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ABSTRACT

An evaluation was performed of special X-box pavement marking configurations at
railroad-highway grade crossings, originally used in several European countries. The
intent is to provide motorists with supplemental visual cues about whether sufficient
space is available for safe storage of a vehicle beyond the track for a motorist to proceed
across. It is intended for application where nearby intersections can cause queues to
‘backup to the track. These conspicuous markings, configured as an “X* in a box, were
tested at two Florida locations, one in an urban area and one in a rural area, over a 1%-
year period. The rates of cars hazardously stopping on or closely adjacent to the railroad
tracks at the crossings were compared under pre- and post-installation conditions.
Results at the rural location showed a decline of more than 60% in the stoppage rates
over an extended period of time. No significant differences were found between the pre-
installation and post-installation tests at the urban location. A control site was utilized
near the crossing in the urban location, and it showed no significant differences between
the two test periods that were concurrent with the analysis at the treated site. ‘
Recommendations are provided for application of these markings at rural highway-
railroad grade crossing sites.
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CHAPTER 1

INTRODUCTION

1.0. Background

Drivers approaching a railroad crossing must make two critical judgments. First is the
decision as to whether to stop prior to the tracks. If the decision is made to proceed, then a
driver must determine whether there is sufficient space to store the vehicle beyond the
tracks. Both of these decisions are made ‘on the fly’ and they are not necessarily
independent of one another.

A new type of pavement marking, first implemented in Europe and referred to as the
“European X marking for lack of a better name, is intended to discourage motorists from
stopping on or adjacent to the tracks at railroad grade crossings by providing
supplemental information on the amount of space available for storing an additional
vehicle on the far side of the track. The basic concept is to place a 25-foot “X> in a box
painted on the pavement on the downstream side of the roadway slightly past the track as
a warning to motorists that their vehicles will not clear the track unless the entire X is
visible before they begin to cross the track. The concept is shown in figure 1-1. The
preliminary concept was modified in implementation so that the start of the X box was
placed farther from the track than shown in figure 1-1.
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Figure 1.1. Concept Drawing of European X Markings (Florida DOT)



The Florida Department of Transportation (FDOT) was interested in testing whether this
innovative pavement marking could help drivers improve the accuracy of their decisions,
and hence reduce the frequency of railroad-highway crossing collisions.

Specifically, the European X pavement marking provides a direct visual indication to
approaching drivers by literally showing them whether there is sufficient clearance between
the tracks and preceding road vehicle for storage of the approaching vehicle. The proposed
X design is sufficiently large to encompass most passenger road vehicles. However, its 25-
foot length will not encompass all trucks, buses and other large road vehicles. FDOT has
proposed that this innovative technique be tested at two crossings that are actively controlled
with gates.

Initially, testing of X pavement markings was to take place at urbanized locations where
crossings are controlled with automatic gates. The test sites in this study were to be
conducted on arterials where approach speeds were expected to be no more than 45 mph. Ft.
Lauderdale crossing sites at Sample Road (SR 814), Powerline Road (SR 845) and Prospect
Avenue were originally proposed because of the relatively high crash rates. After initial
inspection of these sites, FDOT agreed to broaden the search for other candidate test sites
because of difficulties with geometries, camera mounting vantages, and other factors at
these locations that might possibly affect results. See Appendix A for difficulties in camera
mountings and Appendix D for descriptions of candidate sites. Ultimately two nearby sites
in Ft. Lauderdale, at Commercial Blvd and Oakland Park Blvd, were chosen due to their
similarities. In early meetings with the FDOT, it was agreed to include a site in a rural area
where fewer remedial treatments had been evaluated and/or installed. A crossing at
Barberville, Florida, adjacent to the intersection at SR 40 and SR 17 was selected as this site.

1.1. Driver Factors

Section 8C-5 of the Manual on Uniform Traffic Control Devices (MUTCD) requires that
flashing light signals be actuated 20 seconds before the arrival of any train. This provides
motorists with ample time to stop no closer than 15 feet from the nearest rail, as required by
section 11-701 of the Uniform Vehicle Code, if they are far enough from a crossing to have
sufficient space to stop. If they are too close to the track when the flashing lights are
actuated to have sufficient space to stop comfortably, then they have only a short time to
decide to try an emergency stop or to try to cross the track before the gate blocks it. Section
8C-4 of the MUTCD requires that gate arms begin descent not less than 3 seconds after the
signal lights begin to operate. While there will be a couple of seconds before the gates
descend far enough to block automobiles, it means that motorists have only about 5 seconds
from the initial actuation of the signal lights fo reach the gates or they will be blocked by the
gates. At an approach speed of 45 mph, motorists would be up to about 330 feet from the
gates, or 360 feet from the X-box at a single-track crossing, when they need to assess
whether sufficient space exists on the far side of the track to store their vehicle.

The European X marking will only be useful if motorists can see it. Many railroad grade
crossings are humped where a motorist 360 feet away cannot see, over a track, pavement
markings that are located in the vicinity of the where the X-box is to be placed. It only takes



a rather small elevation of the track to obscure a motorist’s view. If a track is about 1 inch
higher than the pavement at the X-box, a motorist whose eyes are at the standard design
height of 3.25 feet will be unable to see the close edge of the X-box from 360 feet. If the
track is elevated only 3.5 inches, the entire X-box will be obscured at 360 feet. Since many
tracks are humped to some extent, candidate study sites had to be chosen with an adequate
view'. Approaching a crossing at higher speeds can work against a driver's ability to make
judgments about available storage space on the far side of a crossing. This study of the X
pavement marking was intended to evaluate explicitly the accuracy of drivers' judgments
about the availability of storage space, both with and without the X pavement marking.

In addition to driver aggressiveness, vehicle types (related to vehicle length) were to be
recorded. Rainfall and fog will reduce the visibility (in particular the contrast of the
markings); therefore, an attempt to provide a range of weather conditions was desirable for
inclusion in this study, but the size of the study limited the ability to explicitly consider such
factors.

It was expected that some drivers might enter the crossing zone when the final vehicle in the
forward queue still covered part or all of the X-marking. This was expected to occur when
encroaching drivers predicted that leading vehicles would clear the tracks by the time a train
arrived. Accordingly, information on the dispersion of the queue at the time of entry into
the crossing zone was also to be obtained, although this information was not used in the
analysis because the most important issue was whether each vehicle stopped in a hazardous
position, both with and without the X marking, rather than a partial analysis of what factors
might have contributed to risky decisions.

It was not anticipated that the X-markings would have an adverse effect on traffic operations
or safety. However, any unusual traffic control treatment can create some unforeseen and
unintentional problems. Accordingly, the study was planned to be terminated should any
such problems occur. Fortunately, the intermediate results from data collection did not
indicate any safety problems were posed by the presence of the markings.

1.2. Previous Research

Although European X markings have been used in a number of places in Europe, there is
a lack of published information on their effectiveness. In the U.S., a laboratory study was
conducted in 1988 to see whether people could discern the meaning of such a marking.
The study, which consisted primarily of a series of slide identifications, was conducted in
a laboratory with 40 test subjects. It was found that the pavement X-marking was not
well recognized as might be expected; the size of the marking did not make a difference?.

Although not an X-type configuration, the Australian Road Research Board conducted a
pilot study of conspicuous road markings in 1997. This study employed cross-hatched

! A site inspection and/or a review of site plans was employed to determine the actual distances needed for
drivers to see the X markings.

2 Kemper, W.J. Modified Railroad-Highway Grade Crossing Pavement Marking, Public Roads. 1988/12.
52(3) pp. 76-81.



markings on the near side of the crossing, as shown in figure 1-2, and yielded few
encroachments onto the tracks. Although the study was very short in duration, it did
show a significant reduction in the number of encroachments on or adjacent to the tracks,
as can be seen in figure 1-3°.

1.3.  Organization of Report

This chapter has provided the background of how the study of European X markings came
into being, provided a brief indication of some of the human factors issues associated with
the use of such a technique, and indicated that there has been a paucity of information about
the effectiveness of this low-cost technique to reduce tragic crashes at highway-railroad
crossings.

Chapter 2 presents the evaluation plan for conducting the study, taking into account many of
the practical issues associated with setting up field studies of this nature.

Chapter 3 provides the results from installing X-markings at two locations, one in a rural
setting, and the other in a high-density urban environment.

Chapter 4 summarizes the results and their implications for implementation.

The Appendices provide substantive information that supplements the chapters on the
evaluation plan and the study results.

* Unpublished communication with staff members of the Australian Road Research Board, August 1998.
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CHAPTER 2

EVALUATION PLAN

2.0. Initial Experimental Plan

The initial experimental plan was for three phases of data collection of approximately seven
days each, eight hours a day, throughout one-week periods. Videotape data were required
for each phase of the experiment at each test and control site. Two phases, a “before” and
“after” period, were originally planned for the site at Barberville, Florida. However, an
additional pair of study periods was added thus providing four data collection periods for
this location. Three phases, representing the “before”, “after” and “follow-up” periods were
originally planned for the Ft. Lauderdale sites, but this was reduced to two after the two
extra data collection periods at Barberville were able to answer the issue about persistence,
and the effects in Ft. Lauderdale were not found to be significant.

The evaluation plan was for three sites, one rural test site as shown in figure 2-1, and one
urban test site as shown in figure 2-1, both of which involved the installation of the
European X marking. The third site was an urban control site which was not treated. There
was to be a suitable period in which "before data" could be collected so that direct
comparisons of "after data" with similar traffic conditions would allow analysis of the
potential safety performance at these locations once the markings had been installed by
FDOT maintenance crews. It was attempted to locate two suitable locations for control sites,
one rural and one urban, with each in close proximity to the test sites, where data couid be
collected during the same time periods when before and after data were collected at the
treated sites. These controls were intended to determine whether there were changes in the
study measures of effectiveness (MOEs) which were not directly attributable to the
introduction of the experimental X markings, but instead to systemic changes in traffic
characteristics, weather, public safety campaigns, etc., which could contaminate results of a
simple "before-after" design. Only one suitable control site was found. If the sites had been
selected because of their unusually high numbers of incidents (which was not considered in
the selection for this study), this type of experimental design would help make corrections
for regression-to-the-mean bias. The basic experimental design therefore is referred to as a
before-after design with controls.

In the initial plan, several independent variables and MOEs were suggested for
consideration in the evaluation. Ideally, it would be desirable to assess several variables and
MOEs to determine the benefits (and possible negative effects) of the European X markings.
The following were considered:

1. Independent Variables:

¢ Driver aggressiveness (measured by speed and speed changes of vehicles approaching
and crossing the tracks), categorized by periods when (1) no trains approached and (2)
automatic gates were activated.



e Uncertainty of drivers (measured by smoothness of acceleration/deceleration patterns
over the tracks into the X-marked storage area (recorded only when the queue length
was less than 50 feet from the X — approximately 2 car-lengths)

Figure 2-1. Barberville Crossing with European X Markings Installed

2. Measures of Effectiveness (Dependent Variables)

e Number of drivers who cross the track when the X-marking is completely covered,
nearly covered (75%), half covered (50%), nearly clear (25%) or completely clear (0%).
These counts were to be assessed randomly so not to be influenced by the presence of a
train.

e Vehicle control, as measured by erratic maneuver counts (number of brake light
actuations, out of lane counts, etc.).

e Attempts to turn the vehicle around (indication of extreme confusion).

2:1. Initial Assessment

As indicated in chapter 1, in conjunction with the FDOT, changes were made in the
experimental design to simplify the study and to consider the potential use of the X-
markings in both urban and rural settings. Review of test videotapes at Barberville, and
then in Ft. Lauderdale, indicated that it would not be possible to accurately discriminate
changes in speed or to make inferences about the impacts of the X-markings on
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aggressive drivers. What were judged to be aggressive drivers and indications of
confusion were observed, but not explicitly related to the absence or presence of any
particular traffic control device. Although drivers who turn around at crossings have been
observed, this behavior did not occur at the selected sites. Accordingly, it was decided
that the data would be much more reliable if counts were restricted to drivers who
stopped in hazardous zones — on the tracks, and adjacent to the tracks. Furthermore,
there were sufficient numbers of such stops during the early trials that it was clear that
significant reductions, if they occurred, could be detected during the post-installation
periods.

Figure 2-2. Commercial Blvd. Crossing with European X Markings Installed

2.2. Final Evaluation Plan

The final experimental design was to use a single measure of effectiveness (MOE). This
involved counts of vehicle stoppages on or adjacent to the tracks relative to the number of
vehicles that passed over the crossings — what the Australians referred to as the crossing
encroachment rate. All vehicle types were examined, but it was found that the number of
stopped vehicles in non-car categories were not sufficient to justify a full-scale assessment.



Accordingly, the selected MOE that allowed comparisons between sites was “car
stops/1,000 passing cars.”

Obviously, the major independent variable of concern was the absence or presence of the X
markings. From previous studies and observations at the three selected sites, it was clear that
the middle lanes experienced the most traffic and, from observations, the greatest numbers
- of stops in the vicinity of the tracks. Of course, the number of lanes determined the number
of levels for the lane variable. In addition, it was desired to distinguish between zones of
hazard, with the most hazardous zone being on the tracks and the next most hazardous at
two adjacent locations, before and after passing over the tracks. In all, four zones were
selected — immediately prior to the tracks, on the tracks, immediately after the tracks, and
in the X-box. Details on the specification of these variables are presented in chapter 3.

To assess the persistence of the effects of the X marking, two replications of before-after
data were collected and analyzed at Barberville.

2.3.  Statistical Analysis

A statistical analysis tool known as Analysis of Variance (ANOVA) was selected to perform
the primary analyses. An advantage of this tool is that multiple factors can be analyzed
together rather than having to try to conduct multitudes of tests on selected pairings of
factors while trying to keep all other factors the same. Ideally, the factors of site location,
day-of-week, month-of-year, weather, period, half-day, lane and zone would all be analyzed
together. However, the number of lanes differed among the sites as well as the length of the
zone over the track since the number of tracks also differed. This required separate ANOVA
evaluations for each site using only the factors of period, half-day, lane and zone.. A
disadvantage of ANOVA is that observation periods should all be the same length and
factors not involved in the analyses that might affect results, such as weather, day-of-week
and month-of-year, need to be balanced among treatments if they are not entered as separate
levels of additional independent variables. Therefore, the before and after observations were
planned for the same month-of-year, one year apart. The same days of week before and after
were planned for data collection. Dry days and wet days on the same days-of-week in the
observation samples were planned to be matched between the before and after periods at
each site.

2.4. Sampling Plan

Samples were to be collected by videotaping traffic operations over the length of a standard
8-hour videotape. One videotape was to be recorded per day, and each videotape of
approximately 8 hours duration was considered to be the day’s sample.

The final sampling plan was for four successive days of videotaping both before and after
treatment for the Labor Day weekend study at the rural site in Barberville. Seven
successive days of videotaping before and after treatment were planned for the Spring
study of the Barberville site, six successive days before and after at the Commercial Blvd.
site and six successive days before and after at the control site at Oakland Park Blvd.



CHAPTER 3
ANALYSIS OF DATA
3.0. Introduction

The variables of interest related to the effectiveness of the European X markings in
reducing potentially hazardous behaviors in the vicinity of railroad crossings were
analyzed. The results are presented for two types of crossings, those located in rural areas
where few other devices were being used to attempt to prevent drivers from stopping on
or adjacent to the tracks, and those in urbanized areas where multiple measures had
already been employed in an effort to prevent crashes at highway-railroad grade
crossings.

3.1. Measure of Effectiveness

As indicted earlier, only the actions of cars were included in the analysis due to limited
samples of other types of vehicles. The measure of effectiveness (the dependent variable)
used in this study is car stops/1,000 cars that pass through each of the railroad crossings.
It is acknowledged that stoppage patterns may differ among vehicle types. For example,
the videotapes showed that school buses consistently stopped prior to the stop line and
gate as they approached railroad grade crossings, but other non-cars did not. Although it
seems clear that, in general, most vehicles with long wheel-bases would be at greater risk
than cars, there were not sufficient numbers of such vehicles to justify analysis associated
with differences in stoppage patterns.

The number of stops by cars per 1,000 total vehicles could also have been chosen. Tt
might be argued that it is the best choice since leading vehicles which are not cars can
obscure the view of the European X markings by car drivers, so all vehicles should be
included in the denominator. It could also be argued that increased traffic densities,
regardless of the types of vehicles in the traffic stream, reduce the gaps between vehicles
and reduce the spacing at which a pavement marking can be seen. However, it is not
expected that this selection would have much affect on the results since most vehicles
were cars. Cars were selected for the denominator simply to be the same as the variable
in the numerator and to provide some consistency with the study in Australia for
comparison.

The use of a calculated rate (car stops/1,000 cars) implies a linear relationship between
the variable in the numerator, cars stopping, and the variable in the denominator, 1,000
cars passing. This relationship was not verified. It is convenient to use because it scales
stoppages in perspective with a measure of exposure and means that the observation
periods do not need to be perfectly identical in duration. Although observation periods
were close in duration, they were not all precisely the same. Furthermore, even if the
relationship is nonlinear, it should not have any significant effect because observation
periods were matched to be similar (same time of year, days of week, times of day and
weather conditions) so the traffic volumes were about the same at each site between the



observation periods before and after the X markings were installed. The comparisons
being made are between conditions at each site over nominally 8-hour periods, where
traffic volumes were similar, not between different sites where traffic volumes may
differ.

The number of stops per unit of time is an integer since each car either stops or does not
stop in each zone. Consequently, the distribution of stops in each zone at each crossing
could be expected to be described by a Poisson distribution. When the number of stops is
divided by the number of passing cars, the rates from the ratios of stops to passing cars
will no longer be integers. Preliminary verification indicated the stoppage rates appeared
to be reasonably approximated by a normal distribution.

3.2. Independent Variables

Zones. Stops were recorded within four distinct zones associated with differing levels of
risk of being struck by a train should a vehicle be unable to move at the time of a train’s
arrival. As previously indicated, these zones are as follows: (1) immediately prior to the
tracks with the front bumper of the vehicle approximately 5 feet or less from the tracks
but not positioned on the tracks, (2) vehicle on the tracks, (3) immediately after the tracks
with the vehicle’s rear bumper approximately 5 feet or less distance from the tracks with
the front portion of the vehicle usually penetrating the area where the X was planned or
actually installed, and (4) the rear bumper of the vehicle was within the zone designated
by the X box that clearly was beyond the tracks. Although it is nearly certain that if a
vehicle were positioned on the tracks at the time of a train arrival that it would be struck,
it is not certain that a vehicle stopped in zones immediately before or after the tracks
would be struck, but there is a high likelihood that it could be. Rail cars can overhang the
outside edge of the rail by about 2.5 feet, so half of Zones 1 and 3 would be within an
impact area, but cars stopped in these zones probably can squeeze either backward or
forward that much to avoid a crash.

It was expected that the smallest number of stops would occur on the tracks (Zone 2),
with a larger number immediately before the tracks (Zone 1) and immediately after the
tracks (Zone 3). The area designed for the X marking (Zone 4) would provide storage,
and hence should contain the largest number of stopped vehicles. No counts were made
between Zone 4 and the stop line at the adjacent signalized intersection nor prior to the
stop line or gate on the approach to the railroad crossing. Because the distance between
- the X markings and the track was 10 feet, it would have been possible for two-wheeled
vehicles to not be counted as stopping in one of the four zones, but all other vehicles were
either counted as non-stopping or stopping in one of the four zones once they passed the
entry gate and were within 5 feet of the nearside train track.

At Barberville, the length of Zone 2 was only the 5-foot distance between the rails
because there was only one track. At both Commercial Blvd. and Oakland Park Blvd. in
Ft. Lauderdale, Zone 2 was considerably longer since there were two tracks plus
separation space between them. The stoppage rate in Zone 2 probably will not be
independent of zone length.



The analyses do not involve stops in Zone 4, the location of the X-box. While originally
it seemed like stops in the X-box might be of interest, it is unclear how to interpret the
meaning of any significant increase or decrease. The intent of the X-markings is to
reduce stops at hazardous locations, so changes in stops in the X-box, a safe location, are
irrelevant.

Lanes. Each of the railroad crossings was within 200 feet of adjacent intersections.
Because of the different lane volumes and the fact that the constraints on the forward
movement of vehicles differ for each of the lanes at these locations, lanes are treated as
an independent variable in the study. For the inside lanes, left-turning movements tend to
take longer and can lead to unanticipated backups onto the tracks. Right-turning lanes
offer the least number of constraints on forward movement and therefore were expected
to provide the fewest number of stops on or near the railroad tracks at the crossings.

The crossing at Commercial Blvd. had a total of four lanes. The crossings at Oakland
Park Blvd and at Barberville each had three lanes. The Barberville crossing was
somewhat unique because the roadway had one lane in the approach direction and started
widening to three lanes to add additional lanes for turning left or right at the signalized
intersection. This is shown schematically in figure 3-1. The railroad crossing intercepted
the transition section where the width was narrowed for three lanes. Consequently, only
two X-boxes were painted on the pavement. When queues backed up from the signalized
intersection, the lane was identified based on which of the three lanes at the intersection
the queue extended from. All three traffic streams across the track were analyzed as three
separate lanes even though only two queues at the track usually existed at any time. The
differences in number of lanes at Commercial Blvd. and Oakland Park Blvd. complicated
the analysis of lane effects between a treated and control site.

Data Collection Periods. Data were collected in Barberville during comparable times-of-
day and during the same days-of-week at four intervals over a 19-month period from
September 1998 through March 2000. These intervals all involved daylight times-of-day.
Two overlapping “before-after” studies were conducted. The first was a study over the
Labor Day weekends in 1998 and 1999. In the second study, conducted in the Spring of
the year, offset approximately %-year from the Labor Day study, data were obtained
during March and April of 1999 and 2000. This allowed examining four time periods at
the same location over the 19-month period to determine whether there were any changes
in driver behavior (such as regression in the effectiveness of the X-markings on stopping
patterns after the X-box was no longer “new”).

Data were not collected at comparable times-of-year at the test and control locations in
Ft. Lauderdale. The “before” data were collected in April and May, but due to taking
longer than anticipated to get the X-markings installed at this location, the “after” data
were not collected until June of the following year. Although times-of-day were the
same, starting at 7:30 a.m., it was dark during the earliest portion of the “before” data
collection period, but not during the after period. However, the higher volume conditions
at the Ft. Lauderdale sites allowed separating each day’s observations into two 4-hour



l SR 40 T

N ==

Not Drawn to Scale
BWStephens, UF, 3/18/99

o 22’ 114~ —]

486 34

Lane Widths
L1=11"10 12
L2=11"11 12"
L3=10" t0"
Stopline Widthe = 1° 11 14
Lane Line Widths = 6"

Track Widths (Outside to Qutside of Ralis) = & 2 172
Armrow Tip to Qutside of Edgeline: AE = 1' 7 4/2*

* Pricr to track there is only lane marked. However traffic : B
often uses the taper to effectively create 2 lanes. Research m%':f:;_';g

on "X™ markings designates fanes 2 and 3.

Figure 3-1. Schematic Diagram of Barberville Site with X-Markings Installed



segments, from 7:30 a.m. through 11:30 a.m. (referred to as “morning”) and from 11:30
a.m. until 3:30 p.m. (referred to as “afternoon™), for consideration as haif-day factors.
Obviously, the most comparable data for these locations was for the “afternoon” periods
when it was daylight throughout.

Presence of X-Markings. The main effect studied in this research was the effect of the
presence of the X-marking. Based on earlier observations and experience overseas, the
hypothesis being tested was whether the presence of the X-marking would alter drivers’
behaviors such that they would be less likely to stop on or near the railroad tracks.

Matching Before and After Sampies. The data collection plan was to collect data on
successive days, and schedule videotaping during the same days of the week in the before
and after sampling phases. If it rained or was dry on both the Monday before and after,
then both sets of data were used. If it was dry on one Monday but wet on the other,
neither were used. Short duration rains on dry days were disregarded. The before-and-
after samples were thus matched by season-of-year, day-of-week, and wet-or-dry weather
conditions. Fog and other weather conditions did not occur.

3.3. Analysis Procedures

Scenarios. Analysis was conducted to determine whether observed differences in
stops/1,000 cars associated with the presence of the X-marking and the other variables
were reliably different for each of four basic scenarios. The four scenarios provide
comparisons of the performance of the X markings at crossings. They are as follows:
e Before treatment in 1998 and after treatment in 1999 during Labor Day weekends
at Barberville;
e Before treatment in Spring 1999 and after treatment in Spring 2000 at
Barberville; :
o Before treatment in late Spring 1999 and after treatment in Summer 2000 at
Commerical Blvd in Ft. Lauderdale (test site); and
o Before treatment in late Spring 1999 and after treatment in Summer 2000 at
Oakland Park Blvd. in Ft. Lauderdale (control site).

Data Collection and Preparation. The techniques used for processing the videotape
images to extract and code the data are presented in Appendix B.

Analysis Tools. The primary statistical analysis procedure was the Analysis of Variance
(ANOVA). This procedure makes assumptions that the effects are additive and linear,
distributions are normal, measures are independent, and the variances are homogeneous.
Modest departures from these assumptions will have little influence on the results, but
can have greater influence if the ratio of variances (F Ratio) is close to the criteria for
acceptance of a hypothesis that no significant difference exists between two sets of data.
A rather stringent criterion was adopted for acceptance of the results as valid: the risk of
a. Type 1 error or the alpha criterion = 0.01. That is, the probability of rejecting a



hypothesis that is true is 1 time in 100, which is a rather low risk. For this analysis, the
computer software SPSS 8.0 for Windows was used’.

Presentation of Results. Results for each of the four scenarios are presented as follows:
o Factor identification table,
e ANOVA table and description of the outcomes, and
e Table of descriptive statistics and graphs (if appropriate) with implications
regarding the use of the X-markings.
Complete data tables are included in Appendix C.

This analysis was then extended to answer the question as to whether the effect of the X-
markings are transitory or are likely to persist. Also examined was whether there were
general changes in drivers’ stopping behavior (at least in the Ft. Lauderdale study area)
that are not explained as changes (if any) due to the presence of the X-markings.

3.4. Barberville Labor Day Weekend Study

The first results of the study of the effectiveness of the European X-markings were
obtained from the rural site at Barberville. At this site, four eight-hour tapes of video
recordings of pre- and post-installation periods were obtained. All of data collected were
suitable for inclusion in the analysis. The basic experimental design for this analysis is
shown in table 3-1. Note that only lanes 2 and 3 were marked, although the right turning
lane 1 allowed vehicles to back onto the tracks.

The value of N gives the number of sets of conditions available for testing each level of
each variable. The total number of sets are (4 days) x (2 periods) x (3 lanes) x (4 zones)
= 96. When analyzing lane 2, for example, the data for lanes 1 and 3 are irrelevant,
resulting in (4 days) x (2 periods) x (1 lane) x (4 zones) = 32.

The results are shown in table 3-2 (note that the word “corrected” used with “model” and
“total” is a statistical term referring to an a standard adjustment for the mean and does not
refer to mistakes found in the data). Factors having a significance level less than 0.01 are
accepted as being significantly different.

These results were reassuring in that all major factors expected to influence stopping
behavior were significant at the 0.01 level. From table 3-2, it can be seen that significant
differences were found between the evaluation periods (“before” and “after”) as well as
between the lanes and four zones within the lanes. It can also be seen that there is an
interaction between the lanes and zones, which is to say that the stopping patterns differ
between the inside and outside lanes.

From the ANOVA table, it can be seen that there was no interaction between the before
_ and after periods with the other main variables. However, there are differences between
the stoppage patterns for the critical zones within the lanes. This is illustrated in figures

! Produced by SPSS Inc., Chicago, Illinois



Table 3-1. Factors in Analysis of Barberville Labor Day Study

(Days = 4, used to calculate the error term in the ANOVA)

Independent Variable Levels Labels N
Period 1 Before Installation 48

2 After Installation 48

Lane 1 Lane 1 32

2 Lane 2 32

3 Lane 3 32

Zone 1 Prior to tracks 24

2 On tracks 24

3 After tracks 24

4 In X area 24

Table 3-2. ANOVA Table for the Barberville Labor Day Study
(Measure of Effectiveness: Stops/1,000 Cars)

Source Sum of | Degrees of | Mean Square | F Ratio | Significance
Squares Freedom
Corrected Model| 27389.903 23 1190.865  24.812 .000]
Intercept 18645.866 1 186435.866{ 388.497, 0004
PERIOD 865.140) 1 865.1401  18.026 000,
LANE 11114.658 2 5557.3291 115.790| 000,
ZONE 9746.773 3 3248924  67.693 000
PERIOD x 344.465 2 172.233] 3.589] 033
LANE
PERIOD x 261.608 3 87.203 1.817 152
ZONE
LANE x ZONE 4870.397 6| 811.733  16.913 000
PERIOD x 186.861 6 31.144' .649 691
LANE x ZONE
Error 3455.633 72 47.995
Total 49491.402 96
Corrected Total | 30845.536 95

3-2 and 3-3. When looking at these patterns for the pre- and post-installation conditions,
similarities between the patterns can be observed, but the scale is different.

A dramatic reduction in stoppages of cars on or near the tracks occurred after the
installation of the X-markings. The differences between stoppage rates within the

designated X-area area were not significantly different. (See Appendix C for more
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information.) The percentage changes for each lane and each of the three zones on or near
the tracks are shown in figure 3-4.
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Figure 3-4. Percentage Reductions in Stops/1,000 Cars for Barberville Labor Day
Study

3.5. Barberville Spring Study

The plan was for data to be taped for at least six consecutive days in the Spring study at
Barberville. In the “before” phase of this study, 8 days of videotape were successfully
recorded resulting in more than 60 hours of useful data. However, during the “after”
phase, only 5 days totaling about 40 hours of useful data were obtained due to
unexplained intermittent camera stoppages (probably from electrical storms),
unexplained blank sections of videotape and rain. The basic experimental design for this
analysis is shown in table 3-3.

From table 3-4, it can be seen that the evaluation periods (“before” and “after”) are
significantly different as are the lanes and four zones within the lanes. These results were
again reassuring, in that all major factors expected to influence stopping behavior were



Table 3-3. Factors in Analysis of Barberville Spring Study

(Days = 5, used to calculate the error term in the ANOVA)

Independent Variable Levels Labels N
Period 1 Before Installation 60

2 After Installation 60

Lane 1 Lane 1 40

2 Lane 2 40

3 Lane3 40

Zone 1 Prior to tracks 30

2 On tracks 30

3 After tracks 30

4 In X area 30

significant at the 0.01 level. It can also be seen that there are interactions between the
“period and the lane” as well as between the “lane and zone.”

These interactions called for a closer look at the stoppage profiles. Figures 3-5 and 3-6

show these profiles. As in the previous examination, only the stoppages on or adjacent to
the tracks are compared. Again, it is important to be mindful that the scales of these two

figures are much different.

Table 3-4. ANOVA Table for the Barberville Spring Study
(Measure of Effectiveness: Stops/1,000 Cars)

Source Sum of | Degrees of{ Mean F Ratio Significance
Squares | Freedom Square
Corrected Model (34661.200 23]  1507.009 31.702 .000,
Intercept 20339.646 1§ 20339.646 427.870 000
PERIOD 1195.445 1] 1195.44§ 25.148 000
LANE 15050.173 2| 7525.086 158.300] 000
ZONE 10545.144) 3 3515.048 73.943 000
PERIOD x LANE | 2397.434 2 1198.717 25.217 000
PERIOD x ZONE | 198.565 3 66.188 1.392 250
LANE x ZONE | 5044.945 6 840.824 17.688| 000
PERIOD x 229.495 6 38.249 805 569
LANE x ZONE
Error 4563.549| 96 47.537
Total 59564.39 120,
Corrected Total [39224.748 119]

3-10
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Figure 3-6. Stoppage Patterns for Barberville Spring Study After Installation of
European X Markings
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As with the Labor Day study, the percentage changes between the stoppage rates for each
of the Barberville lanes and the critical zones within the lanes were plotted as shown in
figure 3-7. The picture that emerges is not as clean-cut as in the earlier analysis, in that
there were increases in the stoppage rates in all zones for lane 3. Notwithstanding this
situation, the overall rate still decreases dramatically because the relative stoppage rates
are low for lane 3.

Figure 3-8 shows the overall trend in stoppage rates at the Barberville site. Periods 1 and
2 are associated with pre-installation of the European X (September 1998 and Spring
1999). Periods 3 and 4 are post-installation (September 1999 and Spring 2000). Figure 3-
8 includes all of the reduced data, including data not included in the prior analysis. Figure
3-9 compares the first and the last periods, suggesting a 68% overall reduction in stops
across all lanes and critical zones (corresponding to an overall decrease in 7.75 stopped
cars per thousand cars in the critical zones on and adjacent to the tracks).
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Figure 3-7. Percentage Reduction in Stops/1,000 Cars for Barberville Spring Study
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3.6. Commercial Blvd Study

The test site at Commercial Blvd in Ft. Lauderdale is an example of a highway-railroad
crossing in an urbanized area that has been subjected to a variety of treatments aimed at
reducing incidents. In addition to a “DO NOT STOP ON TRACKS?” sign, it had blinking
lights that were triggered, after a few seconds of delay (in case cars still moving might
clear the area), by detectors in the pavement when queues from the intersection traffic
signal extended back into the vicinity of where the X-box was located. About one train
per hour came through the crossing.

At this site, six eight-hour tapes of video recordings were obtained during both the before
and after installation phases of the study. From these tapes, weather conditions and days-
of-week allowed five days of data (approximately 40 hours for each phase) to be
matched. The basic experimental design for this analysis is shown in table 3-5.

The results, shown in table 3-6, were less assuring than at Barberville. Although the
differences between stoppage patterns associated with lanes, the four zones within lanes,
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Figure 3-9. Percentage Reductions in Stops/1,000 Cars for Barberville Between
First Pre-Installation and Last Post-Installation Periods

and morning and afternoon half-days were significant at the 0.01 level, the differences
between the pre-installation and post-installation conditions were clearly not significant.
For some reason the stoppage rate was found to be higher during afternoons than during
mornings, both before and after the X-marking installation. The stoppage rates in all
zones in lane 1 were virtually negligible both before and after the X-marking installation,
probably because the left-turn queues did not often extend back to the tracks. The
stoppage rates in lane 4 more than doubled from before to after, almost offsetting

Table 3-5. Factors in Analysis of Commercial Blvd Study
(Days =5, used to calculate the error term in the ANOVA)

Independent Variable Levels Labels N
Period 1 Before Installation 160
2 After Installation 160
Half-Day 1 Morning 160
- Afternoon 160
Lane 1 Lane 1 80
2 Lane 2 80
3 Lane 3 80
4 Lane 4 80
Zone 1 Prior to tracks 80
2 On tracks 80
3 After tracks 80
4 In X area 80
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Table 3-6. ANOVA Table for the Commercial Blvd Study
(Measure of Effectiveness: Stops/1,000 Cars)

Source Sum of |Degrees of| Mean F Ratio | Significance
Squares Freedom | Square
Corrected Model 19570.499) 63 310.643 9.317 000
Intercept 13523.900 1] 13523.900 405.604 000
PERIOD 55.228 1 55.228 1.656 199
HALF-DAY 254.006 1 254.006] 7.618 006
LANE 4434.584 3 1478.195 44.333 000
ZONE 7878.429 3 2626.143 78.762 000
PERIOD * HALF 4.423 1 4.423 .133 716
PERIOD * LANE 1716.662 3 572.221f 17.162 .000
HALF * LANE 214.525 3 71.508 2.145 095
PERIOD * HALF 308.420] 3 102.807 3.083 028
* LANE
PERIOD * ZONE 32.858 3 10.953 328 805
HALF * ZONE 66.717 3 22.239 667 573
PERIOD * HALF 42.142 3 14.047 421 7138
* ZONE
LANE * ZONE 2947.329 9  327.481 9.822 000
PERIOD * LANE 1265.916 9 140.657 4.219 .000]
* ZONE
HALF * LANE * 93.530 9; 10.392 312 971
ZONE
PERIOD * HALF 255.730, 9 28.414 852 569
* LANE * ZONE
Error 8535.713 256 33.343
Total 41630.111 3204
Corrected Total 28106.211 319

reductions in the inside lanes. An overall increase of 75% occurred in the stoppage rates
in the three hazard zones of lane 4. The cause of these increases is unknown. The
stoppage rate in the X-box in lane 4 increased 169%, which was not undesirable, but was
unexplained. To see if the large increase in the stoppage rate in the X-box in lane 4
might be offsetting significant reductions in the inside lanes, the ANOVA was performed
selecting only the three hazard zones in each lane. Significant differences still were not
found between the before and after installation periods.

Further examination of the data suggests that there was a positive effect of the European
X markings for the inside lanes, about a 50% reduction in stoppage rates over the three
hazard zones in both lanes, with a 41% reduction in stoppages in the X-boxes. It can also
be seen in table 3-6 that several interactions are significant. The interaction between the
before and after periods with the combination of lanes and zones was significant. There is
also a significant interaction between period and lane. Accordingly, these variables were
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examined more closely for the inside lanes (i.e., lanes 2 and 3, which displayed the most
stable improvements between the before and after periods). Figures 3-10 and 3-11 show
the patterns of stoppage rates for the inside lanes at the Commercial Blvd crossing for the
pre-installation and post-installation conditions, respectively. Although no further
statistical analysis was conducted, it can be observed that the patterns are very similar for
these two lanes, but show a difference in scale. In figure 3-12, it can be observed that
there is consistency in the differences. The results suggest that the X-markings may have
a positive effect on critical stoppage rates for the inside lanes, but no improvement on the
exterior lanes, and an overall insignificant effect.
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Figure 3-10. Stoppage Patterns for Inside Lanes on Commercial Blvd Before
Installation of European X Markings

3.7. Oakland Park Blvd Study

The control site at Oakland Park Blvd in Ft. Lauderdale was selected because many of the
conditions were similar to those at Commercial Blvd. It also had about one train per hour
because it was crossed by the same track as Commercial Blvd. It is another example of a
highway-railroad crossing in an urbanized area that has been subjected to supplementary
treatments aimed at reducing incidents. It displayed a blinking light when queues from
the intersection traffic signal extended back into the vicinity of the crossing.

The major difference between the two roadways studied is that Oakland Park Blvd has

three lanes rather than the four at Commercial Blvd. Accordingly, an integrated
experimental analysis design that incorporates both data sets from both locations is
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difficult to achieve. Furthermore, the amount of data reduced from the control location
was considerably less than available for the test location. At this site, six 8-hour tapes of
video recordings were obtained during both the before and after installation phases of the
study. From these tapes, only one day could be matched, although all data was reduced
for the six days during the before condition. Accordingly, limited data (one 8-hour day)
were used for determining whether there are statistical differences between the two time
periods. Two time periods on single days were used to calculate the error term in the
ANOVA, but the half-day variable was not included as a separate factor because there
was only a single sample of each half-day during the before and after periods. Even
without the half-day factor as a separate variable, this data structure only had two
samples to compare between the before and after periods. The basic experimental design
for this analysis is shown in table 3-7.

Table 3-7. Factors in Analysis of Oakland Park Blvd Study
(Days =1 & Half-Days = 2, used to calculate the error term in the ANOVA)

Independent Variable Levels Labels N
Period 1 Before Installation at Test Site 24

2 After Installation at Test Site 24

Lane 1 Lane 1 16

2 Lane 2 16

3 Lane 3 16

Zone 1 Prior to tracks 12

2 On tracks 12

3 After tracks 12

4 In X area 12

Although very little data were available to test whether there were differences between
the periods of data collection at the control site, the results shown in table 3-8 were
reassuring in that the lane variable, as expected, showed a significant difference. The
zone variable approaches significance and probably would have reached the critical level
had more data been analyzed. More importantly, the differences between the pre-test and
post-test periods are not significant nor are any of the interactions. These results indicate
that any effects related to the installation of the X-markings at Commercial Blvd are most
likely not attributable to other random variables.

3.8. Summary

The X-markings were successful in significantly reducing stoppages at hazardous
locations on or near the track at the rural site in Barberville.

Unfortunately, the statistical analysis of the pre- and post-installation of X-markings
does not indicate, overall, that the presence of the X-markings was helpful in
significantly reducing stoppages on or near the tracks in the urban setting in Ft.
Lauderdale.
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Table 3-8. ANOVA Table for the Oak Park Blvd Study

(Measure of Effectiveness: Stops/1,000 Cars)

Source Sum of Degrees of Mean F Ratio Level of
Squares Freedom Square Significance
Corrected Model 655.867 23 28.516| 2.860 007
Intercept 271.035 1  271.035 27.183| 000
PERIOD 2.960 i 2960 297 591
ZONE 74.939 24.980 2,505 .083
LANE 377.116 2 188.558 18.911 000
PERIOD * ZONE 13.357 3 4.452 447 722
PERIOD * LANE 19.008 2 9.504} 953 400
ZONE * LANE 114.068 6 19.011 1.907, J21
PERIOD * ZONE 54.419 6 9.070 910 505}
* LANE
Error 239.295 24 9.971,
Total 1166.197, 48,
Corrected Total 895.162 47
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CHAPTER 4
RESULTS AND RECOMMENDATIONS

The results of this study have to be considered in two parts. First is the application of the
European X markings to highway-railroad crossing locations that have relatively few
other treatments to help motorists comply with official regulatory signs and markings.
The second application of such markings is at locations where other devices and
treatments are already in place to help reduce hazardous behavior of motorists at
crossings.

The study conducted at a rural location in Barberville, Florida exemplifies the first case.
In such a case, the X-marking treatment is likely to be noticed by motorists because it
stands out. Here the X-marking provides a conspicuous and dominant cue to motorists
that they should avoid stopping on or near the tracks. During periods when warning lights
and gates are not activated there are few other indicators as to where the vehicle should
stop. When traffic volumes are relatively low, the likelihood that motorists will notice an
X-marking is relatively high.

The second study, conducted in Ft. Lauderdale, assessed drivers’ responses to the X-
markings in a “busy” urban environment. Such a treatment is more likely to blend into
the background because of the presence of other crossing-related signs, signals, and
markings as well as motorists’ heavier information processing loads. This is especially
true when traffic volumes are high and trucks and other large vehicles block drivers’
forward views of the roadway as they approach a crossing. European X markings in this
later context must be thought of as incremental information to be used to increase
appropriate crossing behaviors (i.e., not stopping on or near the tracks).

The results of the assessment of the European X markings at the Barberville location
provide convincing evidence of a sustained improvement in motorists® behaviors at this
crossing. Following installation of the X-markings, an immediate overall reduction of
36% in the stoppage rates was observed on and adjacent to the tracks. The results were
even more dramatic for stoppage on the tracks, with a reduction of 42%.

In the second study at Barberville, the results were similar. This reduction, after a 7-
month interval between installation of the marking and data collection, yielded a decrease
of 39% in the stoppage rate on or near the tracks. During this period, a reduction of 60%
in the stoppage rates on the tracks occurred. The benefits of the X-markings are
concluded to be lasting rather than diminishing over time.

The test site at Commercial Blvd in Ft. Launderdale provided less reassuring results. The
ANOVA revealed that overall there was not a significant reduction in the car stoppage
rates after installation of the X-markings. Likewise, the control site at Oakland Park Blvd
showed no significant changes in stoppage rates between the pre- and post- installation
periods. However, the inside through-lanes (Lanes 2 and 3) at Commercial Blvd showed
a slightly different picture. Although the stoppage rates were not consistent for these



locations, there were reductions on and near the tracks after installation of the X-
markings. For example, reductions of stoppages on the tracks for lane 2 was 72%,
although for lane 3, only 6%. The decreases certainly suggest that no harm was done with
the installation of the X-markings in these lanes, but they do not show a consistent
improvement in driver responses. The X-markings might have proved more valuable if
blinking lights and other supplementary devices did not exist, but testing this was beyond
the scope of the study.

Stoppages on or near the tracks were relatively low in both the left and right outside lanes
at all sites with or without the X-markings. The right lane at Commercial Blvd and at
Barberville during the Labor Day study showed slight counterproductive results. This
might have been due to random variation because the stoppage rates on or near the tracks
were generally low both before and after the installation of the X-markings. These slight
increases were more than offset by decreases in the inside lanes and did not indicate that
any harm was caused by the X-markings.

From the studies in Barberville, the results are clear and point to increased safety benefits
from applying the X-marking more widely at crossings situated close to rural
intersections or other intersections that are uncluttered.

From the studies in Ft. Lauderdale, the results also are clear and suggest that there is
little, if any, benefit to be achieved by application of the European X markings in settings
where there already exists supplementary signs, signals and/or markings aimed at
improving motorists’ compliance at crossings, along with heavy traffic volumes and
aggressive urban drivers. However, because of the relatively low cost of the X-markings,
it may be appropriate to include them in some groupings of measures implemented to
reduce stoppage on or near railroad tracks, especially for uncluttered urbanized locations
with moderate or low traffic volumes. Use of the European X markings did not result as
being harmful at urban crossings.

Part of the reason for lesser effectiveness of the X markings at urban crossings having
heavier traffic volumes may be that traffic densities increase with traffic volumes, and as
vehicles travel closer together, motorists have shorter views of, and less time to view, the
pavement ahead in addition to more distractions competing for their attention. It is also
possible that unfamiliarity with the X marking required more time for study by motorists
to understand its message, which was not fully available at the urban site. If the X-box
was in common use where motorists were readily familiar with its meaning, it might
improve in effectiveness because motorists might begin relying on the use of the X
marking to determine if sufficient space for their vehicles was available.

The X-box length of 25 feet seemed to perform well even though it is shorter than the
length of some vehicles. For placement of the X-box, it is recommended that it be
located nominally 10 feet from the farthest rail. This is 5 feet less than the 15-foot buffer
usually desired by design standards, but there is 5 more feet in the box than the longest
passenger cars. Placing the box further from the track may lead motorists to think that



the box does not need to be completely clear for them to have enough space to cross the
track.

For the X-markings to be of value in any setting they must be able to be seen by motorists
at appropriate distances in advance of a crossing. Humped crossings can obscure
visibility of pavement markings located immediately past the track. A track elevated
only one inch above the pavement at the X marking can interfere with a motorist’s view
of the X marking at the position from where it needs to first be seen.

While all of the study sites had flashing lights and gates at the track, there is no reason to
suspect that the European X marking would not be similar in effectiveness at passive
crossings, or crossings with flashers only, where nearby intersection traffic signals, or
other intermittent traffic impediments, create risks of queues backing up towards a track.
Over most of every observation period in this study, the flashers and gates were not under
actuation by approaching trains, so most of the data collected were under conditions
similar to what would exist with other types of railroad crossing warning devices.

If additional installations of European X markings are implemented, it would be judicious
to monitor such locations to help develop guidelines for extended applications,



APPENDIX A
VIDEO CAMERA AND RECORDER INSTALLATIONS

The Ft. Lauderdale locations posed greater challenges for setting cameras and other
equipment and are used to illustrate the installation procedures. The European X marking
was deployed at the Commercial Blvd. railroad grade crossing as a test site, and the
Oakland Park Blvd crossing was used as a control site. During the original planning,
consideration was given to conducting another “before-after” study at another Broward
County crossing; however, a suitable crossing with a workable video camera vantage
point could not be found.

Initially, each of these sites was inspected to determine what, if any, facilities were
available for mounting a camera and a cabinet to house the video recorder. The two most
important considerations for a potential vantage point were the field of view and the
availability of 115 volt ac power.

It was attempted to avoid facilities not owned by the Florida DOT or Broward County
because of the difficulty in.obtaining permission to attach equipment. In addition, the cost
of installing an underground electrical service precluded the use of facilities where power
was not already available. This limited the options considerably. Field visits confirmed
that there were no existing poles meeting the selection criteria at any of the Broward
County sites. The installation of wooden poles with electrical service was undesirable for
several reasons, including the brief and temporary nature of the study, and the lack of
resources to carry out such an installation.

After considering several options, it was decided to use a temporary telescoping pole
clamped to an existing sign or attached to a support pole at each site, and to obtain power
from the cabinet that served a flashing beacon on each pole. The telescoping pole enabled
the camera to be raised to a height of approximately 20 feet above ground. The cabinet
for housing the video recorder was mounted on the same pole, immediately above the
flasher service cabinet. A photograph of the installation at Commercial Blvd., as
originally proposed, is shown in figure A-1.

This figure shows the sign support pole with the camera on the telescoping pole attached
temporarily. It also shows the proposed location of the video recorder enclosure above
the flasher cabinet, with 115 volt ac power obtained from the flasher cabinet. With a very
wide angle lens, an adequate field of view was obtained from this location.

The other location was more difficult because of differences in the flasher pole
installation. The telescoping pole was subsequently accommodated at the Qakland Park
Blvd site using extended mounting clamps for greater clearance as shown in figure A-2.

The installation of the housing for the video recorder at the Barberville site was similar to
the one at the Commercial Blvd location. The video camera, however, was mounted on a
high existing pole as shown in figure A-3.
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Figure A- 3. Camera Mounted at Barberville Highway-Railroad Crossing



APPENDIX B
ANALYSIS PROCEDURES
B.0. Overview of Analysis Procedures

The analysis procedure consisted of six steps including:

o Continuous recording of events at each of the crossing sites using a video
recorder,

s Playing the videotape back in the office and using a voice recognition system to
translate the events to codes that corresponded to each stopped vehicle location,
vehicle type and passing vehicle,

Editing the text files generated by the voice recognition system,

¢ Calculating the frequencies of events including the location of stopped vehicles
for all vehicle types,

e Developing arrays of the data by each of the independent variables and the
measure of effectiveness employed in the study (stops/1,000 vehicles), and

* Generating statistical tests and performing graphical analysis of the data.

Most of the steps were automatet], but the voice coding and editing steps were rather
manually intensive. Each of these steps is described in greater detail in the following
sections. (See figure B-1 for a diagram of the flow of information in the analysis
process.)

B.1. Recording of Even_ts

Once the camera and video recorder were in place, the task of recording was very
straightforward. According to a schedule that allowed for comparable time periods and
days-of-week, tapes were marked and inserted into the video recorder at the beginning of
the day of data collection. The recorders used operated on 115 volt ac and cut off at the
end of recording of the 8-hour tapes that were used. Starting times varied by as much as
one or two hours at the Barberville site. At the Ft. Lauderdale site, taping began at
approximately 7:30 am. on each day of data collection and was concluded at
approximately 3:30 p.m,

During data collection, rain and wind were encountered, but no electrical outages. Rain
drops caused minor distortions for brief periods on some of the recorded images but these
data were not used in the analysis. There was also some intermittent operation on one of
the tapes from unknown causes and this tape was also not used in the analysis.

Several camera lens types were used to determine the best field of view and clarity of the
images. Had dynamic information such as vehicle speed or acceleration or deceleration
been required, the lens focal length and quality would have been important.

Data were recorded with a narrow-angle lens during the first three data collection periods
at Barberville and during all periods in Ft. Lauderdale. A wide-angle lens was used for
the final data collection period at Barberville. All camera lenses used were acceptable
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because all that was needed was to count passing vehicles and to determine where
stoppages occurred. The narrower angle lenses were able to cover all of the fields of view
that were needed and provided a little better clarity, so they performed best. An example
of a video frame taken with a narrow-angle lens is shown in figure B-2.

B.2. Translating Video Images into Coded Events

The processing of the videotape required the analyst to look at the moving scene recorded
on the videotape and to verbally indicate what type of vehicle that passed through the
crossing area, by lane and vehicle type. If the vehicle stopped in one of four designed
areas the zone would be coded accordingly. Reference lines and marks were drawn on the
video display monitor to assist the identification of vehicle positions.

Vehicle types were coded and used in the preliminary analysis. These included vehicle
types such as trucks, vehicles with following trailers, vehicles with following boats,
recreational vehicles, buses, school buses, motorcycles, and other configurations that
were labeled as “special” (unusual situations such as a bicyclist hauling a cart).

Other details were also recorded as events by the analyst, although this information was
not used directly in the European X evaluation study. These events included the onset of
gates descending (“warning”), a train entering a crossing (“train”), gates ascending
(*warning off”), the onset of a queue in a lane (“queue™), and the dispersion of the queue
(“dispersed”).

After the video data were coded, it was categorized and analyzed to determine the
frequency of hazardous events associated with crossing behavior. This procedure
required lane counts and the classification of all vehicles that halted at locations near or
in the path of an oncoming train.

The specific technique used to translate vehicle crossing behavior required the use of a
videotape playback machine with a countet, a timer, and a personal computer with a
voice recognition program, Dragon System’s Naturally Speaking Preferred. The analyst
started a videotape, noted the playback counter, set a 15-minute timer, and then recited
“events occurring on the tape for the next 15-minute segment. Coding involved simply
providing numerical information followed by the word “comma” (followed by an
occasional “new line” in the language of the voice recognition system), and as indicated
above, other information (e.g., truck, bus, school (for school bus), trailer (for vehicle and
recreational trailer combination) or special (for any unusual vehicle type). This coding
required speaking into a microphone and saving the data at the end of each 15-minute
segment.

Counts of vehicles that halted within the designated zones were coded by reciting a 2-
digit number where the first digit indicates the lane number (numbered sequentially from
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Figure B-1. Data Acquisition and Analysis Process
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Figure B-2. Camera View of Barberville Highway-Railroad Crossing

left-turn lane to right-turn lane), and the second digit indicated the stopping zone
(numbered in travel sequence) as shown in table B-1.

Table B-1. Event Location Codes

Vehicle Lane
Vehicle Action Zone Lane 1 Lane 2 Lane 3 Lane 4
Halts Within5ft | 1 11 21 31 41
Prior to Track '
Halts over Track g 12 22 32 42
Halts Within5ft | 3 13 23 33 43
Past Tracks :
Halts Within X- 4 14 24 34 44
Area

Counts of vehicles that did not halt within the designated areas were simply coded by a
single digit, 1,2,3, or 4 corresponding to the lane. If the vehicle was a non-passenger car
(e.g., truck, bus, school bus, vehicle pulling trailer, etc.) then the vehicle type was also
designated. Figure B-3 illustrates the data recording sequence.
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1, Cars passing
2, thr(?ugh crossing in
1 designated lanes
’ without stopping
3,
) Car stopping prior to
. "-’ tracks in Lane 1
11,
4, .
2, Recreational trailer
12 trailer, 4"“____ pulled by car and
1,1 stopping on tracks in
2 Lane 1
4
23 bus,
2, \ Bus stopping after the
* tracks in Lane 2

Figure B-3. Example of Coding

Special attention was given to conditions where trains passed or where queuing at the
signal could constrain the actions of drivers approaching or crossing the tracks. These
conditions were coded to indicate the onset of the warning light at the crossing (the
analyst would say, “warning”) and the train arrived at the crossing (the analyst would say,
“train”). For instances where there were hazardous incidents that occurred within a time
period, a note was made for a subsequent more precise assessment of the consequences of
hazardous maneuvers. Likewise, for instances where queuing was evident, the analyst
would say, “queue,” and when the queue began to disperse, the analyst would say,
“dispersed.” See figure B-4 for examples.

In the data stream, commas separate the sequential data items. They were entered when
the analyst said, “comma”. At the end of each 15-minute segment, the analyst then
converted the data items into summaries and identified the specific data segment
(discussed later), using the form shown in figure B-5.

! After a non-numeric entry, the analyst would precede the next number with the word “numerical,” such as
“numerical three.” The word “numerical” was a command to change the data mode of the voice recognition
software, and since it was not data, it was not entered into the data stream.
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BULO1
(0-15 min)

3,2 trailer, 1,2, queue 2,24, 2,23, dispersed 2,1, 2,2 truck, 1,queue 2,21 truck,
dispersed 2,2 truck, 2,2,2 truck, 2,queue 2,24 truck, 22, dispersed 2,2,2,1, 1,2, 1, 2,
1,2,2,2, queue 2, 24, 2,23, 21, dispersed 2,2,2, 2 truck, queue 2,24 truck, 21 truck,
dispersed 2,2 truck, 2,2,2,2, 3, 2,1, 3 truck,3, 1,1,2,2 trailer,1 truck, queue 2,24 trailer,
21, dispersed 2,2,1,2,2,1,2,1,1,1 trailer,2 trailer, 1,2,2,queue 2,24, 23, dispersed 2,2,1,2
, truck, queue 2,23 truck, dispersed 2, ...

Figure B-4. Excerpt of Text File Generated By Voice Recognition System

These entries provided the basic data for the evaluation study. After the data were
transferred to the analysis sheets, the matrices were subsequently subjected to preliminary
analysis. ’

The three data collection sites differ in their geometrics. Accordingly, the coding differed
somewhat for each location. The test site on Commercial Blvd. in Ft. Lauderdale had four
lanes, the control site on Oakland Park Blvd. had only three lanes, and the crossing
location at Barberville had one skewed approach lane prior to the crossing and three lanes
past the track (a left-turn lane, a through lane, and a right-turn lane). At the Barberville
site, the approach lane widened to a width of two lanes at the track (illustrated earlier in
figure 3-1), which were referred to as lanes 2 and 3. Standard nomenclature was used
elsewhere. '

B.3. Text Files Editing

The most manual labor-intensive task in analysis of the data was the review of text files
generated by analysts using the voice recognition system. These “comma delimited” files
ideally would look like the segment shown in figure B-4.

However, the analyst often introduced extra spaces, mispronounced a word or the voice
recognition software would covert a numerical representation into a verbal counterpart
(e.g., “4” might be interpreted as “four”, “for” or “fore™). This required the conversion of
these text files to another format that could be easily edited. Word For Windows was
used for this purpose, and global edits were performed.

The process of manually coding the data from the videotapes and editing the results to
rectify errors required about 2 hours of labor for each hour of videotape for the best
coder, and about 3 to 3.5 hours per tape for the least efficient coder. The voice
recognition system seemed to distinguish the speech of some voices better than others.



*Segment/ Event Type Lane 1 Lane 2 Lane 3 Lane 4
No. Vehicles (Left Turn) (Through) (Through) (Right Turn)
Total Volume: Stops Closer Than 5 ft.
From Track
No. SU Trucks: Stops Over Track
No. School Stops Beyond Track
Buses: Within 5 ft. of Rail
No. Other Stops in Area
Vehicles: Designated for “X”
**Comments
2
Volume: Stops Closer Than 5 ft.
From Track
No. SU Trucks: Stops Over Track
No. School Stops Beyond Track
Buses: Within 5 ft. of Rail
No. Other Stops in Area
Vehicles: Designated for “X”
**Comments: :
3 E _
Volume: SteeClogr IS T . ) 5,7 - kR e
From Track
No. SU Trucks: Stops Over Track
No. School Stops Beyond Track
Buses: Within 5 ft. of Rail
No. Other Stops in Area
Vehicles: Designated for “X”
**Comments:
4 . LaneVolume ' (o0 70
Volume: Stops Closer Than 5 ft.
From Track
No. SU Trucks: Stops Over Track
No. School Stops Beyond Track
Buses: Within 5 ft. of Rail
No. Other Stops in Area
Vehicles: Designated for “X”
**Comments:

*15 minute segments **Note hazardous maneuvers during train passings or resulting from queuing during 15 minute segments

EUROPEAN X-MARKING DATA ANALYSIS SHEET

Crossing Location:

Tape No./Counter No. /

DATE OF ANALYSIS:

Figure B-5. Videotape Summary Form

ANALYST’S NAME:




B.4. Frequency Calculations

The conversion of comma-delimited text files into numerical format was accomplished
with the use of Microsoft Excel spreadsheets. This required two steps: (1) translation of
text files to Excel data using Excel’s comma-delimited option for reading data, and (2)
the creation and use of templates to convert the data to frequencies and useful measures,

Figure B-6 shows a snapshot of a small portion of such a translated data file. These cells,
which could then be counted (using Excel’s “Countif” command), and these frequencies
could be used to calculate rates, joint probabilities, etc. For example, the number of
vehicles in a particular lane that arrived between queues, the arrival rates of school buses
or the stopping location of vehicles with boats, trailers, etc., could be calculated.

dispersed 2 3 2 1 1
1 3 3 2 1
3 2 1 1 truck 2 truck
1 1 2 queue 2 1
1 3 boat 3 boat queue 3 22 boat
2 queue 2 2 1 23
1 dispersed 2 2 3 2
2 24 2 21 dispersed 2
2 motorcycle 1 2 2 queue 2
1 1 2 1 2 motorcycle
1 2 2 queue 2 2
34 truck dispersed 3 2 1 1 motorcycle
2 2 3 2 1 -

2 21 dispersed 2 2 1
queue 3 34 1 2 boat queue 2
21 dispersed 2 2 3 2

22 2 21 3 queue 3
dispersed 2 1 2 2 queue 2
1 1 1 3 2
2 2 1 2 1
2 21 dispersed 2 2 2
queue 1 11 queue 2 23 dispersed 2
23 2 22 2 21
21 dispersed 2 2 1 3
11 RV dispersed 1 2 motorcycle 2 motorcycle 2
i 3 2 1 2

FigurelB-G. Excerpt of Excel Spreadsheet Showing Conversion of Text Data

It was anticipated that stoppage patterns for all vehicle types and combinations would be
calculated. However, stable rates could not be obtained for vehicles other than cars.
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Consequently, the analyses focused on stoppage patterns for cars. The sample sizes of
other vehicle types were just too small.

Summary statistics were then calculated for each data block. These blocks consisted of
full days for the data collected at Barberville, and were broken into morning and
afternoon blocks for the Ft. Lauderdale grade crossings which had higher traffic volumes.
To develop these summary statistics, templates were prepared for each of the three sites.
The templates were used to automatically calculate summary values for the data
contained in each of the spreadsheets. Figures B-7, B-8 and B-9 present excerpts from
sample spreadsheets. These excerpts provide only a small portion of the spreadsheets, and
are shown here only to illustrate the analysis process. Figure B-7 shows frequency tables
for stopped passenger cars by lane and zone, and volumes of non-passenger vehicles by
lane. Figure B-8 shows the passage of cars by lane, thus providing the major share of the
lane volumes. Figure B-9 shows rate calculations that extract stoppage information in
combination with lane volumes, which permits calculation of stoppage rates of cars
(Stops/1,000 Cars) by lane and zone.

B.5S. Development of Data Arrays For Analysis

This step in the evaluation process is one in which the data from each day (or half-day)
from each of the sites for pre-and post-installation phases is collated to allow subsequent
statistical analysis. This is effectively a grouping of tables as illustrated in table B-2. It
should be noted that table B-2 is the smallest of all of the arrays because it has only two
effectiveness measures (morning data and afternoon data from only one day) for each of
the variables of interest (lanes and zones). A complete set of these tables is presented in
Appendix C.

Such tables provide at a glance the magnitude and the variation of the stoppage rates for
cach lane and zone within lane. They also provide the values to be entered into the
statistical procedures to be subsequently applied.

B.6. Statistical and Graphic Procedures

It is essential to determine whether the results obtained are due to chance or due to
impacts from the major variables of interest. One of the most powerful procedures that
can be used for this is the Analysis of Variance (ANOVA). The ANOVA allows
evaluating several levels of each variable as well as several variables simultaneously and
is more powerful than alternative techniques such as the statistical t-test. The assumptions
underlying the ANOVA are well established. There are many textbooks and automated
procedures that simplify the processing of data such as that developed in this project.

The specific software used for this project is known as SPSS and has been available for
more than a decade. The SPSS software presents results in tabular form such as shown in
table B-3. No attempt will be made here to explain the ANOVA procedures, but a couple
of points are worth mention for persons not acquainted with this procedure. First, the F-
ratio is the mean sum of squares for each of the variables listed under source divided by



Stopped Passenger Cars N ubtotals lNon-Passe_nger Cars N
Zone 11 - Prior to Tracks 2 [Truck in Lane 1 9
Zone 12 - On Tracks 5 Truck in Lane 2 15
Zone 13 - After Tracks 2 Truck in Lane 3 4
Zone 14 - In X Area 10 Total 28
Total 19 {Pickup Hauling Boat Lane 1 0
Zone 21 - Prior to Tracks 48 ickup Hauling Boat Lane 2 2
Zone 22 - On Tracks 41 ickup Hauling Boat Lane 3 5
Zone 23 - After Tracks 54 Total 7
Zone 24 - In X Area 89 RV Hauling Car Lane | 1
Total 232 V Hauling Car Lane 2 3
Zone 31 - Prior to Tracks 0 V Hauling Car Lane 3 0
Zone 32 - On Tracks 1 Total 4
Zone 33 - After Tracks 0 IMotoreycle in Lane 1 7
Zone 34 - In X Area 3 IMotorcycle in Lane 2 15 -
Total 4 1Motorcycle in Lane 3 2
Stopped Trailers Total 24
Zone 11 - Prior to Tracks 0 Trailer in Lane 1 9
Zone 12 - On Tracks 0 Trailer in Lane 2 26
Zone 13 - After Tracks 0 Trailer in Lane 3 5
Zone 14 - In X Area 0 Total 40
Total : 0 Special in Lane 1 2
Zone 21 - Prior to Tracks 0 Special in Lane 2 2
Zone 22 - On Tracks 0 [Special in Lane 3 2
iZone 23 - After Tracks 1 Total 6
Zone 24 - In X Area 3 RV with Trailer in Lane 1 0
Total 4 RV with Trailer in Lane 2 1
Zone 31 - Prior to Tracks 0 IRV with Trailer in Lane 3 0
Zone 32 - On Tracks 0 Total 1
one 33 - After Tracks 0 School Bus in Lane 1 0
Zone 34 - In X Area 0 School Bus in Lane 2 0
Total 0 School Bus in Lane 3 0
Stopped Boats Total 0
Zone 11 - Prior to Tracks 0 Bus in Lane 1 0
Zone 12 - On Tracks 0 Bus in Lane 2 0
Zone 13 - After Tracks 0 Bus in Lane 3 0
Zone 14 - In' X Area 0 Total 0

Figure B-7. Excerpt from a Sample Spreadsheet Used to Calculate Frequencies

Passenger Cars Count (N oh—stopped)
Lane 1 457
Lane 2 1059
Lane 3 _ 119
Total 1635

Figure B-8. Non-Stopped Car Volumes
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ane and Zone Stops/1000 Cars
ne 11 - Prior to Tracks 4.20

Zone 12 - On Tracks 10.50
Zone 13 — After Tracks 4.20
Zone 14 - In X Area 21.01
All Lane 1 39916 .
Zone 21 - Prior to Tracks 37.18
Zone 22 - On Tracks 31.76
Zone 23 — After Tracks . 41.83
Zone 24 - In X Area 68.94
All Lane 2 179.706
Zone 31 - Prior to Tracks 0.00
Zone 32 - On Tracks 8.13
Zone 33 — After Tracks 0.00
Zone 34 - In X Area 24.39
All Lane 3 32.520

Figure B-9. Excerpt from a Sample Spreadsheet Used to Calculate Stoppage Rates

Table B-2.
Stoppage Rates at Oakland Park Blvd. After Installation of European X Markings
(Stops/1,000 Cars)
6/13/00 6/13/00

Lane and Zone Morning | Afternoon | Average | S.D.
Zone 11 - Prior to Tracks 0.00 0.31 0.16 0.22
Zone 12 - On Tracks 0.30 0.31 .31 0.00
Zone 13 - After Tracks 0.00 0.62 0.31 0.44
Zone 14 - In X Area 1.52 0.31 0.92 0.86
All Lane 1 1.826 1.55 1.69 0.19
Zone 21 - Prior to Tracks 1.15 .78 0.96 0.26
Zone 22 - On Tracks 0.00 0 0.00 0.00
Zone 23 - After Tracks 0.76 0 0.38 0.54
Zone 24 - In X Area 3.44 0 1.72 2.43
All Lane 2 5.35 0.78 3.06 3.23
Zone 31 - Prior to Tracks 6.23 7.14 6.68 0.65
Zone 32 - On Tracks 1.64 4.65 3.14 2.13
Zone 33 - After Tracks 2.95 4.34 3.64 0.98
Zone 34 - In X Area 6.55 8.07 7.31 1.07
All Lane 3 17.376 24.20 20.78 4.83
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Table B-3. Example of ANOVA Table from Analysis of Barberville Data

Source Sum of Squares df Mean Square F Ratio] __ Significance]
Corrected 2_7389.9031 23 1190.865 24.812 .oool
Model
Intercept] 18645.866 1 18645.866) 388.497 .0004
PERIOD) 865.140 1 865.140 18.026} .000
LANE 11114.658 2 5557.329 115.790 -.000}
ZONE 9746.773 3l 3248.924| 67.693 .00
PERIOD * 344.465 2) 172.233 3.589 033
LANE :
PERIOD * 261.608 3 87.203] 1.817 .152]
*  ZONE .
LANE * 4870.397 6 811.733 16.913 .000]
ZONE
PERIOD * 186.861 6 31.144] .649 691
LANE *
ZONE
Error] 3455.633) 72 47.995
Total 49491402 9
Corrected 30845.536 9
Totall

the error term. Second, the column titled Significance is a value to correspond to the
likelihood that the result could have been due to chance. Thus, a value of 0.000 indicates
that the probability of the result obtained being due to chance is less than 0.0005 and is
almost certainly attributable to the variable being evaluated. In this example, it can be
inferred that “Period” (the pre- and post-installation periods) yielded different results.
Upon examining the means, the post-installation values were smaller, meaning that the
X-marking resulted in significantly fewer numbers of stops on or near the railroad tracks.

The SPSS package also provides nested means and graphic capabilities that allow
probing more deeply into the data. This facility was used to attempt to understand why
the European X markings were successful at Barberville, but not at Commercial Blvd.

This feature is illustrated in figure B-10.

B-
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Figure B-10. Example of Graphical Analysis
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