-year effectiveness values are also presented. Also, an overall weighted mean

of all states' individual-year effectiveness values is presented. M l effec-

tiveness values are based upon the following number of accidents in each sample.

Texas North Carolina

1972:

1973 s

1974s

34,

34,

30,

Oil

255

545

cases

cases

cases

New

1974:

York

17,566

1973:

1974:

1975:

cases

6,

6,

6,

249

486

974

cases

cases

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 of the vehicles involved in a potential reduced lighting angle collision

situation satisfy the side marker lamp requirements of FMVSS 108. All average

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 values

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

ojily___one of the vehicles involved in a potential reduced light angle collision

situation is equipped with side, marker lamps. The partial effectiveness found

for the New York 1974 sample was not statistically significant.



SUMMARY OF OVERALL FULL AND PARTIAL SIDE MARKER LAMP EFFECTIVENESS VALUF.S
DERIVED FROM SMOOTHED, ADJUSTED STATE ACCIDENT DATA

AFTER CONTROLLING FOR RELATIVE EXPOSURE RISK

State

Texas

New York

North
Carolina

Al l 3
States

Year

1972

1973

1974

1972-
1974

1974

1973

1974

1975

1973-
1975

A l l »
Years

Ful1 Effect iveness

Effec-
tive-
ness

18.63

10.79

22'. 19

17.40

12.54

20.48

36.38

15.45

26.61

18.45

Standard
Deviation

4.03

4.22

4.02

2.36

5.64

9.42

6.90

9.69

4.67

1.97

95% Confidence
Interval

From

12.00

3.85

15.57

13.52

3.26

6.63

25.03

-0.49

18.93

15.21

To

25.27

17.74

28.81

21.28

21.81

34.34

47.73

31.40

34.29

21.69

Is
Effectiveness
Significantly

Different
from Zero?

Yes

Yes

Yes

Yes

Yes

Yes

Yes

No

Yes

Yes

Partial Effectiveness

Effec-
t ive-
ness

14.61

8.03

11.26

11.71

1.46

7.51

25.56.

12.55

16.38

11.38

Standard
Deviation

2.70

3.42

3.88

1.92

5.37

7.74

6.83

8.88

4.44

1.67

952! Confidence
Interval

From

9.83

2.41

4.87

8.55

-7.37

-5.22
,.4,, ,. ,. ,

14.32

-2.06

9.08

8.63

To

19.38

13.66

17.64

14.87

10.28

20.25

36.80

27.16

23.68

14.13

Is
Effectiveness
Significantly

Different
from Zero?

Yes

Yes

Yes

Yes

No

No

Yes

No

Yes

Yes

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. 'Che only

exceptions to this involved the New York 1974 sample, where the full 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. Had 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 is the first in a series of Final Reports of the stat i.st: \cn 1

evaluation of the effectiveness of seven Federal Motor Vehicle Safety Standards

(FMVSS). This work has been conducted under Contract DOT-JIS-8-O2O14 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 FMVSS 108 (Side Marker Lamps [Only]) is

presented herein.

Side marker lamps are one of 15 separate lighting elements covered by

FMVSS 108 (the formal title of this Standard is Lamps, Reflective Dcvicrr, and

Assorted Equipment ) • 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.

* Before January 1A 2989, 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.

fe J,anu9?y.. ,,-V i960 and Deeemher^ 31, 1969, passenger
vehicles could satisfy the Standard with any combination of
lamps or reflectors positioned front and rear as long as the
colors were amber forward and red rear.

y 1&70, 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 is both translucent and reflective.
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1.2 Objective and

The objective of this study is to statistically analy^o. po1 ioo-i i-r̂ ' •; «v. ;:•;«..-•

accident data pertaining to angle, collisions involving various conii o,uv;ii. I.MIS 01

Pre- and Post-Standard vehicles. Existing mass accident data I m m Toxas (1°/^-

1974), New York (1974) and North Carolina (1973-1975) werp. statistically evaluate!.

The purpose of the study is to evaluate the effectiveness of the side marker

lamp requirement of FMVSS 108 in reducing the frequency of side collisions during

conditions of reduced visibility.

1.3 Scope

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

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

« The analysis considers whether the incidence of side collision 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 environmental factors; and taking into account the relative.
exposure risks of Pre- and Post-Standard vehicles during daylight or
reduced light periods.

1.4 Approach

1.4.1 Background and Accident Data Populations

The statistical evaluation of the effectiveness of side marker lamps re-

quires a large sat of side collision accident data. Since the evaluation is based

on a comparison of the incidence of side collision arrirlonts involving Pre-Standard

vehicles with the incidence of similar accidents involving Post-Standard vehicles,

relatively old accident data bases are analyzed, in which numbers of Pre- and Post-

Standard vehicles are roughly the same. 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 in the analyses. This

population is described in greater detail in Section 3.2. In Table 1-1, the column

labeled "Partial 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 cwo passenger vehicles approaching at an angle, occurring either at an

intersection or driveway access.

1-2



TABLE 1-1
NUMBER OF ACCIDENTS AND VEHICLES IN DATA BASES

USED FOR THE ANALYSIS OF FMVSS 108

State

Texas

New York

North
Carolina

Year

1972

1973

1974

1972-1974
(pooled)

1974

1973

1974

1975

'1973-1975
(pooled)

Variable

Accidents
Vehicles

Accidents
Vehicles

Accidents
Vehicles

Accidents
Vehicles

Accidents
Vehicles

Accidents
Vehicles

Accidents
Vehicles

Accidents
Vehicles

Accidents
Vehicles

Ful l
Data Base

432,997
744,697

4P4.225
8nn,543

434,193
747,832

1,331,415
2,293,072

377,818
704,477

129,150
232,825

121,568
218,506

129,013
232,180

379,731
683,511

Partial
Data Base

34,637
69,274

35,019
70,038

31,049
62,098

100,705
201,410

18,913
37,8?6

6,312
12,624

6,584
13,168

7,053
14,106

19,948
39,898

Percentage

8.0
9.3

7.5
8.8

7.2
8.3

7.6
8.8

5.0
5.4

4 .9
5.4

5.4
6 .0

5.5
6.1

5.3
5.8

1.4.2 Analysis Approach

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

during periods of reduced visibility. Tests of this hypotheses will be conducted

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

Since the final designation of which car is "struck" and which car is "striking"

is in many instances determined during the last split second before a side col-

lision accident occurs,, no distinction is made between accidents in which Pre-

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

Vehicle
Configuration

Pre with Pre

Pre with Post

Post with Post

Linht Condition

Daylight Reduced Light

Figure 1-1. Primary table.
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The analysis of the effectiveness of side marker lamps is carried out: in

the following steps.

1. Select the full mass accident data base.

2. Extract the partial data set to be used directly in

evaluating the effectiveness of side marker lamps.

3. Define a set of potential control variables.

4. Select the variables 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 accident frequencies to determine
whether the exposure 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 were approaching at an angle—only that they struck each other from

front to side.

An additional limitation 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 differential exposure risk.

1.6 Outline of the Report

Section 2 of this report summarizes the analyses performed. It includes

a discussion of the measure of effectiveness, the estimated effectiveness values

and their confidence intervals, discussions of the overall success of the 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 associations. Appendix C contains a summary of all

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

ted data.
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2.0 SUMMARY OF ANALYSIS

2.1 Measures of Effectiveness

The effectiveness measures used in the statistical evaluation of FMVSS JOS

are defined as follows.

(Full)
1 ™

C Number of Daylight Angle"]
Collisions between Pre-

L Standard Vehicles -J

f~ Number of Reduced Light "j
Angle Collisions between

LPre-Standard Vehicles J

r~Number of Reduced Light ~j

Angle Collisions between
LPost-Standard Vehicles J

("Number of Daylight Angl
Collisions between Post-

LStandard Vehicles

("Number of Daylight Single ~|
Vehicle Accidents Involving

l-Pre-Standard Vehicle J

CNumber of Reduced Light Single"!

Vehicle Accidents Involving
UPre-Standard Vehicle -J

(~Number of Reduced Light Single"]
Vehicle Accidents Involving

LPost-Standard Vehicle J

("Number of Daylight Single ~\

Vehicle Accidents Involving
LPost-Standard Vehicle ,J

x 100

Full effectiveness represents the amount of accident avoidance realized when

berth, vehicles involved in a potential reduced light angle collision satisfy

the side marker lamp requirements of FMVSS 108.

"(Partial)
1 -

("Number of Daylight Angle
I Collisions between Pre-
L Standard Vehicles

CNumber of Reduced Light
Angle Collisions between

LPre-Standard Vehicles

C Number of Daylight Single ""]
Vehicle Accidents Involving

L Pre-Standard Vehicle J

C Number of Reduced Light Single

Vehicle Accidents Involving
L Pre-Standard Vehicle

Number of Reduced Light Angle
Collisions between One Pre
One Post-Standard Vehicle

igle ""I
:- and

Nuaiber of Daylight Angle
Collisions between One P
and One Poat-Standard Vehicle.cle J

P Number of Reduced Light Single"]
I Vehicle Accidents Involving
L Post-Standard Vehicle J

CNumber of Daylight Single
Vehicle Accidents Involving

L Poat-Standard Vehicle

x 100

Par-tial effectiveness represents the amount of accident avoidance realized when

on_l̂ __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 in 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 Fre-Standard cars—the daylight-to-reduced Light:

involvement ratios for Pre- and Post-Standard vehicles in single vehic1 e ,ac_e_Ldjeiui

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

-A 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 attributed

to FMVSS 108.

2.2 Estimated 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 Post-Standard vehicles during periods of reduced lighting. Kffeetivenoss

values derived from both observed, unadjusted and smoothed, adjusted data are

contained in these tables. Figure 2-1 places in perspective the various effec-

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.

•*•• Fu 11 Effeet ivenes s. 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 number
of reduced light angle collisions which can be attributed
to both vehicles involved in a potential reduced light
angle collision situation satisfying the side marker lamp
requirements of FMVSS 108.

The mean full effectiveness 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.

^' Partial Effectiveness. Based upon weighted averages of
overall partial 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 collision situation was equipped with side marker
]amps. No significant pavtial effectiveness was found
for the New York 1974 sample.
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TARLF 2-1

SUMMARY OF OVERALL FULL EFFECTIVENESS VALUES

State

Texas

New York

Uorth
Carolina

Al l 3
States

Year

1972

1973

1974

1972-
1974

1974

1973

1974

1975

1973-
1975

All *
Years

Prior to Controlling for Relative
Exposure Risk

Observed,
Unadjusted Data

Effec-
t i ve -
ness

18.86

14.56

17.77

17.03

22.78

10.44

16.59

5.08

11.46

17.30

Standard
Deviation

3.33

3.34

3.59

1.97

4.06

8.01

7.56

9.29

4.73

1.66

Smoothed,
Adjusted Data

Effec-
t i ve-
ness

20.11

12.76

20.54

17.85

23.08

13.25

14.74

7.75

12.30

18.03

Standard
Deviation

3.28

3.42

3.46

1.95

4.05

7.75

7.75

8.99

4.68

1.64

After Controlling for Relative
Exposure Risk

Smoothed, Adjusted Data

Effec-
t i ve -
ness

18.63

10.79

22.19

17.40

12.54

20.48

36.38

15.45

26.61

18.45

Standard
Deviation

4.03

4.22

4.02

2.36

5.46

8.42

6.90

9.69

4.67

1.97

95% Confidence
Interval

From

12.00

3.85

15.57

13.52

3.26

6.63

25.03

-0.49

18.93

15.31

To

25.27

17.74

28.81

21.28

21.81

34.34

47.73

31.40

34.39

21.69

Is
Effectiveness
Signif icant ly

Different
from Zero?

Yes

Yes

Yes

Yes

Yes

Yes

Yes

No

Yes

Yes

Weighted moan, using the inverse of the variance of each year as a weighting factor.
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TABLF 2-2
SUMMARY OF OVERALL PARTIAL FFFECTIVENFSS VALUES

State

Texas

New York

North
Carolina

All 3
States

Year

1972

1973

1974

1972-
1974

1974

1973

1974

1975

1973-
1975

All *
Years

Prior to Controlling for Relative
Exposure Risk

Observed,
Unadjusted Data

Effec-
tive-
ness

14.57

10.49

8.42

11.88

6.69

1.76

15.38

6.62

8.36

10.91

Standard
Deviation

2.65

3.10

3.82

1.78

4.78

7.77

7.34

9.11

4.60

1.57 .

Smoothed,
Adjusted Data

Effec-
tive-
ness

15.39

9.05

10.32

12.23

7.59

3.40

13.83

8.65

8.68

11.31

Standard
Deviation

2.63

3.16

3.72

1.78

4.73

7.61

7.50

8.87

4.58

1.57

After Controlling for Relative
Exposure Risk

Smoothed, Adjusted Data

Effec-
tive-
ness

14.61

8.03

11.26

11.71

1.46

7.51

25.56

12.55

16.38

11.38

Standard
Deviation

2.90

3.42

3.88

1.92

5.37

7.74

6.83

8.88

4.44

1.67

95% Confidence
Interval

From

9.83

2.41

4.87

'8.55

-7.37

-5.22

14.32

-2.06

9.08

8.63

To

19.38

13.66

17.64

14.87

10.28

20.25

36.80

27.16

23.68

14.13

Is
Effectiveness
Significantly

Different
from Zero?

Yes

Yes

Yes

Yes

No

No

Yes

No

Yes

Yes

^Weighted mean, using the Inverse of the variance of each year as a weighting factor.
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Figure 2-1. Summary of partial and full FMVSS 108 effectiveness
values for two-car angle collisions in reduced
light (smoothed, adjusted data, corrected for
differential exposure risk).
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Aa expected, these partial effectiveness valuns wore. in
almost all cases between one-fifth to two-thirds less
than the corresponding full effectiveness values. An
overall average partial effectiveness value of 11 per-
cent was obtained 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
slightly reduce the variability of these estimates. How-
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 points.

4. Impact of Controlling for Exposure Risk. In the case of
North Carolina, where the analysis of single vehicle acci-
dents revealed a significant over-representation of Post-
Standard vehicles driven during periods of reduced lighting,
full and partial effectiveness values were uniformly
increased by an average of roughly 1.3 to 7 percentage points
as a result of controlling for exposure risk. 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 partial effectiveness values
were decreased by 10 to 5 percentage points, respectively.
Controlling for exposure risk in the Texas samples, however,
had no appreciable impact on effectiveness values, since
both Pre- and Post-Standard cars 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 is estimated that more than 103,000 reduced light angle

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

2.3.1 Overall Success of the Analysis

The findings summarized in Tables 2-1 and 2-2 conclusively demonstrate

the positive effectiveness of side marker lamps in preventing angle collisions

occurring during periods of reduced lighting. The results of this analysis

also indicate that, in 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 initial 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 relevant,

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

North Carolina data base concerns its relatively small sample size.

An additional limitation 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 differential 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.
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3.Q ANALYSIS OF THE EFFECTIVENESS OF SIDE MARKER .LAMPS

In this section, the effectiveness of side marker lamps in reducing the

frequency of side collision accidents during periods of reduced lighting Is

empirically assessed, using police-reported state mass accident data. TJhat

follows is 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 summary of results.

3A^ Analysis Approach

The hypothetical impact of side marker lamps for three distinct scenarios

of angle collisions occurring at intersections during periods of reduced light-

Ing (night, dawn and dusk) is illustrated in Figure 3-1. Since the purpose of

Che statistical evaluation of side marker lamp effectiveness is to test the

hypothesis that side marker lamps reduce the frequency of reduced light angle

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

Scenario 1

PRE

Neither vehicle has
any advantage in
avoiding a collision
which can be
attributed to side
marker lamps.

Scenario 2

PRE

Both vehicles have
j>om£ advantage, since
Vehicle A can see
Vehicle B more readily
due to Vehicle B's
side marker lamps.
Hence, Vehicle A can
avoid a collision with
Vehicle B, even if
Vehicle B does not see
Vehicle A.

Scenario 3

POST

Both vehicles have an
advantage, since each
can presumably see
the other more
readily due to the
presence of side
marker lamps.

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

''Although each scenario allows for two possible c o U U L o n o u t c o m e (A »it !!><>»
B, or £ strikes A ) , no distinction is made between t)io ".struck" mvl "n\. • II'. I N K "
v e h i c l e s , since in many instances this is determined during the laai ,'?plli .second
before a aide collision o c c u r s , and is not necessarily directly related Lo the
presence or absence of side marker lamps.
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collisions with the expeabed number of such aceLdents, aft or controlling ' ̂ r

relative exposure risk. Additionally, the observed number of reduced light

Pre-Post collisions can be compared with the expected number of such

collisions to test the partial effectiveness of FMVSS 108, again after con-

trolling for relative exposure risk. By inference, the percent difference be-

tween the expected and observed number of reduced light angle collisions in

each case can be 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 due to the greater conspicuity of the latter. Figure 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 Figure 3-2 also contains the basic

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

measures of relative exposure risk are derived for control purposes. Ool.i

Angle Collisions Between
Two Passenger Vehicles

Single. Vehicle Accidents

ZZZI
A A A

ZZA
A

Pnst
with 3
°ost

VEHICLE « i t h

Post

:ONF1GURATION Pre
it) w1th '

n13k

n12k

" i n

n23k

n22k

n2U A

A

A

A

PRE-POST

(j)

Post-Standard 2

Pre-Standard 1

A

[<i

mn

m22

m21

x-1

LP/ELS OF
CONTROL

VARIABLES

( k )

Daylight Reduced
Light

LIGHT CONDITION

(1 )

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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entries consist of observed counts (n,.. 's and m. .,'s), which are used to

derive both "full" and "partial" effectiveness estimates. The former are based

upon comparisons between Pre-Pre and Post-Post angle collision frequencies,

after controlling for relative, exposure risk, whilo the latter can be obtained

by comparing the incidence of Pre-Pre and Pre-Poat collisions across different

light condition categories, again after controlling for relative exposure risk.

Stated differently, 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 the vehicles satisfies FMVSS 108.

Full effectiveness can be defined as follows.

(Full)
1 -

CNumber of Daylight Anglo!
Collisions betwean Pre-

t, Standard Vehicles J

f~Number of Reduced Light "~|
Angle Collisions between

I- Pre-Standard Vehicles J

f~Number of Reduced Light "j
Angle Collisions between

L Post-Standard Vehicles J

("Number of Daylight Angle'
Collisions between Post-

LStandard Vehicles

("Number of Daylight Singl
Vehicle Accidents Involving

LPra-Standard Vehicle

("Number of Reduced Light Single"!
Vehicle Accidents Involving

L Pre-Standard Vehicle ~J

C~ Number of Reduced Light Single"!
Vehicle Accidents Involving

LPost-Standard Vehicle J

("Number of Daylight Single "I
Vehicle Accidents Involving

L Post-Standard Vehicle J

x ]00

Using the notation in Figure 3-2, this can be expressed as:

E(Full)
1 — x 100
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Partial effectiveness is defined as Pol lows.

J (Partial) 1 -

I*"Ilumbar of Daylight Angle"!
I Collisions between Pre- I
LStandard Vehicles J

(~ Number of Reduced Light
Angle Collisions between

Lpra-Standard Vehicles

C~ Number of Reduced Light Angle
Collisions between One Pre

L One Post-Standard Vehicle

igle "I
i- and

Number of Daylight Angle
Collisions between One Pre-
and One Post-Standard Vehicle

f~ Number of Daylight Single *"]
Vehicle Accidents Involving

L Pre-Standard Vehicla J

j~ Number of Reduced Light Single")
Vehicle Accidents Involving

L Pre-Standard Vehicle J

rNumber of Reduced Light Single
Vehicle Accidents Involving

L Post-Standard Vehicle

Number of Daylight Single
Vehicle Accidents Involving
Post-Standard Vehicle

x 100

or:

'(Partial) 1 — x .100

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

Standard vehicles arc not necessarily the same in the population at large—

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

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

to-reduced light involvement ratios 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 no_t_ due to FHVSS 108. In this sense,

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

relative exposure, risk. In the case of the equation for estimating full effec-

tiveness, it should be noted that the term m m /m m in the denominator is

squared. Since single vehicle accidents are used throughout the analysis as a

measure of the reduced lighting exposure risk of Post-Standard vehicles relative,

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

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

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

a reduced light angle collision—i.e., the square of m^ m /m m .
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In addition to computing point estimates of effectiveness, an estimate of

variability ±a necessary to generate the corresponding ranges of effectiveness

(confidence intervals). Furthermore, in order to demonstrate that the observed

effectiveness is significantly different from zero, one must reject the null

hypothesis that there i.a mi difference between the expected and observed Inci-

dence of angle collision accidents occurring under conditions of rodm-ed 1 l̂.ht• Uu\.

Prior to computing effectiveness values, however, the following preliminary

treatment of the data must be carried out.

• Selection of a set of relevant control variables.
9 Smoothing of the data to remove chance variation.
• Adjustment of the data to allow for direct comparison

of angle collision accidents.

Each of these procedures is described in detail later in this section. In genera^,

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 bases
analyzed are~fexas 1972-1974, New York 1974 and North
Carolina 1973-1975.

2. Extract the partial data ..set to be used directly in
evaluating side piarker lamp effectiveness. The partial
data set consists of side collision acciaents involving
two passenger vehicles.

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

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

5. IiLLJLili£Ei!££^
table composed of YehJ^ljaJ^oj^fJ^ pon~

Ii!Li°£-JLELiJi^ The purpose
of modeling is to smooth the data and to remove random
variability due to small cell frequencies that occur when
a large number of control variables are used. Modeling
also reveals the strength of various interactions among
the variables.

6. Adjust the smoothed cell frequencies _tp_
e collision accidents. Adjustment is

necessary to insure that the overall effectiveness estimates
will not be affected by different distributions of Pre-Pre,
Pre-Post and Post-Post accidents in daylight and reduced
lighting conditions across different levels of the control
variables identified in Step 4.
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7. Examine single vehicle accident frequencies. The daylight.-
to-reduced light ratios of Pre- and Post-Standard vehicles
involved in single vehicle accidents provide the hasis for
determining the extent to which Post-Standard vehicles
are either over- or under-represented during periods of
reduced lighting in the population at large, relative, to
Pre-Standard vehicles.

8. Compute effectiveness 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 their 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 weighted mean of Texas 1972, 1973
and 1974 effectiveness values is used to extrapolate Findings
to a nationwide 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.

• Relationship of partial data set to full data base.

• Univariate frequency distribution of relevant variables.

• Reduced lighting angle collision involvement rates for each
level of vehicle configuration and relevant variables.

In each case, the data characteristics are discussed for three data sets:

• Texas 1972-1974
• New York 1974
• 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 be 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 analyses of the partial data

sets derived from the above listed police-reported mass accident data bases.

TABLE 3-1
NUMBER OF ACCIDENTS AND VEHICLES IN DATA BASES

USED FOR THE ANALYSIS OF FMVSS 108

State

Texas

New York

North
Carolina

Year

1972

1973

1974

1972-1974
(pooled)

1974

1973

1974

1975

1973-1975
(pooled)

Variable

Accidents
Vehicles

Accidents
Vehicles

Accidents
Vehicles

Accidents
Vehicles

Accidents
Vehicles

Accidents
Vehicles

Accidents
Vehicles

Accidents
Vehicles

Accidents
Vehicles

Full
Data Base

432,997
744,697

464,225
800,543

434,193
747,832

1,331,415
2,293,072

377,818
704,477

129,150
232,825

121,568
218,5%

129,013
232,180

379,731
683,511

Part ial
Data Base

34,637
69,274

35,019
70,038

31,040
62,098

100,705
201,410

18,913
37,826

6,312
12,624

6,584
13,168

7,053
14,106

19,948
39,898

Percentage

8.0
9.3

7.5
8.8

7.2
8.3

7.6
8.8

5.0
5.4

4.9
5.4

5.4
6.0

5.5
6.1

5.3
5.8
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As 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 side marker

lamps. The criteria for the inclusion of accidents in the subsainple for use in

the analysis is the following.

• Accident type * Collision between motor vehicles.

• Manner of collision = Angle collision.

• Number of vehicles in accident = 2.

• Type of both vehicles in accident = Passenger car.

• Location of accident = Intersection or driveway access.

• Defects for both vehicles = None.

• Model year for both vehicles = Non-missing.

• 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 frequencies given in Tables 3-2,

3-3 and 3-4 of certain "key" variables used in the ana-lysis of the effectiveness

of side marker lamps. A critical variable in the analysis is Vehicle Configur-

ation, which is classified relative to the Standard implementation datp as Pre

with Pre, Pre with Poat or Post with Post. Texas accident data for 1°72 through

1973 has the greatest representation of angle collisions in which both cars are

Pre~Standard (25%); both New York (13% in 1974) and North Carolina (17% 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 second critical or "key" variable is Light Condition. The overall propor-

tion of daylight accidents is 82 percent in Texas and 80 percent in North Carolina.

In New York, 73 percent of all angle collisions occur in daylight. It is quite

possible that there is a higher percentage of nighttime driving in New York. How-

ever, it should also be noted that Light Condition was a derived rather than an

observed 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 accidents in dark conditions is

22 percent in New York compared with 16 percent in Texas and 15 percent in North

Carolina.



TARLP; 3-2

FREQUENCY DISTRIBUTIONS OF KEY VARIARLF.S FROM
TEXAS 1972-1974 SAMPLES

Variable

Prepost

Light
Condition

Road
Classification

Road Surface
Condition

Weather

Traff ic Control

Location of
Accident

Severity of
Accident

City Size

Worst TAD in
Accident

Category

Pre with Pre
Pre with Post
Post with Post

Oaylight
Dawn
Dusk
Dark - Road L i t
Dark - Road U n l i t

U.S. State Highway
County Road
City Street
Farm-to-Market
Other

Dry
Wet
Snow-Ice
Other

Clear-Cloudy
Ra i n
Snow
Fog
Oust

Mone
Signal
Stop Sign
Flashing Light
Yield Sign
Center S t r i pe /
Divider

Other

Intersection
Driveway Access

Property Damage Only
Type C Injury
Type 8 Injury
Type A Injury
Fatality

Less than 5,000
5,000 - 9,999

10,000 - 24,999
25,000 - 49,999
50,000 - 99,999

100,000 - 249,999
250,000 or More

0-1
2
3
4
5
6-7

1972

Absolute
Frequency

12,142
16,193
6,302

28,356
120
734

1,724
3,703

8,160
526

23,117
1,218
1,616

28,129
6,109

394
5

29,768
4,569

no
185

5

8,006
8,258

15,162
657

1,793
675

86

30,798
3,839

26,450
3,040
3,758
1,269

120

3,276
1,503
3,464
2,197
5,104
2,709

16,384

5,743
11,009
11,187

3,943
1,573
1,182

% of
Known

35.1
46.8
18.2

81.9
0.3
2.1
5.0

10.7

23.6
1.5

66.7
3.5
4.7

81.2
17.6
1.2
0.0

85.9
13.2
0.3
0.5
0.0

23.1
23.8
43.8

1.9
5.2
1.9

0.2

88.9
11.1

76.4
8.8

10.8
3.7
0.3

9.5
4.3

10.0
6.3

14.7
7.8

47.3

16.6
31.8
32.3
11.4
4.5
3.4

1973

Absolute
Frequency

8,429
16,888
9,702

28,765

no
708

1,868
3,568

8,503
481

23,139
1,231
1,665

27,562
6,939

511
7

29,410
5,248

188
165

8

7,935
8,701

15,256
635

1,723
661

108

30,816
4,203

26,994
2,920
3,855
1,116

134

3,116
1,543
3,524
2,371
5,420
2,364

16,181

6,299
11,686
11,206
3,564
1,319

945

% of
Known

24.1
48.2
27.7

82.1
0.3
2.0
5.3

10.2

24.3
1.4

66.1
3.5
4.8

78.7
19.8
1.4
O.O

84.0
15.0
0.5
0.5
0.0

22.7
24.8
43.6
1.8
4.9
1.9

0.3

88.0
12.0

77.1
8.3

11.0
3.2
0.4

8.9
4.4

10.1
6.8

15.5
8.2

46.2

18.0
33.4
32.0
10.2
3.8
2.7

1974

Absolute
Frequency

5,031
14,621
11,397

25,431
135
542

1,792
3,149

7,453
428

20,569
1,066
1,533

24,803
6,102

134
10

26,235
4,539

48
213

14

4,202
8,537

13,005
612

1,486
3,109

98

27,363
3,686

23,843
2,820
3,507

820
59

2,633
1,331
3,018
2,197
4,706
2,759

14,405

5,822
10,512

9,813
3,185
1,069

648

% of
Known

16.2
47.1
36.7

81.9
0.4
1.7
5.8

10.1

24.0
1.4

66.2
3.4
4.9

79.9
19.7
0.4
0.0

84.5
14.6
0.2
0.7
0.0

13.5
27.5
41.9

2.0
4.8

10.0

0.3

88.1
11.9

76.8
9.1

11.3
2.6
0.2

8.5
4.3
9.7
7.1

15.2
8.9

46.4

18.8
33.9
31.6
10.3

3.4
2.1

Tota l : 19

Absolute
Frequency

25,602
47,702
27,401

82,543
365

1,984
5,384

10,420

24,116
1,435

66,825
3,515
4,814

80,494
19,150
1,039

22

85,413
14,356

346
563

27

20,143
25,496
43,423

1,904
5,002
4,445

292

88,977
11,728

77,287
8,780

11,120
3,205

313

9,025
4,377

10,006
6,765

15,230
8,332

46,970

17,864
33,207
32,206
10,692
3,961
2,775

"2-19"-

% of
Known

25.4
47.4
27.2

81.8
0.4
2.0
5.4

10.4

24.0
1.4

66.3
3.5
4.8

80.0
19.0
1.0
0.0

84.3
14.3
0.3
0.5
0.0

20.0
25.3
43.1
1.9
5.0
4.4

0.3

88.3
11.7

76.8
8.7

11.0
3.2
0.3

9.0
4.4
9.9
6.7

15.1
8.3

46.6

17.7
33.0
32.0
10.6
3.9
2.8
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TABLE 3-2 (continued)

Variable

Age of Driver of
St r i k ing Vehicle

Age of Driver of
Struck Vehicle

Sex of Driver of
S t r i k ing Vehicle

Sex of Driver of
Struck Vehicle

Category

15-24
25-34
35-54
55 or Older
Missing

15-24
25-34
35-54
55 or Older
Missing

Male
Fema1e
Missing

Male
Fema1e
Missing

Total Number of Cases

1972

Absolute
Frequency

12,687
7,466
8,340
5,457

687

11,684
7,336
8,855
6,136

626

21,176
13,318

143

19,600
14,906

131

34,637

I of
Known

37.4
22.0
24.6
16.1
- -

34.4
21.6
26.0
18.0
- -

61.4
38.6
_.

56.8
43.2
_.

—

1973

Absolute
Frequency

12,789
7,871
8,280
5,359

720

12,148
7,434
8,685
6,136

616

21,30£
13,559

154

19,655
15,244

120

35,019

% of
Known

37.3
22.9
24.1
15.6

- -

35.3
21.6
25.2
17.8

- -

61.1
38.9
- -

56.3
43.7
—

- -

1974

Absolute
Frequency

11,724
6,930
7,027
4,731

637

10,929
6,954
7,26*1
5,401

504

18,520
12,403

126

17,162
13,777

110

31,049

% of
Known

38.6
22.8
23.1
15.6

—

35.8
22.8
23.8
17.7
--

59.9
40.1

- -

55.5
44.5

- -

. .

To ta l : 1972-1974

Absolute
Frequency

37,200
22,267
23,647
15,547
2,044

34,761
21,724
24,801
17,673
1,746

61,002
39,280

423

56,417
43,927

361

100,705

"* of
Known

37.6
22.6
24.0
15.8

—

35.0
22.0
25.1
17.9
—

60.8
39.2
- -

56.2
43.8
—

- -
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TABLE 3-3

FREQUENCY DISTRIBUTIONS OF KEY VARIABLES FROM
NEW YORK 1974 SAMPLE

Variable

Prepost

Light Condition

toad Classification

Road Surface Condition

Weather

Traff ic Control

Location of Accident

Severity of Accident

Maximum Vehicle Damage

Category

Pre with Pre
Pre with Post
Post with Post

Daylight
Dawn/Dusk
Dark

U.S.-State Highway
County Road
Town Road
City Street
Limited Access
Missing

Dry
Wet
Snow/Ice/Slush
Other
Missing

Clear
Cloudy
Rain
Snow/Sleet
Other
Missing

None
Signal
Stop Sign
Flashing Light
Yield Sign "
Other
Missing

Intersection
Non-Intersection

Property Damage Only
Personal Injury
Fatality

None
Light
Moderate
Severe
Demolished
Missing

Absolute
Frequency

2,478
8,770
7,665

13,715
1,011
4,187

5,245
2,169
2,359
7,937

255
948

12,463
5,019
1,307

49
75

10,913
3,751
3,227

878
76
68

5,241
5,680
6,676

399
387
222
308

16,257
2,656

6,331
12,527

55

9
3,583

11,760
3,185

88
288

% of
Known

13.1
46.4
40.5

72.5
5.4

22.1

29.2
12.1
13.1
44.2

1.4

66.2
26.6

6.9
0.3

57.9
19.9
17.1

4.7
0.4

28.2
30.5
35.9

2.1
2.1
1.2

86.0
14.0

33.5
66.2

0.3

0.0
19.2
63.1
17.1

0.5
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TABLE 3-3 (Continued)

Variable

Number of Towaways

Age of Driver of Striking
Vehicle

Age of Driver of Struck
Vehicle

Sex of Driver of Striking
Vehicle

Sex of Driver of Struck
Vehicle

Category

None
Only One Vehicle
Both Vehicles

15-24
25-34
35-54
55 or Older
Missing

15-24
25-34
35-54
55 or Older
Missing

Male
Female

Male
Female

Total Number of Cases

Absolute
Frequency

11,090
4,571
3,252

6,163
4,329
5,295
2,964

162

5,525
4,249
5,521
3,468

150

12,643
6,270

11,909
7,004

18,913

% of
Known

58.6
24.2
17.2

32.9
23.1
28.2
15.8

29.4
22.6
29.4
18.5

66.8
33.2

63.0
37.0

—
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TABLE 3-4

FREQUENCY DISTRIRUTIONS OF KFY VARIABLES FROM
NORTH CAROLINA 1973-1975 SAMPLES

Variable

Prepost

Light
Condition

Road
Classification

Road Surface
Condition

Weather

Traffic
Control

Location of
Accident

Investigating
Agency

City Size

Severity of
Accident

Category

Pre with Pre
Pre with Post
Post with Post

Daylight
Dawn
Dusk
Dark-Road Lit
Dark-Road Unlit

U.S. Highway
State Highway
Rural Roads
City Street
Missing

Dry
Wet
Snow-Ice
Other
Missing

Clear
Cloudy
Rain
Snow/Sleet/Hail
Fog
Missing

None
Signal
Stop Sign
Flashing Light
Yield Sign
Other
Missing

Intersection
Driveway Access

Municipal Police
Highway Patrol

Less than 5,000
5,000 - 9,999
10,000 - 24,999
25,000 - 49,999
50,000 - 74,999
Over 75,000

Property Damage
Type C Injury
Type B Injury
Type A Injury
Fatality

1973

Absolute
Frequency

1,464
3,098
1,750

5,044
49
224
670
325

887
512
717

4,148
48

5,100
1,074
123
12
3

4,267
1,126
787
53
35
44

1,306
1,525
3,108
125
122
34
92

5,362
950

4,461
1,851

2,271
406
750
822
316

1,747

3,987
991
946
361
27

% of
Known

23.2
49.1
27.7

79.9
0.8
3.5
10.6
5.1

14.2
8.2
11.4
66.2
--

80.8
17.0
2.0
0.2
._

68.1
18.0
12.6
0.8
0.5
—

21.0
24.5
50.0
2.0
2.0
0.5
--

84.9
15.1

70.7
29.3

36.0
6.4
11.9
13.0
5.0

27.7

63.2
15.7
15.0
5.7
0.4

1974

Absolute
Frequency

1,054
3,150
2,380

5,240
54
222
741
327

822
462
729

4,557
14

5,213
1,350

12
4
5

4,281
1,272
943
15
53
20

1,526
1,690
2,995
146
106
42
79

5,458
1,126

4,818
1,766

2,200
420
819
825
404

1,916

4,225
1,061
1,002
273
23

t of
Known

16.0
47.8
36.1

79.6
0.8
3.4
11.3
5.0

12.5
7.0
11.1
69.4
--

79.2
20.5
0.2
0.1
--

65.2
19.4
14.4
0.2
0.8
--

'~23.5
26.0
46.0
2.2
1.6
0.7
__

82.9
17.1

73.2
26.8

33.4
6.4
12.4
12.5
6.1

29.1

64.2
16.1
15.2
4.1
0.3

1975

Absolute
Frequency

851
3,168
3,034

5,705
59
230
759
300

834
543
746

4,895
35

5,536
1,475

25
8
9

4,626
1,227
1,102

22
53
23

1,549
1,904
3,165
137
141
58
99

5,893
1,169

5,169
1,884

2,318
439
971
860
438

2,027

4,435
1,223
1,048
317
30

% of
Known

12.1
44.9
43.0

80.9
0.8
3.3
10.8
4.3

11.9
7.7
10.6
69.8
--

78.6
20.9
0.4
0.1
--

65.8
17.4
15.7
O.3
0.8
—

22.3
27.4
45.5
2.0
2.0
0.8
—

83.6
16.4

73.3
26.7

32.9
6.2
13.8
12.2
6.2
28.7

62.9
17.3
14.9
4.5
0.4

Total : 1973-1975

Absolute
Frequency

3,369
9,416
7,164

15.989
162
676

2,170
952

2,543
1,517
2,192
13,600

97

15,849
3,899
160
24
17

13,174
3,625
2,832

90
141
87

4,381
5,119
9,268
408 '
369
134
270

16,713
3,236

14,448
5,501

6,789
1,265
2,540
2,507
1,158
5,690

12,647
3,275
2,996
951
80

"K of
Known

16.9
47.2
35.9

80.1
0.8
3.4
10.9
4.8

12.8
7.6
11.0
68.5
—

79.5
19.6
0.8
0.1
--

66.3
18.2
14.3
0.4
0.7
__

22.3
26.0
47.1
2.1
1 .9
0.6
--

83.8
16.2

72.4
27.6

34.0
6.3
12.7
12.6
5.8
28.5

63.4
16.4
15.0
4.8
0.4
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TABLE 3-4 (continued)

Variable

Maximum Vehicle
Damage

Maximum Vehicle
Speed

Age of Driver
of Str ik ing
Vehicle

Age of Driver
of Struck
Vehicle

Sex of Driver
of Str ik ing
Vehicle

Sex of Driver
of Struck
Vehicle

Category

Less than $250
$250 - $499
$500 - $699
$700 - $999

$1000 or More

20 MPH or Less
21 - 29 MPH
30 - 40 MPH
41 - 49 MPH
50 MPH or More
Missing

1 5 - 2 0
21 - 25
26 - 35
36 - 55
56 or Older
Missing

1 5 - 2 0
21 - 25
26 - 35
36 - 55
56 or Older
Missing

Male
Female
Missing

Male
Female
Missing

Total Number of Cases

1973

Absolute
Frequency

1,123
2,212
1,129

853
995

1,275
855

2,821
447
671
243

1,377
1,084
1,319
1,467
1,011

54

1,355
980

1,227
1,621
1,066

63

3,877
2,410

25

3,634
2,663

15

6,312

% of
Known

17.8
35.0
17.9
13.5
15.8

21.0
14.1
46.5

7.4
11.0

—

22.0
17.3
21.1
23.4
16.2

- -

21.7
15.7
19.6
25.9
17.1

- -

61.7
38.3

- -

57.7
42.3

—

—

1974

Absolute
Frequency

1,080
2,365
1,109

886
1,144

1 ,354
968

3,031
456
589
186

1,468
1,191
1,307
1,523
1,042

53

1,438
1,083
1,260
1,600
1,156

47

3,901
2,661

22

3,736
2,828

20

6,584

% of
Known

16.4
35.9
16.8
13.5
17.4

21.2
15.1
47.4
7.1
9.2
- -

22.5
18.2
20.0
23.3
16.0

- -

22.0
16.6
19.3
24.5
17.7

—

59.4
40.6

- -

56.9
43.1

- -

—

1975

Absolute
Frequency

1,088
2,340
1,265

962
1,398

1,343
1.041
3,342

532
613
182

1,483
1,218
1,490
1,678
1,153

31

1,459
1,104
1,492
1,741
1,222

35

4,115
2,932

6

3,909
3,142

2

7,053

% of
Known

15.4
33.2
17.9
13.6
19.8

19.5
15.2
48.6

7.7
8.9
- -

21.1
17.3
21.2
23.9
16.4

- -

20.8
17.7
21.3
24.8
17.4

—

58.4
41.6

- -

55.4
44.6

- -

—

T o t a l : 1973-1975

Absolute
Frequency

1

3,291
6,917
3,503
2,701
3,537

2,972
2,864
9,194
1,435
1,873

611

4,328
3,493
4,116
4,668
3,206

138

4,252
3,167
3,979
4,962
3,444

145

11,893
8,003

53

11,279
8,633

37

19,949

% of
Known

16.5
34.7
17.6
13.5
17.7

20.5
14.8
47.5
7.4
9.7
- -

21.8
17.6
20.8
23.6
16.2

- -

21.5
16.0
20.1
25.1
17.4

- -

59.8
40.2

—

56.6
43.4
- - -

-~
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Because of the importance of the Light Condition variable, Li should he no tod

briefly how it was derived in New York. Using Information on the County in whh-li

the accident occurred, the approximate latitude (LA) and longitude (LO) of the

accident location was determined. The four relevant equations used for the

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

SRT = 12 - Y - ET - T2N + LO/15

(~tan LA x tan 6)Y —

370
) 360

SST -• 24 - SRT

where ET is a correction time for time zone TZN = 5, i.e., Eastern Standard Time,

6 is the declination, and n is the Julian Day. The values used for ET Tor 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 classified from the computations in the following

manner,

Daylight: Sunriae to sunset.

Dawn: Forty minutes before sunrise to sunrise.

Dusk: Sunset to 40 minutes after sunset.

Dark: Forty minutes after sunset to 40 minutes before sunrise.

TABLE 3-5

MONTHLY VALUES USED FOR TIME CORRECTION

Month

January

February

March

April

May

June

ET Value
(Hours)

-.19

-.23

-.12

.02

.06

-.03

Month

July

August

September

October

November

December

ET Value
(Hours)

-.10

-.05

.11

.26

.23

.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

period in North Carolina than in Texas. Also, a "night" accident is more
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likely than not to occur under a street light in North Carolina. The situation

is reversed in the Texas samples.

Some additional comments on the univariate frequencies 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 given weather condition. In New York, a higher percen-
tage of accidents occur in rain, and a far higher percentage
(about five percent) of accidents occur in snow or sleet.

• In all three states, there la a greater proportion of male
drivers in 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.

• Also in all three states, about one-third or more of the drivers
in striking cars and a similar fraction of drivers in struck
cars were between 15 and 24 years of age (inclusive).

3-16



3j_3_ Variable Selection

The variable selection procedure is designed to select from a .'largo g

of potential variables a limited number that will he used to fit models to, and

adjust,the data. The procedure, which is fairly straightforward, is detailed

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 Configuration x Light Condition
interaction term.

3. The harmonic mean of the three LR x2 statistics is computed.

A. 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: Riomedical Computer Program-P3F). Further-

more, to avoid problems of acute data sparsity in the contingency table to be

modeled, the determination of the number of variables to be selected must take

into account both the size of the sample from which the table is constructed and

the number of categories characterizing each variable selected.

With regard to the latter, it should be emphasized that the choice of

cutting points used to categorize a variable was not completely arbitrary.

Whenever appropriate (and possible), several different "versions" of a given var-

iable—each with different cutting points,and in many cases, with a different

number of categories—were input into the variable selection procedure. Only one
2

"version" of a variable, that with the highest harmonic mean of LRx ?s, was used

in subsequent analyses.

Figure 3-3 illustrates a typical example 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 tetrachotomy is chosen).

*The harmonic mean of a set of n values, a ^ is found from evaluating n/E I/a..

3-17



Potential
Dichotomies

t
• 15 to 24

• 25 or
Older

I t
• 15 to 34

• 35 or
Older

• 15 Lo b4

• 55 or
Older

0.3) 2.9B 3.05

} + 4

rrigind) Distribution
(Continuous)

>i

In i t ia l
lotr<u.hotomy

i

• Ib to 24
t 2b to 34
• 3b to 54
t 55 or

Older

21

*

89

Harmonic Mean of
LI! x " s

. r
' I

• 15 to 24

• 25 to 34

• 35 or
Older

7.44

4

Potent ia l
Trichotomies

>

• Ib to 24

• 25 to 54

t 55 or
Older

f

• 15 Lo 34

• 35 Lo b4

t bb or
Older

12.22 10 53

[

Figure 3-3. Example of determination of "optimal" cuttinq points of cateqorical
variables.

Tables 3-2, 3-3 and 3-4 contain the variables which were candidates for

selection in the 'FJexas, 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 overall 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 hiph

of 36.6 percent in 1974 collisions between Pre-Standard vehicles with at least one

TAD between 5-7, to a low of 8.2 percent in collisions 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 for 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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TABLF 3-6
PERCENT OF ANGLE COLLISIONS OCCURRING
DURING PERIODS OF REDUCED LIGHTING

FOR TEXAS 1972 SAMPLE

Variable

Road
Classification

(N = 34,637)

Age of Driver of
Struck Vehicle

(N - 34,011)

City Size
(N = 34,637)

Age of Driver of
Striking Vehicle

(N * 33,950)

Sex of Driver of
Struck Vehicle

(N = 34,506)

Location of
Accident

(N = 34,637)

Road Surface
Condition

(N - 34,637)

Sex of Driver of
Striking Vehicle

(N * 34,494)

Worst TAD in
Accident

(N •-• 34,637)

Severity of
Accident

(N = 34,637)

Traffic Contrr,I
Sign/Signal/Device
Present?

(N = 34,637)

Weather

(N = 34,637)

Category

City Street
U.S. State Highway
Other

15-24
25-54
55 or Older

Less than 100,000
100,000 or More

15-24
25-54
55 or Older

Male
Fema1e

Intersection
Driveway Access

Dry
Other

Male
Fema1e

0-2
3-4
5-7

Property Damage Only
Injury or Fatality

Yes
No

Clear-Cloudy
Other

Angle Collision Rate for
Reduced Lighting Conditions

(Percent)

Pre with
Pre

17.9
24.4
22.5

24.1
20.2
11.1

17.7
21.8

22.9
20.8
10.6

23.7
14.1

19.5
23.0

19.3
22.2

23.8
12.9

17.0
21.0
30.3

18.2
24.8

20.0
19.3

19.5
21.9

Pre with
Post

15.6
20.7
22.0

21.5
17.2
10.4

15.7
18.8

20.3
18.1
9.1

21.7
11.6

17.3
19.0

16.8
20.3

20.9
11.8

14.6
19.0
26.2

15.8
22.7

17.8
16.5

17.1
19.6

Post with
Post

15.5
18.6
19.0

21.6
15.7
10.3

15.9
17.2

20.3
16.4
9.6

21.0
11.5

16.7
16.2

16.5
17.3

20.3
11.2

14.8
16.9
26.5

15.4
21.3

17.0
15.5

16.5
17.6

Number of Angle Collisions

Pre with
Pre

8,262
2,802
1,078

4,252
5,332
2,304

5,740
6,402

4,622
5,182
2,057

7,090
4,996

10,911
1,231

9,876
2,266

7,600
4,477

5,872
5,310
960

9,096
3,046

8,933
3,209

10,455
1,687

Pre with
Post

10,747
3,839
1,607

5,428
7,671
2,818

7,213
8,980

5,972
1,335
2,529

9,124
7,011

14,368
1,825

13,114
3,079

9,865
6,268

7,828
7,061
1,304

12,403
3,790

12,210
3,983

13,895
2,295

Post with
Post

4,108
1,519
675

2,004
3,188
1,014

2,591
3,711

2,093
530
871

3,386
2,899

5,519
783

5,139
1,163

3,711
2,573

3,052
2,759
491

4,951
1,351

4,766
1,536

5,418
384
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TABLE 3-7
PERCENT OF ANGLE COLLISIONS OCCURRING
DURING PERIODS OF REDUCED LIGHTING

FOR TEXAS 1973 SAMPLE

Variable

Sex of Driver of
Striking Vehicle

(N » 34,865)

Road
Classification

(N = 35,019

Age of Driver of
Striking Vehicle

(N =• 34,299)

Worst TAD in
Accident

(N = 35,019)

City Size

(N = 35,019)

Traffic Control
Signal/Sign/Oevice
Present?

(N =• 35,019)

Age of Driver of
Struck Vehicle

(N = 34,403)

Sex of Driver
of Struck Vehicle

(N - 34,899)

Severity of
Accident

(N = 35,019)

Road Surface
Condition

(N = 35,019)

Weather

(N = 35,019

Location of
Accident

(N » 35,019)

Category

Male
Female

City Street
U.S. State Highway
Other

15-24
25-54
55 or Older

0-2
3-4
5-7

Less than 100,000
100,000 or More

Yes
No

15-24
25-54
55 or Older

Male
Fema1e

Property Damage Only
Injury or Fatality

Dry
Other

Clear-Cloudy
Other

Intersection
Driveway Access

Angle Collision Rate for
Reduced Lighting Conditions

(Percent)

Pre with
Pre

23.2
11.9

17.4
24.4
20.4

21.9
20.3
10.6

15.9
21.5
33.2

16.7
21.8

19.5
18.8

23.4
19.8
10.6

24.0
12.5

17.7
23.9

18.7
21.7

18.8
22.2

19.2
20.7

Pre with
Post

20.9
12.4

16.1
20.5
21.2

20.6
17.9
9.7

14.9
19.6
27.2

16.0
19.1

17.8
17.2

21.8
17.6
9.6

21.8
12.0

16.2
22.7

17.3
18.9

17.3
19.6

17.5
19.1

Post with
Post

20.5
11.9

15.5
19.6
20.0

20.5
16.6
9.3

14.4
19.2
22.9

15.4
18.1

18.0
13.7

21.0
16.6
9.7

21.4
11.7

15.9
21.0

16.3
19.3

16.5
19.6

17.4
14.3

Number of Angle Collisions

Pre with
Pre

5,412
2,961

5,707
2,002
720

3,275
3,544
1,392

4,299
3,621
599

4,104
4,325

6,287
2,142

3,106
3,498
1,651

4,893
3,498

6,299
2,130

6,607
1,822

7,085
1,344

7,548
881

Pre with Post with
Post Post

10,261
6,558

11,146
4,127
1,615

6,171
7,755
2,629

8,693
4,090
1,105

7,772
9,116

12,737
4,151

5,849
7,758
2,990

9,566
7,268

13,036
3,852

13,304
3,584

14,198
2,690

14,891
1 ,997

5,633
4,040

6,286
2,374
1,042

3,343
4,852
1,338

4,993
4,059
650

4,098
5,604

7,336
2,366

3,193
4,863
1,495

5,196
4,478

7,659
2,043

7,651
2,051

8,127
1 ,575

3,377
1,325
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TABLE 3-8
PERCENT OF ANGLE COLLISIONS OCCURRING
DURING PERIODS OF REDUCED LIGHTING

FOR TEXAS 1974 SAMPLE

Variable

Age of Driver of
Struck Vehicle

(N = 30,545)

Worst TAD in
Accident

(N = 31,049)

Road
Classification

(N = 31,049)

City Size

(N * 31,049)

Age of Driver of
Striking Vehicle

(N = 30,412)

Traffic Control
Signal/Sign/Device
Present?

(N * 31,049)

Weather

(N = 31,049)

Sex of Driver of
Striking Vehicle

(N = 30,923)

Severity of
Accident

(N = 31,049)

Road Surface
Condition

(N = 31,049)

Sex of Driver of
Struck Vehicle

(N = 30,939)

Location of
Accident

(N = 31,049)

Category

15-24
25-54
55 or Older

0-2
3-4
5-7

City Street
U.S. State Highway
Other

Less than 100,000
100,000 or More

15-24
25-54
55 or Older

Yes
No

Clear-Cloudy
Other

Male
Female

Property Damage Only
Injury or Fatality

Dry
Other

Male
Female

Intersection
Driveway Access

Angle Collision Rate for
Reduced Lighting Conditions

(Percent)

Pre with
Pre

24.4
20.4
10.4

16.5
21.5
36.6

17.6
24.8
25.4

16.9
22.5

23.1
20.7
10.7

20.7
17.3

18.9
25.5

23.9
12.6

17.9
25.3

18.8
24.0

24.1
13.4

19.6
21.7

Pre with
Post

22.3
18.4
11.1

15.6
20.9
27.1

16.7
22.4
20.8

16.4
20.2

21.8
18.7
8.9

19.1
16.2

17.6
23.4

22.1
12.4

17.0
23.0

17.4
22.7

22.9
12.5

18.5
17.8

Post with
Post

21.7
16.1
8.2

14.4
18.4
30.1

15.6
19.0
19.2

15.6
17.8

20.6
16.3
9.0

17.1
16.0

16.2
20.1

20.7
11.7

15.5
22.0

16.0
20.1

21.3
11.8

16.9
16.8

Number of Angle Collisions

Pre with
Pre

1,825
2,094
1,014

2,510
2,237
284

3,489
1,152
390

2,365
2,666

1,967
2,016
933

3,783
1,248

4,273
758

3,147
1,862

3,709
1,322

4,027
1,004

2,943
2,062

4,505
526

Pre with
Post

5,252
6,461
2,655

7,723
6,060
838

9,683
3,547
1,391

6,770
7,851

5,613
6,420
2,29S

11,201
3,420

12,386
2,235

8,873
5,682

11,174
3,447

11,723
2,898

8,187
8,376

12,945
1,676

Post with
Post

3,852
5,660
1,732

6,101
4,701
595

7,397
2,754
1,246

4,750
6,647

4,144
5,521
1,500

8,713
2,684

9,576
1,821

6,500
4,859

8,960
2,437

9,053
2,344

6,032
5,339

9,913
1,484
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TABLL" 3-9
PERCENT OF ANGLE COLLISIONS OCCURRING
DURING PERIODS OF REDUCED LIGHTING

FOR NEW YORK 1974 SAMPLE

Variable

Age of Driver of
Struck Vehicle

(N = 18,763)

Road
Classif ication

(N - 17,710)

Number of
Towaways

(N = 18,913)

Maximum Vehicle
Damage
(N = 18,625)

Age of Driver of
Str iking Vehicle

(N = 18,751)

Road Surface
Condition

(N = 18,838)

Sex of Driver of
Struck Vehicle

(N = 18,913)

Traff ic Control
Signal/Sign/Device
Present

(N = 18,605)

Weather

(N = 18,845)

Location of
Accident

(N = 18,913)

Severity of
Accident
(N = 18,813)

Sex of Driver of
Str iking Vehicle

(N = 18,913)

Category

15-24
25-34
35-54
55 or Older

State Highway
County Roads
Town Roads
City Streets

None
One Vehicle Only
Both Vehicles

None-Light
Moderate
Severe-Demolished

15-24
25-34
35-54
55 or Older

Dry
Other

Male
Female

No
Yes

Clear-Cloudy
Other

At In tersect ion
Non-Intersection

Property Damage Only
Injury or Fatal i ty

Male
Female

Angle Coll ision Rate for
Reduced Lighting Conditions

(Percent)

Pre with
Pre

35.3
32.0
31.2
18.1

33.2
30.4
24.1
31.8

28.8
30.0
35.9

27.2
29.8
34.3

33.9
33.4
28.5
21.?

28.6
33.1

34.7
21.8

26.6
31.6

29.2
33.8

30.0
32.5

24.5
32.6

33.8
21.7

Pre with
Post

33.4
29.1
29.0
19.8

29.9
26.9
21.8
21.6

26.3
30.7
34.0

25.4
28.4
32.6

31.8
33.0
27.4
17.5

26.6
32.8

32.4
22.1

25.8
30.0

27.4
33.2

28.7
28.8

23.7
31.0

32.1
21.3

Post wi th
Post

29.7
27.6
23.5
18.5

27.2
21.4
20.6
26.7

24.0
26.8
27.2

24.2
25.0
26.9

29.0
28.2
24.5
15.5

24.3
27.1

29.5
18.5

23.6
25.9

24.5
28.0

24.9
27.3

21.3
27.5

28.9
18.6

Number of Angle Col l is ions

Pre wi th
Pre

811
506
673
465

632
299
365

1,044

1,514
527
437

419
1,583

440

912
515
666
354

1,596
875

1,637
841

698
1,751

1,884
589

2,155
323

695
1,783

1,758
720

Pre wi th
Post

2,635
1,912
2,571
1,573

2,320
973

1 ,127
3,802

5.118
2,157
1,495

1,622
5,476
1,544

2,997
1,982
2,394
1,324

5,764
2,971

5,600
3,170

2,496
6,128

6,788
1,948

7,556
1,214

2,796
5,974

5,979
2,791

Post with
Post

2,079
1,831
2,277
1,130

2,293
897
867

2.091

4,458
1,887
1,320

1,551
4,701
1,289

2,254
1,832
2,235
1,286

5,103
2,529

4,672
2,993

2,263
5,269

5,992
1,644

6,546
1,119

2,840
4,825

4,906
2,759
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TABLE 3-10
PERCENT OF ANGLE COLLISIONS OCCURRING
DURING PERIODS OF REDUCED LIGHTING
FOR NORTH CAROLINA 1973 SAMPLF

Variable

Age of Driver of
Struck Vehicle

(N = 6,249)

City Size

(N = 6,312)

Maximum Vehicle
Damage

(N = 6,312)

Road Surface
Condition

(N - 6,309)

Age of Driver of
Str ik ing Vehicle

(N = 6,258)

Severity of
Accident

(N - 6,312)

Weather

(N = 6,268)

Road
Classif ication

(N - 6,247)

Maximum Vehicle
Speed

(N = 6,111)

Sex of Driver of
Str ik ing Vehicle

(N = 6, 287)

Sex of Driver of
Struck Vehicle

(N = 6,297)

Traf f ic Control
Signal/Sign/Device
Present?

(N= 6,220)

Location of
Accident

(N = 6,312)

investigating
Agency

(N = 6,312)

Category

15-25
26-55.
56 or Older

Less than 50,000
50,000 or More

Less than $350
$350 - $899
$900 or More

Dry
Other

15-25
26-55
56 or Older

Property Damage
Injury or Fatal i ty

Clear-Cloudy
Other

U.S. State Highway
City Street
Rural Paved Road

Less than 30 MPH
30-49 MPH
50 MPH or More

Male
Female

Male
Fema1e

No
Yes

Intersection
Driveway Access

Municipal Police
Highway Patrol

Angle
Reduced

Pre with
Pre

25.0
20.4
13.2

20.9
20.4

18.1
22.3
25.7

19.4
26.2

24.0
21.1
13.7

18.2
24.7

19.4
28.1

23.7
20.0
19.9

16.3
21.6
28.3

23.3
16.1

24.2
15.1

19.3
21.2

21.3
17.6

20.1
22.4

Coll ision Rate for
Lighting Conditions

(Percent)

Pre with
Post

24.1
19.4
14.8

19.6
. 21.7

19.6
20.4
21.3

18.5
27.7

24.0
20.2
11.6

19.2
22.1

19.2
25.5

24.9
18.7
20.2

15.9
22.1
26.5

23.0
15.8

23.4
16.1

21.7
19.8

20.1
21.0

19.4
22.3

Post wi th
Post

25.0
16.0
13.4

17.3
22.3

18.3
19.0
20.6

18.6
22.0

22.2
19.6
9.33

17.8
21.8

19.0
21.3

21.4
19.2
14.6

17.0
19.8
21.6

22.6
14.1

22.6
14.9

22.8
18.3

19.3
18.5

18.9
20.0

Number of Angle Col l is ions

Pre wi th
Pre

532
629
280

1,063
401

652
668
144

1,163
301

550
630
270

889
575

1,251
203

317
957
171

509
749
152

927
528

aoo
562

296
1,149

1,265
199

1,035
429

Pre with Post with
Post Post

1,162
1,368

540

2,104
994

1,103
1,400

595

2,501
595

1,237
1,323

516

1,966
1,132

2,628
447

694
2,041

331

1,051
1,617

325

1,921
1,167

1,757
1,334

650
2,398

2,622
476

2,191
907

641
851
246

1,082
668

529
785
436

1,436
313

674
833
225

1 .132
618

1,514
225

388
1,150

198

612
902
194

1,029
715

977
767

360
1,367

1,475
275

1,235
515
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TABLE 3-11
PERCENT OF ANGLE COLLISIONS OCCURRING
DURING PERIODS OF REDUCED LIGHTING
FOR NORTH CAROLINA 1974 SAMPLE

Variable

Age of Driver of
Struck Vehicle

(N = 6,537)

Road
Classification

(N = 6,555)

Sex of Driver of
Striking Vehicle
(N = 6,562)

Investigating
Agency
(N = 6,584)

Maximum Vehicle
Damage

(N = 6,584)

Sex of Driver of
Struck Vehicle

(N = 6,564

City Size

(N = 6,584)

Severity of
Accident

(N = 6,584)

Age of Driver of
Striking Vehicle

(N = 6,531)

Road Surface
Condition

(N = 6,579)

Traffic Control
Signal/Sign/Device
Present?

(N = 6,505)

Maximum Vehicle
Speed

(N = 6,415)

Weather

(N = 6,564)

Location of
Accident
(N = 6,584)

Category

15-25
26-55
56 or Older

U.S. State Highway
City Street
Rural Paved Road

Male
Female

Municipal Police
Highway Patrol

Less than $350
$350 - $899
$900 or More

Male
Female

Less than 5,000
5,000 or More

Property Damage
Injury or Fatality

15-25
26-55
56 or Older

Dry
Other

No
Yes

Lesb than 30 MPH
30-49 MPH
50 MPH or More

Clear-Cloudy
Other

Intersect ion
Driveway Access

Angle Col l is ion Rate for
Reduced Lighting Conditions

(Percent)

Pre with
Pre

26.6
23.6
14.3

26.1
20.1
33.9

24.8
19.3

20.1
30.1

20.6
23.3
31.7

25.6
18.0

27.2
20.6

20.1
28.3

27.3
22.4
14.6

21.0
31.6

22.0
23.3

17.8
25.4
31.6

21.6
29.6

23.3
21.4

Pre with
Post

25.3
18.6
11.4

23.3
19.2
20.4

23.9
14.1

18.9
23.1

19.2
18.0
26.4

22.7
16.3

21.0
19.6

17.2
25.0

24.3
19.9
11.0

18.4
26.5

18.3
20.5

15.8
20.2
33.3

18.8
26.6

20.4
18.1

Post with
Post

21.8
20.7
12.4

24.1
18.9
16.1

22.7
15.8

19.3
21.0

18.0
18.3
24.2

24.0
14.8

20.1
19.6

18.1
22.8

23.3
19.2
9.5

17.6
27.9

16.7
20.7

16.8
20.7
25.4

18.2
27.8

20.4
16.8

Number of Angle Coll isions

Pre with
Pre

414
416
217

211
712
127

673
379

755
299

461
489
104

669
383

379
675

683
371

429
420
199

858
196

246
791

381
551
95

898
152

881
173

Pre wi th
Post

1,221
1,341

569

617
2,159

363

1,877
1,262

2,283
867

1,092
1,441

617

1,786
1,352

1,091
2,059

1,995
1,155

1,253
1,321

547

2,481
665

705
2,418

1,108
1,676

285

2,655
489

2,637
513

Post wi th
Post

886
1,103

370

456
1,686

224

1,351
1,020

1,780
600

768
988
624

1,281
1,093

730
1,650

1,547
833

977
1,089

296

1,874
505

575
1,770

850
1,260

209

2,000
370

1 ,940
440
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TABLE 3-12
PERCENT OF ANGLE COLLISIONS OCCURRING
DURING PERIODS OF REDUCED LIGHTING

FOR NORTH CAROLINA 1975 SAMPLE

Variable

Age of Driver of
Striking Vehicle

(N - 7,022)

Road
Classification

(N * 7,005)

Severity of
Accident

(N - 7,053)

Sex of Driver of
Struck Vehicle

(N = 7,051)

Age of Driver of
Struck Vehicle

(N = 7,018)

Maximum Vehicle
Speed

(N = 6,887)

Maximum Vehicle
Damage

(N = 7,053)

Road Surface
Condition

(N = 7,044)

City Size

(N = 7,053)

Weather

(N = 7,030)

Investigating
Agency

(N = 7,053)

Sex of Driver of
Striking Vehicle

(N = 7,047)

Traffic Control
Signal/Sign/Device
Present?

(N '- 6,954]

Location of
Acc'dent

(N = 7,053)

Category

15-25
26-55
56 or Older

U.S. State Highway
City Street
Rural Paved Road

Property Damage
Injury or Fatality

Male
Female

15-25
26-55
56 or Older

Less than 30 MPH
30-49 MPH
50 MPH or More

Less than $350
$350 - $899
$900 or More

Dry
Other

Less than 75,000
75,000 or More

Clear-Cloudy
Other

Municipal Police
Highway Patrol

Male
Female

No
Yes

Intersection
Driveway Access

Angle Collision Rate for
Reduced Lighting Conditions

(Percent)

Pre with
Pre

24.5
21.2
9.3

24.3
18.0
23.0

18.2
22.9

23.0
15.2

24.6
20.4
11.5

15.2
23.6
19.?

19.0
20.6
21.4

19.5
21.5

19.6
21.3

20.1
19.4

18.7
23.0

22.2
16.2

24.4
18.2

18.5
27.5

Pre with Post with
Post Post

24.0
18.3
8.8

20.9
18.5
18.0

16.8
22.4

22.0
14.7

22.6
18.8
12.4

16.2
20.2
22.4

17.2
18.5
22.2

17.5
24.1

18.8
19.2

18.0
23.4

18.7
19.4

21.9
14.7

19.1
19.1

18.9
19.0

25.1
17.0
11.0

21.3
19.0
15.1

19.1
19.0

23.9
13.9

23.2
18.7
10.5

16.4
20.0
24.7

18.3
18.6
20.6

17 .1

2 6 . 1

18.2
20.9

17.7
25.5

18.9
19.7

22.4
14.7

19.6
18.8

19.0
19.4

Number of Angle Col l is ions

Pre with
Pre

323
354
172

181
567
100

528
323

521
330

301
358
183

295
449
78

378
384
89

673
177

673
178

713
134

603
248

537
314

193
648

713
138

Pre with
Post

1,241
1,369

536

623
2,165

355

1,967
1,201

1,818
1,349

1,139
1,432

582

1,089
1,743

272

1,024
1,431

713

2,499
665

2,315
853

2,632
526

2,294
874

1,856
1,309

681
2,439

2,652
516

Post with
Post

1,137
1,445

445

573
2,163

278

1,940
1,094

1,570
1,463

1,123
1,443

457

1,016
1,682 •

263

878
1,327

829

2,364
666

2,038
996

2,508
517

2,272
762

1,722
1.309

675
2,318

2,528
506
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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 accidents in which both cars are Pre-Standard to

a low of 15.5 percent for collisions 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 drivers and male drivers are involved, and when accidents occur on state

highways, involve an injury or fatality, result in extensive vehicle damage,

result in both vehicles being towed, and occur when the environmental 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 one Post-Standard car in 1975 in which the age of at least one

driver is 56 years or older. Higher reduced lighting angle collision rates are

associated with young drivers, male drivers, high speed accidents, precipitating

conditions and wet surfaces, high dollar amounts of vehicle damage and accidents

involving injuries or fatalities.

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 is given in Tables 3-13 through 3-19. In each table,

the variables analyzed are listed in descending order of the magnitude of the

harmonic mean of the LRx2's of the partial association of the following three

interaction terms: 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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• Road Classification
• Age of Driver of Struck Vehicle

Texas 1973

• Sex of Driver of Striking Vehicle
• Road Classification
• Age of Driver of Striking Vehicle
• Worst TAD in Accident

Texas 1974

•Age of Driver of Struck Vehicle
• Worst TAD in Accident
• Road Classification

North Carolina 1973

• Age of Driver of Struck Vehicle.
•City Size
•Maximum Vehicle Damage

North Carolina 1974

»Age of Driver of Struck Vehicle
•Road Classification
®Sex of Driver of Striking Vehicle

North Carolina 1975

eAge of Driver of Striking Vehicle
•Road Classification
•Severity of Accident

•Age of Driver of Struck Vehicle
•Road Classification
• Number of Towaways

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

Classification, Age of Driver, Worst TAD in Accident (or Maximum Vehicle Damage),

and Sex of Driver.
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TABLE 3-13

INTERACTION TERMS EVALUATED IN VARIABLE SELECTION PROCEDURE
TEXAS 1972 SAMPLE

Variable

Road Classif ication

Age of Driver of Struck
Vehicle

City Size

Age of Driver of Striking
Vehicle

Sex of Driver of Struck
Vehicle

Location of Accident

Road Surface Condition

Sex of Driver of Striking
Vehicle

Worst TAD 1n Accident

Severity of Accident

Traffic Control

Weather

Interaction Terms from the 3-Variable Saturated Model
Containing Prepost, Light Condition and Variable

Variable x Prepost

LR x2

27.24

78.25

68.96

125.47

31.54

23.84

1.24*

20.48

0.80*

27.27

15.65

0.66*

df

4

4

2

4

2

2

2

2

4

2

2

2

Var1ab1e \d id?! ion
LR X2

137.23

407.33

56.33

386.60

566.28

B.l04

28.07

544.51

249.12

177.76

5.51

13.79

df

2

2

1

2

1

1

1

1

2

1

1

1

Variable x Prepost x
L,1ght Condition

LR X2

6.23*

5.01*

3.93*

3.50*

2.70*

3.85*

3.12*

0.90*

4.15*

0.55*

0.58*

0.60*

df

4

4

2

4

2

2

2

2

4

2

2

2

Harmonic
Mean of

Interaction
Terms

14.67

13.96

10.46

10.13

7.43

7.04

2.58

2.58

2.01

1.61

1.52

0.92

p >0.05

Note: The variables above the heavy line were selected for model ing.
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TARLF 3-14
INTERACTION TERMS EVALUATED IN VARIABLE SELECTION PROCEDURE

TEXAS 1973 SAMPLE

Variable

Sex of Driver of Striking
Vehicle

Road Classification

Age of Driver of Striking
Vehicle

Worst TAD in Accident

City Size

Traffic Control

Age of Driver of Struck
Vehicle

Sex of Driver of Struck
Vehicle

Severity of Accident

Road Surface Condition

Weather

Location of Accident

Interaction Terms from the 3-Var1able Saturated Model
Containing Prepost, Light Condition and Variable

Variable x Prepost

LR x2

70.66

32.01

111.03

5.83*

81.18

3.16*

141.63

36.79

41.77

0.57*

0.57*

44.70

df

2

4

4

4

2

2

4

2

2

2

2

2

Variable x C o^ f^ o n

LR X2

498.16

120.51

353.25

273.20

70.89

11.58

443.30

625.09

148.05

20.39

24.40

0.06*

df

1

2

2

2

1

1

2

1

1

1

1

1

Variable x Prepost x
Light Condition

LR x2

5.38*

5.96*

3.49*

8.02*

3.47*

13.50

1.28*

1.26*

0.99*

1.84*

0.71*

11.92

df

2

4

4

4

2

2

4

2

2

2

2

2

Harmonic
Mean of

Interaction
Terms

14.85

14.47

10.06

10.00

9.54

4.36

3.80

3.65

2.88

1.28

0.94

0.18

p >0.05
Note/. The variables above the heavy line were selected for modeling.
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TARLF: 3-15

INTERACTION TERMS EVALUATED IN VARIABLE ELECTION PROCFnilRF
TEXAS 1974 SAMPLE

Variable

Age of Driver of Struck
Vehicle

Worst TAD In Accident

Road Classification

City Size

Age of Driver of Striking
Vehicle

Traffic Control

Weather

Sex of Driver of Striking
Vehicle

Severity of Accident

Road Surface Condition

Sex of Driver of Struck
Vehicle

Location of Accident

Interaction Terms from the 3-Variable Saturated Model
Containing Prepost, Light Condition and Variable

Variable x Prepost

LR x2

137.70

19.12

55.38

71.83

147.04

4.61*

4.10*

51.18

44.23

2.99*

45.24

26.34

df

4

4

4

2

4

2

2

2

2

2

2

2

Va^abl^.CondftL

LR x2

396.45

257.67

115.41

64.42

387.80

21.80

70.69

492.91

146.98

75.63

539.57

0.01*

df

2

2

2

1

2

1

1

1

1

1

1

1

Variable x Prepost x
Light Condition

LR x2

7.07*

9.51

6.15*

5.73*

4.41*

2.84*

1.78*

1.14*

0.84*

0.41*

0.18*

1.64*

df

4

4

4

2

4

2

2

2

2

2

2

3

Harmonic
Mean of

Interaction
Terms

19.84

18.60

15.85

14.71

12.70

4.88

3.66

3.34

2.46

1.08

0.54

0.03

p >n.05

Note: The variables above the heavy line were selected for morielinq.
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TABLE 3-16

INTERACTION TERMS EVALUATED IN VARIABLE SELECTION PROCFDIJRF
NEW YORK "1974 SAMPLE

Variable

Age of Driver of Struck
Vehicle

Road Classification

Number of Towaways

Maximum Vehicle Damage

Age of Driver of Striking
Vehicle

Road Surface Condition

Sex of Driver of Struck
Vehicle

Traffic Control

Weather

Location of Accident

Severity of Accident

Sex of Driver of Striking
Vehicle

Interaction Terms from the
Containing Prepost, Light

Variable x Prepost

LR x2

39.96

5S.43

14.46

15.78

64.22

3.45*

20.02

2.56*

4.67*

4.62*

79.51

44.80

df

6

6

4

4

6

2

2

2

2

2

2

2

Variable x ,

LR x2

197.41

74.54

50.14

25.09

240.62

44.95

271.00

23.87

35.23

2.22*

103.28

251.32

!-VaHable
Condi fcion

Light
oncli tion

r«-
3

3

2

2

3

1

1

1

1

1

1

1

Saturated Model
and Variable

Variable x Prepost x
Light Condition

LR x2

9.35*

5.55*

6.18*

3.39*

2.37*

4.08*

1.93*

1.60*

1.18*

1.51*

0.34*

0.24*

df

6

6

4

4

6

2

3

2

2

2

2

2

Harmonic
Mean of

Interaction
Terms

21.89

14.18

11.96

7.53

6.79

5.38

5.25

2.84

2.75

2.26

1.01

0.72

p >0.05
Note.: The variables above the heavy line were selected for modeling.
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TABLE 3-17

INTERACTION TERMS EVALUATED IN VARIABLE SELECTION PROCEDURE
NORTH CAROLINA 1973 SAMPLE

Variable

* — - — • — —

Age of Driver of Struck
Vehicle

City Size

Maximum Vehicle Damage

Road Surface Condition

Age of Driver of Striking
Vehicle

Severity of Accident

Weather

Road Classification

Maximum Vehicle Speed
Prior to Impact

Sex of Driver of Striking
Vehicle

Sex of Driver of Struck
Vehicle

Traffic Control

Location of Accident

Investigating Agency

Interaction Terms from the 3-Variabie Saturated Model
Containing Prepost, Light Condition and Variable

Variable x Prepost

LR xz

21.17

43.53

153.17

3.38*

26.63

5.73*

2.29*

1.29*

0.99*

7.64

11.51

0.46*

3.32*

0.02*

df

4

2

4

2

4

2

2

4

4

2

2

2

2

2

V a H a b l e * Condition

LR x2

57.99

5.17

4.76

29.49

69.12

14.84

15..0

14.17

35.14

54.61

60.13

1.93*

0.17*

4.01

df

2

1

2

1

2

1

1

2

2

1

1

1

1

1

Variable x Prepost x
Light Condition

LR x2

4.23*

3.40*

2.72*

2.88*

1.42*

1.78*

1.99*

4.01*

2.99*

0.55*

0.49*

3.38*

1.47*

0.37*

df

4

2

4

2

4

2

2

4

4

2

2

2

2

2

Harmonic
Mean of

Interaction
Terms

9.97

5.88

5.14

4.43

3.98

3.68

2.98

2.18

2.18

1.52

1.40

1.00

0.44

0.06

* p >0.05

Note: The variables above the heavy line were selected for modeling.
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TABLE 3-18

INTERACTION TERMS EVALUATED IN VARIABLE SFLECTION PROCEDURE
NORTH CAROLINA 1974 SAMPLE

Variable

Age of Driver of Struck
Vehicle

Road Classif ication

Sex of Driver of Striking
Vehicle

Investigating Agency

Maximum Vehicle Damage

Sex of Driver of Struck
Vehicle

City Size

Severity of Accident

Age of Driver of Str iking
Vehicle

Road Surface Condition

Traff ic Control

Maximum Vehicle Speed
Prior to Impact

Weather

Location of Accident

Interaction Terms from the 3-Variable Saturated Model
Containing Prepost, Light Condition and Variable

Variable x Prepost

LR x2

22.46

8.98*

13.86

4.95*

145.27

26.10

13.05

2.01*

38.76

4.54*

2.88*

0.65*

1.16*

4.91*

df

4

4

2

2

4

2

2

2

4

2

2

4

2

2

Vat"iable * CoSKon
LR X2

76.21

14.51

65.64

14.06

32.76

58.08

3.49*

42.02

89.12

54.60

5.38

56.16

35.72

4.42

df

2

2

1

1

2

1

1

1

2

1

1

2

1

1

Variable x Prepost x
Light Condition

LR x2

5.70

10.95

3.72*

4.92*

2.21*

1.72*

3.35*

1.87*

0.95*

0.72*

0.91*

5.41*

0.43*

0.35*

df

4

4

2

2

4

2

2

2

4

2

2

4

2

2

Harmonic
Mean of

Interaction
Terms

12.87

11.05

8.42

6.30

6.12

4.71

4.53

2.84

2.75

1.85

1.84

1.72

0.93

0.91

p >0,05
The variables above the heavy l ine were selected for model inci.
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TABLE 3-19

INTERACTION TERMS EVALUATED IN VARIABLE SFLECTIOM PROCEDURE
NORTH CAROLINA 197B SAMPLE

Variable

Age of Driver of Striking
Vehicle

Road Classification

Severity of Accident

Sex of Driver of Struck
Vehicle

Age of Driver of Struck
Vehicle

Maximum Vehicle Speed
Prior to Impact

Maximum Vehicle Damage

Road Surface Condition

City Size

Weather

Investigating Agency

Sex of Driver of Striking
Vehicle

Traffic Control

Location of Accident

Interaction Terms from the 3-Variable Saturated Model
Containing Prepost, Light Condition and Variable

Variable x Prepost

LR x2

23.96

12.95

2.57*

33.18

25.35

1.51*

143.66

1.07*

56.49

0.86*

7.74

10.83

0.71*

0.21*

df

4

4

2

2

4

4

4

2

2

2

2

2

2

2

variable x C o n d 1 t 1 o n

LR x2

128.03

6.60

9.97

83.31

76.74

24.20

7.89

36.84

2.38*

19.95

1.32*

59.57

0.94*

1.00*

df

2

2

1

1

2

2

2

1

1

1

1

1

1

2

Variable x Prepost x
Light Condition

LR x2

4.28*

4.15*

7.94

1.61*

1.18*

3.66*

1.16*

3.45*

1.03*

3.93*

1.09*

0.38*

2.70*

4.55*

df

4

4

2

2

4

4

4

2

2

2

2

2

2

2

Harmonic
Mean of

Interaction
Terms

10.59

6.39

4.88

4.52

3.33

3.07

3.01

2.40

2.04

2.04

1.66

1.05

1.05

0.50

p >0.O5
Note: The variables above the heavy line were selected for model ing.
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3.4 Analysis of Mass Accident Datfi

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 results, 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 is twofold:

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

2. To compensate for the uneven distribution;of data across
cells, especially the sparsity of data which characterizes
the 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—i.e., containing no missing data for

any of the variables—were constructed, using Lighting Condition, Vehicle Con-

figuration and all variables selected by the procedure discussed in Section 3.3.

Appendix A contains 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 between 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 is 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 were

derived from tests of majrg_Lnal association for each effect, in which the cell

counts for the complete contingency table were summed over all unspecified

margins, after which the effect (interaction term) was tested to be zero, using

a LR chi-square statistic.

Since the log-linear models fitted are hierarchical models, the specifi-

cation of a given effect forces all lower-order effects which arc subsets of

the effect into the model. For example, if a "Vehicle 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
a Light Condition x Road Type
m Vehicle Configuration
m Light Condition

• Road Type

Therefore, Tables 3-20 to 3-22 contain the LR X 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 Appendix B represent effects which were speci-

fied. All other chi-square values denote those effects which were included due

to the hierarchical nature of the log-linear models.

A-_Â ?__ Adjustment of Data

Prior to computing the actual effectiveness values, the smoothed (or

"fitted") data were adjusted to allow for the direct comparison of angle col-

lision frequencies. Such adjustment is necessary to insure that the overall

effectiveness estimate will not be affected by a potentially different dis-

tribution of Pre-with~Pres Pre-with-Post and Poat-with-Post collisions across

all levels of the pre-crash control variables identified by the variable

selection procedure (described in SectLon 3.3).
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TARLF 3-20

SUMMARY OF TESTS OF MARGINAL ASSOCIATION OF DIRECTLY SPECIFIED

MODEL EFFECTS FOR TEXAS 1972-1974 SAMPLE

Effect *

• • • * • T - • • • - I - - "

Veh Mix x Light Cond

Veh Mix x Road Type

Veh Mix x Dr Age

Light Cond x Road Type

Light Cond x Dr Age

Road Type x Dr Age

Road Type x Max TAD

Max TAD x Dr Age

Veh Mix x Or Age x Or Sex

Veh Mix x Light Cond x Max TAD

Light Cond x Max TAD x Dr Age

Light Cond x Max TAD x Dr Sex

Light Cond x Dr Age x Dr Sax

Light Cond x Road Type x Dr Age

Road Type x Dr Age x Dr Sex

Max TAD x > Aqe x Dr Sex

SUMMARY OF MODEL

Texas 1972

LR x 2

36.28

24.54

76.26

134.56

405.35

126.87

-

-

-

-

-

-

-

-

-

-

36.28

df

2

4

4

2

2

4

-

-

-

-

-

-

-

-

-

28

Prob.

0.000

0.000

0.000

0.000

0.000

0.000

-

-

-

-

-

-

-

-

-

-

0.138

Texas 1973

LR x2

17.15

30.61

108.97

123.57

349.91

73.42

338.29

56.42

19.28

-

10.60

8.38

21.54

-

13.35

9.76

260.81

df

2

4

4

2

2

4

4

4

4

-

4

2

2

-

4

4

256

Prob.

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.001

-

0.032

0.015

0.000

-

0.010

0.045

0.405

Texas 1974

LR x2

22.12

49.90

133.23

114.06

391.95

39.79

247.97

18.47

-

9.40

-

-

-

9.18

-

-

125.97

df

2

4

4

2

2

4

4

4

-

4

-

-

-

4

-

-

112

Prob.

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.001

-

0.052

-

-

-

0.057

-

-

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 str iking vehicle.
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TARLF 3-21
SUMMARY OF TESTS OF MARGINAL ASSOCIATION OF DIRFCTLY SPECIFIED

MODEL EFFECTS FOR NEW YORK 1974 SAMPLE

Effect

Vehicle Mix x Light Condition

Vehicle Mix x Dr Age x Towaways

Vehicle Mix x Road Type x Towaways

Light Condition x Dr Age x Road TvDe

Light Condition x Dr Aqe x Towaways

Light Condition x Road Type x Towaways

Dr Age x Road Type x Towaways

SUMMARY OF MODEL

New York 1974

LR X2

37.04

21.65

40.63

13.99

21.10

25.80

172.60

df

2

12

12

9

6

18

166

Prob.

0.000

0.042

0.000

0.123

0.002

0.104

0.347

Driver Age refers to drivers of struck vehicles.

TABLE 3-22

SUMMARY OF TESTS OF MARGINAL ASSOCIATION OF DIRECTLY SPFCIFIF.D
MODEL EFFECTS FOR NORTH CAROLINA 1973-1Q7B SAMPLE

Effect*

Veh Mix x Light Cond

Veh Mix x Dr Age

Veh Mix x City Size

Veh Mix x Damage

Veh Mix x Road Type

Light Cond x City Size

Light Cond x Dr Age

Or Age x City Size

'Dr Age x Road Type

City Size x Damage

Light Cond x Dr Aae x Damaae

Light Cond x Road Type x Severity

Jr Age x Road Type x Dr Sex

Veh Mix x Light Cond x Severity

Veh Mix x Light Cond x Road Type
x Dr Sex

SUMMARY OF MODEL

North Carolina 1973

LR x2

1.96

20.72

41.76

147.83

-

4.36

57.53

16.14

-

9.30

12.11

-

-

-

-

68.11

df

2

4

2

4

-

1

2

2

-

2

4

-

-

-

-

70

Prob.

0.376

0.000

0.000

0.000

-

0.037

0.000

0.000

-

0.010

0.016

-

-

-

-

0.542

North Carolina 1974

LR x2

4.46

21.77

-

-

9.72

-

70.30

-

19.18

-

-

-

10.29

-

20.74

49.49

df

2

4

-

-

4

-

2

-

4

-

-

4

4

54

Prob.

0.107

0.000

-

-

0.045

-

0.000

-

0.001

-

-

-

0.036

-

0.000

0.649

North Carolina 1975

LR x2

.0.49

22.83

-

-

13.39

126.72

-

19.01

-

-

6.81

-

7.85

-

73.24

df

2

4

-

-

4

-

2

-

4

-

-

2

-

2

-

72

Prob.

0.782

0.000

-

-

0.010

-

0.000

-

0.001

-

-

0.033

-

0.020

-

0.437

For thu North Carolina 1973 and 1975 models, driver characteristics refer to the drivers the struck
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Each smoothed cull count (n.,.) w;in adjusted to yield ;i correspond I uy.

smoothed, adjusted eel] count (n'.Mi)
 n s follows (notation Is presents

Figure 3-4).

i n

i j k

. . k
x — • * - •

/ /v

Post
with 3
Post

Pre
with
Post

CONFIGURATION Pre
wi th
Pre

VEHICLE

(j)

n13k

n12k

"ilk

n23k

n22k

n21k
/

/

/

AA LEVELS OF
PRE-CRASH
CONTROL

VARIABLES

(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 manner, the. total sample size remains the

same—i.e., n',,, = n,#<• Additional relations between adjusted and unadjusted

cell counts are as follows:

(1) n'
X • •

(2) n' .
• J •

(3) n1

= n.
I. .

(4) n'

..k

i.k

= n. .k

(5) n'..

i.k

- n. .

In other words, Che totjil number of accidents in each light condition category

does not change, nor does the t_otal_ number of accidents in each vehicle con-

figuration or within each level of every control variable change.
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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:

— n
(n ,

n

However, even under these conditions, the cross-product ratios that serve as a

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

n21k n13k

Ilk 23k / r. «-t re t- • \{full effectxveness)
n21k "l3k

n21k n12k

Ilk 22k , , . , rr *- • \(parbzal effectiveness)
n21k nl2k

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 served as the basis Lor a]1

subsequent effectiveness computations and error estimations.

By way of summary, Table 3-23 contains the pre-erash variables which, in

conjunction with Light Condition and Vehicle Configuration, were used in ad-

justing the smoothed cell counts.
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TABLF 3-23

PRE-CRASH CONTROL VARIABLES USED
IN DATA ADJUSTMENT PROCEDURE

State

Texas

New York

North
Carolina

Year

1972

1973

1974

1974

1973

1974

1975

Variables

Road Type

Age of Driver of
Struck Vehicle

Road Type

Age of Driver of
Striking Vehicle

Sex of Driver of
Striking Vehicle

Road Type

Age of Driver of
Struck Vehicle

Age of Driver of
Struck Vehicle

Road Type

Age of Driver of
Struck Vehicle

City Size

Age of Driver of
Struck Vehicle

Road Type

Sex of Driver of
Striking Vehicle

Road Type

Categories

City Street
U.S./State Highway
Other

15 to 24
25 to 54
55 or Older

City Street
U.S./State Highway
Other

15 to 24
25 to 54
55 or Older

Male
Female

City Street
U.S./State Highway
Other

15 to 24
25 to 54
55 or Older

15 to 24
25 to 34
35 to 54
55 or Older

State Highway
County Road
Town Road
City Street

15 to 25
26 to 55
56 or Older

LT 50,000
50,000 or More

15 to 25
26 to 55
56 or Older

U.S./State Highway
City Street
Rural Road

Male
Fema1e

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 lighting, after con-

trolling for differential exposure risk, can be expressed as:

E(Full) 1 - x 100 , and

4 (Partial) 1 - x 100

using the notation depicted in Figure 3-5. The n »s represent smoothed ad-

justed counts, while the rai.s'3 consist of observed, unadjusted frequencies.

Angle Collisions Between
Two Passenger Vehicles Single Vehicle Accidents

y

with
Post

Pm
VEHICLE * t h

CONFIGURATION Pra
U , w i t h

n13k

n12k

"ilk

n23k

n22k

n21k
/

/

/

A
A

Post-Standard 2
PRE-POST

( j ) Pre-Standard 1

m12

mn

m22

m21

1

1 2
D a y l i g h t Roducad

Light

LIGHT COTOITTOM ( 1 )

LEVELS OF
CONTHOL

VARIABLES

(k)

Daylight Reduced
Light

LIGHT CONDITION

Figure 3-5. Summary of notation used to describe the effectiveness and
error estimation procedures.
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For purposes of reference, Tables 3-24 to 3-30 contain the daylight and

reduced light frequencies of angle collisions between two Pre-Standard vehicles,

between two Post-Standard vehicles, and bntween 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

sample. Tables 3-24 to 3-26 summarize this Information for Texas 1972, 1973

and 1974 samples, respectively. Table 3-27 pertains to the New York 1974 sample.

Finally, Tables 3-28 to 3-30 correspond to North Carolina 1973, 1974 and 1975

samples, respectively.
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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)

LIGHT

CONOITIUN

D I

PRE

8 T

WITH

H 1

PRE

U U 1r i o
PHE-P081

1 PRE 1*

N

MIX

ITH

U t

OF

POST

A N G

VEHICLES !

1 POST

It C O

M ACCIDENTS

WITH PUST 1

L L 1

ROW

3 I O N S

TOTALS

0AYUK.HT
REDUCED L10HT

IMS I 26.0 I
3379 I 7.0 I

13101 I 38,6 I
8776 I 8,2 I

5174 I 13,3 I
103S I 3,0 |

27828 I 81.8
6183 I 18.2

COLUMN TOTALS I 115*8 I 39,0 | 19917 I 46.6 I 6206 I 18,2 I 34011 1100,0

LIGHT

CONOITIDN

DAYLIGHT
REDUCED LIOHT

D I S T R I B U T I O N O F S I N G L E
V E H I C L E A C C I D E N T S

PRE-STANDARU 1 PQST-STANDARO 1 ROW TOTALS

N | X 1 N | X 1 N | X

269197 1 21,6 1 19463 1 iB.O 1 42372 1 47. 6
29023 1 ia,T 1 17488 | 19,7 1 46S11 1 92.4

COLUMN TOTALS 1 93310 1 62,3 1 33471 1 37,7 1 88783 1100.0

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)

LIGHT

CUNDITION

OAYLlliHT

aeoucEo LIGHT
COLUMN TOTALS

0 I 8 T

PRE WITH

N

6bJ?
1562

• 199

1

1
1

1

R I 6

PRE

X

19,4
4.6

83,9

U T

PRfc

1

1

1
1

1

I 0 N

-POST MIX

PKE M T H

N 1

13619 I
2913 1

16334 1

o r A N 0 L

OF VEHlCLfcS IN

P03T I

X 1

39,8 |

e,s I
48,3 I

E C 0 L

ACCIDENTS

POST HITH

N

7900

99S2

1

1
1

1

POST

X

23,1
4.7

27,8

1

1

I
1

1

L I S

ROW

N

an 196
60<>9

34859

I 0 N

TOTALS

1 *

I 82.
1 17.

1100.

3

a
8

0

LIGHT

CONDITION

D I S T R I B U T I O N H P S I N G L E

V E H I C L E A C C I D E N T S

PHE-3TANDAR0 I P08T-STANDARD I HOW TOTALS

N I X I N | X I N | X

DAYLIGHT |
REDUCED LIGHT I 296|9

489J1

20303 | 22,2 I
22430 | 24,6 I

43215 ( 47,3
48069 | 98.7

COLUMN TOTALS I | 33,2 | 42753 I 46,8 I 91284 1100.0
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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)

LIGHT

CUNDiriUN

0AYLI8H1
REDUCED LIGHT

COLUMN TOTALS

u i a T

PHE KITH

N 1

1917 1
996 1

4933 1

R I

PHE

X

u
16.

B

9
3

1

U r i o N

PNE-POST MIX

1

1

1
1

1

PRE WITH

N 1

11711 1
2697 1

14368 1

0 f A N G L E C 0 L

OF VPHICt.es IN ACCIDENTS

P08T I

% 1

18,3 1
a,7 i

4 7 , 0 I

POST WITH

N 1

9362 I
1883 I

naM i

POST

5

SO
6

36

(

.6
2

a

1

1

1
1

t

L I 9

ROW

N

85010
5515

10945

I O N S

TOTALS

1 X

1 8 1 , 9
1 1 8 , 1

1 1 0 0 , 0

L I 8 H T

C O N D I T I O N

D A Y L I G H T
Kf-OUCEO L I G H T

D I S T R I B U T I O N O F S I N G L E
V E H I C L E A C C I D E N T S

P H E « 9 T A N 0 A R D 1 P 0 8 T » 9 T A N D A H D 1 HOW T O T A L S

N | X 1 N | X 1 N | X

1 7 5 1 5 1 B O , «J I ? 0 « ) 8 0 1 2 5 , S 1 3 8 0 9 5 | 0 6 . 0
2 0 4 3 8 I £ 4 , 4 1 £ 4 7 4 0 1 2 * 3 . 6 1 4 5 1 7 8 | 3 4 . 0

COLUMN T O T A L S 1 3 7 9 9 3 1 4 3 , 4 1 4 9 7 2 0 1 5 4 , 6 1 8 3 6 7 3 1 1 0 0 . 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)

LISMT

CONDITION

DAVLIGHT
RfcDUCED L4<3HT

CQLUMN TOTALS

0 I 8 T

PRE H U H

N 1

1603 1
715 1

2318 1

R I

PRE

ft
4 .

13,

1
I

U f I 0 N

P R E ' P O S T M I X

1

1

1
1

PRE M T H

N 1

2378 |

0 F H N G L

OF VEHICLES IN

P08T |

X 1

38 ,8 1
13S!5 I

4 6 . 4 I

E c 0 L

ACCIDENTS

POST WITH

N

3J87
£614

7101

1

1
1

1

POST

1

30
10

40

[

I
3

4

1

1

1
1

1

L I 9

ROW

N

18659
«907

17566

I 0 N

T0TAL8

1

I 7S
1 27

1100

8

x

,1
, 9

.0

L I G H T

C f l N D l T I C N

D A Y L I G H T
N E U U C F U L I G H T

D I S T R I B U T I O N O F S I N G L E
V E H I C L E A C C I D E N T S

P H E - 8 T A N 0 A H D i P 0 8 T » 8 T A N n A R 0 1 ROW T O T A L S

N 1 X I N | X | N | X

9 7 7 8 | J S » 9 1 1 6 9 3 ? 1 3 3 , 7 1 ? 6 3 J 0 1 5 3 . 6
8 8 0 9 1 1 7 , 9 | 1 3 9 6 1 1 2 8 , 4 1 9 2 7 6 6 I 4 6 . 4

COLUMN T O T A L S 1 1 8 * 8 5 | 3 7 , 9 1 3 0 4 9 3 1 6 2 , S 1 4 9 0 7 6 1 1 0 0 . 0
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TABLE 3-28

DISTRIBUTION OF SMOOTHED, ADJUSTED ANGLE COLLISION FREQUENCIES AND
OBSERVED, UNADJUSTED SINGLE VEHICLE ACCIDENT FREQUENCIES FOR

NORTH CAROLINA 1973 SAMPLE (Total Cases = 6,249)

LIGHT

CONOlrlON

OAYLIUHT
REDUCED LIGHT

COLUMN TOTALS

D I 3 T H

PRfc WITH

N

1139

1441

1

1
1

1

I B

PHP

X

18,2
4,8

P3.1

U T

PRE

1

1

1
1

1

I O N

• P O S T MIX

PRE W I T H

N 1

2444 1
bib 1

3070 1

o r A N 6 L

OF VEHICLES IN

POST I

* 1

39,1 I
10,0 |

49,1 1

E C a L

ACCIDENTS

POST WITH

N

1413
3E5

1738

1

1
1

1

POST

X

5,2

27,a

i

I

1
I
i

L I 8

ROW

N

4996
1Z53

6249

I 0 N

TOTALS

1

s

X

1 79,9
1 20. I

1100.0

LIGHT

CONDITION

DAYLIGHT
REDUCED LIGHT

D i a T R I B U T I O N O F S I N 6 L E
V E H I C L E A C C I D E N T S

PNE-STANDARD 1 P08T-8TAN0AR0 1 ROW TOTALS

N | X | N | X 1 N | X

4301 1 21,5 f 4447 1 22.2 1 8748 1 43.7
3429 | 27,1 1 S863 t 29,3 | 11292 I 56.3

COLUMN TOTALS 1 9730 1 48,* 1 10310 1 31,4 1 20040 1100.0

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)

LIGHT

CONDITION

DAYLIGHT
HfeDUCED LIGHT

COLUMN TOTALS

D i a

PRt WI

N

608
i>33

1041

T

TH

1

1
1

1

H I 8

PHS

X

ia.5
3.6

16,0

U T

HRfc

1

1

1
1

1

I 0 N

-POST MIX

PRE H I T H

N

S49i
*19

3110

1

1
1

1

0 f A N G L

OF VEHICLES IN

pnsT

t

36.4
9,3

«7.9

1

1

1
1

1

I C 0 L

ACCIDENTS

POST WITH

N

1873
461

3336

I

1
1

1

POST

X

7,1

36,0

1

1

t
1

1

L I 8

ROW

N

5174
1313

6487

I 0 N

TOTALS

I

1 79
1 ?0

I 100

S

*

.8

,i

• 0

LIGHT

CONDITION

DAYLIGHT
REDUCED LIUHT

D I S T R I B U T I O N O P S I N G L E
V E H I C L E A C C I D E N T S

PHE-3TANDARD 1 POST-STANDARD 1 ROW TOTALS

N | X 1 N | X 1 N | X

J460 | 18.0 1 4517 | 33.5 1 7977 | 41.1
4479 I 83,3 1 6769 1 39,2 1 11B48 1 5«.1

COLUMN TOTALS 1 7939 | 41,3 1 11286 1 58,7 1 19225 H O C . O

3-46



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)

U G H T

CONDITION

OAVLIOHT
HCOUCfcD LIGHT

COLUMN T0T»L8

D 1 8 T fi

PRE HITH

N

674
172

646

1

1
1

1

I B

PNE

X

9.7
8.3

12.1

0 r i u N

PWE-P08T MIX

1

1

1
i

1

PHE KITH

N 1

8 3 M 1
39 0 1

im i

0 F

OF

POST

%

36.

a.
«4,

A N G L

VEHICLES IN

1

1

3 1
5 1

8 1

I C 0 L

ACCIDENTS

POST WITH

N

2434
3T3

SOOT

1

1
1

1

POST

X

34,9

flS.t

1

1

1
1

1

L I S

ROW

N

5639
1339

I 0 N

TOTALS

1

1 «O
1 19

s

X

.9

.1

1100.0

LIBHT

CONDITION

OAVLJOHT
KfcDUCtO LIGHT

0 I 8 T H 1 B U T I O N O F S I N G L E
V E H I C L E A C C I D E N T S

PHE««31AN0ARP 1 P08T-.3TANOARD 1 ROW TOTALS

N | % | N | X 1 N | X

2926 | 15.1 1 Si6fc | 36.6 1 6092 | 41.T
J9?1 f 2C,3 1 7329 1 3T.B 1 11303 1 58.3

COLUMN TOTALS 1 6900 1 J3»6 1 12193 j 61,« ! 19399 1100.0

^ 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 FMVSfi 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 angle

collision situation is equipped with side marker lamps (partial effectiveness)—

again prior to controlling for differential exposure risks of Pre- and Post-

Standard vehicles during periods of reduced lighting. On the average, the overall

values of partial effectiveness range from 8 and 9 percent in New York and North

Carolina, respectively, to 12 percent in Texas. These partial effectiveness
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values are in all cases leas than the corresponding full effectiveness values,

which conforms to Intuitive expectations that the effectiveness of FMVSS 108

in preventing reduced light angle collisions is lessened whan only one accident-

involved vehicle is equipped with side marker lamps.

TABLE 3-31

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

State

Texas

New York

North
Carolina

Year

1972

1973

1974

1972-
1974

1974

1973

1974

1975

*
1973-
1975

Observed, Unadjusted Data

Effec-
tive-
ness

18.86

14.56

17.77

17.03

22.78

10.44

16.59

5.08

11.46

Standard
Deviation

3.33

3.34

3.59

1.97

4.06

8.01

7.56

9.29

4.73

953! Cbnfidence
Interval

From

13.38

9.06

11.86

13.79

16.09

-2.73

4.15

-10.20

3.68

To

24.34

20.06

23.68

30.27

29.47

23.61

29.02

20.37

19.24

Is
Effectiveness
Significantly
Different
from Zero?

Yes

Yes

Yes

Yes

Yes

No

Yes

No

Yew

Smoothed, Adjusted Data

Effec-
tive-
ness

20.11

12.76

20.54

17.85

23.08

13.25

14.74

7.75

12.30

Standard
Deviation

3.28

3.42

3.46

1.95

4.05

7.75

7.75

8.99

4.68

955S Confidence
Interval

From

14.71

7.14

14.84

14.64

16.42

0.50

1.99

-7.03

4.60

To

25.51

18.38

26.23

21.06

29.73

26.01

27.48

22.54

20.00

Is
Effectiveness
Significantly
Different
from Zero?

Yes

Yes

Yes

Yes

Yes

Yes

Yes

No

Yes

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

SUMMARY OF OVERALL PARTIAL EFFECTIVENESS VALUES
PRIOR TO CONTROLLING T B O E l A T I V E EXPOSURE RISK

State

Texas

New York

North
Carolina

Year

1972

1973

1974

1972-
1974

1974

1973

1974

1975

*
1973-
1975

Observed, Unadjusted Data

Effec-
t i ve -
ness

14.57

10.49

8.42

11.88

6.69

1.76

15.38

6.62

8.36

Standard
Deviation

2.65

3.10

3.82

1.78

4.78

7.77

7.34

9.11

4.60

952 Confidence
Interval

From

10.21

5.38

2.14

8.95

-1.17

-11.02

3.30

-8.37

0.79

To

18.94

15.59

14.70

14.81

14.55

14.53

27.45

21.61

15.93

Is
Effectiveness
Significantly

D1 f fererit
from Zero?

Yes

Yes

Yes

Yes

No

No

Yes

No

Yes

Smoothed, Adjusted Data

Effec-
t ive-
ness

15.39

9.05

10.32

12.33

7.59

3.40

13.83

8.65

8.68

Standard
Deviation

2.63

3.16

3.72

1.78

4.73

7.61

7.50

8.87

4.58

95% Confidence
Interval

From

11.07

3.85

4.20

9.30

-0.19

-9.13

1.49

-5.94

1.15

To

19.70

14.25

16.44

15.16

15.37

15.92

26.16

23.24

16.21

Is
Effectiveness
Signif icant ly

Different
from Zero?

Yes

Yes

Yes

Yes

No

No

Yes

No

Yes

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.

E
(Full) 1 -

. n21

(Partial)
1 •*

. n21,,

x 100 , and

x 100

using the notation depicted in Figure 3-5.
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Given the stochastic nature of the phenomenon under st.iuly, ;''•<> <"<•-••:-.v>-•..••;

values computed prior to controlling for differentia] exposure risk (f) ̂ nv, !̂ e

written to explicitly include an error term (x) as

r
E1 (Full)

(Partial)

= 100 x 1 - / N23. N1K <1+*23.> ( 1 + xll.'
N21.N13.

N22.NU. (i+x22 ) (i+xn

and

where the N.. are the expected values of the n,.
Ĵ ij

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

distributed with expected values of N,. , andsfurther assumed that the

Poisson distribution can be approximated by a normal distribution. In other

words, n, . is assumed to be approximately normally-distributed with mean N..
1J 9 1 J (

and a,. = /~N., . Therefore, _ n.. - N.. is normally

N,

distributed with mean 0 and a,
1

ij
as an example, the termUsing E'

( 1 + X21. )

can be approximated by expanding the fraction in power series and

These series expressions hold only if

only by a minimal fraction of all cases.

<1, a restriction whicli is violated

An expansion of r up to secord order terms is

r = 1 + L23. Xll. ~ X21. X13. 'r y23. ™ X23. ~ X23. X13.

X11.X21. X11.X13. X21.X13. 21.
2

X13. '

Taking expectations (independence among the x> w a s assumed), one obtains

E(r) = 1 + E(x21
2) + E (X13/) ,

which can be written as

+ N
21. 13.
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Squaring the difference between r and r, and taking expectations, one obtains

E<r - r")2 - ^

or

- 2 1 1 ] 3 /l
E< r> N23. "ll. "21. "U. lN21.

Since a2 = E(r-r ) 2 , then the variance of £' ( F u l l )
 i s

2 / N ^ Nii \ n2

(Full) I N N I

The above can be easily adapted to the measure of partial effectiveness

(prior to controlling for exposure risk) by substituting the terms N ? 2 , n^,

and x 2 2
 f o r N23 ' n23 ' a n d X23' ancl t^e t:erms N12 ' n'J2 a n d X12

N13 * n13 a n d X3 3 ' r e sP e c t i v e ly-

Effectiveness Values After Controlling for Exposure Risk

Table 3-33 contains 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. Essentially, these estimates represent the percent difference between

the day]ight-to-reduced light ratio ol: accident-involved Pre~Standard vehicles

and the corresponding ratio for accident-involved Post-Standard vehicles.

Stated differently, these estimates represent the percent reduction in the

number of reduced light angle collisions which cannot be attributed to FMVSS

108, since they are derived from single vehicle accident data.

From Table 3-33, it can be seen that differences in the reduced lighi exposure.

risks Cor Pre- and Post-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.
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TABLE 3-33
ESTIMATED DIFFERENCES IN REDUCED LIGHTING EXPOSURE RISKS

FOR PRE- AND POST-STANDARD VEHICLES
DERIVED FROM OBSERVED SINGLE-VEHICLE ACCIDENT DATA

State

Texas

North
Carolina

New York

Year

1972

1973

1974

1973

1974

1975

1974

Daylight

Pre

Number

26,287

22,912

17,515

4,301

3,460

2,926

9,778

%

29.6

25.1

20.9

21.5

18.0

15.1

19.9

Post

Number

15,985

20,303

20,980

4,447

4,517

5,166

16,532

%

18.0

22.Z

25.1

22.2

23.5

26.6

33.7

Reduced Light

Pre

Number

29,023

25,619

20,438

5,429

4,479

3,974

8,805

%

32.7

28.1

Z4.4

27.1

23.3

20.5

17.9

Post

Number

17,488

22,450

24,740

5,863

6,769

7,329

13,961

%

19.7

24.6

29.6

29.3

35.2

37.8

28.4

Total
Number
of Cases

88,783

91,284

83,673

20,040

19,225

19,395

49,076

Differ-
ential
Exposr.
Risk

0.91

1.11

-1.06

-4.45

-15.76

-4.46

6.22

Standard
Deviation

1.37

1.31

1.41

2.98

3.44

3.10

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 27 percent in North Carolina. Individual effectiveness values i:or

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

is almost one-half of these values (11 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. In 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 EFFFCTIVF.NFSS VAIUFS
DERIVED FRW SMnnT'HRD7~AlTJIJSTED DATA

AFTER CONTROLLING FOR RELATIVE EXPOSURE RISK

State

Texas

New York

North
Carolina

Al l 3
States

Year

1972

1973

1974

1972*
1974

1974

1973

1974

1975

1973-
1975

A l l ,
Years

Fill ) Effect iveness

Effec-
t ive-
ness

18.63

10.79

22.19

17.40

12.54

20.48

36.38

15.45

26.61

18.45

Standard
Deviation

4.03

4.22

4.02

2.36

5.64

8.42

6.90

9.69

4.67

1.97

95% Confidence
In te rva l

From

—

12.00

3.85

15.57

13.52

3.26

6.63

25.03

-0.49

18.93

15.21

To

25.27

17.74

28.81

21.28

21.81

34.34

47.73

31.40

34.29

21.69

Is
Effectiveness
Significantly

Different
from Zero?

Yes

Yes

Yes

Yes

Yes

Yes

Yes

No

Yes

Yes

Part ia l Effectiveness

Effec-
t ive-
ness

14.61

8.03

11.26

11.71

1.46

7.51

25.56

12.55

16.38

11.38

Standard
Deviation

2.70

3.42

3.88

1.92

5.37

7.74

6.83

8.88

4.44

1.67

95% Confidence
Interval

From

9.83

2.41

4.37

8.55

-7.37

-5.22

14.32

-2.06

9.08

8.63

To

19.38

13.66

17.64

14.87

10.28

20.25

36.80

27.16

23.68

14.13

Is
Effectiveness
Significantly

Different
from Zero?

Yes

Yes

Yes

Yes

No

No

Yes

No

Yes

Yes

Weighted mean, using the inverse of the variance of each year as a weighting factor.
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The variance of values of E. . and E, .> obtained after controlling

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

'E(Full) 23 13. 21. m 2l ri22 m
and

'(Partial)

These aquations are based on the assumption that the m.. m /m m } term is

close to 1, with a relatively small error.

n

Having derived a » 95 percent confidence intervals were computed as follows.
E

Lower Limit = E - 1.64a
E

Upper Limit = E + 1.64a

E

Furthermore, separate tests of the hypothesis that the obtained level of effec-

tiveness is 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:

t = E " °
s.e.E

where E represents a given effectiveness value. A one-tailed 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 freedom) exceeded

120 by a considerable margin.
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By way of summary, the following conclusions can be 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 satisfying the side marker lanvn
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 Effectiveness. 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 1.2 and 16 percent, respectively, were obtained when
only one of the vehicles involved in a potential reduced
light angle collision situation was equipped with side
marker lamps. No significant partial effectiveness was
found for the New York 1974 sample.

As expected, these partial effectiveness values were in
almost all cases between one-fifth to two-thirds 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 exposure risk.

-*• Impact of Adjustment of Data. Overall, the net impact
of adjusting smoothed cell counts was to increase
effectiveness values by roughly 1 to 3 percentage points,
and to slightly reduce the variability 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 points,

/t* Impact of Controlling for Exposure Risk. In the case of
North Carolina, where the analysis of single vehicle
accidents revealed a significant over-representation of
Post-Standard vehicles driven during periods of reduced
lighting, full and partial effectiveness values were
uniformly increased by an average of roughly 13 and 7
percentage points as a result of controlling for exposure
risk. 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

•k

Weighted mean, using the inverse of the variance of each year as a weighting
factor,
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partial effectiveness values were decreased by 10 and
5 percentage points, respectively. Controlling for
exposure risk in the Texas samples, however, had no
appreciable impact on effectiveness values, since both
Pre~ and Post-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 Nation %

Using a weighted mean of the 1974 side marker lamp effectiveness values

for Texas, New York and North Carolina, it is possible (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 not representative of the nation at large. Furthermore, 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 basis for extrapolating to the nation for the simple reason that it is the

only year common to all three state data bases used in the analysis. During

1974, moreover, the numbers 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'j.

2. Three-state 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 (r.'s).

3. Weighted means for Texas, New York and North Carolina
1974 effectiveness values were computed, after controlling
for differential exposure risk (E/T, ..... and E/T, , ....

* (Full) (Partial)



4. Based on the preceding information, extrapolated values
were derived for the number ol reduced H^ht angle col t U; ions:

- Expected if no vehicles had b«en

with side marker lamps [X,v, .]»
(Nona)

- Expected if all vehicles had side marker lamps

- Actually prevented by FMVSS 108 [S( A c t u a l)]•

~ Potentially prevented by FMVSS 108 at full

implementation [S ( P o t e n t l a l )1•

Since available estimates of the total number of motor vehicle accidents

in 1974 vary considerably, accident statistics 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.

TABLF 3-35

ESTIMATION OF THE NUMBER OF REDUCED LIGHTING ANGLE COLLISIONS
NATIONWIDE IN 1974, RASED UPON DATA FROM 13 STATES

State

(1974)

California

Illinois

Michigan

Missouri

New Hampshire

New Mexico

New York

North Carolina

Oregon

Tennessee

Texas

Virginia

Washington

13-State
Total

Nationwide
Total

Number Of
Reported
Accidents

496,577

486,812

296,936

30,406

18,520

39,741

377,818

121,568

45,476

10,302

434,194

144,537

106,242

2,609,129

5,798,064

Angle Collisions Occurring During
Periods of Reduced Lighting

Percent

9.89' a

6.38

5.98

1.98

13.81

S.97

6.62

5.46

7.44

6.94

5.98

5.10

7 .30

6.91

6.91

Number

49,132

31,085

17,745

600

2,558

2,371

25,014

6,633

3,384

714

2b,968

7,366

7,761

180,331

400,736

Number
of b

Fatalities

4,019

2,007

1,875

1,042

166

540

2,620

1,580

670

1,285

3,046

1,050

759

20,659

46,200

Number of
Motor Vehicle
Registrations

15,684,399

6,174,102

5,400,904

2,825,461

490,303

763,452

7,457,802

3,569,769

1,579,736

2,568,381

8,053,269

3,171,744

2,444,446

58,183,768

129,893,311

a. Numbers in italics are estimates derived from reports of state authorities.

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

c. Source: Bighuay Statietioa 1974, U.S. Department of Transportation,

Federal Highway Administration.
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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:

V
(None)

^ ( P a r t i a l ) ' 1 0 0 1

(All)
= N

1 I (Full) 7.
2 1

'(Actual) (None)

S(Potential) X(None)

Using the notation depicted in Figure 3-6, r. =

/100]

n2i

\

/
+ r..

n21 + n22 + n23

LIGHT
CONDITION ;

(i) *

Daylight

Reduced
L Li9ht

(1)

(2)

Pre with Pre

(1)

rn

n21

VEHICLE
CONFIGURATION

Pre with Post

(2)

Post with Post

(3)

n13

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 (N1 = 400,736). Values for r can be found in Table 3-36, whereas values

f ° r E(Full) a n d E(Partial) a r e c o n t a i n e d l n 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 wore roughly thu same, approximately

64,000 reduced light angle collisions waro actually prevented by tho M hlt> marker

lamp requirement of FMVSS 108. At this time, had tho Standard been fully Imple-

mented—i.e., had all vehicles driven been equipped with aide marker tamps—it is

estimated that almost twice as many reduced light angle collisions (-103,000)wonj.d

have been prevented. These extrapolations of both the actual and potential num-

bers of accidents prevented 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)

Vehicle
Configuration

(j)

Pre with Pre (1)

Pre with Post (2)

Post with Post (3)

Texas

n2j

966

2657

1882

0.18

0.48

0.34

New York

n2j

715

2378

1814

0.15

0.48

0.37

North Carolina

233

619

461

r.
J

0.18

0.47

0.35

All Three States

n2j

(Pooled)

1914

5654

4157

r.
J

0.17

0.48

0.35

TABLE 3-37

SUMMARY OF 1974 SIDE MARKER LAMP EFFECTIVENESS
VALUES USED FOR EXTRAPOLATIONS

State

(1974)

Texas

New York

North Carolina

All Three States

22

12

36

22

Effectiveness

Full

E

.19

.54

.38

.14

s.d.

4.0?

5.64

6.90

2.96

Values Corrected for Bias

Partial

E

11.26

1.46

25.56

10.99

s.d.

3.88

5.37

6.83

2.86

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

TABLE 3-38

ESTIMATED NUMBER OF REDUCED LIGHT ANGLE COLLISIONS ACTUALI Y AND
POTENTIALLY PREVENTED NATIONWIDE IN 1974 BY SIDE MARKER LAMPS

Expected Number
of Reduced Light
Angle Collisions
If No Vehicles Had
SidT Marker Lamps

464,369

Actual Number
of

• Reduced Light
Angle Collisions

400,736

Expected Number
of Reduced Light
Angle Collisions

If A11_ Vehicles Had
sTcTe Marker Lamps

361,558

Estimated
Actual Number of

Reduced Light
Angle Collisions
Prevented By
FMVSS 108

63,633

Potential Number of
Reduced Light

Angle Collisions
Prevented By

FMVSS 108 at Full
Implementation

102,811

3-59



APPFNMX A
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TABLF A-l

FULLY CROSS-CLASSIFIKD 'TABLE OF
TFXAS 1P7? RAW DATA

DHVAGE2 N O A O T Y P E
A H

15-2« CITY

U3-3UTE

UTHEN

2 5 - 5 a C I T Y

US-STATE

UTHEK

55 • CITY

US-STATE

U T H E N

UGHTINUI
L I

DAYLIGHT!
REDUCED I

J
OAYtlGHTt
REDUCED I

T

DAYLIGHT!
REDUCED I

OAYLiUHTI
REDUCED I

HAVLIGHT I
HEDUCfcO I

OAYLIUHTI
REDUCED I

OAYLIfciHTl
HtOUCED I

DAYLISHTI
REDUCED I

DAVLIGHTI
RfcUOCEO I

STATUS (3)
HWE-HHE

3319
b3a

291

id8£
101

3(J1?
bin

bbb
29S

370
1 10

1306
1«S

576

aa

PHE-PUST

3996
7H8

a9«

392
146

O3Q3
758

3B6

17ft

16"

696
105

215

HOaTPOST

1039
267

35b

176

as
1829
300

580
130

277

63

2H6
31

80
10

•f-'DH A N A L Y S I S , 0 , 0 0 1 IS ADDED TO EACH CELL ABOVE

1>E TOTAL M £ Q u £ N C Y 13 3 « 0 1 1

A™]



TAIM.F A-?
FULLY CROSS-CLASSIFIFD TARLF OF TFXAS 1973 RAW DATA

i A T

i-Alfc 15-24 n-e

3-4

5-7

25-54 0-J

3-1

5-7

5 5 * 0-2

3-4

5-7

K(J«!) 1 YHl
h

C IT V

U S - S I A l t

UTHEK

cnv

US-SK1F.

U 1 MIK

en*

U S - S T A T E

OTHEh

C I T V

U S - S I * 1 E

UlMEn

cm

US-SI ATE

UTHf h

cm

U S - S T A I L

UTht h

CITY

US-STATF

OTHEh

CITY

US-SIATK

Q T H E M

CITY

U S - S T A H

U T M E K

I I P H1 I N G I
I I

C A V L I U H l 1

Htructi) i

0 A Y L I li H 7 I

R E D L C E P I

tlAVL iliMT I

REnuchl) I

11A V L I G H T 1

fctdUCEO I

D A V L I b H T l

htnuctn i

MtDUCEP T

DAYLIGHT)

htDUCtD I

DAVLIGHTI

DAYLIGHTI
•< t P u c E n I

- - - - I -

DAYLIGHTI
kEL'UCfcD !

CAYLItiHTI

HEOUCEP I

OAYLIGHTI

KtPur.tr i

OAYLIGHTI
fitDUCEP I

C A Y L I G H T I

HtDUCED I

OAYLIGHTI

(<tt)UCtO I

CAYLIGHTI
RfcDUCtt) I

OAVLIGH^I

RtDUCtD I

CAVLIGHTI

H£DUCL[ I
- - - - - - - - - I -

DAYLIGHT1
WEDUCtD I

DAYLIGHTI
HE.DUCEP I

H A Y L I G H T I
REDUCED I

OAYLI&HTI

HLCUCEO I

DAVLltiHfl
WfcCUCtP 1

nAVuTGHTI

RtDUCEP 1

DAYLIGHTI
HtRUCEP I

r A Y L I b H T I
t-EDUCET I

RAYLIliHTI

DEDUCED I

' • • •' 1

STATUS (5

PWt-P^E

b?0

15c;

1S<<
59

fet>
1 B

b i b
173

Ibc!
79

7(1
?«

57
33

?9
2b

9
9

lit)

179
57

Bd

420
167

190
P7

7b

rs

3U
27

29

2b

lb

7

£«3
13

115
19

32
5

190
22

hB

1 7

32
2

17
4

1 1
b

2

1

)
PkF-PUST

109?

279
B9

132
« 1

flb7
257

112

1 17
57

1 19
b?

in

en
lit

12*15
250

418
1 Ik

172
36

915

2M0

376
1«5

113
62

1CU
ST

91

15

:n
lb

510
60

211
24

b7

357
36

17"

£U

lib
9

2fl

e
37

14
1

POSTPP.ST

54C

in

136

55

66
22

147

167
6C

57
35

5fi
17

36

IS

17
10

7B3
153

256
bfc

123

!«

523

ias

26;
93

9C
42

73
?1

44

21

17

IC

245
17

99
14

47
5

179

23

Bfi

1 1

29
6

16

a
16
3

7

0

A-2



TABLE A-2 (Continued)

UK V Abt 1
A T

N l l A I > | Y t ' [ L l t H T l N G l S T A T U S (.'

ti L 1 P » I - p H t Pkf-PUSl

0-2 C-1 I Y UAVLIGHTI
Hinuctl) I

I
U S - 9 1 A 1 £ DAYLIGHT!

HtOUCtD I

T
U T H E H DAVUIGH-JI

REDUCED I

37

70
ti

120

31

19

119

22

6 0'

15

CITY D A v L I G H r t
NEDUCk-0 I

I
US-STAIfc DAYUIGHTI

NtnuctP i
I

UTHEh DAYU IGM T I
&EOUCt.O I

h7

97

Ib9

33

75

IK

307
(19

106

56
9

5-7 C U V CAYLIC.HU 21 57 43
"EDUCED 1 3 9 9

I
uS->9TATE D A Y U I G n r i Ib 39 17

HtOUCfcD I b A 4
r

U T h E K DAY I. [ I , H i t d I S 7

I 0 8 J

25-5J c i r v

u3«3TArE

HfcCUCbD I
I

REDUCED I
1

OAVL IG^T I
"kOUCtD I

bOb
'4(1

1 7

1C8«
107

31?
a?

129
19

C I TV D A Y L I G H T !
MtDi jCEP r

I
u3»3TAfE OAYLIbHTT

I
l)THEH GAYUIG^TT

REOUCEO I

103
?A

SO
1 1

790

101

275
17

1 31
20

720
73

1 8C

20

93

11

U35

178
27

95

1 1

C11Y H A V L I G H T I
HfcOuCtD I

I
0 3 - 3 1 A l t D A Y L I U M 1 I

S E D U C E D t

t
IJThEM DAYUIGHTI

R10 U C k 0 I
. . . . . . . . . . . . . . . . . . J .

'10
a

1 J

87

i9
17

•57

11

33
8

!9

0-2 CITY Q4YLIGHTI IHO 181
W E P U C £ O I II 3 2

I

US-STAT£OAYLIGHTt 70 134
"(ECUCtt) I 15 10

I

U T H E X CAYLIGHTI 21 31

"ECOCfcO I 0 2

11

18

2

3-1 CITY 0 A Y LIG H TI

«ECUCtD I
I

uS-SlAlt CAYUIGHTI
REDUCED I

t

UTHEH OAVLIGHTt
«E''UCED I

220

20

as

7

1 1 7
12

19

0

5-7 CITY DAYLIGHT!

SEDUCED t
I

u 3 - 3 I A T E C A V L I fa H T I
^ECUCtO I

I
OTHFH CAYUIGHTI

w t n u c t o r

10

u
13
2

16
3

19

1

1C
3

A N A L Y S I S , <".C01 Ib A O U E U in fc'ACH Ct LL A B U V E

THE T O U i , F W t U u E N C V 13 i<!2^5

A-3



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

DHVAGt2 MAfcTAO
A T

iw* «,-*

3-1

5-7

2&-31 0-2

3-1

S-7

N U A D T Y P L
K

CITY

U.-STAU

UIHtW

CITY

ih-STATt

O T H t W

C I T Y

LS-iTATt

OTHE.H

C I T Y

1. b-STATE

CTHtK

CITY

l.'5-STATfc

DTHEM

C I T Y

16-STATt

t I

DAYUGHT1
HEDUCEU I

HEDUCED I

KtUULf- D I

DAYLIHHTI
hEOUCEQ I

DAYLIGHT!
H E U U C L U I

T

UAYLJl.HTI
wEUUCf-D I

DAYLir.hTI
M F U U L E D I

HEUbCED I

UAYLJfiHTI
K E D U L E U I

OAYLIGHTI
KEUULEU I

DAYLl^HTI
KEUULtO I

DAYL1&HTI
HEUUCED I

DAYL1GHU
hEUUCtD I

CAYLIbHTI
N E U U C F D I

OAYLlGhTI
KEDUCEO I

UAYL1GHTI
HEUUCEU I

UAYLIGHTI
HEDUCFU I

STATUS (b)
PKt-Prtfc

111

" 5
11

133

7C

25

39

Ic
13

1C

lie

'i9

fc?
It

185

lbl

IS

13

17

f

"•kt »pns

303

12b
ISO

197

333

170

M

111
67

61
35

22

?317

bO3
lib

239
61

1 3f>3

198
119

207
69

13«

96
38

13

T P0STPUS7

S17?

397

15b
IP

Itl
1 12

BO
15

27

28

1806

ICC

P50

1212

106

11

72
27

£1

A-4



TABLE A-.l (Continued)

CWVAGta MAX TAT HUAlitYPL
A 1 W

5b + o»* C H Y

1 S-bTATt

J-t CITY

16-STATL

CTHfcB

b-f CITY

Ut>-STATt

DTHt 1?

U I

u A Y L i r; h T i
HEuULCtJ I

UAVLII;HTI

H t U U I K U 1

U A Y L I G H T I
H E D U C F U I

I
OAYI-inMTl

D A Y L i S H T I

D d V L l C h T X

I
U A Y L 1 C H T I
H E U U C K U I

T

DAYLiGHTl

KFDUCEU 1

STATUS (b)
PKt.-FKE y

7

3C

as?

ice
n
£7
c

c

13
P

3

r

B5b

30«

13

578
70

52

85
15

hi

fcO
8

17

T POSTPUST

SH
Mil

IP

b?
h

u 0 3
17

Ir
38

1"
5

1 1

**ff)M A N A L Y S I S ,

THt 1 r- r A L

C.0C1 Ib APUtU TO tACH CULL ABHVf-

A-5



TARL.E

FULLY CRnsS-CLASSIFIFD TARLR HF NFW YORK 1^74 RAW OATA

M J M T O H E O KOAOTYPE DKVAGE2
T K A

NUNfc STATE 15-21

25-31

35-51

55 •

COUNTY 15-21

35-51

55 •

T O . N 15-21

2,-31

35-51

55 •

CITY ST.R 15-21

25-31

35-51

55 •

LlbHTlNf.i

L I

DAYLIGHTI

KEDUCED I

OAYLIGHTI
HEUUCED 1

DAYLIGHT!
HEDUCED I

DAYLIGHTI
HEUUCEU I

UAYLIGHTI
hEDUCED I

DAYLJGHTJ
KEDUCEU I

UAYLIGHTI
HEDULED I

DAYLIGHTI
KtDUCEI) I

DAYLIGHTI
KEUUCEt) 1

UAYLIGHTI
HEUUUU 3

&AYL1GHTI
KEUUCEQ I

DAYLIGHTI
KEDUCED 1

DAYHGhTI
KEDUCED I

UAYLIGHTI
kEDUCED I

DAYLIGHTI

DAYLIGHTI
HEUUtEU I

' • " ! • "

STATUS (5)

PKfc-PRE

37

17

52

12

16

ec
e

11

2C

fcC
12

7

5C

27

138

6<5

113
57

137

71

111
31

PRE-POST

26S
111

161
66

75

IAS
38

56

73

no
27

60

16S
53

105
£1

151

66
13

376
232

179

aei
231

318
S6

POSTPUST

201

82

52

31

IP

131

8?

103
31

bU

22

131
27

61
11

317

131

151

137
150

A-6



TABLE A-4 (continued)

N U H l D w E U N O A O T Y P E D K V A G t p
T K A

ONE D M Y suit I ;>•<;«

35-5«

5b •

COUNTY lb-2«

25-3«

35-5*

5 b •

1Ot»N 15-21

?5*34

35-5"

5b •

C I T Y S7R 15-20

3 b - S «

55 •

L 1

UAYLiKHT1
HEUUCtU I

I
U A Y I. J fi h T I
NEUUCf-D J

UAYLlfehTi
HEULJCfU 1

DAYLlfcHTI
HEUUttU J

OAYLlfiHTI
HEDUCEU I

UAYL1GHTI
KEUUCED I

LJAYUIGHTI
KEUUCEU I

UAYL16HTI
KEUUCEt) 1

Mr •.M.VMBHillllKi Ji W

UAYL1GHTI
KEUUCEO I

I
D A Y l 1 G H T 1

H t U U C E U I
i

DAYLIGHT]
HEUUCEO I

UAYLltHTI
HEDUCED 1

"~ nm m nrni m flm r» JT i^

UAYLJGHTJ
hEUUCEO I

I
U A Y L I G M T l
HEOUUED I

I
DAYU1GHT1
HEOUCFD I

UAYLIfiHTI
tiEOUCEt) I

..,..,..,.,„ ..3.,

STATUS tS)
PHE-PHE

35
2)

1"
11

2S
1C

21
<i

2C
1"

12
S

13
(i

1C

26
7

7
1

15
1 1

<J
?

<I3
23

£3
11

31
13

37
3

PRE-POST

1S5
hi

76
«b

10b

97
3fe

ao
23

36
11

52
?7

<ie
10

6<)

21

50
13

63
25

27
B

l«b
93

1«5
72

Ifeb
96

1«4
30

PgSTPLST

l ir
58

75
36

«f

91
2b

to
20

i<9
16

5«
Iti

35

53
IP

«3
1 1

SB
IP

£3

12B
67

1 U9

sa
151
59

123
29

A - 7



TABLE A-4 (Concluded)

NUMTCJWED HOAOTYPE DHVAGE2
T H A

BOTH S T A U 15-21

25-3«

35-b«

5b •

COUNTY 15-2<J

2b-3<J

35-54

55 +

TOWN I W l

25-34

3b-5«

55 ••

CITV STR 15-21

25-34

35»54

55 +

LlbHTINfU
L I

UAYUK.HT1

HtUUCEU I

HEUUCfcf J

UAYLIGHTI
KEDUCEU I

T

•OAYLiGHTl
HEUUCBU I

DAYL1KHTI
HEUUCED 1

DAYLlGhTl
HEUUUD 1

UAYLiGHTj
KEi/UCED I

UAYLIGHTI
HEUUCtD I

UAYL1SHT1
HEDUCED I

OAYL1GHTI
KEUOCELi I

I
UAYLIGHTI
KEOUCEU I

UAYU1GHTI
HEUUCED 1

... .. .. n n-. . j ..

UAYLIGHTI
KEUUCED I

DAYL1GHTI
HEUUCEO I

DAYL1GHTI
HEUUCtO 1

DAYL1GHTI
HEOUCF-D I

STATUS Cb)
PRE-PNE

32
25

19
13

23
£2

32
3

e

6
c

13
1

13
1

16
12

7
4

K
6

13
U

16
21

17
1"

22

e
£1
j

PHE-PDST

9b
Hb

50
3£

100
56

75
22

56
23

27
lb

10
19

27
9

53
26

24
15

at
16

27
fa

flO
60

61
42

Hb
50

72
16

POSTPOS1

72
5P

68
32

105
40

87
25

36
21

£1

03

e
29
?

44
11

25

e
33
9

25
7

60
32

91
40

76

6?
13

*«F0R ANALYSIS, 0.001 IS ADDED TO EACH CELL ABOVE

THE T01AL FREQUENCY IS 17566

A-8



TARI.r A-ri

FULLY CROSS-CLASSIFIED TARLF OF NORTH CAROLINA 1<?73 RAW DATA

MAX0*l14b CIIY&IZE D M V A G t. ?
O C A

&O-SUV Li 50* 15-25

2b-55

5b •

50K • 15-25

2b-55

5b +

9350-B9SI LT 5(JK 15-25

21J-55

5b •

50K • 15-25

26-55

5b +

$900 • LT 5ux 15-25

26-55

5b •

bOK + 15-25

26-55

5b +

L I

DAYLIGHT!
rtEUUCED I

UAYLIGHT1
HEDUCED I

DAYLIGHTI
HEDUCED I

DAYLIGHTI
HEDUCED 1

1
DAYLIGHT!
K E D U L E U I

DAYLIGHTI

DAYLIGHT!
HEDUCED I

DAYLIGHTI
NEUUXED I

DAYLIGHTI
HEDUCEO I

UAYLIGHTI
HEDUCED I

DAYLIGHT!
HEUUCEU I

UAYL1GHTI
REDUCED 1

DAYLIGHTI
KiEUUCED I

DAYLIGHTI
HEDUCED I

DAYLIGHTI
KEDUCED 1

DAYLIGHTI
HEDUCED I

DAYLIGHTI
HEDUCED 1

DAYLIGHTI
HEDUCED I

STATUS (S)
PKt-r'Kt-

37

3 P.

it

5b
K

fee
17

5

128
16

176
19

61
12

;;

63
11

16

30
13

29
8

Ifc

e

18

5
2

PHE-PQST

199
55

271
57

115
.16

32

120

59
10

*%\

7b

113
29

lie
12

175
31

50
9

120
37

35

70
1 1

20

61
19

23
b

POSTPDST

86
22

127
25

3

52
15

103
26

23
b

144
51

191
21

60

79
2P

123
S5

33

e?
22

111
20

b

38
22

57
19

10
0

••FOK ANALYSIS, 0,001 IS ADDED TO EACH CELL ABOVE

THE TOTAL FREQUENCY IS

A~9



TABLE A-6

FULLY CROSS-CLASSIFIED TARI.F OF NORTH CAROLINA RAW DATA

X n

.ALL UA-B1.U

CITY 3TR

kUKAt KD

F£MALt US-S1ME

C I 1 Y Sift

M U K A), HC

D K V A G t ?
A

15-25

2b-55

5b •

1W5

2b-55

5b •

15-25

86-55

5b +

15-25

2b-55

5b t

1W5

2b-i>5

5b +

iwa

5b •

L I b H 1 I N f; 1
L I

KEDULLD 1

DAYLIGHTI
KEUUCtD I

DAYLlGhTl
HEDUCED I

DAYLIGHTI
HEDUCED 1

DAYLIGHTI
HEDUCED 1

DAYLIGHTI
KEDUCEU I

DAYLIGHTI
HEDUCED I

UAYUGHT1
KEUUCEL* I

DAYLIGHTI
HEDUCfcD I

UAYLIGHT1
KEDUIED I

X
DAYLIGHTI
HEDUCED 1

O A Y U G H T I

KEUUCED I

DAYLIGHTI
HEDuCED I

UAYUGHTI
HEUUCEU 1

DAYLIGHT!
HEDUCED I

DAYLIGHTI
HEUUCEO I

DAYLIGHTI
KEDUCED I

I
DAYLIGHTI
HEDUCED I

S T A T U S (S)

3"5

IP

21

23
7

l "

14a
33

8C
15

IP

2C
1C

1C

lh

6

15
C

8fi

79
23

52
c

7

11
3

c

1

35

75

a

135

III
200

70
35

67

lb

lb
2

60
23

16

2a

53

40

156
15

a7
/

61
10

a

T PUSTPQST

52
35

38

38
8

28C
78

337
97

£1

P

an
12

1 1

59

7a
12

2fc

221

276
M

106

3a

3?
a

11
l

*«FOH ANALYSIS, C.001 IS ADUEU TO EACH CELL ABOVE

lHt TOTAU FREQUENCY IS 6a86

A-10



TABLE A-7

FULLY CROSS-CLASSIFIED TARLF OF NORTH CAROLINA 1975 RAW DATA

ACCSF-V W 0 A D 1 Y P E DKVAGtl
1 « A

K+A+R+C oS-STATE 15-25

2b-55

5b +

CITY S7k 15-25

26-55

5b +

KlxAL HO 15-25

ib-bb

5b +

KQ^fc u^-SlATE 15-25

ge-bb

5b +

CITY SIS 15.25

?b-55

56 t

RUKAL HO 15-25

2b-55

5 o •*•

L i u H n N G i
L I

U A Y L 1 G H U
HEDUCEU I

0AVL1GHTI
KEDUCEU I

HEDUCtU I

DAYL1GHT1
NEUULED I

OAYLlGhTl
HEUUCEO I

DAYLlGhTI
NEUUCF-U I

DAYL1GHTI
KEUUCtD 1

T

I
UAYLlfvhTI
k E U U C F U I

1-

U A Y L i G H T I
r< E L) U C b U I

D A Y L l G h T I
H E D U C E D 1

U A Y L I G H T I
R E D U C E D I

U A Y L I G H T I
REDUCED I

UAYLIGHTI
KEDUCED I

DAYLlGhTI
HEOUCCO I

DAYLl&HTI
HEUUCEO I

UAVL1BMTI
KEUUCtD I

UAYLIGHTI
N E D U C E U I

STATUS tSl
PKE-PkF

IP
8

7

15
C

tl
71
21

37
U

7
2

P

1

31
IC

26

IB
5

102
21

121
21

73
U

27
1

£3

e

7
2

HRE-POST

71
21

10b
26

26
4

211

277
77

140
16

45

3 7
10

11
1

112

122
31

55
7

409
105

466
91

226
16

87

ia

82
13

27
3

PUSTPDS7

53
19

90
iu

32
5

76

327
52

11
19
5

39
11

6
C

101
38

29

4C
7

395
130

517
120

20

67
15

62

22
2

* « F D K A N A L Y S I S , 0 , 0 0 1 IS A D D E D TO E A C H C E L L A B O V E

T « t T O T A L F R E Q U E N C Y IS h<)7<)

A-11



Apppmiy p

SUMMARY OF TME MARGINAL ASSOCIATION

OF MODEL EFFECTS



TABLE B-l

SUMMARY OF TESTS OF MARGINAL ASSOCIATIONS OF MODEL EFFECTS
TEXAS 1972-1974 SAMPLE

Effect1

Veh Mix x Light Cond

Veh Mix x Road Type

Veh Mix x Dr Age

Veh Mix x Dr Sex

Veh Mix x Max TAD

Light Cond x Road Type

Light Cond x Dr Age

Light Cond x Max TAD

Light Cond x Dr Sex

Road Type x Dr Age

Road Type x Max TAD

Road Type x Dr Sex

Max TAD x Dr Age

Max TAD x Dr Sex

Dr Age x Dr Sex

Veh Mix x Dr Age x Dr Sex

Veh Mix x Light Cond x Max TAD

Light Cond x Max TAD x Dr Age

Light Cond x Max TAD x Dr Sex

Light Cond x Dr Age x Dr Sex

Light Cond x Road Type x Or Age

Road Type x Dr Age x Dr Sex

Max TAD x Dr Age x Or Sex

SUMMARY OF MODEL.

Texas 1972

LR x2

36.28

24.54

76.26

-

-

134.56

405.35

-

-

126.87

• •

-

-

-

-

-

-

-

-

-

-

-

-

36.20

df

2

4

4

-

-

2

2

-

-

4

-

-

-

-

-

-

-

-

-

-

-

-

-

28

Prob.

0.000

0.000

0.000

-

-

0.000

0.000

-

-

0.000

-

-

-

-

-

-

-

-

-

-

-

-

-

0.138

Texas 1973

LR x2

17.15

30.61

108.97*

73.59*

-

123.57

349.91*

271.82*

512.37*

73.42*

338.29

66.25*

56.42*

52.66*

99.15*

19.28

-

10.60

8.38

21.54

-

13.35

9.76

260.81

df

2

4

4

2

-

2

2

2

1

4

4

2

4

2

2

4

-

4

2

2

-

4

4

256

Prob.

0.000

0.000

0.000

0.000

-

0.000

0.000

n.ooo

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.001

-

0.032

0.015

0.000

-

0.010

0.045

0,405

Texas 1974

LR x2

22.12*

49.90

133.23

-

19.87*

114.06*

391.95*

265.06*

-

39.79*

•247.97

-

18.47

-

-

-

9.40

-

-

-

9.18

-

-

125.97

df

2

4

4

-

4

2

2

2

-

4

4

-

4

-

-

-

4

-

-

-

4

-

-

112

Prob.

0.000

0.000

0.000

-

0.000

0.000

0.000

0.000

-

0.000

0.000

-

0.001

-

-

-

0.052

-

-

-

0.057

-

-

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.

Effect is specified directly in the model.

B-J.



TARLF R-2

SUMMARY OF TESTS OF MARGINAL ASSOCIATIONS OF MOOFL EFFFCTS
NEW YORK 1974 SAMPLE

Effect ̂

Vehicle Mix x Light Condition

Vehicle Mix x Dr Age

Vehicle Mix x Road Type

Vehicle Mix x Towaways

Light Condition x Dr Age

Light Condition x Road Type

Light Condition x Towaways

Dr Age x Road Type

Dr Age x Towaways

Road Type x Towaways

Vehicle Mix x Dr Age x Towaways

Vehicle Mix x Road Type x Towaways

Light Condition x Dr Age x Road Type

Light Condition x Dr Age x Towaways

Light Condition x Road Type x Towawa'ys

Dr Age x Road Type x Towaways

SUMMARY OF MODEL

New York 1974

LR 2

X

37.04

38.98*

52.40*

13.04*

210.91*

71.75*

44.86*

135.81*

15.79*

260.51*

21.65

40.63

13.99

13.83

21.10

25.80

172.60

df

2

6

6

4

3

3

2

9

6

6

12

12

9

6

6

18

166

Prob.

0.000

0.000

0.000

0.011

0.000

0.000

0.000

0.000

0.015

0.000

0.042

0.000

0.123

0.032

0.002

0.104

0.347

Driver Age refers to drivers of struck vehicles.

Effect is specified directly in the model.
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TABLE B-3

SUMMARY OF TESTS OF MARGINAL ASSOCIATIONS OF MODEL
NORTH CAROLINA 1973-1975 SAMPLE

Effect

Veh Mix x Light Cond

Veh Mix x Dr Age

Veh Mix x City Size

Veh Mix x Damage

Veh Mix x Road Type

Veh Mix x Dr Sex

Veh Mix x Severity

Light Cond x Dr Age

Light Cond x City Size

Light Cond x Damage

Light Cond x Road Type

Light Cond x Dr Sex

Light Cond x Severity

Dr Age x City Size

Dr Age x Damage :

,Dr Age x Road Type

,Dr Age x Dr Sex

City Size x Damage

Road Type x Dr Sex

Road Type x Severity

Light; Cond x Dr Age x Damage

Light Cond x Road Type x Dr Sex

Light Cond x Road Type x Severity

Veh Mix x Light Cond x Road Type

Veh Mix x Light Cond x Dr Sex

Veh Mix x Road Type x Or Sex

Veh Mix x Light Cond x Severity

Dr Aga x Road Type x Dr Sex

Veh Mix x Light Cond x Road Type
x Dr Sex

SUMMARY OF MODEL

North Carolina 1973

LR x2

1.96

20.72

41.76

147.83

-

-

-

57.53*

4.36

3.71*

-

-

-

16.14

6.27*

-

-

9.30

-

-

12.11

-

-

-

-

-

-

-

-

68.11

df

2

4

2

4

-

-

-

2

1

2

-

-

-

2

4

-

-

2

-

-

4

-

-

-

-

-

-

-

-

70

Prob.

0.376

0.000

0.000

0.000

-

-

-

0.000

0.037

0.156

-

-

-

0.000

0.180

-

-

0.010

-

-

0.016

-

-

-

-

-

-

-

-

0.542

North Carolina 1974

LR x2

4.46*

21.77

-

-

9.72*

14.60*

-

70.30

-

-

14.88*

65.30*

-

-

-

19.18*

0.25*

-

16.78*

-

-

0.44*

-

10.81*

4.46*

6.32*

-

10.29

20.74

49.49

df

2

4

-

-

4

2

-

2

-

-

2

1

-

-

-

4

2

2

-

-

2

-

4

2

4

-

4

4

54

Prob.

0.107

0.000

-

-

0.045

0.001

-

0.000

-

-

0.001

0.000

-

-

-

0.001

0.883

-

0.000

-

-

0.803

-

0.029

0.108

0.177

-

0.036

0.000

0.649

North Carolina 1975

LR x2

1 0.49*

22.83

-

-

13.39

-

3.16*

126.72

-

-

6.66*

-

9.22*

-

-

19.01

-

-

-

16.29*

-

-

6.81

-

-

-

7.85

-

-

73.24

df

2

4

-

-

4

-

2

2

-

-

2

-

1

-

-

4

-

-

-

2

-

-

2

-

-

-

2

-

-

72

Prob.

0.782

0.000

-

-

0.010

-

0.206

0.000

-

-

0.036

-

0.002

-

-

0.001

-

-

-

0.000

-

-

0.033

-

-

0.020

-

-

0.437

For the North Carolina 1973 and 1975 models, driver characteristics
striking vehicles,respectively. For the North Carolina 1974 model,
while Sex refers to drivers of striking vehicles.
Effect is specified directly in the model.

refer to the drivers of the struck and
Age refers to drivers of struck vehicles,

B-3
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TABLK O l
SUMMARY OF FMVSS 108 EKI-ECTlVrNTSS STUDY USING

TEXAS 1972 DATA (OBSERVED, NOT ADJUSTED)
Total Cases = 34,011

LIGHT

OAYLIttHT
RfcDUCtO L IGHT

COLUMN tOTALS

I) I 8 F H

P»E WITH

N I

9S?7 1
? Jf .1 1

I I 8 8 B 1

I B

PHE

X

P 8 . 0

3 5 . 0

U

1

1

1
1

1

T I 0 N

OPC8T MIX

PHE H T H

N 1

1313d 1
2781 1

15917 1

0 f A N 6 L

OF VEHICLES IN

P08T |

X 1

3 6 , 6 |
8 .2 1

< t . S 1

I C 0

ACCIDENTS

POST WITH

N

91*7
1019

6206

1

1
1

1

POST

19
i

18

tt

.2

. 1

.2

1

1

1
1

1

L L I 8

ROW

N

27830
M81

31011

I 0 N

TOTALS

1

1 81
1 18

1 100

s

X

.8
,2

.0

L I S H T

C O N D I T I O N

DAYLIGHT
KfOUCfU UlUHT

0 1 V T H I B U T I O N D P M I N G L E
V E H I C L F A C C I O t N T S

PHe-.»T«NDAflO 1 POST-9T»NI1AHD 1 ROW TOTALS

N 1 1 1 N ( X 1 N I X

?6J>67 | it,h 1 1 9 9 8 9 I 1 8 , 0 I 4 2 2 7 2 I 4 7 . 6
2 9 0 2 3 I J 2 ( 7 1 I T 1 8 S I 1 9 . 7 1 0 6 5 1 1 | 9 2 . 1

COLUMN TUTAL8 1 5 3 3 1 0 | 6 ? , 3 1 3 3 1 7 1 1 3 7 , 7 1 6 8 7 8 3 I I O O . O

E F F r c T I V E N R a S V A L U t S ( P f H C E M T )

BfcFUHf. CONTNOLLINS fOH 81NRLF VEHICLE FXPOSU«F. I A?TER CONTROLLING FOR SINGLE VEHICLE EXPOSURE

t F F F C T I V E N E S S
I

I S T O , O E V , I

CONFIDfNCE INTERVAL I
I

EFFECTIVENESS

FHHH TO VALUE
. . * - . . I
I 8 T D . D E V , I

» C O N F I D E N C E I N T E R V A L

F B O H | TO

PARTIAL
1,3? 13.38

10,21
21,3«
18,9«

17.36
13.79

4.09

2,93

10,63

8,9ft
I

18. M

Ol



TABLE C-2

SUMMARY OF FMVSS 108 EFFECTIVENESS STUDY USING
TEXAS 1973 DATA (OBSERVED, NOT ADJUSTED)

Total Cases = 34,255

L1RHT

CONOITIU'i

DAYLIGHT
BfcllUCtO L18MT

COLUMN TOTALS

D I

PHh

N

a T

W I T H

1

1579 1

»1 59 1

H I

PRE

X

19,

Pi.

a

i
6

<J

U T

PRE-

1 P

1

1
1

1

I U N

P O S T MIX

RE MTH

N 1

13623 1

1 6 S M I

n r

OF

POST

*

39,
8.

18,

* N G L

VEHICLES IN

1

1

8 1
5 1

3 1

t C 0 L

ACCIDENTS

P(J3T W I T H

N

7 9 1 0
1 6 1 2

95?a

1

1
1

1

PQ8T

S

83,1

1

1

1
t

1

L I S

ROW

N

26155
ft»00

30259

I 0 N

TOTALS

1 %

1 IP.
1 17.

1 100.

8

e

0

CONDITION

DAYLIGHT

COLUMN TUTAL&

i
1

t

1

1
1

1

o I a if R I
V E H

PHK»3TANDARU

N | X

Will \l\:
0 8 3 3 1 1 S 3 S

I

\

a
c

I

I

!

i

U T I 0 N
If A c

D F
C I D

P08T-STAN0AR0

N

80303

<I??S3

1

1

1

X

Aft,8

f

1

1

!

i

8 I N
N T 8

HOW

N

mil
9J2B0

G L E

TOTALS

1

1

1

m

00

*

.3

.0

TYPt UF

NfeSS

PULL
PANTJAL

HtFUHfc CP NtrtOLLI

. EFFECTiVfcNEBS

V»Lt!K

10,19

1 SYO,

1 3
1 3

E F

(JEV.

e 3 Q
.10

F

i

1

1

1
1

e c

8 ING

<)5S

T 1 V E N E

LE VtHJCLt t

CONFIUENCE

FHDM I

I'M :

8 3

Jlf'OSUWE

INfFHVAL

TO

V A I

'

1

1

1
1

U F 3

SMEH CO

( P I

ULIN

EFFECTIVENESS

VALUE

"»!!«8

1

1
1

STD.

4
3

R C

13 F

DE

.13

.3*

e N T >

]« SINGLE VEHICLE EXPOSOHF

I

1
1

95X CONFIOENCF

FBUH

5,83

1

1
1

IMERVAl

TO

19,4]
15,01

C-2



TARLF C-3
SUMMARY OF FMVSS 108 EFFECTIVENESS STUDY USING

TEXAS 1974 DATA (OBSERVED, NOT ADJUSTED)
Total Cases = 30,545

LIGHT

DAVLI8HT
RkDUCt.0 L16HT

CULU«N T01M.H

D I 8

PRE Wl

N

3959
978

4933

T

IH

1

1
I

1

K I

PRE

*

' ! :

i t .

H

9

t

u 1 I 0 N

HHE-P05T MIX

1

1

1
1

1

PKF. *1TH

N 1

11713 I
«*?J 1

14368 1

0 F

OF

POST

It

3 8 ,

a .

• T .

A N K L

VEHICLES IN

1

1

4 1
7 1

0 1

E C u

ACCIDENTS

PO9T WITH

N

9 J 4 q

1900

Itjfl4

1

1
1

1

POST

SO
i

II

»*>

,a

.a

I

I

I
1

1

L L I S

ROW

N

J5014
5531

-30345

I 0 N

TOTALS

1

1 11
1 18

I mo

s

%

.9

. 1

. 0

1
LIGHT

C O N D I T I O N

O«VLIGHT
HEOHCetl L I U H T

D I t T R I B U T I Q N H F S I N O L E
V E H I C L E A C C I D E N T S

PHE-STANDARD 1 P 0 3 T - 9 T ANDAHO 1 HOW T(1TAL3

N | X 1 N | X 1 N | X

1 7 5 H 1 JO,"! 1 4 0 9 8 0 | 2" ! . 1 I 38 f l95 1 « t . O
?O«Jfl t iH,t 1 t«7«0 I 2 9 , 6 t « S | 7 » 1 5 1 , 0

COLUMN TUTALS 1 3 7 * 9 3 1 <»S,« 1 « 9 ? Z 0 | 3 1 . 6 t 83fcT3 1 1 0 0 . 0

UF

E F F E C T 1 V E N F 9 S V A L U E S ( P E R C E N T )

CC1NTM0LL1NG FOR SINGLE VEHICLE EKPUSURE I AFTER CONTROLLING fQH S I N 6 L E VEHICLE EVPCSURE

feFFECUVENESS t <)5« C O N F I D E N C E I N T E R V A L I
I . . . (

EFFECTIVENESS I 95* CONFIDENCE INTERVAL

I
V»LUE I 8TD, DFV. I FROM TO VALUE . DEV, I FROM TO

PAHTI»u

jr.77 i

8,12 I 3,8?
U.Bb
2,10 14.70

19
9

,4a
.38

1 4
1 3

.17

. 9 1
i ia
t a

. 6 2 1 S«>
1 1 5

,3(1
.93

C-3



TARLF. C-4
SUMMARY OF FMVSS 108 FFFFCTIVF.NESS STUDY USING

NEW YORK 1074 DATA (ORSFRVF.D, NOT ADJUSTED)
Total Cases = 17,566

LIUHT

CUNUITtUN

"toucto H B H T

COLUMN TOT«l.S

l> I 3

PNE HI

N

1606
M2

T H

TH

1

1
1

1

I

PRE

It

11.

B

I
1

i

U I 0 N

PHE-P08T

1

1

1
1

1

HHE hi

N

'5 V ft s

01«7

MIX

TH

1

1
1

1

0 F \ N G L

Of VEHICLES IN

POST

X

32,8
11.6

16,1

1

1

1
1

1

E C 0

ACCIDENTS

POST WITH

N

9210
lfiii

7 1 0 1

1

1
1

1

POST I

X 1

30.1 1
10,3 |

«0.« »

L L I

HOW

N

1165
die

1736

S I 0 N

TOTALS

1 «

9 1 78.
7 1 87.

t> (100.

3

1
0

LI6M!

OmiGMT
HEOUCFO LIGHT

COLUMN TOTALS

0 I B T
V 1

R I
: H

PHE»8TAN0AN|)

N 1

ST78 |
6805 |

10185 |

%

19.

3T,

I

q
i

i

B
C

1

1

1
1

1

U T I 0 N 0
L I A C C 1

P08T-STAN0A«0

N I I

16935 1 33,
13'?61 1 ?»,

30<">J 1 6?.

F
0

7

«

E

1

1

1

1

S I N
N T 8

ROW

N

26310

190H

G L E

TDTAL9

1

1 S3

1100

X

.6

.0

"feSS

E F F E C T I V E N E S S V A L U E S ( P g R C F N T l

tDNTMOLLINC FOS SINGLE VEH1CLF FXPOSUHfc I AFTER CDNTHOLLINS FOR SINGLE VEHTCLE EKPOSUHE

I t^t CUNFIOENCE INTERVAL I

s DEV, I KHOM | TO I

EFFECTIVENESS I 95X CONFIDENCE INTERVAL

VALUE I STO. OEV. I FHOM | tD

PAWT1AL f. ,611
<t. 06
1. ?«

I
U17

12, ao
ft. 50 5.12

I .91

C-4



TARI.F C-5
SUMMARY OF FMVSS 108 EFFECTIVENESS STUDY USING

NORTH CAROLINA 1973 DATA (OBSERVED. NOT An.HISTFD)
Total Cases - 6,249

LIGHT

CUNOITIU*

DAYLIGHT
BEOUCfcO LISHT

COLUMN TOTAL*

D I a T H

HRI< WITH

N

1 4 4 1

1

1
i

1

I a

PNE

X

18.)
4.8

21.1

(J 1r i o N

P H E - P 0 8 T MIX

1

1

1
1

t

PHE WITH

N t

8444 1
bib 1

3070 1

0 F

OF

POST

X

3 9 .
10 .

4 9 ,

MU

VEHICLES IN

1
0

1

1

1

1
1
1

I C 0 L

ACCIDENTS

POST WITH

N

1409
329

1 T 56

1

1
1

1

POST

X

Hi! . 5
5 .3

J»T,8

1

1

1
1

1

I I 8

ROW

N

135J

6249

I 0 N

T0TAL8

1

1 79
1 10

1100

8

X

.9

.1

.0

U 6 H 1

C O N D I T I O N

OAYLIGHT
HEUHCFO L I G H T

D I S T R I B U T I O N n f S I N G L E
V E H I C L E A C C I D E N T S

PRE->3T*ND«RD I POST-STANDARO 1 HOW TUTAL8

N I X 1 N I X 1 N 1 X

4HQ1 1 i U ! 1 <I««T 1 2 2 , 2 I 6 7 4 8 1 4 3 . 7
9 9 8 9 | « T . J 1 S 8 6 3 1 2 9 , 3 1 M Z 9 2 I 5 6 . 3

COLUMN TOTALS 1 9 7 3 0 I 1 8 , A 1 1 0 3 1 0 1 5 1 , 1 1 3 0 0 1 0 1 1 0 0 , 0

TVPfe,

E F F E C T I v r N f [ 9 9 V A L U E S ( P E R C E N T )

CONTHOLLJNG FOH 8INRLE VEHICLE EXPU3UHE I AFTER C 0 N T H O L L I N 8 PQH SINGLE VEHICLE EXPOSURE

t F F E C T I V E N E S S I 95X CONFIDENCE IN1EHVAL I
" - • - " " I I
VALUE I 8 T D , O E V , I FHUH I TO I

E F F E C T I V E N E S S I 9 5 * C O N F I D E N C E I N T E R V A L

V A L U E I S T O , O E V . I F H O M I TO

FULL 10,44 8.01
T.T7

•2.73
•11.02

?3.61
14.53

tr . I 8,70
7,90

I 3.60
• 7,05

11.II
lfl.93

C-5



TAPI.E C-6
SUMMARY OF FMVSS 108 EFFECTIVENESS STUDY USING

NORTH CAROLINA 1974 DATA (ORSFRVFD, NOT ADJUSTED)
Total Cases - 6S486

LIGH1

cuNuinuN

OAVLIBHT
HfcOUCtO L I S M T

COLUMN tOr«L8

1

I

I
1
1

1
1

•

0 1 3 1

PNt hifH

N

80S

t o « >

1

I
1

1

H I B

PHE

X

"lit
16.0

U T

PWt

(

1

1
1

1

I 0 N

-P08T MIX

PHF H U H

N 1

" l i !
3ie<j I

n F

OF

POST

39,
9,

.7.

A N G L

VFHICLE8 IN

E C 0 L

ACCIDENTS

1 P09T WITH

! N

<l I 187?
3 1 151)

<3 1 3336

1

1
1

1

POST

%

i}8«9
7 a J

56.0

1

1

1
1

•

L J 8

ROW

N

S1T3
13S3

6'486

I a N

TOTALS

1

1 20

1 100

3

SI

If.
.0

D I A I N 1 U U T I 0 N n f S I N 6 L E
V E H I C L E A C C I D E N T S

CRE»9t«Nt)AHU I PtiST-aTANDABO I

N I S I N I X I

ROW TOTALS

N I X

39&0
LIGHT

| J 8 , C I
I i 8 3 , 3 I

I a s . ^ l
I 5 5 , 8 I

COLUMN TUULS t 1 1 0 0 . 0

ness

PULL

e F

HfcEOPE CtlWTHOLUNG f(1H

EFFECTIVENESS

V*LUt I 8 T 0 , l)EV»

8*>,59 1 1 (96
J5.38 1 7,11

F

1

1

1
1

E C T I V E N

S I N G L F V E H I C L E

CUNFIDFNCE

FH(IM I

3.30 1

E 8 S

EXPUSURf.

I N T E R V A L

TO

V A

1

1

1

1
f

L U E S ( P E R

AFTER CONTROLLING

EFFECTIVENESS

VALUE

26. "50

1 STD,

1 6»
1 6.

C E

FOR

DEV.

::

N T )

SINGLE

1

1

1
1

<)5X

F

36

VFHICLE E

CONFTDENCt

ROM 1

.67 |

IKTERWAl

TO

oa.8«

C-6



TARI..I" C-7
SUMMARY OF FMVSS 108 FFTTC NVrNFSS STUDY USING

NORTH CAROLINA 1975 DATA (OB.SFRVEI), NOT ADJUSTFD)
Total Cnsos - fi,974

coNoirto"

O A Y L I S H T
R » 0 U C E 0 U 8 H T

D 1 8 1 H I H U T I U N O F A N K L f : C O L L I S I O N S

H R E - f O S T M I X OF V F H I C L f c S I N A C C l O t N T S

P R f i W I T H PRK | P H i H J T H P O S T I C O S T H I T H P O S T 1 ROW T D T * L 3

N 1 S I N 1 X I N 1 Ht ( U \ X

b i t 1 9 . 7 1 2 3 3 1 1 * b , 3 I ? < H t I 1 A , % I 5 6 5 ? I 8 0 . " >
l f c « 1 a , « t 1 9<»0 t 8 , 5 1 3 7 6 | 8 , S | 1 3 J S 1 1 9 , 1

CUI..IJMN T O T A L S | 8 1 * 1 1 2 , 1 I 3 1 9 1 1 4 4 , 8 I < 0 0 / I M,i I 6<»74 1 1 0 0 . 0

1 1 6 H T

C O N D I T I O N

D A y U J B H T
K E O H C F O L I G H T

O l S T M i S U T I O N O f « I N G I , E
V E H I C L E A C C I D E N T S

P H L ^ S T O W I M H t l I P 0 S T « 8 T A N D A R 0 1 RON T O T A L ! )

N j S I N | % I N I X

2 ^ 2 6 1 1 5 . 1 1 t l H f t 1 ib.f, i 6 0 9 ? I <l 1 „ ?
3 9 / 1 1 2 O r ? 1 r .12") I 3 T . B 1 1 1 5 0 ? 1 5 8 , »

C O L U M N T U T A L 8 t fc^OO I 3 ? , f t | 1 g«<JS I 6 « s d 1 1 9 3 1 1 5 1 1 0 0 . 0

OF

E F F E C T I V E N E S S V A L U E S ( P g R C E N T )

f»EfO«fe C O M T H t l U I N S IFOR S I N G L E V E H J C L F F X P O S l j R f . I . » F r t - ! » C O N T B U L L I N G f O W S I N G L E V E H I C L E E X P O S U R E

EFFECTIVENESS
I

VALUE I 9T0, UEV, I

C O N F I O F N C E I N T E R V A L I

F H t l M I TO !

EFFECTIVENESS I 95X CONFIDENCE

VALUE I STO. DEV, I PROM ( TO

9 , 0 8
- 8 , 3 T

I ? O . J T 1 3 , 0 1
10,60

I 10.01 I • 3 .15
- 4 ,110

39.4T
25 .61
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TARLF C-8
SUMMARY OF FMVSS 108 I-TH CrtVFNESS STUDY USING

TEXAS 1972 DATA (SMOnTHFD, ADJUSTED)
Total Cases = 34,011

L I 6 H T

C O N D I T I O N

OAYLIOMT
RiOUCfcD L I G H T

COLUMN TOTALS

0 I S T

PRfc K I T H

N

")31J
2375

1I8AB

1

1
I

1

H I

PRE

X

7.

35,

U

0
U

0

u r i o N

PRE-POST H1K

1

1

1
1

1

PRE HTH

N I

HIM i
am i

1991? 1

0 F A N G L

OF VEHICLES IN

POST |

S 1

3 8 , 6 1

a.i I
46,8 1

E C 0

ACC1OENTS

POST WITH

N

5 1 7 4
1 0 3 2

620A

1

1
1

1

POST

1

IS
3

18

0

2

1

1

1
1

1

L L i a

ROM

N

27828
6183

34011

I 0 N

TOTALS

1

1
1

1

*

8 1 ,
1 8 ,

100.

s

8
2

0

L I G H T

C O N D I T I O N

D E L I G H T
fcEDUCEU L l S H f

O I S T H J B U T I O N O P S I N G L E
V F H I C L F A C C I f l t N T S

I»NE*81ANOARO 1 POST-f l f ANRARI) I ROW TOTALS

N | % I N | % I N | X

?fc287 I 2 S , k I I S I S ! ! 1 1 8 . 0 I 4 2 Z 7 2 1 4 7 , 6
2 9 0 2 3 I i?.,1 1 17«8ft I 1<>,7 1 4(>911 | ? ? . d

COLUMN T U U L S 1 5 S 3 1 0 | 6 8 , 1 1 3 J 4 7 J 1 3 7 , 7 1 PI8783 1 1 0 0 . 0

ness

PULL
PARTIAL

HfcFQRfc CONTROLLING FUR

EFFECTIVENESS

VALUE

2 0 . 1 1
n.39

I sin,

1 3
i a

UEV,

.63

SINGLE VEHICLE

1 15* CUNflDENCE

1 FROM I

1 14 .71 1
t 11,07 1

E 8 8 V

EXPUSURE

INTERVAL

TO

?S.S1
I V . 7 0

A

1

1

1

1
1

L U E S ( P E R

AFTER CONTROLLING

EFFECTIVENESS

VALUE

I<I!M

1 STO.

1 4 .
1 2 .

C E

FOR

QEV,

03

N r )

SINGLE

1

1

1
1

VEHICLE :XPOSURE

CONFIDENCE INTERVAL

FHOM |

12
9

,00 1
,83 1

TO

25,27
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TABU. C-9

SUMMARY OF FMVSS 108 LI-I-ECTIVEiNLSS STUDY USING
TEXAS 1973 DATA (SMOOTHED, AnjUSTF.D)

Total Cases - 34,255

LIGHT

CONDITION

OAYLI&HT
REDUCED LIGHT

CULU*N TOTALS

0 I 3 r

RRE WITH

N

6617
1562

8199

i

i
i

i

K I

PHE

X

19,
4,

n.

H

1
6

U r i o N

PKf c - H O S T H 1 X

1

t

1
1

1

PRE WITH

N

13619
2915

16334

1

1
1

I

0 F

(IF

POST

X

if.
8,

16.

A N 8 L

VFHICLES IN

1

1

8 1

9 1

il 1

E C 0

ACCIDENTS

POST WITH

N

7900
1622

'"*

1

1
1

1

POST

X

U.I
1.7

?7,B

1

1

1
i

1

1. L I 8

HOW

N

20156
6099

3ia53

I 0 N

TOTALS

1 X

1 82,
1 17,

1100,

9

2
8

0

LIGHT

CONDITION

DAYLIGHT
HEDUCtU 1.1UH Y

COLUMN TOTALS

D I 8
\
T
1

H I

PHE«StANOAHU

N

22913
?S«tl9

08531

I

1

t 53

X

:!

,*

B U
C I

1

1

!

i

T 1 U N
A C

11

c I

POST-STANDARD

hi

22150

0275S

1

1

1

21

16

X

F

D

ft

B

fc

1

1

!

8 I N
N T S

HOW

N

13815
<IB0b9

91281

G L E

TOTALS

1

1
1

1

52

100

X

'.1

.0

TYPE OF

NtSS

PAHTJAU

F F

BEFUHE CONTROLLING FOH

fcFFECTIVENtSS

VALUE 1 9W,

13,76 1 3
• 9,09 1 3

OEV,

1?
I*

F

1

1

1
1

I! C T I V E N C

8INELE VEHICLE I

9SX CONFIDENCE

PNI1N 1

7.11 1
1,89 1

S 3

XPU3UNE

INTERVAL

TO

V A

1

1

1

1
1

L U E 8 { P P R

AFTER CONTROLLING

EFFECTIVENESS

VALUE

10,T<J

e.ns

1 9TD,

1 i'.

C f.

FOR

OEV,

12

N T 1

SINGLE VEHICLE EXPOSURE

1 95* CONFIDENCE INTERVAL

1 FROM

1 3
1 2

85

1

1
1

TO

17.71
U.*6
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TABLE C-in

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

Total Cases 30,545

SfeOUCfeO LlfiHT

COLUMN fOI«LS

0 i s

PHE H

N

3937
99b

«933

T H

IH

1

1
1

1

I

PHE

X

u.

16.

H

9
3

t

U 1 U N

PHE-PDST

1

1

1
1

1

MHB M

N

tim

t«368

MIX

TH

1

1
1

1

o r

OF

P08T

X

3B,
8,

47,

A N 15

VFHICLES

3

r
0

1

I

I
I

I

PU3Y

N

L

N

t C 0 L

ACCIDENTS

HUH

leaf

1

1

1

POST

X

SQ.fe

m

1

1

1

1

L I 9

ROM

N

3SS5

30315

I 0 N

TOTALS

1 X

1 16,

1 100,

3

9
1

0

LlfiHT

CltND I T ION

OATLICHT
HEOUCID LIGHT

COLUMN YUTAL8

1
1

1

1

1
1

1

0 I 8 T H I
V E H

PHE»STANOARU

N | X

lllll ! 35:
17953 t 13,

B
I

I
u

c

1

1

!

i

n ion
It AC

P03T.STAN

N 1

20980 I

49720 1

0
C I

1AR0

X

" :

f
0 I

1

1

i !
h 1

a i N
N T S

ROW

N

38499
45178

B36T3

6 L E

TOTALS

1

1 46
1 Sfl

I t o o

%

.0

.0

.0

E'FBCTJvt*

C A H T i A u

Btmne en

V A L U t.

2 0 ,1 'I
J O , 3e!

1 a T 0 ,

1 3
1 3

E F

UEV.

T*

F

1

1

1
1

E C T

8IN0I.K

I V f N

VEHICLE

FHUM I

SO 84 |

i 8 9

EXPOSURE

, INTERVAL

TC

V A

1

1

1

t
1

L U E S « P P R

AFTEM CONTROLLING

EFFECTIVENESS

V*LUE

2?.19
it .ah

1 3T0,

t 4.
1 3.

C E

ran

OEV.

oa

N T )

SINQLE

1

1

1
1

VEHICLE EXPQ3UNE

95X CONFIDENCE INTERVAL

FROM I

19
a

57 I
87 I

TO

28.81
17.64

C-10



TABLf C-ll
SUMMARY OF FMVSS 108 FFFFCTIVENESS STUDY USING
NEW YORK 1974 DATA (SMOOTHED, ADJUSTED)

Total Cases = 17,566

L IGHT

CUNOII IU*

IUVLIUMT
HkOUCfcD LIGHT

CULUMN T t m i S

0 I S

PHt MI

N

160J
715

2318

T H

TH

1

1

1

I

I

X

1,

u.

B

I
I

2

U T I U N

PWE-POST

1

I

I
I

I

PHP. h j

N

9 7 6 9
2 3 7 8

« 1 « 7

MIX

TH

1

1
1

1

0 F

OF

P08T

X

U .

« 6 ,

A N K L

VFHICLfcS IN

1

1

a i
5 1

« 1

E c; 0 L

A C C I D E N T S

P O S T W I T H

N

lam

7101

1

1
1

1

POST

X

3 0 .
1 0 .

4 0 .

l
i

a

1

I

1
I

1

L J S

H[)W

N

12639
(I90T

\Tiht

I 0 N

TOTALS

I X

1 7 2 .
1 3 7 .

1 100,

S

1
9

0

L I G H T

C M N D I U O N

0 » Y U G H T

I U . U U C E U L l t ) H |

0 I 8 T H 1 B U 1 I 0 N O F S I N G L E

V R H T C L F A C C I D E N T S

P H E w 8 T A N I ) A » 0 1 P 0 8 T - 9 T A N B A R U 1 HOW T H T A L S

N | * 1 U I % \ N | %

i r r « i n,<> i i t s j ? i n , r i » h j i o i 93.<>
8805 I U » S 1 139M I a f l . 1 1 ?£7bf, I *|6,<l

( , n i . U M N T O T A L S 1 i S ' S S J 1 3 7 , 9 1 3 0 1 9 1 I 6 ^ , 1 1 H 9 0 7 h 1 1 0 0 . 0

TYPE
KCT
HfcSS

r f F f C T I V F N F . I S V A L U ( ? 3 ( P E R C F N T )

C O N T H n L L I N B H ) H 9 I N G L F V E H J C L F m P U S U H f c I A F T E H C U N T H U L L I N B F U R S I N G L E V F H I C L E E X P O S U R E

V A C tJ t

I <!3S C U N F l D F N C t 1 N T H H W A L I

! 9TI', U F V . I FNtlH I TO I

RFFgCT IVENESS I 95* CONFIDENCE INTERVAL

V«LUi I 9T0, 0? V, I FROM

^3,08
A,73 15.37 t.db 5,37

3.26
•7,37

21.81
10, ?8
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TABLE C-12
SUMMARY OF FMVSS 108 FFFECTIVENESS STUDY USING
NORTH CAROLINA 1973 DATA (SMOOTHER, ADJUSTED)

Total Cases = 6,249

L I G H T

C U N O I T I U N

DAYLIGHT
RfcOUCEO L I G H T

COLUMN TOTALS

1

1

1

1

1
1

1

D 1 3 r

PRE WITH

N

1139

1 4 4 1

i

i
i

t

H I

PHE

X

ia,
4 ,

? 3 ,

H

a
6

i

U T

PRf.

1

1

1
1

1

I U N

-POST MIX

PHE KITH

N 1

24(14 I
bib 1

3070 1

0 F

OF

POST

*

39 .
10 ,

°9,

A N 0 L

VEHICLES IN

1
0

1

1

1

1
1

1

t C a L

ACCIDENTS

POST WITH

N

141]

1738

1

1
1

1

POST

?2
3

27

X

.6

.a

.8

1

I

I
I

I

L I 8

HOW

N

4996
1253

6249

I 1) N

TOTALS

1 X

1 11.

1 100.

3

9
1

0

L I U H T

c O N n n i U N

O M U G H T
H E D U L E U L I G H T

U I 8 T H I H U T I U N O F S I N G L E
V E H I C L R A C C I D E N T S

P H E « » T A N f ) A H O 1 P 0 3 T - 8 T ANOARO 1 ROW T O T A L S

H 1 % 1 N | X I N | X

4 1 0 1 1 2 S » ? 1 t U Q I I a a . a I 8 7 4 8 | 4 3 . 7
5 « * 9 I 2 1 , 1 1 3 * b 3 | a < ) . 3 1 »12<»2 1 9 * . 3

C 0 L U 1 N T O T A L S 1 9 T 3 0 1 « « , * 1 1 0 3 1 0 1 5 1 , 4 1 ? 0 0 4 0 1 1 0 0 , 0

NtSS

!

HfcF(J»t CONTROLLING FflH

1

f. C

SING

95»

T I V E N

LJ VEHICLE

CUNFIOENCE

E 8 3

EXPOSURE

INTEHVAl

V

1

A L U E

AFTER

EF

S ( P E R

CONTROLLING

FFCTIVENfc88

C E

FOR

N T )

SINGLE

1
1

95X

VEHICLE EXPOSURE

CONFIDENCE INTERVAL

VALUE TO VALUE

FULL IS,25 I
.1,4 0 I

7.JS
7.6 1

0.50
I 15.92

£0,48 8.43
7.7"

6,63
-5.??

31.54
20, 25

C-12



TABLE C-13
SUMMARY OF FMVSS 108 EFFECTIVENESS STUDY USING
NORTH CAROLINA 1974 DATA (SMOOTHED, ADJUSTED)

Total Cases = 6,487

LXSHT

OAVLIfiHT
RfcOUCED LISHT

COLUMN TOTALS

tf I a

N

808

1041

T

IT H

1

1
1

1

H I

PKE

X

ia,
3 ,

16 ,

H

S
6

0

u

1^

1

1

1
1

1

T I U N

E-PD3T

PHI MI

N

2491
619

3110

MIX

TH

1

1
1

1

D F

(IP

POST

X

38 .
9 ,

07.

^ N G L

VFHICLE3 IN

1

1

« 1
5 1

9 1

E C U L

ACCIDENTS

PUST WITH

N

1675
161

2336

1

1
1

1

POST

28
1

36

.9
, 1

. 0

1

1

1
1

1

L I 3

fttiw

N

1313

MA7

I 0 N

TOTALS

1

1 79
i 20

MOO

S

X

.8
,2

.0

L J O H T

C O N D I T I O N

U f c t U G H T
HF.OHCf l ) L l B H T

D I S T R I B U T I O N O F S I N G L E
V E W l C t r A C C I D E N T S

P H E » 8 1 A N U A « 0 1 PC18T-ST ANf )A«O 1 HOW T O T A L S

N 1 X 1 H | X 1 N | X

S « b O | 1 8 , 0 1 1 3 1 T t « 3 . 5 1 T"»7T t 1 1 . 5
q«7<> 1 2 3 r 3 1 6 7 6 9 | J 5 . ? 1 l i a i B 1 3 B . 3

COLUMN T O T A L S 1 7<>3<J | (11 „ 5 | 1 1 0 8 * 1 5 « , 7 1 ! ' J 2 2 5 1 1 0 0 . 0

TTPfc

E F F E C T I V E S F. S S V A L U E S ( P E R C E N T )

C O N T H O L L I N G F f l H S I N R L E V E H I C L E E X P U S U R E I A F T E R C O N T W O L L I N O FDR S I N G L E V F H I C L E EXPOSUWf

E F F E C T I V E N E S S I

V * L U t I 3 T 0 , U E V , I

C O N F I O f N C t I N T E R V A L I
. . . . . . . . . . I
FHl'M t TU I

E F F E C T I V E N E S S I ")5X C O N F I D E N C E I N T E R V A L

V A L U E I STH, OEV. I FROM TO

PULL.
PAMTJ4L 13,BJ

7,73
7,50

I 1,99 I
1,«9 I

37.48 I 36,36 6,90
6.61 10.3?

I 1 7 , 7 3
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TABLF C-14
SUMMARY OF FMVSS TO8 EFFECTIVENESS STUDY USING
NORTH CAROLINA 1975 DATA (SMOOTHED, ADJUSTED)

Total Cases = 6,974

H8HT

CONOHION

HfcOUCfcO LJSMT

CULUHN TOTALS

0 I S T H

N

671
17*

1

1
1

1

I

PRE

%

9,
i.

12.

8

?
S

I

u r i u N

P R E - P O 8 T MIX

(

1

1
1

1

PHE WJTM

N 1

"35 !
3111 1

0 F k N 0 L

OF VEHICLES IN

POST

SI

36.3
a.5

14,0

1

1

1
1

1

E C D

ACCIDENTS

PU8T WITH

N

373

3007

1

1
1

1

POST

X

":J
43.1

1

1

1
1

1

L L i a

RUM

N

3639
1335

6974

I 0 N

TOTALS

1

1 «0
1 19

1100

s

X

.9

.1

,0

L18H1

CONDITION

D I S T H I S U T I U N O F 8 I N 0 L F.
V E H I C L E A C C I D E N T S

PHE»aiANOAHO I POST-STANDARD I ROM TOTALS

N 1 1

DAYLIGHT
MEUUCFO LIGHT

2986 | 1 5 , 1 I

69Q0 ! S5,« I

I Sbtt, I 8092
I 37, f l I 11303

I 1 1 . 7
I 5 8 . 3

COLUMN TOTALS 1 19J95 1100.0

C F F f C U v e

E F F E C T I V E N E S S

BEFORE CDNTHOLUNU FOH SINGLE VEHICLE

V A L U E S ( P E R C E N T )

t AFTER CONTROLLSNO FOR SINGLE VEHICLE EXPOSURE

t

VALtfc I 8TD, UEV, I FHOH

INTERVAL I
I

EFFECTIVENESS

TO VALUE

I 95* CQNFIORNCE INTERVAL
I . . . . . . .

I 3T0, OKV. I FROM 1 TO

PULL
PtWTj/H.

8.99
8,8?

»7,03
•*!,<)4

22.31 13,43
13.55

9.69
S.Sfl

'0 .19
• 2.06

31.10
87,16
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