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FOREWORD

This report describes the findings of a study to develop an experimental
design and analysis plan for testing and evaluating the safety benefits
attributable to the use of a new railroad grade crossing advance warn-
ing sign. This research effort points out the difficulties which would
be experienced in using accident reduction as a measure of effectiveness
for evaluating any railroad grade crossing safety improvement. The
study findings indicate that very large sample sizes would be needed

to detect a significant accident reduction. The costs involved in
undertaking the field testing to determine the accident reduction would,
under some conditions, equal the costs of replacing all existing advance
warning signs with the new advance warning signs. It was determined
that field testing to determine the potential safety benefits of the

new sign would be economically and experimentally impractical.

This report is primarily intended for researchers. Copies are being
sent to the 25 State members of the advisory panel for the nationwide
passive signing study. Additional copies may be obtained from the
National Technical Information Service (NTIS), Springfield, Virginia
22161. '
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Director, Offide of Research
Federal Highway Administration

NOTICE

This document is disseminated under the sponsorship of the Department of
Transportation in the interest of information exchange. The United
States Government assumes no liability for its content or use thereof.

The contents of this report reflect the views of its author who is
responsible for the facts and the accuracy of the data presented herein.
The contents do not necessarily reflect the official view or policy of
the Department of Transportation.

This report does not constitute a standard, specification, or regulation.
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I. INTRODUCTION

Interest in the problems of railroad-highway grade
crossings having passive warning devices was heightened
with the completion of NCHRP Project 3-8, '"Factors In-
fluencing Safety at Highway-Rail Grade Crossings'". (1) As
outlined in that investigation, when some form of active
warning device is provided at a grade crossing, the motor-
ist's decision-making process is reduced to a simple
response to a clearly understood warning to bring his
vehicle to a stop. Numerous researchers have shown that
when this form of warning system is provided, a significant
reduction in accident potential is achieved. However,
there is general agreement that because of limited dollar
resources, it is not economically feasible to provide this
form of warning device at all grade crossings throughout the
country. : .

Passive warning systems must continue to be utilized
at the large percentage of grade crossings with low train
and traffic volumes. In these situations, the passive
warning devices inform the motorist that a grade crossing
lies ahead, but the motorist bears the responsibility for
determining whether or not a train is in the vicinity of
the crossing. If an approaching train is detected, the
motorist must then decide if he can proceed safely, or if
he must bring his vehicle to a stop.

In recent years the Federal Highway Administration,
Federal Railroad Administration, and the Association of
American Railroads have supported research designed to
improve the effectiveness of passive warning systems. (2,3,
4) Justification for this research has been based on the
fact that even relatively small improvements in effective-
ness could produce potentially significant safety benefits
nationwide simply because of the extremely large number of
grade crossings which offer only passive warning devices.
However, the research results to date have focused almost
entirely, on alternate measures of safety effectiveness
such as increased looking for trains (driver head movements)
and reduced vehicle approach speeds.

The recent grade crossing passive signing study under-
taken for the Federal Highway Administration indicated
that new passive signing configurations could produce as
mush as a S-percent increase in driver head movements. (4)
The 25-member State Advisory Committee to the



research study generally believed that this result could
be translated into a 2-3 percent reduction in average
accident rate. The group subsequently recommended to the
National Advisory Committee (NAC) on Uniform Traffic
Control Devices that a new red and yellow advance warning
sign be adopted as a national standard. The NAC denied
the request for the following reasons:

1. The new sign did not reduce the speed
of vehicles.

2. The significance of the S5-percent increase in
' head movements was not sufficient justifica-
tion upon which to base a change in the

national standards.

3. There were no indications of the potential
safety benefits of the proposed new sign.

4, The economic impact of replacing the existing
standard signs had not been determined. (5)

However, the NAC did recommend that additional experi-
mentation with the proposed advance warning sign to
determine its safety benefits be permitted.

This report presents the findings and conclusions of
a study to develop an experimental design and analysis
plan for field testing and evaluation of the accident
reduction potential of the proposed new advance warning
sign., The principal research issues were:

1. How to insure that any accident reduction
attributable to the new sign would in fact
be detected.

2. What type of evaluation framework would clearly
reveal the potential cost-effectiveness of
alternative sign deployment policies.

The scope of the study was limited to the application of
the proposed advance warning sign to public grade cross-
ings having the standard railroad crossbuck sign (R15-1)
as the only warning device at the crossing. (6) These
grade crossings constitute approximately 83 percent of
all public grade crossings not having some form of active
warning device. (7)



IT. PROBLEM STATEMENT AND FORMULATION OF HYPOTHESES

The fundamental problem associated with any effort to
measure the safety effectiveness of alternative railroad
grade crossing warning systems is the very low expected
accident rate per crossing. As comprehensively described
in the 1972 Report to Congress on Railroad-Highway Safety,
grade crossing accidents are rare events. (8) Based on
1970 data for all public grade crossings, the average
accident rate per crossing is approximately equivalent to
the occurrence of one train-involved accident every 18
years. This statistic means that any field study designed
to measure a possible reduction in that accident rate
would require a very large sample size and/or a very long
observation period.

This problem is compounded when only those crossings
with passive warning systems are considered. Historically,
grade crossings having a relatively high level of exposure
(the product of average daily train and highway traffic
volumes) have tended to exhibit the higher accident rates.
This in turn has led railroads and highway agencies to
concentrate the use of active warning devices at these
crossings. As a result, the remaining grade crossings
with passive warning devices tend to experience an acci-
dent rate lower than the national average for all
crossings.

A. Grade Crossing Accident Patterns

The national grade crossing inventory and accident
data files maintained by the Federal Railroad Administra-
tion were utilized to develop descriptive statistics on
current accident patterns at public grade crossings having
passive warning systems. The inventory file included
information on the physical characteristics of grade
crossings such as:

1. Geographic location.
2. Train volume and operating speeds.
3. Types of warning devices.

4. Roadway design features and functional
classification. '



5. Vehicular traffic volume.

The accident file consisted of information on those grade
crossing accidents which occurred during 1975 and 1976 as
reported on the Highway Grade Crossing Incident Report
forms filed with the Federal Railroad Administration.

Using cross-classification analysis procedures,
frequency distributions and accident characteristics were
tabulated for selected stratifications of grade crossings.
For example, Table 1 shows the frequency distribution,
and annual average accident and fatality rates for the
36,104 grade crossings having reflectorized crossbucks
and advance warning signs. The data reveal that accident
rates, and fatality rates to a lesser extent, tend to in-
crease as the levels of train and traffic volume increase.
Moreover, the frequency count within each cell clearly
indicates that most grade crossings having reflectorized
crossbucks and advance warning signs carry very low train
and traffic volumes. These two fundamental patterns are
graphically illustrated in Figures 1 and 2.

An unexpected result appeared when a comparison was
made between crossings with and without advance warning
signs. As shown in Table 2, when grade crossings were
stratified by location, those crossings without an ad- \
vance warning sign had a significantly lower accident rate
than those with advance warning signs. The same pattern
appeared again when crossings were stratified by average
daily train and traffic volumes. This apparent anomaly
suggests that there are one or more other causal factors
whose effect is not being accounted for. Examples would
include the relative amount of corner sight distance, and
driver information load as indicated by the number and
location of traffic control devices, advertising signs,
and other roadside distractions. Another possible ex-
planation would be that highway agencies have tended to
install advance warning signs at those crossings having
the greatest inherent relative hazard.

Nevertheless, the results of the cross-classification
analysis did reveal the potential difficulties which would
have to be confronted in the development of the experi-
mental design., It also became clear that there were data
not presently found in the national grade crossing inven-
tory file which would have to be scheduled for field
measurement within the experimental design.
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Figure 1, Frequency distribution of grade crossings with
reflectorized crossbucks and advance warning signs.
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Figure 2. Accident rates at grade crossings with
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Table 2.

Characteristics of grade crossings
with and without advance warning signs.

Warning sign
Location Yes No
1,337 324
Arterial
0.060 0.070
8,822 3,689
Collector
R 1 ' 0.050 0.037
ura 19,050 | 41,232
Local
0.029 0.019
29,209 45,245
Total
: 0.037 0.021
2,142 2,110
Arterial
0.112 0.094
1,139 1,879
Collector
Urban 0.117 0.090
3,595 11,744
Local
0.084 0,052
6,876 15,733
Total "
0.098 0.062

number of crossings
average annual accident
rate

Cell values:



B. Conceptual Model of Accident Potential

The experimental design was to be structured to detect,
if possible, two types of safety benefits:

1. Relatively large accident rate reductions
which would occur over a small percentage
of grade crossings.

2. Relatively small accident rate reductions
which would occur over a large percentage
of grade crossings.

Both conditions might produce a significant level of net
benefits. '

As with any highway environment, grade crossings can
be characterized by a large array of descriptive variables.
These are often generalized into the broad categories of
traffic conditions, roadway design characteristics, and
roadside features. The cross-tabulations of grade cross-
ings by average daily train and highway traffic volumes,
location, and functional highway classification had re-
vealed that the population of crossings having reflec-
torized crossbucks tended to be concentrated on low-
volume local access roads in rural areas. Therefore, it
was necessary to examine the physical characteristics of
these crossings more closely as a preliminary step to the
formulation of hypotheses regarding which variables might
be statistically significant modifiers of accident poten-
tial. Those grade crossing characteristics not exhibit-
ing a reasonable distribution of values over the crossing
population of interest would not be good candidates for
control variables in the experimental design..

Influencing Variables

Extensive descriptive statistics from the national
grade crossing inventory file were already available in
published form. (7) These data, plus other grade crossing
literature, were examined with the purpose of identifying
candidate control variables for the experimental design.
Those variables considered to be potentially significant
modifiers of accident potential at grade crossings having
reflectorized crossbucks were:

1. Average trains per day.



2. Average daily highway traffic.

3. Type of roadside development (open space,
residential, commercial, industrial, in-
stitutional).

4, Maximum train speed.
5. Highway design speed, or speed limit,

6. Type and location of advance warning sign
(approach zone versus nonrecovery zone).

7. Highway surface (paved versus unpaved).
8. Adequacy of corner sight distance.

9. Number of traffic control devices and roadside
signs along the approach, nonrecovery, and
downstream zones.

The sight distance and signing variables listed
above are functional derivatives of other basic variables.
Figure 2 illustrates the context in which they are
measured. The concept of approach, nonrecovery, hazard,
and downstream zones is defined from positive guidance
principles. (9) The hazard zone is the distance corres-
ponding to the length of the hazard, in this case the
grade crossing. The nonrecovery zone is the distance re-
quired to execute an avoidance maneuver, or the point
beyond which the motorist cannot avoid the hazard unless
he resorts to erratic maneuvers. It is numerically
equivalent to the minimum stopping sight distance for the
roadway design speed. The length of the approach zone is
the difference between the decision sight distance and the
minimum stopping sight distance as shown in Table 3. (9)
The former is defined as the distance at which a driver
can detect a hazard in an environment of visual noise or
clutter, recognize it, select an appropriate speed and
path, and perform the required action safely and effi-
ciently. Grade crossing advance warning signs would
normally be placed in the approach zone. The downstream
zone is the area used for confirming navigational choices,
announcing the end of hazardous conditions, and for
locating information carriers to relieve heavy driver
attention load.

The adequacy of the available corner sight distance
can be expressed as the ratio of the maximum clear corner

10
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Table 3. Decision and minimum
stopping sight distances.

Sight distance

Design speed

Decision Minimum stopping
mph kph ft m ft m
30 (50) 550 (168) 200 (61)
40 (65) 750 (229) 275 (84)
50 (80) 900 (275) '350 (107)
60 (95) 1,150 (351) 475 (145)
70 (110) 1,300 (397) 600 (183)
80  (130) 1,500 (458) 750 (229)

12



sight angle (A) to the minimum desirable corner sight angle
(B). (10) The former would be obtained from a field ob-
servation made at the beginning of the nonrecovery zone.
The latter, defined at the same location, is a function of
the minimum desirable sight distance along the tracks.

The minimum desirable sight distance is the distance which
the fastest train would travel during the time required

for a vehicle, approaching at the design speed, to traverse
the nonrecovery and hazard zones. With this amount of
sight distance, a driver at the beginning of the non-
recovery zone would be able to either stop in advance of
any approaching train which was in view, or safely clear
the crossing in advance of any approaching train which was
not in view. (11)

Accident Potential Model

Having identified a set of variables which would be
expected to influence grade crossing safety, it was then
necessary to structure a set of causal relationships which
could be statistically tested. It was hypothesized that
the accident and severity rates at grade crossings with
reflectorized crossbucks would be causally related to a
specific set of basic factors, each of which could be
quantitatively or qualitatively measured by one or more
of the variables described above. Table 4 presents these
assumed relationships.

The accident and severity rate variables can them-
selves be stratified by grade crossing quadrant. For
example, each grade crossing accident is associated with
a unique quadrant defined by the approach direction of the
involved train and vehicle. Moreover, influencing factors
such as available corner sight distance are a function of
the specific quadrant being considered. Driver informa-
tion load and roadside distractions are similarly a
function of the specific vehicle approach being considered.

If accident potential was to be defined in terms of
the crossing as a single entity, then those variables
defined with respect to a single quadrant or vehicular
approach would have to be weighted in some reasonable way.
The disadvantage of using the quadrant-based measures of
accident potential is that the resulting accident and
severity rates would be even lower than those observed on
a per-crossing basis. This would significantly increase
the difficulty of developing a cost-effective experimental
‘design.

13



_ Table 4. nypotﬁésized causal relationships for

an accident potential model.

Dependent

Influencing . . Independent
variable factor Relagzonsh1p variable
Likelihood of Direct ‘Trains per day
train arrivals
Fréquency of Direct Average daily
exposure traffic
Driver infor- Direct Number of
mation load traffic con-
trol devices
and roadside
signs
Roadside dis- Direct Type of road-
Accident tractions side develop-
frequency ment
Urban v. rural
location
Available Inverse Ratio of clear
corner sight to minimum
distance desirable
sight angles
Driver Inverse Type of road-
familiarity side develop-
ment
Highway func-
tional classi-
fication
Train velocity Direct Maximum train
Accident speed
severity _
Vehicle ve- Direct Highway speed

locity

limit

14



Because of the measurement problems discussed above,
it was determined that the experimental design should use
the annual train-involved accident rate on a per-crossing
basis as the measure of safety effectiveness. The various
levels of the selected influencing factors would serve to
define specific grade crossing scenarios, each with a
unique set of characteristics. The error associated with
the effects of uncontrolled influencing variables would
then be accommodated by randomizing the selection of sites

within each scenario.

15



ITI. STATISTICAL ANALYSIS AND SAMPLING PROCEDURES

Due to the problems associated with temporal changes
in traffic patterns and other characteristics at a grade
crossing, the principal statistical analysis plan selected
for the evaluation of the safety effectiveness of the
proposed new advance warning signwas a treatment-control
comparison, The treatment group would be randomly chosen
by an appropriate procedure from the population of public
grade crossings with reflectorized crossbucks and advance
warning signs. This analysis would be supplemented by
a before-after analysis, but its importance would be
secondary because of the potential confounding effect of
the temporal variations in certain grade crossing
characteristics.

The proposed sampling scheme for these analyses is
composed of two parts. First, the selected population
of public at-grade crossings with crossbuck warning de-
vices would be divided into k homogeneous sets, each com-
posed of n similar crossings (where n = 2, 3, 4, or 5).
Then, from each of the k sets, one of the n crossings
would be randomly selected to be in the treatment group,
and it would receive the new advance warning sign. All
of the other n-1 crossings would be included in the con-
trol group. -

There are two advantages to this sampling scheme. -
One, the direct comparison between the treatment crossing
and the respective crossings in the control group for
each set insures that the comparison is performed among -
crossings as homogeneous as possible (except for the form
of advance warning sign), thereby permitting random
fluctuations to be minimized. Two, the k sets of homo-
geneous grade crossings can later be consolidated into a
smaller number of sets, or scenarios. Although each
resulting scenario would not be as homogeneous as one of
the original sets, it would still be possible to determine
if the change in advance warning sign had a statistically
significant effect on accident experience. The various
scenarios would reflect a cross-classification of the
grade crossing population in terms of parameters such as
trains per day, average daily traffic, type of roadside
development, or adequacy of corner sight .distance.

A. Treatment-Control Analyses
The comparison of accident rates between treatment and

control sites can be made on the basis of the overall acci-
dent rates for the two groups of crossings, or in terms of

16



subsets of crossings having similar characteristics. Both
approaches are described below.

Total Crossing Population

It is assumed that a sample data set has been establish-
ed by randomly selecting k homogeneous sets of n grade
crossings each, where one of the n crossings is randomly-
selected for treatment and the remaining n-1 crossings repre-
sent the control sites. Assuming that grade crossing acci-
dents are Poisson distributed, it can be shown (see Appendix
A) that using the normal approximation to the Poisson distri-
bution and applying the correction for continuity, the
statistic for testing the null hypothesis of no effect is:

FACEDRCRES]

z = __J® (1)

k
Z [YJ + (n-l)Xj]

j=1

(n-1)k?

in which Y; is the number of accidents at the treatment cross-
ing in set j; and Xj is the mean number of accidents for the
control crossings in set j. The null hypothesis will be
rejected at the 5% significance level if Z < -1.64, thereby
concluding that the new advance warning sign has a signifi-
cant effect in reducing the number of grade crossing accidents.

Crossing Subsets

Rather than analyzing all the sample crossings as a
group, it may be of interest to examine subsets of cross-
ings, each of which exhibits similar characteristics. The
subsets can be identified as scenarios, s = 1,2,...nm,
representing combinations of the k sets of crossings
described previously. Assuming that the summations of
accidents for the treatment and control crossings within each
scenario are Poisson distributed, and applying the correction
for continuity, it can be shown (see Appendix A) that the
statistic for testing the null hypothesis of no effect is:

17
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g = — (2)
(ngy Y.5 + ngy X.) \[ :
(ng1 + ng2) Ngl nsZ

in which ?;5 is the mean number of accidents per crossing
for the treatment group in scenario s; i-s is the mean
number of accidents per crossing for the control group in
scenario s; and ngg is the number of crossings in scenario
s, where g = 1 for the treatment group and g = 2 for the
control group. Under the null hypothesis, Z2 has a chi-

square distribution with one degree of freedom, and
m
g§1 Zg has a chi-square distribution with m degrees of

freedom,

The null hypothesis that the accident rates for the
treatment and control crossings over all the scenarios
m
are equal will be rejected if the value of I Zg exceeds
s=1
the critical value in the chi-square table. Furthermore,
those scenarios for which there is a statistically signif-
icant difference between the accident rates for the treat-
ment and control groups can be identified by examining

the respective values of Z2 . The sign of Zg will indi-
cate whether the treatment or the control group has the
lower accident rate. If the sign is negative, it can be
said that the new advance warning sign provides a statis-
tically significant reduction in the expected accident
rate.

The partitioning of accident rates by treatment and
control groups and by scenario also offers the opportunity to
apply a two-way analysis of variance (ANOVA). However,
care must be exercised in such an analysis because the
assumption of homogeniety of variances is not fulfilled:

1. In a Poisson distribution, the variance equals

the mean. Therefore, the variances in the
scenarios having high accident rates will be

18



greater than those in scenarios with low
accident rates.

2. For each scenario, the means in the treatment
group are based on a lower number of observa-
tions than in the control group (if n > 2).
Because the variance of means is inversely
proportional to the number of observations,
this is another source of heteroscedasticity.

Notwithstanding these drawbacks, the computational
procedure for the following two-way ANOVA table will be
presented.

Scenario
1 2 . m
Treatment Y., Y., Y.n
Control X.; X.» Xom
Denoting the grand mean by G:
SSrows = S[(Y.. - 62 X, , - G)Z] (3)
2
m — —
Y., + X,
SScolumns = 2 2 l——i—————i - G} (4)
s=1 2
m 2 .M 2
SSiotal = 2 [Y.s - G] 2 [x.s - G] (5)
s=] s=1
SSerror ® SStotal - SScolumns ° SSrows (6)

The usual analysis of variance can be performed by using:
SSrows '

F = | (7)
(Sserror> ’

"m-1

which is compared to the critical value of the F-statistic
with (1,m-1) degrees of freedom. The row by column design
has been extensively studied in the statistical litera-
ture, including analysis of residuals, transformations, and
multiple comparisons.(13,14) In particular, transformations
intended to improve the homogeneity of variances may be use-
ful in this case. If the data are transformed, the variables
in Equations 3 through 7 will represent the transformed
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observations. The need for each of the relatively sophisti-
cated analysis techniques mentioned above can be determined
after the sample data set has been collected.

B. Before-After Analyses

A before-after analysis of those crossings selected to
receive the new advance warning sign can also give an
indication of the potential effectiveness of the sign. How-
ever, this type of analysis is subject to a confounding
effect due to the possible change in traffic volume and
other parameters over time. Therefore, a before-after
analysis of the treatment crossings should be complemented
by a before-after analysis of the crossings in the control
group.

Because the number of accidents at a specific cross-
ing after installation of the new advance warning sign would
be highly correlated with the number of accidents at the
crossing before the change in signs, a paired comparison
analysis is appropriate. However, because of the expected
high percentage of zero observations, the normal approxima-
tion is inappropriate. Therefore, the nonparametric sign
test is recommended.(15) Let:

X? = the number of accidents at crossing i

before the change in warning sign
and X. = the number of accidents at crossing i
after  the change in warning sign

1 if x? > x?
and Ii =

0 if xB < xA

A
i

and discard all cases where XP = XA If m is the number

of remaining crossings, then ufider fhe null hypothesis of
no effect, the test statistic:

m 1
I A
R = — | (8)

m
r}

|3

is distributed as approximately N(0,1), so that the standard
hypothesis test can be performed.
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Because > I, under the null hypothesis has a binomial

i=1 :
distribution with parameters (m, 1/2), the exact p-value of
the sign test can also be calculated. Thus, if:

m
_Z I = ¢t (9)
i=1
n .
the probability that X I; > t under the null hypothesis is
i=1
given by: n . ] . m
Pr{ £ I; >t ]o=32]= = X “‘) (10)
| <i-1 v 2/ o™ xat <x '

which can be computed directly with the aid of tables for the
binomial distribution with ¢ = 1/2.

C. Sampling Requirements

The sample size required for the study depends on the
following parameters:

1. The desired power of the test, 8.
2. The value of the overall mean accident rate, X.

3. The expected percentage reduction in accident
rate, A.

The power is the probability of correctly detecting a change
in accident rate, if_there is a change.(15) For a fixed
mean accident rate, A, and a fixed percentage accident rate
reduction, A, the required sample size will vary directly
with the requested power. Furthermore, there is a greater
likelihood in detecting a change in accident rate when the
rate of accidents is high, as opposed to when accidents are
a rare event. Finally, it is clear that a larger change is
more likely to be detected than a smaller one.

The required sample size for the study was derived
assuming that the principal statistical analysis would be the
overall comparison of all treatment and control crossings.

A larger sample size would be required to achieve the same
power for the analysis of crossing scenarios or for the
before-after analyses. The proposed sampling scheme is
designed to create k homogeneous sets of n crossings, where
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one crossing will be randomly selected as a treatment site
and the remaining n-1 crossings will serve as control sites.
Assuming that grade crossing accidents are Poisson distri-
buted, and using the normal approximation to the Poisson
distribution, it can be shown (see Appendix A) that the total
number of homogeneous sets of n crossings needed to test

the null hypothesis that A equals zero at the 5% significance

level is: 5 :
= ,'.1 + _n._. 1
Lot - e (2)() an

in which ¢ 1(8) is the_inverse of the standard normal dis-
tribution at point B; X is the mean accident rate over all
sets; and € is the expected change in accident rate, A,
expressed as a fraction. The value of $°1(B) can be easily
determined from a table of the cumulative standard normal
distribution as the value of the standard variate which
yields a cumulative probability of B.

The total number of sets, k, of one treatment and n-1
control crossings is in effect the desired sample size. The
sample size can be seen to:

1. .- Increase with the desired power, 8.

2. Decrease with the level of the overall mean
accident rate, A.

3. Decrease with the square of the change in
accident rate, €.

4. Decrease slightly with the size of the
sets, n.
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IvV. ALTERNATIVE SAMPLING FRAMEWORKS

Early in the development of the experimental design
it had been determined that the testing of the new advance
warning sign was to be confined to those public grade
crossings presently having reflectorized crossbucks and
standard advance warning signs. Because it was known that
a relatively large sample size would probably be required,
several alternative sampling frameworks were initially
developed to determine which might offer the most efficient
design in terms of required sample size,

To determine a required sample size using Equation.
11, it was first necessary to select the desired power of
the test, B, and the percent change in accident rate to
be detected, A. The overall mean accident rate, X, would
be a function of the grade crossing population to be .
sampled and the length of the study period in years. The
size, n, of each of the k homogeneous sets of crossings
could be systematically varied to determine which value
would minimize the number of required treatment sites,
and which would minimize the total number of treatment
plus control sites. The preferred number of crossings per
set would depend on the unit cost of installing the new
sign at the treatment sites versus the unit cost to collect
needed field data at all treatment and control sites.

A. Rural and Urban Grade Crossings

The first sampling framework to be considered was the
total nationwide population of 36,104 rural and urban grade
crossings having reflectorized crossbucks and standard advance
warning signs as of 1976. From Table 1, the overall mean
accident rate, A, was noted to be 0.049 accidents per cross-
ing per year. Three- and five-year expected accident rates
were then calculated to reflect the expected mean accident
rates for a three-year and a five-year study. The rela-
tive change in accident rate to be detected was varied
from 5 to 20 percent. The resulting required sample sizes
are shown in Table 5 for a 50 percent and 80 percent power
of the test, and for various ratios of the number of treat-
ment to the number of control sites.

The results indicate that to be 50 percent confident
of detecting an actual 5 percent reduction in accident
rate over a three-year study period, it would be necessary
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to select almost 15,000 treatment and 15,000 control sites,
The required number of treatment sites could be reduced to
approximately 11,000 if desired, but the number of control
sites would then have to be increased to a little more

than 22,000, Thus by decreasing the ratio of treatment to
control sites from 1:1 to 1:2, the total number or required
sites would increase from approximately 30,000 to 33,000.
Of greater significance, however, is the fact that both
sample sizes nearly equal the total population of 36,104
grade crossings. If the ratio of treatment to control
crossings were to be reduced any further, the total required
sample size would exceed the population size.

Nevertheless, the very large sample sizes noted above
could be substantially reduced if either a five-year study
period was selected, or if the percent change in accident
rate to be detected was to be increased. A five-year study
period might not be unreasonable, although the study costs
would be greater, and significant variations in certain
influencing factors such as train and traffic volumes would
be expected to occur in some instances.

The reasonability of only being able to statistically
detect accident reductions greater than or equal to 10 or
20 percent is certainly questionable. The fact that the
recently completed passive signing study was only able to
find a S percent increase in driver head movement with the
new advance warning sign suggests that this might also be
an upper limit on any corresponding accident rate reduction
which could be achieved. The 25-member Advisory Committee
to that study in fact expressed the general belief that
the relative increase in looking for trains as measured by
driver head movements would significantly exceed the potential
reduction in vehicle-train accidents. (16)

If the power of the test were to be increased to 80
percent as a means of reducing the likelihood of not-
statistically detecting an actual reduction in the accident
rate, then as shown in Table 5 the sample size requirements
would again increase substantially. Moreover, even for a
relatively long five-year data collection period, the
number of available grade crossings is insufficient to meet
the sampling requirements for detecting as much as a 5
percent reduction in accident rate.

B. Urban Grade Crossings

Because the required sample size varies directly
with the overall mean accident rate, other grade crossing
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stratifications with higher mean accident rates were con-
sidered. One of these was the total nationwide set of
6,876 urban grade crossings with reflectorized crossbucks
and advance warning signs. The mean accident rate for
these crossings i1s 0.098 accidents per crossing per year.
As shown in Table 6, the resulting pattern of sample size
requirements is less than one-half as demanding as that
based on the population of all 36,104 rural and urban
grade crossings having reflectorized crossbucks and ad-
vance wariing signs. Nevertheless, because the number of
urban grade crossings constitutes only about one-fifth of
the total population, there would actually be a decline
in the ability to statistically detect possible accident
rate reductions. Therefore, the use of urban grade cross-
ings as the principal experimental data base was dropped
from further consideration.

C. High Exposure Rural Grade Crossings

A third sampling stratification to receive considera-
tion was the total nationwide set of 3,258 rural grade
crossings with reflectorized crossbucks, advance warning
signs, an average daily traffic volume greater than 250
vehicles, and 3 or more trains per day. The overall mean
accident rate for these crossings is 0.117 accidents per
crossing per year, almost 2.5 times greater than that for
the total set of 36,104 grade crossings.

Once again, however, the effect of the smaller number
of available sites more than offsets the potential lever-
age provided by the higher expected accident rate. As
shown in Table 7, where sufficient sites are available,
the required sample size is significantly less than the
corresponding requirement found in Table 5. Nevertheless,
it would generally not be possible to statistically
detect accident rate reductions as large as 5 percent
because the required sample size exceeds the population
of available sites.
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V. DECISION-MAKING REQUIREMENTS

Because of the very large sample sizes associated
with the alternative sampling frameworks, it was conceiv-
able that no experimental design would be statistically
sensitive to small relative changes in accident rate, be
feasible in terms of site availability, and also be econom-
ically practical in terms of study costs. Therefore, an
analysis was undertaken to determine the minimum relative
reduction in accident rate which would economically justify
deployment of the new advance warning sign. This would
constitute the smallest accident reduction which the
experimental design should be capable of detecting.

A. Economic Decision Model

The first step in the analysis was the formulation of
an economic decision model which could be used to evaluate
the trade-off between expected safety benefits, and the
costs of replacing existing advance warning signs. A net
present value criterion was selected for the model. (17,
18) Net present value can be expressed as:

NPV = PVB - PVC (12)

in which PVB is the present dollar value of a time stream
of benefits and PVC is the present dollar value of costs
over the same time period. If the NPV of an investment
alternative is greater than zero, then that investment 1is
considered to be economically feasible. When comparing
mutually exclusive alternatives, each with a positive NPV,
that alternative with the highest NPV is preferred.

For the purposes of this study, the present value of
benefits, PVB, was defined as the present dollar value of
future accident rate reductions attributable to the instal-
lation of the proposed new advance warning sign at all
grade crossings presently equipped with reflectorized .
crossbucks and standard advance warning signs. The present
value of costs, PVC, was defined as the present dollar
value of the differential costs associated with deploying
and maintaining the proposed new advance warning sign at
all grade crossings presently equipped with reflectorized
crossbucks and standard advance warning signs. The bene-
fits and costs associated with installing advance warning
signs where none had previously existed were not considered



because it was assumed that any increase in safety benefits
at such crossings would be primarily attributable to the
presence of an advance warning, not its design. Further-
more, the only cost differential associated with a new
installation would be in the materials cost of the new
versus the standard advance warning sign, and this would
constitute a small fraction of the total sign installation
cost.

Both the benefits and costs of deploying the proposed
new advance warning sign would be a function of the de-
ployment policy itself. Two alternative policies were
considered:

1. Replace all existing advance warning signs
at one time.

2. Replace existing advance warning signs at
their normal replacement interval, or on
an as-needed basis.

For an immediate replacement policy, the present
value of benefits can be expressed as:

PVB = (AAR) (A) (AC) (N) (SPW; p) a3

in which AAR is the present average annual accident rate
per crossing; A is the percent reduction in the accident
rate, AAR, due to the increased effectiveness of the new
advance warning sign; AC is the average dollar cost of a
grade crossing accident; N is the number of grade crossings
at which the standard advance warning signs are replaced;
and SPWj p is the series present worth factor for a dis-
count rate of i percent and an analysis period of n years.
The present value of costs can be expressed as:

AC
PVC = 2N[(AC+LC+MC) + ;E (GPWi,m)

CAC .
M (Spwi,n—m)(Pwi,m)] (14)

in which AC is the dollar materials cost differential be-
tween the standard two-color advance warning sign and the
proposed three-color sign; LC is the dollar labor cost for
installing a new sign on an existing post; MC is the
dollar mileage cost per sign for the truck used by the
field crew; m is the average life of an advance warning
sign in years; Gpwi,m is the uniform gradient present
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worth factor for a discount rate of i percent over m years;
SPWj n-m 1s the series present worth factor for a discount
rate of i percent over n-m years; and PWj p is the present
worth factor for a discount rate of i percent over m years.

For an as-needed sign replacement policy, it was
assumed that grade crossings would receive the new sign at
a uniform rate such that after m years (the expected life
of an advance warning sign), all grade crossings presently
equipped with standard signs would have received the new
sign. The present value of benefits for this deployment
policy can be expressed as:

PVB = [(AAR) (4) (AC) ,-,N-l (GPWi,m)]

+ [(AAR) (a) (AC) (N)(SPWi,n-m)(PWi,m)] (15)
with the present value of costs expressed as:
PVC = 2[(%)(AC)(SPWi’n)] (16)

in which all variables are as previously defined. It
should be noted that the analysis period is assumed to
exceed the average economic life of an advance warning
sign, '

B. .Trade-Off‘Analysis

The specification of the minimum relative change in
accident rate which the experimental design should be cap-
able of statistically detecting was examined by applying
. the economic decision model and determining the relative
accident rate reduction, A, which would yield a2 net present
value of zero. Any reduction in accident rate smaller than
this value would be insufficient to economically justify
deployment of the proposed new advance warning sign. Any
accident rate reduction larger than this value would mean
that deployment of the new sign could be economically
justified. Thus it would be important to be able to de-
tect accident rate reductions as small as the critical
value found at the breakeven point.

The first step in the trade-off analysis was the
derivation of typical values for the variables appearing
in the economic decision model (see Appendix B). Using
the resulting values shown in Table 8, upper and lower
limits of the critical accident rate reduction were
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Table 8. Input data for breakeven analysis.

Variable

Typical values

Average grade cross-
ing accident cost,
AC

Unit sign materials
cost differential,
C

Unit labor cost for
sign installation,
LC

Unit mileage cost
for sign installa-
tion, MC

Average useful sign
life, m

$60,000-375,000

$1 - §$ 3
$9 - $12
$5 - ¢ 8
7 years
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computed for each alternative sign deployment policy for

a 20-year analysis period and a four-percent discount

rate. The four-percent discount rate represents only the
real cost of capital, with no allowance for expected in-
flations. This approach is recommended when present

values are calculated in constant dollars. (18) The grade
crossing population used in this analysis was the 1976 nation-
wide total of 36,104 crossings having reflectorized
crossbucks and standard advance warning signs. The results
of these computations are presented in Table 9 below.

Table 9. Results of breakeven analysis.

Sign deployment Critical accident rate reduction, A
policy Upper. limit Lower limit
Immediate replace- 0.14% 0.07%
ment of all signs
As-needed replace- 0.04% 0.01%
ment

The findings presented in Table 9 reveal that the
proposed new advance warning sign, when deployed at those
grade crossings presently having reflectorized crossbucks
and standard advance warning signs, could be economically
justified even if it only yielded on the order of a _
hundredth of a percent reduction in the average per cross-
ing accident rate. This is equivalent to a reduction of
about one grade crossing accident every five to six years
over the total population of 36,104 grade crossings.
These results clearly suggest that it might be both ex-
perimentally and economically impractical to attempt to
determine if the actual safety effectiveness of the new
advance warning sign would justify its deployment on a
nationwide basis.
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VI.. COST EVALUATION

The cost of undertaking the field studies and analyses
necessary to experimentally measure the accident reduction
potential of the proposed new advance warning sign was
an important consideration in the selection of an approp-
riate sampling plan. The alternative sampling frameworks
described in Chapter IV incorporated an optional ratio of
the number of treatment to control sites. The most approp-
riate ratio would depend upon the relative cost of install-
ing the new advance warning sign at the treatment sites,
versus the cost of collecting needed field data on the
physical characteristics of each treatment plus control
site. Furthermore, it was important to know the total
expected cost of the accident study so that it might be
compared to the expected value or utility of the informa-
tion to be derived from the study. These evaluations would
then permit a reasonable judgment to be made regarding a
recommended experimental design.

A. Accident Study Costs

Typical accident study costs were developed by formu-
lating cost models for each study task. It was assumed
that four basic tasks would be required: Site Selection,
Preparation of Treatment Sites, Data Processing, and Data
Analysis and Evaluation.

The Site Selection task would involve three steps.
First, a list of candidate treatment and control sites
would be generated from the national grade crossing inven-
tory file. Sites would then be randomly selected and
visited by personnel from cooperating state highway
agencies to assure compliance with the requirements of the
sampling plan. The last step would be the collection of
supplementary field data at the time each selected treat-
ment and control site was inspected for compliance. These
data would include the proposed corner sight distance,
speed limit, and driver information load variables. The
cost model formulated for this task is:

C, = = [(m) (MR) + Tc] (17)

in which Nt is the total number of treatment and control
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sites in the experimental design; n is the number of sites
visited per day; m is the mileage logged per day; MR is
the vehicle mileage rate in dollars per mile; and TC is
the time and per diem cost for a traffic engineering tech-
nician in dollars per day.

The second task, Preparation of Treatment Sites, would
involve the installation of the new advance warning sign
at each selected treatment location., Logistically, it was
expected that this task would be undertaken by state high-
way agency maintenance crews. The cost model formulated
for this task is:

Cy = 2 Ny (SC+LC+MC) (18)

in which N¢ is the total number of treatment sites in the
experimental design; SC is the dollar cost of modifying
each in-place standard advance warning sign; LC is the
dollar labor cost for installation of the experimental
sign; and MC is the dollar mileage cost per sign for the
truck used by the field crew.

The third task in the accident study, Data Processing,
would involve monitoring Highway Grade Crossing Incident
Report forms as they are received from the railroads, and
updating the site inventory file in response to any up-
dates to the national grade crossing inventory file. The
cost for this activity can be expressed as:

Cz = hts . (19)

in which h is the mean number of man-hours required per
year; t is the length of the accident study in years; and
s is the dollar per hour salary scale, including adminis-
trative costs, for support-level personnel. :

The final work task in the accident study, Data
Analysis and Evaluation, would involve performing the
appropriate statistical analyses and cost-effectiveness
evaluations, and preparing a final study report. This
task would be undertaken by professional-level staff, with
the cost estimated as:

Cq = yd - (20)
in which y is the number of man-years of effort; and d is

the total dollar cost per man-year, including administrative
costs.
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Using typical cost data, parameter values for the four
task cost models were specified (see Appendix B). The
summation of these models constitutes the accident study
cost model, and is expressed as:

Cp = 17Np + 40N, + 4400t + 30,000 (21)

where Cr is the expected dollar cost of the accident study;
Nt is the total number of treatment and control sites; N¢

is the number of treatment sites; and t is the length of
the data collection period in years. This model was then
used to estimate the cost of undertaking each alternative
experimental design identified in Tables 5 and 7.

Each experimental design alternative is specified in
terms of the power of the test, the length of the data
collection period, the expected percent change in accident
rate, and the required number of treatment and control
sites. Table 10 presents the estimated study costs for
the most cost-efficient designs within the two basic
sampling frameworks. The data reveal that the cost of
conducting an accident study would increase significantly
as the expected accident rate reduction decreases, the
power of the test increases, and the data collection period
decreases.

B. Value of Information

In the two-stage process of selecting the most appro-
priate experimental design and then determining if it
should actually be undertaken, an important consideration
is the trade-off between the value of the information to
be derived and the estimated cost of obtaining that infor-
mation. In the case of the safety effectiveness of the
proposed new advance warning sign, this trade-off can be
examined in two ways. First, the smallest accident rate
reduction which is likely to be statistically detectable
can be compared with the lowest rate that would economi-
cally justify the nationwide application of the new sign.
Second, the cost of undertaking the accident study can be
compared with the cost of deploying the new sign nation-
wide.

Figures 4 and 5 illustrate the trade-off between ex-
pected accident rate reduction, required sample size, and
the accident rate reduction associated with the economic
breakeven point for justifying deployment of the new

36



sdurssoxd

0zt 6L8°T 069 S
S°0 01 amusm musmom
091 £ES°‘T ££S5°1 £ -X2 Ys1y 8sz ¢
00y 609°¢L v08°‘S S
029 189°21 959 € 80 ot _
s3urssoxd
‘ . ueqin pue
099 60S°‘ET $59°‘9 S . TBIn1 $OT*9g
S°0 S
0S0°‘T 78122 160°T1T €
Amommwu 1013u0) 3juouzeary  °IEP umwu vwww“u uotjeyndod
»wsum 9z1s ardues muwwr kaom juaprooe 8urrdueg

paidadxyg

*s350> Apnis JuapIIOdER pajewtisy ‘QO[ 9[qel

37



Total Grade Crossing Population
35+
30+
25+
o
(=)
<
‘@
3
5 20+
Q
©
S
o
5
w
° 15+
(o]
[
3
2
[}
N
(7]
10+
@
a
E
[=]
w
5+ ~
Economic Breakeven Point
(001 -0.13%)
0 —+ + + +—
0 5 10 15 20
Accident rate reduction (%)
Figure 4. Sample size requirements: total nationwide

population of rural and urban grade crossings with
reflectorized crossbucks and advance warning signs.
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advance warning sign. It is clear that none of the alter-
native experimental designs can be expected to provide the
information necessary to establish whether the potential
safety benefits of the new sign would exceed the total

cost of nationwide deployment. Even with a five-year data
collection period and accepting only a 50-percent likelihood
of detecting a true reduction in accident rate, the sample
size requirements would significantly exceed the total
population of grade crossings that could be selected for
experimentation.

Figure 6 illustrates the trade-off between the cost
of undertaking the most cost-efficient experimental design
alternatives, versus the initial cost of deploying the new
advance warning sign at all 36,104 rural and urban grade
crossings presently equipped with both reflectorized cross-
bucks and standard advance warning signs. The data which
are presented reveal that study cost varies over a wide
range, and that the cost of four of the six alternative
experimental designs would significantly exceed the total
initial cost of deploying the new sign on an as-needed
basis over a seven-year period. Moreover, these study
costs fall within approximately 30 to 75 percent of the
total initial cost of an immediate sign replacement policy.
Of the six alternative experimental designs, only the two
which are based on sampling from high-exposure rural
crossings would appear to be within the range of economic
practicality. However, neither of these designs would
provide sufficient data to determine whether or not the
proposed advance warning sign would produce the accident
rate reduction necessary to justify its deployment.
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VII. CONCLUSIONS AND RECOMMENDATIONS

The results of this study to develop an experimental
design for evaluating the accident reduction potential of
the. proposed new grade crossing advance warning sign
strongly support the conclusion that the conduct of such a
field study would be both experimentally and economically
impractical., The findings from the evaluation of decision-
making requirements, and the comparison of the cost versus
the value of the information expected from the proposed
study indicate that:

1’

The sample sizes necessary to detect the
minimum percent accident reduction that
would economically justify deployment of
the new sign significantly exceed the
population of available sites.

The estimated cost of conducting even the
most cost-efficient study designs would
equal or exceed the approximate total cost
of deploying the new sign on an as-needed
basis over a seven-year period.

No study design is likely to reveal a
statistically significant accident reduc-
tion if in fact there was one.

These conclusions suggest that several policy options
are available regarding proposals to establish the new
advance warning sign as a national standard:

1.
2.

Take no further action of any type.

Undertake a study to experimentally measure
the accident reduction potential of the new
sign.

Undertake further study of the potential
safety effectiveness of the new sign
using alternative measures of effective-
ness such as the frequency with which
drivers look for trains.

‘Approve the use of the new sign by state

and local highway agencies on an as-
needed basis.
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It is recommended that the first two =-licv options
be disregarded. Previous research has d 4 rated that
the proposed new advance warning sign may provide in-
creased, although unmeasured, safety benefits to the
motoring public. - Yet it has also been shown by this study
that new research specifically designed to measure poten-
tial reductions in the grade crossing accident rate would
be both experimentally and economically impractical.

Therefore, it is recommended that the latter two
policy options constitute the most realistic choices facing
the traffic safety community. If additional studies using
alternative measures of safety effectiveness are to be
undertaken, it is recommended that they incorporate the
influencing variables and range of grade crossing exposure
levels used in the experimental designs which were con-
sidered in this study. On the other hand, if the proposed
sign were to receive approval as a national standard based
on the results of this study, it would imply that the
traffic safety community believes the new sign has, at a
minimum, the potential for offering a marginal improvement .
in effectiveness compared to the current standard sign.
Moreover, such a marginal improvement is all that would be
required to economically justify the change in standard.
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APPENDIX A

DERIVATION OF STATISTICAL RELATIONSHIPS

The derivation of the statistical relationships for
conducting hypothesis tests and determining sample size
requirements ar ~ented below.

A. Hypothesis Tests for Treatment-Control Analyses

Total Crossing Population

The proposed sampling scheme for the accident study
will create k homogeneous sets of n crossings, where one
crossing will be randomly selected as a treatment site
and the remaining n-1 crossings will serve as control sites.
Assuming that grade crossing accidents are Poisson distrib-
uted, let:

Y. = the observed number of accidents at
J the treatment crossing in set j,
j = 1,2,...k

and Xij = the observed number of accidents at
control crossing i in set j,
i=1,2,...n-1, and j = 1,2,...k

Under the null hypothesis of no accident reduction due to
the new advance warning sign, assume that:

and ' X ~ P(kj)

1j
Namely, the number of accidents at all the crossings in set

j are Poisson distributed with parameter Aj.

For set j, the difference in accidents per crossing is
expressed as:

ps o= Y. - i=1 =Y. - Y. (22)
n
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For all k sets, the overall difference is:

kK Iy, - x.
D= 2 S R X o (23)
. k '
j=1 |
Under the null hypothesis, Dj has a zero mean and variance:
n
V(D;) = xj[n—_[J (24)
while D has a zero mean and variance:
) k k v .
VD) = = Z - a D2 X1 (25
The mean accident rate over all sets j is:
k A
Y 2 {—;}} (26)
. jel
therefore, _
V(D) - (27
(n-1)k )

Using the normal approximation to the Poisson ‘distribution,
the statistic for testing the null hypothesis is then:

k
s [Y. - x.}
R = ~j=i k

; nx
(n-1)k

which is approximately distributed N(0,1) under the null
hypothesis. If the correction for continuity for the
Poisson distribution is applied, and the overall mean
accident rate, A, is estimated by:

(28)
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Tl;l

k
Y. ¢+ .—. X..
T = > 123 i=1 "ij (29)
j=1 nk

then the statistic for testing the null hypothesis becomes:

16D (v )

7 =« K J=1

(30)

k —
j=1

(n-1)k?

where Y. is the number of accidents at the treatment cross-
ing in Set j, and X; is the mean number of accidents for
the control crossings- in set j. The null hypothesis will
be rejected at the 5% significance level if Z < -1.64,
thereby concluding that the new advance warning sign has a
significant effect in reducing the number of grade crossing
accidents.

Crossing Subsets

Rather than analyzing all the sample crossings as a
group, it may be of interest to examine subsets of cross-
ings, each of which exhibits similar characteristics. The
subsets can be identified as scenarios, s = 1,2,...m,
representing combinations of the k sets of crossings describ-
ed previously. Let:

Y;g = the number of accidents for crossing i in
the treatment group of scenario s

and Xjg = the number of accidents for crossing i in
the control group of scenario s

and Ngp = the number of crossings in scenario s,

where g = 1 for the treatment group and g = 2
for the control group. ‘
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Then a two-way ANOVA table can be constructed as follows,

as.

or

SCENARIO
1 2 . m
Y11 Y12 Yim
Treatment o
Y11 Y(nz1)2 Y(np1)m
X11. X12 Xim
Control
X1 Xnyp)2 X(npp)m

The mean for each cell of

Y

*S

*S

Ng1 7
DY Yis
j=1| Msl]
nsz- .
s | Xis
ial- nSZJ

with the resulting ANOVA table being:

Because the number of accidents, xij

SCENARIO
1 2 m
Treatment | Y., Y., om
Control X., X,, om
and Y;
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(31)

(32)
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to be Poisson distributed, so are the summations of acci-
dents for the treatment and control crossings within each
scenario. Letting X(Y)s and x(x)s be the expected accident

rates for treatment and control crossings in scenario s,
then:

[Y-s - A(Y)s]
’ A(Y)s
Ns1
[X-s - A(X)s]
/ ‘s
Ng2

are both approximately distributed N(0,1). Under the null
hypothesis:

and

Aiyys = 2 (X)s ® As (33)

and therefore:

Yos  Xes

X 1 1
sln_, n_-
< sl s2

also has a standard normal distribution. Applying the
correction for continuity and estimating the overall mean
accident rate for scenario j as:

(ng1Y.o + ng,X. o)
y = sltes s2%es (34)
S (ngy *+ ng2)

the statistic for testing the null hypothesis is:
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T - 1 -|x . 1
*s ~ Tng; *s ~ 2ng,

\/ ng1Y.s + ng2X.s 1, 1
Ngy * Ng Mgl Mg

where s = 1,2,...m. Under the null hypothesis, Z: has a

chi-square distribution with one degree of freedom, and sl
Zz has a chi-square distribution with s degrees of freedom.

The null hypothesis that the accident rates for the
treatment and control crossings over all the scenarios are

m
equal will be rejected if the value of s§1 Z: exceeds the
critical value in the chi-square table. Furthermore, those
scenarios for which there is a statistically significant )
difference between the accident rates for the treatment and’
control groups can be identified by examining the respec-
tive values of Zg. For those scenarios where Zg exceeds
3.84, the sign of Zg will indicate whether the treatment
or the control group has the lower accident rate. If the
sign is negative, it can be said that the new advance
warning sign provides a statistically significant reduction
in the expected accident rate.

B. Derivation of Sample Size Requirements

The sample size required for the accident study de-
pends on the following parameters:

1. The desired power of the test, B.
2. The value of the overall mean accident rate, X.
3. The expected reduction in accident rate, A.

The power is the probability of correctly detecting a
change in accident rate, if there is a change. For a fixed
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mean accident rate, X, and a fixed accident rate reduction,
the required sample size will vary directly with the re-
quested power. Furthermore, there is a greater likelihood
in detecting a change in accident rate when the rate of
accidents is high, as opposed to when accidents are a rare
event., Finally, it is clear that a larger change is more
likely to be detected than a smaller one. The derivation
presented below quantifies these qualitative assessments in
terms of the overall comparison of all treatment and control
crossings.

Using the notation of the previous section, assume that:

Yj n P(lj - €Aj)

This implies that the treatment (i.e., the new advance
warning sign) reduces the accident rates by an amount pro-
portlonal to the original rate. Under this assumption,
the statistic D (Equation 23) no longer has a zero mean,
rather:

E(D) = % E(Y; - X;)
k

1

- I jzl(xj - €X5 - Xy) = -eX (36)
and
1 k
- — -
V(D) 2(n-1) JSIAJ[(n 1) e(n-1) + 1)
[n - E(n-l)]r (37)
(n-1)k

Moreover, the statistic R (Equation 28) no longer has a
N(0,1) distribution, but has a mean of

[n - e(n- l)lX
(n-1)k
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and a variance of: n - e(n-1)
n

Compared to the N(0,1) distribution, this represents a
slight shift in the var1ance, but the ma1n effect is on
the mean of R.

The probability of rejecting the null hypothesis, Hgp, .
that € equals zero (at « = 0,05) is:

Pr(R < - 1.64) =

:> \jn - e(n 1)
(n- l)k

-1.64 1 . VT (38)
: n - e(n-1) \J n - £€¢(n-1)

<

n (n-1)k
or
pr|2 <« —_1.64 . eV X N(n-1)k (39)
\F‘ ' E,En-l) \[n - e¢(n-1)
where: : Z ~ N(0,1)

If the effect on the variance is ignored, then:

eV X V(n-1)k
vn

Pr(R < -1.64) = Pr {z'< -1.64 + (40)

which is a much simpler relationship.

If the required power is now fixed at some level B8,
. 'then from Equation 40:
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eN Y N(n-1)k } (41)

-1
) B) = | -1.64 +
¢ 8 [ ry

where 0'1(8) is the inverse of the normal distribution at
point B. Solving for k, the total number of sets of one
treatment and n-1 control crossings:

- 2
k -[ o 1l(g) + 1.64] [—“—} [:1—} (42)
n-1 Ael

The total number of sets, k, is in effect the desired
sample size, which:

1. Increases with the desired power, B.
2. Decreases with the overall mean accident rate, X.

3. Decreases with the square of the change in
accident rate, €.

4., Decreases slightly with the size of the sets, n.

.Similar results can be obtained by using the more complex
Equation 11.

Although the above derivation is presented in terms

of sets of crossings (j = 1,2,...k), it is also directly
applicable to separate scenarios, s.
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APPENDIX B
ESTIMATION OF COSTS

The data and methodology used to estimate parameter
values for the economic decision model (Chapter V), and
the accident study cost model (Chapter VI) are described
below.

A. Economic Decision Model

The average cost per grade crossing accident, AC, was
estimated by updating accident costs cited in the 1972
Report to Congress on Railroad-Highway Safety. (8) In
that study, unit costs for fatal and personal injury acci-
dents at rail-highway grade crossings were developed from
estimates of the total economic loss to society for
various injury categories. Property damage costs were
derived from information reported on state accident report
forms. Then using data on the distribution of fatal,
personal injury, and property damage accidents by rural
versus urban area, composite accident costs were computed.
These costs were reported as $60,000 per accident for
rural areas, and $25,000 per accident for urban areas.

To update these costs to 1979 dollars, the above values
were weighted by the proportion of grade crossing accidents
occurring in rural and urban areas, and then expanded

using an 8 percent inflation rate:

AC = [0.4($60,000) + 0.6($25,000)](1.08)7
= $66,800 per accident

For use in the economic decision model, the average cost
of a grade crossing accident was assumed to range between
$60,000 and $75,000 per accident.

The materials cost differential between the standard
advance warning sign and the proposed three-color sign,
AC, was estimated to range between $1 and §3 per sign.
This was based upon data reported by state highway agen-
cies in Texas and Wisconsin, as well as a major materials
supplier. (16)
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The estimated unit labor cost, LC, for installing a
new advance warning sign on an existing post was deter-
mined from assumed values for the number of signs which
could be installed per day, and the wage rate per hour for
the sign crew. It was assumed that one crew could install
an average of twelve signs per day, and that the crew
would be paid at the rate of $16 per hour for an eight-
hour day. Therefore:

LC =.[ day } {8 hr] [ 316 ] = $10.67 per sign

12 signs day crew-hr

Allowing for variability in the above estimates, the typi-
cal unit cost was assumed to be within the range of $9 to
$12 per sign.,

The estimated mileage cost per sign, MC, for the
vehicle used by the sign crew was based upon the assumption
that approximately 200 miles would be traveled in a typical
day in which an average of 12 signs could be installed.
Using cost per mile data reported by the Wisconsin Depart-
ment of Transportation, the unit mileage cost for a sign
truck was estimated as:

day | [200 miles] [$0.35 -
MC = = $5.83 '
[12 signsJ [ day ] [ mile} $5 per sign

As with the other cost parameters, it was assumed that the
typical value for unit mileage cost would fall within a
range of $§5 to $8 per sign.

Finally, the typical economic life of an advance
warning sign was assumed to be seven years. This estimate
was based upon the experience reported by the Wisconsin
Department of Transportation.

B. Accident Study Cost Model

The accident study cost model is composed of four
components, each associated with a basic work task. It
was assumed that four basic tasks would be required: Site
Selection, Preparation of Treatment Sites, Data Processing,
and Data Analysis and Evaluation.

The Site Selection cost model was formulated as:
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Np T |
c, = ——-Bm)(MR) + TC}
n

in which Nt is the total number of treatment and control
sites in tge experimental design; n is the number of sites
visited per day; m is the mileage logged per day, MR is
the vehicle mileage rate in dollars per mile; and TC is
the time and per diem cost for a traffic engineering tech-
nician in dollars per day. It was assumed that it would
require about one-half hour to collect the necessary data
at each site, and an average of one-half hour to travel

to the next candidate site. Allowing time for meals, it
was therefore assumed that an average of eight sites could
be visited over a 10-hour day. It was further assumed that
an average day would involve 150 miles of travel at $0.17
per mile. Time and per diem costs were estimated at $8
per hour for a 10-hour day and $30 per day, respectively,
for a total cost of $110 per day. Using these parameter
values, the Site Selection cost model could then be ex-
pressed as: : '

N .
150 mil 0.17 110
¢, - ___;;____ < miles) /§ > , $110 17 Ny
<§_§1£s§> day mile day

day

where C; is the cost of this task in dollars.

The cost model for the second task, Preparation of
Treatment Sites, was expressed as:

Cy = 2 Ne(SC+LC*+MC)

in which N{ is the total number of treatment sites in the
experimental design; SC is the dollar cost of modifying
each in-place standard advance warning sign; LC is the
dollar labor cost for installation of the experimental
sign; and MC is the dollar mileage cost per sign for the
truck used by the field crew. Using the cost data develop-
ed for the economic decision model, the Preparation of
Treatment Sites cost model was specified as:

6
Cpm 2 Ny |2 L, 38 1. 40 Ny
t | sign . sign sign

where C; is the cost of this task in dollars.
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The cost model for the Data Processing task was defined
as:

C3 = hts

in which h is the mean number of man-hours required per
year; t is the length of the accident study in years; and

s is the dollar per hour salary scale, including adminis-
trative costs, for support-level personnel. It was assumed
that this task would require one man-month, or 176 hours,
per year. At a salary rate, including fringe benefits and
administrative costs, of $25 per hour, this cost model
could then be expressed as:

cs - 176 hours| | $25 t = 4400 t
year hour

where C3 is the cost of this task in dollars.

Finally, the cost model for the Data Analysis and
Evaluation task was defined as:

C4’Yd

in which y is the number of man-years of effort; and d is
the total dollar cost per man-year, including administra-
tive costs. This task was assumed to require one-half
man-year of effort at $60,000 per man-year, including all
administrative costs. The resulting estimate for the cost
of this task was then expressed as:

Cqy = : man-year §o0,000 | . 30,000
Z man-year

where C, is expressed in dollars.

Adding the cost models for the four study tasks, the
cost model for the entire accident study becomes:

Cr = 17 Np + 40 N, + 4400 t + 30,000
where C7 is the expected dollar cost of the accident study;
Nt is the total number of treatment and control sites; N¢

is the number of treatment sites; and t is the length of
the data collection period in years. :
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