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FOREWORD

By Staff
Transportation Research
Board

Thisreport presents an eval uation of traffic-control devicesto improve the behav-
ior of drivers when approaching and crossing a passive railroad-highway grade cross-
ing (i.e., onewithout signalsor gates). In addition to areview of theliterature, the report
includes acomprehensive analysis of the tasks driversface at a passive grade crossing.
Those responsible for signing and evaluating safety at grade crossings will find the
report informative as will those interested in human factors in safety. A key audience
for the report will be those responsible for the Manual on Uniform Traffic Control
Devices (MUTCD) because it is intended that the recommendations be considered for
the next edition.

Although crashes at railroad-highway grade crossings have been significantly
reduced over the past 30 years, automobile-train crash fatalities continue to be a seri-
ous traffic safety concern. The MUTCD provides guidance on what traffic-control
devices should be used at grade crossings. Much research has been conducted and is
underway to determine the effectiveness of standard and alternative grade-crossing
traffic-control devices. Although many studies have included good experimenta
designs to evaluate devices, others have not. The validity of some studiesis also sus-
pect because of inappropriate statistical tests or inadequate control for biases. As a
result, questions remain on the effectiveness of current MUTCD devices, and theresults
of most of the studies have not been incorporated into the MUTCD.

Based on perceived shortcomings in the standard MUTCD grade-crossing traffic-
control devices and the results of some research studies, transportati on agencies across
the United States have implemented a wide variety of modifications to the standard
devices (e.g., “Ohio Buckeye,” retroreflective patterns on crossbuck posts, Yield to
Trains and Look for Trains signs, and rumble strips on approaches). Such modifica-
tions have contributed to the inconsistency of grade-crossing treatments across the
United States.

Under NCHRP Project 3-57, Westat, with their subcontractor BMI, critically eval-
uated the literature and previous research and identified promising traffic-control
devices. They thoroughly described appropriate driver behavior when approaching and
crossing railroad tracks and the results of inappropriate behavior. Based on this analy-
sis, they selected traffic-control devices to evaluate further using driver focus groups
and comprehension testing. An expert panel confirmed the results and identified imple-
mentation issues.

The report summarizes the research conducted and recommends changes to the
MUTCD. Barriersto implementation are discussed as well as the desirability of using
Stop signs at all passive grade crossings. Recommendations for further research are
presented.

The MUTCD is recognized as the national standard for traffic-control deviceson
all public roads. This report should not be considered to supplant the MUTCD.
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TRAFFIC-CONTROL DEVICES FOR PASSIVE

SUMMARY

RAILROAD-HIGHWAY GRADE CROSSINGS

The Manual on Uniform Traffic Control Devices (1) provides guidance on what
traffic-control devices (TCDs) should be used at rail-highway grade crossings. Previ-
ous studies have called into question the effectiveness of current practices, and various
aternatives have been put forth. The objective of this project wasto determine whether
any innovative or nonstandard TCDs could be recommended asimprovementsto safety
at passive (i.e., no flashing lights or automatic gates) rail-highway grade crossings. The
focus was on low-cost treatments that could be widely implemented.

The project evaluated the shortcomings of current practice and the potential benefits
of alternative devices through a variety of activities. These activities included a criti-
cal review of recent research on grade-crossing TCDs and alternatives, a detailed
driver task analysisto describe appropriate and inappropriate driver behavior and asso-
ciated information requirements when approaching and traversing an at-grade cross-
ing, driver focus groups, empirical evaluations of comprehension and preference for
aternative TCDs, and an expert workshop to critically review promising alternatives.

The work identified key requirements that a TCD system for passive rail-highway
grade crossings should meet and for which the current system is lacking or does not
communicatewell. The present system does not adequately convey to many driversthat
(1) thereis no active warning system, (2) the onus for detecting approaching trainsis
on the driver, (3) there is a“yield” regulatory situation in effect, and (4) site factors
exist that may influence the proper approach speed. There are additional problems con-
cerning crossing or crosshbuck conspicuity, the timeliness of information, the public
belief regarding the meaning and application of current devices, uniformity and pre-
dictability of other traffic actions, and risk perception.

Based on the requirements of an effective TCD system for passive crossings, an ater-
native was recommended. The aternative retains the current primary TCDs (i.e., R15-1
crossbuck and W10-1 highway-rail grade crossing advancewarning sign) assystem ele-
ments but supplementsthe elementswith additional TCDsthat clarify theintended mes-
sages and address ather current shortcomings. The proposed system has three primary
components. (1) an at-crossing sign assembly that indicates a specific regulatory con-
trol condition; (2) arailroad advance warning sign assembly, which discriminates active
and passive crossings; and (3) a provision for warnings regarding specific site factors,
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where appropriate (to be located between the crossing and the railroad advance warn-
ing sign assembly). The normal (i.e., default) treatment of a passive crossing would
involveyield control, and the crossing sign assembly includesincorporation of aYield
sign with the crossbuck. Stop control would be used only under warranting conditions.
The proposed highway-rail grade crossing advance warning sign assembly usesthe cur-
rent W10-1 advance warning sign comounted with a supplemental sign that indicates
the nature of the regulatory control at the crossing. Although the suggested alternative
TCD system provides a better match to key requirements than does current practice,
the project also identified a number of implementation issues that will need to be
addressed if the recommendations are to be adopted.




CHAPTER 1

INTRODUCTION AND OVERVIEW OF APPROACH

1.1 BACKGROUND

Rail-highway grade crossings are potential points of con-
flict between roadway traffic and trains. The train has right-
of-way in these conflicts, and it is the driver’ s responsibility
to yield to the train. The system of traffic-control devices
(TCDs) located at a crossing is intended to aid the driver in
carrying out this responsibility. At a passive rail-highway
grade crossing, the traffic-control system does not inform
roadway users of the approach or presence of trains, loco-
motives, or railroad cars. This passive system isin contrast
to activerail-highway grade crossing traffic control systems,
such as flashing light signals or automatic gates. Roughly
one-half of the United States’ approximately 3,500 highway-
rail incidents (and approximately 400 rel ated fatalities) occur
at passive crossings. There are 90,000 passive public rail-
highway grade crossingsin the United States, many of which
are characterized by low-train or low-traffic volumes. Because
of the costs involved in installing and maintaining upgraded
levelsof crossing control (i.e., flashing lights, automatic gates,
grade separation), it is not feasible to upgrade many of these
sites. Therefore, thereisaneedto identify relatively low-cost
improvements to TCD practice at passive grade crossings
that will promote safer driver behavior and result in safety
benefits.

There have been substantial gains made in the past 30
yearsin safety at rail-highway grade crossings. Thirty years
ago, the United States suffered about 1,500 fatalities a year
at crossings. That number is nearly four times the current
number, despite the greatly increased traffic volumes seen
today. However, thisreduction has comeabout largely through
improvements to the level of grade-crossing control, as well
asthrough improvementsto active warning devices. For those
at-grade crossings that still have only passive TCDs, there
has been no clear improvement in driver behavior or crash
experience. Many previous reports over this 30-year period,
beginning with NCHRP Report 50: Factors Influencing Safety
at Highway-Rail Grade Crossings (2), identified limitations
to standard practice in terms of meeting driver information
needs. Yet, practice for signing and delineation of passive
crossings has remained essentially unchanged, and inappro-
priate driver behavior continues to be a problem.

Research studies and field experience have shown that driv-
ers (1) frequently fail to comply with TCDs at rail-highway

grade crossings, (2) do not have good comprehension of the
meaning and implications of TCDs, and (3) do not understand
risks and responsihilities associated with passive crossings.
Existing TCD practice may not be providing the driver with
the information required, in optimal form, where and when it
is needed. Improvements to signs and markings may foster
more appropriate driver behavior at passive rail-highway
grade crossings. In responseto this concern, avariety of sug-
gested improvements to current practice have been put forth
in recent years—for example, a more routine use of Stop
signs at passive rail-highway grade crossings, modifications
to improve the conspicuity of the crossbuck, incorporation of
the Yield message into TCDs, discrimination in advance
signing between passive- and active-crossing types, and the
use of supplemental message plates to encourage improved
visual search. Some suggested treatments have been sub-
jected to empirical or analytical evaluation; others have not.
The validity of those studies that have been conducted is
sometimes questionable. Although there is a concern over
the effectiveness of current practice, the effectivenessof alter-
native approaches is also at issue. Furthermore, there is a
concern that local modifications to TCDs or practices may
contribute to the inconsistency of grade-crossing treatments
across the United States.

1.2 OBJECTIVES

The objective of NCHRP Project 3-57, “Recommended
Traffic-Control Devicesfor Railroad-Highway Grade Cross-
ings,” was to determine whether any innovative or non-
standard TCDs could be recommended as improvements to
safety at passively signed rail-highway grade crossings.
The focus was on low-cost treatments that could be widely
implemented. It is intended that the recommendations be
made to the National Committee on Uniform Traffic Con-
trol Devices (NCUTCD) and FHWA for consideration in
future revisions of the Manual on Uniform Traffic Control
Devices (MUTCD) (1).

1.3 RESEARCH APPROACH

The project included a critical evaluation of recent
research and recommendations, collection of new informa
tion, and formal analytical activities. However, the scope of
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the project was not sufficient to permit actual formal field » Task 4—Interim Report and Evaluation Plan: Sum-
evaluation of the suggested devices. marize the findings and prepare a workplan to evaluate
The project consisted of the following sequence of tasks: possible new or modified TCDs.

+ Task 5—Evaluate TCD Concepts: Conduct the eval-

+ Task 1—Critical Evaluation of Research: Identify uations in accordance with the work plan.
and critically evaluate pertinent research results regard- « Task 6—Final Report and Implementation Plan:
ing railroad-highway grade crossing TCDs. Develop formal recommendations; summarize the
* Task 2—Describe and Classify Appropriate and methods and findings of the project in afinal report;

Inappropriate Motorist Behavior and Conseguences:
Formally analyze the appropriate and inappropriate
behavior of driversat railroad—highway grade crossings
and relate thisto driver information requirementsand to
resulting consequences.

» Task 3—DescribePromising TCDs. Based onthepre- Thisreport presents the methods and results of the work con-
vioustasks, identify promising TCDs and consider their ~ ducted and describes recommended enhancements to TCD
likely effects and costs. practice at railroad—highway grade crossings.

and include an implementation plan that describes the
activities that will promote the implementation of the
recommendations.




CHAPTER 2
APPROACH AND FINDINGS

This chapter presentsthe highlights of thetechnical activ-
itiesthat led to the TCD recommendationsin Chapter 3. The
sequence of activitiesincluded (1) evaluation of research, (2)
analysis of driver behavior and information needs, (3) identi-
fication of promising TCDs, (4) conduct of driver focus
groups, (5) comprehension testing of potential TCDs, and
(6) conduct of an expert workshop to critically review find-
ings and preliminary recommendations. For each of these
technical activities, thereisadescription of the approach and
asummary of the primary findings. Additional detail is pro-
vided in the appendix to this report.

2.1 EVALUATION OF RESEARCH
2.1.1 Research Review: Objective, Scope, and Method

The initial task of the project provided a comprehensive
critical review of recent research related to TCDsfor passive
railroad-highway grade crossings. The full report on this
effort was provided asaproject interim report (3). Theinterim
report provided areview and eva uation of availableresearch
results based on the applicability and conclusiveness of find-
ings on various railroad-highway grade crossing TCDs. The
review focused on passive grade crossings and the TCDs
appropriate to them. The search and review was conducted in
the second half of 1999 and emphasized work conducted
since 1989.

There have been numerous past reviews of driver behav-
ior at grade crossings and of the effectiveness or limitations
of various TCDs in improving that behavior. These reviews
include several comprehensive reviews, beginning with the
influential review and analysis by Schoppert and Hoyt in
NCHRP Report 50 (2). This report was subsequently fol-
lowed by magjor reviews by Sanders, Kolsrud, and Berger (4);
Knoblauch, Hucke, and Berg (5); and Lerner, Ratte, and
Walker (6). Other useful reviews with more restricted foci
also have been performed. The present review took these past
literature evaluations as a starting point and focused on work
conducted since the Lerner et al. report. Some pre-1989 arti-
cles were included either because they were not included or
not fully discussed in the previouswork or becausethey were
central to the evaluation. For the most part, however, the
emphasis was on the eval uation of research concerning TCD
effectiveness conducted over the 1989-t0-1999 period. Pre-

vious reviews and research reports already provided a rea
sonably good understanding of driver requirements and the
limitations or problems of current TCD design and practice.
The need here wasto eval uate whether any proposed counter-
measures provide meaningful improvements.

The search for relevant research reports included many
different activities:

+ Automated keyword searches of primary databases (e.g.,
NTIS, TRIS);

* Internet searches;

+ Contents scans of key journals, books, and proceedings;

+ Contacts with key offices at FHWA, the Federa Rail-
road Administration, and the Volpe Center;

» Requests for information on relevant research or prac-
tice from all states;

* A presentation to the Highway Railroad—Crossing Sub-
committee of NCUTCD, and a request for information
or contacts on past or current evaluations;

* Requeststhrough relevant professional committees (e.g.,
TRB); and

+ Contacts with leading researchers.

Each relevant article was independently reviewed by multi-
ple reviewers in order incorporate a range of expertise and
relevant perspectives—for example, atraffic engineer and a
human factors researcher might each review a study of
advanced warning signs. These reviews were critical evalu-
ations rather than simply descriptive ones and followed a
common format so that the insights of multiple reviewers
could be readily integrated into a single combined assess-
ment. Each review began with a descriptive section, which
included the bibliographic citation, brief description of objec-
tive and approach, author’s abstract, and summary of the
author’s statement of major findings and conclusions. The
second (and primary) portion of each individual review was
the critical assessment section. This section had primary
subtopics of experimental design and methods, samples,
measures, and analysis and interpretation. Within each sub-
topic, the reviewers had check-off itemsto ensure acompl ete
critical assessment. The final section of each review pre-
sented the reviewer's summary and conclusions, including
limitations, concurrence with other research findingsor prac-
tice, and key unanswered questions.



The review was organized around related types of TCDs
and the problems they address—for example, modifications
to the crossbuck sign related to its daytime effectiveness are
treated in one section. Crossbuck reflectorization treatments
related to nighttime or poor visibility—condition viewing are
treated in another section. Additional informational signage
located at the crossing (in addition to the crossbuck) istreated
in yet another section. A given research article might include
multiple devices or issues and so is discussed within each
appropriate section.

For each section of the review, the discussion was broken
into three subsections. Subsection 1 summarized the status of
what was known about the device and topic, prior to 1990,
based on previous reviews. The summaries were distilled
from major reviews from 1968 through 1989. In addition,
conclusions from other substantive reviews subsequent to
1989 were also included particularly for their reviews and
assessments of pre-1990 research. Using the primary source,
newer research cited in these more recent reviews was inde-
pendently reviewed. The more recent review documents
included reviews under FHWA' sproject on“Improved Traf-
fic Control Devices at Rail-Highway Grade Crossings’ (e.g.,
[7]) and the National Transportation Safety Board (NTSB)
study of passive grade crossings (8).

Subsection 2 for each problem reviewed more recent
research. Individua studies or other relevant activities were
described and critically discussed. In Subsection 3, after dis-
cussing the new research and considering it with past findings,
conclusions regarding the state of knowledge and demon-
strated TCD effectiveness were drawn.

2.1.2 Research Review: Findings and
Conclusions

The full literature review provided in the interim report
contains extensive and detailed discussion for each category
of TCD (4). This section provides a summary of the major
findings.

Table 1 summarizesthemagjor findingsfor each devicetype.
For each category of TCD, the table indicates the expected or
purported impact on driver behavior and then summarizes
the findings and conclusions of the related research.

Although conclusions regarding specific TCDs can be
found in the body of the report and Table 1, general points
can also be made. One of the more striking and disappoint-
ing pointsis how little appears to be known definitively (or
iseven reasonably well supported) by empirical dataon TCD
effectiveness. Theliterature dealswith limited issues, and the
research on theseissues usually suffersfrom methodological
shortcomings. There have been relatively few studies of sub-
stantial scope in the past decade that have included passive
crossing treatments as their primary focus. In a1989 review,
Lerner et a. (6) pointed out that the problems of driver
behavior at passive rail-highway grade crossings, as well as

most of the “innovative” alternativesto current practice that
might address such problems, were described in the analy-
sisof Schoppert and Hoyt in 1968 in NCHRP Report 50 (2).
Little progress regarding these aternatives had occurred
since 1968; the present review must echo Lerner et al.’s con-
clusion more than a decade later. NCHRP Report 50 is more
than 30 yearsold, and thefield is still discussing many of the
same issues and possible countermeasures.

Among the issues of current interest for passive crossings
isthe use of Stop or Yield signs. Part of thisinterest has been
spurred by arecent report by NTSB (8), which recommended
much broader use of Stop signs at railroad-highway grade
crossings. Theliterature evaluation found agreat deal of con-
troversy but questionable empirical basison thisissue. There
are differences of opinion regarding the use of Stop signs at
passive grade crossings: don’t use at all (9), use only under
certain conditions (10-12), and use at all passive crossings
unless hazardous (8). The primary reason for nonuse or lim-
ited use appears to be concern over the high level of non-
compliance, whichisindicated by ahigh percentage of driv-
ers failing to come to a complete stop. Three independent
studies observed that the percentages of drivers not coming
to acompl ete stop were high and higher than the percentages
found at highway intersections. This high level of honcom-
pliance is equated to disrespect for the Stop sign that might
increase and carry over to other locationsif the Stop signis
used indiscriminately. NTSB apparently did not share that
concern because it recommends use of the sign unless the
usage is deemed unsafe by an engineering study. The pri-
mary reason for using a Stop sign appearsto be limited sight
distance. Somefeel that if thereisalimited corner sight tri-
angle as the driver approaches the crossing, a Stop sign
should be used so that the driver—recognizing that thereis
aneed to stop—will at least slow down significantly, allow-
ing him or her to come to a stop safely if necessary. Others
will argue that a Stop sign should not be deployed merely to
achievethisdriver behavior. Other concernsremain with the
use of Stop signs—for example, the anticipated higher inci-
dence of vehicle-vehicle crashes, notably rear-end types.
Research evaluating this concern is very limited. Any fur-
ther evaluation of the Stop sign should examine this issue
comprehensively.

In summary, despite the selective practice of using Stop
signs at some grade crossings for many years and despite
several field studies, the effectiveness of Stop signs for gen-
eral use appears unresolved and controversial. Existing data
do not support firm recommendations.

In contrast to Stop signs, Yield signs have not been fre-
quently deployed at rail-highway grade crossings, and field
dataare minimal. However, with regard to the use of the stan-
dard YieldsignorincorporatingaYield messageinto sign sys-
tems for a passive grade crossing, there appears to be a grow-
ing fedling that this Yield usage may be desirable. Nearly al
who have written on this topic have concluded that the cross-



TABLE 1 Summary of literaturereview findings and conclusionson TCDs

e Conrail shield

e Ohio Buckeye

e Changes in
color, border

crossing.
Enhanced
comprehension of
requirements and
responsibilities.
Slower approach
speeds and better
search.

TCD Pur[')osefExpected Findings/Conclusions
Driver Impacts
e Drivers generally aware standard crossbuck relates to rail-
highway crossing, but confused about precise meaning.
Increased sign Drivers do not have clear understanding of responsibilities
Crossbuck conspicuity to when encountering passively protected crossing.
Design and improve detection e Conrail shield and Buckeye crossbuck may provide more
Meaning and recognition of salient cues to driver in the form of a Yield message at the

crossing.

Some research suggests drivers may slow more in response to
the Conrail shield, but new crossbuck designs do not provide
for behavior that is substantially safer than does standard
crossbuck.

Other than driver preference, none of the work in the past
decade convincingly shows that improved designs bring about
improved conspicuity or driver behavior.

Use of different contrasting colors, backgrounds, and borders
has yielded mixed results.

Reflectivity
e Reflectorization
scheme
e Rearof
crossbuck
e Post: face,
rear, side
e Roadside
delineators
e Train-
headlight
reflection

Increased
conspicuity of
crossing at night.
Addition of highly
reflective material
to the sides of the
posts is intended to
enable the posts to
be visible from
skewed-angle
approaches.

Better perception of
location (vs.
floating crossbuck).
Better detection of
train in crossing

Reflectorizing the back of crossbucks appears an effective
means to alert drivers to presence of a train at the track via
flicker effects.

Systems with retroreflective tape running the full length and
along the front and back of the posts appears to increase
conspicuity and enable drivers to determine where the railroad
tracks intersect the roadway.

Guidelines and recommendations for reflectorization exist, but
need to be validated.

Photometric studies reveal that reflectorized posts and
crossbucks have higher luminance levels than does the
standard crossbuck under nighttime conditions.

Some reflectorization treatments appear to have significant
long-term improvements in both driver- looking behavior and
deceleration rates.

Roadside delineators are promising in designating approach;
optimal pattern and spacing not yet determined.

Additional field tests need to be conducted before assessing

e Stop sign
*  Yield message
e Yield sign

comprehension
of responsibility.
Greater slowing,
better search.

flicker effect). . e h
( ) the effectiveness of reflectivity treatments activated by a
train’s headlights. Initial work is encouraging.
Stop sign reduces speeds, indications of better search.
Intersection TCDs Better Relatively poor compliance with Stop at rail crossings.

Generalized “disrespect” unknown.

Stop sign net safety benefits unproven, especially for general
use.

Yield message improves driver comprehension.

Yield sign not field evaluated.

Information at
Crossing

¢  Crossing angle

e Look for trains

e Number of
tracks

e Australian
width marker
assembly

To convey some
additional item of
information that is
important at the
point of the
crossing to the
driver.

Crossing to the
driver conspicuity.

Effectiveness of currently used signs (number of tracks,
exempt) unknown, but suspect.

Crossing angle sign more typically suggested as advance sign.
“Look for Trains” sign apparently under consideration by
FHWA, but no empirical evaluation for use at crossing.

Active vs.
Passive
Advance

e Train icon

Inform driver of
type of crossing
since responsibility
differs at each.
Improve speed
control and visual
search.

Counteract
misbelief that all

crossings are active.

Repeated recommendations based on analytic grounds, but
little empirical basis.

Common distinction in foreign practice; no empirical
evaluation found.

Little empirical work on either comprehendible icons or
behavioral and safety effects.

(continued on next page)



TABLE 1 (Continued)

TCD

Purpose/Expected

Driver Impacts

Findings/Conclusions

Alert drivers to the
presence of a

Advance Sign crossing.
Information e Communicate
crossing

e Look for train information (special

e Crossing angle hazards or

e Speed-related requirements).

o  Sight distance e Guide driver

e Train speed information—

e Distance to processing and
crossing vehicle-control

activities.

Argument for use of these signs is primarily on logical
grounds; very little scientific support available for their
effectiveness.

No significant impact on approach speeds or driver-looking
behavior found for the “Look for Trains” sign; however,
studies are methodologically weak or flawed.

Very few studies directly comparable in their treatments; some
use stand-alone signs, others use combination systems.

Use of signs related to visual search might merit consideration
since this represents a real limitation in driver behavior.
European countries use advance signs to code distance to
crossing, but few systematic tests of their effects on driver
behavior exist or have been reported.

Effectiveness of these signs may depend on the physical
characteristics of the crossing.

Vehicle-Activated
Signal

e  Strobe
¢ Flashing signal

Increase
conspicuity of
advance sign at
night.

Supplemental lighting systems (flashers and strobes) may
attract driver attention, but can also cause drivers to become
confused about meaning of the lights (i.e., whether they
indicate the presence of a train).

Benefits in terms of looking behavior, speeds, or safety
unclear.

No clear picture has emerged with respect to whether vehicle-
activated strobes or flashers cause adverse driver reactions. No
extreme reactions evident, but some evidence of increased risk
or unsafe practices.

If not properly designed, lights can make reading the sign itself
difficult.

Pavement .
Marking

Redundant cue to
presence and

location of
e “RXR”layout crossing.
e Stop line/ e Indication of hazard
hazard zone zone.

e Little attention, discussion or empirical, directed at this issue.
e Recent FHWA consideration of pavement treatment to
delineate hazard zone, but no empirical evaluation.

Surface

Treatment e Direct driver

attention to
presence of hazard | e
area, need for
slowing.

e Rumble strip
e Pavement
color, surface

No empirical evaluations found.

buck does not convey the intended message. Although drivers
associate the crossbuck with a grade crossing, too many do
not understand what is required of them. Because what is
required of the driver isto yield to an oncoming train, many
feel a Yield message should be provided. Existing studies
indicate that the Yield sign conveysthis message more effec-
tively than does a crossbuck, although the studies are seri-
ously flawed. What remainsto be more thoroughly examined
ishow the Yield sign should beincorporated at passive grade
crossings to achieve long-term improved driver behavior.

Thetraffic community is concerned about both Stop- and
Yield-sign use at rail-highway grade crossings becauseitis
feared that widespread use at rail crossings may diminish
respect for these signs at roadway intersections. Thisdimin-
ished respect will be an extremely difficult hypothesis to
evaluate empirically, and the outcome may be influenced
by enforcement and education strategies that accompany
implementation.

Another issue that has been the subject of recent discus-
sion is the need to discriminate passive from active grade
crossings in the advance-signing treatment. Currently, all
crossings have the same advance warning sign and pavement
markings. The only distinction is the actual presence of the
active device (i.e., lamps or gates) at the point of the cross-
ingitself. The argument made by previousreviewersremains
convincing: the driver needs to know on the approach to a
crossing that the crossing is passively protected. Y et, current
TCD practice does not provide this information. U.S. prac-
tice stands in contrast to practice in other countries, which
conveysthisinformation through advance warning signicons.
However, there still does not appear to be a formal evalua
tion of the effectiveness of distinct advance warning signsin
promoting safer driver behavior at passive crossings. Thelit-
erature is not clear on the best way to indicate the type of
crossing. Littlework hasbeen done on thisissue over the past
decade athough the problem of information ambiguity isfre-



quently raised. Approachesthat do not use different advance
warning signsfor active and passive crossings, but rather add
additional information items when there is a passive cross-
ing, represent another strategy.

Although this review did find limitations to recent empir-
ical research on passive-crossing TCDs, the nonempirical
discussions, analyses, and activities suggested that there now
may be receptivenessto some of theideasthat have been pro-
posed for some time. Examples include treatments such as
distinguishing active from passive crossing advance signing,
the use of Yield signs or the Yield message at the crossing,
and the use of more direct information regarding appropriate
driver behavior.

2.2 ANALYSIS OF DRIVER BEHAVIOR AND
INFORMATION NEEDS

2.2.1 Objective and Scope

This section documents the results of a task analysis to
describe and classify appropriate and inappropriate driver
behavior when drivers approach and cross a rail-highway
grade crossing. Driver information needs and sources, errors,
and behavioral outcomes resulting from this analysis were
used to provide an objective basis for the evaluation and
screening of suggested TCDs and approaches. The primary
product of thistask issummarizedin Table 2. Thediscussion
highlights some of the findings; details are contained in the
tabled results.

Past analyses and classifications of driver behavior (2, 4,
6, and 13) have been useful but relatively superficial. One
major limitation of past classifications of driver behavior at
rail-highway crossings is that the classifications have been
too generic. Driver information requirements and appropri-
ate and inappropriate behaviors are often situational, and thus
consideration of all aspects that could make a difference in
driver behavior isneeded to fully understand driver decision-
making and error processes. Previous work has also tended
to provide idealized descriptions of driver actions with little
emphasison actual observed behaviors. Thisidealization has
madeit difficult to target problemsand to identify their under-
lying causes. The current effort used a highly structured set
of formal and interrelated analytic procedures to describe
driver behavior on the approach to and negotiation of passive
rail-highway crossings. Although a single composite sce-
nario was used in this analysis, detailed information relat-
ing to individual site, driver, and environmental variables
was examined, thereby providing a means to capture fine-
grained details. This analysis also sought to specify actual
driver behavior and factors that affect behavior. Information
extracted from these analyses served as the primary basisfor
gathering relevant task regquirements, describing and classi-
fying appropriate and inappropriate driver behavior, and
identifying likely problems and their consequences.

2.2.2 Approach

Task analytic techniques were used to provide a basis for
assessing appropriate and inappropriate driver behaviors,
classifying human error, and identifying consequences. Our
approach employed severd task analysismethodsto ensure that
the objective task properties, requirements, and performance-
shaping factors associated with driver behavior at rail-highway
crossings are represented while emphasizing those aspects
that potentially make a difference in driver behavior. This
approach leads to afuller and more complete understanding
of the operational environment and underlying issues that
affect driver performance and was accomplished by imple-
menting the following process:

1. Reviewing existing literature to identify operational
requirements, potential crossing-site factors, and typi-
cal driver actions;

2. Selecting a representative operational scenario to cap-
turethefull range of factors present in the environment;

3. Performing a task analysis to describe driver-perfor-
mance requirements, information needs, information
sources, and requisite knowledge and skills; and

4. Describing and classifying appropriate and inappropri-
ate driver behaviors and their consequences.

Literature was reviewed to gather task-related information,
identify potential performance-shaping factors (e.g., cross-
ing, driver, environmental, roadway, and vehicle character-
istics), and uncover observational research outlining actual
driver behavior. Information requirements and behaviors
associated with agiven approach phase, expressed in terms of
the information handling zones outlined by Post, Alexander,
and Lunenfeld (14), was captured using this basic approach.
A single high-level composite scenario was developed and
served as the basis for these analyses. Relevant aspects of a
particular situation that influence driver behavior, decision-
making and performance were captured and specified by
defining performance-shaping factors. This approach enabled
key influences (e.g., driver familiarity, day versusnight, lim-
ited versus unlimited sight distance, etc.) to be represented
and analyzed without the need to develop endless numbers
of low-level scenarios.

Tasks were decomposed, viatask analytic methods, into
their basic elements relating to driver information needs;
information sources; requisite knowledge, abilities, and skills;
and action requirements. Driver behavioral requirements in
the form of idealized behaviors were related to intrinsic task
properties and underlying human abilities, skills, and knowl-
edge in order to identify possible conflicts or unrealistic
behavioral requirements that exceed drivers’ abilities—for
example, skewed-angle crossings can pose a challenge for
older drivers who, as a group, have limited head-and-neck
flexibility, which makes it exceedingly difficult for them to
search as they near the track. It may aso be difficult, if not



TABLE 2 Task analysisof passiverail-highway crossings

DRIVER INFORMATION

DRIVER ACTION

b) Experience
with
crossing,
direct view
of crossing
(noting the
absence of
information
or signals).

do not

understand its
behavioral
implications

(6).

b) Responsibility
for detecting
trains must be
understood.
Many drivers
assume all
crossings are

actively

protected (6).

warning is a factor that
drivers must recognize
and interpret. Drivers
may be unable to
discern the type of
crossing until they are in
the nonrecovery zone
(17). If a driver does not
anticipate a passive
crossing, choice of
speed and search
strategies may not be
appropriate.

REQUIREMENTS REQUIREMENTS AND DECISIONS LIKELY PROBLEMS/ PERFORMANCE-SHAPING POTENTIAL
PHASE ACTION CONSEQUENCES FACTORS COUNTERMEASURES
INFORMATION | INFORMATION KNOWLEDGE/ REQUIREMENTS (INAPPROPRIATE
NEEDS SOURCES SKILLS/ABILITY (APPROPRIATE BEHAVIORS)
REQUIREMENTS BEHAVIORS)
Advance a) Presence a) Standard | a) Knowledge = Search for =  Failure to detect =  Night vs. day. *  Induce
Approach of a advance of crossing signs/trains crossing ahead Identifying the presence appropriate
Zone crossing warning and meaning (eye scanning, resulting in late of a crossing is more slowing and search
ahead. sign (placed of the advance minimal head recognition of train. difficult at night. behaviors.
b/n 850 and warning sign movement). Need to improve driver —  Alert drivers to the
100 ft from or pavement understanding of the =  Driver expectancy. presence of a
b) Crossing the crossing markings. =  Prepare to need to search. Only Influences what drivers passively protected
type depending Drivers adjust vehicle 35% of drivers look in see, how they interpret crossing ahead.
(passive or on posted generally speed (speed both directions (7). information, and what Standard advance
actively speed limit); understand the selection). risks they are willing to warning signs do
protected). pavement sign is =  Failure to recognize assume. Expectancy not differentiate
markings or associated with crossing as passive. affects the speed and between active and
crossbuck. a crossing, but The absence of active accuracy of

performance.

= Conspicuity of
TCDs.

=  Familiarity.
Drivers not familiar
with the crossing and
associating the advance
warning sign with active
warning devices will not
recognize the need to
search (18).

. Presence of other
vehicular traffic.
If drivers slow
unexpectedly to read the
advance warning sign, this
may increase risk of
vehicle-to-vehicle rear-end
accidents.

—  Increase TCD

passive crossings.

conspicuity (e.g.,
vehicle activated
lights, sign color,
shape, background
contrast, etc).

(continued on next page)
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TABLE 2 (Continued)

DRIVER INFORMATION DRIVER ACTION
REQUIREMENTS REQUIREMENTS AND DECISIONS LIKELY PROBLEMS/ PERFORMANCE-SHAPING POTENTIAL
PHASE ACTION CONSEQUENCES FACTORS COUNTERMEASURES
INFORMATION | INFORMATION KNOWLEDGE/ REQUIREMENTS (INAPPROPRIATE
NEEDS SOURCES SKILLS/ABILITY (APPROPRIATE BEHAVIORS)
REQUIREMENTS BEHAVIORS)
Approach | a) Location, | a) Standard | a) Knowledge = Search and =  Failure to process *  Limited sight *  Induce
Zone distances crossbuck of crossing. acquire and apply acquired distance or appropriate
and sign, direct Ability to needed information. obstructions. slowing and search
number of view of detect and information. Drivers must realize behaviors.
tracks at crossing and interpret =  Recognition errors their view of the track is | —  Advise drivers of
crossing tracks. crossbuck =  Make go/no at passive crossings restricted and adjust appropriate
ahead. information, go decision. If are frequent (77 to approach behavior approach speeds or
b) Direct or view the no immediate 85%). accordingly. 31 to 36% the need to slow via
b) Sight view of crossing. action taken, Late recognition of of drivers may not signage, rumble
limitations. obstructions. the driver trains already at the detect the train due to strips, etc.
b) Ability to continues to crossing accounts for 22 limited sight distance
¢) Train c) Direct detect the search for to 25% of all accidents (13). Drivers engage in | —  [nstruct drivers
present or view of presence of trains and is (13). Between 15 and more search behaviors where to search.
approaching locomotive, visibility prepared to 35% of drivers do not earlier in the approach The effectiveness of
crossing. headlights, restrictions. slow or stop. look for trains at all. following improvements Look for Trains
or railcars, Knowledge of Uniform to sight distance, but signs mounted as
d) Train train the need to Vehicle Code = Decision errors. also tend to increase supplemental panels
speed, whistle. search, and requires drivers | —  Go/No Go. approach speeds (/19). or stand-alone signs
distance, In daytime, search range to stop only if a Decision errors is not fully
and under good and direction. train is an underlie many train- = Crossing familiarity. documented.
direction. visibility and Most drivers immediate vehicle collisions Familiar drivers are
sight appear hazard or in (13). Breakdowns in likely to have higher Guide driver search
) Appropriate conditions, insensitive to hazardous higher-order approach speeds (20) behavior, noting
approach the train sight proximity to perceptual processes and be aware of crossing
speed. provides all restrictions. the crossing. (closing rate prevailing sight-distance geometry/angle.
information judgments or problems. Driver
needed for c) Ability to = [Iflateral required stopping expectancy that no train Warn drivers of
drivers to detect and site distance is distance) contribute will be present increases high-speed trains
make a recognize restricted, to these errors. chance of detection (traveling above 80
decision to train. Ability approach Drivers are not aware error. This expectancy is mph).
act. to detect speed should of how inaccurate strong since many
acoustic be reduced. judgments are and drivers only look in one
d) Direct signal, and tend to underestimate direction along the Minimize barriers
view of localize the =  Maintain required braking tracks. Unfamiliar to adequate search.
train. sound. Ability vehicle lane distance, particularly drivers tend to look —  Alert drivers of
to determine position, under wet/icy road more frequently than do potential or existing
e) Posted whether train separation conditions. familiar drivers. sight limitations,
speeds, is in from traffic,

(continued on next page)
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TABLE 2 (Continued)

DRIVER INFORMATION DRIVER ACTION
REQUIREMENTS REQUIREMENTS AND DECISIONS LIKELY PROBLEMS/ PERFORMANCE-SHAPING POTENTIAL
PHASE ACTION CONSEQUENCES FACTORS COUNTERMEASURES
INFORMATION | INFORMATION KNOWLEDGE/ REQUIREMENTS (INAPPROPRIATE
NEEDS SOURCES SKILLS/ABILITY (APPROPRIATE BEHAVIORS)
REQUIREMENTS BEHAVIORS)
other hazardous etc. rough crossing, etc.
vehicle proximity to the —  Failure to select = Night vs. day.
behavior, | crossing or = Anticipate appropriate Identifying crossing —  Minimize
grade poses an actions of approach speed. location and estimating information
crossing, immediate other vehicles, Only about 5% of the location and rate of overload and
road hazard. particularly drivers reduce their travel of a locomotive distractions.
geometry. lead vehicles if approach speed by are more difficult at
d) Ability to present. more than 6 mph night. Incidence of
judge relative with no sight vehicle-strikes-train =  Raise awareness of
train speed restrictions; this collisions is higher at risk.
from eye number increases to night than in daylight —  Accident analyses
movements or 15% with major (21). Drivers tend to reveal that in most
train profile restrictions (18). underestimate the speed cases, there is clear
and of a train at night. indication of train
headlights. =  Driver distraction approach and
(because of other =  Crossing angle. adequate visibility
e) Ability to attention demands), Visual search is more (23). Motorists have
judge closing leading to missed difficult at acute angle a low perceived risk
speed, predict detections. crossings. About 80% of an accident at
time of arrival of crossings in the passive crossings.
to track, make = Misjudge train United States have
appropriate speed or distance. angles between 60 and | —  Enforcement.
decisions. Large objects appear to 90 degrees. About 4%
move slower than have angles less than
smaller objects (large 30% (22). This creates = Enhance driver’s
object illusion). Lack of problems for drivers estimate of the safe
depth cues can also with limited neck and time interval to
contribute to this torso flexibility. Cross.
problem. Misjudgments - Aid sensory and
tend towards = Expected delays and perceptual
underestimating speed annoyance. capabilities in
or overestimating Slowing or stopping making judgments:
distance, which may represents a disruption vehicle’s distance
lead to riskier decisions. of normal driving that from crossing, train
can be annoying. speed and distance,
= Inappropriate risk Research demonstrates etc.
perception. that many drivers have
Driver’s perceived risk exaggerated estimates of
the length of a typical

(continued on next page)
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TABLE 2 (Continued)

DRIVER INFORMATION DRIVER ACTION
REQUIREMENTS REQUIREMENTS AND DECISIONS LIKELY PROBLEMS/ PERFORMANCE-SHAPING POTENTIAL
PHASE AcCTION CONSEQUENCES FACTORS COUNTERMEASURES
INFORMATION | INFORMATION KNOWLEDGE/ REQUIREMENTS (INAPPROPRIATE
NEEDS SOURCES SKILLS/ABILITY (APPROPRIATE BEHAVIORS)
REQUIREMENTS BEHAVIORS)

at crossing may be low
given the low-
probability event of a
train approaching or
present at the crossing.
Chances of missing a
train are increased if
driver assigns a low
probability to the event
(presence of train).
Experience at highway
intersections where
approaching traffic can
compensate for any
misperceptions may
lead to overly risky
decisions at rail
crossings.

delay. Both may lead to
riskier decisions.

=  Competing inputs,
crossing geometry,
rough surface.
Attention must be
shared with driving,
surrounding traffic,
other signage, etc. The
actual crossing is a
feature that attracts
attention and competes
with search for trains.

= Train speed.
Lower-speed trains are
more difficult to detect
at the crossing at night
than are higher-speed
trains.

=  Expectancy.
Recognition is
influenced by driver
expectancy. Low
expectancy of a train

increases detection time.

Age and sex.
Strongly related to
accident involvement
are sex and age; males,
young and old drivers
are over represented.

(continued on next page)
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TABLE 2 (Continued)
DRIVER INFORMATION DRIVER ACTION
REQUIREMENTS REQUIREMENTS AND DECISIONS LIKELY PROBLEMS/ PERFORMANCE-SHAPING POTENTIAL
PHASE ACTION CONSEQUENCES FACTORS COUNTERMEASURES
INFORMATION | INFORMATION KNOWLEDGE/ REQUIREMENTS (INAPPROPRIATE
NEEDS SOURCES SKILLS/ABILITY (APPROPRIATE BEHAVIORS)
REQUIREMENTS BEHAVIORS)
Non- a) Train’s a) In a) Ability to Train Incorrect action = Nighttime. Cues to = Improve detection
recovery speed and daytime judge relative approaching resulting from a lack the crossing, the traffic of train and tracks
Zone distance under good train speed or at of understanding. control device, or the (increase
from the visibility and distance crossing. A majority of drivers train itself are difficult conspicuity).
tracks. and sight from eye — Driver should believe the appropriate to detect at night. —  Increase conspicuity
conditions, movements, immediately behavior is to stop at the Supplemental of crossbucks. The
b) No train the train train profile, slow and tracks and look (24). information may be standard white-and-
in vicinity provides all or headlights. come to a Very few actually do required to make a black crossbuck has
of crossing. the complete stop this. proper decision. limited conspicuity,
information | b) Ability to within 50 feet particularly when
¢) Vehicle’s needed. Scan. May of the crossing Lack of attention, =  Presence of other viewed against a
speed and require but not less inadequate sight vehicular traffic. white background.
distance b) Drivers significant head than 15 feet distance, or excessive
from the observe the and torso from the speed. - Environmental —  Reflectorization to
tracks. crossing flexibility. nearest rail. These may result in an conditions. increase nighttime
and Australia limits imminent crash conspicuity of
d) Location of surrounding head situation, requiring the =  Multiple tracks. crossbuck.
appropriate area (for movements for If no train driver to take evasive Motorists appear to
stop point. absence of scanning at present. action (steer left or right | =  Sight distance. cross the tracks with
train). crossings (110 —  Driver to avoid hitting the train a greater safety
degrees to the should slow, at the tracks). = Crossing margin when
c) Speedo- left, and 140 continue to illumination. crossings are
meter and degrees to the search, and Errors in judgment equipped with fully
visual right). cross tracks. made during . Train speeds. reflectorized
references approach. Slow- or fast-moving crossbucks or the
used to c) Ability to If a train is detected, the train approaching or Buckeye crossbuck
gauge judge relative driver must decide to crossing. (25).
vehicle speed and either stop before
speed. distance. reaching the crossing, or | =  Vebhicle class. -~ Reflectorizing the
Distance to attempt to beat the train Commercial trucks have backs of crossbucks
track via d) Ability to to the crossing. This different operating is recommended as
direct detect decision is based on characteristics than do a means to alert
observation pavement several factors: train passenger vehicles. drivers to the
or markings and speed and distance to Some vehicles required presence of a train
experience. judge closing crossing, and vehicle to stop at all crossings. at the track via
speed and speed and distance to “flicker effects.”
distance. crossing, etc. The effectiveness of
Misjudgments could

(continued on next page)
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TABLE 2 (Continued)

DRIVER INFORMATION DRIVER ACTION
REQUIREMENTS REQUIREMENTS AND DECISIONS LIKELY PROBLEMS/ PERFORMANCE-SHAPING POTENTIAL
PHASE ACTION CONSEQUENCES FACTORS COUNTERMEASURES
INFORMATION | INFORMATION KNOWLEDGE/ REQUIREMENTS (INAPPROPRIATE
NEEDS SOURCES SKILLS/ABILITY (APPROPRIATE BEHAVIORS)
REQUIREMENTS BEHAVIORS)

d) Pavement
marking
(stop line).

lead to incorrect
decisions.

Drivers may fail to
judge a railroad
crossing sign as
significant and may

this treatment will
likely vary as a
function of train
speed.

—  Lower the standard

height of crossbucks

not attend to the Although the
message. MUTCD specitfies
crossbucks be
=  Deceleration placed so that the

exhibited at crossings
may be a function of
the perceived
roughness of the grade
crossing.

Increased likelihood of
rear-end collisions may
result.

sign center is 9 feet
from the ground,
recent evidence
suggests this may be
too high to be
effectively
illuminated by the
average automobile
(26).

= Deceleration
because of late —  Addition of
recognition of physical reflectorized

impediments could
increase crossing time,
reduce margin of
safety.

material to all four
sides of crossbuck
posts to enable the
posts to be visible

from skewed angle
approaches.

—  Train

reflectorization.

—  Clarify the “2

Train” problem
message.

(continued on next page)
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TABLE 2 (Continued)

DRIVER INFORMATION DRIVER ACTION
REQUIREMENTS REQUIREMENTS AND DECISIONS LIKELY PROBLEMS/ PERFORMANCE-SHAPING POTENTIAL
PHASE ACTION CONSEQUENCES FACTORS COUNTERMEASURES
INFORMATION | INFORMATION KNOWLEDGE/ REQUIREMENTS (INAPPROPRIATE
NEEDS SOURCES SKILLS/ABILITY (APPROPRIATE BEHAVIORS)
REQUIREMENTS BEHAVIORS)

=  Specify
appropriate
behavior.

—  The standard
crossbuck sign
conveys an
ambiguous message.
No specific

behavioral response
is communicated to
the driver. Many
motorists adopt a
“stop, look, and
listen” rule that
could lead to
increased rear-end
collisions (6 and 7).

—  Use of Stop signs
cause greater
slowing and more
looking for trains,
but have relatively
low compliance
rates in terms of
complete stops.

. Provide redundant
information.

—  Provide information
about crossing
density and traffic
volume.

—  Distance to
crossing.

(continued on next page)
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TABLE 2 (Continued)
DRIVER INFORMATION DRIVER ACTION
REQUIREMENTS REQUIREMENTS AND DECISIONS LIKELY PROBLEMS/ PERFORMANCE-SHAPING POTENTIAL
PHASE AcCTION CONSEQUENCES FACTORS COUNTERMEASURES
INFORMATION | INFORMATION KNOWLEDGE/ REQUIREMENTS (INAPPROPRIATE
NEEDS SOURCES SKILLS/ABILITY (APPROPRIATE BEHAVIORS)
REQUIREMENTS BEHAVIORS)

—  On his or her
approach, inform
the driver where to
look.

—  Advisory speed
plate.

Hazard a) Physical | a) Direct a) Ability to If stopped, Many drivers =  Crossing alignment. | =  Delineating the
Zone crossing view of recognize awaiting initiate looking Vertical and horizontal hazard area.
difficulties crossing, implications of train to cross. behavior in the hazard curvature can reduce a —  Clearly delineate
(roughness, prior features (rough | — Once train zone, which may not driver’s view of a train. hazard zone
hump, experience. crossing). clears the allow enough time to Hump crossings are also
geometry). crossing, avoid a potential problematic. - Use stop line to
b) Direct b) Ability to search both collision (7). designate
b) Visibility view of search, neck- directions for =  Vehicle type. appropriate location
distance up tracks. and-torso additional Differential vehicle Hump crossings pose for a stop.
the tracks flexibility. trains and behavior (slowing, problems for large
and c) Supple- cross the stopped) ,leading to vehicles such as trucks _  Use of reflectorized
clearance mental Plate | ¢) Knowledge tracks when increased vehicle- with trailers. crossbucks and
at the on that multiple appropriate. vehicle collisions. roadside delineators
crossing. crossbuck, trains may be = Presence of to identify where
direct view crossing in If no train Stalled at crossing. vehicular traffic. the railroad track
¢) Number of track and close in vicinity. intersects the
of tracks, trains. proximity. —  Adjust speed Deceleration roadway.
and to crossing because of late
existence surface recognition of physical
of multiple conditions. impediments could = Minimize vehicle
trains. increase crossing time, control demands
~  Verify there reduce margin of safety, for negotiating
are no trains and increase rear-end crossing.
present or collisions between
approaching. vehicles.
— Cross the
tracks.

LT
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impossible, for driversto make appropriate speed judgements
as they approach the track in the absence of very long sight
distances. Other types of limitations and potential conflicts
were similarly identified using this technique.

Unlike previous models or task descriptions, our analy-
sis also incorporated data on what drivers actually do when
approaching and traversing passive grade crossings (i.e.,
behavioral descriptions), rather than merely stating what
driversare expected to do. This processwas strictly analytic,
relying heavily on the published literature, and involved no
direct observation of driver behavior. Accident dataand pub-
lished reportsof driver behavior, however, werereadily avail-
able. This information served two purposes:. (a) it enabled
comparisons between idealized and actual performance,
and (b) it providesinsightsinto the specific problems being
encountered and potential countermeasures.

Descriptive schemes were used to guide the type of infor-
mation collected and the manner in which taskswere described,
defined, and classified and to classify driver behaviors, aswell
asproblemsand consequences. A classification schemedevel -
oped by Berliner, Angell, and Shearer (15) was used to clas-
sify driver behaviors into five basic activities: (1) searching
for and receiving information; (2) identifying objects, actions,
or events; (3) information processing; (4) decisionmaking
and problem solving; and (5) motor processes. Knoblauch
et al.’s (5) driver behavioral model used a similar type of
classification scheme to describe driver behavioral require-
ments (e.g., sensory detection, perception, analytic opera-
tions, decisionmaking, and control response). Berliner etal.’s
(15) model was used because it captures these same types of
processes and provides exemplar behaviors to ensure accu-
rate and reliable classification. This taxonomy allowed dri-
ver behaviors to be described in terms of basic underlying
processes, providing a mechanism for identifying common
or related activities, as well as aiding in the identification of
countermeasures. Using this approach, not only can counter-

measures be targeted to specific processes, but common sets
of underlying deficienciesalso can beidentified and remedied
as a group using a specific class or type of countermeasure.
Similar frameworks were used to classify problems and con-
sequences using Reason’s (16) basic error groupings (e.g.,
recognition errors, decision errors, and action errors, etc.).
Consequences of inappropriate behaviors were cast in terms
of safety and, where possible, supported by descriptions of
observed driver behavior gathered from the literature.

To summarize, driver information needs, performance
requirements, performance-shaping factors (e.g., site, driver,
and environmental characteristics), and problems and conse-
guences were identified by reviewing literature on driver
behavior at highway-rail crossings and applying task analy-
sistechniques. A task analysiswas conducted toidentify major
requirements and problem areas and to provide a basis for
specifying potential countermeasures by alowing relation-
ships among these factors to be identified.

2.2.3 Findings

Results are documented in Table 2. For each driving phase
associated with approaching and negotiating a passively pro-
tected rail-highway crossing, the table identifies driver infor-
mation needs; information sources; knowledge, skills, and
abilities; action requirements; likely problems and conse-
guences,; performance-shaping factors; and potential counter-
measures. Four phases or information zones are defined (Fig-
ure 1) and correspond to those identified by Post et a. (14).
These zones hel p to define the types, amount, and location of
information drivers need. With one exception, noted below,
these zones are differentiated on the basis of stopping sight
distance (i.e., thedistance required to stop, including thetime
required to make the decision and implement the action) and
decision sight distance. As such, the zones are a function of

HAZARD

ZONE
15 ft either side
of nearest rail

NONRECOVERY

ZONE

Starts at stopping sight
distance point

Figure 1. Approach zones.

APPROACH ADVANCE
ZONE APPROACH
Starts at decision sight ZONE
distance point



vehicleapproach speeds, vehicle capabilities, and driver reac-
tion time and do not correspond to physical locations along
the site. These zones may be different for different driversor
situations.

In Table 2, the final column—which lists potential
countermeasures—is not intended to be exhaustive, nor is
there any indication that these approaches are necessarily
recommended. More critical evaluation and recommendation
occur at other stages of thisproject. The set of potential coun-
termeasures in the table illustrates a mapping of potential
TCDsto selected problemsidentified in the table.

2.2.3.1 Advance Approach Zone

In the advance approach zone, drivers are not yet directly
affected by potential hazards (e.g., train crossing), but should
become alerted to potential upcoming hazards (e.g., crossing
ahead) so they can better anticipate or respond to the possible
threat. The advanceinformation required by the driver depends
on the nature of the crossing. In the case of actively protected
crossings, drivers do not need to recognize the hazard, but
rather do need to recognize the warning and respond appro-
priately. Providing drivers with advance information about
thetype of crossing ahead (e.g., passive) not only alertsthem
to the presence of arail-highway crossing, but also prepares
them to assume responsibility for their own safety and sets
the stage for what to expect. Asindicated in Table 2, these
two information elements are critical at this stage because
they build driver expectancy, which in turn plays a signifi-
cant role in driver perception and ability to access and use
available information. Expectancy can influence what dri-
vers see, how they interpret information, what risks they are
willing to assume, and what response alternatives appear
appropriate. When driversreceive the information they expect
from the environment, performance tendsto be fast and error
free. Performance may be slow, inaccurate, or inappropriate
when expectancies are violated (which increases the time
required to detect and recognize atrain, for example). Infor-
mation communicated to the driver during the advance
approach zone can effectively enhance the driver’s ability
to detect and recognize a hazard, as well as respond to it.
Currently, drivers have no advance means of ascertaining
whether a given crossing is passively or actively protected;
thisis a particularly difficult challenge for those unfamiliar
with the crossing.

2.2.3.2 Approach Zone

Once in the approach zone, drivers need to detect and rec-
ognize the hazard, decide on a course of action, and begin to
implement the appropriate maneuvers (e.g., begin to slow,
maintain speed, speed-up, etc.). Drivers usethiszoneto search
for atrain and decide on the proper course of action. Drivers
are not required to stop unless a train poses an immediate
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hazard or isin hazardous proximity to the crossing. If adriver
detectsthe presence of the crossing and an approaching train,
high-order perceptual judgements about atrain's speed, dis-
tance, and closing rate are needed in order to make these
judgments. Driver decision errors play an important role in
safety at passiverail-highway crossings. Failure to appropri-
ately process and apply acquired information can lead to
risky decisions, collisions, or both. The majority of decision
errors are made by drivers in moving cars—relatively few
accidents occur because a stopped driver misjudges the tem-
poral gap at the crossing and then proceeds. Thus, providing
drivers accessto relevant informationiscritical at this stage.
Drivers may not have enough time or information to make
the right decision. Among the key pieces of information
needed to support driver decisions are information about
track location and distance; sight limitations; and train speed,
distance, and direction. Sometimes accidents also occur as
the result of a chain of poor decisions that are made during
the approach. Lerner et al. (6) note two important conse-
guencesto consider in thisregard. First, safety interventions
at any point in the chain may have some impact, even if the
primary decision error occurred at some other point. Second,
it may be difficult to discourage drivers to make a decision
that involves breaking a sequence of planned actions. Once
adriver decidesto try to beat the train, it may be difficult to
change his or her course of action. A number of factors also
influence the accuracy and reliability of driver decisions. As
noted in Table 2, drivers tend to underestimate the required
braking distance, particularly when roads are wet and icy.
Familiar and unfamiliar drivers often behave differently at
crossings. Sanders et a. (4) found that looking behavior and
speed reductions were inversely related to the frequency of
crossing use. Drivers may also have difficulty judging the
speed, distance, and closing rate of atrain, particularly at night.

2.2.3.3 Nonrecovery Zone

The nonrecovery zone defines the point at which drivers
cannot safely avoid the hazard without resorting to emer-
gency avoidance maneuvers. It starts at the stopping-sight
distance point. Once in the nonrecovery zone, drivers must
already be in the process of implementing their speed and
path-selection decision. If atrain is approaching or is present
at the crossing, the driver must stop before entering the haz-
ard zone. Errors in judgement made during the approach
phase (e.g., train speed, closing distance, distanceto crossing,
etc.) may result in an imminent crash situation requiring the
driver to take evasive action to avoid colliding with the train.

2.2.3.4 Hazard Zone

The hazard zone defines the area in which vehicles are
in physical danger of colliding with a train that is either
approaching or at the crossing. Unlike the other zones, this
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areaisdefined spatially: 15 ft on either side of the nearest rail
at the crossing. Once in this zone, drivers should be safely
completing their maneuvers in order to avoid the hazard
(e.g., stop or cross). Pavement markings and signs are used
to delineate this area and to aid drivers in this regard.
Although drivers should still be maintaining their search for
trains, research suggests that many drivers do not initiate
their search until they are within the hazard zone. Drivers
also appear insensitive to the risks of multitrack crossings
Although the number of tracks isindicated by a supplemen-
tal plated on the crossbuck, drivers generally do not know
why this information is important (4) and fail to make the
direct connection between the number of tracks at the cross-
ing and the possibility of two trains crossing in proximity.

2.2.4 Conclusions

Two basic principles and some general observations
emerged from thisanalysis. Thefirst principleisthat drivers
need to know and fully understand that when approaching a
passively protected rail-highway crossing, the responsibil-
ity for accident avoidance rests entirely with them. Unlike at
actively protected crossings, drivers are solely responsible
for their own safety at passive grades. Because the responsi-
bility is different for active versus passive crossings, drivers
need to be made aware that they are approaching a passive
crossing and that the decision to stop or proceed restsin their
hands. Drivers need to know when the onus is on them to
make a decision. This distinction in driver responsibility
according to crossing type is currently not very apparent,
nor well understood by all drivers. The second principle
addresses the need to equip driverswith the appropriate deci-
sion aids to ensure the drivers are making the correct deci-
sion. When there are information limitations or maneuver
problems of any sort a a crossing, drivers must be provided
with adequateinformation to support their decisions. Critical—
and particularly relevant when problems with crossings exist
(e.g., limited site distance, obstructions, rough crossings, ele-
vated crossings, etc.)—are aids that help drivers acquire and
apply information; detect, recognize, and interpret hazards;
and make judgments. Drivers must have access to sufficient
information to enable them to make correct decisions.

The following major regquirements were also revealed as
part of thisanalysis:

+ Drivers must understand the need to search.

» The approach must induce appropriate slowing and
search behaviors so that drivers know when and how
much to slow, as well as where and when to search.

+ Barriersto adequate search must be minimized, including
reducing attention conflicts that compete for the driver’s
attention (e.g., traffic, rough crossings, off-roadway dis-
tractions, up-road signals, etc.). Drivers must be aerted
to any problems in searching for and acquiring infor-

mation (e.g., sight-distance limitations, skewed cross-
ings, etc.).

* Improvementsto assist driversin meeting their respon-
sibilities are needed. Drivers are not getting enough rel-
evant information that trandates into overt action. Infor-
mation is not being communicated in adirect and usable
form. Thisoften resultsin confusion about asign’ smean-
ing or about the action required.

Given that no single type of error appears to account for the
vast majority of accidents at rail-highway grade crossings
(13), no simple solution is likely to address all or most of
these problems. Various kinds of errors, scenarios, and
performance-shaping factors underlie vehicle-train collisions.
Potential countermeasures, listed in Table 2 and addressed as
part of this work, attempt to overcome underlying deficien-
cies revealed by exploring relationships among driver infor-
mation needs; knowledge, skills, and abilities; information
sources; site characteristics; and performance-shaping fac-
tors. This approach enables the locus of the problem to first
be specified; solutions targeting deficiencies can then result.
Although the principles specified above can aid in identify-
ing appropriate remedies, it is important to note that some
problems, particularly those relating to familiar drivers, are
not easily solved using passive techniques.

2.3 PROMISING TCDS
2.3.1 Background

After completion of the critical examination of theliterature
and the conduct of the analysis of driver behavior and infor-
mation needs, consideration was directed toward promising
TCDs. Theintent wasto identify and provide an initial evalu-
ation of promising approaches prior to proceeding with the sub-
sequent research activities. As stated in the project’ s research
problem statement, this task was envisioned asfollows:

Based on the Task 1 evaluation, describe promising railroad
highway grade-crossing TCDs, discuss their likely effect on
driver behavior and crashes (particularly in the long term if
compliance is likely to decrease with familiarity), and esti-
mate their life-cycle costs. Of particular interest are Stop
signsand Yield signsused at crossings and advance warning
signsthat distinguish between active (e.g., signals, gates) and
passive crossings (only signs and markings).

The initial step for this task was to conduct a workshop
involving key members of the study team and the NCHRP
project monitor. At this workshop, the results from Task 1.
Critical Evaluation of Research Literature and Task 2:
Motorist Behavior Analysis were reviewed. Emerging from
the discussions and assessment of the two task results was a
recommendation for a system of “promising traffic control
devices’ for passive grade crossings.



It wasthe consensus of the participantsthat there were cer-
tain key information requirements that a driver needs upon
approaching and traversing a passive grade crossing, hamely

1. That there isarailroad-grade crossing ahead.

2. That the crossing is not protected by bells, lights, or
gates (i.e., is a passive crossing) and, therefore, it will
be up to the driver to determine whether the train is at
or in proximity of the crossing.

3. What actions are required of the driver in approaching
and traversing the crossing (i.e., maintain speed or slow
down, look for trains, and possibly stop).

4. If appropriate, that there is some special condition or
situation at the crossing (e.g. a skewed crossing, lim-
ited sight distance, a humped crossing, or high-speed
trains) that requires more driver attention and will
influence the action described in third item above.

It was apparent from the research literature and driver-
behavior analysis that the current system of TCDs used at
passive grade crossings fails to meet these information
requirements adequately. The literature also provides sug-
gestions for alternative TCDs that have promise to address
current shortcomings. However, it was noted that none of
these suggestions are well developed and adequately empir-
ically evaluated.

The question of how the essential information isbest pre-
sented, in both device type and location, as the driver
approaches and traverses the crossing was discussed by the
study team with a resulting recommendation.

Although the arguments supporting the initial determina-
tion of promising TCDs were based on only the initial tasks
of the project, it will be seen that subsequent tasks provided
additional information that supported these conclusions. The
findings of the subsequent tasks al so resulted in more specific
recommendations. The methods and findings of subsequent
tasks are described in Sections 2.4, 2.5, and 2.6, and 3.0.

2.3.2 Promising TCDs

Severa promising TCD conceptswereidentified asameans
to address the shortcomings of the current system of marking
passive grade crossings. These were viewed as complemen-
tary devices because together they will function to meet the
driver needs. However, although the literature and analysis
allowed a determination of the type of device that might be
beneficial, it did not allow more precise specification of the
design of that device. For example, although it was deter-
mined that there should be unique advance signing to distin-
guish passive from active crossings, it is not clear whether it
would be best to devel op two new signs (active and passive),
to develop one new sign (for only active or only passive), or
to usethe current sign with some form of supplemental panel.
For any of these, the specific sign-icon concept and graphic
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design are unknown; therefore, the promising TCDs were
presented as TCD concepts, not specific designs. Specific
details of design and placement were developed later on the
basis of subsequent project tasks.

The promising devices considered are the following:

1. AYiddsignor Yield messagepane, possibly with asup-
plemental To Trains plague, to be used at the crossing.

2. A Stop sign in place of a Yield sign under warranting
conditions.

3. A revised or enhanced railroad advance warning sign
(i.e., asupplemental plague) that informs the driver of
the type of crossing (i.e., active or passive).

4. A deviceor devicestowarnthedriver that thereisaspe-
cial condition at the crossing that makes it more haz-
ardous or places additional requirements on the driver.

Table 3 provides an overview of these promising devices. It
describes the application, indicates the driver need that the
device addresses, and notes outstanding issues regarding
design or application. A description of each promising device
follows.

2.3.2.1 Yield Sgn or Yield Message

Asthe sole regulatory device at the point of the crossing,
the crossbuck suffers a number of limitations that could be
addressed by use of the Yield message.

1. Thestandard crossbuck (i.e., MUTCD sign R15-1) does
nothing more than indicate the presence of a crossing.
It does not inform the driver that the crossing is with-
out active warning devices and therefore the driver has
the entire responsibility for detecting and avoiding the
train; crossbucks are used at all crossings, active and
passive. Substantial numbers of drivers believe that all
crossings have active warnings, so informing drivers of
the absence of active control is essential.

2. The crossbuck does not indicate the proper action the
driver should take. At apassive crossing, the crossbuck
functions essentially as a Yield sign, but the appropri-
ate driver responseisnot aswell understood asaYield
message.

3. The conspicuity of the crossbuck is not particularly
good. The conspicuity of any highway sign comesfrom
both the visual aspects of the sign and from its meaning
to the driver (i.e., emotiona or motivational content).
The standard crossbuck has relatively poor conspicuity,
daytime or nighttime. Some recent modifications (e.g.,
the Ohio Buckeye device) have sought to improve this
poor conspicuity by improving reflectorization, adding
ared border, and adding aYield panel. A Yield sign or
panel would add to the visual conspicuity aspects. The
sign or panel might also enhance conspicuity because



TABLE 3 Promising TCD summary

(red-and-white
triangle, as in
R1-2)

as the basic TCD

Stop sign
(R1-1)

Where conditions
warrant use

(additional sign and
retroreflective surface area,
sign with salience to drivers)
Crossing type

Driver responsibility

(and related need to slow
and search)

Greater uniformity/
predictability of actions of
other traffic

Need Addressed
Element Application (Information Need, Design Issues
Driver Knowledge)
Yield sign Locate at crossing Presence of crossing ahead Stand-alone or mounted

with crossbuck;
addition of To Trains
or other messages;
location

Indication of proper
stopping point
Concerns regarding
Uniform Vehicle Code
definition; concern of
all liability on driver;
need for Yield (Stop)
Ahead sign

Concern regarding
disrespect for Stop sign
in other applications

Passive
and active
crossing
advance
warning
signs

Used in advance
zone to designate
crossing ahead as
W10-1 is
currently used

Crossing type
Driver responsibility

Best way to distinguish
active from passive:
two new signs, one new
sign, use of current
advance warning sign
for only passive,
supplemental plaques

Railroad
crossing special
requirements
indication

Used in
advance zone

in conjunction
with advance
warning sign for
those sites with
limitations of
any sort

(e.g., sight
distances, skewed
crossings, rough
crossings, etc.)

Enhance risk perception
(presence of limitations
ahead)

Presence of crossing ahead
Awareness of specific
limitations and driver
requirements

Set of site limitations/
driver needs and related
signs; placement of
signs; warrants for
using Stop sign control,
rather than signing for
deficiencies
Effectiveness of
indicating a rail
crossing hazard zone
vs. just signing for the
specific limitations

If indicating a zone,
best way to indicate
entry into zone

the Yield message is more urgent because of its associ-
ation with other traffic applications.

4. Compliance is difficult to measure for either cross-
bucks or Yield signs because the overt vehicle-control
response is not well defined. However, it is felt that
compliance with or respect for crossbucksislow rela
tive to intersection-type TCDs.

For all of thesereasons, it wasfelt that aYield sign or acon-
spicuous Yield message would be an improvement over the
crossbuck-only treatment. The crossing would be more evi-
dent to the driver, the absence of active warning would be
more evident, the appropriate action would be clearer, com-
pliance would be greater, and traffic actions would be more
predictable. What was not clear from theliterature, aswell as
from various implementation and liability issues, was how

best to incorporate the Yield message at the crossing. Should
it be in the form of a standard Yield sign (i.e., R1-2)? If so,
should it be used in conjunction with or in place of the cross-
buck? If used with the crossbuck, should the two devices be
comounted or separately located? M ust the message be altered
(e.g.,addaTo TrainslinetotheYield signwording) for either
clarity or legal reasons? Thus, althoughtheuseof aYield sign
or message was suggested as the standard treatment for a pas-
siverail-highway grade crossing, ahost of specific design and
implementati on questions had to be deferred.

2.3.2.2 Sop Sgn

The literature review and analysis did not suggest that a
Stop sign was the optimal device as the standard treatment



for passive crossings. However, there are certain conditions
in which a Stop sign may be preferred in place of a Yield
sign. A primary consideration is where there is limited cor-
ner sight distance such that the driver will not be able to see
an oncoming train sufficiently far in advance to be able to
come to a stop before the crossing. In this case, a Stop sign
may be more appropriate because it requires the driver to
cometo astop (or at least significantly reduce speed) so that
aview of the oncoming train can be made safely. Other con-
ditions that may warrant the use of a Stop sign include the
presence and severity of additional crossing features such as
ahumped or rough crossing or high-speed passenger trains.

The general argument for using a Stop sign in place of a
crossbuck-only treatment at the point of the crossing is sim-
ilar to the argument made abovefor the Yield sign. However,
there are other concerns with the Stop sign that suggest its
use be limited to only selected warranting conditions. These
considerations included the following.

1. Studies have consistently observed low rates of com-
pliance with Stop signs that are used at rail crossings
even though their useistypically limited to more severe
sites. There is concern that broad use at passive cross-
ings would further reduce the perceived urgency and
legitimacy of the Stop message, degrading compliance
further.

2. Concern has been expressed by the traffic engineering
community that the widespread use of nonrequired
Stop signswill breed ageneral disrespect for this TCD
that will generalize to other applications. There is no
direct empirical support for this breeding of disrespect,
and, infact, it would be very hard to prove or disprove.
However, because Stop signs are so widespread and
critical in intersection traffic control, there is a poten-
tial for severe consequences even if there is only a
minor amount of generalized disrespect.

3. Many passive crossings simply do not require astop on
the part of the driver. Thereis no reason to impose this
level of control.

4. Stop signs have the potential to increase substantially
the number of vehicle-vehicle collisions at the cross-
ing. Direct data are lacking, but there are substantially
more nontrain collisions at crossings than there are
vehicle-train collisions (22). Industriesin which vehi-
cles have special stopping requirements (e.g., buses,
hazmat) have expressed complaints about the number
of vehicle-vehicle crashesthey suffer at crossings; how-
ever, it is not evident to what extent these crashes are
dueto astopping requirement, per se, and to what extent
they are due to the industries having a requirement dif-
ferent from the stopping requirements of other traffic.

5. If Stop sign use were widespread, the effectiveness of
other passive control devices at crossings (i.e., cross-
buck or Yield) might likely suffer because they may
lack credibility.
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For these reasons, the Yield sign or message is suggested as
the most promising TCD for general use at the crossing, but
the Stop sign is seen as aimportant alternative at a minority
of sites at which specific conditions warrant its use.

2.3.2.3 Distinct Passive and Active Advance
Warning Sgns

Active and passive crossings require different appropriate
actions on the part of the driver as he or she approaches and
negotiates a crossing. It has been pointed out repeatedly in
theliterature that the standard railroad advance warning sign
(i.e., W10-1) does not distinguish between active and passive
crossings, and so it cannot appropriately direct the driver.
Foreign practice typically distinguishes active and passive
crossings in advance signage, but no evidence was available
regarding the extent to which this influences crashes or
driver behavior. However, the deficiency of information is
clear. Furthermore, because the advance sign will often be
encountered for active crossings, which do not impose abur-
den to slow and search for trains, if a driver does slow and
search at an active crossing, the sign essentially was a“false
alarm.” This “false darm” presumably damages sign credi-
bility for passive-crossing cases. Therefore, if thereisaclearly
understood, consistently signed distinction between passive
and active crossings in the advance warning sign, this dis-
tinction should provide benefits in terms of

1. Heightened driver awareness that the crossing is not
actively protected so that the burden of detecting trains
ison thedriver.

. Improved credibility for the advance warning sign.

3. Earlier driver awareness that the crossing is not
actively protected than if the information came solely
fromaYield or Stop sign located at the crossing.

4. Improved sign effectiveness resulting in the distinct
advance-crossing information and the Yield (or Stop)
signing at the crossing being mutually beneficial, with
one TCD enhancing the effectiveness of the other.

N

As with the other promising TCDs, the concept of distinct
active and passive advance crossing signs was put forward
without a specific recommendation regarding the precise
design of these signs. There was no clear alternative based
on the literature. Some have suggested retaining the W10-1
sign for one application (i.e., either for active or passive) and
using anew sign design for the other. Others have suggested
new signs for each application with the sign image clearly
conveying the type of crossing protection for each case. It
was not apparent whether it would be best to replace the
W10-1 signs with new signs or to use the new signs as sup-
plemental platesto the W10-1 sign. The most effective, best-
understood graphic image likewise was not known.
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2.3.2.4 Railroad Crossing Special Requirements
Indication

Passive crossings can differ widely in terms of the require-
ments they place on the driver. Some crossings have features
that require additional care on the driver’s part—for example,
these crossings might include limited sight distance to the
crossing, along the tracks at different points aong the
approach, or both; a skewed-angle crossing, which can affect
the sight distance; a crossing with a rough surface or a so-
caled “hump crossing”; or a crossing that has high-speed
trains. Often the potentially hazardous feature may not be evi-
dent to the driver, which could lead to inappropriate search or
overly severe vehicle-control actions such as sharp decelera
tion. The behavioral analysis highlighted the need for drivers
to have such information in order to perform idealy. Two
related concepts for indicating special requirementswere con-
sidered in the preliminary recommendations. Thefirst concept
is to indicate what the limitation, hazard, or special require-
ment isthrough specific warning signsand sign-placement cri-
teria. The second concept goes beyond thefirst to suggest that
at crossings where there are specia driver requirements, the
approach zone be enhanced to alert the driver that the crossing
has specia requirements. The benefits of these enhancements
are more speculative—it is not known to what extent the
enhancements might bring improvement in driver behavior
beyond that which might be expected based on the warning
signs aone; these enhancements would also require more
TCDsand, hence, greater cost. The general argument isto cre-
ate a sign system that parallds that of a construction work
zone, where advance signing and delineation are intended to
aert the driver in advance and modify traffic actions through
a defined zone rather than at a particular point. A variety of
options are possible for an enhanced approach zone, such as
modifying the standard approach sign, adding supplemental
plaques, posting striped delineators on the mounting post for
advance signing on both sides of the roadway, and so forth.

2.3.25 Summary of Promising TCDs

In summary, severa types of TCDs were seen as promis-
ing for improving driver behavior and reducing crashes at
rail-highway grade crossings. These devices were seen as
complementary and would work well when viewed as a sys-
tem of signagefor crossings. A Yield sign or other Yield mes-
sage display were seen as potentially significant improve-
mentsto acrossbuck-only installation. The Stop sign wasa so
viewed as a promising alternative to the crossbuck-only
treatment, but only as atreatment used under warranted con-
ditions. The approach to the crossing would benefit from an
improvement to the current railroad advance warning sign so
that the driver understands on approach that thereisno active
warnhing at the crossing ahead. Crossings that impose special
requirementson thedriver area soindicated by advancewarn-
ing devices. Taken together, thiscollection of promising TCDs

addresses the most prominent deficiencies in current prac-
tice. However, the optimal designsor criteriafor implement-
ing any of these TCDs were not known. Also lacking are
credible data on the ultimate saf ety benefits.

2.3.3 Preliminary Evaluation of Device
Effectiveness and Costs

Having defined the promising TCD measures and their
rationale, the research team’s next effort was to assess the
TCDs' effect on driver behavior and crashes and to estimate
their life-cycle costs. These issues are addressed in the fol-
lowing sections. It should be understood that there is alack
of empirical findings from which to project the behavioral or
crash reduction effects of alternative TCD systems.

2.3.3.1 Effect on Driver Behavior

Of the several promising TCDs, reasonableinformation on
the behavioral effectsis available for only one of them—the
Stop sign. Thereisrelatively little information on the behav-
ioral effectsof Yield signs at rail-highway grade crossings or
of distinct advance warning signs and hazard warnings. One
behavioral aspect all of these devices arelikely to shareisthe
effect of repeated experience. The mgjority of traffic using a
particular crossing tendsto be familiar driverswho encounter
the site frequently; this is probably particularly true for pas-
sive crossings, which are more likely to be on low-volume
roads. TCDs are most likely to be noticed and responded to
by unfamiliar drivers. Driversrepeatedly encountering agiven
crossing will come to pay less attention to the signs. How-
ever, this does not necessarily mean that a given TCD does
not have along-term effect on driver behavior becauseit may
help initiate and maintain appropriate driver actions (e.g.,
search, speed choice) even if those actions are no longer the
immediate result of looking at the sign.

With regard to Stop signs, thereis good evidence of likely
driver behavior. Several studies report a high level of non-
compliance as measured by the lack of compl ete stopping. A
high level of noncompliance was even found at crossings
with limited sight distance. However, there is a high per-
centage of drivers who nearly stop or at least reduce speed.
There are also some indications of better visual search. From
these studies, one may assume that considerable noncompli-
ance will continue with the use of Stop signs. Furthermore,
it can be hypothesized that the level of noncompliance will
increase over time at a specific crossing (because of frequent
users becoming less concerned). There are not good data on
the generalization of noncomplianceto other Stop sign appli-
cations. Concern existsthat if the use of Stop signs becomes
widespread at crossings, without regard to specific and lim-
ited warrants, there will be heightened disrespect for this
TCD; therefore, the effectiveness of the Stop sign will be
dependent upon its selective use and the need for education



and enforcement. Another behavioral aspect of the Stop sign
is its influence on vehicle-to-vehicle interactions. This con-
sideration has been absent in research studies even though
there are more nontrain crashes at crossings than there are
vehicle-train crashes (22). Because awide range of responses
to the Stop sign at crossings is seen—from not even slowing
to compl ete stopping—it seemslikely that there will be more
speed variance at the crossing and more vehicle-following
problems.

As reported in the literature review findings, Yield signs
for grade crossings have not had a comprehensive evalua-
tion; hence, thereisno substantive evidence of how they may
affect driver behavior in the near or long term. Studies that
have been done involving the Yield sign or the Yield mes-
sageincluded within the crossbuck are limited and somewhat
flawed. However, the studies do indicate that the Yield sign
conveys the message that the driver has the responsibility to
look for and yield to an oncoming train better than does the
crossbuck sign alone. It is expected that this knowledge
should increase advanced searching, but how this apparent
effectiveness carries over to actua locations, especialy if
most passive crossings wereto have a Yield sign, isamatter
of conjecture. According to the Uniform Vehicle Code, the
driver of avehicle approaching aYield sign shall slow down
to a speed reasonable for the existing conditions and, if
required for safety, stop to yield to a vehicle that is in the
intersection or approaching on another roadway. When used
at a crossing, one would expect to see alevel of observance
ranging from no speed reduction—at crossings with long—
sight distance triangles and smooth crossings—to varying
levels of speed reduction. This behavior will likely vary by
driver familiarity of the crossing. Thedriving population that
crosses the tracks on a frequent basis eventualy is likely
to revert back to its behavior before the Yield sign was
installed. Those drivers who are crossing the tracks for the
first timeor very infrequently, however, would be more prone
to respond by slowing somewhat and would be more consci-
entious about searching for an oncoming train.

No information exists on the behavioral effects of using
distinct advance warning signs for passive and active cross-
ings. The behavioral benefits of such asign would be related
to the simultaneous use of the Yield sign or message. If the
sign message conveys a clear sense of the absence of active
protection and the driver requirement to look for trains, then
the sign may be expected to increase search behavior, at least
among those less familiar with the crossing. The presence of
the Yield sign enhances this message. Likewise, if the driver
knowsin advance that the crossing does not have gates, bells,
or any other train-activated device, then the Yield sign will
have more significance. The driver will better understand
what is expected, and the behavior in terms of looking for
trains and adapting speed is likely to improve.

The final set of TCDs considered are those related to the
presence of specific features at a particular crossing that
require additional attention on the part of the driver. One
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aspect of thisrecommendation isto provide specific advance
warning signs or supplementary panels to indicate the spe-
cific hazards or behavioral requirements associated with a
site. An additional possibility isalso to provide someform of
enhanced advance signing or delineation, prior to encounter-
ing the hazard-specific sign or signs, to indicate that thereis
some exceptional requirement at this crossing. The purpose
of the specific warning messages is to promote appropriate
behaviors, and the purpose of the enhanced indication of a
crossing zone when there are limitations is to improve the
response to those signs. The assumed benefits of the hazard-
specific signing on driver behavior are based on the argument
that the driver cannot appropriately adjust speed and search
if the demands of the crossing are not evident or conspicuous
sufficiently in advance. Asto treating crossingswith unusual
demands as a “zone,” athough there are no data to indicate
the behavioral effects of such a sign, the concept may be
viewed as analogous to advance warning signs for construc-
tion and work-zone areas. Research on work-zone saf ety has
suggested the importance of enhanced advance signing,
which alerts the driver to the need for heightened attention
and increases the readiness to respond to subsequent more-
specific signage. Various potential hazards at acrossing can-
not be responded to in advance because they may not be very
evident at a distance (e.g., limitations to visibility along the
track at the crossing or a hump crossing). The work-zone
experience suggests such TCDs can promote desired behav-
iors (e.g., slowing, searching, general caution), but there is
no direct evidence regarding the expected behavior actions
for the railroad-crossing application.

2.3.3.2 Potential Effect on Crashes

The literature review found little empirical basis regard-
ing the changein crash rates at crossingswith either aYield
or Stop sign. There are very few locationswith aYield sign
or aYield message included with the crossbuck, so no study
has been conducted of the crash effect when Yield signs are
used. There have been evaluations regarding Stop signs, but
these have not been definitive. Furthermore, the findings are
undoubtedly related to the nature of the sites chosen for
application of Stop control—for example, Sanderset al. (10)
analyzed crash datain an attempt to establish whether cross-
ings with Stop signs and crossbucks were safer than cross-
ings with crossbucks alone. Their analysis, which was ham-
pered by lack of exposure data, indicated that locations with
Stop signs had a dlightly higher crash rate than those loca-
tions with crossbucks aone. This does not mean, however,
that the installation of Stop signs will cause an increase in
crashes at the crossings. If Stop signs for passive crossings
are used for those crossings that are deemed hazardous, then
ahigher crash rate can be expected. What needs to be estab-
lished is how the crash experience might change with the
installation of Stop signs at crossingswheretherewasonly a
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crossbuck or even aYield sign; thisfinding will be related to
the criteria used for selecting appropriate sites.

2.3.3.3 Initial and Maintenance Costs

In thistask, thelife-cycle costs associated with promising
devices were also to be determined. The devices being sug-
gested as “promising devices’ are relatively inexpensive;
however, when applied to alarge number of crossings, the
devices can represent a significant cost to the responsible
agency. The cost of an installed sign of the type being sug-
gested (i.e., a Yield sign, Stop sign, or advance warning
sign) can range from $100 to $150 depending mostly on the
labor and equipment costs and on how many signs are being
installed. Assuming that two new signs—an enhanced rail-
road advance warning sign (i.e.,, W10-1) and aYield or Stop
sign—would be installed, the costs for these signs are esti-
mated as follows: for the sign assemblies, $125 each ($500
per crossing); for dispatching the installation crew, $100 per
crossing; and for actual installation, $50 per sign assembly
($200 per crossing). These costs total $800 per crossing.
Based on FRA’ s National Highway-Rail Crossing Inventory
database, there are about 71,000 at-grade crossings that cur-
rently do not have either active control devices or in-place
Stop signs. If all these crossings were changed, the national
cost for initial implementation would be about $57 million.

In addition to the installation costs, many of the crossings
will require some engineering analysis to determine whether
aYield or Stop is most appropriate. The cost of this analysis
is estimated at $1,500, about 1 person-week, divided among
licensed engineers, technicians, sign management, and super-
visory work. We estimate that 20 percent of the crossingswill
require analysis, resulting in atotal cost of $21.38 million.

After installation, asign generally does not require routine
maintenance. Replacements during the normal servicelifeare
typically needed because of vandalism or accident. Among a
largegroup of signs, thelossrateisexpected to bearound 1 per-
cent. The estimated cost of replacing an individual sign is
$270. This higher unit cost reflects the fact that replacement
signs must be installed individually rather than as group, as
is the case with the initial installation. The annual cost for
these replacementsis about $1.15 million.

2.4 DRIVER FOCUS GROUPS

Two driver focus groups were conducted to better under-
stand driver beliefs, perceptions, and expectancies regarding
passive rail-highway grade crossings and associated TCDs.
Of particular interest was how driverswould interpret various
types of information in the context of these crossings and in
perceptions of TCD concepts or elements raised in the pre-
ceding tasks. As a qualitative technique, the focus group
method was not intended as ameans of acquiring quantitative
dataon driver response or preference. Rather, theinterest was

in how people view different sign aspects or configurations,
problems of interpretation and sources of confusion, current
misbeliefs that need to be overcome, and the implications
drawn from a message.

2.4.1 Focus Group Method

Two focus groups were conducted, each composed of ordi-
nary local drivers who reported driving at least 3 to 4 days
per week. They were paid for participation and recruited
through local advertising. No mention of railroad crossings
was made during recruitment and screening of participants;
the request was for ordinary drivers sought for a discussion
group on highway signs and markings. One group was held
in Rockville, Maryland, a suburb of Washington, D.C. (11
participants); the other was in Hagerstown, Maryland (12
participants). The two areas differed substantially in both
demographics and rail operations. The Rockville group was
ethnically diverse and ranged in age from 22 to 77. Some had
past experiencedriving commercial vehiclesor school buses.
The group was drawn from a suburban region that has rela-
tively few at-grade crossings; almost all of the crossings had
active TCDs.

The Hagerstown group was composed of individuals rang-
ing in age from 22 to 70 and was drawn from Maryland's
Washington County region. Two participants had extensive
experience driving commercial vehicles, particularly heavy
trucks. Relative to the suburban Rockville area, the Hagers-
town area is much more rural and blue collar and |ess ethni-
caly diverse. Thereisconsiderablerail activity from multiple
rail lines, including a number of passive grade crossings.

Each focus group took about 2 h and followed a carefully
structured question path. After self-introductions, the session
began with an “ice breaker” question. Each person wasgiven
atransparency sheet that had a plan-view diagram of atwo-
lane roadway with a railroad track crossing it. The person
was asked to draw in “all the signs and markings you would
see on atypical railroad crossing.” Some examples of plan-
view diagrams with TCDs, for work-zone and bicycle lane
applications, were taken from the MUTCD (1) to show the
participants how to do the drawings. These MUTCD exam-
pleswere sel ected because they contained arange of advance
and at-site signs, roadway markings, and other typesof devices
and features. Participants were asked to be as specific as pos-
sibleintheir use of wording, graphics, and location. After the
drawings were completed, several of the drawings were
viewed and discussed by the group. This procedure served
two functions. Firgt, it provided potentially useful informa-
tion on what people perceive current practice to be and what
sorts of misconceptions are involved. Second, the procedure
brought everybody into the exercise and helped foster par-
ticipation and crosstalk.

Following this drawing, the discussion moved to consid-
eration of the railroad advance warning sign (i.e., W10-1).
The discussion was directed to cover issues such as



* What isit for?

* What should you do when you seeiit?
* Whereisit located?

* Isit used at every crossing?

» Doesit work well (why)?

» What would make it more effective?

Following discussion of the advance sign, the discussion
moved to consideration of the standard crossbuck (i.e., R15-1)
for asimilar set of issues. After this, the general layout of the
standard TCD system at crossings was discussed.

Following the consideration of current standard devices, the
discussion moved to the distinction between active and passive
crossings, including viewing a variety of specific adternative
advance warning sign designs that have been suggested. The
discussion then moved to consideration of the Yield message
at a passive crossings and ways that this idea might be com-
municated. Again, thisincluded viewing various designs that
have been suggested. Finally, there was a discussion of the
entire layout of a system of TCDs for passive crossings. This
discussion included consideration of signsthat are sometimes
used at crossing sites(e.g., skewed-crossing warning sign), the
adequacy of practices, what additional information the driver
would like or expect, and improved concepts.

2.4.2 Focus Group Findings
2.4.2.1 Image of Current Typical Practice

Drivers generally imagine current practice to be some-
thing quite different than it actually is. Only 1 person out of
23 came close to accurately portraying actual practice. Most
drawings excluded various primary TCDs and introduced
inaccurate or atypical devices. Figure 2 illustrates a typical
exampl e of these drawings.

Among the primary findings to emerge from this portion
of the procedure were the following.

« Very few drivers (only 5 of 23) included a crossbuck in
their drawings. This number included only asingledriver
from suburban Rockville. An “X” symbol was present
in some other signage, but not a crossbuck, and not at
the crossing. Subsequent discussion revealed a wide-
spread belief that crossbucks were not universally used,
but rather selectively placed at certain types of crossings
(e.g., only inrural areas or on high-volume roads).

* The W10-1 advance warning sign was portrayed some-
what closely—a circular sign with RR and X elements,
even if not placed properly—by only 5 of 23 people. Of
these five, one placed it only at the crossing; two others
used it both at the crossing and in advance. However,
although few people portrayed a W10-1 sign, the vast
majority of people (18 to 20 people, or up to 87 percent,
depending oninterpretation of thedrawing) showed some
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Figure 2. Example sketch.

sort of advanced warning or informational sign. Although
thedrawn signswerediverseand carried anumber of dif-
ferent messages, many had some elements common to
the W10-1 sign (e.g., a circular shape, X, or RR). For
advance signs, the circular shape was seen in 8 drawings,
the X in 9 drawings, the RR in 11 drawings, and at least
one of these elements was seen in 15 of the 23 drawings
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(65 percent). Furthermore, similar signs were shown at
the crossing, rather thanin advance, for severd other par-
ticipants. Circular, rectangular, and diamond-shaped sign
fields occurred with equal frequency.

» Only four to six people (depending on interpretation of
ambiguous drawings) showed any pavement markings.
Only two of these markings were even close to the
“RXR” marking typicaly used. The others were some
form of transverse marking, such asastop line or cross-
hatched area, at the crossing.

» Thedirectionsdid not specify whether the crossing was
active or passive, and thisissue had not yet been raised
for the group. More than half the drawings (13 of 23,
plus 2 ambiguous drawings) portrayed some form of
active TCD at the crossing. Interestingly, most people at
the Hagerstown site (8 or 9 of 12) showed an active
crossing. In contrast, fewer people at the Rockville site
(5 or 6 of 11) suggested active devices even though the
few crossings actually present in the suburban area had
active TCDs. Of the Rockville drawings, only 4 of 11
actually showed an active TCD; however, 2 more indi-
cated the presence of adevicethrough anoteor the pres-
ence of aSignal Ahead sign. Only one person explicitly
indicated that there are “lightsand bars’ only at “ some”
Crossings.

» Seven people (30 percent) thought some form of Stop
message was typical at a crossing; this percentage is a
higher frequency than the crossbuck. Because about half
of al drawings showed some form of active TCD, the
incidence of Stop messages at passive sites was much
higher. Only one drawing showed an octagonal Stop
sign. The others portrayed some message of the need to
stop at the tracks, including two Stop, Look, and Listen
messages and one Stop pavement marking. Six of the
seven Stop message drawings were from the suburban
Rockville site, which contrasts with the higher inci-
dence of active devices in the Hagerstown drawings.

 Taking thetwo previous pointstogether, it may be noted
that in only 3 of the 23 drawingswasthere neither aStop
message nor an active TCD. In other words, almost all
participants showed some “explicit” message of driver
action to be taken (stop or conform with active TCD).

+ In addition to general advance warning signs regarding
the presence of a crossing, a few drawings (4 of 23)
included more specific advisory signs with messages
related to proper speed, slowing, or looking.

In summary, this portion of the procedure revealed that dri-
vers do not have an accurate appreciation of actua TCD
practice. The crossbuck, in particular, appears to be little
noted or remembered, nor is it seen as universaly applied.
People do have a high expectation of advance warning signs
even though they seldom accurately describe the current
W10-1 sign. Elements of the W10-1 sign, however, werefre-
guently shown in advance signing (65 percent had one or

more elements). In the majority of cases, people portrayed
either an active TCD or an indication of a requirement to
stop. Drivers apparently anticipate some sort of explicit indi-
cation of the required behavior at a crossing. Thereis a per-
ception that the use of the crossbuck, advance warning sign,
or both, isnot uniform at al crossings, but rather are appro-
priate to only certain applications. Also evident in the draw-
ings, and supported in subsequent discussion, was the per-
ception by a meaningful number of drivers that vehicles are
required to stop and look at a crossing (at least a nonsignal-
ized one) even though this action is seldom the norm.

2.4.2.2 Active and Passive Advance
Warning Sgns

Participants were unclear regarding the use of the W10-1
railroad advance warning sign. Many felt it was used only for
selected applications such as near “major” crossings. The
sign was not seen as a very effective means of influencing
driver behavior. As the discussion focused more on the dis-
tinction between active and passive crossings and the related
signing needs, similarities and differences between the two
focus groups emerged. Both groups argued that the most
desirable solution was not to discriminate between types of
crossings, but rather to upgrade all crossings to active con-
trol. They felt that the public would be willing to pay for this
level of protection. However, the discussions proceeded on
the assumption that passive crossings will continue to exist
at many locations asis currently the case. Some participants
were unaware that crossings without active TCDs exist on
public roads—they just assumed that if there were a signifi-
cant hazard, there would be an active warning. Thisincorrect
assumption underscored a need to ensure drivers understood
the requirement to look for trains.

The rural Hagerstown and suburban Rockville groups dif-
fered in the group feding regarding distinction between
active and passive. There was good agreement among the
Hagerstown participants about the great importance of pro-
viding advance signing that distinguishes between crossings
that offer some form of active warning device and those that
do not. Not all thedriversin the Rockville group perceived a
benefit in distinguishing active from passive crossings. Some
felt that doing so might complicate the situation, making it
more difficult for driversto understand their responsibilities.
It isinteresting to note that the group from an areawith many
grade crossings, including passive crossings, felt that making
the active-passive distinction in advance signing was impor-
tant, while the group from an areawith few crossings, essen-
tially all active crossings, had less unanimity on this point. It
may be the case that drivers with little exposure to passive
crossings might be the drivers that most need to be made
aware of the lack of an active TCD when they do encounter
such acrossing.

Both groups had individuals suggest the use of Stop signs
at crossings without active devices, but there was no consen-



sus about this. There was uncertainty in both groups as to
what adriver was supposed to do at acrossing. Some believed
that “stop, look, and listen” was a requirement at all cross-
ings (or at least passive ones) even though they recognized
virtually no one did this.

In discussing how to discriminate active from passive
crossings, driversin both groups emphasized that they felt it
was more important for the drivers to know that a crossing
was passive than to know that it was active. Because drivers
responsibilities increase at passive crossings, they must be
informed of this increased responsibility. The Hagerstown
group felt that advance signing should be emphatic in indi-
cating apotentia hazard; they suggested the use of wordslike
“beware,” “ caution, ” “danger,” or “warning.” The suggestion
was raised in both groups that sign color be used to distin-
guish active from passive crossings. Other suggestions con-
cerned using color to underscore the hazard message—for
example, yellow signs, red text, or both, and images.

After general discussion of active and passive advance
warning signs, the groups viewed avariety of suggested signs
for this purpose and discussed them. The sign ideas presented
to the groupsarein the appendix. The groups understood that
these illustrated various sign concepts and that the actual
graphic images could be modified. The purpose of consider-
ing the sign set was to generate discussion of various con-
cepts and features. The following points were among those
raised in the discussion.

» There was considerable confusion and dislike for the
icons used to indicate a signal light array for active
crossings. Signs using this feature were not easily inter-
preted, and there was ambiguity about what the symbol
represented and what the nature of the crossing was.
Some people felt that if the symbol were comounted
with the more familiar W10-1 sign, the symbol would
bemorelikely to beinterpreted by drivers. For the active-
crossing message, participants in the Rockville group
were enthusiastic about the use of the W10-1 sign sup-
plemented by apanel that had asignal-light icon and the
words “signal ahead.” They also liked the image that
paired the signal-light icon with a Train When Flashing
message, although they did not like the color scheme of
the example. Hagerstown participants were less enthu-
siastic about signs with the signal-light icon.

+ Text messages were felt to make the sign’s meaning
clearer, but need to be used in association with other sign
elements to clarify the message's relationship to the
crossing—for example, Signal Ahead could refer to
either ahighway intersection or arailroad crossing signal
light. Some expressed concern about the driver’s ability
to read text messages (e.g., language, vision problems,
legibility) and the potential for extraburden onthedriver.

* For passive crossings, participantswere favorableto the
idea of pairing a supplementary panel with the W10-1
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sign. Many did not like the icon alone or the No Signal
Ahead message unlessit was clearly associated with the
W10-1 sign.

+ Reaction wasunfavorableto theideaof using thecircle-
and-slash image (superimposed on an icon with asignal
light) to indicate the absence of an active device. Some
people expressed confusion over the meaning: Might it
mean there are no trains ahead or that the crossing is
closed (i.e., “do not proceed over tracks’)?

« The No Bells or Lights message was felt to be very
understandable if used with the W10-1 sign, but there
was some concern about whether thiswastoo much text.

» There was some feeling that the proposed concepts were
not “strong enough” and that wordslike“ danger,” “warn-
ing,” or “caution” should be used in conjunction with
the W10-1 image or messages such asNo Signal Ahead.
Some participants felt that the current signs lacked
“impact” for thedriver and that they often drove past the
advance warning sign with no awareness. They felt that
emphatic keywordswould make the sign more attention-
getting and would more directly convey the need for the
driver to be cautious.

* Inthe Hagerstown group, many of the participantsliked
the suggestion of one member that arectangular yellow
sign be used containing both a black W10-1 image and
ared No Signal Ahead message.

2.4.2.3 Useof Yield Sgnor Yield
Message at the Crossing

After consideration of advance signing, the discussion
turned to signs used at the crossing proper. The moderator
explained that “when a driver comes to a railroad crossing
wherethereare no lights or gates, he hasthe responsibility to
look for any trains that are approaching and to give them the
right of way if thereis a conflict. In other words, the driver
hastoyield theright of way to thetrain.” The discussion then
considered the effectiveness of the crossbuck and alternative
signsin conveying this concept to drivers at arailroad cross-
ing. Example ideas were considered as shown in the appen-
dix. (It should be noted that the illustration of the Buckeye
crossbuck shows it as black and white; the actual Buckeye
crossbuck isred and white.)

For both groups, there was a widespread lack of under-
standing of the intended message and use of the standard
crossbuck. People thought the crossbuck simply marked the
location of thetracks, and afew thought it meant “ stop, |ook,
and listen.” Many did not believe the crossbuck was used at
all crossings (including active crossings) or that it was widely
used. Somethought itsusewas restricted to rural areas, back
roads, or selected traffic characteristics. Some participants
in the Rockville group seemed unable to grasp the idea that
the crossbuck had a different meaning (in terms of driver
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requirements) at active crossings where it does not mean
“yield”; thisideawas not an issue for the Hagerstown group.

In both groups, there was no consensus about the desirabil-
ity of including some form of Yield message in the signage at
the crossing. Some favored the idea in one form or another.
Othersfelt that it is obvious that the driver needsto yieldto a
train (“Wouldn't any idiot yield to an oncoming train?’). The
underlying assumption, of course, is that the approaching
driver needsto become aware of approaching trainsin order to
determine whether there is aneed to yidld right-of-way. Some
felt, therefore, that it may be more valuableto directly instruct
thedriver to searchfor trains. Other objectionsto the use of the
standard Yield sign included driver disrespect for the sign and
difficulty enforcing the sign. Some suggested that advisory
messages like Danger, Warning, Caution, or Look for Trains
might be more effective. Another suggestion wasfor agraphic
image such asacar and atrain colliding. Various participants
thought such messages might better communicate impending
danger and the need to approach the track cautiously. The dis-
tinction between advance signage and at-the-track signagefre-
quently blurred during these discussions.

After general discussion, the set of at-crossing TCDs
shown in the appendix was reviewed, and discussion focused
on how to best convey aYield message. Thefollowing points
were raised:

* TheYieldsign, if used, should be presented in conjunc-
tion with the crossbuck so that the intended referent
(i.e., thetrain) is made clear.

» TheYieldsign, if used, should be presented in itsentirety
(including the word “yield”). Alternatives incorporating
only some features (e.g., shape, color) were not as clear.

» The safety impact of the Yield sign is debatable, and
some felt it was “overkill.”

+ People reacted negatively to images that had the cross-
buck superimposed over a Yield symbol-ike back-
ground field. The meaning was not immediately clear,
and somefelt the crossbuck appeared to be“ crossing out”
the Yield message or telling drivers not to yield.

» Some felt that adding a supplemental To Trains plate
with the Yield message hel ped make the referent clearer,
but othersfelt this was redundant because the track (and
crossbuck, if present) made this adequately clear.

* There was a feeling that if a regulatory sign such as
Yield is used at a rail-highway grade crossing, then
there must aso be some enforcement effort.

+ Although most people appeared to favor the use of the
standard red for the Yield, there were suggestions for
the use of yellow (to imply caution) or lime green (for
conspicuity).

+ Placement of the Yield message astext on the crossbuck
arms was generally not favorably viewed, having little
attention-getting value or impact.

2.4.2.4 Use of Enhanced Approach Zones and
Sgns Denoting Unique Crossing Features

Thefinal portion of the focus groups discussed sign “sys-
tem” issues. Thisdiscussion included both the need for addi-
tional messages when there are unique features of a site and
the general schemefor laying out asequence of TCDs at typ-
ical sites. To spur discussion, example signsand layoutswere
considered. These examples are presented in the appendix.

There was favorable response to the idea of enhancing the
approach to the crossing through the use of roadside delin-
eators and “approach-zone” concepts. However, there was
feeling that therewould be aneed for public educationif such
practices were to be adopted. If roadside delineators or dis-
tance markers are used, it was suggested that they be placed
on both sides of the road.

The response to specific warning signs for various site
features was mixed. Some people questioned the need to
inform the driver about track geometry (e.g., obligque cross-
ings) although others thought this information would be a
useful aid to search. Opinion was also mixed on the need
for awarning about high-speed trains. In general, the“view
of trains limited” concept was seen as important to com-
municate, but the groups did not like the wordy text mes-
sage. Suggested alternative wording included “hidden train,”
“obstructed view,” or “limited view.”

Therewas some concern expressed that enhanced approach-
zonedelineation or additional warnings could have the poten-
tial to escalate to a large number of visual elements, which
could overwhelm drivers. Although a reasonable concern, it
isironic because many of the participants’ drawings of what
they considered current “typical” practice (intheinitial phase
of the focus group procedure) included much more informa-
tion than is actually the case. Some participants also raised
the question of whether enhanced treatments might result in
increased costs for installation and maintenance.

In considering ideas for the general layout of TCDs for
passive crossings, participants viewed and discussed the
current U.S. and Australian standards (in plan views). The
Australian scheme has more extensive signing and marking.
Many preferred the Australian approach as more informa-
tive although others were concerned about too much infor-
mation. There was positive feeling that the placement of a
rumble strip just prior to the advance warning sign would
alert drivers to a situation requiring caution and lower
speeds. There were al so suggestions, with agreement among
many, for the placement of additional signs between the
advance warning sign and the track. Thisincluded a Reduce
Speed or Caution sign shortly after the advance warning fol-
lowed by another sign that communicates the lack of an
active TCD (e.g., No Signal Ahead). Most participants
seemed to feel that placing signsin this manner at a passive
crossing site would increase safety and communicate the
intended messagesto drivers. Still, the groups re-emphasized



their beliefs that converting all passive crossings to active
ones would be the most desired approach.

Other suggestionsfor improving safety at railroad crossings
were solicited during this discussion. Participants thought that
further education was needed among the genera public to
inform drivers of the responsibilities required of them at pas-
sive crossings. When asked about the usefulness of Stop signs
at passive crossings, the response was mixed. Some felt that
Stop signs might be appropriate in some situations, but less so
incrossingswith low train traffic. One participant wanted Stop
signs installed so that everyone was expected to stop and
other driverswould not become angry with her for stopping
as she currently does at most passive crossings. Still others
thought young, inexperienced drivers would benefit from
being “forced” to stop at passive crossings. However, con-
cerns about rear-end accidents and resulting traffic problems
surfaced in the discussion although participants did not fed
installing Stop signs at crossings would necessarily degrade
respect for Stop signsin highway situations.

2.4.3 Focus Group Summary and Conclusions

The focus groups provided a number of findings concern-
ing drivers’ perceptionsof rail-highway grade crossing delin-
eation practices. Thefindings should be treated as qualitative
and are limited by the use of only two groups. Nonethel ess,
various points were raised that merit consideration in the
development of recommended practices. Although these
issues are detailed in the discussion above, a few key find-
ings are highlighted as follows.

« Current practice is not well understood by drivers.

+ A meaningful number of driversdo not realize that pas-
sive crossings occur on public roads.

« Driversanticipate, and want, moreinformation than cur-
rent practice provides.

+ Although many participants felt the active-passive dis-
tinction was important to make for drivers, others did
not grasp the significance of this difference.

* Indistinguishing active from passive crossings, itismore
important to driversto be aware of when the crossing is
passive.

+ Some drivers believe that “ stop, look, and listen” isthe
requirement at a passive crossing even though they
acknowledgethat essentially no one stops (unlessatrain
iscoming).

» Therewas ho consensus, and there was arange of opin-
ions, regarding both the use of Stop signs and the use of
Yield messages.

» Therewas some preference for sign conceptsthat added
text panelsto icon signs, including the W10-1 sign.

» Theuseof thecircle-and-dash symbol for negation (e.g.,
“no signals’) was widely disliked and felt to be unclear.
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» Many discussants favored the use of direct sign state-
ments of what to do: Slow, Look for Trains, or Use
Caution.

» Therewerefavorablereactionsto theideaof an enhanced
crossing zone aslong asthis enhancement did not result
inavisually “noisy” situation.

» There was feeling that it would be best to upgrade all
crossings to some form of active control.

2.5 TCD COMPREHENSION TESTING
2.5.1 Comprehension Test Method

Using specially developed booklets, the meaning of alter-
native sign concepts was evauated through comprehension
and preference testing. The focus of interest was on advance
railroad crossing warning signs that distinguished active and
passive crossings and signs for use at passive crossings that
conveyed information related to the crossings' passive nature.

Testing was done by having participants write answers to
guestions in answer books. The books contained sections on
both comprehension (What does the sign mean?) and prefer-
ence (Which aternatives for a given message are preferred,
and why?). Participantsweretrained in small groups of up to
10 people and, with monitoring from the researcher, began
filling out the books during this session. The parti cipantsthen
took the books home to complete them and returned them to
the researchers via prepaid delivery services.

Comprehension and preference data provide useful infor-
mation for comparing alternatives and refining designs based
on problems, confusions, and driver opinion. However, the
numbers from this sort of testing should not be taken literally
asactual quantitative descriptions of real-world performance.
The findings should be considered with the other sources of
information and analysis used in this project.

2.5.1.1 Locations and Participants

The participants were recruited for sessions in four geo-
graphic locations: Rockville, Maryland; Madison, Wisconsin;
Hagerstown, Maryland; and Columbus, Georgia. They were
recruited through local advertising to take part in a study of
“highway signs’; no mention of rail crossings was made.
Slightly more than 100 participants were scheduled with
approximately equal numbers of males and females and three
age groups (16 to 25, 26 to 64, and 65 and older). Ninety of the
scheduled participants showed up for their scheduled session
and took part. Sixty-six of the 90 participants returned com-
pleted, usable booklets. The analyses that follow are based on
these 66 participants. This group included 37 females and 29
males. There were 19 participantsin the young group (17 to
25), 27 inthemiddle-age group (26 to 64), and 20 in the older
group (65 and older). Twenty-one participants were from the
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Rockville group, 15 from the Madison group, 19 from the
Hagerstown group, and 11 from the Columbus group.

2.5.1.2 Sgnsinvestigated

Twenty-eight distinct signs related to rail-highway grade
crossings were included for evaluation. These are shown in
Figure 3. Thesignsareof threetypes: railroad advance warn-
ing signs for passive crossing application (12 signs, includ-
ing the current W10-1); railroad advance warning signs for
active crossing application (7 signs, also including the cur-
rent W10-1); and rail-highway crossing signsfor application
at passive crossings (10 signs). It should be noted that the
version of the Buckeye crossbuck tested (At Crossing, Sign
CinFigure3) wasinadvertently presented as black and white
rather than in its actual red-and-white coloring.

Thisset of signswasderived based on anumber of sources
and considerations. Candidates wereidentified through exist-
ing literature, published research studies, signsthat areinuse
or have been suggested for use, and the findings from focus
groups. In addition, a request for sign ideas (either in exis-
tence or new) was widely disseminated to the expert com-
munity, through announcements and requests made through
organizations including TRB, the Institute of Traffic Engi-
neers(ITE), NCUTCD (Rail-Highway Grade Crossing Com-
mittee), AASHTO, Operation Lifesaver, the Association of
American Railroads, and the American Railway Engineering
and Maintenance-of-Way Association. The final set of 28
signswas not inclusive of every concept, but was selected to
broadly include promising sign concepts and features. It was
not possible to fully cross all feature combinations and still
keep the size of the sign set reasonable, but the final set does
offer the opportunity to consider awide range of examples.

For purposes of comprehension testing, theserail crossing
signs of interest were embedded in a larger set of highway
signs (100 total signs, including 6 training or practice signs),
which are described below.

2.5.1.3 Procedure

The participants were informed that they were taking part
in “a study of how understandable various highway signs
are.” No specific mention of railroad grade crossing signswas
made. None of the training and practice scenes included rail-
crossing examples. In order to discourage participants from
perceiving the study as related to rail crossings, alarge and
diverse set of highway signs was included in the study, the
majority of which were unrelated to rail crossings. Partici-
pants took part in a 2-hr session in groups of up to 10 people.
In this session, they were trained in how to answer the com-
prehension questions and then began working through the
test booklets. It typically took approximately 4 to 5 hr to
complete the booklets, so after the session, participants took
the booklets home to complete. In order to return the com-

pleted booklet, each person was provided a pre-addressed,
prepaid envelope for a delivery service. Participants were
given partial payment at the completion of theinitial session
and the remainder after return of the booklet.

The test booklet was comprised of three main sections.
Each section was sealed separately. The participant had to
compl ete each section before breaking the seal to proceed to
the next section. The first section was of training and prac-
tice signs for the sign-comprehension procedure (i.e., Six
signs). The second section presented the 94 signsin the com-
prehension test. Although the 6 training or practice signs
were always presented in the same order, the sequence of the
94 test signs was independently randomized for each partic-
ipant. The final portion of the booklet was the preference-
and-opinion section. In this section, participants were shown
anumber of alternative signs that might be used to convey a
specified message; the participantsweretoindicate their order
of preference and additional information related to their rea-
sons and interpretations of the images.

The comprehension portion of the procedure required par-
ticipants to provide open-ended responses to indicate the
meaning of a particular sign. A number of previous studies
intheliterature have used multiple-choice procedures, which
can bias responding in a number of ways. Although open-
ended responses are preferred, the method is only effective if
participants are thoroughly trained to provide detailed and
comprehensive answers. For this reason, the initial training
portion of the procedure was quite extensive, and the experi-
menter monitored each person’sinitial responses to confirm
that the participants were providing appropriate, interpretable
answers.

In the comprehension portion of the booklet, two images of
the sign were shown on the left page, and two questions were
listed on the facing right page, as shown in Figure 4. The
upper figure illustrated the sign in an appropriate highway
context. For clarity, the lower picture showed alarger picture
of the sign alone. The context scenes were kept simple, but
appropriate to the sign. Railroad advance warning signs did
not have the tracks visible in the scene; signs for application
at the crossing did have a visible set of tracks. Similarly,
signsfor the nonrail crossing—related scenesincluded avari-
ety of roadway types (e.g., two-lane undivided, four-lane
divided) with various features as appropriate (e.g., curves,
bridges, intersections). All of therail crossing—related signs
were shown in the context of two-lane undivided roads so
that scene features were not confounded with sign alterna-
tives. The two questions on the facing page were as follows:
(1) “Exactly what doesthissign mean to measadriver?’ and
(2) “ Specifically what action would | take when | saw this
sign?’ Previous research (27) has found that requiring a
detailed answer to both of these questions results in more
interpretable responses.

The initial training portion of the session emphasized the
need for very detailed, explicit answers to both questions
even if the meaning of the sign appeared obvious. This
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Example Sign with Answer Page

(1)  Exactly what does this sign mean to me as a driver?

(2) Specifically what action would T take when 1 saw this
sign?

—

Figure 4. Booklet sample page.

emphasis included the following key statement, the gist of
which was reiterated throughout training:

Now hereis avery important point | need to make. In order
for usto make any use of your answers, we need you to give
very detailed, thorough answers, even for simple signs like
thisone[theinitial example sign, which wasa55-mph speed-
limit sign]. We will go over some examples soon. | cannot
over-emphasize the importance of detail in your answers to
both questions. Do not assume that any information is gen-
eral knowledge. When writing the details for each question,
you may want to pretend that you are explaining the sign to
someone who is just learning to drive, or to a child, or to
someone from a foreign country with totally different signs.
Y ou have to be very specific and cover every detail.

Six training and practice signswere then used to illustrate this
in detail. The first three signs (i.e., speed limit, No U-Turn,
Farm Machinery Crossing) were answered by the experi-
menter, who illustrated “good” and “bad” example answers.
The examples covered all relevant aspects of driver behavior
and pointed out the need to describe the implications of the
sign for thedriver, aswell astheformal meaning. After these

initial examples, there were three more practice signs for
which the participants wrote their answers in their answer
books. The experimenter monitored the answers as the par-
ticipants were working on them and then discussed in detail
good and bad answers to each. It was emphasized that a
“good” answer was hot necessarily the correct one aslong as
it fully explained what the sign meant to the participant and
how they would react to it. The three practice signsincluded
awarning sign (i.e., a curve sign), a diagrammatic freeway
guide sign, and a European No-Passing Zone sign. The Euro-
pean sign was selected as an illustration of the fact that some
of the signsin the set may be novel and unfamiliar and that
regardless, participants must make their best interpretation
even if they are unsure of the meaning. Once the experi-
menter determined that everyone in the group was providing
satisfactory answers and understood the procedure, the group
went on to begin working on the booklets. The experimenter
continued to periodically monitor each person and provide
additional feedback if necessary. Asthe end of the 2-hr ses-
sion neared, the experimenter stopped the participants and
then gave instructions for completing the booklets at home
and returning them to Westat viathe prepaid envelopes.



The fina portion of the booklet dealt with sign preference.
Participants cameto this section after they completed the com-
prehension portion. There were three separate subsections
each with asimilar structure: (1) Advance Warning Signs for
Railroad Crossingsthat Do Not Have Gates or Flashing Lights
to Warnwhen aTrain IsComing, (2) Advance Warning Signs
for Railroad Crossingsthat Do Have Gates or Lightsto Warn
Driverswhen aTrain Is Coming, and (3) Signs Placed Right
at the Crossing when There Is No Automatic Warning that a
Trainis Coming. Each of these sections began with adetailed
description of what message the sign meant to convey. The
set of aternative signs for each message wasiillustrated (see
Figure 3). The participant ranked the signs within each set
from the most preferred to the least preferred. They then
answered a set of five additional questions:

1. Tell usthe reasons why you preferred the alternatives
you rated best.

2. Tell us the reasons why you disliked the alternatives
you rated worst.

3. Tell us about any problems or likely confusions you
think might occur for any of these.

4. Explain how you think the best alternatives compare
with the current standard sign (Sign A).

5. Canyouthink of better ways of conveying theintended
message? If so, please sketch them below.

2.5.1.4 Scoring of Comprehension-Test Answers

Because the responsesto the comprehension test questions
were open-ended, scoring methods and criteria had to be
developed. For each sign related to rail-highway grade cross-
ings, a definition of a completely correct, comprehensive
answer was determined. Each potential element of an answer
was explicitly characterized. Every answer was then scored
on a0-to-5 scale:

* 5=Fully Correct,

* 4 =Mainly Correct,

* 3 =Partialy Correct,

+ 2 =Genera Crossing Indication,
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+ 1 =Incorrect, Ambiguous, and
» 0= Dangerous Confusion.

A “dangerous confusion” is a misinterpretation that could
directly resultin thedriver acting inappropriately for safety—
for example, if a TCD was intended to convey the message
that there was no active warning at a crossing, but the driver
interpreted it to mean that there were lights and gates, it is
likely that the driver would not engage in appropriate visual
search.

In addition to the overall comprehension score, each partic-
ipant’ s response was coded to indicate which elements of the
answer (whether correct or incorrect) were present (e.g., tracks
are ahead, gates or lights present, must stop at tracks, etc.).

2.5.2 Comprehension and Preference Findings
2.5.2.1 Findings

Asagroup, thetested set of rail crossing—related signstyp-
ically conveyed the intended messageif not the entire desired
message. Somewhat more than half (53 percent) of the
answerswere scored as“mainly correct” with another 28 per-
cent being “fully correct.” Only 2 percent were entirely incor-
rect; about 5 percent were potentially dangerous confusions
of meaning. However, the distribution of these answer cate-
gories varied by the category of sign (i.e., advance passive,
advance active, at crossing), as well as by the specific sign
design. Specifics are discussed below.

Analyses of variance (ANOVASs) were carried out on the
comprehension and preference data. Each category of sign
(i.e., advance passive, advance active, at crossing) was sep-
arately analyzed. Summaries of these six ANOVAs are
shown in Table 4. In the table, an asterisk indicates a factor
that was significant at the p < 0.05 level. In al cases, com-
prehension or preference scores varied significantly among
the signs. There was also a consistent effect of age on com-
prehension (the middle-age group generally scoring highest),
but not of sex on comprehension. For advance warnings,
there was also an effect of site on comprehension with the
Georgiagroup scoring higher. Specific findingsfor each sign
category are discussed further below.

TABLE 4 Summary of analyses of variance

Sign Age Sex

Site

Sign— | Sign—- | Age- | Sign—

Age Sex Sex Site 3-Way

Comp. h

Advance Passive * * * * *
Advance Active * * *
At Crossing * *

Preference

*

Advance Passive

*

Advance Active

At Crossing *

NOTE: * indicates a factor is significant at the p<0.05 level.
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Table5 provides asummary of the major measures of inter-
est for each rail-highway grade crossing sign. Each sign corre-
spondsto acolumn of thetable, and each measure corresponds
to arow of the table. Note that the W10-1 advancerail cross-
ing warning sign appears twice in the table. Comprehension
dataarelisted under only one column (it isarbitrary whether it
islisted as “active” or “passive” for comprehension because
the sign does not discriminate between these). Preference data
are listed under both “active” and “passive’ columns because
the W10-1 sign was an option for preference in both cases.

After completing the comprehension testing portion of the
booklets, the next page of the booklet that the participant
came to asked the participant to indicate what he or she
thought the primary purpose of the study was. Although only
aminority of thesignsencountered in the comprehension test
was related to rail-highway crossings, we thought it likely
that by the end of testing, many participants would recognize
that such signs were overrepresented and perhaps the real
focus of interest. There were two questions regarding thisin
the booklet. The first question asked: “Based on what you
have seen so far, what do you think isthe primary purpose of
this study?’ The second question asked: “Were there any
types of signsthat stood out to you? Explain.” Only about one
infour participants explicitly indicated that they thought rail-
highway crossings were the purpose of the study (i.e., thefirst
guestion). However, it was common for participants to have
noted that rail-crossing signs were frequent (about 68 percent
of participants including those who identified the purpose of
the study); thus, at some point during the test, many partici-
pants may have become sensitized to rail-crossing signage,
and this sensitivity may cause comprehension rates to be
inflated. The randomization of the sign sequence for every
participant was an attempt to minimize the bias of any such
effect in discriminating between sign alternatives.

2.5.2.2 Advance Warning Signs for
Passive Crossings

Ideally, an advance warning sign for a passive crossing
conveys that there is a rail-highway crossing some distance
ahead, the crossing has no lights or gates, the driver isrespon-
siblefor detecting and yielding to trains, and the driver should
be prepared or begin adjusting behavior to safely detect and
yield. As a group, these signs nearly always (98 percent of
answers) conveyed some general indication of arail-highway
crossing. However, in only about onein five (19 percent) was
the full intended message suggested. Overall, about 76 per-
cent of the responsesindicated relatively good understanding
(mainly correct or fully correct). Thelevel of comprehension,
however, varied significantly among thesignsas Table 5 indi-
cates. The mean comprehension scores for aternative
advance warning signs for passive crossings ranged from a
high of 4.23 (for Sign F) to alow of 3.02 (for Sign C). Post-
hoc comparisons (Tukey’s Honestly Significant Difference
Test) (28) were employed to determine which signs could be

statistically discriminated from one another. The findings of
the post-hoc comparisons are shown in Table 6.

Consistent with these comparison tests, Table 5 shows
that Signs C, E, I, and Jwere “well understood” (“fully” or
“mainly” correct) by less than 70 percent of participants.
Signs C and | also showed dramatically higher rates (20.6
percent and 12.7 percent) of dangerous confusions. In con-
sidering the performance of the set of advance passive signs,
comparison should aso be made with the current standard,
the W10-1 sign. Becausethe W10-1sign (Sign A) isused for
either active or passive crossings, different scoring criteria
were used in judging the correctness of answers. This sign,
too, was poorly understood with a mean comprehension
score of 3.42, and only about 65 percent well understood.
Perhaps of most concern, there were 17.5 percent dangerous
confusions—this was most often due to an assumption that
the sign indicated a crossing with lights or gates.

Therewasalso astatistically significant sign-by-age group
interaction, which was primarily caused by to thefact that the
older participants had particularly low comprehension of the
signsusing acircle and slash superimposed over an image of
signal lights (i.e., SignsC and I).

Looking at the frequencies of specific elements in the
answers, the alternative signs had a much lower proportion of
answers that indicated there was an active warning than the
W10-1 sign had. An explicit indication of the yield situation
only occurred with high frequency for those signs that
included aYield icon (Signs B, J, and L). Previous research,
including the focus groups done as part of this study, indicated
that a substantial number of people incorrectly believe that
there is a mandatory stop requirement at all tracks or at al
tracks without active warnings. In fact, 24 percent of the
responses to the W10-1 sign indicated this interpretation.
Many of the alternative advance warning signs for passive
crossings also led to high frequencies of thisresponse. Infact,
three signs that included the explicit message of No Signals
(SignsD, F, and G) actually had (nonsignificantly) higher rates
of the “stop for tracks’” element than did the W10-1. A fourth
version with this message (Sign I) did not show this high rate;
thereasonisnot evident although it might relateto the fact that
a smaler number of people understood the message well to
begin with. Signs incorporating the Yield icon appeared to
have lower rates of the “stop for tracks” interpretation.

Preferencesfor the sign alternatives paralleled thefindings
on comprehension. In the preference portion of the proce-
dure, participants werefirst given a careful description of the
intended message the signs were supposed to convey. They
then rank-ordered the signs in order of preference for con-
veying that message to drivers. Participants most preferred
the W10-1 sign when used in conjunction with supplemen-
tary text panels (Signs D, F, and H). They did not like the
W10-1 sign aone (Sign A), and this feeling was more pro-
nounced for females. Participants also did not like the use of
thetrain icon or the circle and slash (Signs C, E, I, and J).

Reasons for preference or dislike of various aternatives
were examined. The most frequent reasons for preferring the
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TABLE5 Comprehension and preference measuresfor each sign evaluated

Advance Signs For Passive Crossings
X & = | & | & =
v bty LOOK FOR TRAINS v
Advance
Passive Advance Advance Advance Advance Advance Advance Advance Advance Advance Advance Advance
(A) Passive (B) | Passive (C) | Passive (D) | Passive (E) | Passive (F) | Passive (G) | Passive (H) | Passive (I) | Passive (J) | Passive (K) | Passive (L)
fMean
Comprehen-
sion Scores
overall] (3.42) 3.64 3.02 4.11 3.17 4.23 3.97 3.86 3.33 3.29 3.77 3.50
Age
Young 3.41 4.12 4.06 2.59 4.24 3.76 3.70 3.47 3.24 3.41 3.29
Middie 3.77 3.04 4.19 3.65 4.42 4.27 4.00 4.38 3.62 4.04 3.96
old 3.60 2.30 4.00 3.30 3.95 3.70 3.76 1.95 3.20 3.65 3.00
Gender
Male 3.70 3.07 3.96 3.26 4.19 3.89 3.75 3.52 3.37 3.89 3.41
Female 3.56 3.11 4.19 3.25 4.25 4.00 3.93 3.25 3.39 3.64 3.53
JLocation
Columbus, 4.10 3.50 4.90 3.20 4.90 4.50 4.30 450 3.60 4.00 4.00
Georgia
Hagerstown, 3.74 2.74 4.00 353 4.05 3.89 3.83 3.21 3.47 4.00 3.58
Maryland
Rockville, 3.42 2.63 3.95 3.00 3.95 3.84 3.64 2.95 353 3.42 3.11
Maryland
Madison, 3.40 3.87 3.87 3.27 433 3.80 3.67 3.33 2.93 3.67 3.47
Wisconsin
Percent
Dangerous 0.0 206 3.2 7.9 0.0 6.3 0.0 127 3.2 3.2 16
Confusion
Percent
Indicating
That Sign
Meant
Active Warning 3.0 76 9.1 10.6 3.0 45 3.0 6.1 3.0 6.1 3.0
No Warning 152 68.2 84.8 10.6 83.3 84.8 19.7 78.8 76 9.1 6.1
Some Beh;"ézr 93.9 69.7 955 86.4 93.9 89.4 78.8 78.8 81.8 86.4 89.4
Yield 80.3 76 106 45 10.6 76 106 9.1 788 6.1 83.3
Stop for tracks 16.7 227 273 6.1 37.9 273 152 106 12.1 84.8 152
Stop if train 273 10.6 19.7 24.2 19.7 12.1 15.2 19.7 273 76 18.2
_ Stopif 15 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
signal/gate
Mean
Preference
Rankings
overall| 8.06 5.82 8.58 3.60 10.38 3.05 5.49 4.62 7.40 8.31 523 6.55
Age
voung] 8.76 6.41 8.71 4.00 10.06 3.18 541 3.82 7.88 8.00 5.29 6.24
mMiddle]  8.00 6.04 8.80 3.72 11.00 3.32 5.80 4.40 7.08 8.36 4.80 6.64
oid| s.00 535 8.00 3.10 9.70 2.50 520 5.40 7.20 8.20 555 6.90
Gender
Male] 6.63 5.67 7.70 3.85 9.81 3.33 5.59 4.89 7.33 8.26 5.70 7.04
Female| 9.43 6.11 9.14 3.40 10.71 2.77 543 431 7.34 8.17 4.89 6.29
JLocation
Columbus, | g 5 5.70 8.80 5.50 10.00 4.90 8.70 4.00 6.70 7.00 3.50 4.90
Georgia
Hagerstown,| g, 7.06 6.44 2.94 10.44 2.78 483 3.33 6.39 8.89 5.94 7.61
Maryland
Rockville,| g ;) 511 9.63 2.95 10.32 2.37 522 5.95 7.63 8.53 537 6.79
Maryland
Madison,| ¢ 45 5.73 9.40 3.03 10.40 2.87 453 4.67 8.53 7.80 5.40 6.33
Wisconsin

(continued on next page)
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TABLE5 (Continued)

Advance Signs For Active Crossings

Advance Active

Advance Active

Advance Active

Advance Active

Advance Active

Advance Active

Advance Active

(A) (B) ©) (D) (B ] (©)
Jess
g o SIGNAL %
SIGNAL AND
AHEAD ATE
Mean Comprehension
Scores
Overall 3.42 4.55 3.98 4.20 4.39 4.62 4.48
Age
Young 3.82 4.35 4.29 4.12 4.41 4.59 4.71
Middle 3.12 4.85 4.54 4.23 4.42 4.77 4.81
Old 3.30 4.30 3.60 4.25 4.40 4.45 4.10
Gender
Male 3.52 4.37 3.81 4.04 4.37 4.59 4.59
Female 3.25 4.67 4.44 4.33 4.44 4.64 4.53
Location
Columbus, Georgia 4.90 4.80 4.20 4.40 4.90 4.90 4.90
Hagerstown, Maryland 3.47 4.32 3.89 3.95 4.37 4.47 4.26
Rockville, Maryland 2.63 4.58 4.05 4.47 4.26 4.68 4.58
Madison, Wisconsin 3.13 4.60 4.67 4.07 4.33 4.53 4.67
Percent Dangerous 175 16 48 3.2 3.2 16 16
Confusion
Percent Indicating That
Sign Meant
Active Warning 21.2 93.9 80.3 78.8 93.9 95.5 92.4
No Warning 18.2 15 6.1 6.1 3.0 15 3.0
Some Behavior Req. 89.4 74.2 77.3 87.9 83.3 66.7 89.4
Yield 10.6 6.1 4.5 9.1 9.1 6.1 7.6
Stop for tracks 24.2 3.0 7.6 7.6 7.6 1.5 6.1
Stop if train 22.7 4.5 6.1 7.6 3.0 4.5 1.5
Stop if signal/gate 15 54.5 43.9 33.3 54.5 65.2 56.1
Mean Preference
Rankings
Overall 5.55 1.91 5.26 4.05 2.63 4.55 3.77
Age
Young 5.47 2.06 4.76 4.00 2.94 4.41 4.35
Middle 6.00 1.52 5.20 4.20 2.68 5.04 3.36
Old 5.55 2.05 5.55 4.10 2.35 4.10 3.40
Gender
Male 5.56 2.00 5.04 4.00 2.74 4.81 3.19
Female 5.83 1.71 5.31 4.20 2.57 4.37 4.00
Location
Columbus, Georgia 6.10 1.60 4.70 5.10 3.80 3.80 2.90
Hagerstown, Maryland 55.56 1.78 5.28 4.00 2.44 4.83 3.11
Rockville, Maryland 5.37 2.00 5.58 3.68 2.53 4.63 4.21
Madison, Wisconsin 6.07 1.87 4.93 4.13 2.27 4.67 4.07

(continued on next page)
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Signs At Crossings
At Crossing | At Crossing | AtCrossing | AtCrossing | AtCrossing | At Crossing | At Crossing | At Crossing (H) At Crossing (I) | At Crossing
(A) (B) ©) (D) (B) (F) ©) )
'3 @ "3 &
2 o $ o T oy
TR Tut R o7%,
) o @ oy A B 2 o
Q"&D 4 2% © 5y 1‘,{ ‘,.\\\
h) & @ o 0%,
A1\ S
Mean
Comprehension
Scores
overal| 421 3.97 3.83 3.91 4.00 3.06 3.86 3.94 3.85 2.91
Age
Young|  4.12 3.88 3.76 3.65 4.00 2.94 3.65 3.47 353 3.06
Middle|  4.35 412 412 4.04 4.12 3.42 3.88 415 4.00 2.92
od| 415 3.85 3.50 3.95 3.85 2.75 4.00 4.05 3.90 2.79
Gender
Male|  4.22 4.00 3.70 3.88 3.81 3.19 3.85 3.93 3.85 2.81
Female|  4.22 3.94 3.92 3.92 4.14 3.00 3.86 3.94 3.83 3.00
Location
Columbus,| -, 5 4.00 4.00 4.00 4.00 2.80 4.00 4.10 3.90 2.70
Georgia
Hagerstown, | 57 3.89 3.74 3.89 4.05 3.16 4.05 4.26 4.05 2.72
Maryland
Rockville,] 1 3.89 3.79 3.89 3.74 3.26 3.58 3.68 3.68 3.11
Maryland
Madison, | 57 413 3.87 3.87 4.27 2.93 3.87 3.73 3.73 3.07
Wisconsin
Percent
Dangerous 16 48 3.2 16 0.0 111 1.6 32 16 12.9
Confusion
Percent
Indicating That
Sign Meant
Active Warning 4.5 3.0 15 15 0.0 4.5 0.0 4.5 4.5 0.0
NoWarning|  25.8 24.2 9.1 15.2 18.2 10.6 12.1 16.7 10.6 45
Some Beh‘;‘gzr 97.0 92.4 93.9 87.9 86.4 773 87.9 88.9 89.4 742
vield| 152 712 773 7.6 78.8 74.2 74.2 72.7 7.6 15
Stop for tracks| 318 212 17.9 98.5 16.7 6.1 13.6 258 100.0 100.0
Stop iftrain|  21.2 36.4 313 15 318 227 37.9 31.8 0.0 0.0
_ Stopif 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
signal/gate
Mean
Preference
Rankings
Overal|  6.68 6.20 5.65 2.62 3.25 7.88 4.43 4.51 3.28
Age
Young|  7.59 5.94 5.64 2.88 3.59 7.35 3.82 4.35 3.82
Middle| 656 6.48 6.16 2.24 3.16 8.20 4.80 456 2.84
od| 605 6.00 520 2.70 3.00 785 4.75 4.50 3.25
Gender
Male|  5.33 6.00 5.19 3.04 3.15 7.74 4.70 4.59 4.00
Female|  7.71 6.31 6.11 2.20 3.29 7.94 437 4.40 2.66
Location
Columbus,| -, g 6.10 5.60 2.20 3.80 8.40 5.10 4.40 1.90
Georgia
Hagerstown,| ¢ oo 5.80 5.61 2.44 3.28 7.78 422 428 3.11
Maryland
Rockville,] ¢ g 6.89 6.00 2.00 3.68 7.79 5.00 458 3.11
Maryland
Madison, | ¢ o7 5.67 5.53 3.67 2.60 7.67 3.87 4.67 4.47
Wisconsin
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TABLE 6 Advance passive crossing signsthat can be statistically

discriminated from one another

Sign F D G H K

*

O |~ |~ W R || QO™

IEIRIEIRS
IRIEIRS

* * *

NOTE: * indicates a statistically significant difference.

two most-preferred signs (Signs F and D) were similar: the
text and image were understandabl e, the sign wasinformative
and instructive, and it gave warning. The next most-preferred
sign (Sign H) had the most frequently cited reason as that it
was informative and instructive. The standard W10-1 sign
(Sign A) was seen negatively because it provided too little
information, did not give warning, and was not informative
or instructive. The remaining least-preferred signs (Signs E,
C, J, and I) were dl criticized for having an unclear or con-
fusing image. The train icon sign (Sign E) was also seen as
not giving warning, providing too little information, and not
able to be quickly understood. Sign C was aso felt not to be
quickly understood. Sign | was frequently cited as having
text that was unclear or confusing.

In summary, the current standard W10-1 advance warning
sign is not particularly well understood, leads to a high rate
of potentially dangerous misinterpretations, and is not seen
aseffectivein terms of relative preference. It was seen as not
giving adequate warning, information, or instruction. On the
other hand, the standard sign conveysto amost everyonethe
concept of something related to arail-highway crossing. Sign
alternatives for which aword or regulatory-sign-ahead sup-
plementary panel was added to the W10-1 sign (Signs B, D,
F, G, H, K, and L) were the best understood and most pre-
ferred. The word panel versions were most preferred. They
also had the highest figures for comprehension although they
were not statistically discriminable from the nonword ver-
sions. The reasons for preference for these alternatives were
that they were moreinformative and instructive and provided
warning while till having understandabl e images and text.

2.5.2.3 Advance Warning Sgns for
Active Crossings

Ideally, an advance warning sign for an active crossing con-
veys that there is a rail-highway crossing ahead, that it has
some indication (e.g., lights, gates) when atrainisin proxim-
ity, and that the driver should watch for signals or gatesand be
preparedto stopif they activate. Alternativestothe W10-1sign
conveyed this message to the participant more than half the
time, and about 86 percent of responses could be called “well
understood” (“fully” or “mainly correct”). Lessthan 1 percent

failed to understand some general connection with a rail-
highway crossing. The comprehension scores for aternatives
totheW10-1sign(SignsB, C, D, E, F, and G) ranged from 3.98
to 4.62. None of these scores were tatistically discriminable
from one another, and al were significantly higher than the
comprehension score for the W10-1 sign (i.e., 3.42). The pro-
portion of “well understood” answers was higher for Signs B,
E, F, and G than it was for the two signs that used a diamond-
shaped field (Signs C and D). Of particular note isthat none of
the aternatives had the high rates of critical confusions asso-
ciated with the W10-1 sign. Although the worst case (Sign C)
had a critical confusion rate (4.8 percent) that was about three
times higher than the rates of the best cases (Signs F and G),
these rates were not statistically distinguishable.

Looking at the frequencies of specific elements in the
answers, Signs B, E, F, and G more often contained an indi-
cation of some active warning than did Signs C and D. In
fact, about 6 percent of answers for Signs C and D indicated
there was no active warning although this could not be statis-
tically discriminated from the lower rates for Signs B, E, F,
and G. Signs C and D also had alower proportion of answers
explicitly indicating the need to stop if thereisasignal or gate.
In general, then, there appears to be better understanding for
the three signs incorporating the W10-1 sign with supple-
mental plates (Signs B, E, and G) and the circular Train when
Flashing sign (Sign F) than for the diamond-shaped signs
(SignsC and D).

There were clear-cut differencesin preferencefor different
signs. All of the alternatives, other than Sign C, were ranked
significantly higher than the W10-1 sign. Aswith the advance
warning signsfor passive crossings, the most-preferred alter-
natives were those that incorporated a supplementary panel
with the W10-1; the two text-panel versions (Signs B and E)
weresignificantly preferred to theicon version (Sign G). Con-
sidering the stated reasons for preference, the W10-1 sign
was disliked primarily because it was seen as providing too
littleinformation or being uninformative. Sign Cwasdisliked
primarily because theimage of the crossbuck and signal lights
was seen as unclear and unfamiliar and also because it was
felt that it was uninformative with too little information. The
two most-preferred signs (Signs B and E) were felt to be
informative and understandabl e (both image and text). Sign G
was similar to B and E, but it used a crossbuck—and-signal



lightsicon instead of text on the supplementary panel. Some
participants indicated that they found this configuration
informative and attention getting, and othersfound theimage
to be unclear or confusing.

2.5.2.4 Rail-Highway Crossing Sgns
(at Crossing) for Passive Crossings

The current rail-highway crossing sign (R15-1 crossbuck)
does not differ for active and passive crossings. If aversion
intended specifically for passive crossingsisadopted, ideally
it would convey that there is arail-highway crossing located
at the point of the sign; that there are no gates, lights, or other
indications of the presence of a train; and that the driver is
responsible for detecting and yielding to atrain prior to the
tracks. Across al aternatives, about 82 percent of answers
indicated that the sign was well understood although only in
about 15 percent of the answers could the response be coded
as “fully correct.” The difference in comprehension scores
for the various sign alternatives was statistically significant.
The post-hoc comparisons indicated that the two regulatory
signs (Stop and Yield signs) used alone (Signs F and J) were
less well understood than were the other signs in the set,
which were not statistically discriminable from one another.
Signs F and J also suffered substantially higher rates of crit-
ical confusions (greater than 10 percent) largely because par-
ticipants were not alerted to the presence of a rail-highway
crossing. Not surprisingly, TCDsincorporating the Stop sign
(SignsD, I, and J) had ahigh proportion (98.5 to 100 percent)
of answersindicating that the driver must stop for the tracks,
the sign, or both. Of the other TCDs, the R15-1 crossbuck
(Sign A) had the highest proportion of responses (32 percent)
that indicated a requirement to stop. This was substantially
(and significantly) higher than when a Yield sign (Sign E)
or (black-and-white) Buckeye panel (Sign C) was mounted
below the crossbuck (17 to 18 percent); interestingly, when
the crossbuck and Yield signs were mounted on separate
posts (Sign H), the number of participants indicating a need
to stop for the tracks was higher (26 percent). The Yield sign
comounted with a To Trains panel (Sign G) also yielded a
comparably low proportion of answers mandating a stop.

Preference rankingsindicated that the most-preferred TCDs
were those that combined aregulatory Stop or Yield sign with
thecrossbuck (SignsD, E, H, and ), particularly if comounted
on the same post. The least-preferred alternatives were the
Yieldsignalone (Sign F), the crossbuck alone (Sign A), or the
crossbuck with the Yield to Trains message on its arm (Sign
B). The two aternatives combining a Stop sign with a cross-
buck (Signs E and 1) were, unsurprisingly, preferred for the
same reasons: those who liked them were positive about the
fact that they told the driver to stop. These signswere also felt
to be understandable in both image and text, informative, easy
to see, and attention getting. Interestingly, although the alter-
natives combining a Yield sign with the crossbuck (Signs E
and H) aso had high preference rankings, no specific reasons
emerged from the responses as being dominant preferencefac-
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tors. For those participants who felt that it was desirable to
require a driver to stop at a crossing, a frequent criticism of
other aternatives wasthat they did not indicate a need to stop.
The standard crossbuck (Sign A) was negatively viewed as
being uninformative and not instructive, with too little infor-
mation, and for not indicating that the driver should stop. The
Yield sign, used alone (Sign F), wasfelt to be unclear and was
thought to be afailure in giving warning and a failure for not
indicating a requirement to stop. The most-frequent criticism
of Sign B, which had Yield to Trains written across a cross-
buck arm, was that the message was difficult to see and read.
No dominant reasons for preference or dislike emerged for
Sign C, which used the Buckeye panel (although in black and
white rather than in its actual red-and-white coloring).

2.5.3 Summary of Findings—Comprehension and
Preference Testing

Highlighted below are findings from the comprehension
and preference testing.

* The W10-1 advance warning sign conveys the general
concept of “rail crossing,” but is not well understood
beyond this concept and has a relatively high rate of
potentially dangerous confusions of meaning.

* No effectiveicon wasfound to convey theidea of apas-
sive crossing. Concepts that had been previously sug-
gested (e.g., the train icon or asignal head with acircle
and slash) did not test well and were disliked.

» There was a frequent misperception (about 20 percent)
that TCDs for passive crossings required a mandatory
stop action.

« Although preference for the W10-1 sign alone was low,
when it was combined with supplemental plates, com-
prehension wasimproved and preferencewas high. This
was the case for both passive and active crossing cases.

» The R15-1 standard crossbuck conveys the general con-
cept of “rail crossing,” but isnot well understood beyond
this general concept. Relative to alternatives tested, the
crossbuck had a high rate of participants (33 percent)
interpret it as requiring a mandatory stop.

+ Preferencefor the crossbuck alone at a passive crossing
was low. Preference for regulatory signs (i.e., a Stop or
Yield sign) alone was low. However, the combined use
of acrossbuck with aregulatory sign, particularly when
the signs were comounted, was high.

The current standard TCDs @ onedo not fully convey the mes-
sagesthat one would like driversto receive. New sign images
do not appear very effective with the exception of the signal-
lamp icon as a supplementary image. However, dthough the
standard W10 advance warning sign and the R15-1 cross-
buck are not entirely successful when alone, the strategy of
combining them with other icon or text panels appears to
result in TCDs that communicate more effectively and are
preferred as clear messages by viewers.
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2.6 EXPERT PANEL

Based on the findings of the preceding tasks, apreliminary
set of alternative strategies for changes to the rail-highway
grade crossing TCD system was developed as the basis for
an expert panel meeting. The purpose of the meeting was to
have independent outside experts review and comment on
thefindings and preliminary recommendations of the project.

A full-day workshop was held in Rockville, Maryland, in
May 2001. The attendees (in addition to the Westat-BMI proj-
ect team) included representatives from arange of agencies,
as well as independent consultants to the project. Attendees
represented the following agencies or areas of interest and
positions:

* FRA—highway-rail crossing safety engineer;

» Mercer County, Illinois, Department of Public Works—
county engineer;

» Texas DOT—state traffic engineer;

* West Virginia DOT—planning and research engineer;

* Maryland State Highway Administration—statewide
studies team leader;

» Rail safety—consultant, formerly with a state com-
merce commission;

» Crossing safety—consultant, formerly a state DOT
office director; and

» Human factors in highway and rail-crossing safety—
consultant.

Because of last-minute conflicts, the invited representatives
from a police agency and from the railroad industry were
unable to attend, and replacements could not be obtained.

In preparation for the workshop, a summary report was
provided to each participant. The report summarized the find-
ings from the various research elements and presented sev-
eral alternatives for recommended TCDs. The workshop
began with the project team presenting an overview of the
key findings and implications. Following this presentation,
each participant was asked to provideinitial comments, which
were then followed by extended discussions.

There was no attempt to have the participants vote on rec-
ommendations for TCDs—rather, the intent was to have the
participants comment on recommendations, provide alterna
tiverecommendations, and alert the research team asto poten-
tial implementation issuesthat could arise with any of therec-
ommendations. A summary of key discussion pointsfollows.

» Because most of the crossingswith passive TCDsareon
local roads, local agencies will be most affected by any
changesto current devices. Also, becauselocal agencies
areleast equipped (in both financial and staff resources),
full implementation may be difficult. A funding mech-
anism may be required depending upon the implemen-
tation requirements. (Minority opinion wasthat because
signsare regularly replaced, most implementation costs
could be covered within regular maintenance budgets.)

 Implementation of the proposed TCDsisacritical issue
particularly when it would reguire the installation of
new signs on most of the existing crossbucks. I ssuesthat
need to be resolved include conformity with the Uni-
form Vehicle Code, sign height, maintenance and lia-
bility for signs, and enforceability. The states, federa
regulators, local agencies, and railroads all have to buy
in to the proposal.

» Consistency in TCD application across the country is
paramount, and to ensurethis, the recommended devices
should be mandatory and specified as such in the
MUTCD.

» Genera consensus was obtained on two issues: (1) the
current crosshuck alone is not conveying all the infor-
mation required by drivers; and (2) Stop signs should be
used sparingly at crossingsto preserve the message of a
special hazard.

» TheBuckeye crossbuck was considered inferior to other
alternatives by all participants. The Yield message can
be conveyed by existing signs, and the reflective “wings’
have not proven to be effectivein field operations. Sim-
ilar improvementsin conspicuity have been obtained by
other methods that are in the current MUTCD.

* A minority of participants expressed concern about
alternatives that require placing two standard warning
signs on the same post. Other concerns included main-
taining uniformity between urban and rural applica-
tions and in special situations (e.g., highways parallel-
ing railroads) in which some signs might convey
ambiguous messages about the duties of drivers on the
parallel road.

+ For suggestionsinvolving theuseof aYield or Stop sign
at the crossing, some participants questioned the need
for aYield Ahead or Stop Ahead signiif theline of sight
to the crossing is unobstructed. This configuration has
been the practice for highway-highway intersectionsin
the MUTCD, but had not been addressed for rail cross-
ings. However, Part 8 (Traffic Controls for Highway-
Rail Grade Crossings) of the recent 2000 Millennium
Edition of the MUTCD (1) now references the place-
ment criteriafor advancetraffic control signsin Section
2C (Warning Signs).

* Recommendations for systems incorporating the use of
the Yield sign (comounted with the crossbuck and as a
Yield Ahead panel comounted with the W10-1 sign)
were generally seen as preferred in terms of providing
guidanceto roadway users. However, some participants
preferred other approaches because of the perceived
potential for implementation problems.

The feedback from the workshop was used to help select and
refine recommendations, clarify requirements, and develop
an implementation plan and is reflected in the formal recom-
mendationsin Chapter 3.
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