REFERENCE USE ONLY

A-7%-6
REPORT NO. FHWA-RD-78-34

RAILROAD GRADE CROSSING
PASSIVE SIGNING STUDY

Joseph S. Koziol Jr.
Peter H. Mengert

U.S. Department of Transportation
Research and Special Programs Administration
Transportation Systems Center
Cambridge MA 02142

&5
STayes O #

AUGUST 1978
FINAL REPORT

DOCUMENT IS AVAILABLE TO THE U.S. PUBLIC
THROUGH THE NATIONAL TECHNICAL
INFORMATION SERVICE, SPRINGFIELD,
VIRGINIA 22161

Prepared for

U,S. DEPARTMENT OF TRANSPORTATION

FEDERAL, HIGHWAY ADMINISTRATION
O0ffice of Research
Washington DC 20590






NOTICE

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

NOTICE

The United States Government does not endorse pro-
ducts or manufacturers. Trade or manufacturers'
names appear herein solely because they are con-
sidered essential to the object of this report.







Technical Report Documentation Page

1. Report No 2 Government Accession No

FHWA-RD-78-34

3. Recipient s Cotalog No

4. Title ond Subtitie

RATLROAD GRADE CROSSING PASSIVE SIGNING STUDY
FINAL REPORT

5. Report Date

August 1978

6, Performing Orgonization Cocen

| 8. Performing Orgonization Report No

7. Author s’

Joseph S. Koziol, Jr. and Peter H. Mengert

DOT-TSC-FHWA-78-6

9. Performing Orgonization Naome and Address

10 Work Unit No (TRAIS

U.S. Department of Transportation HW711/R8202
Research and Special Programs Administration 11 Contract or Grant No
Transportation Systems Center PPA HW 711

[Cambridgg MA 02142

| 12, Sponsoring Agency Na-n:e_und Address

1
|

13. Type of Report and Period Covered

FINAL REPORT

U.S. Department of Transportation April 1976 - June 1977

Federal Highway Administration

Office of Research 14. Sponsoring Agency Code

Washington DC 20590

15. Supplementary Notes

16 Abstroct

This report describes the results of a study to determine the effectiveness
of new passive signing configurations in warning drivers of the potential hazards
at railroad grade crossings. Experiments were conducted in two phases over a
two-year period. The first phase was begun in March 1975 and evaluated seven sign
configurations at five test sites in Ohio and one site in Maine. The purpose of
Phase I was to determine at a few crossings whether any of the new signs showed
promise of being more effective than the existing sign configuration and to
evaluate a variety of experimental variables. The results of Phase I were pre-
viously reported and indicated improved effectiveness for the new signs tested.
The purpose of Phase II was to test and verify andja national level (18 sites in
14 states) the most effective signs as determined from Phase I and to concentrate
on and refine, if necessary, the most improtant variables. In each phase, before-
and-after data were collected at each site so that relative improvements provided
by the new signs could be determined.

The results of Phase II confirmed the findings of Phase I in that drivers
showed more awareness (that is, an increased percentage of headmovements or looking
for trains) with the new signs at the crossings tested. -

17. Key Words 1B. Distribution Statement
Railroad-Highway Grade Crossing
Passive Signing, Driver Behavior,
Safety, Protable Sensors,
Statistical TEsts, Rural Highway,

Effectiveness |

DOCUMENT IS AVAILABLE TO THE U.S. PUBLIC
THROUGH THE NATIONAL TECHNICAL
INFORMATION SERVICE, SPRINGFIELD,
VIRGINIA 22161

19. Secunty Classit. (of this reportl 20. Security Classil, (of this poge) 21. No. of Pages 22, Price

Unclassified 66

, - Unclassified

Form DOT F 1700.7 8-72)

Reproduction of completed page outhorized






FOREWORD

This report describes Phase II of the Railroad Grade Crossing Passive
Signing Study. This study was funded by FHWA, FRA, and 25 participating
States. During this phase of the study, three experimental grade
crossing signing systems were tested at 18 sites in 14 States. During
the field testing when the experimental signs were used, there was an
increase in drivers looking for trains.

Based on the study results, the study advisory committee (representing
FHWA, FRA, and the 25 participating States) recommended to the Federal
Highway Administrator and the National Advisory Committee (NAC) on

Uniform Traffic Control Devices that one of the experimental advance
warning signs be adopted as a national standard. The request was denied

by the NAC with a recommendation to the Federal Highway Administrator that
additional field experimentation be undertaken to determine the safety
benefits that could be expected if the nmew sign were used. The FHWA Office
of Research is planning additional work to determine both the safety
benefits attributable to a change in signing and the costs involved.

Sufficient copies of this report are being sent to provide two copies to
each region, division, and State highway agency. The division and State
copies are being sent to the division office. Additional copies have
already been sent to the State representatives who participated in the

study.
4 el
Ll //‘,%
Charles F. S fey

Director, Office of Research






PREFACE

This report represents the culmination of a two-year two-
phase effort involving passive signing at railroad grade crossings.
The results of the first phase were reported in an Interim Report
DOT-TSC-FHWA-71-1 entitled "Railroad Grade Crossing Passive Sign-
ing Study," January 1977. The study was jointly funded by 25
states,the Federal Railroad Administration and the Federal Highway
Administration.

The authors gratefully acknowledge the cooperation and under-
standing of Janet Coleman of the Federal Highway Administration
(FHWA) who provided the project guidance since its inception;

Maury Lanman also of the FHWA who assisted in the design of the
experiments and managed the data collection and data reduction
activities at the Maine Facility; Patricia Brown of the Transporta-
tion Systems Center who participated in the data analysis; and
Gene Jordan and Burt Marter of the Applications Research Corpora-
tion who spent nine months in the field collecting the required
data.
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EXECUTIVE SUMMARY

This report describes the second phase of a two phase
study to evaluate the effectiveness of new passive signing
configuations (i.e., static signs and markings without signals
or gates) in warning drivers of potential hazards of railroad
grade crossings. In the interest of greater safety to
motorists, this study was undertaken because more than three-
fourths of the 219,000 public grade crossings nationwide are
protected by passive signs only, the existing signing con-
figuration has not been changed for many years other than the
angle of the crossbuck which was changed in the 1971 MUTCD,
and it was hypothesized that introducing new signing at railroad
grade crossings would be an effective method of improving
safety at the crossings.

Phase I of the study evaluated seven new passive signing
configurations at five sites in Ohio and one site in Maine.
The seven signing configurations were selected by a program
advisory committee formed at the initial stages of this pro-
ject, and are shown in Figure 1 with the base sign configura-
tion. The committee consisted of representatives of 25 par-
ticipating states(l) who supported this pool-funded effort,
the Federal Railroad Administration, the Federal Highway Ad-
ministration and the Association of American Railroads.

The performance data for evaluating the new signs con-
sisted of driver head movement (i.e.,looking for a train) and
vehicle speed profiles. In this study, head movement was taken
to be the prime indicator of sign effectiveness because it was
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the most direct indication of driver response to the signs.
However, no head movement data were taken at night, due to
lack of adequate illumination at the sites.

The major finding of Phase 1 of the study was that the
new signs in Ohio averaged an increment of 19 percent more
head movement (from 35.5 percent to 54.5 percent) than the
base sign (99 percent significant). However, there were
no significant differences between the signs, including the
base sign, in terms of the speed profiles.

Because of the head movement finding in Phase I the pro-

gram advisory committee decided to continue testing into

Phase II. The "best'" sign configuration from Phase I (i.e.
sign configuration 4 - Figure 1) was selected for further
testing, together with two modifications of this configura-
tion. The resulting three sign configurations shown in Fig-
ure 2 were tested at 18 sites in 14 states.

The results from Phase II were found to be consistent
with the major findings from Phase I in that the new signs
showed significant improvement over the base sign in terms
of head movement and no differences in terms of speed pro-
files. Specifically the major findings from Phase II were:

a. Sign configuration 1 - Figure 2 - showed significant
improvement over the base sign configuration averaging an
increment of 6.7 percent more head movement (from 34.7 per-

cent to 41.4 percent)

ix
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b. The advance warning sign of sign configuration 1 (also
sign configuration 3 - Figure 2) accounted for about half of
this improvement

c. Sign configuration 1 showed an increment of 3.9 per
cent more head movement (from 37.5 to 41.4 percent) than sign con-
figuration 2 § 3.

d. The new signs showed no significant differences in
speed profiles compared to the base sign under day or night
conditions.

e. The head movement data were judged to be quite reliable
based on several measures that were formulated to evaluate
the subjectivity of this data.

Based on the results of the experiments (Phase I and
Phase II) the research investigators recommend that the exist-
ing signing at all hazardous passive railroad grade crossings
be changed in a two-stage implementation process. The first
stage consists of changing only the advance warning sign to
the new red and yellow advance warning sign. The second
stage consists of changing the existing crossbuck sign to
the new red, yellow and black sign tested but only if after
wide scale and long term application (3-5 years) the new
advance warning sign itself is proven successful in terms of
accident reduction.

This process allows testing of real benefits through a
relatively inexpensive procedure (Stage I implementation).

The decision to change the existing crossbuck sign (Stage II

b &1






implementation can then be based on whether doubling the
accident benefits (predicted by the study) is worth the cost

of changing to the new crossbuck sign.

1/ Note to page vii:
The 25 participating States included California, Colorado,
Connecticut, Georgia, Iowa, Kansas, Kentucky, Louisiana,
Maryland, Michigan, Minnesota, Mississippi, Montana,
Nebraska, New Mexico, North Dakota, Ohio, Pennsylvania,
Rhode Island, Tennessee, Texas, Utah, Washington, West
Virginia, and Wisconsin.
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1. INTRODUCTION

There are about 219,000 public railroad grade crossings
in the United States with an additional 37,500 grade inter-
sections separated by structures. Of these public railroad
grade crossings, 50,370 are protected by "active' devices
which provide the driver with a positive indication of the
approach of a train (e.g., signals and/or gates). The remain-
ing 168,630 public crossings and an additional 142,000 private
crossings have some type of "passive' warning.

Static signs and markings constitute the usual form of
passive warning. These inform the motorist of the existence
and location of a crossing, but the driver must determine
whether a train is approaching and whether it is safe to
cross by looking up and down the tracks.

With more than three-fourths of the public grade cross-
ings nation-wide equipped only with passive signs, it is most
important that both the approach and at-the-crossing signs be
effective. Furthermore, at the 70,000 or more crossings with
two or fewer trains per day and 500 or fewer vehicles per day,
economic justification for "active' devices does not appear
possible. The majority of railroad grade crossings will con-
tinue to have only signs and markings which provide passive
warning to drivers to proceed with caution.

To determine which signs would most effectively warn

drivers of the hazards at railroad grade crossings, a study
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was initiated to evaluate the effectiveness of seven new
passive sign configurations. The seven sign configurations
were selected by a program advisory committee formed at the
initial stages of the project. The study was divided into two
phases. Phase 1 involved five test sites in Ohio and one test
site in Maine and was intended to determine, on a limited
scale, if any of the new signs were more effective than the
existing signs and to determine the important variables for
the study. Phase 1 data collection was completed in October
1975 and the results (1) indicated that the new signs in-
creased driver awareness at railroad grade crossings. Phase
II was undertaken to test and verify on a nationwide

basis (18 sites in 14 states) the most effective signs as
determined in Phase 1, to quantify the expected improvement
from the new signs, and to recommend what sign or signs

should be adopted for driver warning at railroad grade cross-
ings. The results from Phase II and the recommendations

of the study are reported herein.

1/ Koziol, Joseph and Mengert, Peter, "Railroad Grade Crossing
~ Passive Signing Study,' Interim Report No. DOT-TSC-FHWA-76-
1, January 1977.






2. SIGN CONFIGURATIONS

The three new passive sign configurations evaluated in
Phase II of this study are shown in Figure 2 together with
the existing (base) configuration.

Sign configuration 1 - the so-called Texas sign configura-
tion, consisting of a red and yellow advance warning sign and
a white crossbuck with "Railroad Crossing'" legend in black
lettering superimposed over a circular red and yellow background
with black boarder - was the most effective sign tested in
Phase I of this study.

Sign configuration 3 - red and yellow advance warning
sign and a standard white crossbuck with "Railroad Crossing"
legend in black lettering - was not tested in Phase I of this
study but was selected for Phase 11 testing to determine if
the colorful advance warning sign alone could explain the
expected sign configuration improvement. If should be pointed
out here +hat there were no significant differences between
any of the new sign configurations tested in Phase I. But
most of these configurations involved two new signs; a cross-
buck and an advance warning sign. None of the new sign con-
figurations in Phase I involved just a standard crossbuck
with new advance warning sign. If sign configuration 3 were
proven just as effective as sign configuration 1 in the Phase
IT tests then this would mean that only half as many signs
(the advance warning sign but not the crossbuck) would be

involved in any recommended replacement program.

-3=-






Sign configuration 2 - red and yellow advance warning
sign and a yellow crossbuck with black border - also was not
tested in Phase I but was selected for Phase II because (1)
the yellow crossbuck is currently being tested by a number of
states (2) it was reportedly in wide scale application in
Canada and (3) it was part of the sign configuration (#7 in
Figure 1) which was second best in Phase I. .

Although the '"look-for-train' advance warning sign was
also part of the sign configuration which was second best in
Phase I, it was not included in Phase II because it was
viewed as a supplementary sign which could be used at the

discretion of the local authorities.






3., SITE CHARACTERISTICS AND TEST CONDITIONS

Experiments were conducted using a single traveling test
team at 18 sites in 14 states. The site locations, sequence of
testing, and test completion date at each site are shown in
Figure 3. The sites were fairly well distributed across the
country with a good representation of the participating states
in this project. There were two sites in each of California,
New Mexico, Texas, and Louisiana. As in Phase I each site was
selected based on the following general requirements.

a. Two-lane, two-way rural road with a high speed limit
(greater than 45 mph) preceding the crossing.

b. Average Daily Traffic (ADT) between 1000 and 4,000.

c. An average of two-four trains per day.

d. Sight distance restrictions in at least one quadrant.

In actuality, not all requirements were met at every
site, but every site did have sight distance restrictions in
at least one quadrant. All tests were conducted in one direc-
tion only and during good weather conditions only (i.e. no
rain, snow, fog or wet roadway). All vehicles crossing the
tracks were included in the analysis except, (1) required
stop vehicles, (2) vehicles arriving within five minutes of a
train crossing, (3) short headway vehicles (less than six
seconds between two vehicles approaching the crossing in the
same direction.) Only the following vehicles were excluded

in these cases, (4) turning vehicles. These vehicles,
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constituted only a small percentage of the total vehicles

crossing the tracks.






4, EXPERIMENT VARIABLES AND MEASURES OF EFFECTIVENESS

During the course of the experiments both dependent and
independent variables were measured or recorded manually for

each vehicle as it traversed the test area.

4.1 INDEPENDENT VARIABLES

The independent variables, those that remained constant

for each sampled vehicle included:

a. site (18 in 14 states)

b. time of day (day-night)

c. observer collecting manual data (2 at each site)

d. observer location (van, car),

The van, which housed the electronic equipment, was parked
off the right side of the road about 200 feet from the crossing
on the approach side. The car was parked on the opposite side
of the road on the opposite side of the crossing and within 100
feet of the crossing. Each observer alternated in collecting
the manual data from within each vehicle.

Several other independent variables were studied in Phase
I including vehicle type, (car; other) license plate (in-state,
out-of-state) driver (male, female) passenger in vehicle (yes,
no), required-stop vehicle (yes, no), approach speed >45 mph
(yes, no), train expected (yes, no) weather (good, bad) but
none of these was found to have an effect on sign configuration

improvement and were thus not included in Phase II. Time of
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day (day, night) effects were also studied in Phase I, but
only in terms of speed profiles since head movement data
were not collected at night. The new signs showed no sig-
nificant differences in speed pfofile compared to the base
sign under day or night conditions. However, time of day
was retained as an independent variable in Phase II because
the location of the speed sensors was changed (see below)
and it was thought that this might have an impact on the

speed findings.

4.2 DEPENDENT VARIABLES

The dependent variables were a) head movement and b)

speed profile. Head movement data were collected visually

and recorded manually, while speed profile data were

collected electronically. Vehicle time headway, an additional
dependent variable in Phase I, was not retained in Phase Il
because of the relatively low traffic volume of the sites

studied and the inconclusiveness of the data in Phase I.

4.3 MEASURES OF EFFECTIVENESS
Two basic types of measures of effectiveness were for-

mulated from the dependent and independent variables.

4.3,1 Sign Effect Measures

These measures were used for evaluating the effective-
ness of the new passive signs and included the following:

a. Head Movement-observer #1

-Q9-






The head movement measure (i.e. percent head movement)
was calculated on the basis of the first two states above.
That 1is:

# of definite Head Movements

¥ of definite Head Movements - f of
definitely no Head Movements.

%head movement

Since there were two observer locations (i.e., car and
van - see below), the observers were also instructed to dis-
tribute as equally as possible the time spent observing
driver head movements at each location. Thus, the head move-
ment measure by observer was averaged over the two observer
locations.
Head movement was considered the primary measure in this
study providing not only an indication of the attentiveness
and safety orientation of the driver but also a direct and
positive indication of the driver seeing and reacting to a
particular sign configuration.
b. Head Movement - Observer *#2
This measure was similar to (a) except that data
were obtained by observer #2

c. Head Movement - Van Location
This measure was similar to (a) except that data
were obtained by and averaged over two observers
at the van location. The measurement zone for driver
head movement was not restriction to the van region
but, was similar to that for measure (a). The van

housed the electronic system (described below) and

_11_






d.

was located off the right side of the road on the
approach side approximately 200 feet from the crossing.
Head Movement - Car Location

This measure was similar to (a) except that data were
obtained by and averaged over two observers at the

car location. The measurement zone for driver head
movement was not restricted to the car location. The
car was parked on the opposite side of the road and on
the opposite side of the crossing from the van, and
within 100 feet of the crossing.

Agreed Head Movement

This measure considered only those drivers for whom
both observers agreed on either "definite head
movement'" or "definitely no head movement'. The
measure was calculated similarly to that described

in (a). More consideration was given to this measure
in the analysis since it reflected the results of one
observer reinforced by the other.

Speed Reduction

Speed reduction was defined as entrance speed, at a
location 800 feet from the crossing on the approach
side minus exit speed at a location 200 feet from the
crossing on the approach side.

This measure provided an indication of whether or not
the driver reacted to the sign configuration by slowing
down in the approach to the crossing. This

measure together with measure g) - speed near crossing

provided a concise representation of the vehicle's

_12_






speed profile. In general, large values of speed
reduction implied more effectiveness.

g. Speed Near Crossing
This was the speed at a location 200 feet from the
crossing on the approach side. This measure, in
addition to providing information on the relative
safety aspects between signs and sites directly,
together with measure f) - speed reduction - pro-
vided information on the vehicle's speed profile
near the crossing. Since advance warning signs
were located approximately 300-600 feet from the
crossing, reaction to the advance warning signs was
expected tc occur before the driver was '"near the
crossing." In general, smaller values of this
measure implied more effectiveness. However, in the
analysis a "speed near crossing" effect was not con-
sidered important unless accompanied by a "speed
reduction" effect. This was because a '"'speed near
crossing' effect alone could have been accounted
for by a different speed driver population rather

than a reaction to the sign configurations.

Several other measures for determining sign configuration
effectiveness were used in Phase 1 including RMS(l) deceleration,
headwav reduction ratio, time in hazard zone and number of

vehicles stopping at the crossing. These measures were

-13-
1/ RMS deceleration is root mean square deceleration.






considered experimental in Phase I and were found to be either
inconclusive or uninterpretable due in some cases to small
sample sizes. Since the site characteristics in Phase II

were similar to those in Phase I, these measures were not

retained in Phase II.

4.3.2 Subjectivity Measures

It was recognized at the onset of the study that the pri-
mary measure for discriminating sign configuration effective-
ness-driver head movement - might be too subjective to pro-
vide meaningful results. Phase I of this study showed
consistent results in terms of head movement data between
observers at different sites but very little data was avail-
able for comparing data between observers at the same site.
Phase Il attempted to surmount these problems by providing
for two observers at each of the 18 sites tested. The sub-
jectivity measures formulated and described below, attempted
to quantify the subjectivity and variability of the head
movement data and assess its reliability.

a. Head Movement Comparison between Observers

This measure was a comparison of the mean head movement

d ata between observers for each sign at each site.

A similar comparison is also made between observer lo-

cations. The measure provided a gross indication of

the consistency and agreement between observers.

b. Head Movement Correlation between observers.

A correlation measure was formulated to provide an

-14-






indication of the agreement between observers on a per
driver basis. A correlation was determined for each site.
The correlation measure was essentially the percent agree-
ments between observers of the '"definite head movement" and
"definitely no head movement'" states. The measure was de-

fined as follows:

YY - the number of times both observers agreed that the
driver showed "definite head movement."
NN = the number of times both observers agreed that the

driver showed "definitely no head movement."
YN = the number of times the 1lst observer indicated
"definite head movement" while the second observer

indicated "definitely no head movement.™

NY = the number of times the 1lst observer indicated
ndefinitely no head movement' while the second ob-
server indicated 'definite head movement."

Then,

correlation measure = YY + NN
YY+NN+YN+NY

c. Head Movement Uncertainty by each Observer

This measure was the percent of time each observer in-
dicated the 'not sure" state compared to the "definite head
movement" and "definitely no head movement" states. Percent
uncertainty was calculated for each observer and for each site.
This measure provided an indication of the difficulty of
obtaining and degree of subjectivity of the head movement

data.

-15-






5. DATA COLLECTIOM AND TEST SCHEDULE

Electronic and manual data were collected on one side
of the crossing at each of the 18 sites. The sides were
selected based on the criteria described in Section 3. The
signs were installed on both sides of the crossing. The.
electronic data provided speed-profile information and were
obtained using a data acquisition system housed in a mobile
van. The mobile van, the same used in Phase I, was parked
off the side of the road about 200 feet from the crossing on
the approach side. A second vehicle (car) was also used in the
study primarily as a means of transportation for the data
collectors in the vicinity of each site once the data
acquisition system was Set up. During the experiment, the car
was parked on the opposite side of the road and on the
opposite side of the crossing from the van, within 100 feet
of the crossing. One data collector was stationed in each
vehicle when collecting the manual data.

Although the van and car were visible to the passing
motorists, they were parked at unobtrusive locations and
did not seem to affect the driver's behavior to the various
sign configurations. The van was an unmarked recreational
vehicle and due to the rural characteristics of the sites,
most of the passing motorists paid little or no attention
to its presence. Attempting to conceal the van was out of
the question because of its size and lack of adequate

obstructions.
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Speed profile data were measured by sensors laid across
the lane of the road on the approach side of the crossing.

The sensors were activated by each axle of each vehicle.
Sensors were located 200, 400, 600 and 800 feet from the
crossing. A pair of sensors was laid at each location -
separated by 6 -feet - providing spot speed information at
each of the four locations.

Manual data were collected on a clipboard by each ob-
server and at each location (van & car). The manual data
consisted of vehicle crossing time, head movement state,
required stop vehicles, turning vehicles, and train cross-
ing time (whenever it occurred during the data collection
period). Only one pass (visit) was made at each site during which
data were collected for each ol the three new sign configura-
tions. In addition, data were collected for the existing (base)
sign configuration before and after the new signs were tested.
After the data acquisition system was set up and checked out,
then the data collectors obtained data first for the base
sign configuration, next for the new sign configurations on
the following and succeeding days and finally for the base
sign configuration once again.

It was desired to obtain approximately 200 samples per sign
per site. At most sites this translated into 1 day of data
collection per sign. For those sites with lower traffic
volumes a two day limit on data collection was set. This was

done in order to keep the total experiment within reasonable
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length and cost and to allow a reasonable schedule to be set
up for coordinating the data collection progress with the local
authorities in whose states the tests were being conducted.

Each sign configuration (except for the base "before')
was installed on the morning of testing for that particular
sign configuration.

No data were collected over weekends, holidays or during
bad weather. Over weekends and holidays, the base sign con-
figuration was reinstalled (if not already set up) until test-
ing was resumed the following week. If weather did not permit
testing on a particular day, the last installed sign config-
uration or base sign configuration was kept up until such
time that weather permitted the next sign configuration to be
tested. Testing during the day was equally distributed be-
tween morning and afternoon periods.

Speed profile data were collected at night at 6 sites. All
18 sites were not utilized because no night effects were
found during Phase 1. A limited number of sites was determined
sufficient to verify this Phase 1 finding. Testing at night
was constrained to a four hour period initiated about one
hour after sunset.

The test schedule and sign/site arrangement are shown in
Figure 4. The sites are blocked in sets of six. Since
there are six possible permutations or arrangements of the
three new sign configurations each set of six sites was
balanced in terms of the sign arrangements. The six night

sites were also balanced in terms of sign arrangements. There
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TEST SCHEDULE

Site Data Start Date $ign Arrangement Completion Date
Collector | (begin testing) (N-includes night data) (end testing)
1 Bingham ME 1,2 5/03/76 g g TR Bt 5/12/76
2 Chestertown MD 1,2 5/19/76 B* 3 1 2 B 5/28/76
3 Merrifield Mi 1,2 6/07/76 egh NN N gt 6/15/76
4 Warren ND 1,2 6/16/76 8 2 3 1 B 6/23/76
5 Bozeman Hot
Springs MT 1.2 6/28/76 B8 1 3 2 B 7/07/76
6 Olympia WA 1,2 7/9/76 “xep 3 2 1 B 7/19/76
7 Jamestown CA 3,2 7/26/76 B8 3 1 2 B 8/06/76
8 Chinese Camp CA 3,2 8/09/76 B 2 1 3 B 8/18/76
9 Belen NM 3,2 8/24/76 B 1 2 3 8 9/07/76
10 Lamy NM 1.2 9/08/76 B 1 3 2 B 9/14/76
11 Plumbs €O 1,2 9/16/76 AR U L L B 9/22/76
12 Edgar NE 1,2 9/27/76 CARP U U L g 10/04/76
13 Seward KS 3,2 10/08/76 PUEELEFLEPL g 10/14/76
14 Mineral Wells TX 3,2 10/18/76 B8 2 3 1 8 10/22/76
15 McQueeney TX 852 10/25/76 B 3 2 1 B 11/02/76
16 Alexandria LA 1,2 11/04/76 B 2 1 3 B 1/11/76
17 Sun LA 1.2 11/15/76 A AR L4 8" 11/24/76
18 Columbus GA 1,2 11/29/76 B 1 2 31 B 12/10/76
':Pavement markings painted SIGN LEGEND
‘.'Sign configurations include Look-for-Train sign. B - Base (standard) configuration
Sign configurations include 20 MPH plague on 1 - Texas at-crossing, Texas advance
advance sign. 2 - Yellow crossbuck at-crossing, Texas advance
Z:;nz?ved farther into shoulder to avoid obstructing 3 _ gyandard at-crossing, Texas Advance

2 approach signs stalen

FIGURE 4. SIGN/SITE ARRANGEMENT
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TABLE 1. SAMPLE SIZES

Site Signs
B 2 1 3 B

1. Bingham ME | 189798~ 187/60 180/0 166/76 188/40 |
B 3 ] 2 8

2. Chestertown MD | 210 490 202 440 205 |
B 1 2 3 ]

3. Merrifield Mi | s4s0 23/11 10/0 37/38 34/43 |
8 2 3 1 B

4. Warren ND |52 51 40 44 46|
8 1 3 2 B

5. Bozeman Hot Springs MT | 251 282 245 227 225 [
B 3 2 | B

6. Olympia WA | 169 161 137 127 125 |
B 3 1 2 B

7. Jamestown CA | 188 192 192 175 210 |
B 2 1 3 B

8. Chinese Camp CA I 175 191 174 198 158 |
B 1 2 3 8

9, Belen NM [ 1o 169 146 164 188 |
B 1 3 2 B

10. Lamy NM | 60 174 95 176 177 |
B 3 2 1 B

11. Plumbs CO [ 2827163 336/254 249/100 290/162 342/164
B 2 3 1 8

12, Edgar NE | 135/38 104/18 122/13 12/7 /18 |
B 1 3 2 B

13. Seward KS | 179737 236/74 209/35 194/70 211/34 |
B 2 3 ) B

14. Mineral Wells TX | 22 139 187 166 219 |
] 3 2 ] []

15. McQueeney TX [ 182 101 138 133 134 |
B 2 1 3 B

16. Alexandria LA | 423 202 419 384 253 |
B 3 1 2 B

17. Sun LA | 89/43 142/66 77167 129/32 158/54 |
B 1 2 3 B

18. Columbus GA [ 112 88 103 60 a0 |

*DAY/NIGHT
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6, RESULTS

The results of Phase II of the railroad grade-crossing
passive signing study are presented below in four sections.
The first three sections evaluate the effectiveness of the

three new passive sign configurations tested in terms of seven

measures of effectiveness: head movement - observer #1,
head movement - observer #2, head movement - van location,
head movement - car location, agreed head movement, speed reduc-

tion and speed near crossing. The fourth section evaluates the
subjectivity of the head movement data.

Section 6.1 provides a summary of "quick look" data.

That is, based on the individual means and standard devia-

tions of the measures for each sign configuration at each

site, counts were developed that represented the number of

sites (out of a total of 18 for daytime conditions and 6 for
night conditions) where particular effects occurred. This
technique permitted an evaluation of relative sign configuration
improvement for all sites considered without averaging the data
over all the sites. Averaging over all sites, although a
straight forward approach is not always directly interpretable
in terms of expected effects at a particular site.

Section 6.2 averages the measures over all 18 sites and
provides a 3-way Analysis of Variance (ANOVA) with sign order,
site, and sign configuration as the variables. The 3-way
ANOVA was performed for the three new sign configurations

each relative to the average of the base "before" and base
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"after" sign conditions. This ANOVA permitted a direct evalua-
tion of sign order effects and sign configuration improvement
effects.

Section 6.3 also averages the measures over all 18 sites
but provides a 2-way ANOVA with site and sign configuration
as the variables. The 2-way ANOVA was performed for five sign
conditions - the three new sign configurations plus the base
"before'" and base "after" sign conditions. This ANOVA per-
mitted a direct evaluation of each of the three new sign con-
figurations with respect to each of the two base conditions.

Section 6.4 evaluates the subjectivity of the head
movement data in terms of three measures: head movement
comparisons between observers and location of observers, head
movement correlation between observers, and head movement
uncertainty by each observer. These measures provided
quantitative information for assessing the reliability of the

head movement data.

6.1 SUMMARY OF "QUICK LOOK" DATA

The data presented in this section were based on a conven-
tion that was adopted for determining different ranges of
improvement (or impairment) when comparing the sign configura-
tions in terms of their measures of effectiveness. The con-
vention can be explained with the aid of Figure 5, which shows
three different ranges (cases) of improvement when comparing
two individual means or averages. The dots represented the

mean values of a particular measure for each sample and the
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bars represented the 95 percent confidence intervals for the
individual means.

By the convention adopted in this study, case 1 represented
a "strong" improvement of one mean, (i.e., measure of effective-
~ess mean) over the other mean, since there was no overlap of
the end points of the error bars between the samples. When
the end point of an error bar of one sample overlapped the
center point (mean) of the other sample (case 2), no improve-
ment between the means Wwas declared. When the end point of
an error bar of one sample overlapped the end point of an
error bar of the other sample but not the center point of the
other sample (case 3), the difference between the means was
declared an "indicated" improvement.

The defined ranges of improvement should be viewed pri-
marily as aid for making relative comparisons. The actual
jevels of significance (two-sample comparison) for the three
cases as shown were .01, .15 and .05. Thus, for 2-sample com-
parisons, case 1 had a level of significance of .01 or better,
case 3 a level of significance between .01 anJ .15, and case 2
a level of significance of .15 or worse.

The common level of significance for Jdeclaring a difference
(whether 1l-sample, 2-samples OT multiple samples) is generally
.05,

The 2-cample level of significance ranges were felt to be
reasonable for defining the particular ranges of improvement

(according to Figure 5) and for making multiple comparisons.
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Table 2 summarizes the 'quick look" data for daytime con-
ditions. The data in the Table represented counts on the
number of sites (out of 18) where particular sign configura-
tion effects occurred. The counts were determined for each
measure of effectiveness and for each new sign configuration.
Two basic types of effects were examined:

a. STR - This effect represented a strong improvement (by
the convention adopted in this study and explained above) for
the particular new sign configuration compared to the base
"before'" and base "after" sign conditions.

b. IND - This effect represented an indicated improve-
ment (by the convention aaopted and explained above) for the
particular new sign configuration compared to three base sign
conditions.

1. base '"before'" or base "after"
2. base "before' only
3. base "before" and base "after"

Thus, for the STR effect a single count was determined for
each measure and each new sign configuration; for the IND effect,
three counts were determined for each measure and each new sign
configuration.

For each of the above effects, a sign control count was also
determined. The sign control counts represented strong or in-
dicated impairments for the particular new sign configuration.
Finally, a base control was also determined for each measure.

The base control counts represented the number of sites where
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the base "after" sign condition showed an indicated "improve-
ment" over the base "before' sign condition. The controls
were established to provide a relative basis for interpreting
the sign configuration effect.

Two additional measures, shown in the table, were intro-
duced for purposes of the 'quick l1ook" summary data only. The
first measure was "Observer 1 & 2 head movement ., The counts
indicated for this measure represented the number of sites
where both observers agreed on a particular effect. '"Observer
1 § 2 head movement" thus represented agreement between the
observers on a per site basis whereas "Agreed head Movement"
represented agreement between observers on a per driver basis.
The "Observer 1 § 2 head movement' counts were believed to
provide more meaningful information than the "Observer 1 head
movement" counts and ''Observer 2 head movement' counts sep-
arately.

The second measure was ''speed reduction and speed near
crossing .'" The counts indicated for this measure represented
the number of sites where there was both a speed reduction
effect and a speed near crossing effect. Since the "speed
reduction" measure and the "speed near crossing" measure by
themselves did not provide a clear picture of the speed pro-
file effects (see Section 4.3.1), the "speed reduction and

speed near crossing' measure was considered the only important

speed measure in the analysis.
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The results in Table 2 showed that there were very few
strong improvements for any measure and any sign configura-
tions. But,on the other hand, there were even fewer strong
impairments. This put arbound on the range of effects.

In terms of indicated improvement and their controls there was
a pattern of effects especially for the head movement data.
Sign configuration (SC) 1 showed higher counts than the other
two S.C.'s for all three base sign conditions. For example,
observer 1 found indicated improvements for S.C. 1 at 15 of
the 18 sites when compared to the base "pefore" or base "after"
but only 12 for S.C. 2 and 9 for S.C. 3. S.C.'s 2 & 3 showed
about the same indicated improvement in terms of the count
data with S.C. 2 having a slight edge. The improvement counts
for the speed measures were much less. The important speed
measure, namely ''speed reduction and spced near crossings,"
rated S.C. 2 the highest. However, overall the speed results
appeared to be minimal: there were indicated improvements for
§.C. 2 in speed profiles at only 4 of the 18 sites.

The very low sign control counts reinforced the improve-
ment results for both the head movement data and the speed
data. However the hcad movement effect w:s clearly more sub-
stantial than the speed effect.

The fact that the counts for the effect - indicated improve-
ment compared to base "pefore' and base nmafter" - were relatively
low compared to the other sign improvement counts and the counts

for the base control rclatively high compared to the sign con-
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trol counts, seemed to imply that there was some influence on
the drivers due to the testing itself. However, this did

not diminish the relative findings because (1) the sign con-
trol counts were all low compared to the improvement counts,
and (2) the base control counts were about half the correspond-
ing sign improvement counts (i.e., compared to base before
only).

In summary, the ''quick look'" data showed that

1. S.C. 1 was best in terms of head movement.

2. S.C.'s 2 & 3 were rated about equal in terms of head
movement with S.C. 2 having a slight advantage and both showed
indicated improvements compared to the base conditions.

3. S.C. 2 was rated highest in terms of speed profile
but showed only minimum improvement compared to the base
conditions.

Table 3 summarizes the "quick look" data for night con-
ditions. The results showed that once again as for the day-
time conditions, there were very few speed profile effects.
(No head movement data were collected at night.)

Only S.C. 1 showed indicated improvement in terms of
"speed reduction and speed near crossing." But this occurred
at only 1 of the six sites studied at night. On this basis
it was concluded that the new sign configurations were not
having an effect on the drivers at night in terms of speed
profiles and no further analysis of the night data was per-

formed.
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6.2 3-WAY ANOVA

A 3-way analysis of variance was performed for the three
new sign configurations each relative to the average of the
base "before" and base "after" sign conditions. The three
variables were sign order, site, and sign configuration.

Table 4 summarizes the levels of significance for each variable
and for each measure of effectiveness. The dashes in the

table indicated that the level of significance for that con-
dition was greater than .l.

Using .05 as the level of significance for declaring an
effect, Table 4 showed that there was no sign order effect,
(i.e., no effect due to when a sign was tested in the sign con-
figuration arrangement). For this variable, all new sign
configurations tested in the first position in the arrangement
were averaged together over 18 sites as were all sign con-
figurations tested in the second position and lastly all sign
configurations tested in the third position. Since there was
a balance in the total sign/site arrangement, this meant that
for each position, the averages included six of each of the three
new sign configurations. The significance test was then a
comparison between the three positions in the sign configura-
tion arrangement. The no significant difference finding meant
that results were not dependent on when a sign was tested in
an arrangement. This implied no day-to-day novelty effect
and gave additional credence to the daily sequential method of

testing.
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Tahle 4 also showed there were significant site-to-site
effects in terms of head movement improvement (the measures weTe
relative to the average of the base "pefore' and base '"after”
sign conditions), but no site-to-site effects in terms of
speed profile changes. This meant that different amounts of
head movement improvement were found from site-to-site for
the new sign configurations, but the speed profile changes due
to the new sign configurations were not found to be significantly
different from site-to-site.

Finally, Table 4 showed that there were significant differ-
ences amongst the three new sign configurations themselves in
terms of the head movement data (car head movement being a
minor exception),but no significant difference amongst the
three new sign configurations in terms of the speed profile
data. The next table examined the relative mean effects and
where the significant differences occurred.

Table 5 shows the relative mean effects for the three
new sign configurations each relative to the average of the
base "before" and base "after" sign conditions. The 95 percent
confidence ranges for multiple comparisons (Bonferroni
method) are also shown. For determining significance the
difference between any two sign configurations was compared
to the 95 percent confidence range.

In terms of the head movement measures S.C. 1 was clearly
superior to S.C.'s 2 & 3 as well as the average of the base

"before" and base "after" sign conditions. (The latter was
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determined by comparing the relative mean effect for S.C. 1 to
zero.) Based on the average head movement (i.e. the average
over the five head movement measures) S.C. 1 was significantly
better than the average of the two base conditions and almost
significantly better than S.C.'s 2 &§ 3. It is also interesting
to note that the new advance warning sign (i.e. sign configura-
tion 3) accounted for about half the total improvement due to
sign configuration.

There were no significant differences between S.C.'s 2 § 3.
Furthermore, S.C. 2 was significantly better, and S.C. 3 almost
significantly bettér than the average of the two base condi-
tions. Because of the conservative nature of the Bonferroni
test (i.e., 3.73 o for 95 percent confidence intervals) '"almost
significant"” in this section can be considered for all practical
purposes "significant."

In terms of the speed rcduction measures, there were no
significant differences amongst the sign configurations including
the average of the two base cenditions. For the speed near
crossing measure, the only significant difference was between
S.C. 1 and the average of the two base conditions. Since the
speed changes were all relatively low (on the order of 1 mph or
less) and since there were o combined speed reduction and speed
near crossing effects (see section 4.3.1), it was concluded that
there were no significant and substantial changes in speed
profiles due to the new sign configurations.

In summary, S.C. 1 was significantly better than the averagc
of the two base conditions in terms of the head movement data

averaging (over the five head movement measures) an increment
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aimost significantlv better than the other two new sign con-
figurations averaging an increment of 3.9 percent more head movement.
S.C.'s 2 § 3 appeared to be equally effective. S.C. 2 was sign-
ificantly better and S.C. 3 almost significantly better than the

average of the two base conditions by an increment of 1.3 percent

and 3.9 percent more head movement respectively. There were no
significant differences in terms of the speed measures for any

of the new sign configurations.

6.3 2-WAY ANOVA
A 2-way analysis of variance was performed for five sign
conditions - the three new sign configurations plus the base

npefore" and base "after' sign conditions. The two variables

S e

were site and sign condition. Table 6 summarizes the levels

of significance for each variable and for each measure of

effectiveness. The results showed that there were significant - |

differences from sitc-to-site in terms of all the measures. f

This was expected and was not an interesting finding. It

meant simply that the nominal behavior of drivers approaching f

crossings (i.e. head movement and speed) differed from site to

cite. The more interesting finding was that there were sign

condition effects for all the head movement measures, the b

speed near crossing measure but not the speed reduction measure. ?;
Table - shows the mean sign condition effects for the five

sign conditions including the base 'before'" and base "after.”

The 95 percent confidence ranges for multiple comparisons (Bonferroni : 4
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method) are also shown. The interesting additional finding
that was not evident in Table 5 was that S.C. 1 was superior
to both the base "before'" and the base "after" sign condi-
tions for all head movement measures plus the average of the
five head movement measures. In terms of the average head
movement measure and most of the other head movement measures,
S.C. 1 was significantly better than both base condition. S.C.
1 was superior to, but not significantly better than, the S.C.
2 & 3, Finally, S.C.'s 2 & 3 were found to be equally effective
and superior to, but not significantly better than, the base
"before" and base "after" conditions. The fact that the base
"after"sign condition showed more head movement than the base
"before" sign condition was probably due to the sign testing
effect itself. The true relative effect of the new sign con-
figurations was therefore probably more closer reflected by

the change from the base "after" only while the true value for
the base head movement was probably more reflected by the base
"before" only. With respect to the base "before" only sign
condition, Table 7 showed that S.C. 1 was significantly better
averaging (over the five head movement measures) an increment
of 9.2 percent more head movement (from 32.2 percent to 41.4
percent). With respect to the base "after" only sign condition,
S.C. 1 was significantly better averaging an increment of 6.7
percent more head movement (from 34.7 percent to 41.4 percent).

S.C.'s 2 § 3 averaged an increment of 5.3 percent more

-41-






head movement (from 32.2 percent to 37.5 percent) over the base

"before" and 2.8 percent more head movement (from 34.7 percent

I to 37.5 percent over thc basc "after." Finally, S.C. 1 was

! superior to, hut not significantly bett er than, S.C.'s 2 § 3
é averaging an increment of 3.9 percent more head movement (from
i 37.5 percent to 41.4 percent).

The only major finding for the speed mcasures was for the

"'speed ncar crossing'" measure where S.C. 1 was significantly
better than the base "before'" and almost significantly better
than the base "after" sign conditions. However, the change in
speed was small (about 1 mph) and was not accompanied by a

4 speed reduction effect. Hence, no significant speed profile
effect was declared for anv of the new sign configurations.

6.4 RELIABILITY OF HEAD MOVEMENT DATA

Three types of measurcs were used to evaluate the sub-
jectivity of the head movement data and to assess its relia-
bility. The first type was a comparison of head movement data

on a per site and per sign condition basis, between ohservers

ey . pin e e

and bectween location of ohservers. The comparison between
observers is shown in Figure 6. (For cach observer, head move-
ment data were averaged over the two locations - car and van -
where the data were collected.)

Overall the two ohservers showed strong consistency and
fair agreement in the percent head movement data. At a few
sites (e.g., site #3, 10, 11 and 12), the relative differences
were quite large. At site 43, the differences mav have heen

due to sample size cffccts. Sample sizes per site and per

-42-

R S T R et i1 o






dHAdISE90 HOVA ¥04 HLIS CGNV NOIS °"SA INIWIAOW AvAH 9 FAN9Id

43GHNN 3118

a1 Ll gl Si L A} €l z1 11 ot 6 8 L 9 S ] € 2 1
438WNN NOILIONOD NOIS
onu—ocw_ncon_uao_unoe_nunoun—nn_nuac_Nncewn—ucnu_o-n_Nn¢u_nan_Nnnoun—oc_nu_u‘nu—aou—ncnn_ua
.-nun—h.—-—-n.—-—-b..-_-_-—----_—-—--—_l_-__-_-_P—-—-_—-_aw-._-_-——-—F__-—-_H.FhLl0
].—Iﬂ.--«-.--.-q---_.--_-—-u-._n-__—._a.—--.u-.-—-u_«.-_-_-a_ad.ﬁ—_-.—-_-__-_-—_-.- -
o
o
N
K=
o
o
m
D
[en}
| -5z
-0
S<
m
o 4
m
gN
Fo—
0\'1
o
o~
s o]
=i
0
{ o

00001

-43-






oy

sign configuration were generally above 150 but at site #3
were between 10 and 64. At sites #10, 11,and 12,the dif-
ferences may have been partly due to a change in observers
which occurred after site *#9,

Figure 6 also showed a relatively high percent of head
movement at sites #3 and 9., At site #3, this may have been
due once again to sample size effects. In addition, site #3
had relatively severe sight restrictions, a sharp contrasting
background for all the signs and an additional look-for-train
sign located about midway between the crossbuck and the
advance warning sign. All or some of these factors may have
contributed to the high percentage of hcad movement.

There were no obvious factors to account for the high
percentage of head movement at site #9. The behavior of
drivers at railroad crossings was apparently affected by

other factors that were not controlled or studied in the

experiment. The variation of the head movement data from
site to site as shown in Figure 6 provided a visual repre-
sentation of the site-significant effects o= found from the

Z-way ANOVA (Table g .)

Figure 7 compared the head movement data as a function
of observer location. (For each observer location, head
movement data were averaged over the two observers.)

Again, as in Figure 6,a strong consistency between the
two curves was found., Furthermore, the variation due to the

location of the observers was substantially less than the
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variations duc to the observers themselves. The location of
the observer therefore had little influence on the results
compared to the variation between observers.

The second type of measure used to evaluate the sub-

; jectivity of the head movement data was head movement corre-

. lation between observers. The correlation, essentially the
percent agreement between observers on the driver head move-
ment states was defined in Section 4.3.2 and is shown in
Figure 8 as a function of site. The correlations were all
relatively high and uniform over the 18 sites. The average
correlation over the 18 sites was .76. The small variations
can be explained by the change in nominal percent head move-
ment from site to site. But,in general, the observers tended

to agree on the driver head movement states.

The third type of measure used to evaluatc the subjec-
tivity of the head movement data was head movement uncertainty
by each observer (see Section 4.3.2).

Figure 9 shows percent uncertainty for each site and for

each observer. The percent uncertainties for hoth observers
were rather low and consistent over the 18 sites. The average

i
"
% percent uncertainties over the 18 sites !{+. observer 1 and

observer 2 were .13 and .15 respectively. This meant that
the observers were confident on the driver head movement

E states over 85 percent of the time.
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In summary the subjectivity measures showed that:
a. The variability due to location of observer was
less than the variability due to the observers
themselves.
b. The observzrs zgreed over 76 percent of the time on
driver head movement state.
cn The observers expressed uncertainty of head movement
for less than 15 percent of the drivers. (These data
were not included in the analysis.)
The results of the subjectivity measures and the fact
that the major sign configuration effectiveness findings were
reached by each observer separately seemed to indicate
that the variability and subjectivity of the head movement
data were adequately controlled and minimized in the experiment
making the data reliable and the major findings on relative

sign configuration improvement valid.
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33‘- The major findings of Phase II of the Railroad Crossing

Passive Signing Study were:

a. Sign configuration 1 showed significant improvement

over the base sign configuration in terms of head movement

] averaging (over all sites and all measures) an increment of

6.7 percent more head movement (from 34.7 to 41.4 percent).
& b. The advance warning sign of sign configuration 1

3 (also sign configuration 3) accounted for about half of this
] improvement.

c. Sign configuration 2 and sign configuration 3 were
equally effective in terms of head movement and showed an
increment of 2.8 percent more head movement (from 34,7 to 37.5
percent) than the base sign configuration.

d. Sign configuration 1 showed an increment of 3.9
percent more head movement (from 37.5 to 41.4 percent) than

2 sign configurations 2 and 3.

e. The new signs showed no significunt Jdifferences in

il ac il ans o

speed profiles compared to the base sign configuration under

- day or night conditions,

f. There were significant differences in head movement

improvement from site to site.

Chb e il =2 oba s
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. There was no effect due to the order in which
the new sign configurations were tested.

These results were consistent with the Phase I findings.
Furthermore, even though the Phase II Study was limited to
short term effects (i.e., most tests of the new sign con-
figurations were conducted on the same day that the new signs
were installed), when combined with the Phase II study where
longer term effects were considered (the new sign configura-
tions were tested 3-6 weeks after the new signs were installed),
the net effect was that the sign configuration improvement
findings applied over both short (less than 1 week) and longer
term (up to Six weeks) periods. Extropolating beyond a six
week period would be conjecture but it would not be unexpected
if after wide-scale and long term application, the initial
benefits of the new signs diminished.

Thus, based on the findings from the Phase I and Phase II
experiments, and considering the cost as well as possible

diminishing benefits of the new sign configurations, it is

recommended that the existing signs at all hazardous passive

railroad grade crossings only be changed in a two stage imple-
mentation process. The first stage consists of changing only
the advance warning sign to the new red and yellow advance
warning sign (a change in effect to sign configuration 3
studied in this report). The second stage consists of
changing additionally the existing crossbuck sign to the new

red, yellow,and black sign studied in this report (a net
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change to sign configuration 1). However, the second stage
should be contingent on the new advance warning sign itself
first proving successful in terms of accident reduction
after wide scale and long term application.

This two-stage process allows testing of real benefits
through a relatively inexpensive procedure (Stage 1 imple-
mentation) before proceeding to the more expensive step
(Stage 11 implementation). The cost of changing from the
present to the new advance warning sign is expected to be
negligible while the cost of changing from the present to the
new crossbuck is estimated to be between $20 and $50. The
decision to change the existing crossbuck sign (stage I1I
implementation) can then be based on whether doubling the
accident benefits (assuming that the relative head movement
findings of this study are translatable to proportional
accident reductions-the increase in head movements with the
new crossbuck and the new advanced warning sign was more than
double that with the new advance warning sign above) is
worth the cost of changing to the new crosshuck.

The recommendation to change signs at hazardous passive

railroad grade crossing only was made “ar the following
reasons.
a. The study was conducted at possive crossings only,
b. The more wide-spread the application of the new
signs the more the improvements found in this study
would be expected to diminish.
c. With an cffective publicity campaign there would
appear to be an advantage to indicating hazardous
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passive crossings as opposed to other crossings:

a driver unfamiliar with the roadway he was travel-
ing on would be provided with additional and rela-
fively important information on an approaching
crossing.

The determination of hazardous crossings
would be left to the local authorities involved
in highway safety and should be based on the
following factors which were used in the present
study.

1. traffic-volume

2, traffic-speed

3, train volume

4. train crossing condition (e.g., stopped or
slowed for vehicle traffic, flagman present,
warning whistle only)

5. sight distance restrictions from roadway.












