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SUMMARY

This project was a lield demonstration stuidy underiaken (o support g subsequentl evalua-
tion of alternative rail-highwav erade crossing accident enuntermeasures. The objectives

incleded:

e identification of causalive factors in grade crossing aceidents.

e appraisal of inherent driver safety potential.

e development and refinement of instrumentation and data collection and analy iz proce-
dures applivable for field evaluation of grade ecrossing accident countermeasures.

e development and validalion of measures of driver behavior useful for countermeasures
evaluation,

e application of iechnigues to nine grade crossing -

e anahsis of the field data with emphasis on its fmipleations for various countermeasures
concepts. aird

o development of guidelines for the projected definiiive evaluation of grade crossing acei-

denl counlerueasures,

A\ review of rail-highvay interscetion acetdents was undertahen. While crossings with active
devices constitute only 22 pereent of ail at-grade erossings. 31 pereent of Tatalities and injuries
ocenr at these crossings, Severity ol accident doez nat appear to be related to whether the
cros-ing has active or passive protection, The data on driver familiarity: with the crossing iz
somewhat limited but sugeesls most accidents involve familiar drivers. Malfunctioning or poor
maintenance of protective or warming devices, driver inattention, and driver expectancy of no
train when one s actually present based on previous expericnce al the crossing are noleworthy

ol the precipitating and predisposing factors cited in some accrdent case histories,

An appraizal of inherent driver safety was undertaken lo assist development of the fieid
sludy design and the human factors of conntermeasiires applicaiions. Six major categories of
factors which contribute to inhereut driver safety potential are dizscuszsed. These are:

e Driver education

e Slate licensing procedures

e Sulety progrums

e Law enforecment

e Attitude and habil components of raibway -highway safely

e Pxvchophysiological capabilities and limitations



Nine raibwan -highway grade crossings were included in this study. They were selected 1o
provide a broad range of crossing types. Included were three passive crossings. two aclive
crossine= with high train volumes. and four aclive crossings matched by physical characteristies
a~ vearly as was possible. The matehed crossings were located in Virginia, Texas. Michigan . and

Cabifornia to permil mvestigation of regional differences. “

Al crossings were instrumented with an automated svstemn for collection of time and posi.
ton «data on all vehicles (the Traffic Evaluator Svstem.) This system provided speed and
avceleration data as well as the relationships between adjacent vehicles such as time and space ]
headway = [t was also used to record events such as the covert observation of driver fooking L
beinsdor, activations ol crossing signals. train arrival times and train speed readings chisined
with =peed meazuring radar.

Time lapse photography was u=ed to provide a backup to the Traffic Evaluator System aud
to vrovide a record of motorist beliavior during train aporoaches and during the operation

seriod of sienals,

Selveted drivers were slopped well past the grade crossing with the assistance ol policr :
ofticer= and a structured interview/questionnaire was administered. Drivers were selecied al
rundom as well as were those drivers who stopped at the crossing both with and without sig.
nal actinations, The questionnaire was matched with the behavior record obtained by the

Traftie Exvaluator Svstem.

iniormation colleeted during this study included categories of driver behavior, knowdeduse-
and attitude, An extensive analyvsis was performed on the data obtained to =ugeest counter-
measeres coneepls and Lo delermine larget populations for effective countermeazures interven-

Lieere,

For the =tudy design deseribed in this report. measures of driver performance were <hown i
U be sensitive to countermeazures inlervention and were validated. Under restricted conditions,
it was -hown that driver Jooking behavior, crossing speed. and speed decrease weee sufficient

measures of driver performance 1o evaluate the effeet of a countermeasure intervention.

The study provides guidelines for the development of countermeasures concepls and the
~ciection ol candidate countermeasures, developmen! of countermeasure evaluation methods, :
and the development of experimental design and procedures.




iooestions for Furiher Research

The imvestizations of aceident cavsation revealed that the wiformahion avatlable i« not ade-

quate to provide definitive answers 1o many questions about why raiiroasd-b _:hw;l_\ aectdent s
oceur on a nationwide <cale. 1 was discovered, however, that the accident histories of <peeifie
cro=singz may be oblained. It appears that there iz frequenty a recurrence of the =ame acei-
deat tyvpe. The nalure of such aceidents was found to frequently suggest modilications o indi.
vidual crossing= which would reduce or eliminat a major proportion of those accidents. There
appears ta be a need for rezearch which would develop procedures for erossing evaluation and

modification which would be performed and implemented on a local basis.

Suech an aceident ~ite ypology . or diagnostic procedure. would cenable a traffic engineer to
examine sites and determine the probability that the =ame type of accident would recur and

detine appropriate countermeuasures,

Vfong the same lines. it was noted that a broad range of hazarda index formulac exist
throughout the country. The resulting ranking of crossings is generally the order i whiel)
improvements in the erossing environment are made. A nationwide standard racthod of deter
mining g hazard index for crossing= =hould be developed which would appis proper wetzght= to
all pertinent variables. It may be found that those crossings which exceed maximum limits

should e elosed unti) upgraded to reasonable standards.

Thi~ ~tudy formulated valid and senzitive measures of behavior for carefully seleeted ypes
of grade erossing~. particulariy thoze which had restrictions to visibility along the approach.
There i= a need for the determination of measures to he applicd to open crossings and thosc
which have other characteristics. =uch as crossing~ reached immediately after a turn, That s,
peeformance measures valid at erossingz where near looking behavior and speed reduction are

not necessariiv related to the detection ot a truin hazard are needed.

The prescription o countermeasures o categories ol grade crossing situations imphes Lhat
accident reduction may be achieved by an mercase in the mean performance of all or some
~subset of drivers using that crossing. If there is a reiation between safer perforimance and acel-
dents. the behaviorat measures Jdefined in this study should be able to rank crossings by aeei-
dent oceurence probability. This ranking should agree with the ranking obtained from actual

aceident history.

An experiment ix indicated which would validate these (or other) performanee measures on
the basiz of accidenl oceurrence. This could be approached as a double-blind experiment in which
mean driver safety indices are obtained for a large number of similar crossings and the resulting rank-

ing compared to that obtained using actual aceident data.
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CHAPTER 1
INTRODUCTION

Background and Statement of the Problem

Over 70.000 people have lost their lives at raibway -highway grade crossings in the past
30 vears — over 13000 people were Kkilled in the last decade. The shock effect of this
~tatistic alone i= enough to warrant an inteasive countermcasure effort. Howeverl in some
specifie aspeets, the problem is more severe than once might guess. For cxample. fess than
one percent of ali highway accidents occur at railway-highway crossings but they result in
2.7 pereent of the total fatalitics. Consider alzo that the fatalitydo-injury ratio for railwas-
highwav accidents is 1:2.7 compared to 1:35 in gencral highway accidents. Thus. the
violence of railway-highway grade crossing accidents is clearly evident. Table 1-f presents

~omme summary statistics Lo help put the problem in perspective.

Programs aimed at reducing this problem have been underway for many vears. These
programs have generally involved cither: (1) climination of grade crossings. (2) inslallation or
upgrading of warning or protcetive devices. and (3) attempts to increase driver railway-
highway safety awareness. All of these programs are expensive and their pavofl questionable
in termx of benefits in relation to cost. This is particularly lrue when it iz recognized that
there are approximately 220,000 railway-highway  crossings on public roads in the United
States of which more than 175.000 are passive crossings. e have no special warning or
protective devices. and another 300,000 on private roads. Considering the cost of proteetive
devices (zee Table 1-1). it is obviously not cconomically feasible to previde “active™ protee-
tion at all crossings. In addition, because of the limited amount of motor vehicle and train
traffic at many crossings. even minimal active protection is probably not warranted. It is
within the context of this background that the National Highwayv Traffic Safety Administra-
tion and the Federal Railroad Administration have undertaken a comprehensive rescarch
program to “refine further the understanding of the causal factors in motor vehicie/train
accidents and to develop and demonstrate selected improvements which will achieve a safer
environment for trafiic at the railway -highway interseclion.”™ A specific projeel within thi-
program is concerned with “Human Factors Countermeasures to Improve Highway-Railway

Intersection Safety.”



Table 1-1

Some Summary Statistics Concerning

the Highway-Railway Grade Crossing Safety Problem

There are approximately 220,000 highway-raiiway intersections in the United States.
Fewer than 44,000 crossings have special warning or protective devices.
Thz motorist’s view of the track may be clear or completely obscured.

The allowed speed limits, both vehicular and rail, vary from zero {stop sign) to 80
miles per hour or more.

Over 1,500 deaths and 3,000 injuries oceur annually at U.S. gracde crossings.
Economic losses in excess of S300 million result from crossing accidents.

The least costly active protective device now possible, single-treck, flashing lights, is
likely 16 cost $15,000 to $20,000.

Typical gate instellations involving 2 few minor complications can cost from $25,000
to $102,000.

In 1659, there were 3,572 vehicle-train accidents

o They resulted in 1,387 deaths and 3,578 injuries. In 2/3 of the cases, the train
struck the vehicle causing 75 percent of the deaths.

o In 1/3 of the cases, the vehicle struck the train.

o In 42 percent of the cases, the crossing was protected by lowered gates,
trainmen, watchmen, and 2udible or visual signals.

o In 58 percent of the cases, the crossing was protected by a signal or sign that
did not indicate the approach of a train.

o G2 percent occurred in daylight and 63 percent in clear weather.

6 77.5 percent of the vehicles were automobiles; 21.5 percent were trucks, and
one percent were buses and motorcycles.

[T



From a human factors point of view. the problem of reducing accidents at railwav-highwan
intersections may be defined as a decision making problem. Simply stated. the problem is to in-
crease the probability that drivers approaching railwayv-highwayv intersections will make the proper
decision, This decision in basic terms is either to stop safely short of the croszing. or to proceed
safely over the crossing. Driver decisions. generally speaking. ¢an be lavorably influenced by in-
creasing the adequacy of their (1) inherent or long-term information. or (2) immediate or
~hort-term information (sce Figure [-1). Inherent or leng-term information iz a function of mtitudes
and knowledge shaped by such things as education and training. licensing procedures. law enforee-
ment practices. and public =afety promotional campaigns. Immediate or short-term information iz a
function of the vehicle/train dynamics. signs. and displays in the vicinity of the site traffic control
devices specific to the site. and other site specific countermeasures designed to influence driver
behavior.

LONG TERM INFORMATION SHORT TERM INFORMATION

Inherent Capabhility
Driver Education / Train-Vehicle Dynamics

\ /Signs & Displays

_ KNOWLEDGE
Licensing Exam —_— _— #___—Traffic Control Devices
T T~ ATTITUDE
Law Enforcement
/ BEHAVICR
Safety Programs
Countermeasures
INTERVIEWS PERFORMANCE
MEASUREMENT

Figure 1-1. Factors influencing driver decision making

In order to prescribe the most effective characteristics of long-term and short-term infor-

malion and their implications for countermeasures. it iz necessary to trv and undersland causal



. :
lactors, driver behaviors and attitudes. and measures of effectiveness for evalualing |
countermeasures, That iz essentially what this project i~ aboul. It is probably axiomalic {0 s
that this iz a very complex research area, Perhaps this poin: is best summnsarized inoan REP §
prepared and issued by NHTSN which reads as folows: i
Research in this area is particularly difficult for <veral reasons. Fint. :
because vehicle/train accidents are so infrequent. it 12 necessary to develap :
intermediate or secondany eriteria o evaluate the effectiveness of any
changes in the svstem. These criteria must be relevanl. measurable. and free
from experimentally introduced biases. Second. because railway-hichway .
intersections can vary along =0 many safety relevant dimensions, it may he :
verv difficult to establizh truly comparable sets ot croups of intersections
where the effectiveness of new devices. ete. can be evaluated or compared -
in a controlled or “before and after™ setting. Finally. the introduction of Ny
improved safety fealures at one intersection anay influenee the hehavior of
drvers at all intersections, thus further complicating the interpretation of :
resuits,
Objectives and Approach
Thi= project i~ primarily a ficld demonstration to define the problems. (o develop solution
concepls, and to determine the feasibility of the instruments. experimental protocol. and -
analy lie techniques. The primary product s an experimental plan for a subsequent
delinitive study to evaluate the cost effectiveness of solution coneepts. The objectives of this g
proicet can be stated as below: :

Develop:

!, Causative factors from a veview of railwayv-highway intersection aceidentz.

2. A\ description of the driver’s inherent safety polential.

3. Instrumentation and methods for measuring driver behavior. knowledge. and
allitudes.

4. Human faclors couniermeasures concepts,

Demonstrate:

1. The effectiveness of the instrumentation and mcthodology as tools for extensive
study of driver behavior. knowledge. and attitudes.

2. The effectiveness of human factors countermeasures in improving railway -highwan

safety.
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Recommend:

1. Countermeasures which are costeffective in modifving driver behavior at
railway-highwav crossings through cither:
) 3 .
a. overt devices or physical changes at railwav-highway inlersections. or

g driver attiludes and salety awareness

b. changing

2. A plan for field evaluation of countermeasures concepts which are feasible.

The above objectives were planned in a four-phase study project. The following is a brief
description of cach phase and the interaction between phases.

Phase [ was a review of a selected sample of accidents in order to determine causative
factors. The results of Phase I were applied in Phase I to sharpen the criteria for site
seleclion. experimental measures and instrumentation. and to help in the determination of

driver behavior and attitudes as well as human factors countormeasures concepls,

One of the principal goals to be met in Phase Il was the establishmenl of human factors
norms with respect to driver knowledge. attitude. and behavior. In the overall scheme of the
i

research. these norms will serve as standards of comparizon for “before™ and “after”™ studies
specifie grade erossing sites. In addition. Phase 1 provided measures of effectiveness that.
together with the field experimental findings of Phase 1 (validation study). supported the
planning of large scalc ficld cxperimentation (Phase 1V).

The overall objectives of the project have alrcady been described. The specific objectives
met in Phases! and II were:
e Better understand the driver population and the behavior it displays al grade crossings.

e Define a set of —safety oriented™ behavioral measures that are both operationally
meaningful and capable of reliable e¢xpe-imental measurement.

e [solate a sl of driver characteristics thal can serve as nonredundant prediclors of

driving performance.

® Dectermine the extent to which the observed behavior or prediclor variables cansbe
used 1o develop and evaluate railway-highway countermeasures.

e Suggest the most cost-effective set of measures applicable to countermeasures design
and evaluation.

-5




At the outzet of the projeet. it was presumed that there would be a coherent paltern
of driver behavior at railway grade crossings which, when determined. would provide a hawe
for preseriptive recommendations in the form of countermeasures. The jmage of & coberent
pattern included what might be called ar ideal behavioral sequence. The “safe” driver wauld
b decelersting during the approach te the grade crossing from the poinl of awarcness. If
the erossing site had passive warning devices. veloeity would drop to a level whereby the
drive: could make a thorough vizual and auditory scan. The scanning process would be
manifested by appropriate head movements and actions such as rolling down the window
and turning down the radio or turning off the air conditioner to enhance auditory pereep-
lion of wurning =ignals. At crossings guarded by active warning devices, the scanning process
could be more expedilious on the assumption that attention couid be focused on lhe warn.
ing deviees as such and that the absence of a positive warning would be suificient basi~ tor
2 relativeiy expeditious passage through the grade crossing. In instanees where the active
warning was on, the ideal profile would include a complete stop well back from the e
~cction. Allowances would be made for subsequent progress through the crossing in the

ab~cnee of an obvious hazard since such acts are generally legal.

Ideally . there would be a major segment of the driver population following the “safe”
srquence plus some segments showing deviant proﬁlvs. he assumption was that the
behavior. attitudes. knowledge. and demographic characteristics of the deviant clas wouid
ideatify the targel population toward which countermeisures would be dirccted. and Tortlier

these characteristies would suggest the class of counlermeasures to be preseribed.

In [act, the empirical observations did confirm the initial assumptions. althoud 1

populztion was in no way sharply divided. For example. there was an almost universdd

teadency 1o decclerale during an approach to a grade crossing. The measures identil]
during Phase Il of this contract were refined to identify subjects exhibiting high and fow
rish henavior and allitudes. Classes of countermeasures with potential value were identificd
I potheses were then developed which, as confirmed or rejected, identified the polential

value of classes of countermeasures.

1-6




CHAPTER 2
REVIEW OF RAILWAY-HIGHWAY ACCIDENTS

It has been estimated thai 75 to 80 percent of all highway accidents occur at intersections. The
railwayv-highway grade crossing possesses cerlain inlersection characteristics that appear to be

particularly hazardous. For instance:

1. Seventv-eight percent of the at-grade crossings (approximately 161.280) do not have active
warning devices.‘

2. Passive railroad grade crossing devices generally do not requirc. nor do they elicit. a
characteristic driver response (e.g.. as stop signs do).
Sight distance is frequently inadequate at the cro:fings.‘)’

4. One of the users of the crossing (the train) is generally incapable of taking effective evasive
action.

5. The mass differential between the crossing users is extreme.

This chapter will explore the extent to which the factors such as the above attribute Lo highway
grade crossing accidents. A few cautionary remarks should be made before dizcussing the aceident
data. The accident frequencey at a given location must be evaluated in light of the number of
vehicles exposed to the supposed hazard. In the simplest case. we might predict the probability of a
train/vchicle accident as some multiplicative function of the average train and vehicle volume.
Unfortunately, the frequency of trains at a crossing is seldom considered in the reporting or analy sis
of accident data. Problems associated with the lack of exposure data are particularly evident when

" comparing the cfficiency of various traffic control devices (e.g.. passive versus active) whose
installation is often based on train and vehicle volumes.

Table 2-1 displays the number of persons killed and injured at grade crossings in 1971 asa
function of the traffic control at the crossing. Crossings with aclive devices account for 41 ppereent
of the fatal and injury accidents while only represcnting 22 percent of the nation’s at-grade
vrossings. It is likely that the almost 200 percent over-representation of these crossings i the result
of heavier train and traffic volume. In addition. crossings having an accident history are more likels

to be converted to active traffic control devices.

i.ike most fatality and injury figures. the values presented in Table 2-1 are a gross underestimate
of the total number of vehicle/train accidents. Data based on California’s accident experience
indicate that over 50 percent of the reported vekicle/train aceidents do not involve a casualty as
defined here.® Other estimates indicate that the number of reported vehicle/train accidents for
1971 is likely 1o be around 12.400.10

[
|
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Table 2-1
Railway-llighway Casualty Accidents involving Motor Vchicles.

by Type of Crossing Protection, 1971 !

Type of Number Number of Accidents

crossing protection Killed injured of crossings2 per 100

at time of accident accidents on Ceec. 31,1970 Crossings
Lowered gates - — — = — e e . 60 117 138 10412 1.33
Audibie & visible signal - _ _ _ _ _ 265 648 B873 29,960 2.25
Audibie signal— - v — e e o 10 22 24 1,273 1.89
VisiDle signale — e o e 178 468 481 4,601 1045
Total Active ___ _ __ _ __ s13 - | 1285 1,316 46236 2.85

Signal or sign not of
a type indicating
approach of train_ _ _ __ — _ _ 749 1,958 1,873 164,280 1.14

Grand total— — — — — — — _ 1262 3,213 3,189 210,526 1.51

1Ada:ned from Raii-Highway Grade-Crossing Accidents, DOT, Federal Railroad Administration Office of Safety, for the
yvear ending December 31, 1971.

20n ciass | line-haul railroads and switching and terminal companies. Data for 1971 not available.

Note: Where more than one type of protection was afforded at the time of accident, the accident was classified
according to the type first shown above.

An indication of the interaction between accident severity and the type of traffic control device
can be secn in Table 2-1. The national statistics presented in this table support the conclusion that
accident severity is not dependent on the presence of active or passive control devices.

Similarly. Table 2-2 displays the relation between active/passive devices and weather

conditions_*

Although significantly fewer accidents occur during periods of rain or fog (possibly the
combinced effects of reduced exposure and slower operating speeds), weather does not appear to
diffcrenlially affect the effectiveness of the two classes of traffic control devices.

*The accident sample presented in Table 2-2 was drawn (rom the HSRI University of Michigan's accident files and
represents all the reported train/vehicle accidents in Oakland County, Michigan (1968-1970). Bexar County. Texas
(1969-1970), and a five percent random sample of all the accidents in Texas (1969-1970). Thus there is a probable,
but small, duplication built into this data (approximately 1.5 percent).

P T e W W g "
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Table 2—-2

Grade Crossing Accidents in Relation to Weather Conditions
and Active/Passive Traffic Control

Traffic Control

Weather Acrive Passive
Ciear 171 113
x2=0.19
Rain or Fog 23 12

Tablce 2-3 shows the relaion between weather conditions and accident severity.* Based on this
rather small sample. it does not appear that accident severity is dependert on prevailing weather
q-rmditions.

Table 2-3
Relation Between Weather Conditions and Railwav-Highwayv Accident Severity

Weather
Rain,
Acciden! Severity Clear Snow, ett.
Fatat 21 2
Injured =) 13 x2 = 1.18
Property Damage 141 26

On a nationa] basis (sece Table 2.4). 68.76 percent of all 1971 railway-highway accidents oc-

curred in clear weather. It should be noted that the statistics on road conditions from 23 stales indi-

cate thzt 69.9 percent of all motor vehicle accidents in 1971 occurred on dry road surfaces.

Table 2-4 alzo reveals that a significantly higher proporticn (z = 3.33, df 2264) of nighttime vehicle
accidents occur during poor weather conditions. If we now look at vehicles that ran into a train, we
find that over 50 percent of these accidents occurred after dark (as opposed to approximately

33 percent of vehicle struck accidents). In addition. a significantly larger proportion of the vehicle

striking accidents occur under other than clear weather conditions (54 percent versus 36 percent for

striking and struck. respectively). The above differences may reflect the difficulty drivers have in
detecting the unilluminated railroad cars at night and dunng periods of poor visibility.

*HSR[, Oakland County, Michigan (1968-1970), Bexar County, Texus, (1969-1970), Texas (1969-1970). Seattle,
Washington (1969).

v
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Table 2—-4
Weather Conditions and Railway-Highway Casualty Accidents

Involving Motor Vchicles, 1971}

Ran into Side of Train
Number of Accidents Struck by Train {Striking)
Weather Number | % of Tortal | & Daylight +FDark + Daylight = Dark
Clear 2,215 68.76 1,131 454 300 330
Cioudy, Rain, Fog, Snow, etc. 1,006 31.24 438 243 1488 176

1Adapted from Rail-Highway Grade-Crossing Accidents, DOT, Federal Railroad Administration Office of Safety, for the
year ending December 31, 1971.

Table 2-5. based on 1970 California data. extends the striking-struck distinction to types of
traffic control devices at the crossing. Automatic gates. flashing lights. and sign= are respectivehy
associated with significantly (p <.03) larger proportions of vehicle struck aceidents, 1t would his
appear that the physical restraints (gates) and visual stimuli (lights) are more effective in alerling (he
driver that a train is occupying the crossing. In particular. the flashing lights may direct sufficicnt

atlention lo the crossing to enable the driver to detect the generally low reflectant railroad cars.

Table 2—3
Vehicles Struck by and Striking Trains as Related
to Types of Traffic Control. 1970 Californial

% Vehicles

Struck By % Vehicles
Traffic Control Front End of Train Striking Train
Automatic Gates 772 17
Flashing Lights 70 26
Signs 62 34

1Adamed from Annual Report of Railroad Accidents reported under General Order No, 22-B for Year 1970,
California Publ.c Utility Commission, Transportation Division, 30 June 1971.

“Percentages represent percent of total rail-weicle accidents and, as such, do not total to 100.

National statistics presented in Table 2-6 indicate that there are significantiy fewer
(X2 =40.89. df 1) nighttime accidents ai passive crossings than might be expected. This finding

mayv be attributable to lower vehicle and/or trién usage of the passive erossings after dark. However.

1
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Table 2—4
Weather Conditions and Railway-Hizhway Casualty Accidents

Involving Motor Vehicles, 1971 !

Ran into Side of Train
Numbper of Accidents truck by Train {Striking!
Weather Number | % of Total | & Daylight = Dark = Daylight = Dark
Crear 2,215 68.76 1,131 454 300 230
Cloudy. Rain, Fog, Snow, etc. 1,006 31.24 438 243 148 176

1Adapted from Rail-Highway Grade-Crossing Accidents, DOT, Federal Railroad Administration Office of Safety, for the

year ending December 31, 1971.

Table 2-5. based on 1970 California data. extends the striking-struck dislinclion to tyvpes of
traffic control devices at the crossing. Automatic gates. flashing lights. and sign= are respectivety

azsociated with significantly (p <.05) larger proportion= of vehicle struck aceident= It would thus

appear that the physical restraints (gates) and visual stimuli (lights) are more effcclive in alerting the

driver that a train is occupying the crossing. In particular, the flashing lghts may direct ~ufficient
attention Lo the crossing to enable the driver to detect the generally low reflectant railroad cars,

Tablec 2—-5
Vehicles Struck by and Striking Trainz as Related
to Types of Traffic Control. 1970 California!

% Vehicles
N Struck By % Vehicles

Traffic Control Front End of Train Striking Train

Automatic Gates 772 17
Flashing Lights 70 2%
Signs 62 34

1Adapted from Annual Report of Railroad Accidents reported under General Order No. 22-B for Year 1970,
California Publ.c Utility Commission, Transporzation Division, 30 June 1971,

2?ercentages represent percent of total rail-vehicle acqdents and, as such, do nort total 1o 100.

National statistics presented in Table 2-6 indicate that there are significantly fewer .

(X2 =10.89. df 1) nightime accidents at passive crossings than might be expected. This finding
may be attributable to lower vehicle and/or train usage of the passive crossings ufter dark. However,




Table 2—-2

Grade Crossing Accidents in Relation to Weather Conditions
and Active/Passive Traffic Conirol

Traffic Control

Weather Active Passive
Ciear 175 113
x2-0.19
Rain or Fog 23 12

Tabic 2-3 shows the relation between weather conditions and accident severity.* Based on this
rather small sample. it does not appear that accident severity is dependent on prevailing weather

conditions.

Table 2—-3
Relation Between Weather Conditions and Railwayv-Highwav Accident Severity

\Veather
Rair,
Accident Severity Clear Snow, ezc.
stal 21 2
Injured 94 13 x2=1.19
Property Damage 141 26

On a national basis (see Table 2-4}, 68.76 percent of all 1971 railway-highway accidents oc-
curred in clear weather. It should be noted that the statistics on road conditions from 23 states indi-
cate that 69.9 pereent of all motor vehicle accidents in 1971 occurred on dry road surfaces.

Tabie 2-4 also reveals that a significantly higher proportion (z = 3.33. df 2264) of nighttime vehicle
accidents occur during poor weather conditions, If we now look at vehicles that ran into a train, we
find that over 30 pescuiii ol these accidents occurred after dark (as opposed to approximately

33 percent of vehicle struck aceidents), In zddition. a significantly larger proportion of the vehicle
~triking accidenls occur under other than elzar weather conditions (54 percent versus 36 percent for
striking and struck. respectively). The above differences may reflect the difficulty drivers have in
detecting the unilluminated railroad cars at night and during periods of poor visibility,

Wasliington (1969).

X
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when compared to crossings at which there is active protecton. a signilicantly greater proportion of
the accidents at passive crossings represent the vehicle striking type of aceident (46 percent versus

36 pereent).

Table 2—-6
Dav/Night Railway-Highway Casualty Aceidents Involving Motor Vehicles,

by Typc of Crosing Protection, 19711

Type of Number Struck ' Ran in1o Side of Train
crossing protection occurring by train i (Striking)
21 time of accident Cayiight | Dark ! Daylight | Dark | Daylight Dark
. -
Lowered 9ates o o o o o o e e s e — e 45 a3 39 | 64 1 6 29
Audibte & Visible signal._ _ o o e o 391 282 281 i 173 ‘ 110 103
Audible 5I9Nal oo e o o . 19 [ 16 J’ 5 ! 3 .
Visible signal 289 192 214 | 117 | 75 75
¢ ;
Total ACtIVe o - o e - . 744 372 550 . 365 : 194 207
Signal or sign not of i
a type indicating i
approach of train_ . _ _ . __ _ ———— 1,268 605 1.019 | 325 249 280
! '
Gran@ 108l — o o . } 2.012 1117 1569 | 620 443 287

1Auap:ed from Rail-Highway.Grade-CrCssing Accicents DOT, Federal Railroad Administration Office of Safety, for the
year ending December 31, 1971,

Note: Where more than one type of protection was affarded at the time of accident, the accident was classified
accorging to the type first shown above.

Bascd on the data available througl: the HSRI accident files. we could not deteet any relation
between day/night accident occurrence and accident severily* (sce Table 2-T). There does. however,
appear to be arelation between hour of the day and accident frequeney. Figure 2-1 displavs this rela-
tion for 1971 accident data. Three to 5 PM appears to be the peak aceident period and. not sur.
prisingly_also correspond to the hours of peak traffic volume. A review of =easonal and daily accident
records did nat, however. reveal a stable relation between accident frequency and these calendar type
variables,

Table 2—7

Relation Between Time of Accident Occurrence and Accident Severity

Time of Day

Accident Severity 0600—1759 1800-0559
Faral 10 5
Injured 54 22 X2 = 0.35
Property Damage 51 29

s

*1ISPJ. Oakland County. Michigan (1968-1970). Dade County, Florida (1970), Reattle, Washington (1969). Night |
defined here as the hours between 6 PM and 6 AM.
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Figure 2—1. Relaticn between railway-highway casualty accidents and time of day. 1971,

We can further inquire into the extent to which the dav/night railway-highway aceident involve-
ment differs from all traffic - cidents. Table 2-8 displays this reladon,

Table 2—8
Frequency of Railw ey iighway Casualty Accidents and All Traffic Accidents
by Time of Occurrence, 1971

Time of Day {(Hours)

Accident Type 0600—17539 18000559
Rail-Highway 1967 1257
(61%) (39%!
x2 =14.0¢
All Traffic 864, 645 482, 154
164.2%) (35.8%) <
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Although the above table indicates a statistically (p < .01) higher proportion of railway-
highwayv acecidents occurring atter 6 PM. the practical significance of a 3.2 pereent difference
(39.0 pereent versus 35.8 percent) does not appear particularly noteworthy. In fact. the
similarity of the pereenlages are somewhat surprizing in light of the fact that the values were
drawn from two different sources.” 9

A comparizon of fatal railwav-highway accidents with all valal accidents may provide a
perspective for some of the previous discussion on time of occurrence.d Tn particular. six
vears of Michigan accident data indicate that a higher percentage of raiiway -highway fatalities
(63.9 percent) occur during davtime hours than vehicle fztals in general (44 percent).

Several epiphcnomena mav be asseciated with the presumed higher day ime occurrence of
fatal railwav-highway accidents. For instance. the same Michigan =tudy found twice as many
cases of alcohol and drug use among the general vehicle fatal accidents (206.6 pereent versus
12.0 percent). In addilion, a significantly greater proportion of females were involved in
railwayv-highwav fatalitics than in all fatal vehiele accidents (22.7 pereent versus 16.7 pereent),
Bath of the above findings are probebly attributable to the higher incidence of drinking
drivers and male drivers at nighl.

Finally. the great difference in mass between the train and the automobile contribules
oreally to the zeverity of railwayv-highway aceidenls. A recent report 1o Congress slales that of
all tranzportation accidents, only aviation accidents exceed the severity of railwayv-highway
accidents.}0 The report further indicates that the ratio of persons killed in railwayv-highway
accidents to the total number of railwasy -highway aceidents i over 30 times greater than the
same ratio for all motor vehicle accidents. Thus. it is estimated that there will be one fatalits
for approximately every eight railway-highway accidents.

Before concluding this brief presentation and analysis of the accident data. it would i
profitalle to review some raitway-highway accidents in fur grealer dedail ihan that available
through police and raiiroad records. The reports prepared by the multidisciplinary accident
investigation lcams (MDAI) provide a promising source of m-depth inf::nmation. Table 2.9
presents the result of a content analvsis of the 12 available MDAI reporis.

Il is interesting to note that in seven cul of the eight cases where the drivers” familiarity
with the crossing was noted. the involved driver was aware of the existence of the crossing.
This finding is supported by the findings of several larwe data base studies. 011 These sinties indi-
cated that approximately 95 pereent of the accident-involved drivers were residents of the slales in
which the accident occurred and 65 1o 78 percent could be classified 2: either living in the cily in

which the accident occurred or being local residents, 0. 11
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The “Comments" column indicates a variety of precipitating and predisposing factors associated
with the accident occurrence. These factors include railrozd crossing in poor state of repair. mal- ;
furnction of an aclive signaling device_ advanee warning sign not maintained . poor sight distance,

inaltention on the part of the driver. driver physically disabled (hearing losx). and driver’s disregard

ol gates resulting from a previous history of failure,

The precipitating factors can be subsumed under the twe eneral rubrics of:

e maintenance or engineering problem. an:i

e driver attention and detection problems

Accident History At Local Project Sites

Virginia

Table 2-10 presents details on accidents occeurring at =elected Virginia grade crossings. The sites

shown include all those within the city limits of Manassas with a arade erossing aceident history
during the period 1956—1972. All grade crossing accidents at these sites during this seven-y car

period are shown.

Of the three Virginia sites at which traffic behavior and driver questionnaire data were collected
on this project. two are in tite city limits of Manassas. These are the Fairview and Route 28 sites. As
shown in Table 2-10. ecach has an accident history. The third Virginia site. Calverton, is in Faugquier
County. cutside the city limits of Manassas. Calverton and Manassax are separated by aboul ten
miles. The same railroad passes through x!l locations.

Ax shown in Table 2-10, only one accident was on file al four of the grade crossing iocations :

*

during the 1956—1972 period. Two of these had active prolectiza: and iwo had passive prolection.
In cach case, the train struck the motor vehicle.

At the other five sites shown in Table 2-10, three or more accidents were on file, Al but one of
these sites, Calverton. had active protection. The site with the greatest number of accidents was
South Grant Avenue with nine accidents recorded. Sceond and third in numbers of accidents
recorded were Fairview Avenue (seven) and South Main Strecel (six).

Considering the table as a whole, there are 33 aceidents. of which 30 or about four per vear
occurred within the Manassas city limits. The age of the drivers ranges from 17 1o 84 vears.
All but four were male. The representation of females in Table 2-10 is not greatly different
from their representation in the national sample data (23 percent). All but two of the drivers
had in-state driver’s licenses. Alcohol was ciled as a factor in only three of the aceidents.
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With regard to the conditions surrounding the accidents. about hall oceurred at night or
during dawn or dusk. This is aboul ten percent higher than the proportion of night accidents
in the data reported on page 2-6. About two-thirds of the accidents occurred under clear or
cloudy conditions with a dry road surface. In all bul one case. the driver was proceeding at or

below the speed limit,

Bboth “train struck car”™ and “car struck train™ accidents occurred but the train struck car
lype were somewhat more frequent. At Calverton (passive). three of the four accidents were
of the car struck train varicty. At Fainview Avenue (active). all but once of the train-involved
accidents were of the train struck car type. Unfortunately. the data set is ton small to con.
clude that thiz distinction between accident tvpe and tyvpe of protection is real as was sug-
aested by the larger data data base. (Note that there are inversions in the relationship: e.g..

Route 28.)

The most striking feature of Table 2-10 is the unique cirenmstances under which some of
these aceidents occurred and the diversity of these circemstances. Considering firsg the train-
involved secidents. examples are: (1) disregarding the signals and/or the sight of the train:

(2) sudden mechanieal failures occurring on the tracks such as stailing. a plow coming loosc.
and an apparent loosening of rodends resulting in the car swerving and becoming stuck be-
tween the tracks: (3) faliing asleep at the wheel: and (4) divided attention such as looking
back at son or talking Lo wife. Two principles for development of countermeasures can be
derived from these circumstances. The first of these is the need to increase the pereeived
hazard of railroad grade crossings. particularly when a signal is activated or a train is in sight.
The sccond is the need to counteract distracting influences and increase driver awarcness in
the vicinity of the crossing. Rumble strips. for example. is a countermeasure deriving from this

principle.

Another facet of Table 2-10 is the accidents which occur in the vicinity of grade crossings
which do not involve a train. Two tvpes of these accidents may be identified: (1) backing up
into another vehicle: and (2) striking the end vehicle in a queue of vehicles stopped at the
crosszing. These aceidents point to the need to inform/warn drivers of other than direct train-

involved hazards at railroad crossings.

Maryland

Three of the nine projuct sites were located in the state of Maryvland (Sunnyaide.
Linthicum_ and New Midway). In comparison lo Virginia. railroad grade crossing accidents in

Manyland are poorly documented. A scarch for records resulted in the following:

e Sunnyzide — no records of accidents at this high train frequency active crossing were

found.

2-12




e Linthicum — at this passive crossing, between 1966 and 1971, only onc accident was
recorded. In late 1968, a car struck a pedestrian al the crossing. Nc¢ Lrain was involved.

The weather was clear and dry.

e New Midway — between 1966 and 1971. one injury was rccorded at this passive cross-

ing. A car struck a train on a clear, dry day in 19066.

It is difficult to believe that so few accidents have occurred. particularly at the Sunnyside
crozsing. Consideration should be given to a standardized records-keeping system for use in all
states s0 that a more comprehensive data base for usc in clucidating the contributing fuctors
for grade crossing accidents can be developed.

Crossing Inventories

Each Virginia county maintains an inventory of grade crossings. and duplicate files were
found at the State level. For each crossing. a number had been calculated which was calied
the ~Hazard Index.” A major factor in this index is “Quadrant Visibility Faclor.” but no deli-
nitton of this term was readilv available. The “protection factor™ is alwavs 0.9 for passive
crossings including those with only one of the two required crossbucks. The equation used for

the Virginia kazard index is the product of all of the following lerms:

Averag: daily traffic
Average daily trains
Protcction factor

1.5 if maultiple tracks
Accidents last 5 years plus 1
Quadrant visibility factor

Marvland also has a partial inventory of grade crossings compiled during a 1967 grade
crossing study. This study also established their current method of caleulating a hazard index.
It is interesting to note that, since driver sight distances were not included in the study . this
factor (a major multiplier in Virginia) is not included. As latc as 1969, comprchensive grade
crossing protection programs were not being pursued in Marvland. due in part to the 1968
fatality report which showed only seven-tenths of one pereent of all motor vehicle fatalitios
were train related (compared to 2.6 percent for the nation).!

YCoffman, S.F., Reed, M.F., Morgan. D., & Spicher, R. Marvland's highway safety needs in highway desigm.
construction and mairtenance.  Highway Engineerng  Division.  Automotive  Safety  Foundation.

Washington, D.C., 1969. )
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During the course of this study. an accident reduction program of the Union Pacific Rail-

road Companv was noted. The program 1s described in Chapter 3. Of interest here is the fre-

queney of accidents on a zcasonal basis. The figure below shows their northern and southern

accident history for reportable and nonreportable events in {971, The striking increase of ac-

cidents in cold weather is clearly an issue to be addressed by countermeasure innovations.

RELATIVE NUMBER OF ACCIDENTS

€ SNOWSEASON __— o

NORTHERN

SOUTHERN

I i T T 1 T i ! I 1 ' ]
JuL  AUG  SEP OCT NOV DEC JAN FEB MAR APR MAY  JUN

Ficure 2-2. Vehicie-Train accident expericneed by Union Pacifie in 1971
for Northern and Southern State operations compared with cold weather factors.
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CHAPTER 3
APPRAISAL OF INHERENT DRIVER SAFETY POTENTIAL

The driver at the grade crossing represents a highlv complex situation. Hix behavior is a
product of a large number of interacting factors. Some of these are physical and objectively
measurable (eg.. the charucteristics of the site itself. the nature and status of signs and
warning devices. the conditions of visibilityv and weather. the presence or absence of a
train). Many others. however. arc far less tangible. They include factors such zs driver
knowledge. driving experience. attitude. and perceptual-motor capabilities. Collectively. these
intangibles may be designated as the human factors of grade crossing behavior. Figure 3-1
illustrates these factors.

An objective of this study was to describe zeneral driver behavioral patterns and Lo de.
velop an appraisal of the inherent safety potential which the driver brings to the grade
crossing situation. The concept “inherent driver =aiety potential™ means that conglomerate
of cducational. experiential. attitudinai. and psvchophyvsiological characteristics which interact
with situational and other environmental variables at any given moment. The result of this
interaction, if it occurs in a potential accident situation. is either an accident or the avoid-

ance of an accident.

The inherent driver safety potential. taken as a whole. is dvnamic. Its “value™ for any
given driver fluctuates from moment to moment. However. thiz value results from compo-
nents which are relatively constant (for example. factual knowledge of railroad grade cross-
ing statistics) and components which fluctuate greatly (for example. attenlion to particular
aspects of the driving task). Because of varving values for fluctuating componentz and their
interaction with more static components, the inhcrent driver safety potential will also fluctu-
ate.

A useful model is one deriving from work by Dimling and Miller (1969) which relates
driver performance and syvstem demands to accident occurrence. As shown in Figure 3-2.
driver performance levels and system demands on the driver vary with time. An accident
occurs when performance happens to fall below that required by svstem demand:. Low per-
formance levels do not necessarily result in accidenis nor iz a high performance level a
guarantee against them. What is important is the relationship between performance level and
demand level. In fact. it might be postulated that since performance levels and demand

levels are usually not extreme. most accidents occur at intermediate values of cach.
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Accident

LEVEL

| Driver performance

\ System demands

TIME

Figure 3—2. Hypothetical relationship between accidents. driver performance.
and svstem demands (after Dimling & VMiller. 1969).

Of paiucular interest to consider is the unpredictable manncr in which system demands
can change. which suggests a random factor in accident occurrence. As Dimling and Miller
(1969) illustrate: “"A driver may shift his eves from the road in fronl of him Lo his rear-view
mirror. specdometer. or a passenger with whom he is conversing, without having ar accident.
If. however. the car in front of his brakes suddenly. just as his eves leave the road. he may
crash into the car in front. Whether he is involved in an accident or not will depend. there-
for:. on whether the sudden stop by the car in front happens to coincide with his taking his
eves off the road: if he has no way to predict a sudden stop by the car in front. then his
running into the car is essentially a random phenomenon.™

In addition to illustrating the probablistic nature of accidents. the model in Figure 3.2
makes it clear that improving driver performance iz only onc wav to reduce accidents. An
alternate approach is to reduce system demands.

In Chapter 2. comments concerning the circumstances surrounding accident case histories at a _
number of accident locations were given. Especially noteworthy was the peculiar circumstances sur- :
rounding many of these accidents. circumstances quite compaiible with a probablistic model of ac- :
cident occurrence along the lines proposed by Dimling and Miller (1969). Although not developed
for grade crossing accidents. their model appears very appropriate lor this accident subset.



In the Dimling-\iller model, inherent driver safety potential may be meaningfully sub-

stituted for driver performance. Use of the term inherent driver safety polential emphasizes

the fact that performance i= a function of knowledge, experience. attitude. and inherent

capabilities all of which will impact on the molorist’s response to a particular driving

~siluation.

In thi= Chapler. six  major categories of factors which contribute lo inherent driver

~afety
™

potential are discussed. These are:

Driver education

State licensing procedures

Safety programs

L.aw enforcement

Attitude and habil components of railwayv-highwas safety

Psvchophysiological capabilities and himitations

Driver Education

One of the objectives of driver education is to impart the required knowledge, skills,

habit=. and attitudes to enable the driver to perform in a manner that will minimize the

probability of his causing or being involved in a traffic accidenl. The National Education

Association (1961) defines driver and traffic safety education as “learning expericnces pro-

vided by the =chool for the purpose of helping students to become good traffic cilizens and

to us¢ motor vehicles safely and efficiently.”

Traditionally. driver training was accomplished by an experienced driver (usually a member

of the family) leaching the novice the mechanics of driving and the rules of the road. In

recent vears, however, training has become institutionalized. and an increasing proportion of

drivers receive all or most of their basie training throueh commercial drivine schools or
- =) =

through the public ~school system. The latter has become of inercasing importance and value

since public school driver education programs™ typically include much more than guided

practice in handling the vehicle and cover such topics as motor vehicle laws. safely measures,

safe driving practices. and the like. For the vounger generation of drivers. the exposure to

such a broad course of driving and safety cducation has shown some pavoff. For example. one
possible interpretation which has been suggested for the decline in railwav-highway accidents

involving veunger age groups in the Chicago arca is the increasing prevalence and effectiveness

of high =chool driver education in that city (Logan. 1969),
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The Chicago experience has not been verified on any scientific basis. Although information

regarding the railroad grade crossing is included In numcrous high school driver education
curricula. the time devoled iz on the order of five minates out ot 30 class hours. A notable
exception is the Waterloo school system in lowa where each driver education student. as part
of his behind the-wheel training. traverses a railroad grade crossing and is given a performance
evaluation by the instructor. The lowa Driver Education Curriculum contains a page devoted
to the railroad grade crossing describing material for the instructor lo cover as well as a series
of specific proper and improper driver performances. The lowa school system wouid appeur to
be a desirable location for a program to evaluate the potential of driver education upoi grade
crossing driver performance. In an examination of the high school driver training curricula in
five school jurisdictions adjacent to Washington D.C. (Alexandria. Arlington County. Fairfax
County. the District of Columbia. and Montgomery County). it was determined that railwav-
highway safety reccives almost no attention. Apart from teaching recognition of the ~landard
railway grade crossing signs and pointing out the legal requirement to stop at a flasher or
barrier. the curricula in these five jurizdictions are almost devoid of instruction in grade eross-

ing safety,

Some texts availahle to teachers contain sparse information on railroad grade crossings:
typical of these are: “Tomorrow™s Drivers.” Pawlowski and Johnson (1971): “Mavday-
Muyday.”™ The Directorate of Aerospace Safety. UR. Air Foree (undated): —Sportsmanlike

Driving.” American Automohile Association (1970).

At this point in time. it must be surmised that ihe knowledge that the driver brings to the
driving task based on his having completed the typicai =30 and 6™ secondary school driver
cducation program is limited to the realization that the grade crossing presents a potential
hazard but without a series of specific actions to be taken to minimize the frequency and
severity of poi‘cntial train-vehicle conflicts. The driver’s inherent safety potential is presently

nol increased with respect to the grade crossing situation by driver education.

Rescarchers are developing materials to provide an accident countermeasure-oriented driver
cducation curriculum. Specific action items on the part of the driver are described for varving
conditions. Although thesc items are few in number. it provides a slarting point. The Safe
Performance Curricuium for Secondary School Driver Education Interim Specifications.
HumRRO (1973) contains the following driver railroad grade crossing performance items:

The student will observe the highway well ahead for structures. such as rail-
road crossings, bridges, tunnels. and toll plazas.
He will:
Watch and/or listen for physical indications that a railroad crossing is
ahead. such a- railroad tracks or the sound ol the train or it~
whistle,
Obeervee both directions of track.
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ilighway structures, ~uch a~ toll plazas. railroad crossing
tunnels, provide cues to the student for the safe operat
uppropriate speed control (when negotiating railroud crossing-, the student

will:

~. bridge< and
ion ol the car. For

Reduce speed and prepare 1o stop at the erossing unless he has o clear

view of the tracks.
If e b= following @ ~chool hus. commercial pusse nu

truckh. prepare to ~top behind the vehicle,

When approaching a crassing with no signal. decelerate

«r vehiele or tank

and:

If visihilitv i clear and no trains are in sight. maintain speed and cros-

immediately.

If train is approaching. stop the car within 30 lvet but not less than

13 feet from tne nearest rail.

When approaching a signalized crossing (flashing lights or sates). decelerate

and prepare to stop in advance of the crossing if the s

anal i~ activated.

‘hen encountering highway structures (railroad crossing-. toll plazas.
Wh tering highway struct Iroad crossir tol! plaza
bridees. and tunnels. the studernt will respond by positioning the car in the

appropriate manner. AL railroud crossings, he will:

Proceed acros= the trachs:

When he has a clear view of all the treek= in both dircetuone,

I no train i= coming or il it s stopped or moving Slowly at a

distance.
IT the lagman <o direets.
Avoid stopping on the tracks or between tracks,

Enter the crosing omly when there is sutficient
side of the trackhs to stop without projecting on

Wait for the train to complete the crossing befo

space on the other
to U tracks.

re starling across,

remaining ~topped if other trains are approaching.

At siemalized crossing-:

Remain stopped until the signal indicates the track 1= clear.

Continue through the crossing as quickly as possible if the signal is

activated while the car is crossing the trachs.

Thiz group of specificalions represents a portion of the curriculum that will be

asdministered on a pilot basis to groups of secondary school =t

10T3—June 1974, Aceident experience of studenls completing

udents during the period July

the tolal curriculum wili he

compared with that of (1) students receiving a drver education program not spectfically de-

signed. as thiz is. as an accident counlermeasure. and (2) students receiving driving instriction

outside of the formal school svstem. Students will be assigned
groups on a stratified/random basis in order lo eliminate any
other than method of instruction.

3-6
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This program has ithe potential to provide some dala as lo the effecliveness of driver ed-

ucation scrving a: an accident countermeasure in the grade crossing situalion.

Public education iz not the only means by which driving inzstruction is accomplished. Com-

mercial driving schools account for a large proportion of driver training.

The general expectation with regard lo commercial driving schools is that little or no em-
phasis is placed on railway-highway safety. This was borne out by sample inquiries of firms in
the Washington, D.C. area. Of the six commercial driving =chools contacted (Iwo cach in
Virginia. Maryland. and the District of Columbia). none included any specific elements of
railwav-highway safety in their training svilabus. and none made any special effort to incor-
porate grade crossings in their practice driving tours for students.

o
—

State Licensing Procedures

Regardless of how the driver is trained. his qualifications to operate a molor vehicle are
subject to examination by the state in which he resides. The licensing authority exercises two
functions. Il examines and certifies the applicart’s driving ability and knowledge of motor

vehiele laws, and it serves as an instrument of driver education and improvement.

The process of licensing drivers is geared toward exercising some form of control over in-
expericnced drivers, It has been previousiy pointed out thal cducation and training prior lo
licensing can provide knowledge and =kills and aiso encourage a change of attitude among no-
vice drivers relating to vehicle operation and the driver’s relalionship to other motorists. If
adequale course content in the public school svstems relating to the railroad grade crossing
situation were to be provided. it would be a significanl period of lime (over 15 vears) be-

fore this training had been available to a large proportion of drivers.

In lieu of providing the required information in the classroom the states can: (1) provide
relevant information in their drvers manuals. (2) have test questions for initial and renewal
license applicants. and (3) utilize the driving test to verify operalors” knowledge of proper per-
formance at railroad grade crossings.

A national survey of state drivers manuals indicates that they normally contain a sketch of
the Railroad Advance Warning sign (W10-1)! and may includc a sketch of the Railroad
Crossbuck sign (R15-1) and the auxiliary sign showing the number of tracks (R15-2). A

I Refers to 2 mbols defined in the manual on Uniform Traffic Control Devices for Streetsand Highways, AASHO,
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statement i usuallyv included that the railroad crossing i< a hazardous location and that drivers are

Killed cach year because they have been careless. nol looked in both directions. or have passed other
cars at the crozsing. Table 3-1 provides o compendiam of the number of state drnvers manzals
containing specific informational content while Table 3-2 indicales the same data on a stale-by <late
busis. Table 3-3 indicates those railroad grade erossings-related licensing examination questions de-
veloped by the Hishway Safety Rescarch Institutae of the University of Michigan (HSR1). These
questions, c;)mpil(‘(l in a handbook. will he the basis for test items to be used in state Motor Vehicle
Bureau examinations.

The increasing use of audio-visual testing svstems to provide automated knowledee lesting and a
=) = i -
potential for remedial lcarning experience in areas where the applicant has demonstrated a lack of
knowledge. would be particularly suitable for the development of a specific package on the railroad
arade crossing situation. e.g.. the state laws, emergency situations. sale praclices. huzardous prac.
tives, ete.

In the area of performance testing. the obieclive iz 1o determine whether or not the driver can
operate hiz vehicle in asafe and proper manner. Testadministrators could be trained and off-street
testing facilitics developed to evaluate the operators” performance of specific maneavers under vars -
ing railroad grade crossing situationz. Such facilities could be used for a teaching as well a< a testing
program in conjui«tion with the remedial teaching package mentioned previoushy . Onestreet testing
it areas close to railroad grade crossings might make use of these physical test sites provided the test
administralors are prepared to conduct an incremental form of test. cach inerement permitiing the

applicant to make an improper as well as a proper mancuver without erfaling a hazardous situztion,

Although improved licensing techniques have the potentisl to provide the driver with particular
salety oriented kriowledge and attitudes to bring to the railroad grade erossing situation., at the pre-
sent time it can be assumed that the driver fieensing programs are not inereasing the inherent driver
~alely potential at the physical crossing =site.

Safety Programs

There is a considerable overlap among =afety programs. driver education, licensing procedures.
and law enforcement. Often. the program mav lake the form of instructional manunals or handbooks
i==ued by privale organizations or government agencies. For example. the American Triching Asso-
ciation issues a truck drivers” handbook and monthly safety newsletters to its members. State motor
vehicle burcaus often publizh :afe driving guides. posters. and such through their driver
improvement prgrams. Frequently. too. law enforcement ageneies sponsor safety campaigns. Thus.
safety programs do not really represent a wholly separate avenue for influencing driver knowledge.
Where safety programs do differ from these other <ources is in their d[)pl‘u.l‘ bowhich i usuaily
broad and conducted through public media.

.




Table 3—1

Summary of State Driver Manual Information

FSTATES BEHAVIOR — GENERAL
3 S Stop
20 sD Slow down
16 R-S Is ready to stop
[3 FSv Follows stopping vehicles at a safe distance
2 CN Exercises caution at night
27 L Looks
1 RwW Rolis cown window
9 Lis Listens
1 C-R Keeps right
38 R-P Restricts passing
2 TT Avoids bei~g trapped on tracks
5 NSG Avoids shifting gears on tracks
BEHAVIOR IN PRESENCE OF TRAIN
11 STC Stops when train,is close
2 STW Stops when train whistles
10 STD Stops a distance before tracks
17 CST Checks for second train
IDENTIFICATION OF CONTROL DEVICES
26 CcB Picture of crossbucks
a6 RR Picture of advance sign
26 L-CB Labeling of crassbucks
42 L-AR Labeling of advance sign
8 c-Cs Color of crossbucks
18 C-RR Color of advanc~ sign
23 D-Cs Deployment of crossbucks
33 D-RR Deployment of advance sign
2 PM Picture of pavement markings
1 D-PM Description of pavement markings
REACTION TO CONTROL DEVICES
15 S-F Stop for flagman
21 SFL Stop for flashing lights
8 SG Stop for gong
S S-SwW Stop for activated wiowag
14 SGT Stop for gate
7 NCG Does not go around gate
15 NTI Checks sign for numbar of tracks
4 R Respects signs and signals
13 S-S Stops for signal
6 S$-SS Stops for stop sign
z oD Obeys directions of officials
SPECIAL REGULATIONS — STOPS REQUIRED
16 S-sB School busses
14 S-PS Public service vehicles
14 S-EX Vehicles carrying explosives or inflammable liguids
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Table 3-3

Driver Licensing Questions From HSRI Handbook

L Class C. Vehicles (Cars & Small Trucks) (p.62# 1-7)

1, If you come to a railroad crossing that does not have a signal
on it:
a. Stop and look both ways before crossing.
b. Continue across at normal speed.
c. Blow the horn while driving over the tracks.
*d. Slow down and check for an approaching train.
2. ¥ you come to a signalized railroad crossing:
a. Siop and look both ways.
*b. Slow down and be prepared to stop.
c. Continue at. normal speed.
d. Speed up and.cross quickly.
3. When you come to a railroad crossing with no signal, you should:
a. Speed up to clear the tracks guickly.
*b. Oprn the window and turn down the radio.
c. Look te the left and proceed if the way is clear.
d. Come to 2 stop and check both directions.
4. When coming to a raillroad crossing where the signal is activated,
you should:
a. Continue quickly across the tracks if the train has not yet
arrived.
b. Slow down and cross the tracks slowly and carefully.
*c. Slow down and prepare to stop.
d. Turn around and try to find another route.
5. If you come to a railroad crossing where tae signal is not activated,
You should:
a. Speed up and cross the tracks quickly.
b. Continue at the same speed and check for a train before
crossing. )
*e. Slow down and check for a train before crossing.
d. Come to a complete stop before continuing across.

- .
Indicates proper answer.




Table 3—3 (Continued)

Driver Licensing Questions From HSRI Handbook

L Class C Vehicles--~(cont'd)

- 6.

(P. 122, #

4.

6.

While stopped for trairns at a multi-irack crossing:

*a. Wait until all *rains have passed and you can see in both
directions.
b. tart zcross as socn as the near irain has passed.
c. Weait until flagman signals you to cross.
d. Get out of your vehicle for a clear view.
When you are crossing railroad tracks ot a slow speed, do not:
a. Start across in low gear. T
k. Follow other vehicles at a distance.
*e. Shift the gears while you ure cro=sing.
d. Drive at a smooth, cven speed.
4-6)

The ressage on this sign is (Railroad):

a. Keep Right.
*b. Railroad Crossing.
c. Cross Walk.

d. Do Not Enter.

You should expect this sign (Railro:nd Crossbuck R15-1) near a:

a. School crossing.

b. IFire station entrance.
*c. Railrcad crossing.

d. Road consiruction area.

When you sce this sign (Railroad Crossbuck i115-1), you should:

a. . Spced up to quickly cross the iracks.

b. Stop until the flagman signals you io cross.
*c. Slow down and be prepared to stop.

d. Stop at the nearest rail and lool in both directions.

(P. 128, #6-8)

6.

The shape of this sign (Railroad Advanced Warning) indicates:
a. Stop.

b. School crossing.
c. Yield.
*d. Railroad crossing.

k
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Table 3—3 (Continued)
Driver Licensing Questions From HSRI Handbook
1. Class C Vehicles--(cont'd.)

7. You should expect this sign (Railroad Advance Warning W10-1)

before a:

a. School crossing.

b. Traffic circle.

‘c. Railroad crossing.

d. Highway intersection.

8. This sign (Railroad Advance Warning W10-1) means:

*a, Slow down and look out for a train.
b. Raflroad crossing ahead--always stop, look, and listen.
c. Railroad ahead is controlled; vehicles are not required
to stop.
d. Stop at the nearest railroad tracks and wait for a signal

before crossing.
(P. 138, #1)
1. These pavement markings (Railroad Crossing Approach 3-14)

mean caution:
a. Stop signal ahead.

b. Road work ahead.
c. Detour; vehicles must turn right.
*d. Railroad crossing ahead.
3-13




Table 3=3 (Continucd)

Driver Licensing Questions From HERT Handbook

II. Class A & B Vehicles (I.arge Trucks & Articulated Vebicles)
(p. 249, #1-10)
1. When coming o a railroad crossing, you should assume that:
a. You have the right-of-way.

*b. A train is coming.

c. You will not need 1o stop.

d. The signals would be on if there was a train nearby.
2. If you come to a railroad crossing where the signal is not on,

you should:

a. Speed up slightly and cross.
b. Continue at normal speed and cross. _
*e. Siow down and check for trains bhofore crossing.
d. Come 1o a full stop and look both wuys before créssi_ng.
3. Before you cross un unsignalized raiirosa iracl;, you should:
a. Come 1o a full stop.
*b. Be surc you have time io get 2ll ths way across.
c. Specd up 2 kit so you will be sure not to stall.
d. Keep one fool on the cluich in case you nceed vo shift while
on the track.
4. If you sce a leng irain coming toward you at a railroud crossing,

you should:

a. Cross if you think you can do so quickly.
b. Blow your horn and cross at @ moderite specd.
‘c. Stop und wait unless you are sure vou can cross in plenty
of time.
d. Turn around and continue by unother routc.
5. When you approach a railroad crossing in a long line of siow-

moving traffic, you should:

-

a. Be sure you will not be trapped on the tracks before crossing.
b. Attempt 10 pass when the vehicle ahiead has slowed down to
cress the tracks.
c. Be prcpared to shift gears while you are on the tracks.
d. Stay close to the vehicle in front of you.
6. You may have to stop at a railrouzd crossing 1ii:

a. There is no gate atl the crossing.

*b. You are carrying certain cargo.
c. Therce is more than 1 track.
d. Your iruck has morc than 3 axlcs.

3-14
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Table 3—3 (Continued)
Driver Licensing Questions From [SR1 Handbook

Class A & B Vehicles--{cont'd.)

7. When you are the {irst to stop at a railroad crossing, you should
not:
Z.  Signal the drivers behind you.
b. Pull over to the right.
c. Downshift into neutral or your lowest gear.
*d. Move as close to the tracks as possible.
8. When you are crossing railroad tracks, you should not:

-

a. Shift gears.

b. Drive slowly.

c. Look to the right and left.
d. Maintain a constant specd.

y

9. If you come io a railroad crossing where there 1s a double set

of tracks, you should:

*a. Check to be sure you can get 2ll the way across before
crossing.

b. Stop halfway across and check for trains from the other
dircction before continuing.

c. Come to a full stop and check both ways before starting
to cross.

d. Look both ways and speed up to cross ithe tracks quickly.

10. Railroad crossings on streets in cities:

*a. Are just as dangerous as rural grade crossings.

b. Do not require that you slow down unless the signal is on.
c. Require thut you slow down unless the signal is on.

d. Are all required to have gatcs md signals.



Table 3—3 (Continued)

Driver Licensing Questions From HSRT Handbook

III. Class M (Notorcycles) (p. 187, £1-6)

1, When driving, you should:
a. Drive faster than the other vehicles around you.
*b. Look for warning that railroad crossings wre ahead.
c. Stay 10 mph or more below the legal speed limix.
d. Try not to lean when turning or chunging directions.
2. When coming to a railroad crossing withoutl warning signals,
you should:
a. Siop cven if yoa don't sce any trains coming.
b. Look in boih diractions quickly.
*c. Slow down and look beforc crossing the wracks.
d. Press In the clutch belore cressing the trocks.
3. The Dbest way to cross raillroad tracks is to:
*a. Go slow and cross at an angle to the right,
b. Reduce speed and cross al an eagle {o the left.
c. Speed up slightly and lean forwurd for bulunce.
d. Reduce speed and cross at a right angle.
4. When about t0 cross a railroad track when ne irains are near,
you should:
a. Grasp handlebars loosely =:nd instruct passenger (if any)
to relax.
b. Shift your weight back and forth ns voun cross the tracks.
c. Accelerate sharply to gain momenium ic get over tracks.
*d. Keep your motorcycle as vertiicul as possible.
S. When crossing railroad tracks at a Jow specd, you should:
a. Start across tracks in third gear.
*b. Slip your clutch to avoid jerking the motorcyele.
c. Shift into second or {irst gear when going ovar ihe tracks
for more speed.
d. Siop between the tracks to check again for trains.
6. If you drop somcthing off your motoreycle while erossing
raiiroad tracks, you should:
a. Stop on the tracks and pick it up right away.
b. Back up il it looks like no train is coming.
*c. Keep going until yc. can pull off the road and walk back to
tracks.
d. Leave the object where it is, since it's illegal to pick things

up {rom the track.

3-16
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The National Safety Council. American Autonivbile Association. American Trueking As-
sociation. National Association of Motor Bus Owners. and Association of American Railroads

all prepare and distribute literature regarding railroad grade crossing safetv.

An example of an intensive. comprehensive safety campaign was that completed in October
1972 by the Union Pacific Railroad in ldaho.! The campaign lasted six weeks and included:

e newspaper ads in seven major daily papers:
e public service announcements over radio and television:

e talks by state policemen at schools and civic organizations {the police showed a special
safety film and distributed *Lifesaver” candies with special wrappers emphasizing grade

crossing safety):
e evewitness accounts by engineers involved in fatal accidents (engincers appeared on
television and films of near misses and crossing infractions by moterists were shown).

A major item in the campaign was increased enforcement. In addition to the cooperation of
the police. traffic court judges were included in the campaign. This step prevented reduction
of the enforcement impact by insignificant fines for infraction. Discussions with the Directlor
of the Idaho State Police showed that a high level of enthusiusm was developed for the pro-

gram among the various law enforcement agencies.

Unfortunately. the campaign did not end until October 1972, Thus. the benefits of the
program will not be apparent for about a vear when measured by the injury fatality rate and
no cvaluation of c¢ffectiveness can be included here.

Law Enforcement

l.aw enforcement, in the broadest sense of the term. has often been cited as an avenue lo
improve grade crossing safety. Law enforcement agencies and associations recognize their
potential. and many have taken an active interest in promoting railway-highway safety. For
example. the International Association of Chiefs of Police held a workshop on the topic at
their 1969 convention. Several law enforcement agencics (the Kalamazoo Police Department.

" the Chicago Police Department, and the Arizona and California Highwayv Patrols to name a

few) bhave active and forward looking programs related to grade crossing safetv. However. the
national pattern of law enforcement in this area is mixed. ranging from the excellent programs
just cited to virtual inattention.

IN.D. Nelson, Manager Safety and Courtesy, Union Pacific Railroad, Omaha, Nebraska was in charge of this
program. Mr. Nelson is currently preparing a film describing the Union Pacific campaign.
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To obtain insights into local programs. traffic police officials in some nearby jurisdictions
were consulted. The few examples of local law enforcement practices @iven helow are illustra-
tive of both the range of measures which are applied and the variation which exisls among

contiguous jurisdictions,

The Alexandria Police have no grade crossing safets program and no special or standing
instructionz are is=ued to traffie patrolmen in this regard. A\ few vears ago. when a prominent
citizen was Killed in a grade crossing accident. a number of concerned community organiza-
tions instituted a safety campaign. which was fully supported by the Alexandria Police. In
time, however. public interest dwindled. and the program lapsed. It is hard to sav what lasting

cffeet such a one-time cffort has had.

In response to citizen’s complaints about failure of motorists to heed flashers, the
Alexandria Police have on oceasion zlationed u patrol car at the South Van Dorn Street cross-
ing. As a result of summonszes issucd and the simple presence of officers. disregard of the
warning signals drops off sharply and remains low cven alter the patrol car iz withdrawn,
After a few months. however. the pattern of crosstng violations reemerges, From time to lime,
the monitoring of the crossing is reinstituted temporarily. but the poliee do not consider it

feasible to adopl such an intensive counlermeasire on a permanent basis,

The Arlington County Police have a program in cooperation with the high ~chools whereby
an officer is assigned to each school to serve as a lizon between zchaol and police officials.
Primary altention is devoted to preventing juvenile offenses and (o connteracting drug usage,
but ~ome effort is also devoled to trafflic safety and to working witl the driver training pro-
gram. While no special emphasis is placed on railway-highway ~atety O it i~ delt that the partici-

pation of the police liaizon officers does help to foster a greater safely conseiousness.,

Prince Georges County has a number of grade crossings which are considered dangerous.
Reeently, two which posed severe hazards were climinated by closing the road: to the cross-
ings and rerouting traffic. In this case. it was fell that a certain amount of public inconve-
nicnee and disruplion of traffic flow was an acceptable priee (o pav for greater railway-

highway =aflety.

These examples are not meant to reflect upon the quaii'y of local law enforcement in rela-
tion to railway-highway safcty. Rather. they are intended to indicate how perceived needs and
commitments of resources ean vary among law enforcement agencies in the same arca and

with the same general problems.
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Accident data has shown that a majority of those involved in grade crossing accidents are

familiar with the crossing. it being relatively close to their prevalent origin-destination points. <

It would scem that in spite of the driver’s perception of a potential hazard at the grade
crossing. a habit is formed after repeated crossings without the presence: of a train.

It is interesting to note that data taken in 1972 on 339 commercial and school buses at
railroad grade crossings showed that 53 percent of the school buses and 88 percent of the
commercial buses did not stop at the crossing as required by law (Sanders. 1972). These
drivers are subjected to extensive education, licensing. and -afety programs; they opcrate large
and very easily detectable vehicles: and vet the average speed of the 53 percent of the school
buses that did not stop was 25.1 miles per hour at the crossing. It is apparent that these
drivers had no intention of stopping. The question must be asked. if education and training
programs. rigorous license testing. and extensive safety campaigns caunot get more than half of
the school bus drivers to stop at the crossing. as required by law. are there any inherent

driver safety potential-oriented countermeasures that promise a greater safety payoff?

Based on grade crossing observations at a number of sites. it was found that drivers” com-
pliance with safe performance practices substantially increased after a period of police patrol
at a grade crossing site (Linthicum. Marvland). In one instance, a policeman was positioned
out of the line of sight on the opposite side of the crossing from approaching traffic. On the
first day of observation. 100 percent of onc company’s gasoline trucks. that had to cross the
tracks to get to their fuel depot. did not stop prior to crossing the tracks. After crossing the
tracks the drivers were able to see the unitormed officer. On the second day. although thev
could not sce the officer prior to crossing the tracks. 80 percent of the company™s gasoline
trucks came to a full stop prior to crossing the tracks. Apparently implied police patrol has
the poiential to modify drivers” behavior.

It would seem that: (1) if the drivers’ behavior can be modified to increase safetv. and
(2) if most of the drivers are not already driving with the concept of avoiding a traffic cita-
tion in mind at railroad grade crossings. then (3) increased police patrol can result in some
mcasureable increasc in safe driver performance.

In order to check out the second premise (that regarding the drivers presently performing
in such a manner as to avoid a citation). approximately 650 persons in Michigan, Marvland.

Texas, and California were asked the following question after crossing over a railroad track:

Have vou ever known anyvone who got 2 traffic ticket for crossing a
railroad track when the signal was on or the gate was down?
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Approximately 90 pereent answered negatively: approximate!y six pereent indicated affirma-

tivelv that they had heard of such a ticket: and four pereent did not unswer, Fifteen police
officers performing traffic enforcement duties who were given anstructured nlerviews in
California. Marvland, Michigau. and Texas indicated that they have never written any tickels

nor had knowledge of any being issued for law violations at railroad grade crossings.

Thus. although no quantitative measure has been made of the devel of effectiveness. police
cuforcement would scem to have a positive effect. The expense of ~uch inereased patrols.
especially at high accident locations. might be cost-cffective particularly since the accident data
shows the frequency of collisions to peak at the times of the great::t commuler traffic (the
same times as the increase in passenger train service). Thus, police patrols could effectively

cover a number of high accident incidenee locations at the peak commuter periods,

[Law enforcement can positively affect inherent driver safets potential. The analysis thal

mie=t be performed ix to determine whether the bhenefil= that acerue justitn the costs,

Attitude and Habit Componenls of Railwav-Highway Safety

OF all the characteristics that the driver brings to the grade crossing. attitudes. personalily,
and habits are the most ill-delined and least understood. The existence of a relation between
clected attitudinal. personality. and driving hehavior variables have been explored in several
studies (Adams, 1970: Case & Stewart, 19535: Fine, 1963: and Heath. 1959). Several significant
relations have been found. For example. Heath (1959) examined the relationship belween
driving records, personality characteristies and biographical data of traffic offenders and
nonotfenders. The offenders had three or more tratfic aceidents and/or moving violations while
the records of nonoffenders were accident/violation free in the same period. Compared 1o
nonoffenders. offenders rated significantly higher on impulsive and sociable scales and lower on
the reflective seales (Thurstone Temperament Schedule). Significant differences were alzo found
indicating that they were vounger, more often single. less educaied, had =maller carnings, and
higher job Lurnover,

The inlerest in relaling attitude and habit to driver performance and accident risk lies in
the fact that the theory and practice of attitude measurerment and change i well developed.
Thus, if atlitude and habit modification can be shown to be a potentis! countermeasure, the
brozd base of communication and social-psvchological rescarch can be brought to hear on
presenting the appropriate message to target populations in the most effective setting.

Table 3-1 presents a simplificd view of the stages and psveliological states invohed in the
process of attitude change.
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Table 3—4

Components of Attitude Change :\c(:oﬂlpMyng Each Stage

in Makine a Decizion (9 Adlicre to a Recommended Railwayv-Highway Safety Procedure

Stage 2 ;
Components of Attitude Change (New Initial Sgge 1 Postive ap- Smge 3 Sl.age “
. . N Pecsitive Ap- Sclection of Commiiment o
Beliefs, Value Judgmen:ts, and Dispo-  Attitude of N praisal of .
. A ) praisal of R as the Best Decisior to
sitions Toward Recommendation, R}  Complacency Challenge Recommenda- Alternative Adop: R
uon (R)
Verba! evoluation of threat
1. Selectively responds and attends to
communications about the
threa:? {Accepis assertions that
the threatis serious) No Yes Yes Yes Yes
2. Believes the threat is serious? No Yes Yes Yes Yes
Verbal evaluation of R
3. Selectively responds and atiends to
communications about R?
(Accepts assertions that R is an
efiective means) No No Yes Yes Yes
4. Believes R is a satisfactory means
worth considering? No No Yes Yes Yes
5. Believes R is best available means? No No No Yes Yes
6. Feels willing to act in accordance
with R? No No No No Yes

Adapted from Janis, Irving. Stages in the decision making process. In R.P. Abeison et al., {Eds}, Theories of Consisting: A Source-
pook. Chicago: Rand McNally, 1968.

Psvchophysiological Capabilities and Limitations

In the course of this project. attempts were made to identify a particular subpopulation of
grade crossing. accident-prone motorists which could be related to psvchophysiological charae-
teristics which were in turn suggestive of countermeasures. Unfortunately, this effort met with
fittle suecess. A suggested disproportionate involvement of females in rail-highway fatalities
{vompared to their involvement in all fatal motor vehicle accidents) was found in accident
records (see Chapter 2). However, possible confounding through higher exposure of the female
pepulation cannot be climinated from these data. The motorist grade crossing safety meazures
developed in the course of this study did not discriminate particular groups of drivers as haz-
ardous which might be characterized on psychophysiological dimensions (see Chapter 7). The
only significant finding was an indication Lhat males were more likely to be involved in grade
crossing accidents than females at some sites: a finding which does not confirm the results of the
accident data analvsis. With regard to age, definitive evidence for disproportionate involvement of
particular age groups in railway-highwav accidents is lacking. Additionally. the pereent of alcohol
involvement seems to be significantly less than that experienced for accidents in general. Likewise,




the predominance of davtime railwav-highway aeccidents seems Lo decrcawe the likelihood of

fatigue as a predisposing factor.

Lacking majer evidence for a particular larget group

of grade cro=sing accidents. no characterization of such drivers on psychophysiological di-
mension: (with consequent countermeasure recommendalions) can be atlempled. Instead. this

section will provide dala useful for two general approaches lo countermeasures development.

The first is human psvchophysiological capabilities and limitations which should be con-
sidered in constructing countermeasures along {raditional lines: that is. warning deviees which
are external to the motor vehicle. Examples are signs and auditors warning

deviees located
in advance or in the immediate vicinity of the grade crossing.

The zecond is human capabilitics and fimitations a~ related o by pothetical futuristie

countermeasures. These are assumed to be in-vehicle aaditory ands/or visual deviees. The erit-

teal point in the desien of =uch devices 1= that they must be adequate to serve the needs
of the wersl case driver. This i~ the driver whose capabaitios are degraded compared to the
norma! — either because of advanced age. genetic disabiiity (e.c color blindness), or for

<ome other reason. The discussion i~ organized under the {ollowing topieal headings:
e information processing and related topies (eg. reactios time, allention).
e \ision,
e audition,
e vibration. and

[ J summarvy.

The term “older driver”™ as used in-this section. indicates a driver who 1 60 vears or older.
Thix age group currently constitutes about 14 pereent of the driving population and iz in-
el A Ay A

creasing (Forbes, 1972).

Information Processing and Related Topics
Visual Modality. Significant periods of lime are required to recognize and respond to

vistal messages. Thus, about one second is required Lo recognize four familiar related words
and 0.40 scconds 1o recognize two out of four familiar words (Huerd. 1947).
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On the other hand. the formula presented by King and Lunenfeld (1969) in a discus-
sion of warning and regulatory signing results in a somewhat more conservative estimate.

This formula is:

where RT = reading time in seconds

N = number of short familiar words or svmbols

For four familiar words. this formula indicates a reading time of 2-2/3 zeconds would be
required.

About one second is probably a realistic estimate for a glance by a motorist at a road-
wav sign (Forbes, 1972). Averaging the recommendations by Hurd (1947) and King and

T —hunenfeld (1969). visual messages should not exceed three short familiar words i they are

to be understood by the motorist in a one-=second zlance.

In general. significant savings in time and increased accuracy can be obtained using svm-
bols rather than words (Brainard. Campbell. & Elkin. 1961: Janda & Volk. 1934: Kig &
George. 1971: and Walker. Nicolay. & Steams. 1963). Hurd (1947) found that only
0.046 scconds is required to recognize onc svmbol representing three familiar words. Thus. a
svymbol corresponding in meaning to three familiar words can be recognized six times faster
than two familiar words and almost 20 times faster than four familiar words. Tt i~ impor-
tant. hewever, that any svmbols used have commonly accepted meaning or that the motor-
ist be taught their meaning or that new svmbolic signs be accompanied by verbal messages
when initially introduced. The necessity for thorough pilot testing in a laboratory sclting of
any alternatc new signing configurations in terms of accuracy of interpretation and speed of
recognilion cannot be overstated.

Simple visual rcaction time from stimulus awareness through recognition ranges from
about 0.4 to 1.9 seconds (Eberhard. 1969). Of interest iz the reaction time to a visual
stimulus when a driving task, such as braking, is the required responsc. Johansson (1965)
found brake reaction time in a roadway setting when the driver did not expect a signal to
be as great as 2.0 seconds. The more complex the dceision, the longer will be the time re-
quired for perception and initiation of a response. Thus, about four seconds appears to he
required for the decision to overtake and pass on a two-lane road with on-coming traffic
(Matson et al.. 1953: Platt. 1958).



The above discussion iz uzeful in constdering new stens. A\ example of a ratlroad cress.
ing advance warning sign 12 shovn in Figure 330 A~ can be =een. s <ign consists primarily
of zeveral zeparate sumbolie elements. Although cach atone has a commonly aceepted mean-
ing. understanding the message of the sign requires integrating the components. Repeated
exposure to the sign would probably result in its being viewed as o whole, However. it
would be expeeted that for the nane driver, this =ign has loo many components (more
than three) to be understood o a single onesccond glanee and the response time from  ini-
tial awareness ol the sign to the beginning of a response would be in the order of scveral
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Figure 3-3. A propozed advance warmning sign for unprotected crossings
(Hulhert &Vanstrum. 1972y,

Auditory Modality. Simple audilory reaction time is very slightly faster than visual. However if
the sound comes from another location than directiy opposite the car, reaction time increases
(Eberhard, 1969). The masking effect of background noise iz an impaortant consideration in provid-

ing warning of an impending grade crossing via the auditory modality




Also important to consider are adaptation effecis arising from prior auditory stimulation.
Anvone who has used earphones to listen to music for extended periods of time is well aware
of the increase in tolerance for high intensity sound which occurs. This is accompuanied by an
increased threshold for sound. The increase in threshold is a function of the amplitude. fre-
quency, and duration of exposure of the adapting sound as well as on the preexposure hearing
level and the frequency of the test stimulus (Parker & West, 1973). Figurc 34 shews this phe-
nomenon.
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Figure 3—4. Increase in threshold (TTS) at 4kHz as a
function of sound pressure level (SPL) for exposure to
octave band sound of 24 kHz. The length of exposure to
tne adapting sound in minutes is shown for each curve
(from Shoji, et al., 1966 cited bv Hodge in Parker and
West. 1973).

The usc of in-vehicle radio and tape deck equipment makes consideration of this phenom-
enon important for both external and in-vehicle auditory grade crossing warning devices. Also
important is the simple “tuning out™ of the driver who primarily uses his radio to provide
background noise. As far as we know, there is a dearth of information on the prevalence and
level of degradation of the auditory modality for the driving population and the impact of
this degradation on ik effectiveness of auditory warning devices in the “‘real world™ situation.




Driver Expectancy. Fxpeclaney or =ct plays an importanl role in motorist performance. As
the driver can anlicipate upcoming requircments, decisiommaking bhecomes more efficient and
perception response lime deercases. If there is inadequate information o which o base ex-
peetaney o the driver may develop an expectaney which is at odds with the real world =<tua-
tion. Where expectaney and the real world situation are not congrvent. s conflict results and
the driver mav react in accord with his expectancy rather than the requirements of the situa-

I ) .
tion. In extreme cases, he may react in a fashion which is not compatible with either his ex.

pectaney or the actual situation or he may not react at all.

An important implication of the above is the importance ol developing advance warning
signs for railroad grade crossings which diztinguish between crossings protected by active de-
vices (gales, train-aclivated flashing lights) and those not o prolecied (Shoppert & Hoyt,
i068. cited by Hulberl in Forbeso 1972)0 AL passive erossings. responsihility for deteeting the
approach of a train rests with the driver. fle sheuld be made fuliy aware that the upecoming
crossing i~ passive at the location of the advance sign so that his allempts to sdeteet the pres-

ence or absenee of the train begin carly in his approach io the track.

At a Jower level of analvsis, it is important lo attract the driver’s altention to the exis-

=

tenee of the erossing_ regardless of whether QU is active or passive. Beview of ratlroad grade -

cros=ing acetdents is provocative (see Chapter 2). FEspecially interesting is the frequent) ocow?
.

rence of aceidents which ean be characterized as related to inadequate atiention, the-molorist

attending to other items than the grade crossing. The implication is thal warpiss
< g -
whether active or passives should be of high attention value ¢

_/to/'{i'u-r stimuli in the
environment, -

/

Effect of Age. Age has a relativelv small effect on simpl- reaction time, but a considerably

deviees,

sreater impact on lasks involving judgment and choiee. Response time in complex lasks in-
ereases significantlv. In addition, psy(_:hom-t.\lor tasks involving <everal motions (such as moving
from accelerator Lo brake pedal and turning a curve) which are performed in an integrated
overlupping fashion by the voung driver tend to be performed zequentially by the older driver.

Learning is impaired and memory is degraded.

For these reasons, new countermeasures should be tested on older drivers and. preferably.
little learning should be required.
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Vision

A sign located at a grade crossing should be legible at a sufficient distance in advance of
the crossing =0 that the motorist has time to perceive the sign, process ils information. and
perform any rcquired maneuver. A rule of thumb for legibility distance is:

LD=Hx 30

where LD = legibility distance in feet
H = heisht of lcliers on the sign

The above is based on work by Forbes (1939) and is considered applicable to symbol signing

using H to represent the height of the symbol in inches (King & Lunenfeld. 1969).

This rule of thumb is useful for estimating whether the distance at which a sign can be
rcad given its letter (svmbol) height is sufficient for safe motorist perforinance. First, the time
neeessary to read the sign and react to it is estimated (sce Information Processing and Related
Topics) and converted to distance traveled given vehicle speed. To this must be added the dis-
tance required to brake the vehicle at the range of speeds found for vehicles approaching the
crossing (see Baerwald. Traffic Engineering Handbuok. 1965). The computed distance i= then
compared to the estimated legibility distance.

The fact that the above is an approximation should be thoroughly understood. Sign legibil-
itv is a function not onlv of letter height but also of letter width. letter height-width ratio.
the space between letters (or symbols) in the horizontal and vertical dimensions, and contrast
between message elements and the background. Even more important perhaps. are the differ-
ences in visual capability between drivers and the variability in visual capability for any pertic-
ular driver as a function of fatigue, drugs, alcohol. sickness. and similar factors. External
{actors such as day versus night and weather will also affeet legibility. An example of this
variability is shown in the fact that the 30 feet/inch rule for legibility distance was established
for black-on-white Series D (medium wide) letters. Series B letters (which arc narrower) result-
ed in legibility distances of 33 feet/inch of lctter height (Forbes & Holmes. 1939, cited by
Forbes in Forbes. 1972).

Despite these caveats, the above is useful for estimating whether the legibility characteris-
tics of a proposed visual countermeasure are likely to be “in the ballpark™ to mect motorisi
neceds. For detailed treatment of particular aspects, human engineering texts should be con-
sulted (e.g., Forbes, 1972; Woodson & Conover. 1964: Van Cott & Kinkade. 1972).
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Driver age has a large effect on many aspects of vigion. Some examples are given

below:
e There ix a drop in visual acnity of about 20 percent by age 66,

e Accommodation (or the ability to shift focus between far and near ficlds of vision)
is generally reduced in the older driver. At the age of 20, the average minimum
focusing distance iz about nine inches whereas at the age of 60 it is 40 inches
(Woodson & Conover. 1963). This means thal some drivers cannat focus without aid
on the instrument panel. Figure 3-5 illustrates the deerement in acuity and
accommodation with age. In addition to the great increuse in minimal focusing dis-
tance. the time required to accommodate is increased for the oider driver. These two
factors make shifting between near and far ficlds of view increasingly difficult and
time-consuming with advancing age. The resull is either that the older driver uses bi-
or tri-focals (with attendant head movement requirements) or he simply does not
refer to the instrument panel. These factors argue srongly thal any visual in-vehiele
display designed for eritical information needs should be of the head-up variety. The
head-up display appears at optical infinily (any objecl 20 feel or further away is at

optical infinity as far as the eve is concerned) which i compatible with the focus

used in general driving. Such a display requires no accommodation when shifting

attention from the view of the road to the display.

e Capahility for dark adaptation is sh.arll':l_\' reduced in the older driver. A rule of

thumb is that double the illumination is required 1o see an object for every 13 vears
of age (McFarland. 1956).

s Ability to sce against glare 1= reduced with age. One researcher found that when five
to 15-vear-olds were compared to 75 to 85-vear-olds. the increased brightness neces-
sarv to see against glare was 50 to 70 times (Wolf. 1963).

One final aspeet of vision should be mentioned: namelv. color deficiencies. Color defi- .
ciencies mainly occur in males, some cight percent being affecied. The most frequent types :
are red blindness (protanopia) and green blindness (deuteranopia). With regard to the design
of displays. it should be noted that green blind persons can see the full vizual spectrum
(though not in the same colors as the normal). However, red blind individuals cannot. For
=uch persons, some of the red end of the spectrum cannot be seen at all (Woodson &
Conaver, 1964),
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Figure 3—5. Maximal, minimal and average values for acuity and accommeodation
as a function of age (data of Puane & Fricdenwald in MeFarland, 1933).

Audition

The range of human hearing is about 20 to 20,000 Hz with greatest sensitivity from 2,000 to
3.000 Hz (Woodson & Conover, 1964). The effect of age on hearing is shown in Figure 3-6. It is
important to note that low frequencies are least affected by aging.
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Figure 3—6. Relation between age and hearing loss for men and women
(ASA. 1954 reproduced from Deatherage in Van Cott & Kinkade., 1972),
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In conzidering the use of the auditory channel for warning of an impending grade crossing, audi-
tory adaptation (already discussed) and masking are the main limitations to be considered. The most
important source of mazking noise in the automobile is the background noisc arising from the en-
gine, passage of the vehiele through air. and options such as radios/tape decks. Inlerestingly . masking
noix has its greatest effect on those with most acute hearing (Gladwell, 1964). In view of the very
high levelz of background noise which may be found in an zutomobile (reading 90 dB). thorcugh
tesling of auditory warning devices on a representative population is clearly vital. It is also important
to note that the levels of sound necessary to insure that any warning signal is perceived may reach
the discomfort level (110 to 120 dB) or the level of sound associated with pain (140 dB and up).

Vibration

This sensory charnel has been relatively little explored. Frequencies of ten eveles per second or
fess are generally conzidered “pulsation.” Above about 20 Hz. individual pulses are not discrimi-
nated and. at these levels, the sensation is referred to as vibration. Figure 3-7 shows threshold values

for pereeption_ discomfort. and pain to sinusoidal vibratory stimuli.
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Figure 3—7. Relationship between frequency amplitude of =inusoidal vibration
and human perception (drawn from Woodson & Conover, 1964).

Ofinterest is the fact that the resonant frequencey of the human body is about 5 Hz. Thus, vibra-
tion at this frequency is particularly unpleasant (Woodson & Conover. 1964).
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Summary

Evidence for a particular subgroup of high-risk grade crossing accident drivers characterizeable
on psvchophysiological dimensions was not found in the course of this study. Accordingly. gencral
capabilities and limitations of drivers along the dimensions of informatien processing and related
topices, vision. audition. and vibration have been briefly discussed. The discussion should be useful in
obtaining ballpark estimates of the adequacy of existing and new countermeasures. Of particular
importance in this section is the demonstrated degradation of driver psychophysiological capabilities
with age. Because the 60-year-old and above driver constitutes 14 percent of the driving population
and is increasing, the importance of considering this group in the development of new counter-
measures concepts cannot be overemphasized. Representative sampling by age as well as across edu-
cational and geographic lines is clearly essential in the testing of new countermeasures concepts.
Consideration should also be given to the handicapped. espccially the color-blind (eight percent of
the male population) and those with hearing deficiencies.
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CHAPTER 4
DESIGN OF THE FIELD DATA COLLECTION STUDY

Study Objectives

The primary objective of the project is to provide a sound, factual base for planning a
large-scale field experiment in which the full range of prospective countermeasures can be eval-
uated. This experiment. Phase IV of thc¢ current effort, will be concerned with the following
five categories of countermeasures experimental variables:

e Site enginecring, Type 1 — improved caution signs, active warning devices. ete.

e Site engineering, Type 2 — increased visibility, reduction of phy=ical hazards, etc.

¢ Procedure intervention — modification of raiiroad operating practices or equipment
usage.

o Driver training — safety campaigns, modification to training curricula, etc.

e Enforcement — publication of increased enforcement, changes in state law, etc.

To develop the base for planning such a study, the current effort was directed toward as-
sessment of the efficiency, reliability, and usability of test instrumentation; observation and
recording methods: and the analysis, interpretation, and presentaiion of data. The centrai ob-
jective of the present study was to develop a research methodology suitable for use in the
large-scale field experiment. In essence, this study attempted to determine the feasibility and
efficacy of using various experimental procedures in the design and evaluation of counter-
measures.

Experimental Design

The basic design was a before/after study. The design thus included coliection of bascline
data under existing conditions, implementation of countermeasures, and then collection of data
after countermeasures intervention. Because the project is primarily a feasibility study, the de-
sign was intended to accomplish objectives beyond simple preliminary countermeasures evalua-
tion. Thus, the data served as a basis for selecting the particular countermeasures concepts to
be implemented. Details of the design were as follows:

o Inclusion of both active and passive crossings.
e Inclusion of both rural, urban, and sub-urban crossings.

e Inclusion of a set of four gecgraphically separated crossings matched as closely as pos-

sible on other variables (e.g., all of these were active crossings).



e L=¢ of several different data collection techniques. These permitted coliection of both
driver behavioral data (c.g.. speed at defined locations and looking behavior) and data

on driver knowledge. attitudes. and various demographic and experiential characteristies,

e Selection of zites which were limited in =ight distance (so that driver looking wauld be

an expected behavior on the approach to the site).

e Sclection of sites where track roughness was approximately equal so that this would

not be a confounding variable affecting driver behavior.

\lthough the above has described the basic dimensions of the design. other variables natu-
rally intersened as a consequence of the impossibility of finding sites which were matched on
all other dimensions. Examples include variaiion in the frequency and scheduling of trains.
variation in the number of tracks at the grade crossing. and variation in traffic volumce

brtween the study sites.

Site Selection

Selection Rationale
The alternative strategies considered in selecting test sites were as follows:
1. a fully representative <ample based on random (i.e.. unbiased) selection,
2. a fully representative sample based on stratification by type and hazard level,
3. a cotegorical sample based on economic (i.e.. pavoff) and eagineering erileria. and

4. an undifferentiated sample based on convenicnec criteria.

Hothe present project were intended Lo provide definitive. substantive answers Teading to
the ~clection of optimum countermeasures for grade crossing hazards_ cither of the first two
alternatives would be preferred strategy: but such stralegies in the present instance are un-
justifiably expensive and of low feasibility. A complete compendium of grade croszing zites in
the United States would be needed. While partial catalogs by states exist. a complete national
listing iz not available. It is estimated that some 220,000 grade crossings exist. Thi= means thal
obzervations of about 220 stes would be required to attain a sample size of onetenth of one
pereent. The logistic costs associated with the instrumentation of =uch a large number of test

sites_ in and of themscelves, made such an approach impractical.

The fourth strategy was discarded because of lack of rigor. While costz might be mini-
mized, the pavolf with respect to the value of the findings of research planning is not pre-
dictable,

e



The third and preferred approach rests upon the proposition that the objective is to learn

something about how a definitive field experiment should be structured. The decisions to be
made arc those having to do with the identification of critical variables, choice of driver be-
havior indicators. sclection of instrumentation. data processing operations, and modes of data
presentation and interpretation. This approach was used in selection of the study sites.

Each site was selected to conform as nearly as possible to the following requirements:

. two-lane, two-way roadway,

2. ADT above 2.000.

3. no significant grade change in approach.

+. no traffic signals. speed zones. or major intersections within 1.000 fect of the crossing.
5. no parking within 500 fcet of the crossing,

6. suitable inlerview area,

. anticipation of two or more train movements,

8. restriction to motorist seeing trains in at least one quadrant. and

Y. for active crossings, flashing lights. and bell (no gates. wigwags. ete.): for passive cross-

ings. standard crossbuck symbols.

In all. nine sites were selected. They were characterized along the dimensions of the ex-
perimental design as follows:

e :ix were active, three were passive:
¥*
e four were urban, four were sub-urban. and one was rural™;

e the four geographically separated sites were located in Virginia (Route 28). Michigan.
Texas. and Califorria (all were active, sub-urban, single-track. similar in speed limit on
the approach to the crossing, and had similar traffic characteristics in terms of vehicle

tvpe): and

e at seven sites, there was one track while at two crossings there were two tracks.

*A comment is required conceming the urban versus sub-urban versus rural classification. Such a classification

was felt necessary despite the inherent problems and difficultics associated with such attempts. The
procedure was to classify the sites as urban. sub-urban, or murai based upon the immediate impression
generated by the surroundings of each crossing. The reader is urged to examine the site descriptions in
Appendix A to obtain a more detailed impression of the site cnaracteristics along this dimension.



The =ites uand the above characteristies by site are summarized below:

Urban = U

Active = A Sub-urban = SU Geographic Number

ie_ Passive = P Rural = R Set of Tracks
Linthicurm P lU 1
New Midway P U 1
Calverton P R 1
Sunnyside A V] 2
Fairview Avenue A U 2
Route 28 A SuU x 1
Michigan A SuU x 1
Tuxas A SU x 1
Califorma A su x 1

In the selection of the remote sites (in Michigan, Texas, and California). the experience of
three individuals who were familiar with most of the crossings in their vicinity were drawn
upon. Mr. Clarenee McGoon ol the Michigan Public Serviee Commission. Mr. Hov Richards of
Texas Transportation Institute. and Mr. Ken Baldwin of BioTechnology. Ine. i San Jose,
California. were given the general requirements  desired and asked to sclect as many sites a-
coutd be located. The data collection erew then made the final selection after visiting ecach of
the preselected sites. In this manner. it was possible to locate four sites which had similar

pnv=ical characteriztics in a short time at relatively low cost.

Experimental Measures

Two categories of measurement were used in the empirical demonstration study: (a) driver
behavior and (b) driver reports. Eszentially. driver behavior involves measuring the performance
ol drivers as they approach the grade crossing under varving circumstances. Objective indicators

of driver behavior were obtainied by covert observation techniques on the site.

Driver reports consisted of self-descriptions. indicators of knowledge and atittudes related
to grade crossing situations and hazards, and drivers” recollections of their pereeptions in the
specific instance of approaching the grade crossing. These dala were obtained by an inlerview-
questionnaire administered to drivers at the sites immediately after they passed through a

drade crossing.



Pretest of Data Collection Protocol

On 8 Junc 1972, data was collected for one day at the selected evaluation location,
Sunnvside Avenuc, near Beltsville, Maryland. This crossing was chosen as it had been used in a
previous study and therefore we were familiar with its characteristics. Several items were ex-
amind or evaluated during this pretest. and a summary of the results is presented below.

[ nfamiliar Driver. It had been planned to code into the Traffic Evaluator System (g.v.)
the familiarity shown by the license plate of all vehicles. This would have viclded a much
larger population of unfamiliar drivers and their behavior approaching the crossing than the
population identified through the q"ucstionnairc.

it had been found during the collection of interview data concerning signing on interstate
highwayvs! that drivers who had licensc plates issued by a statc other than that where the data
was coliected were generally not familiar with the road on which they were identified. To
verify this. a sample of thirty drivers was selected who had license plates from a state other
than Marvland. Virginia. D.C.. or the Federal Government. They were stopped and asked if
they frequently traveled over the railway-highway grade crossing on Sunnyside Avenue. Most
of ihe drivers were found to cross it more than once per dav, while onlv two stated that this
was the first time they had traveled the route in question. although all thirty were residents
of the general suburban arca of Washington,D.C.

While these results might not be consistent with populations in areas not confounded by
the highly transient D.C. area, the selection of unfamiliar drivers on the basis of out-of-state
license plates was rejected. ’

Driver Looking Behavior. The driver approaching a railway-highway grade crossing was ex-
peeted to look at the signal (where active proicction existed), and was also expected to look
up and down the tracks to confirm the absence of a train. Observation of drivers failed to
reveal any covert method of determining the observation of the signal standard. but head
movements in advance of the grade crossing corresponded to the road segment near the cross-
ing on which the track could be scanned. Tt was observed that at sites with no major obstruc-
tion to train visibility, the incidence of large or obvious head movements was greatly reduced
apparently due to the driver looking for trains much farther from the crossing than the ob-
servers could be located. A major constraint to the selection of sites was therefore developed:
that visibility should be restricted (by buildings or natural obstructions) in at least one

"Kolsrud. G.S. Diagrammatic guide signs for use on controlled access highways. Vol. I1I. Traffic engineering evaluation
of diagrammatic guide signs. Prepared for Federal Highway Administration, Washington, D.C., December 1972,




quadrant and that thi- obstruction should be located close enough to the erossing that the
useful Tookine zone was wetl defined. Further, the zone should be such that an obvious head

movement would be required of a deiver who did. in fact. look to ~e if a tram was present,

The usctul looking zone at Sunnyvside was limited (o the last 200 feet in both quadrants.
The pointz within this zone were carefully noted for all traffic for an hour. at which time it
was concluded that the looking behavior fell into two zectionz, Rome drivers looked Tor trains
i~ =oon as there was a elear arca (100 to 200 feet). while others made a last second token
effort (ten to 30 feet), Coding was then initiated to record into the Traffic Exvaluator Syvstem
the Tooking behavior of all drivers in the zones bounded by the 30- and 200-Tool road
switches. and by the 10- to 30-foot switches, It was noted that the driver’z head movement
could not be =cen well from the right side ol the approach. therefore coding was done fram
the left side of the road. Further, coding personnel were not able to observe both zones with.
oul mizzing some vehicles, Two people were therefore used. one for cach zone. The codes rep.
resented the four possible actions in each zone: fooked Ieftl looked right. looked both wayvs.
and did not look. Examination of the rezults. shown in Figure -1 revealed that lew drivers
looked only one direetion (13 pereent). and that they subsequently looked the other direction
in the next zone, or during the lransition arca between zones and were therefore not coded
for the ~ccond iook. The coding scheme was modified to omit the left and right looking data.
and only two codes were used (looked or did not look). Thiz reduction in choices also elim-
inated the incidence of missing data due to workload and virtually all drivers received codes in

both zones.

An attempt to film driver looking behavior was made. but the results were unsatisfactory.
The camera had to be tripod-mounted to msure smooth tracking at a high magnification. and
the area to be panned had to be reazonably elear of obstructions. This latter constraint placed
the camera and operator in a rather obvious location which necessarily revealed the presence

ol a data collection effort to the driver.

\ sample of the drivers who were stopped Tor interviews were agked if they had noticed
any thing unu=ual during their approach lo the croszsing. in an atiempt to determine the effi.
cienes of the camouflage being used for people and equipment. The only positive response
was during a period when the film was being changed and the driver had scen that operation
in progress. The film changing involved climbing a 20-foot ladder to reach the camera located
on a telephone pole, The ladder was normally hidden in some high grass over a fencee near the
camera, A driver who saw the ladder being restored to its hiding place returned later and

altempted 1o steal it not having seen the six observers who were taking data nearby.
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During the pretest, ime-lapse film of the driver’s approach to the crossing was taken for the first
30 minutes of cach hour. The quantity of film thus generated was felt to be excessive, particulariy
since no usetul information was identificd beyvond that discussed under the seetion on phot();:raplvi'_\\'.
It wa= decided Lo reduce this effort to the first half-hour of each odd hour. bul t¢ supplement it
with a special events record of driver behavior whenever a signal was activated or i treia was ap-
proaching.

The procedure noted in the section on obtaining deiver interviews was verified. and reduced to a
~lep-by-step plan which resulted in a high degree of ~uecess in stopping the selected driver. The ma-
jor tactor which determined if the driver would complete the questionnaire form was found to be
the action of the police officer who stopped traffic for us. During the pretest. three policemen were
assizned to us in shifts. One insisted on talking to cach driver before directing him to Lhe waiting
interviewer. He stated that we were conducting 2 survey on how railroad crossings could he made
~afer. and then said *if yvou have a few minutes (o spare...”” which prompted most drivers to ask if
the interview wax mandatory . When the officer stated that is was not. moxt drivers would not ~top
for the interview. Police who did not address the driver but simply pulled him into the interview site
vielded a much higher proportion of drivers who completed the form. A= a result. during the rest of
the study all police were carefully brieted on the prefacing remarks which the inlerviewer was to
make to the driver and requested to restrict their activities Lo directing traffie.

The reduction and analy sis of the pretest data revealed the need for a number of changes in the
format or wording of certain questions, and verified that the anticipated procedures were appropri-
ate. Comparizon= of the pretest data and the subsequent data collected on 10 and 11 July showed
no significant changes in driver behavior. For example. Figure 4-2 shows the mean speeds for the
pretest and for the actual data collection periods. The maximum speed change was less than one
mile per hour.
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Verificaion and Validation of Measures

Overview

In consultation with the Contract Technical Manager, a tcst program was initiated to verify
the concept of countermeasure evaluation as developed during this study. This program con-
sisted of the collection of data at a passive crossing under three conditions: with existing
crossing protection, and with the addition of high and low intensity flashing amber lights
mounted on the advance warning stgn.

Countermeasure Development

It must be emphasized that the selection of flashing lights as the countermeasure does not
imply an endorsement of that countermeasure: it was sclected because it had a high probabil-
ity of being effective, and it was inexpensive to develop for this test. The requirements which
the countermeasure was required to meel were::

1. availability

b

rapid installation
3. ecasily changed in effectiveness
4. have a high probability of changing motorist behavior

The installation of flashing lights on the left and right sides of the existing advance warning
sign was selected as a countermeasure which met all of the above requirements.

Two sealed beam, yellow lamps, six inches in diameter. which operated from a 12-volt
power source, were mounted on an aluminum arm and supported by a strap over the top of
the existing 4- x 4-inch sign support resulting in a device as shown in Figure 4-3. When at-
tached. the lamp face was flush with the plane of the 30-inch standard advance sign. A timing
circuit was built which alternately lit the two lamps at a 60-cycle per minute rate. Two levels
of brightness werc achieved by opcrating the lamps from a six-volt automobile battery for low
and a 12-volt battery for high intensity.

k]

2T | R
Figure 4-3. Modified advance warning sign.
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The brichtness of the test installation was measured using an SEI Photometer. The study
was conducted on a fully overcast day to maximize the attention gelting qualities of the

flashing lights, The important measurements weres:

Sky Brightness 500 foot-Lamberts
Sign Background 53 foot-Lamberts
Low Intensity Lamp 174 foor-Lamberts
High !ntensity Lamp 2291 foot-Lamberts

Thus. the low intensity lamp. against a background of trees had a contrast ratio of about

3.5:1. The high intensity lamp conlrast ratio was 33:1.

Experimental Plan

Veasures. Two primary measures were obtained for three segments of the population using
the crossing: speed deercase and looking behavior, The number of drivers who stopped in the

absenee of a train was al=o noted for both dircctions of travel

Nite Selection. The tocation selected for study was a passive crossing referred to in thi-

report as Calverton. Virginia. This erossing has extremelv iimited track vizibility (left and right

sight distanec). but a relatively straight. unrestricted approach to the crossing. The restriction
to visibnlity was importanl. so that the looking behavior of the approaching driver was re-

sincted for practical results to the last 100 feet before the crossing. Since this was o passive
crossing. the approaching motorizt could not determine whether or not a train waz present in

cither direction until he was within 30 feet of the interseetion.

Finally . the site had provision for covert observation of the approaching motorist from the

parhing ot of a country store 90 feet downstream from the rail-highway interseetion.
The advance sign which was modified was located 433 feet upstream from the crossing.

Data Collection. \ spol radar was used Lo obtain two measurements of speed on all ap- :
proaching vehicles which did not have another vehicle in cither lane during the approach from :
500 feet to the crossing. No train influcnce was involved on the day seleeted for data collee-
tion. (The restriction against a vehicle in cither lane was required because the beam width of
the radar was such that interference was caused by vehicles moving away from the data collee-
lio: site. and by the desire to climinate the influence of a lead vehicle) Special nse vehieles
surh as school buses and fuel trucks were omitted from the study due to the atyvpical

behavior of that group.
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The radar was hidden from the view of the approaching driver. The sensitivity was adjusted to
“lock on™ to target vchicles at about 500 feet upstream from the crossing. A reading was taken
when the subject reached the downstream edge of the advance pavement markings, (430 feet) and a
second reading was taken when the subject reached the double stop lines (ten feet). If the driver
looked to see if a train was approaching when he was within 100 feet of the crossing, he was said to
have looked. By selecting a site with such limited sight distance, the driver who looked for trains was
required to make an obvious head movement, making the determination of looking behavior rela-

tively casy.

Three observers were used. One observed the driver with binoculars for looking hehavior, one
noted the speed meter readings and recorded observations, and the third selected and observed the
subject vehicles. calling out the two times when a speed reading was to be taken.

Results

Considerable detail has been included above to allow interested agencies to essentially duplicate
the study for appropriate countermeasures. It is most likely that techniques and devices which have
potential application would not preduce changes of the magnitude shown in this evaluation project,
particularly after the acclimation effects had been eliminated; therefore, a much larger sample of the
population would be required. The techniques for determining the required population is shown in
the section of this report titled “Validation by Accident Reduction.” Of particular importance is the
size of the baseline or “*before™ sample. An insufficient data base obtained before the modification
program is begun will result in an inabiliiy to evaluate the effect of a weak but appropriate change.

The baseline data obtained at the crossing under study consisted of two hours of driver behavior
samples, a total of 54 subjects. The baseline period was taken in two parts, before and after the
with-countermeasure data collection periods. to insure against time-of-day variations.

Comparison of the short baseline data obtairied during this study and the data obtained at
Calverton, Virginia, when interviews wers being conducted, indicates that no significant difference
was obtained between looking behavior and speed decrease. Table 4—1 compares the means and stan-
dard deviations of looking and speed decrease for the two samples of the population at Calverton.

The null hypothesis to be evaluated is *“no significant difference exists between population
behavior under the influence of either dim or bright flashing lights located at the advance warning
sign compared to the existing rail-highway grade crossing protection.”



Table 4--1

Comparizons of Data Items

for the Rame Crossing Obtained at Two Different Times

e LOOKING BEHAVIOR NEAR THE CROSSING

Data Collection Period N Mean Sid. Dev.
Countermeasure Data 54 0.36 048
Interview Daza 284 0.24 0.46

H 1218. Not significantly different
e SPEED REDUCTION PERCENT CHANGE

Data Collection Period N Mean Std. Dev
Counrtermeasu-e Data 54 33% 20
Interview Dota 286 35% 22

t = 0.703° Notsigniticantty different

To evaluate this hy pothesis. Table 3-2 shows the means, ~standard deviations, and 7

for the three conditions under which data were obtained,

Table 1-2

Re=ults of the Dala Collection Effort for Measures Exaluation

valies

e LOOKING BEHAVIOR

fLook = 1. Not Look = O

Crossing Condition N Mean Sid. Dev.
Existing Protection 4 0.36 0.48
Dim Fiashing Lights 77 0.52 0.50
Bright Flashing Lights 75 0.83% 0.36

® SPEED REDUCTION

(Vg —Vg) = Vy

Crossing Conaitron N Mean Std. Dev.
Existing Protecuon 54 0.33 0.20
Dim Flashing Lights 77 0.47 0.23
Bright Flashing Lights 75 0.69 0.29

e T-VALUES

Comparison Looking Behavior Speed Reducuon
Exisung vs. Dim 1.84 3.7
Ex:st:ng vs. Bright 6.16 8.34
D:~ wvs. Bright 4.54 5.10
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The above differences are all significant at the .05 level: and. in fact, all except existing protec-
tion versus dim flashing lights for looking behavior are significant at the greater than 001
confidence level.

To reject the null hypothesis. it is necessary that both speed reduction and looking behavior
change in the appropriate direction by a significant amount. For example. a candidate countermea-
sure which implied a high degree of grade crossing roughness might result in an increased speed
reduction without a corresponding increase in looking behavior. A countermeasure which was
located too close to the crossing or was ol insufficient size for the population to note the message in
time, could result in an increased looking behavior at the crossing without a corresponding speed
reduction. In this casc. both looking behavior and speed reduction were shown to be significant in
the predicted direction and. therefore, the hypothesis was rejected.

In summary. the change in behavior of the driver population was. for their first exposure to the
countermeasure, exactly as had been predicted. The driver slowed down upon noticing the
countermeasure. made a diligent effort to detect a possible train hazard and. in faci. the potential
for a train-vehicle collision was matcerially reduced. The countermeasure was also found to be
increasingly effective in proportion to the brightness of the lamps as is scen in Figure 4.
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Figure 4—4. Comparisons of measures for entry speeds (430°) and exit speeds (10”)
and looking behavior for three conditions of protection.
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Of note are the number of drivers who came 1o a full stop at the painted stop lines before
procecding on their trip, The number of drivers who came to a full stop in both dircetions was
noied, and the noninstrumented direction used as a control. Under the three protection levels_ the

pereent of drivers who stopped is zhown in Figure 1-5.
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Fizure 3 5. Percent of drivers who stopped at the crosing

for both dircetions under theee expertenlal conditions.,

Conclusions

The purpose of this stedy was Lo validate the measures sttggested for countermeasures
valuation. T fact, the hypothesis to be tested was, “Given a modification of the Calverlon aride
crossing. whicli caused a short term modification of bhehavior in a safe direction. are the measires
sufficiently sensitive to that change to indicate o significant resalt?” 1 must be concluded that the
measures proposed and used are, in fact. sensitive to a change in grade cressing safety hehavior, and

are valid measures which mav be used in the evaluation of candidate COUNTCEMCASUTes,
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CHAFPTER 5
FIELD DATA COLLECTION TECHNIQUES

The data obtained under this cortract at the nine locations investigated during Phase Il is 2 mas-
sive base containing information on the behavior, attitudes, knowledge, and biography of over a
thousand drivers. Additional information regarding the physical surroundings at the collection loca-
tions, the operation of railroad equipment, and trains was collected. All of the above was examined
in the light of findings of other researchers through a review of the pertinent literature, and with an
understanding of the tvpes of accidents which have occurred at grade crossings. Tabie 5-1 may be
useful in pointing out the measures gathered in the second phase of this contract. In the sections
which follow. each of the data collection techniques used in obtaining these measures, viz., the Traf-
fic Evaluator, photography. and motorist interviews, are discussed.

The Traffic Evaluator System

The Traffic Evaluator System was developed in 1969 by the Federal Highway Administration to
allow large-scale collection of data pertaining to the operating characteristics of highway traffic. The
svstem records discrete events on magnetic tape. It is a rugged. portable, battery-operated system
which can continuously monitor 60 switch contacts. Upon activation of any contact, the time of
initial closure and the address of the active switch is written on seven-track computer tape.

The complete Evaluator System consists of an array of vehicle sensors, the evaluator recorder,
and electronics unit (hereafter referred to as the ““evaluator™), power supplies, manual code boxes.
associated cabling. and a set of computer programs for reconstruction of the original vehicle charac-

teristics.

Vehicle Sensors ’

Two primary methods of sensing vehicle position are available. These are tapeswitches and pneu-
matic tubes. Pneumatic tubes are traditionally uscd in traffic counting devices and could be used
with the Traffic Evaluator System. They have a low initial cost and a long life. However, we have
not used them in any of the studies we have conducted using the Traffic Evaluator System and there
are scveral reasons for this. First, they are highly visible to motorists and suggestive of a speed trap,
causing motorists to alter their driving pattern as they enter an area where pneumatic tubes are de-
ployed. The operation of long tubes is undependable unless very sensitive pressure sensors are used
with some electronic amplification and pulse shaping. Double pulses are common in mechanical
detector combinations. The most serious fault is in the sensor equipment. A large enclosure must be
attached to the end of the hose, so measures of traffic in a single lane of multiple lane roads requires
an unwieldy geometry of tubes and logic to determine which lane the vehicle was in by counting the
number of tubes hit. Wheel bounce and adjacent lane vehicles make this technique unreliable.




Table 5—1

Data Cutegories

‘ SOURGES OF INFORMATICK : H
DATA CATEGORIES AND ITEMS }l QUESTICN- | INTER- | (oo | Taareic | ewoToG | siTE
NAIRE | VIEWER | EVALUATOR | RAPHY |SURVEY | ‘
Crossing Characteristics !
. [ ~7 | i
Locanion v ‘ . .
i Wearher ' \, " ‘ .
1' Roadway conditions \, | '; ]
Advance sign: what kind? \/ | \/ v I
How many sets of tracks? V l \/ \/ E |
Train visibility v i
; Signat visibility ! y V i
i Speed limit ' V
' Crossing roughness ! .J :
! Driver Biographical Data ‘ )
; Sex v I | T X
‘: Age? v ; | ! i )
i Occupation? i \, ! : ! : : j ‘ —_—
E‘ Glasses? | I \/ E | | ! ’ ': =~
i Sunglasses? i j ‘/ i ; : ! | ‘: !
; Obwious handicaps I -\J i ; ]l ' !
! How many mules 2 year do you drive? " V # ! | |
State you got first license? ! ‘J ! i : i :
: Wihere do you hve? ii v { “ | !
i How long have you lived there? :j "/ ! ‘ i 1‘
Reason for drive il V ! j ! ! |L

Driver Vehicle Characteriszics

Type Ii \/
Lead vehicie .
Color

LR

window position ‘
Racio on ‘J
Air congrironer !
Seat belt i
Shou!der harness
Make and modet
Year ’

)
|
i
1
'
i
)
{
i
i

Srtate licensec
fumber of occupants
Ozher windows open
Window condition
Obvious defects

How fast at tracks?

|

e eL e AL L 2L

i
!
i :
i !
| |
| |

Driver’s Crossing Behavior i

Roll down window?

|
Listen for train? i
Gic you Icok? |
Stap a1 crossing? |
D¢ you stow cown?

\
|
i
: Did you come o complcte stop? ‘
1
;
1
i

Vhy did ycu stop?
Why did you continue ahead of train?
How fas: did you ¢ross tracks?
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Table 5—1 (Continued)

Data Categories :

SOURCES OF INFORMATION

DATA CATEGORIES AND ITEMS ouesnon.]mrza. OBSERVER TRAFFIC  |PHOTOG-| SITE -
NAIRE | vIEwER EVALUATOR | RAPHY [SURVEY -

Driver Awareness ot Safery

Law says you should have done what here?

Do all crossings have signal or gate?

Do all crossings have a sign way up road?

Most accidents occur with-without gares or lights?
Most accidents occur day/dark?

Most accidents octur good/bad weathe:?

Most accidents ot cro<sings with signals due to carelessness
or nonworkir.g signals?
How many motorists killed in US. at crossings last year?
How many of above drunk?
How many killed in all traffic accidents in U.S, last year?
It no signal; only few trains/only siow trains?
Signals at crossings always tell when train is coming;
warn in plenty of time to stop.

Have ever known anyone to get ticket for crossing when
signai on? [

=

4
W
1

< LRI =1

Driver IKnowledge and Experience with Crossings

How often do you cross these tracks?

How far do you live from crossing?

What first indication of crossing?

Advance sign; what kind?

Dig you know number of tracks?

How many rracks?

Markings on road? what do vou remember?
Anything making it hard o0 tell if train?
Receive specific instruction on crossing?

LRALRURRRRE
<R <

Train and Countermeasure Data i
How improve advance waming sign? " i
Is train scheduled now?
How often do you see trains at crossings?
Ever cross when signal on? Why?
Average delay at crossings?

How long after signal is train?
What are mest effective countermeasures?

LR <L
<

How fast was train going? v ‘/

All Vehicles Data

Type

Wheel base

Number axies

Platoon

Type previous vehicle (for each trap in array)
Speed in mph

Headway in seconds

Headway in feet

[Tailway in feet

[Time of day
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The practical procedure is the use of tapeswitch sensors manufactured by Tapeswitch Corpora-
tion of America. These sensors consist of two metal strips separated by plastic spacers and enclosed
in an extruded plastic jacket. A leadwire runs from one end of each tapeswitch to a terminal box
located off the shoulder of the road. When the wheel of a vehicle rolls onto the switch at any point
along its length, the metal strips are pressed together and an electrical circuit is completed. The
switches are obtainable in any length desired. The input connections from the switchces to the data
recorder are such that each switch is uniquely identified. By limiting the length of the switch to the

width of a highway lane. the specific lane in which each vehicle is located is automatically identificd.

Feur models of tapeswitch are useful in sensing wheel crossing. These are the models 131, RBE.
RBS. and 170-I8. Each of these switches has different characteristics. For most applications. the
model of choice is the 170-IS which designates a BioTechnology. Inc. modification which is particu-
larly appropriate for traffic rescarch. This switch is lightweight, about 1/2” wide by 1/8™ high. and
causes almost undetectable vibration and noise when crossed by motorists.

Tapeswitch sensors are attached to the road with adhcsive tape. A double-faced tape the width
of the switch is placed beneath each switch. Tape with adhesive on one surface only is placed on top
of the switch. This tape is about six inches wide and contacts both the switch and the roadway. The
combination of two adhcsive tapes permits switch deplovments to last for a week or more under
high-speed, high-density traffic conditions. The single-faced tape on top ol the switch provides pro-
tection while the double-faced tape between the switch and the highway prevents “creep™ of the
switch in the downstream direction.

Evaluator (Data Recorder)

The evaluator consists of an clectronics unit which codes incoming data. and a digital tape re-
corder for mass storage. A pair of shiclded wires are run from cach switch in the array of vehicle
sensors to a central position where they are connected to the evaluator. An individual 12-voll line is
run to each normallyv open switeh. The closing of the switch charges a capacitor which is sensed by a
level converter and the resulting puise is converted to 3 +5-volt logic level. After inversion, the pulse
i= routed through a diode matrix an:l the six-bit coded output is applied to the first stage of a six
word silo memory. The appearance of a coded switch closure at the memory triggers a cutoff line
and ix “*and gated™ with the original pulse from the switch to fire a 40-millisecond. one-shot multi-
vibrator. This disables the input from the vehicle sensor that initiated the signal. A 10 k Hz clock is
the primary time-of-day mechanism. Twelve bits of time data are loaded into the silo memory with
the switch closure code. and the resulting 18-bit word is read out of memory in its turn to the re-
corder.

The clock is reset every 2016 milliseconds. This event is transmitted through the diode matrix
just Jike a road switch and is recorded. giving a continuous record on the tape of time since initial
device activation.



The mass storage device is a Precision Instruments PI-1387 incremental digital tape recorder.
Completery passive unless commanded to record, this instrument writes six bits of data plus parity
at cach step. The three steps required to write the 18 bits of data generated by each switch closure
require 18 milliseconds. The maximum writing speed at 200 characters per inch is 200 steps per
sccond. Six 100-foot tapes are used. representing a maximum capacity per reel of 480,000 switch
elosures.

Certain limitations of the evaluator regarding accuracy should be noted. The 0.5 millisecond
uncertainty due to the clock rate will result in an uncertainty of 0.0184 percent per mile per hour.
The vehicle may not be moving along a line perpendicular to the sensors. A five-degree angle will
causc an erorr of 0.38 pereant. A placement error of 1/4 inch from the desired four-foot separation
causes a 0.52 pereent error. Other factors which may result in small errors are axle misalignment on
the subject vehicle, uncevenly worn tires, etc.

The magnitude of the errors can bhe greatly reduced by averaging the reading for all axles. placing
the switches at points of low lane changing probability . and taking great care in positioning the
switches exactly four feet apart and perpendicular to the flow.

The evaluator in its present configuration contains only a six-word memory. Up .0 ten micro-
seconds are required to process data for each switch closure. The hardware may fail to recognize a
sccond closure within the processing period of the first. If six switeh closures are queued for the
recorder. data generated will not be stored until there is room in the memory. The data written on
the tape must be formatted into records and files for further processing. During the 0.75 seconds
required to write an end of record code on the tape. no data can be recorded. This problem is mini-
mized by using extremely long record lengths, but at the cost of requiring 2 great deal of core
memory to read the tapes.

Manual Code Inputs

Since the evaluator recognizes all switch closures in the same way. some +.f "« 60 codes avail-
able may be uscd by observers to record discrete cvents manually. Three 8-butici: yoxes, four 1-but-
ton boxes. and ascociated wiring are available. The meaning of the codes may be defined in any wayv
desired.

Power Supplies

The evaluator system is designed to operate on three voltage sources. a 12-volt automobile stor-
age battery for the road sensors and reeoider, a six-volt storage battery for the electronics urnit. and
a 12-volt drv cell for negative bias of the level converters. The recorder draws 40 watts when writing
data and virtually no power in the standby mode. Two ampere-hours is about average depending on
the characteristics of the vehicle array and traffic volume. The electronics package draws a steady
25 watts from the six-volt battery. The drain on the bias supply is negligible.

o
|
(¥}

s A
el



Cables

The svstem is connected together by 60 interchangeable cables. These are cach 330 feet long and
may he hooked together like houscehold extension cords to obtam the necessary length. Amphenol
connectors lerminate the cables at the evalualor on one end and to either a manual code box or road

~witch terminal strip box on the other.

Data Processing

Two utility computer programs and one analvtical program are used lo prepare data oblained in
the field with the Traffie Evaluator System. These programs translale time and switvh codes into

vehicle and traffie flow histories, reproducing the condilions actually experienced on the roadway .

The utility programs serve only to edit data stored on magnetic tape in the ficld and to translate
these data into a form more readily reviewed by a rescarch engineer. Originaliv | the data are ~tored
a~ large blocks of continuous binary bits, These are =canned one bit at a time Lo locate the first valtd
time pulse. stored as 0000 followed by an 0 switeh code. This operation is used to sy nehronize the
it program with the data base. Data in cach record are then translated from continuous binary hits
mto clements of three words of six bit~ each. The firzt two word=. or twelve Liis. represent the time,

atied the thivd word represents the switeh code.

The edit prograny also provides the user with a meanz for seleeting specific blocks of field data to
he processcd by the analvtical program. Input controls are provided to speeily the beginning and
ending file and record numbers of field data which are to he <lored for further analvsis. Options are

af~o siven to print the data processed in octal or decimal and to write the data on magnetic tape,

The primary function of the analy = program is Lo reproduce the field situation that was origi-
nallv ~tored on magnetic tape. Thiz iz accomplished by taking axte time pulses and the associated

switeh codes und producing vehicles at each pair of switches in cach fane of roadway.

An important feature of ihe analvsis progran: is its capability to determine when failures of road
~witches occurred. Original data which are missing from the input file of times and switeh numbers
can frequently be reconstructed and used by the program withoul causing the vehicle 1o be loxt
from the output data file. Many internal cheeks are performed before permitting the reconstruction

of missing data. and the oulput can be used with great confidence.

The program i= designed to assign a unique identification number to cach vehicle that is
recognized entering the array and to track this vehicle through the entire array of switches on the
roudway. A~ vehicles are determined by the program, the inlerrelationship of cach vehicle with adja-
cenl vehicles in the lane i= computed in terms of time and space headway . These vehicle relation.

=tip~ and other space and time measures are output both on magnetic tape and in printed tables,




A number of user generated input items are provided to permit maximum user control of
the data to be processed. Among these are parameters that define analysis periods, locate and
identify valid switch codes by lane, and establish ranges and intervals for tabulation of the
data. Time and space factors zre included for fitting the analysis program to the traffic condi-
tions that prevailed when the data was recorded.

The output of the analysis program is stored on magnetic tape and provides the researcher
with the greatest flexibility for conducting many different statistical analyses and tests on the
traffic measures. By sorting the data on file with a standard computer utility sort program,
any of the fields in a record can be selected as the major control field and any other data in
the record as minor control fields, creating any desired set of data for subsequent analysis.

Two different kinds of output record may be obtained. The first is a cumulative record of
a given measured event by switch pair, or lane, or both. Among the events which may be so
described are:

1. number of vehicles (by type and grouped in platoons if desired),

2. lzne change,

3. lane straddles,

4. speed (absolute and rzlative),
5. headway (time or space),

6. acceleration,

7. manual inputs (eg.. local versus nonlocal), and

8. vehicle characteristics (number of axles and wheelbase).

The second kind of reccrd is a track of a specific vehicle as it passes through the tapeswitch
array. Included in this track history are a unique identification for each vehicle detected, the
vehicle type (auto or nonauto), the lane traversed, and switch pair crossed within the lane.
The analysis.period, platoon number, and number of axles on the vehicle are also recorded.
Associated with this information, each record presents the front axle speed, the rear axle
specd, the time each axle reached the switch, average vehicle speed, the distance between the
first two axles, time and space headway between the current vehicle and the preceding one,
the manual observer code (if any), and the clock time in hours, minutes, and seconds. The
beginning clock time is established by the user through an input parameter.
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Road Switch Placements

The Traffic Evaluator System was used in a grade crossing study for the Federal Highway Ad-
ministration (Speed Profiles and Time Delay at Rail-Highway Grade Crossings!). Specd data was
vollected at the one thousand-f‘oot and one hundred-foot points on bath sides of the crossing and at
the eroszing. The resulting profiles showed that the crossing does not influence traffic behavior
simificantly bevond 500 feet. To generate smooth curves the switches were spaced as shown in
Figure 3-1 below. This gave measures of vehicle parameters at six points within 500 fect of the cross.

ing al approximately regular time intervals as the vehicles decelerated.
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Ficure 5-1. Placement of vehicle sensors in advance of srade crossings.

The speed meazures obtained represent the speed of the motorist under study uneder conditions
both with and without the influence of the grade crossing environment.

Manual Coding

For cach vehicle passing through the array of vehicle sensors during the period of observation.
the Tooking behavior of the driver was coded by hidden observers. The approach to the crossing was
divided into two zones and the obvious hecad movements of the driver were coded by four cate-
gorics: (1) did not look. (2) looked to the left. (3) looked to the right. and (4) look::d both wav=.

Sanders. J.H. Speed profiles and time delay at rail-highway grade crossings. Final Report. Prepared by
sioTechnology . Inc. for Federal Highway Administration. May 1972,
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Al sttes were :‘(‘l('(:t(:d with obstructions in at lcast one of the two quadrants so that the driver
would not benefit from looking for a train before reaching a point less than 200 feet before the
crossing. The two zones sclected for observation were from 130 feet to 50 fect, and from
50 feet to 10 feet. The pre-test of the data collection methodology showed thal virtually all
drivers fell into the —not look™ or “both ways™ category, and that the coding lask was
dighly more reliable when only these two categories were used. It was further shown that

two observers were required. one for each zone.

The software devesoped for the Traffie Evaiuator System permils vehicle specific coding to
be entered on the magnetic tape. Small boxes were construcled with two buttons on each
labeled “ves" and no™. Theze were connected to the Traffic Evaluator System. In order for
thes codes Lo e associated with the correct vehicle, they had to be entered onto the tape
when the observed vehicle would be the next one to pass over the vehicle sensors at the end

of the zone.

Additonal codes were used by the site leader. A third pushbutton box was provided for
entry into the Traffic Evaluator Syvstem ‘of codes representing the start and erd of crossing
sitmal activation. the arrival and departure of trains, and whenever a train whistle was heard.
These five codes were not vehicle-related. and were retrieved by a search of the magnetic tape
for these particular five codes. A sixth code was used for the designation of vehicles selected
to receive interviews, Thiz code was entered so that the sclected veaicle would be the next
one to cross the last pair of sensors. IL was not alwavs possible io enter this cede at the cor-
rect time. however, since some vehicles which were interviewed were chosen because they
~topped when the signal was not activated. and it was not recognized that thev were going to
~top untl after they had already reached the last pair. In these cases. the interview code was
aszociated with the next vehicle, and a notation was made to allow correction of the aata

base.

A similar problem was discovered with the looking codes. That is, some vehicles werc
found in the data wilh three codes instead of two. This was caused by the design of the
study requiring coding of behavior within a zone before the subject reached the end of the
zone. However, analvsis of the data showed that late codes which were assigned lo the follow-
ing vehicle (along with the actual codes for that vehicle) were in all cases ~did not look™
codes, Thiz discovery allowed correchon of the data without loss of information. The
apparenl reason for this phenomena is thal drivers who did look for lrains were coded as
soon as the action was observed. The observers., anxious to give the driver every opportunity
to look, somelimes waited 0.3 to 0.5 seconds too long before signaling a “did not look™ code.

T‘
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A second problem was with the coding of the signals and trains. Af crossings without bells. it
was frequently difficult to know when the signal came on. and the additional task of sclecting and
coding vehicles which drove through an setivated =ignal z=ometimes preempied the task of coding
thes other item=. When this was recognized. a small photoelectrie deviee was construeted which
could be taped in the comer of the signal. The relay closure outpult from this deviee was conneced
direcetly to the Fvaluator System so that signal activation periods were automatically coded. Un-
fortunatelv. the need for thiz device was not recognized before some signal activations had been

missed.

Photography

There were three types of photography uzed extensively during the project: 35mm still

photography. super-cighl movies. and super-cight time-lapse phatography .

Nite Documentation

The black and white 35mm photographs were used to draw deseriptions of the physical char-
acterities of each sites in conjunction with measurements of the location of driveways and inter-
secting streets, sign=. and other items which could attract the interest of the driver approaching the
crossing. These pictures were made from the driver’s eve level witly a wide angle lens from around
1000 feet from the erossing at 100-foot intervals. Additional meastures Lsupport of the site
documentation included signal visibility zones and sight distanee down the track from various driver

di~tanees, v

Train Events

! pon activation of the signal al the six active crossing= or the approach of a train al the three
pissive crossings. a special events camera operated py the site leader at the obzerver location was
u=-d to film the immediate approach zone. A film speed of eight frames per second was uzcd to
permil maximum filming time (about seven minutes) while being fast enough to eliminale jerks
movement of vehieles when projected. These filims were used for two important purposes_lo give a

striking visual record of driver behavior when warned of an approaching train. and 1o allow manual

vehicle recoustruction of the Traffic Evaluator Sy=tem data on vehicles which stop (see section on

tize Traffic Fvaluator System).

Vehicle Tracks

Each day during the collection of data. a super-eight camera was mounted about 500 feet betfore :
the crossing. This camera was generally iocaled on a telephone pole. carefully orientated =o that it
could not be seen by the drivers going in the direction of interest. The cameras filmed all activiiy -
from about =300 feet to bevond the crossing for the first half-hour of cach odd hour. A filming ’
spred of two frames per second was used. Thiz film, in color. was primarily intended as a back up to
the Traffic Evaluator Svstem. It was also used to verify the matching of Traffic Evaluator Svstem .
records with specific driver interviews,
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An cffort was made to develop some cross-site comparisons by counting the incidence of
brake lights at the —100-foot and —10-foot points. This project was terminated after two sites —
had been “scored.” The difficulty of detecting brake lights at the angle and distance of film- i
ing required about two hours per half-hour of filming to tabulate, and the vehicles with brake -
lights on were consistently found to be going about 15 percent faster than the cars without
brake lights on (from the Traffic Evaluator System record). These vehicles were also found to )
show a much greater deceleration valuc than the nonbraking vehicles. As no new information I
was oblained. the brake light projecl was terminated.

é
In summary. since the Traffic Evaluator System produced data for all of the sites, the 4
cozl of attempting to develop duplicated data from the ime-apse film was not warranted and
no further reduction of this filmed data was performed.
Questionnaire Construction and Administration ;
The investigation of driver response to the grade crossing environment! would not be com-
plele without an extensive knowledge of the individual driver. This information was obtained
through the use of a structured interview-questionnaire, designed for administration following
the covert observation of drivers traversing the selecied grade crossings. B
The instrument for the collection of this data provided for driver attributes in the follow- i
ing domains: 3
e Actual knowledge of regulations goveming molur vehicle operations at grade crossings
e Actual hnowledge of hazards at grade crossings
e Attitudes toward grade crossing safety including level of coneem about the problem
e Differences between driver concepts of grade crossing situations and other hazards
e Demographic and related background information aboui drivers.
The questionnaire us:1 in this project was consiructed and submitted with the proposal. \
Some minor changes were made after the pre-test of the data collecton protocol. The resulling
instrument contained 40 items covering five general categonies, as follows:
Section Number of Irems Page Length
1. Behawior at crossing 6 1
2. Approach to crossing 7 1
3. Safety facts 10 1+ s
4. Previous experience 6 1-1/2 :
5. Biographical 11 1
Totals 40 5112
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Due to the length of the compleled package. we did not feel that the cooperation of
the motorist would he mamtained throughout the entire questionnaire, Therefores Tour dif-
ferent questionnaire forms were developed from the five seclions and administered in a

reaular oraer,

In addition to the five sections noted above, a sixth seetion was fifled out by the inter.
viewer, Thix scetion provided information on the ype and condition of the driver’s vehiele,
record Keeping datac use and presence of safely and comfort equipment. ete. Thiz seetion
wis also used to noie the driver’s answer to situational questions as appropriate. such as his

reason for driving through an aclivated zignal. -

The resulting package on cach driver sclected for interview therefore always had Sec.
tion 6. while Sections 3 and 5 were compdeted by three-fourths of the population. These
two. Rnowledge of =afety facts and biographical information on the driver, were felt to he
wore felevant to driver performance. The remaining zections were completed by Half the
population. Each item could be paired with every other item in some subset of the toial
population ranging from one-half’ to three-quarters. Thus, while minimizing the tiine required
for the driver to complete the forms. we were able to generate a compicte data bLase per-

milting bivariate distributions of all item pairs.

Questionnaire Forms were made up from the {ive sections as diagramed in Table 5-2.

Table 3=2

Administration Straleay

Number of
Sections Includad in Form
Iterms
1 2 3 a 5

1 x > x 27 .

2 x x x 19
Form
-_— 3 x < x 28

4 x x x 27

A copy of cach of the forms used in this projeet is shown in Table 5.3,
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CCDE #1

Table 5-3

Questionnaire Forms

CODE #2

#

INTERVIFEWER FILL IN THIS PAGE

Information in Advance of the Motorist

Location:

Date:

Weather: clear, cloudy, foggy., other

Roadway conditions: dry, wet, ice, snow, other

Information to be Completed by Interviewer

Time:

Type of Vehicle:

1.1 ©Passenger
Small track
Lzrge truck

School bus

1.
1.
1.
1.
1.
1. Motorcycle
1.

0 =~ & 0 b W N

Other (specify)

Color (specify)

Tractor-trailor

Commercial bus

Type of Lead Vehicle:

4.1
4.2
4.3
4.4
4.5
4.6
4.7
4.8

Passenger
Small truck
Large truck
Tractor-trailor
School bus
Commercial bus
Motorcycle
Other (specify)

Driver Window Position:

Reason for Selection: 5.1
2.1 Stopped when signal was 5.2
off 5.3

2.2 First to stop for signal or

Closed
Part openead
Fully opered

Head Movement:

train
- 2.3 Crossed against signal 6.1
2.4 Nth vehicle 6.2
2.5 Other (specify) 6.3
Did Lead Vehicle Stop? 6.4

3.1 Yes
3.2 No

(Section VI)

None
Left
Right
Eoth




Table 5=3 (Conlinued)

Questionnaire Forms

Radicen? __ Yes __ No

Air conditioner: On Off ___ None

Seat beit: __ ¥Yes _  No _  N'A

Shoulder harness: _____Yes __  No __ N/A

Vehicle Make and Model: Year:

State Licensed:

Driver's sex: ____ Male _  Female # Occupants including driver
Glasses: Yes No Sunglasses: _ __ Yes _ _ No

Obvious driver handicaps:

Others windows opened: __L-V__R-V _ L-R__R-R__ R-F__ T-G .-

Window condition (e.g., foggy, cracked):

Obvicus vehicle defects:

Amplifying information:

(Section V)
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Table 5—3 (Continued)

Questionnaire Fornis

INTERVIEWER QUESTION TO MOTORISTS WHO STO PPED

(After introductory 1emarks)

What first prompted you to stop?

saw the train

heard the train's whistle bell rumble

heard the bell at the crossing

saw the crossing signal lights

saw the gates coming down

saw tlL- =ther motorist stopping __  in front of me
in the other lane

usually stop

always stop

INTERVIEWER QUESTION TO MOTORIST WHO CROSSED THE

CROSSING AFTER TRAIN IS OBVIOUSLY APPROACHING

What was the basis for your continuing across the grade crossing ahead of

the train?

train was stopped

train was moving slowly

train was far away

no train in gight

other cars were crossing the tracks
vehicles behirnd me wanted to cross -
police or railroad officials signaled me to cross
did not see the signal

other (specify)

INTERVIEW QUESTION TO BOTH OF THE ABOVE

How fast would you say the train was moving when you first noticed it?
0-10 mph 20-30 mph 40-50 mph 60-70 mph
10-20 mph 30-40 mph 50-60 mph " Over 70 mph

(Section VI)-




Table 5-3 (Continued)

Questionnaire Forms

i

MOTORIST QUESTIONNAIRE

First, please tell us what you did at this crossing.

1.

When you {irst realized you were approaching a crossing, did you slow

down?
No Yes (indicate below):

in order to mztch the speed of the vehicle
in {ront of you
so you could check for signals and trains
because tracks are usually bumpy
other (specify)

Did you listen for a train? Yes No

Did you roll down your window ? Yes No It was down

Did you look down the tracks before crossing?

No
Left oniy
Right only

Both ways

Did ycu come to a complete siop before crossing the tracks?

Yes N¢

How fast ¢o you think you were going when you crossed the tracks?

0-5 mph 30-20 mph
5-10 mph 420-50 mph
10-20 mph Over 50 mph
20-30 mph
(Seetion 1)
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Table 5—3 (Ccntinued)

Questionnaire Forms

Next, would you tell us something about what you remember of your approach
to this crossing.

1. What was your first indication you were approaching a railroad grade : ;
crossing? !
an advance sign way up the road
markings painted on the road
saw the sign at the crossing
knew it was there
saw a train

saw the lights flashing at the crossing

saw the tracks

2. If you saw an advance sign way up the road, what do you remember '
about the sign?

did not see an advance sign
the color (circle one) : white yellow red /
the shape (circleone): O [J A& V¥V
the symbol (circle one): X % RR RXR 3
3. Did you know hov'v many sets af tracks there were before you reached -
the crossing?

No Yes (indicate below):

remembered from when I was here before

cculd see the tracks

saw sign showing the number of tracks

did not see any markings

4. How many sets of tracks were there at this crossing: ;
1 2 3 4 b

S don't know .

5. If you saw markings painted on the road, what do you remember about
them? -
K

the symbol (circle one): RR X = RXR i

(Section IT)
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Table 3-3 (Continucd)

Questionnaire Forms

6. Was there anything that might have made it hard to tell if a train was
coming?
No Yes (indicate below):
could not see very far down the tracks
had to watch the vehicle ahead
people near the crossing were distracting
other (specify)
1. What additions to the warning sign way up the road would have improved
your confidence in approaching tnis crossing?
an indication of the number of tracks
an indication of the type of device at the crossing
an ndication of distance to the crossing
a suggested approach speed
flashing lights on the sign that are turned on by the irain
adequate as is
other improvement suggestions
8. Is a train scheduled to come by about now?

Yes, I think so
No, 2 den't think sc
I don't know

(Section 1)

5-18

p o
IS

L
]




ey

Table 5—3 (Continued)
Questionnaire Forms
Please tell us what you remember about highway-railway crossing safety.
1. According to state and local law, what should you have done at this
railroad crossing just now?

stopped

slowed down and been ready to stop, if necessary

maintained speed unless you saw or heard a train

no state law about speed at these crossings

2. Do all railroad crossings have a signal or gate that warns you when a
train is coming?
Yes No
3. Do all railroad crossings have a sign way up the road warning you that

there is a crossing ahead?

Yes No

4. Most accidents occur at crossings:

having gates or lights without gates or lights

5. Mgt railroad crossing accidents occur:

after dark during the day
6. Most railroad crossing accidents occur during:

bad weather (fog, rain, snow) clear weather
7. Most accidents at crossings having signals are due to:

driver carelessness signals that fai! to work

(Section IIT)




Table 5=3 (Continued)

Questionnaire Forms

8. ilow many motorists do you think were killed in accidents at railrozd
crossings last year in the United States?
less than 100 1000-1500
100 - 500 1500-200C
500-1000 more than 200C
9. How many of the above accidents invelved a driver who would be con-
sidered drunk under the law?
__ about i0% about 75%
about 25% about 90%

about 50%

10. How many people do you think were killed in zll traffic sccidents on the

less than 1,000 20, 000 - 20, G060
1,000-5, 000 30, 000 - 20, 000
5,000-10, 000 20, 000 - 50, G99

10,000 - 20,000 50,000 - 60, COC

60, 060 ¢r mors

11. I a crossing does not have a signal, it usually means that:

Only a few trains use the crossing Yes Nc

Only siow trains use the crossing Yes No

12. Signals at crossings:

Always tell vou when a train is coming Yes No
Warn you in plenty of time 10 s:op Yes No
;‘
(Section 1) ﬂ
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Table 5—3 (Continued)

Questionnaire Forms

We would like to ask you about your previcus experience at railroad crossings.

1,

Do you recall receiving specific instruction or advice on railroad
crossing safety?

No Yes (indicate below):

in driver education classes in school

in cther driver training

through safety campaigns (radio, TV, etc.)

in a drivirg license appiicant's manual

————————

other (specify)

What is the average delay that you have experienced when stopped at
a railway crossing?

0-30 seconds 5 minutes
30-60 seccnds 10 miautes

2 minutes Over 10 minutes

How long does it generally take a train to reach the crossing after the
warning signal goes on?

0-10 seconds 1-2 minutes
10-26 seconds 2-4 minutes

20-60 seconds Over 4 minutes

Have you ever crossed a track when the signal was on?

No

Yes (Check those conditions that existed the last time
you crossed the tracks when the signal was on):

train was stopped

train was moving slowly
irain was far away

no train in sight

other cars were crossing the tracks

vehicles behind me wanted to cross
police or railroad oificials signaled me to cross
did not see the signal

other (specify
(Section 1V)
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" Table 3—3 (Continucd) :

Questionnaire Forms

S. How often do you see trains at railroad crossings?

o i A

1 time out of every 2 times you cross a track

1 time out of every 10 times you ¢ross 2 track

1 time cut of every 25 times you cross a track

1 time out of every 50 1imes you cross a track

1 time out of every 100 times or rmore

€. Have you ever known anyone who got a traffic ticket for crossing a
track when the signal was on or the gate was down?
Yes No :
7. Which of the following are the two most effective measures to reduce :

crossing accidents?

more gates at crossings :

better warning signals at crossings

better warning signs way before the crossing
improved driver education

public safety campaigns

stricter law enlorcement

require trains to whisile before crossing the road

require trains to nave more lights

T

lower speed limits for vehicles
require trains to slow down before crossing the road
all vehicles should siop at crossings

N

signal in your vehnicle that is turned on by an approaching

train

{Make sure you have checked 2 of the measures above.)

(Section V)
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Table 5—3 (Continued)

Questionnaire Forms

We would like some information about the kind of motorists who are helping

us.

1.

2.

Please tell us ...

Your occupatiocn

How old are you?

16-20 31-35 46-50
21-25 36-40 51-55
26-30 41-45 56 or over

About how many miles a year do you drive?
leas than 5, 000 10, 000-15, 0G0
5,000-10, 000 Over 15, 000

In what state did you get your first drivers' license?

Where do ycu live? City State

How long have you lived there?

What is the reason for your drive (vacation, going to work, going
shopping, etc.)?

How often do you drive across these tracks?
this is the first time
once or twice before
about once or twice a month
about once or twice a week
about once a day

more than once a day

How far do you live from this railroad crossing? -
0-1/2 mile (up to 10 blocks) 2-5 miles

1/2-1mile (10-20 blocks) 5 miles or more
1-2 miles
(Section V)
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The resulting forms generally required aboat five minutes to complete. The questionnaire seetions
were presented to 1556 drivers during the data collection effort at nine siles, Each secetion was

administered according to the tabualar matter whiel, follows.

Section Number of Times Answered
1 646
2 622
3 236
4 647
5 a31

\bout 20 pereent of the attempts at interviewing drivers were unsueeessful.

I:raddition to these five ~scetion=, a =ixth.as voted above o wes (illed out by {he interviewer,
Administration

There were two primary restrictions placed upon the questionnaire administration: (1) the
driver should not hecome aware of any activity which might modity hi= behavior until after he had
cro~sed the tracks. and (2) there should be a reliable method for obtaining the cooperation of

~pecifie motorists selected betore they reached the erade crossing.
| :

Corvert Observatton. The first of the above restriclionsavas met by insuring Lhat, as far a= pos-
sible. the approach to the crossing was not modified in any wav whicli was deteetable by the
motorist. With the exception of the vehicle sensors taped to the road using camouflage tape, all
equipment and personuel were hidden taking advantage of existing cover. Where no trees or hothd-
mmg= were invailable | the observers were located ina 1902 Py mouth station wagon which was care-

fully situated to appear to be ina normal location off the road.

Inierview Site Location. The location of the inderview site presented <omewhat greater
problems than did the observer location. The safe operation of the study was alwavs the primary
consideration. The task of stopping «lected vehicles and parking them where they did not pose a
hazasd to passing traffic, required a parking arca large enough for at least three cars. with reom to
maneuver a Jarge truck. and a safe return path to the original route. An additional constraint im-
posed by the law enforcement officers hired to direet selected motorists to the inlerview site was
that they have jurizdiction over the roadway at the interview site. Sinee most of the CTOSSINZS Were
located near the ¢ty limils several cases involving two or more authorities had to be nevotiated. In
Milpitas, California, for example. the interview sile was localed at the city limit= to San Jose. We

would have liked to have moved it further than the resulting 300 feet from ihe crossing but a

rooperative agreement could not be arranged between the police in' the two cities in the time avail-

able.
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At another site, Virginia Route 28 near Calverton, the state police were required and they in-
sisted on erecting a **Prepare to Stop™ sign and a “Survey in Progress™ sign at 100 feet and 50 feet,
respectively in advance of the interview site. This required us to move the interview site farther
from the crossing than was desired in order to keep the first sign out of the sight of traffic until
after crossing the tracks.

In some cases. the desired location was on private property. In every instance, arrangements
were made with the apparent responsible parties for the use of their property. Aside irom some
unpredicted expenses. this created no problems. Arrangements were also made for sanitary facilities
at a nearby commercial establishment.

Summary of the.Interview Operation

Personnel. To conduct the interviews it was necessary to coordinate the activities of several
people: a crew leader, located at the observer position just before the crossing, who selected drivers
for interview; a crew leader located at the interview site, three or more interviewers, and the police
officer.

Personnel used as interviewers were research assistants from BioTechinology. The same people
were used al all six sites. The remote data were collected by temporary pemsonnel arranged for in
advance from employment agencies in Michigan and California. Brian, Texas had no temporary
agency but Mr. Richards, who did the preliminary site seiecticn for us, was also able to provide
interviewers,

Training and Instructions. The acceptance of the delay imposed on the selected driver was en-
hanced to some extent by using attractive female interviewers, although this practice was not fol-
lowed exclusively. The interviewers were carefully briefed on tactful approaches and on the overall
procedure. A reasonably standard introductory statement was given to each motorist as follows:

INTERVYIEWER APPROACE TO MOTORIST

Auto Beyond the Crossing

“We are trying to get information that will help 10 improve certain features
of railway-highway crossings, and we think that motorsts know the answers to
these problems better than anyone else. We are working under contract 1o the
Department of Transportation, the Federal Government agency responsible for
railway-highway intersection safety research. This study is concerned with in-
formation the motorist needs end uses, and we would like to ask you a few
questions, The questionnaire is short. We would very much appredate your
assistance if you can spare a few minutes of your time.”

o
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For training purposes. task sheets were prepared for each type of operation. Each interviewer
was given a package containing all five ~ections which he filled in as would a drver. while another
administered the gnestionnaire. They then reversed positions. Each of the questions was discussed
to permit them to heip the driver as required. and to familiarize them with areas where the motorist

micht not properly complete the form.

Task Sheet

Interviewer
L. Administer inteniew/quesonnaire to drivers

2. Fill out required spaces on interview information sheet (115)

Task Description
Driver Interview. Upon the approach of a selected vehicle. reecive from the
coordinator a completed cover sheet. Ohtain a questonnaire and copy the inter-

view number [rom the cover ~heet.

Brief the drver as rehearsed. Give him the guestionnaire on a dipboard with
a pencil. Assist him as requird but do not influence his answers,

As the questonnaire is being Glled out. complete the 113, Check the cover
sheet for correct nformation.

Remain near driver just behind hi- window,
When drsver has completed questionnaire, ask il radio or tape plaver was on.
A=k sprcial case questions,

Quickly look for errors in questionnaire, and ask driver to correct any found.
Thank driver for his cooperation.

Other Duties. Relieve coordinator if he i internviewing another driver,

Interview Procedure. Interviews were taken for the first 45 minutes of each hour. The interview
coordinator was in contact with the site leader located at the observer site via two way radio

operating on the Citizen’s Band frequencys. The coordinator called for a driver to be interviewed on

5-26
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the basis of a table of random numbers provided. Table 5-4 was used in the order shown. The next
number was radioed to the site leader who began counting at that time. selecting the nth vehicle for
interview. A code was entered into the Traffic Evaluator System just before the selected vehicle
reached the —50-foot trap thus permitting the Evaluator data to be associated with the question-
naire. The site leader called a description of the selected vehicle: color, make, and model: position of
driver’s window at the track: and the time of day. This information was noted on the interview
cover sheet, and the police officer was told the make, medel. and color of the selected vehicle. He
proceeded to stop the driver and direct him to the interviewer who indicated where he should stop.

In addition to the vehicles selected at random, special cascs were interviewed whenever they
occurred. These consisted of drivers who stopped short of the crossing without signal activation,
drivers who crossed the tracks when the signal was operating, the first vehicle to stop for a train, and
other cases of interest such as driver’s educaticn cars. The use of random number sejection pro-
cedures resuited in selection of several cases which were not appropriate, such as a Brink’s Armored
Car, but also gave us data on drivers which we might have otherwise elected to pass, such as city bus
drivers and police officers.

(9]
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Table 5—4

Vehicle ldentification and Selection Sheet
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CHAPTER 6
FIELD STUDY DATA

Draring the Phase 11 data collection effort. information wus obtained to develop an under-
stamding of the sarety preblems at raidway -highway grade crossing~ and o provide o facteai
Lase of driver behavior and attitedes. The reduction of the data colleeied was dirceted toward
identiication ol methods which would redireet the drivers toward <afer conduct ina safer

crvironment.

The informalion oblained consisted of fouar part=: questiomaire responses, driver per.
formance records collected with the Traffic Favaluator Svstemo plivaical measurements and
descriptions ol sites and railroad equipment, and aceident histories at the fostrumented sites,

The following sections illustrate the methods of reduction and anals <~ directions,

Summary

In ~anmmary . not ineluding the pretest data colleetion period. nine sites were inohied in
the Phase 1T data collection effort for two davs at cach ~ite. A total period of H12 hours,
1T minutes of data were recorded with the Traffie Evaluator System which vielded complete
tracks on 185352 vehneles, Filty sseven trains were obzerved diring data onilection periods OF
the 15536 drivers selecled for inlerview! 1267 completed the gquesticanaire, The tabular matter

that follows summarizes the effor! at eacls =ite.

Questionnaire Responses

Procedure

The varions questionnaire forms (iccussed in Chapter 3) were caded and l\v_\punvhml Y
vield ane punched card for cach scetion answered by cach subjects U procram was wrilten
lo examine the fibe Tor missing data (blanks) and for codes which were notl apprapriate,
The prowram output was a list ol card numbers whieh contaived defeetive mformation,
These cards were recoded after review ol the orpamat quesitonnaire. and the defectine cards

were replaced with valid data cards,
The primary reazon for the defectine cards wis found o he the omizsion ol an item

during the coding process which resalted in g ore- or two-column =hift o the left of the

codes which followed.,

O—1
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A sccond prograin was written which examined the file for logical errors, This inspection
was for items suen ax “Have vou ever crossed a Irack when the signal was on?™ which were
answered both no™ and “yes. . .7 The short list discovered by this program resvealed some
actual inconsistent responses which were changed Lo the “no response™ code for Lhat item.

and some coding and kevpuneh errors which were corrected.

Response to Sclected Items

Several items on the questionnaire were ol intended to be compared willy driver por-
lormance measures. but were included to develop an underslanding of the attitude of the
prblic on certain issucs. Mosl of the other queshonnaire items are discussed in support of the
hypotheses testing in Chapter 7. tlems whiclh are felt to be ol general interest or whieh clearly

have countermeasures implications are listeed helow,

o Two-hundred and seventyv five ditvers (16 pereent) indicated that they slowed down al
the crossing because lracks ave usuaily bumpsy.
e Most drivers indicaled that they detected the crossing by remembering il was there,

The remaining 246 drivers sclected:
™

Saw advanee warning sign - 3827
Saw pavement markings - 10.0%
Saw the crossing protection —  37.4%
Saw thie tracks - 15.8%

e Two-hundred and sixtvesin drivers indicated that there was =omething that made it hard
to deteet Lrains, Significavtly more drivers at passive erossings ~o indicated than at ac-
thve crossings, Generainy the responze was concerned with restrictions to visihility down

the tracks.

e !'n senerall there is no demand for signing indicating the number of tracks ai the cross-

ing. This is vrobblv due to a lack of underdtanding of the uze of the information.

e Nixty-eight pereent of the drivers al passive crossings and 16.5 pereent of the respon-
dentz at active crossings indicated a desire for active advance warning displavs. Only

22 pereent indicated salisfaction with present advance waring sjgning.

o Al passive crossings, i3.4 wereent of drivers thought there was an aclive device at all
crossings. Thix increased to 228 pereent at aclive crossings. Qver 35 percent of the

California drivers believed all erossings had aclive warning svstems.

e Ninety-once pereent of the respondents (825 drivers) felt that most aceidents oceur at passive
crossings. They were split about evenly between day and night. Sixty-four pereent believed
most aceidents oceur in bad weather and over 90 percent attributed accidents to driver

carclessness,

6-3




Drivers felt that 'drinking was a major contributer to accider:ts. Responses to “How many
(rail-highway fatal) accidents involved a driver who would be considered drunk under the

o=

law?

About 10%  was selected by 28.9%
About 23% 25.9%
About 50% 8.4%
About 75% 12.2%
About 90% 4.6%

Sixty-five percent of the drivers felt that passive crossings were characterized by low train
volumes. Nearly 80 percent of the respondents at passive crossings selected this statemeist.
Half of the drivers felt only slow trains use passive crossings.

Affirmitive response to “Signals at crossings always tell vou when a train is coming™ was
smaller than expected. Three-hundred and eleven subjects (37.6 percent) said " No.” How-
ever, the next question (Do) signals. . . .warn vou in plenty of {ime to stop?™ had only
19.6 pereent stating “no.”

Asked to recall any specific instruction or advice on railroad crossing safety. most stated
they remembered information in a driver’s license manual or in driver’s educatien classes.
Thirty-five pereent could not recall any instructions.

Fifty-four percent of the drivers (338) stated thal they expericnced an average delay in ex-
cess of 5 minutes when stopped at a crossing.

An extended view of time between signal activation and train arrival is held. a2z seen by the
responses:

0-10 seconds was selected by 3.0%
10-20 seconds 21.7%
20-60 scconds 32.3%
1-2  minutes 25.5%
24 minutes 10.4%
Over 4 minutes 5.1%

Drivers were asked to suggest measures to reduce crossing accidents. The percent of drivers
responding to each measure suggested were:

more gates at crossings 39.1%
better warning signals at crossings 27.6%
better warning signs way before the crossing 10.9%
improved driver education 8.6%
stricter law enforcement 5.5%
public safety campaigns 1.9%
require trains to whistle before crossing the road 1.5%
lower speed limits for vehicles 1.5%
require trains to slow down before crossing the road 1.4%
all vehicles should stop at crossing 1.0%
require trains to have more lights 0.5%
signal in vour vehicle that is turned on 2y an approaching train 0.5%
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e \x wus expectedl virtually all of the drivers lived in the community where the crossing
under study was located. Even in the vicinity of Washington. D.C.. the driver’s license
wis obtained in the same state ax the crossing.

e The population had a mean of 12800 miles per year driving experience, divided as fol-

lows for four classifications:

Less thun 5.000 miles per year 15.7%
5.000-10.000 22,50
10.000-15.000 21.3%
Over 15000 1055

e The population using crossings yenerally had lived in the community for over ten sy cars.

Less than 5 vears 29 65
3-10 yeurs 20.20
1E-20 vears 2137
Over 21 vears 25.77%

e Ncurly ull (96.9 pereent) of the vehieles had @ radio installed aiithough only
28.2 pereent had the radio on. Thirty-cight poiut five pereent had air conditioners, and
of those who did have themo 538.0 percent were nuse (observations were made in fuly
and \ugusl.)

e Scal belts were installed in 90.6 pereent of the vehieles observed. sinee most cars were
never than 1965, Of the cars with seat hells installed. 11.2 pereeni were in use.
Fortyv-two percent of the cars did nol have shoulder Larnesses instatled. and in those
which did have them. only 24 drivers (3.3 pereent) were using them. The list below

shows the proportions of availabilits and use for cach of the sites at which data was

laken,
Snoulder Harnes, Seat Belts
Site
% Having % Use % liaving % Use
Linthicum 41.0 9.7 91.1 19.6
New Midway 58.2 3.5 84.7 15.7
Calverton 58.1 4.7 93.8 21.0
Sunnyside 55.5 3.6 90.7 30.9
Fairview 63.1 2.4 93.1 16.4
Route 28 54.0 2.5 93.4 128
Michigan B85.3 1.6 85.0 106
Texas 41.2 1.5 29.2 5.7
Catifornia 66.2 3.5 89.6 16.7
6-5
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e Drivers were asked what the purpose of their trip was. The responses were:

Working or going to work 47.3%
Shopping 22.5%
Misceliuneous 09.2%
Returning home 5.9%
Visiting friends 3.7%
Pleasure drive 3.8%
On vacation 3.1%
Going to doctor’s office 1.5%
Getting car repairs 1.0%

e Female drivers represented 31.4 percent of the sample.

e Anaverage of 1.72 people including the driver occupied the cars in the sample. The

distribution was:

Occupants Percent Cases
1 60.2
2 22.1
3 3.2
q 5.1
5 1.9
over 5 14

e Twentv-seven point nine percent of the drivers wore corrective glasses. Twenty-seven
point one percent had on sunglasses.

Driver Performance

Traffic Evaluator System

The magnctic tapes generated by the Traffic Evaluator were processed in several steps. The
first requirement was to copy the field tapes onto reels compatible with the computer system
uscd to further process these data. The copied tapes with any parity errors eliminated were
edited to convert the raw data stream into a form acceptable to the program which recon-
structed the original vehicles. The corrected tapes were then processed by the vehicle recon-
struction programs resulting in a sct of files of reconstructed behavior of drivers as they
passed through the instrumented section of roadway.




Svstem Software Products

Swnmary ztatistics were available from the outpult of this program, These were used to devejop
preliminary behavioral comparizons among sites. Information which is descriptive of sites is included
in Appendix ACA brief summary of the information developed by this series of computer runs s
~howain the (ables below,

For cach site. the absolute speed distribulion shows the number of vehicles identified by the
prouram at cach trap and the first four moments of speed. Table 6-1 i~ typieal of all site=. Note the
large Kurtosis figures indicating 2 very pointed distribution. As an aid to interpretation of the
moments, the actual distribution of =peeds for passenger cars. which were tracked by the svstem
through all six traps is shown in Figure 6-1. For clarity. only the first. fourth, and sixth traps are

,-ll()\\ n.

Table 6 -1

Absolute Speed Distributions (mph)

PalR_ S4ZE _ MEAN___ STD_pPEVIATICH.. . SKEWLANESS__.. XUSTOSIS
1 25y 33.58¢8 2.G67 - Foe3en T}
2 ¥53 R1e31 __._____ . Ses3 | - _ 7e,118%
-3 755 F6e74 cePN 4y Ga03G7

~ v 755 22«70 — .. EL32 =18 541330 _ .
] Y26 1763 eG4 o3 42336

— 6. 2% _12437.. . . __Eell . L L. 1.8¢ . B4R 1G2 .

0 20 20 60
Spwed, tmah

Figure 61, Distribution of speeds, Sunnvside Avenue,
at {left to right). -10.000. and 500 feet before the grade erossing.
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Additional summariés for relative speed (Table 6-2), time headways (Table 6-3), and space
headways (Table 6-4) are available. Examples of each are shown below. These data are from
Sunnyside Avenue. The relative speed table (speed of Nth vehicle compared with that of N-1)
zhows a very pointed bell-shaped distribution about a mean of zero. The essentially constant
(not significantly different) second moments as the dnver approaches the crossing were con-

sistent for all crossings.

Table 6—2
Relative Spced Distributions (mph)
PalR DLlE MF AR SID QEVIATICN  SKEWANESS KURTOSI1IS .
1 4G .00 €080 .10 7.1546
L2 992 ___=eQUi Bebkd-— = ,42. . Se2087 — -
3 %58 -, 00 €.,34 -.17 11,0344
— 958 =01 e — ~e(7 -Qe£095 ——
S 225 -0l €eb4 -4 4e6240
& ___vp8______,00 7.50 - 4CS ... S5.1081 -——
Table 6-3
Relative Speed Distributions (mph)
Piik sl4g _MEAN__ STD_DEVIATION.. . SKEWNESS___ KURTOSILS —
1T va9 18440 22.04 2436 10.4459
_ e %52 ___18e30__ 21 eBT. __ .. 235 . 105975 __
3 255 18.17 21.54 2,37 10eRRA3
4 %55 ___18e0l 214 235 _ . 107973 __.
S "25 18.25 22e21 36 148150
6 W28 3 7.76 23,25 . ___2.5T.__ _ _1i.F14?
Table 6—4 '
Relative Speed Distributions (mphj)
PAIR___ 5128 " MEam_ . S1p. DEVIATION__ _ SKEWNESS___ KURTOS{S.
1 949 S462637 116816 2.4;f _11-5152__
_2. —952 ..BpBeB7 . 1078462 —— . 2,44 1141931 —
3 v58 782,365 79,69 2649 116448
—4 75563488 A20e19-—— 2,63 1362635 —..
925 553,12 ABS,56 3.67 18.0594
— 6 928 _3S0+l1l 56458 . 359 __ 28e¢1101 ----

P



The headway data presented in Tables 6-3 and 6-1 reflect tyvpical moderate to low volume sites

with rundom separation hetween vehicles. The time headway distribution iz proportional to the
traltic voluries observed. but not linear. as shown in Figure 6-2. This relationship is not true for sites
characterized by definite platooning as when traffie is coriroiled by a nearby signalized

Inlerseeiion,

) Calverton

@
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I

[
=}
1

n
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|

8
i

® Michigan

N
o
|

(O]

Fairview

= Sunnysi
S S yside

O, California
Texas Rt 28

o
1

(&=L inthicum

Mean Time Headway (seconds)

! — Y

T
a 100 200 200

Mean Hcurly Traffic Volume

Figure 6--2. Time headway distribution for ob=ened traffic volumes.

Carz entering the insirumented segmenl al low speeds aceelerate until the crossing in-
fMuence predominates. In general, this point s al cpproximately 200 to 300 feet. which also
correzponds to the location of the advance warning signz. but also is the range at which
most drivers =can the road ahead and might be expeeted to observe the actual crossing,
Sinee a majority of drivers stated that they hnew from past experience that the crossing
was there. and the change from acceleration to deceleration is at zbout the same distance
for the crossings with advance warning much further from the tracks. the latter iz taken as
the correet conclusion. For the popuiation entering the array at the higher speeds. the
figures generally show a continuous and inereasing deceleration. The majority of the drivers
exhibit a diztributed point o1 maximum deccleration which appears to he related to other
factors which arc specifie to the subject driver. The use of this poinl ax a measure will be

discussed in Chapter 7.

Individual Vehicle Reconslruction

The vehiele reconstruction program also presented the phyvsical characteristies for each

vchicle detected. Table 6-5 12 a key for inierpretlation of the vehicle reconstruction tables.

6-9
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An cexample of the printout generated is shown in Table 6-6. As an aid to interpretation of
the vehicle reconstruction. the following translation for the third vehicle shown, number 776,
tx presented:

EXAMPLE OF VEHICLE 77
Data from Holly, Michigan, 25 Julv 1972

Vehicle 776 was a standard passenger car, in lane one, recorded at pairs
one through six. He was following a large truck. He was in platoon 449 aad
had two axles separated by 9.9 feet.

As he approached the crossing, his speed changed from 47.8 mph to
40.4 mph. He was about 23 seconds behind the truck and closing from
1263 feet to 336.4 feet. The car behind him (number 777) was about
296 {eet away.

This vehicle did not look for a train between —150 and —50 feet
(code &), nor did he look between —350 feet and —19 feet {(code 42). He
wa~ ~topped and interviewed (code 38). He «ntered the array of sensors at
1501:51 and crossed the track at 1501:38.

The flag codes (**¥2***) pomt out that his speed at traps 4. 5. and 6
waz greater than the mean speed plus one standard deviation.

The interpretation of the vehicle reconstruction tables is only straichtiorward for those
vehicles which did not cither stop or slow down greatly. The limit of the capability of the
software to track the vehicle from trap to trap is reached at a speed of about eight miles
per hour. Many of the most intercsting drivers were those who either stopped at the cross-
ing or slowed greatlv. The computer printout for these vehicles is frequently uscless and
their behavior must be determined by hand. The procedure for this will not be discussed
other than to note that the reconstruction is highly reliable but time consuming. It iz done
by obtaining a printout of the original time and switeh codes as recorded in the field, then
calculating the final parameters as would have the vehicle reconstruction program if the
spreds had been within ils capability.

The behavioral information from the Traffic Evaluator Systen was matched with the interview-
questionnaire form filled out by the subject driver. and was processed by a computer program which
outputs a punched card containing the information shown in Table 6-7. This card is then included in
the deck of cards for cach driver which had been generated by the questionnaire reduction. making a
total of five cards for each respondent.

6—10




Table 6-3

Kev to Vehiele Reconstruction Tables
ITENMN DESCRIPTION
1. Flag Code 1 = Vehicle Accelerated
2 = Spead Greater Than Mezn +1 S.D.
3 = Time Headway Less Than 2 Seconds
2. Sequential Vehicle Number
3. Vehicle Type 0 Compact Car
1 Standard Car
2 Small Truck
3 Large Truck
4 Bus
5 Truck Combine
4. Lane
5. Pair :
6. Type of Previous Vehicle :
7. Platoon Number :
8. Number of Axles
S.Wheelbase, Feet '
10. Speed, M.P.H.
l11. Headway, Seconds
12. Headway, Feet
13. Distance Ahead of Next Vehicle
14. Observer Codes 37 - Signal

15. Time of Day

38 - Questiionnaire

39 - Train Arrival

40 - Near Look, Yes

41 - Whistle

42 - Near Lock, No

43 - Advance Look, Yes
44 - Advance Look, No

6-—11
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Tat

Behavioral [tems Available for Fach Questionnaire Respondent

ltem
Subject ldentification Number

Site Number

Card Number

Time Entering Array

Vehicle Sequence Number

Vehicle Type

Is Vhere a Lead Vehicle Before Crossing?
Lead Vehicte Type

Lead Veh'cle Speed at Crossing

Dic Subject Look in Advance Area?

Some of the variables included in Table 6-7 were used {0 refine the driver population. For

example il is known that drivers who are hehind vohicles which slop for the erossing (for any

{tem
Subject Venicle Sneeds Measured
Followed Distance (Tastway) Trap 1
Tailwey Reduction Percen: Trap 1 10 6
Trap Before Maximum Deceleration
Headway Reduction Percent Trap 1 10 6
Headway at Trap 1
Minimum Time Headwa
Did Subject Vehi~le Sr¢o?
Date

!s Subisct Unozr Sigral or Train Influence?

rea=on) are strongly influcnced by the lead vehiele’s behavior, Ficure 625, tahen from data at

all aetne siles. graphically <hows this behavior infloenee, The special cvents Ol shows soveral

case> where a driver stopped for an activated signal and wiz passed iy ~cveral lose palicnt

drivers hefore deciding to continue his trip. Thererore, a =ub~=1 o the driver poptlation being

examined for particular characleristies included those drivers who were nel being influenced by a

signal or train, slow leader. tailgater. or other highly

influential outside variable.

Format of Lhe Data on Subjects

The 1.236 subjects remaining after elimination

questionnaire and those who had a behavioral data base which could nol be recovered constituted

the ~ample on which the conclusions of the next «

of respondents who made gross errors on the

hapter are bascd. This is et to be 2 Tair dis-

tribution of the population which uses the nine rail-highvay etade crossings that were studied.

The three passive cros=ings are represented L 322

911 =etz of behavioral and questionnaire fesponses,

have a total of 630 subjecis divided into 174 from

subjects. Sin aclive crossings are described n
The four geographically separate crossings

the Milpiias, California, cros=ing. 135 fron:

Bryan. Texas, 149 from Holly, Michigan. and 132 =ubjecis from Route 28, Manassas, Virgiuia.
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Figure 6-3. Percent of mitial headway for vehicles following car= who stop
without activated =ignals (zolid). average headway reduction for all vehicles (dasiied).

=

A file was created for cach subject conlaining 176 entries. The definition of cach entry i

given in Appendix B of this report.

Each location has a characteristic distribudion of speeds diie to the physical surroundings.

speed limit, road width. traffic volume. cte. The distribution of speeds 500 feet in advance of the

crossing for passenger cars without vehicles between them and the crossing are shown for the

active crossings in the Marviand-Vireinia area (Ficure 6-2). for the three “local™ nassive crossings
- . = ] I =

N

(Figure 6-5). and fer the intentionaliy “matched™ set of geographically displaced sites (Fig-

ure 6-6). That there are differences ameng sites is readily apparent. but the striking similarity

among the matched set shows that if crossings are selected te have similar physical surroundings.

the behavior of the subject population, even though widely separated. may have substantially the

=ame performance eharacleristics.
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Ficure 6- 1. Svced distribution for passenger cars. no lead vehiele. local active crossings.
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Figure 6—5. Speed distribution of passenges cars. no lead vehicle, passive erossings.
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During a period of signal activation, an observer drove from hevond 2.000 feel oward
the crossing noting landmarks at which cach of the signal heads hecame visible, Measure-

ments were then made to these landmarks.

Interactions With Railroad Equipment

Simultaneous Arrivals

A~ a vehicle approaches the grade crossing along the mean speed profile. there i= a
point at which he cannot stop his car short of the tracks. If he i~ not aware of the ap-
proach of a train by this point. he has no possibility of avoiding collision unless the Lrain

i~ moving slowly cnough that the driver can pass abicad of the train.

The point where stopping distance cequals dislance to go was caleulated for each of the
nine crossings studied using Figure 6-7. Only four of these caleulations resulted in 2 distance
areater than 30 feet, but two of these four sites had passive proteetion. All of the sites
were =clected in part because of restricted sight distance to an approaching train, 14 a
situation is constructed such that an approaching train reaches the*svailable sisht distance
when the driver reaches his critical point. the (rain speeds for shnultaneous arrival can be
calculated. Two train speeds are shown: if the driver does not ey to stop. the time (o
reach the crossing is readily caleulated: if he makes a maximum effort to stop. the time to

recach the crossing varies but is not lesc than twice the time caleulated above.

I the detection of trains is limited to the driver actually sceine it. and =ome level of
efforl i made to stop, the probability of « collision i extremely high for train speeds
above Ui lower speed shown in Table 6-8. Sceveral reasons exist which explain why the ac-
cident rate is as low as it was found to be Yor these crossings. Firsl. the train <peeds ob-
served were ncar the lower figure, typically 10 to 153 mph. Sceond. the requirement o
actuallv see the train is eliminated at the two signalized crossings. Upon activation of the
signal. the speed profile changes dramatically which permits the safe driver (o alwavs stop
before reaching the tracks. YMean vehiele speeds with and without signal activation are

shown in Figurc 6-8. Third. the train whistle announces the approach.
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Figur 6-7. Stopping distance, dry pavement with 3/4 second reaction time.
Data — Sportsmanlike Driving

Table 6—8

Critical Train Speeds for Sites With No-Return Distances Greater Than 50 Feel

Critical Train Speed

Site Critical Point Sighrﬂ:asli—.srteaice Driver Does Not Stop Drwver Tries to Stop
New Midway 80°, 28 mph 200° 70 mph 35 mph
R:. 28 Calverton 75°, 30 mph 90’ 36 mph : 18 mph
Rr. 28 Manassas 80°. 31 mph 50° 19 mph 9.5 mph
Calfornia 70°, 27 mph 230" 35 mph 17.5 mph
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Signal Operations

The flashing signal at the six aclive crossings stadied provided adoguzaie visible warning
times in cevery case obscrved. At all sites, the signal was activated by track circuits which were
operaled by the physical presence of a train. and these switch points were located 2.000 to
+4.000 feet from the intersection. The activation of the signal was not alwavs initiated when
the train reached a particular point. in facl, variztions of cver 1.600 feet were obsceved. At
Sunnyside Avenue, the train to crossing distances ranged from 1498 {eet to 3.665 fect. The
detector was located at 2,640 feet for all four approaches (lwo tracks). This caused the warn.
ing times to vary considerably for trains going the same speed in addition to the variztion due
to the speed itself. Figure 6-9 shows selected warning times for various lrain speeds observed.
Mot shown are times greater than one and one-hall minutes. such as the 11-minute. $8-zecond

preriod caused by a erew train which stopped near a crosing.

Eiglit times during the study. signals were activated for no apparent resson. or by lrams
that fuiled to approach the crossing. These periods ranged {rom !5 seconds to over three and

one-half minates.

Snal Visthility. The alignment of the signal heads and Liwe focusing o the famps was
noted for all active crossings. In general, they were found to be reasonably oriented. Measure-
meni= of signal intensity were not made. but the zones of visibility along the approach were
noted. Figure 6-10 shows the dala which were oblained.

The maintenance and inspection of the signals varied. The sgeals at the Michigan =ite were
cleaned and inspeeted dailv. The operation of the signals at the Calitornia sites was verified
~cmi-monthly. At the remaining sites, no particudar schedule was ~et. but 2 signal naintainer
nade his rounds to all the crossings assigned to him and (hiz generally resulted in one or bwo
visit= ner month. depending on the level of other work required of him. During data collee-
tion, we onserved what must be the two extremes of maintenance. At the Michigan sile. in
ics= than five minutes. the maintainer manually activated the signals, visually verificd the
operation of all cight lamps and both bells. checked battery condition and other items< in the
signal control box. and Lhen cleaned cach lens. Jie stated that this was the routine dailv pro-
cedure. At the California site, the maintainer. in less than one minute, opened the signal con-
trol box. manually tripped a relay, heard the bell strike one time. closed the box. and leit. Tle
said he never cleaned the signai heads since they get dirty again =0 quicklv. The results of the
maintenance programs produced signals which varicd considerably in intensity, but noee was
considered to be less than adequate.

6—20




He gy g onang

(qdw) “paadg wer) pamseay

0L 09 05 ov o€ 0c ot

L ; .

SPU02ag "aw |

L 09

[E—

1904 0002 ob 01 2wy | ——+) - 06

— 001




SIGNALS 1 AND 2

Initial Visibility of Signals During Approach

!- Sign 1 Sign 2 Sign 3 Sign 4

+ Sunnyside Ave. 1540 1540’ 347° 317’
Fairview Ave, 1000+ 1000+ 180 3507
Va. Rt. 28 292 304 424 432
Grange Hall Rd., Mich. 2000 2000 2000 2000
Carson Ave., Texas 279 180 1200 1200
Central Ave., Calif. 1000 1000 300 1000

“Not visible within 190",

Figure 6-10. Initial visibility of signals during approach.




A ‘\'arict_\ of aiming schemes were noted, as mav be seen from the visibility chart. Fig-
ure 6-11. The two most unusnal were Fairview Avenue. where the signal could nol be seen by
a motorizt when he reached the —“normal™ stopping poinl. and at the Brvan. Texas. site which
had two additional lamps aimed at the exit lane of the adjacent  baschail park. but none were

visible in the exit lane from the industrial parking lot which carried continual traffie,
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Figur: 6-11. Typical sound level for locomative whistles,

Whistle Operation. Another method by which the driver becomes aware of a train is by
hearing the whistle. A previous study! found that a sound level of 87 dB was required for a
tyvpical driver to hear it. A plot of mean sound level intensity is presented in Figure 6-11
showing that for a 90° crossing angle, a car should be within 300 feet of the intersection ic
hear a train 400 feet away. This data is for late model cars with the windows closed. radio

PAurelius. |.P. & Korobow, N, The visibility and audibility of trains approaching rail-highway grade crossings.
Prepared by Svatems Consultants, Inc.. for Federal Highway Administration. Washinaton, D.C.. May 1971
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plaving softly. no conversation. It was observed that the (rain whistle was sounded more or
less constantly when the train was within 500 feet of the intersection. The initial whistle time
was recorded for cach train. Figure 6-12 shows the audible warning lime plotted by train
speed. Note that the points are not consistent, indicating that the engineer did not always

commence whistle signals at the W™ sign along the track.
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Figure 6—12. Audible warning time versis train speed.

Other Relationships

Estimates of the Number Killed in Grade Crossing Accidents and

. Qep] :
Frequency of Seeing Trains

A correlational analysis was done on the scaled mean frequency of respondent estimates of
the number of motorists kiiled in grade crossing aceidentz and the number of times they
estimated they actually saw trains at grade crossings. The correlation coefficient on these
vstimales across sites was 0.80. This suggests that the more often motorists actually sec
lrains, the more fatalities they think result from grade crossing accidents. Unfortunatelr.
however, estimates of the number killed did not correlate with the two measures of safetv-
oricnted behavior (speed decrease and looking behavior). This might suggest that public
campaigns should emphasize say. lelevision pictures of trains moving through crossings rather
than emphasizing accident statistics (and an incrcase in sceing trains at crossings did lend to
be related to speed decreases [0.64] and looking [0.55]).
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Measured Speed Across Track and Estimated Speed

The acceuracy with which a driver can estimate his speed as he crosses the tracks iz an
interesting issue with safety implications. Correlations of individual estimates and measured
estimates of speed across the track are shown in the last column of Table 6-9. Meazured speed
and the mean driver estimates of speed across the track et each of the nine sites can be
compared. These values are alzo shown in Table 6-9 (in the fourth and fifth columns of that
table). The correlation coefficient i= 90 and the relationship ix diagramed in Figure 6-13.

O particular interest is the fact that the mean estimated speed across the tracks at all tracks
was less than the mean measured speed. The average underestimation ranged from three to
12 miles per hour with. not surprisinglv. some suggestion that greater underestimales are

| ool i

associaled with higher actual measured speeds. On the average. motoristz were found to under-
estimate their speed by approximately 30 pereent!

Table 6-9

Mean Meazured Speeds at Trap VI (10 fecl prior Lo the crossing)
and Mean Drivers” Extimates of Speed When Crossing the Track

| es
‘ A No of Mean Esr;mar:‘e%Spegd Achd Track Mean Estimated Correlanion
r 1 -1
‘ Crossing n €€ | Trans |Speed ar ’ om Huestiannaire Speed Across Acruat
551V vs.
| Track
! Observed| Trap 6 i o E el g 8 g o rac Estmated
]‘ o ta SR 8gtge 9 Speed
|
Lnthicum P 0 24 1 13(23{40i23 2/ 01!l0 13.35 -391
{ | !
New Midway P 2 28 | 211723 ’ 40 15| aio0 21.00 392
| ; :
Calverton P o 2% |14 l22 23] 19)16] 51 17.00 -659
| ; : \
Sunnyside A 19 | 12 [42§3s{18| 3| 3|00 7.05 .393
Fairview Avenua A 13 l 13 ] 48 |29|19] 3|/ 0 0O 10.10 23
' |
R1. 28, Manassas A 4 29 1| 91731 i 28 )12 [V 17.10 262
Michigan A 6 30 30 {1018 33({29| 0| O 20.80 31
Texas A 5 22 11 {2133 ! 29 afo0]o 16.90 a2s
California A 2 24 5 115] 31 [33 14 oclo0 18.70 .256

Underestimates of actual speed potentially denote a safer condition of the driver intends to beal
the train to the crossing. However. they suggest a more hazardous condition if a train is approaching
and the driver makes a last minute decision to stop. Analysis by individual respondent of measured
and estimated speed in relation to other variables such as risk-taking. the frequeney with which the
motorist actually encounters trains at grade crossings, cte. iz discussed in Chapter 7.

.
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Figure 6—13. Relationship between mean measured speed at
Trap VI (10 feet upstream from the track) and mean driver
estimates of speed when crossing the track.

Observation of Traffic Control Devices

Figure 6-14 shows the pereent of drivers at each site who indicate that thev saw pavement
markings on their approach to the grade crossing () and the percent who selected the correct
pavement marking (T). It will be noted that at four of the sites (Sunnyside. Fairview Avenue.
Michigan, and Texas). there actually were no pavement markings on the approach. However. at
lcast 20 percent of the respondents at each of these sites indicated that they saw markings. At
sites where pavement markings actually existed, the proportions who reported sccing them
range from about 15 percent to 45 percent or from lower to higher prcportions than reported
seeing the markings when they actually weren’t present. This mayv suggest that cven at those
sites where markings were present. very few really saw them. Support for this hvpothesis lies
in the fact that about half selected the correct marking whether the marking was present or
not. That is. exposure to the marking does not appear to have significantly increased the
accuracy of the drivers in picking it out of several alternatives. The above suggests that for

pavement markings at least. the attentional demand of this countermeasure could be con-
siderably increased.
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CHAPTER 7
DATA ANALYSIS
Philosophy of Analvsis ‘
The analyzis of Phaze H data was guided by the Tollowing <tudy objectives: .
I. To better understand the driver population and the behavioes they display at grade
Cro=sings, ;
2. To define a set of —safety oriented™ behavioral meazure~ that are hoth operationally
meaningful and capabie of reliskle experimental measurement.
3. To i=olite a =cl ol driver characteristics that «an ~mve as non-redundant predictors of
driving performance,
‘b To determine the extent to which the above hehavioral andfor predictor sariables can
be used to develop and evaluate railway-highway countermeasires,
7. Fo suggest the most cost-cffeetive sel of measeres applicable t5 countermeasures design
and evaluation.
Satus
Considerable effort was expended on editing and verifyine the date base as explained in
detail i Chapter G0 An extensive review of the corrected date dusing i project was under.
tahen. The data which were used in the final analy<is consislid o the follawing ot
e Distributions of responses to questionnaire and hehavior tems, For cach measure the
ronnt and pereent of the various response~ were oblained, bhoth 7or individual sites and
groups of sites (e, activel passive, ally,
e 1\ corrclation matrix (18 by 18) which conpared constrocted variables both from the
questionnaire and behavior set. The eighteen parameters are deseribed in Appendin B. =
e .\ correlation et of the 176 elements (zee Appendix B) versus the basic five behavior

medsures, frequeney of =eeing trainz. extimated detav, feeal reguirement. ages and cross-
ing familiarity.

o High and low safety Index quartile comparison~ for all measures, This anaivais ranked
the drivers at each site by safety oi' behavior and performed statistical COMPATI=On=
between the fourth of the subjects having the o=t =afe hehavior with the least safe
guartili: for ecach of the 176 paramelers,



e FEach of the above was available for each location at which data were obtained as well
as for groups of sites. Examples of groupings which were examined were:

— all vehicles

o e o A T A

— passenger cars
— drivers with and without the influence of a train or signal

— vehicles who did and did not have a lead vehicle nearby. ‘

The most representative group. and that whick was used. where appropriate. for the
analvsiz which follows:. was the set of drivers who did not have a lead vehicle within 300 feet.
and who were not vxposed to the influence of a signal or train. The following are presented
in Appendices to this report:

e Physical data for the sites and driver behatior profile data (Appendix A). ’

e Definitions of the data basc used and available for {urther study (Appendix B).

Performance Measures
The four performance measurcs which were used in the analysis were:

1. whether or not the driver looked for trains:

2. change in speed over the last 500 fect before the crossing:
3. the point of maximal speed change: and
+.

the distance at which the stopping capability of the vehicle equals the distance to the
Crossing.

A driver with a high safety orientation is one who (1) looks for trains. (2) shows a speed

decrease between 500 feet and the crossing which is greater than the mean speed decrcase for
hiz entry spced for all vehicles at the site. (3) shows a maximum deceleration in a zone fur-
ther away from the tracks than the mean zone for all drivers, and (4) who maintains a speed

such that he can always make a safe stop short of the crossing until he has eliminated the
possibility of a frain conftict.

b, e

Looking Behavior

Driver looking behavior was observed at both advance- and near-track locations as described
carlier in this report. For the purposes of the analysis of the data. looking in cither or both
zones was counted as “looking.” The Pearson Product-Moment correlations between looking in near
and far zones and looking in either or both zones is shown in Table 7-1.



Table T—1

Correlations of Looking With Looking in Two Zones

Site Correiation Coetficiont
Advance Near

Sunnyside .400 786
Linthicum .378 1.000
New Midway 810 640
Calverton .BE3 .703
Route 28 .530 910
Fairview 1689 872
Michigan 848 518
Texas .860 515
Catifornia ) .860 .698

All of the correlations in Table T-1 are significant at the .01 confidence level exeept ad-

vanee looking at Fairview. This site was the most restricted ol the crossings studied as may be

scen in the site diagram contained in Appendin Ao Drivers were not observed to look in the
advanee zone at this crossing since there was no capability to ser o hazard until the near
Zone.

Speed Reduction

The pereent drop in speed over the instrumented approachi Lo lie crossing was defined as:

(Speed at 300 feel)—(Speed at =10 fecq)
Speed at -300 feet

Due to the stability of the approach speed at mdividual crossings, the pereent speed decerease
i~ highlyv correlated with the speeds at the crossing. That i=. a driver who reached the crossing

at a Jow speed had a large speed decrease. and viee versa,

Table 7-2 indicates the relationship between speed deercase and the final speed reasured

ten feet before the crossing. All are significant at the .01 level,



Table 7-2

Correlation of Percent Speed Reduction
With Final Speed

Sunnyside —.951
Linthicum - .45‘;8
New Midway — 665
Calverton —.949
Route 28 —.879
Fairview —.783
Michigan —.778
Texas - .3%5
California —-.772

Zone of Maximum Deceleration

Speed data was obtained at six points along the approach to the crossing as described earlier.
These defined five segments which were selected to require approximately equal transit time as the
driver slowed for the crossing. The mean deceleration for each segment was calculated as:

Speed change per segment

Deceleration = -
Time to travel segmeni

The maximum of the five decelerations was noted, and the zone from 1 io 5 in which the maximum
occured was used as an indicator of the behavior of the driver.

The magnitude of the maximum deceleration correlates highly with the percent speed re-
duction (over 0.6 in all cases). This relationship indicates that the population tends to brake for
short periods during the approach such that the measured maximum deceleration resulted in the
major proportion of the total speed decrease rather than making a smaller braking effort for a longer
period of time. The mean deceleration figures in each zone for several cntry speed states at the sites
were examined. The point of maximum deceleration was generally found to be at 45 feet from the
crossing. This proximity to the crossing indicates a population which waits as long as possible before
slowing to the speed at which they desire to cross the tracks. This characteristic was also noted in
the preliminary investigations made to determine how far from the crossing the first speed measure-
ment should be made. It was found that virtually no spced change would occur bevond 500 feet.




Critical Distance
The determination of the point at which a driver cannot stop before reaching the crossing
has been deseribed earlier in this report. Az would be expeeted. there is a high correlation

between eritical distanee and the speed at the crossing (in all cases over 0.92).

\ very large proportion of the drivers approached the crossings at speeds in exeess of that
which would permil a stop before the crossing. The stopping distance frequentiv exceeded the
rone within which they could profitably look for trains. Table 7-3 shows the proportions ob-
scrved. AL all crossings a driver had to be within 100 fect to sec at least 300 fect down the
track in both directions. Measured sight distance at 100 feel is shown helow.

Table T—3
Summary of Drivers Who Exceed Stopping Distances
(Noleader. no train influence subjects)

' . I . Sight
Site N QOver 50 Qver 100 Qver 15C Distance ™
Sunnyside 92 15% % 0% 230
Linthicum 36 75% 8% 0% 180’
New Midway 89 77% 19% 3% 90
Calverton 10 66% 442 24% : 75
Route 28 106 89% 47% 7% | 45
Zairview 78 5% 0% 0% | 90
Michigan 101 | 949% 46% 5% i 180°
Texas s0 | 70% 2% 0% - X0
California 81 | 94% 20% 1% <0

*Distance a driver at 100° can see approaching train in the most restricted directron,

The mean number of drivers exceeding 100 feet for active crossings was 21 pereent. For pas-
~ive crossings. the mean was 29 pereent. Such behavior is clearly more dangerous at passive cross-
ing= because no train detection assistance iz provided. Yet. the proportion of drivers exhibiting

stich behavior was greater for the passive set of erossings.

The Behavior Index of Safety

The four measures above were combined to develop a single safety index which could be
u~cd Lo differentiate the behavior of the drivers. Since the relative magnitudes of the meazures
were very different, it was necessary to normalize cach before making a single combined

meoea=urce,




Examination of the measures obtained showed that the characteristics were definitely site-
specific. Since there were major differcnces in the measures for sites in the same geographic
arca. no raticnale could be made that regional differences caused the changes. The mean value
within each site for cach measure was subtracted from the measure to scale it to a mean of zcro. and
then divided by the site stans'ard deviation of the measure to normalize the value. The resulting
values were then combined with a weight of 1.0 for each, signed according to the direction of
change required for more sare behavior. The resulting index therefore was:

Safety Index = looking + speed reduction — maximum deceleration point — critical distance

As was noted earlier. the behavior of the driver was clearly influenced by a proximate lead vehi-
cle and obviously modified by the presence of a signal or train. Therefore. investigations based on
behavior compared with other factors were performed using the subset of the total population
referred to as leaderless. trainiess vehicles.

The safety index thus compiled was distributed as shown in Figure 7-1. Since two of the variables
(looking and point of maximum deceleration) were not continuous. several minor peaks appear in
the distribution.
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Figure 7—-1. Distnbution of the calculated safety index.




Relationships between Index Measures

The contribution of cach variable to the safely index was examined. Table T4 zhows the
correlation of cach measure with the others and the index. The extent to which a part cor-
relates with the whole is more or less dependent on the fact that the whole contains the part.

T T T To determine the actual contribution. a part-whole correlation is shown in the last column.
This calculation iz essentially the correlation of each measure with the index composed of l’lu-

other three measures.,

Table 7T—4
Correlation Matrix of Safety Index Components and the Index
With and Without the Contribution of Fach Measure

1

L R P c Sl PW ‘}

L *.000 244 — 067 - .283 622 .284 t

R 1.000 - 022 - .B862 .729 444 |

] 1.000 065 — 450 067 |

c 1.000 — 761 .496 }

i Mean 377 .316 4.036 73.034 0 ‘
S.D. 488 318 .847 42052 2.561 :

| KEY *
i

Looking Betiavior

L

R Pe-ceat Speed Reduction :
P Point of Maximum Deceleration '
(o Critical Stopping Distance .
Sl Safety Index ‘

PW  Part-whole Correlation

The part-whole correlation matrix shown in Table T4 is representative ol the matrix for
cach site. Therefore only the combined figures are <hown. 1t <hould be noted that the means
and standard deviations in Table T4 for cach of the measures are for the meazure before it
was normalized. The normalized mean of ecach is zero, The standard deviations of cach cqual

are,

The point of maximum deceleration is cicariy not related to the index composed of the

other measures, If this element was an independent predictor of zome other pertinent factor,



the safety index would be strengthened by its inclusion. This was not found to be the case.
however. Since both the critical distance and the point of maximum deceleration are highly
related to the speed decrease and the speed at the crossing, an alternate index composed of
looking behavior and the speed at the crossing was examined. No significant change in the
relative ranking of behavior differences resulted.

Countermeasures Implications. The contribution of a countermeasurc to grade crossing
safety may be determined by a site-specific before/after study using. as a minimum, vehicle .
speed at the crossing and looking behavior as measures. The physical requirements for site
selection pointed oul carlier must be met. For example. speed reduction in advance of a rail-
highway intersection which had unlimited visibility in both quadrants would obviously be
detrimental to the safe and appropriate flow of traffic. The site characteristic which is most
importar.t to the validily of the measures developed by this study is resiricied sight distance

to oncoming trains.

Where the safety index is referenced in this report, the complete index containing all four

clements was used.

Situational Variables
_ In addition to dependent and independent variables. there are a number of variables which
may be classed as situational or intermediate. These variables may be treated as independent in
bivariale analvses. At higher levels of analysis. they may be expected to modify the relatio-
nships between the performance measures already defined and the questionnaire items which

are discussed below.

Variables classified as situational include the following:

e weather

e road conditions

e time of day

e active/passive crossing

e urban/sub-urban/rural crossing

e gcographic location of the crossing

e frequency and schedule of trains at the crossing

e position of a vehicle approaching the crossing in relation to other vehicles
e roughness of the crossing

e sight distance to the crossing

- o



e leftright distance at 50 feet, 100 feet, ele. from the crossing

e number of tracks at the crossing

Because this project was a pilot study. the data base was limited and msufficient to evalu-
ate the effects of weather. road condilions, and time of day . Analvses were undertaken. how.
ever. in regard to the remaining variables and the performance measures previously defined.

These are discussed below,

Active versus Passive Crossing Behavior

Introduction. 1t was hypothesized that driver behavior al active crossings would differ
from that =l passive crossings when no train was present or imminent.  The direction of the

ditferenees would indicate more safetv-oriented behavior at passive crossings,

The underlving assumplion was that drivers will have pereeived the existence of the signal
al an active crossing and have some behiel in its reliability . Thas, if the signal 1= not activaled.
the driver will approach the crossing with seme degree of expectation that a (rain is not
voming. The same cannot be said of passive erossings sinee identification of the approach of a

truin rest=~ ~olelv with the driver.

Unfortunately. there are confounding factors in the sites included in the study zuch as the

high level of familiarity of the majority of the drivers with the crossings,

Discusston. The differences among the three passive crossings were substantial and. in faecl,
exeeeded the difference in mean values of measures between all active and all passive crossings,
The behavior measures showed a tendenev toward inereased Inoking behavior and carlier speed
reduction at the passive crossings. but there was also a trend toward smaller speed decrcase
and greater eritical distanees at the passives. Figure 7.2 shows the mean speed profiles (or
active. passive, matched. and all crossings. lor the two quartiles of the no leader. no train in-
fluence population having the highest and lowest safely index. Note that the graph iz bounded
By the pussive sel illustraling the greater difference in measzured speed between safe and unsafe

drivers for that category of ecrossing protection,

Examining the safe and unsafe quartiles of drivers at active and passive crossings some

sientficant differences were noted. These were:

Safe Quartile Uncafe Quartile
Looking t=32-P NS,
Speed Reduction N.S. t=27-A
Point Max. Decel. N.S. t=36-°P
Critical Distance N.S, t=49 - A
Safety Index NS, N.S.
7—9
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Figure 7—-2. Speed profiies of drivers for four sets
of crossings divided by the most safe and least safe index quartile.

The i - lest values are shown in the list above for significant differences at the .05 level or
arcater. N.S. iz entered where the difference does not reach the .03 level of significance. The
crossing category showing more safe behavior is indicated as “A™ or “P”. Thus. for the safe
onc-fourth of the drivers at passive crossings. more looking behavior was noted. The least safe
drivers showed a greater speed reduction percentage and had smaller critical distances. but
decelerated later at active crossings. The result of the mixed behavior was to equalize the

index of safety for corresponding quartiles at active and passive crossings.

The drivers sampled in this study believed that passive crossings are characterized by few
trains (65 percent) but the majority believed that the speeds of these trains could be high.
Only 39 percent believed trains operated at slow specds over passive crossings. Nearly
21 percent of the drivers stated that all crossings had a train-activated signal or gate. A
significant (.01) negative correlaiion (-.164) was found between how frequently the driver used
the crossing at which data was collecied and the statcment that all crossings were aclive. We
believe that drivers who had little or no experience with crossings were not aware of the

distinction between the two crossing categories.

‘ .



Countermeasures Implications. Realizing that the detection and avoidance of trains at pas-
sive crossings rests solely with the driver is the first slep in the process of achieving a safe trip
involving rail-highway intersections. There is evadence that the similarity of protection (advance
signs, pavement markings. crossbucks) produces similar behavior in the two crossing situations.
The driver should be able to identify a passive crossing as he approaches. and should be made
awarc of his responsibility at both categories.

Train Volume and Sight Distance
Introduction. Two hypotheses were formulated regarding the behavior of the population in
response to actual hazard. These were:

e The greater frequency of trains at the project siies. the more driver behavior will be
safety oriented (defined in terms of the performance measures described previously).

¢ The more limited the sight distance to the tracks. the more safety oriented will be
driver performance.

Discussion. Correlations were examined for the above hvpotheses. It was found that a
significant correlation (r=.637) exists between looking behavior and the frequency of trains
(trains per day). This result is attributed to the high familiarity of the respondent population
with the study sites since there is no physical indication of the train volume at the crossings
other than the active/passive category. Since the respondents indicated a belief that passive
crussings had low train volumes, the correlation might be expected to be greater at active
erossings if there werc no other factors. The correlation between looking and train frequency
for active crossings was 0.938.

The population was alse observed te slow down in proportion to the train volume. The
speed at the crossing correlated -.834 with train frequency. The other measures of performance
also correlated with train volume.

Limited sight distance to oncoming trains was thought to be a factor which would influence
safety behavior. but this was not supported by the data. Rather low correlations for looking
behavior (r = 0.063) and specd mcasures with sight distance were found.

Countermeasures Implications. Since limited visibility to oncoming trains haz been cited as
a major contributing factor in accidents. a need exists to increase the looking behavior and
reduce speeds appropriate to the capability of detecting trains. This is even more important at
passive crossings, of course.




The strong relationships between safe behavior and train volumes implics that the expec-
tancy of a hazard iz a major factor in behavior modification. This is supported by the finding
that there 1= a significant negative correlation between speed within 100 feet of crossings and
the reported frequency of sceing trains. That is, the greater the speeds within 100 feet. the

dess frequently the driver saw trains.

Regional Differences

Introduction. Preliminary analvsis indicated that no questionnaire differences would be
found at the geographically matched szites but there would be behavioral (driver performancc)
differences,

Discussion. The statistical data compiled on cach of the four crossings: Manassas. Virginia
(Route 28). Brvan, Texas (Carson Avenuc). Holly, Michizan (Grange Hall Road). and Milpitas.
California (Central Avenue). for both the questionnaire responses and the behavioral measures.
were examined by computer to delect significanl deviations from the set. This examination
mcluded the eighteen variables derived from multiple items delineated in Appendix B of this
reporl. In summary . only two measures were found to be pertinent: the mean age and the

looking behavior.

The proportions of drivers looking at Michigan and Texas were 0.31 and 0.40. respectively.
Route 28 near Manaszas, Virginla.had a mean of 0.15 and the California site had a mean of
omiy 0.05. (That is. at California. onlyv five percent of the drivers were observed to look for
train=.) Both of the latter crossings have very limited sile distance in at least one quadrant: so
imited. in tact. that a full stop would have been required lo detect trains. If only one cross-
ing had shown this low frequency of looking, a regional difference might be supposed. The
Manassas site had much Jower ncar-looking behavior than other. nearby crossings which had
the same base of drivers. Tt was concluded that the driver is willing to accept the protection
afforded by the signal and not look for trains when sight distance is limited to the extent
that unusual bchavior (e.g.. stopping on a medium speed route) would be required. This
anomaly iz, Lherefore. believed to be a characteristic of the siies, not the region.

The deviation noled on the response to itém 127 (see Appendix B) regarding age likewise is
probably a characteristic of the site itsclf. The response to this question ranged from
2.15 (Texas) to 4.36 (Michigan). The California mean (3.31) and the Virginia mean (3.77) werc
not different from the local sites studied. Texas A & M is located at Bryvan. Texas. and the
evidence of a nearby student population is taken as the explanation for the low mean age. A retire-
ment community of moble homes was located on Grange Hall Road in Holly. Michigan. contributing
to the higher mean at that site.

Y




The analvsis showed a significant relationship between driver’s age and the correct response
1o several items. These included the proportion of drunk drivers causing accidents, and the
legal requirements for driver’s behavior at grade crossings. This relationship confounded the
examination of regional differences: the Michigan sample had significantly =afer behavior
measures for the respondents getting correct answers to legal knowledge. and a tendency to
perform more safelv when knowing the contribution of drunk drivers (did not reach
significance).

Countermeasures Implications. Although no regional differences were demonstrated during
this study. we are unwilling to state. on the basis of a brief sample of behavior across four
rail-highway intersections. that there are no geographic characteristics which must be con-
sidered. In fact, there did exist implied differences that were not a part of this study such as
the high proportion of Spanish-speaking drivers in Texas. the greatiy increased use of air-con-
ditioners in the summer in southern states. and the significant differences in the age of the
cars in Texas and in Michigan (near Detroit). Enforecement of =tipulated grade crossing be-
behavior was shown to be an effective means of nereasing behavioral satety as defined here.
Sceveral states have stop signs at most passive crossings but there is little enforcement of
the requirement Lo stop: stopping behavior at passive crossings in Lhese states does not appear
to be particularlv more prevalent than in other states. [i must be concluded, therefore, that
innovations in grade crossing protection must be cxamined in =ufficient detail with regard to
the probable response of motorists in the various states considering the characteristics of the

I'(,'g'lOl’l.

Questioninaire Items
The items included in the questionnaire were classified into ten categories:

e Jegal knowledge and enforcement

knowledge of railwav-highway safety

perception and identification of grade crossing devieces
risk-taking

familiarity with the crossing

expericntiai characteristics

demographic characteristics

perception of grade crossing accident causation

stated basiz of actual behavior

stated behavior

7-13




The discussion which follows is organized by category. A briel introduction. the phrasing

of the items included. hypotheses tested, and countermeasurcs implications are provided for

cach category. Table 7-3 summarizes the items classified in each of the ten basic categories.

Items refer to specific questionnaire section and element number (see also the form of the

uucstionnaire. Chapter 5). To investigate the hypotheses presented below, several different

tyvpes of analysis were usea, as outlined in the introduciion to this Chapter.

Table 7—5

Categories of Independent Variables and Items Included in Each Category

Device

Percepuon of

Lesat En- i Risk- . Experiential | Demographic . Stated Basis| Stated
‘orcement Knowledge Perc_e.'..mo.n/ Taking Familiarity Characteristics | Characteristics Acc:de.nt of Behavior|Behavior
Identification Causation
1 -8 RN ey et m.2 v 14 1" 17
vs§ 110 -2 4] ua’ -3 V-2 BTN TE: 1-2

1V n3* Vi-Seat 13" Hi.11 v4 1116 V-6 1.3
-4 Belt Use V6 Hi-12 V.5 17 14
11-5 V-8 1v-2 VI - Sex -9 I-5
V-9 V-3 1-6
1v4®
V-5 -
V-3 I

indicates that this (tem appears in 1wo categories
indicates that this item agpears in three categories

Legal Knowledge and Enforcement

fatroduction. The issuance of state laws and their subsequent cnforcement are directed at

applving a coherent. consistent. and safety-related basis for driver behavior. Motorist familiarity

with =uch laws and his knowledge of their enforcement should foster more consistent and

=afer behavior at railroad grade crossings

==

Conversely, educaticnal countermeasures, e.g.. driver

education, renewal exams. and law enforcement countermeasures (selective enforcement) mayv

be necessary to reinforee the positive impact supposedly associated with the understanding and

adherence to these laws.

Items. Two items have been included in this category:

e IlI-1. Actording Lo stale and local jaw. what should vou have done at this railroad
crossINg just now?

e IV.6. Havc vou ever known anyvone who got a traffic ticket for croszing a track when the

zignal was on or the gate was dewn?
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Results. It was hvpothesized that drivers more knowicdgeabic of the state faw (Item I11-1)

and/or with more personal knowledge of the enforcement of viclations (item 1V-6) would be more
safcty oriented. However. the proportion of drivers correctly answering item I1{1-1 in the lower
quartile for the safety index equalled or exceeded those correctly answering this question in the
upper quartile. A T-test was significant at the .05 level or better for passive siles and over all sites. In
general. the within-site correlations between the safety index or its components and responses
to Item III-1 confirmed this. Corrclations were ecither not signilicant or negatively significant.
with the exception of the Michigan sampie (see Regional Dilferences).

With regard to personal knowledge of enforcement of violations. the proportions of
respondents with such knowledge ranged from .03 to .08 with no significant differences be-
tween the upper and lower quartile drivers on the safety index.

Countermeasures Implications. The data do not suppori increasing driver awareness of legal
regulations as a potential railroad grade crossing accident countermeasure. With regard to in-
creased law enforcement (Item IV-6). the proportion of drivers who have per~onal knowledge of
thiz countermeasure is too limited in the driver subpopulations to permit drawing any conclusions
with regard to itz effectiveness. Enforcement is known to be cffective in behavioral modification on
highways and is believed to be applicable to grade crossings.

Knowledge of Railway-Highway Safet>

Introduction. Knowledge of the characteristics of the tranzportation svstem has historically
been assumed to be relat~d to on-the-road nerformance. One often stressed cducational
objective has beer the imparting of “safety fact="" most vhiquitousiv. fatality statistics.
Acquaintance with the severity of the railway-highway safety problem is generally expected to
instill in the driver a respect for a set of particularly hazardous conditions. i.e.. the grade

crossing.

Items. The three items included in this calegory were:

e III8. How many motorists do vou think were Killed in accidents at railroad
crossings last vear in the United States?

e III-10. How many people do vou think were killed in all traffic accidenis on the
streets and highwavs of the United States last vear?
e IV-l. Du vou recall receiving specific instructions or adviee on railroad crossing

safelvy



Results. 1t was hypothesized that drivers in the upper quarlile of the safely index would
make higher estimatesz of the number of motorists killed al railroad crossings aud the number

Killed in all accidents,

It was also predicted that drivers indicating that they had received specific instructions
about railwav.highway crossing safety would be more safety oriented than a matched group of
drivers reporting no such exposure to railway-highwayv safety information.

Fstimates of the number of drivers killed in railroad crossing accidents made by lower
auartile drivers equalled or exceeded those made by drivers in the upper quartile of the safety
index. The mean estimate was significantly greater for drivers at active crossings and for all
sitez. The mean estimate of the number of persons killed in all traffic accidents was also
hizher for drivers with lower safety indices and the difference was significant at the (03 Jevel
or betler for all subgroups except passive sites. In generai. the within-sile correlations between
the safety dex or its components and estimates of the number of motorists killed were
either not sienificant or a significanl negative correlation was found. Both safe (upper quartile
on the safety index) and unsafe (lower quarlile on the safely index) drivers tended to under-

estimate the number of persons killed at grade crossings and in all accidents.

The mean ratic of the estimates of railroad crossing lo total fatalitics ranged from
3.96 percent lo 6.26 percent. This approximates the actual contributions of rail-highway to
total fatalities which is 2.7 pereent. There were no significant differences between the ratios
prepared from fatality estimates made by “safe™ and ““unsafe™ drivers. This was confirmed by
the within-site correlations between the safety index or its components and the fatality ratio.
These correlations were not significant.

Countermeasures [mplications. The fact that drivers tended to underestimate fatality
slatistics but that unsafe drivers madc significantly higher estimates than safe drivers does not

~upport the diszemination of fatality statistics as 2 potential countermeasure. These dala are

important because safety campaigns are frequently based on the premise that knowledge of the

high number of motorist fatalities will be accompanied by mote safetyv-oriented behavior,

Perception and Identification of Grade Crossing Devices

Introduciion. Traffic control devices are designed 1o convey necessary warning. regulatory,
or route guidanee information Lo the driver. To further these ends. considerable encregy and
expense has gone inlo the design. deplovment, maintenance. and standardization of traffic con-
trol deviees. Thousands of railroad advance warning signs. pavement markings. crossbucks. and
various tvpes of aclive crossing devices have been installed. The expectation iz that drivers will
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detect. understand. and appropriately interpret these traffic conurol devices. The driver’s failure

lo perform any one of those necessary funetions implies the failure of thal traffic control
device or device complex. Such a failure may be attributable to problems inherently associated
with the device such as design. deployvment, and maintcnance: or possibly. human motivational
or habit patterns.

Items.

e II-1. What was vour first indication vou were approaching a raiiroad grade crossing?

e II-2. If vou saw an advance sign way up the road. what do vou remember about
the sign?

e II-3. Did yvou know how many sets of tracks there were before vou reached the
crossing?

e [I-4. How many scts of tracks were there al this erossing?

e II-5. If vou saw markings painled on the road. what do vou remember about
them?

Results. There were no significant differences belween safe and unsafe drivers in terms of
the item sclected as the first indication of an appreach to a railroad grade crossing. Of drivers
who saw the advance sign for the eross. g. the proportious correctiv identifying its color,
shape. and symbol are shown below:

Passive Active NMoalched All

Safe .75 .65 75 -. .67
Color .

Unsafe .36 .36 .20 52

Safe 1.00 .89 .60 75
Shape .

Unsafe 71 54 44 Ko

Safe .64 .77 .64 .73
Symbol

Unsafe 64 .75 76 71

“Indicates significant difference by the t-test at .05 level or better.

Reference to the table shows that about three-gquarters of both safe and unsafe drivers cor-
rectlv recalled the color. shape, and symbol of the advance sign. The grealest difference be-
tween safe and unsafe drivers was the increased tendeney of sale drivers to correctly identify
the color of the advance sign. a difference which reached significance at the matched sites.



With regard to ltem -3, no significant differences were found between safe und unsafe
drivers in their prior knowledge of the existence of the tracks. As for the actual number of
tracks at the crossing (ftem 11-4). a larger proportion of the drivers classified in the safety-
oriented group correctly identified the aclual number of tracks at the crossing. This difference
reached significance for data grouped across all sites.

Of drivers who noted markings on the road prier to the crossing (Item I1-5). a significantly
lurger proportion of the safe drivers (0.78) correctly identified the symbol than the unsalce
drivers (0.22) at passive sites. There were no significant differences between drivers classified as
~afc compared to those classified as unsafe at the attive. matched. or across zll sites.

Countermeasures Implications. There is a suggestion from the above data that drivers
classified as safe by the safetyv index tend to be more observant of the crossing and the xjgns
and markings associated with it. Unfortunatelv. it i= difficult to determine which effect is
eaial. In other words, does the quartile of drivers classifizd as safe merely reflecl those who
lended to be aware of the crossings and therefore responded to it by more salety -oriented
behavior? Or. does the quartile of drivers classified as safc really represent a generall. more
safviv-oriented wroup of which a tendency to be more pereeptive of railroad crossing deviees =
merelv one characteristic? Several points suggest that the drivers classified as safe do truly
rl'pl‘t‘s;‘l][ a more safetv-oriented group. First, nearlv all drivers were local and thus were
familiar with the existence of the crossing. £:cond. other =afety-oriented behavior tend- to be
associated with this group.

Risk-Taking

Introduction. 1t 1= gencrally agreed that the tendency to take risks varies among drivers
{and also varies for a particular driver at different points in time). The location of a driver
along the risk-taking continuum will influcnce and modify his behavior. Knowledge. past
experience. and shorl term personality/attitude characteristics contribute to the degrec of rizk
which a driver will accept at any given time.

ltems. Three of the items inciuded in the questionnaire may be used as indircet measures
of the tendencey of the respondent drivers to take risks. These Are:
e [I8. Is a train scheduled to come by about now?
o V4, Have you ever crossed a track when the signal was on?

e Part VI. Was the driver using his scat belt i the car was so equipped? (This item
was filled in by the questionnaire administrator.)
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Of the above items the second and third have the greatest face validity as indirect
measures of a driver's tendency to take risks. However, Item IV 4 will clearly be related to
tactors other than risk-taking such as familiarity with the crossing. Item I1-8 has the least face
validity as an indicator of risk. Answered in the affirmative, it may indicate familiarity with
the crossing and the associated frequency/schedules of trains or it may indicate a cautious

driver.

When the responses of drivers classified as safe and unsafe by the safety index were re-
viewed. it was found that there were no significant differences in the proportion of drivers
who had crossed against the signal in any of the four groups of sites (active, passive, matched,
all sites). Of those drivers who had crossed against the signal, there were no significant dif-
ferences in the reasons cited for their behavior with the exception of “the train was far
awav.” This reason was cited significantly more often by the drivers classified as unsafe at all

active crossings studied.

More drivers classified as safe by their performance were wearing seat belts. This difference
waz significant for drivers studied at active: sites.

Except at the matched group of sites. more safe drivers responded “"Yes™ to the question
“Is a train scheduled to com< by about now?” However. no differences rcached the .05 level of

significance.

The within-site correlations between these items and the safety index or its componeiits
were generally not significant. Any significant differences svere not consistent across sites and
are thus probably attributable to Tvpe 1 error.

Countermeasures Implications. If the above questions are accepted as relating to risktaking.
there is a suggestion that drivers classified as safe may have a lower tendency to take risks
than drivers classified as unsafe on performance measures. The extreme weakness of the rela-
tionship. however, indicates that countcrmeasures development along other lines is likely to be
more productive.

Familiarity With the Crossing
Introduction. Onc dimension along which drivers do differ is their degree of familiarity
with the grade crossings studied. The frequency of trains at the crossing, their scheduled

occurrence, relative speed, track roughness, reliability of signaling devices (at active crossings).
and the average length of delay accompanying the actual passage of a train are some examples
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of the factors of which a famiiiar driver may have knowlcedge and whicti will influence his
behavior. Thus, a number of hy potheses relating in varying degrees ¢ dircetness in driver
familiarity with the crossing may be derived.

ltems. The following questionnaire items relate to familiarity of drivers with the grade

crossings stuedied:

e II-1. Whal was your first indication vou were approaching a railroad crossingr (fine
of the response categories was “knew it was there.”)

o II-3. Did vou know how many sets of tracks there were before you reached the
crossing?

e V.6, How long have vou lived there” (from a subcategory of thé preceding ques.
tion — where do live?)

e V8. low often do vou drive across these tracks?

o V.9, llow far do vou live from ihis railroad crossing?

Results. OF the dhove tems, V-8 relates most directly to familiarity with the crossing. For
all groups of sitez. a high degree of familiarity with the crossings was found. The mean
response was belween “once or twice a week™ and “about once a day.” Only nine pereent of
the drivers samipled could be classified as unfamiliar (i.c.. drivers who had driven over the

tracks only once or twice before or who were driving across them for the first time).

Frequency of wsing ihe crossing was found to be inversely related to looking behavior and
the the pereent of speed reduction. This correlation was based on the rather small percentage
of unfamiliar drivers but is believed to be real. Very familiar drivers also stated thal signals
alwavs warn vou in pientv of time to stop. Accident investigations showed that drivers who
were involved in railroad accidents were likely to live ncarby and cross the tracks frequenils,
Frequency of use was correlated .342 with the proximity the driver lived from the '(:rossing
(sigmificant at the 0L level).

The other items included in this category did not individually refate to other measures. nor
did the frequeney of using the crossing being studied correlate significantly with other
measures for anv individual grouping of sites. .

Countermeasures Implicalions. The weak but consistant relationship beiween careless be-
havior and familiarity with the crossing indicates that the familiar driver is a potentiaily
productive larget for countermeasure concepts. This is particularly true in view of the accident
hizstory of such drivers.
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The less safe performance of highly familiar drivers has implication for the design of

countermeasure evaluation studies since a novel change at a crossing may be expected to |
produce a strong short-term increase in safety measurements which will be reduced after some u
acclimation period.

The converse to the above findings, that highly unfamiliar drivers have consistently more
safe behavior, tends to reduce the requirement for educational programs designed to explain
new countermeasure installations of some types.

Experientiai Characteristics

Introduction. “Experiential characteristics™ refers to a driver’s totality of expericnce with
railroad grade crossings. Experiential characteristics are a function of the miles driven per vear.
the number of vears of driving experience. and the number and type of grade crossings en-
countecred during the motorist’s driving history .

Items. Ninc of the items included in the questionnaire have been classified in this category
of independent variables. These are:

e III-2. Do all railroad crossings have a signal or gate that warns vou when a train
1s coming?
e II-3. Do all railroad crossings have a sign way up the road warning you that
there is a crossing ahead?
e IMlI-11. If a crossing does not have a signal, it usually means that:
Only a few~trains use the crossing
~—-.—___ Only slow trains use the crossings
» II1-12. Signals at crossing-:
Always tell you when a train is coming
Warn vou in pienty of time to stop
e IV-2.  What is the average delay that vou have experienced when stopped at a
railway crossing?

e IV-3. How long does it generally take a train to reach the crossing after the
warning signal goes on?

e IV4.  Have you ever crossed a track when the signal was on?
e IV-5. How often do you see trains at railroad crossings:
e V.3 About how many miles a year do you drive?
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Results. The first four items relate to the accuracy of the driver’s perception of the charac-
teristics of railroad erade crossings. It will be recalled thal safe drivers tended to more accurately
characterize the particular grade cfossing at which thev were interviewed (sec preceding section
titled Perception and Identification of Grade Crossing Devices). In view of this finding. it might be
expected that safe drivers could more accurately characterize grade crossings in general (Items Til-2
and I11-3). However, significant differences in the responses to thesc questions by safe and unsafe
drivers responding correetly to these two items are shown below:

Table 7—6

The Proportion of Molorists Classified
as Safc and Unsafe Who Responded Correctly to the Items Listed

Active Passive Matched Al
Item
Safe Unsafe Safe ‘ Unsafe| Safe Unsale Safe I Unsafe
1]
111-2. Dc al! raifroad crossings have a signal or
gate that warns you when a train is coming?|( .82 83 .73 .81 76 82 .76 3¢
|
111-3. Do all rariroad crossings have a sign way up
the road that warns you that there is a
crossing ahead? .37 .38 .52 .47 53 .48 47 44

The above suggests that accuracy of general knowledge of grade croszing devices is not what
accounts for any increased accuracy of perception of safe drivers at particular sites.

Turhing attention to the next two items. the underiy ing assumplions with which safe and unsafe
drivers view signals at crossings appear to be similar. No significant differences were found in the

proportions of motorists responding negatively to each of the alternatives listed as shown below.

Table 7—7

The Proportion of Safe and Unsafe Motorists
Responding Negatively to Each of the Items Listed

Active | Pazsve | Matched Ali
Item

Safe Unsafe Safe Unsafe Safe Unsafe Safe Unsafe

111-11. I a crossing does not have a signal,
It usually means that:

only a few trains use the crossing .21 .15 .38 33 .38 31 33 P27

on'y siow trains use the crossing .62 .55 61 59 .58 .55 61 .57
111-1Z.  Signals at crossings

always tell you when a train iscoming .30 .25 43 .42 .46 .39 .39 .37

warnsyou in plenty of time to stop .18 .18 19 .20 .16 .18 .18 18
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The next four items deal with driver experience with trains and/or activated signals. At the
passive sites. the unsafe drivers reported significantly more delay when stopped at a crossing
than zafe drivers. This is an intercsting finding with implications for understanding the be-

havior of the two groups.

The sample of drivers (all sites) which stated the longest delays had been experienced were
found to be the most unfamiliar drivers. This group was characterized by infrequency of train
observations and living farther from the crossing than the mean distance. Long delay slate-
ments were highly correlated with long signal on-train arrival estimates.

At active crossings. interviews with drivers who crossed against a signal when a train was
visible were the type most often rejected from the sample during the data reduction phase.
This was caused most frequently by incomplete questionnaire forms followed by ““form not
obtained™ cases. The latter occurred when a driver selected for interview refused to cooperate.
Therefore. it is concluded that behavior associated with beating a train to tie crossing is a
direct result of the impatience of the driver. This result was also a contributing factor in
accident causes of some types.

Miles driven per vear is alzo an indicator of driver experience. but one which would be
expected to relate even less directly to driver performance at grade crossings than the items
alrcady discussed. Thus. the finding of no significant differences between the safe and unsafe
drivers in terms of miles per vear is not surprising. Except at Calverton. there were also no
significant correlations between miles driven per vear and the safetv index.

Countermeasures Implications. The data indicate that unsafe driving practices may be the
result of an impatient driver, but as this trait is associated with external variables (which
caused the driver to belicve he could not tolerate delav) countermeasures of the educational
tvpe are indicated over other types of countermeasure.

Accuracy of perception and differences in perception of grade crossing devices and their
meaning do not appear to differ between drivers classified as safe or unsafe by performance
measures. The highly familiar drivers in this study do not appear to depend on the crossing
warning devices to detect the crossing.

Demographic Characteristics

Introduction. Difference in driver behavior has been related to such demographic
characteristics as age and sex. Knowledge, cxperience, and attitudes hiave also been related to
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demographic characteristics. Behaviorally relevant demographic variables can be nsed to identify

target populations for educational countermeasures or design populations for the evaluation of
traffic control devices and procedures.

ftem:. The items which have been classified in this category are:
e V.1 Y our occupation
e V-2 How old arc you? :
e V1 In what state did you get vour first drivers' license?
e V.3, Where do vou live? (City and state)

e Part VI. Sex (This item was filled in by the questionnaire administer.)

Results. No significant differences in the age (fem V-2) of drivers classificd as safe versus
thoze classified as unsafe were found for the grouped data at passive sites. active sites,
matched sites. or across all sites. Males were disproportionately distributed in the unsafe
gquartile al all sites. This preponderance of males was significant at aclive crossings and zeross
all sites. -

Over 90 pereent of the drivers sampled at all sites resided localiy. No significant relation-
ships were found belween the state in which the driver {irst obtained his license (Item VA4)

and his likelthood of being included in the unsafe or safe quartile of drivers as defined by

pe rformance measures. The same was true with regard to current residence (Item V-5).

R

Countermeasures Implications. Demographic information us related to behavior is partic-
ularly useful for isolaling larget groups for countermeasures application. Both the type of
counlermeasure and its method of application may be realistically tailored to particular tareet
groups i these can be defined. The one significant relationship found was between zex and
performance suggesting that males are more likely to be at risk than females. However. this is
in conflict with the accident data discussed in Chapter 2 where there was some indication of &
differential involvement of females. Thus. unfortunately, the data do nol permit identifving a
particular demographic group as having high payoff for countermeasures application.

It should be noted that the reason for including Item V.5 (Where do vou live?) was that
the accident data show that many grade crossing accidents involve local residents. However, as
was pointed out in Chapter VI, the vast majority of drivers at grade crossings are {ocal
residents. Thus, that they constitute a sizabic proportion of grade crossing accident drivers can
be attributed to exposure to the occurrence of a train as much as to the alternate explanation
of over confidence based upon familiarity. The fact that a weak but probable relationship was found



between familiarity and unsafe performance at the grade crossing supports both exposure and over-
confidence as the explanations for the accident data.

Perception of Grade Crossing Accident Causation

Introduction. Of particular interest in this category of variables is whether the accuracy of
a driver’s perception or knowledge of the factors which have been linked to grade crossing
accidents is significantly related to his behavior at grade crossings. For example, imagine two
drivers. both sober. approaching an active crossing in daylight in clear weather. One driver
believes that most grade crossing accidents occur at passive crossings at night under poor
weather conditions and that the involved driver is drunk. The other driver believes the
opposite — that most grade crossing accidents occur at active crossings in the daytime under
good weather conditions and that alcohol has little relationship to grade crossing accidenis. If
the beliefs of each of these drivers is strong. it does not seem unlikely that their behavior at
arade crossings will be different.

Items. Five items on the questionnaire provide information on driver perception of factors
related to accidents at grade crossings. These are:

e 114, Most accidents occur at crossings:
having gates or lights
without gates or lights
e II.5. Most railroad crossing accidents occur:
after dark
during the day
e MHI-6. Most railroad crossing accidents occur during:
bad weather (fog, rain, snow)
clear weather
o III.-7.  Most accidents at crossings having signals are due to:
driver carelessness
signals that fail to work

e III-9. How many of the above accidents involved a driver who would be con-
sidered drunk under the law?

Results. No significant differences were found between the responses of safe and unsafe
drivers to the above items with the exception of Item III-5. At passive crossings, significantly
more safe drivers indicated that most grade crossing accidents occur during the day. There are




reasons {or viewing this relationship with caution. First. it was found only in *he passive site
grouped data and not confirmed by the data collected at active or matched sites.

Sccond. of the threc passive sites. a significant correlation between the safety index and
the responsze to this question was found only at Calverton.

Third. in a large number of significance tests, some spurious significant relationships will
occur by chance alone (Type 1 error). The probability of a Type 1 error is equal to the [evel
of significance selected. Because significant differences between safe and unsafe drivers were
not found for the active or matched sites or on other items of similar content. the one
relationship found may well be attributable to a Tvpe 1 error.

With regard to other items. the responses io Item III-7 are of interest. At least 94 pereent
of the drivers in both the safe and unsafe quartiles and across all groups of sites stiributed
accidents at crossings having signals to driver carelessness rather than to the alternative, signal
failure. This sugeests that nearly all drivers think that a driver has to bear responsibility for a
erade crossing wecideat. However, there are questions which remain lo be answered. How do
drivers view their own likelihood of carelessness? Does a belief in driver carelessness as an
arcident cause affeci performance in a positive fashion” Does the fact that mest drivers did not
~eleet the sgnal failure calegory suggest that most drivers think that signals never fail?

Countermeasures Implications. The data do not support a relationship between driver per-
ception of accident causation and his performance al a grade crossing. Thus. this study does
not support application of countermcasures designed to change driver perception of grade

crossing accident causation as a means of obtaining more safetv-oriented driver behavior,

Stated Basis of Actual Behavior

Introduction. Scveral of the questionnaire items provide direct or indirect measures of the
reazons underlving the observed behavior of the drivers included in the study. These items
should provide some insight into effective means of altering behavior which is hazardous or
oiherwise undesirable (e.g.. unwarranted slow speec with consequent impeding of traffic flow).

{tems. The three most important items included in this category are:

e I.1. When vou first realized that vou were approaching a crossing. did vou slow
down? (Several of the response categories refer to reasons for slowing down.)

e II.8. Is a train scheduled to come by about now?
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e IV-6. Have vou ever known anyone who got a traffic ticket for crossing 2 track
when the signal was on or the gate was down?

Results. No significant differcnces were found between safe and unsafe drivers on

ltems i1-8 and IV-6. With regard to Item I-1. of those drivers who reported slowing down
significantly more unsafe drivers than safc drivers selected as their reason ““because tracks are
usually bumpy.™ The relationship was significant for active, matched. and across all sites. The
only other significant relationship was that significantly more safe drivers than unsafe drivers
at active sites selected the “other reason™ category (rather than the alternatives: “in order to
match the speed of the vehicle in front of vou:” to “‘check for signals and trains.” and “‘be-
cause tracks are usually bumpyv™).

Countermeasures Implications. Fewer drivers would probably slow down if the expectation
of track roughness were removed and grade crossings were universally smooth. Thiz would
probably result in more uniform traffic flow and possibly fewer car-car accidents but it might
also rezult in more train-car accidents at grade crossings.

Stated Behavior

Discrepancies may exist between what a driver thinks he did and what he actually did.
This issue was examined by comparing the stated behavior of the safe and unsafe drivers.
Since the actual behavior of these two groups differed. it would be expected that the behavior
reported by these two groups would also differ — if the drivers were aware of their actions
and accurately reported them.

Unfortunatelv. response to a questionnaire may not be a fully aceurate indicator of what
the driver really thirks he did. Among other things. questionnaire response may be biased by
what the driver thinks he ought to have done. However. the questionnaire is the cnly indica-
tor being used on this project of driver’s perception of his behavior on his approach io the
crossing. Therefore. several items were used to elucidate perceived driver behavior.

Items. The items which have been included in this category are:
e I.1. When you first rcalized you were approaching a crossing. did you slow dowr?
e 1.2, Did vou listen for a train?
e 1.3. Did vou rcll down vour window?
e [4. Did you look down the tracks before crossing?
e 1.5. Did you come to a complete stop beforc crossing the tracks?

e 1.6. How fast do vou think you were going when vou crossed the tracks?




Results. Of considerable interest was whether there would be sigrificant differences be-

tween Lhe =afe and unsafe groups on inheir responses to these question: or whethier both
groups would state thal they behaved in the same way. In general. it was found that there
were sigmificant differences between the two groups and that these were in the same direction
a= actual behavior. In other words, more safety related behavior. such as looking and/o
listening for trains was reported by that guartile of drivers designated as “safe” by the safety
mdex. Safe drivers estimated that thev were traveling ai a lower speed than unsafe. The
following table summarizes these results for the four groups of sites. Significant differences at
the .05 level or better are starred.

Table 7-8

Significant Differences (*)
in Reported Behavior by Safe and Unsafe Drivers

lzem Passive Active Matched All
1-1. Bid you stow down? - - -
I-2. Di¢ vou histen for a train? - - -

1-3. Did veu roll down your window?

1-4. Did you look down tne tracks? - °
I-5. Did you comr to a complete stop? - -
6. How fzst were you going? - . - .

In all ceils not starred. the differences between the safe and unsafe groups were in the same
direetion a. were the differences that reached the .05 level or belter.

Countermeasures Implications. These data suggest that drivers are aware of their behavior
and remember it with some degree of accuracy. What is needed is further elucidation of the
underlying reasons for the differences in behavior of the drivers classified as safety oriented
and those classified otherwise. The difference does not seem to lie in unsafe drivers believing
their behavior was different from what it actually was.

Summary

Measures of Behavior

Four mcasures of driver behavior were obtained. These were shown to be highly inter- 7
retated. An adequale description of the safety-related behavior of the driver consists of :
whether the driver looked for trains, the speed of the vehicle at the crossing. and thc pereent
speed reduction over the 500 [eel preceding the crossing. The sensitivity of these measures to



a change in protective devices has been demonstrated only for crossings where there is a re-

striction Lo sight distance until the driver is within 150 feet of the eros-ing.

»

Behavioral Differences

No consistent significant differences were found to exist between driver behavior at active
and passive crossings. The high level of familiarity with the crossing appears to explain the
strong relationship between train volume and safe behavior. Severe restrictions to visibility did
not increase the frequency of looking behavior.

Regional Differences

No clear relationship was cstablished between any of the measures and the geographic loca-
tion of the crozeing. It was concluded. however. that the sample was inadequate to reject
regional differences as a possibility.

Driver Knowledge

The data did not support increasing driver awarcness of legal regulations as a potential
aecident countermeasure. There are indications, hewever, that enforecement of required behavior
i= a factor in accident reduction.

An inverse relationship was found to exist between estimates of fatalities statistics and safe
behavior. The dala do not support fatality statistics publication as a countermeasure.

Driver Awareness

Drivers who were observed to perform more safely more frequently correctly identified or
remembered the characteristics of protective devices at the crossing. It cannot be staled, how-
ever, that knowiedge or recognition of the devices at a crossing contributes in a direct causal
fashion to individual performance.

High driver familiarity with a particular crossing was shown to reduce looking behavior and
the percent of speed decrease over that of very unfamiliar drivers. This result. supported by
the accident investigations. makes this category of driver a candidat: for countermeasure pro-
erams. Evaluation of candidale countermeasures may be made more difficult by the high prob-

ability of a strong acclimation effect.
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Risk Taking

It was found that drivers who performed less safely according to the behavior measures.
tended to score more highly as risk-takers. The only element which clearly reached signifi-
vance. however, was the use of seat belts. Risk-taking does not appcar to be a productive con-

sideration in countermeasure development.

Experiential Characteristics

Drivers who report long delays when stopped at grade crossings, tended to behave less
safelv. Drivers who crossed against an activated signal were most frequently found in the
unsalce quartile and were generally observed to be in a hurry to complete their trip. Accuracy
ol perception and differences in perception of grade crossing devices did not differcntiate

drivers,

Demographic Characteristics

The population sample indicated a very stable group in that the drivers nearly always lived
in the cominunity where the crossing was located. and had first obtained their license to aper-
ate a motor vehicle in the state where the crossing was located. This relation was true even in
the suburbs of Washingion. D.C.

The proportion of males and females in the sample approximated their proportions in rail-
highway accidents. There was no significant difference in the proportions of females in the
safe and unsafe driver quartiles. However, male drivers were overrepresented in the group of
un=afe drivers. Both exposure to grade crossings and over confidence of highly familiar drivers
are felt to be factors in accident causation. —

Perception of Grade Crossing Accident Causes

The data do not support a relationship between driver perception of accident causalion
and performance at crossings. Thus. the study did not support application of countermecasures
designed to change driver accident perception as a means for obtaining more safetyv-oriented
behavior.

Stated Behavior

Drivers tend to reduce speed for grade crossings due to track roughrness. This was cited
mosl often as the motivation for speed reduction by drivers who did not look for trains or
were otherwise categorized as unsafe drivers.




Drivers were found to report having performed actions such as looking for trains. lowering

windows. reducing speed. cte. in relation to actually having performed them. Unsafe drivers did
not state (believe) that they had performed more safely than they were obzerved to have
performed.
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CHAPTER 8

FIELD EVALUATICN OF RAILWAY—HIGHWAY GRADE
CROSSING ACCIDENT COUNTERMEASURES

This chapter provides guidelines for undertaking a field evaluation of railway-highway grade
crossing accident countermeasures. A cost-effective evaluation is one which begins with careful de-
velopment of the particular countermeasures to be installed and evaluated. This step is one which is
frequently omitted. However. its completion is vital if a maximum number of effective counter-
measures and minimum number of countermeasures of low utility are to be included in an expensive
ficld study. The basic framework for a ficld evaluation thus includes the following sieps:

A. Development of Countermeasures

1. Development of countermeasurs concepts

2. Selection of countermeasures
B. Development of Countermeasures Evaluation Methods

L. Specification of driver and site characteristics

2. Specification of behavioral measures

3. Specification of knowledge. attitudinal, and self-report measures
C. Development of Experimental Design and Procedures

1. Extent of gencralization required

2. Data collection proccdures

3. Data analysis procedures

D. Validation by Accident Reduction

The discussion is organized around each of the above steps as a topical or subtopical heading.
The examples used are based upon the knowledge and experience gained by project personnel in the
course of the study. Thus. it assumes that the reader is familiar with Chapters 1 to 7. Other
investigators might emphasize other features depending upon their particular kncwledge, experience.
and hypotheses concerning grade crossing accident causative factors and their familiarity with alter-
nate measures. methods, and techniqizes. Because the objective is to provide a framework for exten-
sive field investigations based on this demonstration study, the discussion is deliberately brief.

Development of Countermeasures

Development of Countermeasure Concepts

The initial effort should be a means-free identification of countermeasures concepts. Only after
the most likely coniepts have been identified should the investigator identify the means by which




the concept might be implemented. The reason is that means-contaminated conceptualizations are
constrained by inherent implications of feasibility and cost. Thus, a means-free conceptualization

increases creative latitude. After countermeasures concepts have been identified. attention can be
turned to derivation of specific countermeasures and to the sclection of those which zre to be in-

cluded in the #valuation.

The foliowing framework is useful for developing countermeasures concepts:
e identification of accident-related behaviors. These are the behaviors which countermeasures
will be expected to modify.

e Svecification of behavioral objectives for the countermeasures. Behavioral objectives are
more specific and may be directed to particular components of =ach accident-related be-

e Derivation of countermeasures coneepis.

Table 8-1 illustrates the use of the above framework to derive countermeasures concepts, This
study Tound that the major accident-related behaviors are those listed in the Lable. Behavioral objec-

tives and some countermeasures concepts are also presented.

A listing of countermeasures concepts of potential value is presented in Table 8-2. The major

[ocus of the countermeasure and the rail-highway component modificd are compared for each entry.

Selection of Ceuntermeasures

The concepts defined above are then used to suggest potential countermeasures. All potential
countermeasures which could conceivably apply should be listed. The following criteria are then
applied Lo eliminate. modify. or support each countermeasure:

e Driver characteristics and limitations.

e Equipment reliability and cost.

e Legal, political, and social considerations.

e ldentification of required educational/informational backup for the countermeasure.

Driver characteristics and limitations involve a review of human factors design considerations as
well as vehicle capabilities and limitations. Preliminary studies may be indicated to evaluate driver
aceeptance of candidate countermeasures, particularly those which are novel or which impact on
mure Lhan the grade crossing per se (such as in-vehicle warning systems and crossing elimination by

closing).




Table 8—1

Development of Countermeasures Concepts

Accident-Related
Behaviors

Behavioral Objectives

Countermeasures Corcents

Failure to detect cross-
ing

Failure 10 look for
train

Failure to see train or
warning device

Failure to listen for
train

Failure to hear
train warning device

Failure 10 slow
sufficiently that a
stop is possible

Inaccurate judgment
of arrival of train at
crossing

Failure to respond to
active warning device

Increase search

Make search more efficient
@ driver
o devices
® environs

Increase perceived hazard

Increase discrimination of active vs. pas-
sive crossings

Increase driver Teeling of responsibility
for accident

Increase search

Make search more efficient
e driver
® train/device
® environs

Increase listening for train

Reduce motorist speed on approach

Improve motorist estimates of relative
speed

Increase driver response to warning
devices .

Increase number of sense modalities through which informa-
tion is transmitted {e.g., rumble steps)

Remove competing or blocking stimuli
Increase conspicuity of warning devices

Pravide information on relation of warning device 1o crossing
{e.g.. distance 1o crossing)
Improve driver scan patterns

Increase knowtedge of accident/fatality statistics

Make warning devices for active and passive crossings
distinctive

Increase number of sense modalities through which informa-
tion is transmirted (e.g., vibration)

Remove competing or blocking stimuli
Increase conspicuity of train or device

Increase probability of listening

Remove competing auditory stimuli
Increase atterition

Inform motorist of critical stopping distance
Inform mortorist of limited sight distance

Agsist motorist in estimation ot speed of train at track

Increase credibility of active devices

The tendency of drivers to incorrectly identify the legal requirement of crossing signals implies
at least partial failurc of that device to convey the intended message. No rationale was developed in
this study which supports the concept of completely different characteristic devices for differentia-
tion of rail intersections from other highway intersections other than historical precedent.

The legal liability of the agency which installs and maintains intersection traffic control devices
has been clearly established cnly for the rail intersection. Until the railroad is relieved of the respon-

sibility for grade crossing protection. countermeasure innovation and countermeasure evaluation
projects must fully consider the legal position of the railroad.
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Equipment reliability and cost are {requently highly related factors. The cost of long term
maintenance is orten the largest single cost item. A cost-eficclive countermeasire may well be
one which has fess than fail-safe reliability bt does aid the driver in safe operation of his
vchicle, The fail-safe concept has. unfortunately. been a historical requirement of grade cross-
ing protection to the extent that courts may be expected to render judgments against the
agency responsible for protection in the event of a vehicle-train accident even in the case of a
driver who fails to heed a warning signal. These legal caveats. coupled with political and social
considerations (such as complaints by ncarby residents of “excess™ sound levels for crossing
bells) has made grade crossing innovation a difficult programn io implement.

In addition to the above criteria. some innovative protective svstems may be made accepl-
able and effective only when coupled with a successful program which informs the crossing
user of the svstem. ils operation. and its limitations. Without this step some tvpes of counter.

measures systems can actually inerease the hazard to scgments of the population.

An additional and complementary consideration is the expectaney of a driver as= he nego-
tiates a rail-hizhway intersection in the presence or absence of a train. Where expectancey and
actaality are in inverse relationship. driver decisionmaking and consequent behavior may be
particulariv mappropriate. For example. malfunclioning signal lights tend to foster an expec-
tancy that the signal does not indicate the presence of a train. This example was found Lo be a
contributing factor in accident investigation. Therefore, in the sclection of particular counter-
measures, consideration should be gven te driver expeclancy. Additional countermeasures may

suggest themselves or the relative merit of some countermeasurces mayv be shifted.

Developmenti of Countermeasure Evaluation Methods

The metheds presented in this report assume thal a comparison iz to be made between
behaviors under alternate protective systems (c.g.. a before/after study).

Specification of Driver and Site Characteristics

Tvpes of Drivers of Intrest. The countermeasure concept which led to the countermeasure
necessarily implics a target population. The sample to be observed in the study must be clear-
Iv defined so that the study design can insure that the target population whese behavior is to
be modified 1s adequatcly represented in the data. The population toward which the counter-

LIS

measure is directed may be “unfamiliar.”™ “local.” “commuter.” or “‘normal.” for e¢xample.

Except for special purpose countermeasures. the “normal™ population i generallv indicated.




Class of Rail-Hizhwav Intersection of Interest. The countermeasures concept determines the
type of crossing to reccive intervention. This element should be described in complete detail.
That is. the urban/rural/suburban character should be defined as well as the appropriate
vehicle/train volumes and the desiced variation in volumes or flow. Competing stimuli in terms
of business or residential vehicle movements and other competition for the driver’s attention

- - g §
such as commercial messages shoula be specified.

The characteristics of the approach to the crossing must be specified. There is an indica-
tion that blind crossings and crossings reached immediately after a turn are overrepresented in
the accident summmaries. Both cases may be expected to require specific countermeasures,

This study dealt only with <ne type of site characterized by restricted visibility to trains
until the driver was within 150 feet of the crossing and the absence of conflicting stimuli
along the approach. Bchavier at such locations was in response to the grade crossing stimuli
and therefore measures of behavior were measures of the driver’s response lo the crossing =itu-

atjon.

At an open crossing, where the driver can determine visually from a distance that no train
iz present. Jooking behavior cannot be detected by covert observation. A previous study show-
ed that changes in speed are due to recalled or perecived track roughness. At crossings such as
these reached after a turn or in a congested urban area, looking behavior may be available but
other measures are gencrally confounded by the external factors. Further studyv is indicated to
determine measures suitable for the cvaluation of countermeasures to be applied at the tyvpes
ol crossings not dealt with in this study.

Selection of Sites. The final sclection of the sites to be studied depends on the above
determinations as well as others. In general. selection of sites is the most important factor in
the success of the studv. Appropriate sites-are those which:

1. Contain an adequate sample of the target population.

2. Mect the required characteristics of the crossing in terms of the countermeasure to be
evaluated.

3. Do not contain uncontrolled variables such as anticipated construction. population

changes. etc.

4. Are not unique, and permit generalization.

I

Are appropriate to the data collection method and technique.

6. Do rot produce a relationship between countermeasures and site characteristics of
potentially increased hazard.

@
|
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Specification of Behavioral Measures.

Four behavioral measures were evaluated in this study. These were: 1) looking for trains:
2) pereent reduction in zpeed in the zone extending frome 500 feet in advance of the crossing
to ten feet in advance of the crossing: 3) the segment of the approach profile where maximal
deceleration ocurred: and 4) the distance from the crossing within the 500 fect preceding the
crossing where the driver’s speed exceeded that permitting a stop before the crossing. In addi-
tion. a campesite safety under utilizing these four meassres was derived.

The sites used in the study included a variety of tvpes (active/passive. urban/rural. ete.).
However, all were characterized by limited sight distance — such that the driver could not pro-
ductively Jook fer trainz in one or both quadrants at greater than 130 feet from the crossing.

For the crossings studied. high correlations were found ameng the behavioral measures.
Further analysiz showed that for study sites of limited sight distance. looking behavior, speed
al the erossing and specd reduction were valid. sensitive. and sufficient measures of driver per-
formanece. Accordinglyv, these measures are recommended in the [ull-scale counlermeasures eval-

ulton study tor limited sight distance grade crossings.

Specification of Scli-Report Measures.

This study failed to support a requirement for further measures of driver knowledge and
attitude. There is. however. a need for a limited survey during the field evaluation of counter-
measurez to deiermine if the driver observed or was exposed to the countermeasure. In addi-
tion. it may be fruitful to sample demographic and other driver characteristics during long
term studies to determine whether a change in the driver population at the study site accounts

for changes in countermeasures cffectiveness.

hd

Developmeni of Experimental Design and Procedure

It ix assumed that the experimenter contemplating a large-scale field evaluation study is
aware of the general principles of experimental design appropriate to before/after studies. The
specifics of the design are a function of the number of countermcasures to be evaluated, the
number of sites ai which each countermeasure is to be tested. the approach to be used to
vliminate or assess the contribution of confounding variables. and similar characteristics. Ae-
cordingly. this discussion is limited to aspects parlicularly appropriate to the evaluation of
grade crossing countermeasures and the provision of guidelines concerning the data colleciion
procedures and anlaysis techniques found to be particularly us:ful in this demonstration study.




Extent of Countermeasures Generalization Required

The candidate countermeasure mav be found to be effective onlv at certain levels of lumi-
nance. size. shape or color. location in respeet to the crossing. during night or day. in ccrtain
scasons. cte. [t is neeessary to provide for the required generalization within the study design

and to insure an adequate represenlation of appropriate data for ali conditions.

Data Collection Procedures

Looking Beharior. The zone of useful looking behavior in advance of a crossing should be
well defined by an abrupt increase in sight distance at a point within two hundred fect of the
cros=ing. Chservations of looking behavior are best made from the driver’s side of the vehicle
to climinate glare from windshields. The head movements observed in a zone near the crossing
due to looking for trains are large and casily detected although observer training and periodic
testing wa= found to be vital., Drivers are scored as “looked™ or ~did not fook.” Additional
information :uch as the dircction in which the driver first looks was not fonnd to be useful.

One observer can reliably obtain looking data over as much a: once hundred fect of road
when positioned within fifty feet of the road near the crossing end of the zone provided that
the next car to be obzerved does not enter the zone until the observer cuan readjust to the

~lartinge

¢ poinl. The use of binoculars wus found to be unnecessary and actually reduced reli-

ability. increased the lime required between vehicles, and contribuled greatly lo fatigue.

. The observers must be concealed from the driver’'s view. The zone should be clearly mark-
ed from the obzerver’s viewpoint but e unobtrusive to the driver. Radio communications and
scheduled rest periods were found to be useful in obtlaining reliabic data. particularly when

multiple observers are used for two zones.

Speed Measures. The least expensive, reliable technique for oblaining measures of vehiele
spred is with a spot radar. The u=c of that instrument requires training which cannot be
covered here, It should be noted. however. that Interference will be experienced whenever
more than one vehicle is within the beam width. and the radar will lock onto and track the
source of the strongest echo. Vehicles moving away from the antenna will generally preempt
specd measurements of vehicles coming toward the antenna until the lattec is somewhat closer
than the retreating vehicle.

The indicated radar speed will be accurate only if the beam is approximately paralle]l to
the path of the target. This factor limits the location of the antenna to the cedge of the lane
being studied and to nearly straight scetions of road. The optimum was found to be to locate
the antenna on a utility pole about twenty feet above the road. It was found to be more




convenient to measure speeds from the downstream <ide of the crossing as lexs camouflage was
required of the data collection point. A typical maximum cable length between the antenna
and the readout device 1s 200 feet.

By observation of the vehicle position and the speed reading. data points are noled al a
consistent point about 500 feet prior to the crossing and again as the vchicle reaches the
painted stop lines near the first rail.

Additional amplifvirg information is useful such as vchicle type (sce text). time of day.
whether a professional driver was involved. and the crossing-related events such as whistles.
siznal aclivations. train arrivals and departures. etc. If the target population is restricted. the
apparent category of the subject should be noted.

interciews. Communications between the crossing observers and the interview stafl is neces-
sary . The interview :zite should be located well downstream to preclude interference or modifi.
cation of the behavior being measured. This study found that distances up to a hail mile were
appropriate il the subjeet did not have an alternale route available. The techniques ol cor-
rectly identifving and eliciting the cooperation of sclected subjects is fully covered in
Chapter 5.

[t should be noted that there is almost certain to be a marked acclimation cffect for some
period after the countermeasure is applied. A control site, preferably one which is used by the
same population. should be used to both verify that the countermeasure has been noted and is
cticetive and to help account for unexpected varialions.

The baseline data should be of sufficient size to insure the determination of significant
differences for the level of change expected. The section on Validation by Accident Reduction
refers to this factor.

Data Analysis

An appropriale data analvsis procedure is to compare the means and standard deviations of
the results of the data collection periods. The desired level of significance may be determined
with the t test for differences in means. Other statistical analysis procedures may be used as
appropriate.

The entire population contained within the data may not be appropriate to the analvsis.
For example. school busses and fue! trucks may be overrepresented in the before data, and the atyp-
ical behavior of these vehicles should not be allowed to influence the conclusions. The target popula-
tion defines] above should be examined separately to detect appropriate changes.




For some countermeasures concepts. a subset of the population may be adversely affccied.
Analvsis of ihe data should include an examination of all subsets.

Another useful technique is the examination of the effect of the countermeasure on Lhe
extremes of the sample. such as the most safe and least safe quartiles. A countermeasure may
be found to reduce the adverse Lehavior of the fourth of the population which showed poor
performance. The rescarcher must decide if the improvement achieved for the target popula-
tion warrants the application of the countermcasure.

To conclude that a countermeasurce has enchanced the safety-related behavior of the sub-
jects. it is necessarv that both speed reduction and looking behavior change in the appropriate
dircction by a significant amount. For example. a candidate countermeasure which implied a
high degree of grade crossing roughness might result in an increased speed reduclion without a
corresponding increase in looking behavior. A countermeasure which was located too close to
the crossing or was of insufficient size for the population to note the message in time. could
rezult in an increased looking behavior at the crossing without a corresponding speed

reduction.

Validation by Accident Reduction

While the development and short term cvaluation of candidate counlermeasure svstems can
be performed using the information and techniques presented above. the ultimate test of the
countermeasure is the actual change in the number and severity of accidents. The determina-
tion of accident reduction is a very difficult task as it nccessarily involves a long term study.
The length of time required to accumulate statistically significant data permitling a judgment
neeessarily coatounds the picture duc to scasonal changes. population movements, and changes
in the nature of the experimental site itself such as road resurfacing. construction in the

vicinity . ele.

The situation is not nopeless. however. only difficull. The constrainls mentioned above can
be minimized or at least controlled by cvaluation of a countermeasure at a large number of
similar sites for a shorter time. The major drawbacks to this option are that a sufficient num-
ber of comparakle locations may not euast within the jurisdiction of the agency doing the
evalualion, and the evaluztion demunds that the cundidate countermcasure be the only change
allowed to occur during the period of the studv. The latter constraint is frequently the most
difficult to achicve since an accident reduction program is often the impetus which led to the
counlermeasure cvaluation. and a large number of techniques are simultancously applicd.

making the evaluation of any single one impossible to delermine.
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A= an example of the length of the program required to validate a countermeasure by ac-

cident reduction. the following calculations are presented. The object s to caleulate the num-
ber of vears required for a statistical determination of aceident reduction due to a single

countermeasure svstem.* The information required is:

1. the accident history of the site,

2. the desired confidence level, and

3. the expected efficieney of the countermeasure.
the accident history of the site is assumed to be available for the last five vears. Six vears
ago. a major change was made which probably modified the characteristics of the sile to the

extent that previous accident data do not apply. Assume the following history of accidents at
the test site:

Year Num'ber
e of Accidents
1
2 3
3 4
4 3
5 3

It should be noted that there were a few more accidents than are noted above, but that
they are of a type at which the countermeasure was not directed. such as a rear-end collision

hetween cars near the crossing which was clearly not related to the existence of the crossing.
The selected significance level 1s .05, We have reason to believe that our countermcasure
will be effective in reducing the probability of an accident. and have reason to estimate the

magnitude of the efficicncy of the countermeasure.

The historical accident data can be summarized for our hypothetical crossing as:

N} = Syears

Kl = 3 accidents/vear
012 =04

o = 0.64

*‘. ~ - - . -
The same calculations may be used to determine the number of subjects, observations, hours. ete. for any
beforef/after study.

N

NPT



and if the variance is constant.

Since we have no reason to predict otherwise, the variance of the data iar the “after phase

will be assumed to be the same. 0.3, The equation for the  test mav be writlen as:

(X; —=X5)* N, —o2¢2

cte. unlil an agreement is reached between No and A0,

All of the terms of equation 2 are known except t. The value for
q p

Distribution of ¢ for A = .03 (one-tailed)

1

2.015
1.943
1.895
1.860
1.833
1.812
1.725
1.7°4
1.697
1.684
1.671
1.658
1.665

Appended from Standard Mathematical Tables, 1250 ed.,
Chemical Rubber Publishing Co., 1959

1= obtained from a
table of dixtributions of . Values for t with a confidence level of .03 are given in Table 8-3
below. To find the degrees of freedom (d.f.), add the two sample sizes (vears of before data
plus vears of after data) and subtract two. Since the vears of afler data (N») i rol known.
an cstimate is made for the d.f.. the cquation iz solved for Nao. a new duf. is then calculated,
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If we examine the denominator of equation 2. we find that it is equal to zero when:

< T 2~ 2 o
(X3 =Xo)" Ny = oy 1~ (3) )
A
AL this point, No is infinite. It v ill be a rcal positive number for (fl — .T(r_») crcater Lhan
a]"Z l:/'_\'l_ For our hvpothetical crossing, we calculated that:
o = 0.64
For an infinite number of vears. t = 1.643. Solving equation 3. we find that X» = 2.54

which is 153.5 pereent better than ?1 the mean accident rate before the countermeasure.

Therefore. for a crossing with an accident history over five vears such as was presented at
the beginning of this section. one would require an infinite cvaluation period for a counter-
measure with Iess than 15.5 percent effectiveness. If we presume a 20 percent cifective
countermeasure. significant data would be obtained in about 20 vears (d.f.=23.1=1.714). A
counlermeasure which was so outstanding that it produced a 30 percent reduction in accidents. 3
coild be evaluated in only 3.3 vears (d.f. = 6. { = 1.943). Of course, assuming a group of sites 4
which were alike in all material respects was available, the 20 pereent cffective countermeasure '
could be evaluated in two years if installed at ten such crossings.

The small sample of years in the before data is responsible for the large effectiveness re-
quircd of the countermeasure. If ten years of data had been available which resulted in the
samc mean and variance. a countermcasure with an effectiveness of 11 percent could be
evaluated. As is generally true of statistical tests. the smaller the change to be detected. the
larger the sample size must be.
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Conclustons

The lack of sufficient quaritity of appropriate accident datz and associated causative factors
precludes the use of accident events to validaie countermeasures on an individual crossing
basis. While the general use of effective innovations in grade crossing protection throughout a
large region coupled with appropriale cducational efforls must result in aceident reduciion. the
cost of entering such a program to evaluate the innovation is prohibitive. The more cost-
effectivie methods of evaluation as presented in this study are therefore preferred and are

recommended.
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APPENDIX A
SITE DESCRIFTIONS AND CHARACTERISTICS

This appendix contains information on each of the nine sites at which data were collected. In-
cluded are the dates and times of observation, vehicle and train characteristics, protection descrip-
tions. graphs showing the measured sight distances available to the driver along the approach to the
crossings, and the measured mean and standard deviations of speeds. The plan views of the crossing
are oriented with the instrumentied section of road below the crossing and the interview site at the

top of the page. The scale is not linear. Indicated distances were measured from the crossing along
the driver’s path to the element being referenced.
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Site

Dates

Times

Railroad

Numer of Tracks

Advance Warning
Distance

Crossing Protection

Route 170, Linthicum, Maryland

July 17, 18, 1972

1030 ~ 1745, 1030 — 1430

Baltimore — Annapolis Railway Company
1

Standard Sign, Pavement Markings
325 Feet

White Letters on Black Crossbuck

Double Stop Lines? Faded

Reflectorized Crossbuck? No

Number of Tracks Sign? No
Trains Observed [¢]
Ronae of Train Speeds -
Posted Speed Linui 30 MPH
Mean Hourly Volume 293

Number of Drivers Who Stop Without Signal/Train 10

T N

U4
- - \
e ey — a—
20
\
15
10
Sight Distance along Approach 1o Crossing
0
l —500 —300 200 =100 =-50-10

Maan Speed and Swundard Deviation
all Vehicles




STOP LIGHT f l g SPEED LIMIT 30 MPH

HAMMONDS FERRY
ROAD (ROAD CLOSED)

ﬁ Be INTERVIEW’SFE——__
4

TARGET RR’ X GAS
¢

SIGN —

oL

N\

CROSS3AR RR" SIGN

{ HousEs

0
=)

CODING SITE @

DOUBLE STOP LINE MARKING

ON ROAD

SHOPPING & PARKING AREAS

(CONTINUOUS ON THIS SIDE} I
—

WHITE LETTERS ON BLACK
; NON-REFLECTIVE
CROSSBAR RR‘SIGN

CROSSING ANGLE 55°

— ’
NO PARKING OR STANDING q i
SIGN J S E
[: |
GAS FADEZD ROAD MARKINGS &
ANy Y TARGET "RR"SIGN
qﬁ’ g HIDDEN BY BUSHES
SEVERAL
| veT _RES|DENCES
SCHOOL ZONE

[~ 472

= 18"

- o

—  15°

Maryland Rt. 170, Linthicum, Maryland. ’




Site

Dates

Times

Railroad

Number of Tracks

Advance Warning
Distance

Crossing Protection
Double Stop Lines?
Reflectorized Crossbuck?
Number of Tracks Sign?

Trains Observed
Range of Train Speeds
Pcsied Speed Limit
Mean Hourly Volume

Number of Drivers Who Stop Without Signal /Train

Woodsboro Pike, New Midway, Maryland
July 19, 20, 1972

1225 — 1930, 1305 — 1605

Penn Central Transportation Company

1

Star.dard Sign, Pavernent Markings

) G -

Sight Distance along Approach to Crossing

320 Feet
Black Letters on White Crossbuck
Yes
Yes R
Yes
2
12 — 14 MPH
30 MiPH
67
2
55 —
50
45
\\
Sy —
40 e
S~
T~
3s \
o
>~ \ﬁ
-1 \ ~
\ \‘
- e ~—
RL3
1
=500 -300 -~200 =190 -50-10

Mean Speed and Standad Deviation

all Vehicles




SPEED LIMIT 30 MPH \\
TARGET ‘RR*
SIGN Q \

UO @

CAUTION SIGN

INTERSECTING ROAD

VOLUNTEER o,y
FIRE DEPT T,

)

4
iu)
)

g SPEED LIMIT S0 MPH

1030-—4‘_721'

TERRAIN ELEVATION

INTERVIEW SITE

D GARAGE
-

GARAGE

5! POST OFFICE
i opseRvER SITE
I_.__. RENNER MOTORS

L

|
-

-

ibj'_']

Al

L) Ii
XJ@ TARGET ‘RR’ SIGN

e

HOUSES

‘:'\ CAUTION SIGN
INTERSECTING ROAD

©0

E SPEED LIMIT 30 MPH

CROSSBAR RR"SIGN

- 721"

— 14°

4

—~ 1080°

Woodshoro Pike, New Midway, Maryland.



Site Route 28, Calverton, Virginia
Dates July 26, 27, 1972
Times 0835 — 1601, 0830 — 1746
Railroad Southem Railway System
Number of Tracks 1
Advance Warming Swndard Sign, Pavernent Markings
Distance 433 Feat
Crassing Protection Bleck Latters on White Crossbuck
Double Stop Lines? Yes
Reflecterized Crossbuck? Yes
Number of Tracks Sign? No
Trains Observed o]
Range of Train Speeds -
Posted Speed Limit 55
Mean Hourly Volume 48

Number of Drivers Who Stop Without Signal /Train 18

&00 200 200 500 -

b S - e G S el D S S S & = \

S \
{0 —5

n
N\
\
20 A\
Sight Distance along Approsch 1o Crossing 1\
1, \
—8500 —300 -200 =100 -=50-~10
Maan Sosed and Standasd Deviation

&t Vehicles
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OISTRICT
BOTH SIDES

Gas
INTERVIEW

- X3 816 ————yp

r~

Y - - ) W

SOUTHERN ETATES GO-OF
OPEN FIELD

J

T T T T

Virginia Rt. 28, Calverton, Virginia.
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Site

Dates

Times

Railrosd

Number of Tracks

Advance Warning
Distance

Crossing Protection
Doubtie Stop Lines?
Reflectorized Crossbuck?
Number of Tracks Sign?

Sunnyside Avenue, Beltsville, Mgrylard
July 10, 11,1972

1021 — 1845, 1345 — 1846

Baltimore and Ohio Railroad Company
2

Standerd Sign
427 Feeot

Blsck Lettars on White Crossbuck, 4 Flashers, 6 Reflector Panels
No

Yoz

Yot (Alsc “Stop on Red Signal*’)

Trains Observed 19
Range of Train Speeds 26 — 75 MPH
Posted Speed Limit 30 MPH
Mean Hourly Volume 167
Number of Drivers Who Stop Without Signal/Train a4
- as
3 t
500 200 200 500 P -—
o o . S S e S S e o S e S S R G S S S S S S S S - S - o] \\
s
% ~S

Sight Distance slong Approach to‘Crwing

°
a0 ~a0 -700 —100 -50-10
"Meen Speed and Standard Demation
— ol Vehiciem




RHODE ISLAND AVE.

TERRAIN ELEVATION [~ 1400
30- TRACK
¢ i TUCKER ST.
l ( © INTERVIEW SITE
INDUSTRIAL
i WAREHOUSE AREA
FIELD !
I HI-POINT SPRINKLER CO. :
' N
TARGET RR" SIGN ? 1\ 314"
I DIRT DRIVE
— 141"
ROAD NARROWS" @ l
SIGN | «—— STRIPPED MARKERS
TIMBER %¢ | a4
_ CROSSING ¢} I\l ROAD 17" AT CROSSING ' 12
Qf'ﬂrﬁmﬁ‘xwmr—uf—_—lv.-........‘u[p,,”‘ r M TWO TRACKS -~ 0
: : - I T I T A — o
o0° E FLASHING SIGNAL WITH 127
% CROSSBAR ‘RR’ SIGN
DIRT GRIVE | e
gﬁﬂcoomc SITESQ | @ ‘ROAD NARRGWS" SIGN 2o
S ! 4
Le- I X4 - 60°
|| B rrees
I ? TARGET ‘RR’ SIGNY — 427
|
: [ % BRiDGE
i
SR
RN
\
\ \? SPEED LIMIT 30 MPH - 1453
23 —
STOP SIGN \
2 - 1540
EDMONSTCN ROAD

Sunnyside Avenue, Beltsville, Maryland.
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Site

Dates

Times

Railroad

Number of Tracks

Advance Warning
Distance

Crossing Protection
Double Stop Lines?

Reflectorized Crossbuck?
Number of Tracks Sign?

Trains Observed
Range of Train Speeds
Posted Speed Limit

Mean Hourly Volume

Fairview Avenue, Manassas, Virginia

August 9, 10, 1972

0950 — 1800, 0900 — 1368

Southern Railway System

2

Standard Sign

189 Feer

White Letters on Black Crossbuck, 4 Flashers

S — 39 MPH

25 MPH

145

Number of Drivers Who Sten Without Signal /Train 39

L]
A <0
500 200 500
| o o e e s e o v e o e o o 5 1 e ey o o 0 ]
5

Sight Distance along Approach to Crossing

A-11

Masn Soved and Standard Deviation
all Vehicies
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.;. R
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D
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HOUsSES

CODING SITE

- 227
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121

-13°
L o-
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i@
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SPEED LIMIT 25 MPH
MANASSAS ‘i::}x g. ;

— N\

Fairview Avenue, 1lanassas, Virginia.
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Site

Dates

Times

Railroad

Number of Tracks

Advance Waming
Distance

Crossing Protection
Double Stop Lines?
Reflectorized Crossbuck?
Number of Tracks Sign?

Trains Observed
Range of Train Speeds
Posted Speed Limit
Mean Hourly Volume

Number of Drivers Who Stop Without Signal/Train

Route 28, Manassas, Virginia
August 2,3, 1972

0910 — 180¢C, 0900 — 1329
Southern Railway System

1

Standard Sign, Pavernent Markings
36% Feet

Blark Letters on White Crossbuck, 4 Flashers, 1 Bell

0-12
45 MPH
13,

10

€5

r e |

\
500 200 200 00
| S D A0 €50 Mk G (D D i D S iy S T I T T T X T 1T T 1T
e——
S0 - - - - \ - - - - - - -
00 - - - - = - - - - - - -
SO e — = = - - - .- = = = -
500 - - - - = - - - - - - -

Sight Distance along Approach to Crossing

S e s

10 b

N

* ]

600 -200 =200 —100 -SQ -1

Kkesn Speed and Standarg Deviation
all Vehicles
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i

Site

Dates

Times

Railroad

Number of Tracks

Aavance Warning
Distance

Crossing Protection
Double Stop Lines?
Reflectorized Crossbuck?
Number of Tracks Sign?

Trains Observed
Range of Train Speeds
Posted Speed Limit

NMean Hourly Volure

Number of Drivers Who Stop Without Signal /Train

Grange Hall Road, Holly, Michigan

Juty 25. 26, 1972

0943 — 1600, 1155 - 1715

Chesapeake and Ohio Railway Company

500 200 0

20

500

D SR S (.S S D G A SO G S N S S S N A SN G S G S S - e ]

Sight Distance along Approach to Crossing

1
Standard Sign
500 Feet
Black Letters on White Crossbuck, 4 Flashers, 2 Bells
No
Yes
No (“Stop on Red Signal™)
6
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45 MPH
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3
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! 50
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Site

Dates

Times

Ra:lroad

Number of Tracks

Advance Warning
Distance

Crossing Protection
Double Stop Lines?
Reflectorized Crossbuck?
Number of Tracks Sign?

Trains Observed
Range of Train Speeds
Posted Speed Limit

Mean Hourly Volume

Carson Avenue, Bryan, Texas

July 31, August 1, 1972

1338 — 1800, 1000 — 1535
Southem Pacific Railway Company
1

Standard Sign
499 Feet

Black Letters on White Crossbuck, 4 Flashers, 1 Bell
No

Yes

No -

5
6 — 31 MPH
30 MPH

165

Number of Drivers Who Stop Without Signal /Train 0

55
) 50
£60 200 ] 200 550
| ot ) . D S S Gn S ) - I Irrrrrr XTI T
45
0
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R 3 Ne— — i

Sight Distance along Apprcach te Crossing

N
\~
"
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Site

Dates

Times

Railroad

Number of Tracks

Advance Wzrning
Distance

Crossing Protection
Dcuble Stop Lines?
Reflectorized Crossbuck?
Number of Tracks Sign?

Central Avenue, Milpitas, California

August 9, 10, 1972

1000 — 1645, 1015 — 1555

Wastern Pacific Railroad Company

1

Standsrd Sigr:, Pavemnent Aarkings

400 Feet

Black Letters on White Crossbuck, 4 Flashers, 1 Sell

Yes
Yas
No {*"Stop on Red Signai ™)

A-19

l—la—l-d&-ﬁadowuﬁon
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Range of Train Speeds 15-20
Posted Speed Limiz 35 MPH
Mean Hourily Volume 291
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APPENDIX B
DEFINITION OF VARIABLES

Included in this appendix are the definitions of variables used for the data analvsis conducted
during this study. The first section defines the 176 fields of data recorded for each subject as
applicable. The second section defines composite variables used in the generation of a large correla-
tion matrix.
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Data Elements Recorded for Each Subject



Ttem Description
1l indicates which form of the questionnaire a sub-

ject was given. The following table shows which
items were included on each form. Columns for
items which were not administered to the subject
are £illed with Ss.

Iterns included on Form

: 1-29 3045 | 46—81 | 82—104 | 105—130|131-144 |145—-176
; 1 bd X X X X
: =
= X
=2 X X X X
[T
3 X X X x x
g 4 X X X x x
2 Subject Number
3 Site
¢ Sunnvside
1 Linthicum
2 New Midway
: 3 Calverton
. 4 PW28
' 5 Fairview
6 Michigan
7 Texas
8 California
4 Sorting Code

wn

Time at Trap 1 - Hours, Minutes

N 6 Analysis Output Sequence Number
7 Vehicle type Wheelbase
0 Motercycles, compacts < 8.5
1 Standard cars <1 2.0’
2 Small 2-axle trucks <15.0°
B 3 Large 3-uxle trucks <15.0'
'i N 4 Bus, 2 or 3 axle >15.0
. S Semi, 4 or more axles
8 Is there a vehicle between subject and crossing
at subject's Trap 1 time?
yes = 1 no = 0
g 9 Lead vehicle type




Itam

10
11

13
14
15
1s
17
18
19
20

21

22
23

25

26
C 27
28
29

—_—

Speed of lead vehicle at Trap 6 x 10 mph

Did subject driver look in advance area?

yes = 1 no =90
Did subject driver lock in near area?
yes = 1 ﬁo =0
Speed of subject at Trag 1 x 10 mph
Speed of subject at Trap 2 x 10 mph
Speed of subject at Trap 3 x 10 mph
Speed of subject at Trap 4 x 10 mph
Speed of subject at Trap 5 x 10 mph
Speed of subject a2t Trap 6 x 10 mph

Description

24°

Tailway at Trap 1 if data not available = $959

Percentage of change in tailway,
(Trap 6 tailway + Trap 1l -tailway) x 100
I£f > 999 = 999. If <1 = 1.

Was any missing data interpolated for?

yes = 1 no = 0
Trap after which maximum deceleration occurred
Maximum deceleration expressed in ft/sec2 x 10

Percentage of change in headway.
(Trap 6 headway + Trap 1 headway) x 100
If > 999 = 999. If < 1 = 1.

Headway at Trap 1 (expressed in feet). If not
available = 9999.

Minimum time headway x 10. If > 999.9 = 999.9
Did vehicle stop? yes =1 no = 0
Month

Day



AN s

PR T

Item

30
31
32

34

35

37
38
3°

43

44

45

Description

Sorting Code€ « « v -« ¢« v o o 4 o o o & o o =
Sorting Code « . ¢« ¢« ¢ . & ¢ & v o o o o « @

Subject Safety Index,
(Item 105 + 106 -~ 107 - 108) x 1000

Sorting Code - + - o ¢« v o o v 4 o 2 « o o =

When you first realized you were approaching
a crossing, did you slow down? :

NOe o« o & a o ® & o o o o o o = o » a o

yes, in order to match the speed of the.
vehicle in front of you. . . . . .

yes, so Ycu could check for signals and
trains . . < . . . . . L e 4 e . .

ves, because tracks are usually bumpy .
yes, other. . . « . . . . . « . . . . .

Did you listen for a train?
FES & v v 4 h e e e e e e e e e e e e

NC . & ¢ ¢ o ¢ o . o = o o o = o o o

Did you roll down your window?
it was down . . 4 L . e b 4 e e e e ..

=

NO 4 . * o a ¢ © 2 o = a o * =« s « =

Did you look down the tracks befor= crossing?
NC @ = = o« o 2 » o o o o o o o« o a o @
left onlY . o -« ¢ v v 4 e 4 e 4 e e -
right only . . . . . - . . ¢« .« « .« .
beth ways . . . ¢« . . & . . ¢ ¢ ¢ ¢ o .

NO <« o o o ¢ o o o o o a @ = a o » » =

left oRlY « v ¢ ¢ 4 4 o 4 a4 o @ o - -
right onlY . . ¢« ¢ v ¢ & ¢ ¢ e o o o
both ways . . . -« & ¢ ¢ ¢ 0 o ¢ o = « &

Did you come to a complete stop before cross-
ing the tracks?
TE5 o &t o e e e e e e m e e e e e e e

NO .« . = o & o + a o = o a s s a » = =

How fast do you think you were golng when you
crossed the tracks?
O-5mph - « . . « . . - - . - o . ...
510 mph . . . - . . . 0. -0 e ..
10-20mph . . . . . . . .

Code

1-4

0000-2999

{v/= 0, blank

{blank

(blank
(klank
(blank

(blank

0,V =1)
o,V =1
0,V =1)
0, V' =1)
1
)
0,V =1
1
0
0
1
2
3
0
1
1
2
1
0
0
1
2



Item

46
47
48

49
50,51

52

53

54

55

56

57

58

Description

20-30mph . . . « +« . « 4 . < . 4 . . -
30-40 mph - . . - ¢ . 4 4 e e e e . . .
40-50 mph . . . « « ¢ ¢ ¢ 4 o ¢ = a = .
over S50mph . . .« . . « « . &« ¢ &« & o .

Sorting Code . . . . « & & - o + -« « o & - .
Sorting Code . « ¢ . & 4 4 4 a4 e e e 4 .

Looking (If S looked either place)
YES v v 4 ¢ e et e e e e e e e e e e s

NO « o =« o a o © s o o o = o o » o o o

Sorting Code . « - . &« ¢ o o o 4« o o 2 o o =

What was your first indication you were

approaching a railroad grade crxossing?
an advance sign way up the road . . . .
markings painted on the road . . . . .
saw the sign at the crossing . . . . .
knew it was there . . . . . . . . . . .
saw a train . . . . . . 2 . i e e e e .
saw the i1ights flashing at the crossing
saw the tracks . . . . - ¢« ¢ o ¢ o + =«

If you saw an advance sign way up the road,
what do you remember about the sign?
did not see an advance sign . . . . . -

the color:
if answer correct . . . . . . . .
if incorrect . . . . . . ¢ ¢ . . .

white . . . . . . . .. . o ..
Yellow . . . « . . <« . . . . & . .
Fed -« ¢« v 4 e o e e v e e e e .

the shape:
if answer correct . . . . . . . .
if incoxrrect . . . . . . . . . . .

O * = o o o o o o o o o = o 4

O = = = = o o o o o e o o o o =

Do i i et e h e e d e e e e e

the symbol:
if answer correct . . . . . . . .
if incorrect . . . . . . . - . . .

X o000 a ...

RR .« . . ¢« ¢ . o ¢« o v o & o o &

YR © - e

Code

v b W

6
1-4
0000-9999

1
0

O b wWwwnwKHO

(V= 0, blank

WK O O+ MHO OH

WwWhHO OF



R S

Ttem

59

60

6l
62

64

65

66

67

68

69

70
71

72
73

. P - Cm e = L E L v wva

Descripticon

Did you know how many sets of tracks there
were before you reached the crossing?

NO =« 2 ¢ a o =2 o o o o o = o « = o =« o

ves, remembered from when I was
here before . . . . . « . « . . .

yes, could see the tracks . . . . . . .
saw sign showing the number of tracks .

Eow many sets of tracks were there a+t this
crossing?
if answer correct . . . . ¢ 4 . . . . .
if incorrect . . . . . ¢ 4 e 4 4 . . .

ONE v v o o o o = o a o o = =2 = =« « o« =«
TEWO 4 i i e e e e e e e e e e e e e e
three . . . . . o . 4 0 ¢ 4 o e ...
four . . . ¢ ¢ 4 4 i i e e e e e e e
five . . . . . i i i i e i e e e e e .

don't Know . . < & & & o ¢ o = o o = =

If vou saw markiangs painted on the road, what
do you remember about them?
did not see any markings . . . . . . .

the svmbol:
if answer correct . . . . . . . .
if jnrorrect . . . . . . . . . . .

X ot e e e e e e e e e e e e .

=

RR - - - « = ¢« ¢ o ¢ =« o o & = &

(R - e

Was there anything that might have made it
hard to tell if a train was coming?

NO o - o &« = o o o o o & o o« s » s o =

yes, could not see very far down the
tracks . . . . . . .4 e e e e e e .o

yes, had to watch the vehicle ahead . .

yes, pecple near the crossing were
distracting . . . . . . . < - . . o . .

yes, cther . . . . . . . . . . . . ..

What additions to the warning sign way up the
road would have improved your confidence in
approaching this crossing?

an indication of the number of tracks .

(V= 0, blank

(blank
(blank.
(blank

(V= 0, blank

(V= 0, blank

(blank
(blank

(blank
(blank

(blank

Code

=l)
0,V =1)
0,V =1)
0,V =1)
1
d
0
kN
2
3
4
5
1
]
0
1
2
3

= 1)
o,V = 1)
0,V =1)
0, = 1)
0,V = 1)
0,V = 1)




ITtem

74

76
77

78
79
80

8l

82
383
84

85
86

87

88

Description

an indication of the type of device at
the crossirg . . . . . « ¢ - « « o .

an indication cf distance to the crossing
a suggested approach speed . . . . . . .

flashing lights on the sign that are
turned on by the train . . . . . . .

adequate as is . . . . . o o 0 e . . . .
other improvement suggestions . . . . . .

Is a train scheduled to ccme by about now?

ves, I think so . . . . . . « . « ¢ & . .
no, I don't think so . . . . . . . . . .
I don't know . . . . - ¢ o ¢ & 4 « - o .
vyes, I think so . . . . . . . . « « « . .
no, I don't think so . . . . . « « « . .
T don't KNOW < . ¢ & ¢ ¢ o « o = « « « =
SOXrting Code .« v« ¢ 4 ¢ 4+ 4 = e e 2 2 e 4 o «
Sorting Code . . ¢ &« & & 4 4 4 4 e e e 4 - 4 .

Percentage of speed reduction,
(Trap 1 velocity - Trap 6 velocity + Trap 1
velocity) x 100

Sorting CoCe . .+ o o« & o 2 o « s o o o o o o =

According to state and local law, what
should you have dcne at this railroad
crossing just now?

if answer correct . . . ¢ .« 4 - « s . =

if incorrect . . . .. 4 4 e . e 4 o . .
stopped . . . 4 . f i e e 4 e e e e e
slowed down and been ready to stop, if
NECESSAYY =« « « = o « = o o = o o =
maintained speed unless you saw or
heard a train . . . . . . . . .« . .
no state law about speed at these cross-
Ings « & . ¢ b i e e e e e e e e e .

Do all railroad crossings have a signai or
gate that warns you when a train is coming?
YES v & v & v = o o o o o o s o o o o o

NO o « o &2 o 2 o s o o o a & a = a « o =

Code
(blank = 0,V =
(blank = 0, V =
(blank = 0,V =
(blank = 0.V =
(blank = 0, \/ =
(blank = 0, V =

1
o)
9
0
1
2
1-4
0000-92999
3
1
o}
0
1
2
3
0
1

1
1)
1)

1)
s

1)



JTtem

89

20

o1

93

24

%6

97

28

Description

Do all railroad corssings have a sign way up

the road warning you that there is

ing ahead?
Yes . . . . . .
NO ¢ ¢ o o« o o =

Most accidents occur at crossings:
having gates or lichts
without gates or lights . . . . . .

Most railroad crossing accidents occur:

after dark . . .
during the day .

Most railroad crossing accidents occur

bad weather (fog, rain,

clear weather . .

SNow) . - .

a cross-

during:

Most accidents at crossings having signals

are due to:

ériver carelessness . .
signals that fail to work . . . . .

BEcw many motorists do vcu think were killeé

in accidents at railroad

in the United States?
if answer correct
if incorrect . .

less than 100 . .
100 - 500 . . . .
500 - 1000 . . .
1000 - 1500 . . .
1500 - 2000 . . .
more than 20006 .

crossings

How many of the above accidents involved

driver who would be considered

the law?
if answer correct
if incorrect . .

about 10% . . . .
about 25% . . . .
about 50% . . . .
about 75% . . . .
about 90% . . . .

How many people do you

think

all traffic accidents on the
ways of the United States last year?

were killed
streets and

last year

a

drunk under

Code

1
0
0
1
2
3
4
5

b wWwNHO OH




99

101

103

104

105

106

107

108

109

110

if answer correct

Description

if incorxrect .

less than 1,000
1,000 - 5,300 .
5,000 - 10,000

10,000 -
20,000 -
30,000
40,000 -
50,000 -

20,000
30,000
40,000
50,000
6C,000

60,000 or more

If a crossing does rot

usually means

only a few trains

ves
no

that:

have a signal, it

use the crossing

only slow trzins use the crossing

ves
0 .

S

Signals at crossings:

Always tell you when a train is coming

yes
no .

Warn you in plerty of time to

yes
no .

Ratio of railroad deaths to total deaths x 100

(Looking -Site Mean Looking <+ Site ¢ Looking)

x 100C

(Speed Reducticn -Site Mean Speed Reduction =+
Site ¢ Speed Reduction) x 1000

(Trap Maximum Deceleration -Site Mean Trap
“Yaximum Deceleration + Site ¢ Trap Maximum
Deceleration) x 1000

(Critical Point
Site ¢ Criticail

~3ite Mean Critical Point =+
Foint) x 1000

Do you recall receiving specifiz instruction
or advice on railfoad crossing safety?

no . . .

ves, in driver education classes 1in
school . .

Code

O~Noounbh WNOHO O

(0 =/, 1 = blank)

(0 = blank, 1 =V/)



Item

114
115

117

118
119
12¢
121
122
123
124

125
126
127

Descrietion

yes, in other driver training . . . .

yves, through safety campaigns
(radio, TV, etc.). o« « « o« o « =

yes, in a driving license applicant's

manual . . . .

ves, other . . . .

What is the average delay that you have

experienced when stopped at a railway cross-

ing?
O - 30 seconds . .
30 - 50 seconds . .
2 minutes . . . . .
5 minutes . . . . .
10 minutes . . . .
over 10 minutes . .

How long does it generally take a train to

reach the crossing after
goes on?
0 - 10 seconds . .
10 -~ 20 seconds . .
20 - 60 seconéds . .
1 - 2 minutes . .
2 - 4 minutes . . .
over 4 minutes . .

Have you ever crossed a track when the signal

was on?
N0 v « =« « o « = =«

the warning signal

yes, train was stopped . . . . . . .

yes, train was moving slowly . . . .

yes, train was £ar away . « + « « o =

yes, no train in sight . . . . . . .

yes, other cars were crossing the tracks

ves, vehicles behind me wanted to

ves, police or railrcad officials
signaled me to CXOSS . . . . . .

ves, did not see the signal . . . . .

yves, other . . . .

How often do you see trains at railroad cross-

ings?

Cross

(0

(0

(o
(¢

(0
(0
(0
(0
(0
(0
(0

(0
(0
(0

Ccde

blank, 1 =
blank, 1 =

blank, 1 =
blank, 1 =

mbhwnnwHO

Urd w o

V)

V)

V)
V)

v/, 1 = Elank)

blank, v/ =
blank, V' =
blank, V' =
blank, Vv =
blank, V =
blank, V' =

blank, VvV =
blank,V =
blank, \/ =

1)
iy
1)
1)
1)
1)

1;
1)



128

129,
130

131
132
133
134
135

Description

-

=]

atrack . . . . . . . . « < .

1 time out of every 10 times you cross

a track .« . « ¢« o &+ o & o « =

1 time out of every 25 times you cross

a track . . . . 4 s e 4 e e .

1l time out of every 50 times you cross

a track . . . . . . 0 o0 e .

1l time cut of every 100 times or more

time out of every 2 times you cross

Have you ever known anvone who got a traffic

ticket for crossing a track when the signal

was on or the gate was dcwm?
YES + v v 4 4 e h e s e e e e e e

-2 Lo . T

Which of the following are the two mest
effective measures to reduce crossing
accidents?
more gates at crossings . . . . . .
better warning signals at crossings
better warning signs way before the
CrossSing . . . v 4 . e 4 e . .
improved driver education . . . . .
public safety campaigns . . . . . .
stricter law enforcement . . . . .

require trains to whistle before crossing

the rocaéd . . . . . . . . « . .
require trains to have more lights
lower speed limits for vehicles . .

require trains to slow down before cross-

ing the road . . . . . . . . .

all vehicles should sfop at crossings
signal in vour vehicle that is turned

by an approaching train . . .
Sorting Code . . «¢ ¢« ¢ 4« 4 4 4 e o s -
Sorting Code . . . . . . . . . . . . ..
Sorting Code ./: c e e e e e e e e e e e
Serting Code . - & ¢ ¢ ¢ 4 4 4 e . e s

Your Occupation
Salesman . . . .« 4 o 4 4 4 e . -
Repairman - . « « o o o + o + o « o«
Truck Driver. . . . .« - 2 o « o o« =
Research Scientist . . . . . . . .
Housewire . . . . . . . . « .« « -

B-13

on

Code

wmad whN | el

0 o

9
i0
11
1-4
00C0-9999
0-8

v adh W



- e e

L L R

Ttem

136

v

Description

Stadent . . . . . . . . .
Engineer . . . . . . . .
Secretary . . . . . . . .
Government Worker . . . .
Contractor . . . . . . .
Technician . . . . . . .
Retired . . . . . . . . .
Teacher or Minister . . .
Laborer . . . . . . . . .
Construction Trade . . .
Postal Employee . . . . .
Self-Employed . . . . . .
Military . . . . L . . .
Policeman . . . . . . . .
Waitress . . . . . . . .
Bartender . . . . . . . .
Draftsman . . . . . . . .
Real Estate . . . . . . .
Artist . . . . . . . L.
Bark Employee . . . . . .

tore Clerk . . . . . . .
Chauffeur . . . . . . . .
Airline Employee . . . .
Computer Operator . . . .
Payroll Clerk . . . . . .
Writer . . . . . . . . .
Fireman . . . . . . . . .
Farmer . . . . . . . . .
Plumber . . . . . _ . . .
Barber, Hairdresser . . .
Nurse . . . . . . . . ..
Justice of the Peace . .
Bookeeper or Accountant .
Printer . . . . . . . . .
Veterinarian . . . . . .
Keypunch . . . . . . . .
Editor . . . . . . . . .
Mechanic . . . . . . . .
Gas Station Attendant . .
Attorney . . . . . . . .
Processor . . . . _ . . .
Insurance . . . . . . . .
None - Miscellaneous. . .

How old are you?
16-20 . . . . . ... ..
21-25 . . . . . ... ..



P

Item

137

-
w
[84]

139

140

141

142

143

Description

26~-30 . . . . .
31-35 . . . . .
30-40 . . . . .
41-45 . . . . .
46-50 . . . . .
51-55 . . . . .
56 or over . .

about how many miles
less than 5,000
5,000 - 10,000
10,000 - 15,000
over 15,000 . .

In what state did you get your
(see item 162)

license?

Where do you live?

coded by state only

loccl & . . . .
non-local . . .

How long have you lived there?

What is the reason for your drive (vacation,

(see item 162}

drive?

drivers

going to work, going shopping, etc.)?
Working or Going to

Returning Home
Shopping . .
Visiting . . .
Going to Doctor'
Going to Basebal

Going to School
- Going to Lunch
Funeral . . .
Vacation . . .
Get Car Repaired
Get Haircut . .

s
1

How often do you drive

this is the firs

once or twice before
2bout once or twice a month

t

Work

Game
Going to Library or
Enjoyment, Pleasure

across these tracks?

time

about once or twice a week

about once a day

- r

more than once a day .

Post Office

Code

WO~NOL BN

wNHO

1
0

(# of years, 0 =
less than 1 year)

WO b WK

nubh w2 o
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Item

144

145
146
147
148
149

150
151

152

153

154

Description

How far do you live from this railroad

ing?

0-1/2 mile (up to
1/2-1 mile (10 to

1-2 miles . .
2-5 miles . .

5 miles or more

Sorting Code . . .
Sorting Coée . . .
Sorting Code . . .
Sorting Code . . .

Weather
clear . . . .
cloudy . . .
foggy . . . .
other . . . .

Time of interview -

Roadway conditions
dry . . . . .
wet . .. . .
ice . . . . .
SNOwW . . . .
other . . . .

Type of vehicle
passenger car
small truck .
iarge truck .

tractor-trailer

school hus .

commercial bus

motorcycle .
other . . . .

Type of vehicle
passenger . .
other . . . .

Driver's window position

closed . . .
partly opened
fully opened

10 blocks)
20 blocks)

B-16

Cross-—

Code

D WO

1-4
0000-999¢
0-9
©

W+

0000-2400

ndH Wi

O ~NO UL W H

1 (if 1 above)
2 (if 2-8 above)



Item

Description

155 Reason for selecting this vehicle
stopped whern signal was off . . . .
first to stop for signal or train .

crossed against signal or when train
was visible

nth vehicle
other . . .

156 Did vehicle stop for the train
did not stop for train or

¥es . . . .

no trein or signal

157 Radio

on « s =
off . . . .
none . . .

158 air conditioner
on . .« . -
off . . . .
none . . .
159 Seat belt
[=3 o I

off . . . .
none . . .

160 Shoulder harness

on . . . .
off . . . .

none e =

lel Year of vehicle
162 State Licensed*
Alabama . .

*Code 99 if

alaska . .
Arizona . -
Arkansas .
California

Colorado .
Connecticut
Delaware .
Florida . :
Georgia . .
Hawaii . .

data not collected

B-17

or signal
signal .

Code

H W

0 (if 3 above)
1 (if 2z above)

9 (if 1, 4,
5 above)

00-%92

[

m o

® O =

(=]

[00]

x O

POWONaWwbWNP

oxr



Item
;
5
: 163

Description

Tdaho . - . ¢« « .« « .
I1linois . . « . - =
Indiana . . - - . . .
Towa . . ¢ o o o o &
Kansas . . . - « - .
Kentucky . . . . - .
Touisiena . . . . . .
Maine . . . . . . - .
Maryland . . . . . .
Massachusetts . . . .
Michigan . . . . . .
Minnesota . . . . . .
Mississippi . . . . .
Missouri . . . . . .
Montana . . . - . . .
Nebraska . . . . . -
Nevada . . « « =« o &
New Hampshire . . . .
New Jersey . . . . .
New Mexico . . . . .
New York . . . . . .
Nor+th Zarolina . . .
North Dakota . . . .
Ohio . . . . « « . .
Oklahoma . . . . . .
Oregon . . . . « . .
Pennsylvania . . . .
Rhode Island . . . .
South Carolina . . .
South Dakota . . . .
Tennessee . . . . . .

TEXAS v « « o « o o o

Utah . . . . . . . .
Vermont . . . . . . .
Virginia . . . . . .
Washington . . . . .
West Virginia . . . .
Wisconsin . . . . . .
Wyoming . . . . . . .
District of Columbia
Foreign vehicles . .

Sex of driver
male . . .« « .« . + .
female . . . . . . .

Code

12
13
14
15

-
E

17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
4¢
S0
Sl
52



Item Description

164 Number of occumants including driver

1 . it i e e e e e e e e e ee e e
2 h e e e e e e e e e e e e e e e e
e
4 v i i e i e e e e e e e e aa e e
D e e e e e e e e e e e e e e e e
6 . e e e e e e e e e e e e e e
7

» =2 e @& e ® e 1 s = « ®

BOrmore . « « o « =« o« =

1€5 Driver wearing glasses
NO & & & o e e e e e e e
YOS v v v o o 4 e e e e e .

166 Sunglasses
NO & =« & o o o o « « « « =
YES ¢ ¢ 4 4 a e e e e e .

167 Other windows opened

leftvent . . . . . . . . .
right vent . . . . . . . .
left rear . . . . . .
right rear . . . . . . . .
right frent . . . . . . . .
tail gate . . . . . . . .

multiple windows . . . . .

le8 Windshield Zoggy
YES v & 4 4 e e e e e e e
NO =« + & « o« o o & .

169 Vehicle defects

door doesn't close . . .
valve rattle . . . . . . .
crunched fender or bumper .
broken taii~ cor headlight .
windshield leaks . . . . .
missing . . . . . . . . . .
tailpipe rattling . . . .
joud . . . . . o . . . ..
truck bed unsturdy . . . .
back window covered . . . .
— hood banged in . . . . . .
back window stickers . . .
seats back too far for size
poor condition . . . . . .
age of wehicle (0ld) . . .
no tailgate {(on truck) . .

B-19°

o

SO W = O

o+

CHOJaubwWwibhH

Code

1
2
3
4
5
6
2
8

Number

responses

| aad
HB WHAHNDFEFRNERFERLBOER

of



.

o -l A

- o T ,n.! , ,.J R YO

Item Description Code Number
of
responses
170 Physical defects - driver
deaf . . . 4 4 i v 4t e h e e e e e e 1 0
Cataracts . . . .t 4 - e ke e e e e s e . 2 1
problem with €YeS .« ¢« & o ¢ = « o = =« o« = 3 1
pregnant . . . . . 4 4 4 4 e o 4 4 e . . 4 5
used crutches or walking chair . . . . . ) 2
VerYy YOUNT & v = o o o o = « o o = o o« = 6 3
very old . . . . 4 4 i e e e e e e e e . 7 10
throat trouble (speech bad) . . . . . . . 8 1
i1lliterate . . ¢ i 4 4 e 4 e o s - e . . 9 6
ShaKeY =« ¢ « o o = a = o o o o o o o = = 10 1
Arunk . . . - - i h e e e e e e e e e e . 11 1
spacey, tired, or high (not coherent) . . 12 1
eating while driving . . . « « « o - - . 13 2
noisy children . . . . ¢ . ¢« ¢ - ¢« . . 14 1
noisy dog . . . . . . . . . e 4 4 - s e 15 1
baby being held in front seat . . . . . . 16 1
van with koth back doors open . . . . . . 17 1
171 What first caused vehicle to stop
saw the train . . . . ¢ ¢ ¢ ¢+ ¢ 4 . . . 1
heard the train's whistle or bell . . . . 2
heard the train's rumble . . . . . . . . 3
heard the bell at the crossing . . . . . 4
saw the crossing signal lights . . . . . 5
saw the gates coming down . . . . . . . . 6
saw the other motorists stopping . . . . 7
usually StOP ¢« ¢ ¢ 4 e 4 e s . . - - - 8
always stop - - . - . 4 . . . 4 . e o . 9
other . . . . . . « « &« « & 4 ¢ . . - . BRe;
172 What first caused vehicle to stop
Saw SOMETRING .« . & v w o o o 4 . . LN 1 (£1, 5, 6, or
7 above)
hearé@ something . . . .« . &« ¢ o ¢ o o « =« 2 (#2, 3, or 4
. above)
habit . « ¢ - & . 4 o 4 oo e o e e e o . 3 (#8 or S above)
173 Wnat caused vehicle to continue across
tracks aliead of train
train was stopped - . . . . . . . - . . . 0
train was moving slewly . . . . . . . . . 1
train was far away . « .+ - 4+« ¢ 2 4 - 2
no train in sight . . . . . . . . . . . . 3
other cars were crossing tracks . . . . . 4
vehicles behind me wanted to cross . . . 5
police or railrcad officials . . . . . . 6
did not see the signal . . . . . . . . . 7
other . . . . & . ¢ ¢ ¢ ¢ o« ¢ = o o « & = 8



Item

175

176

What caused vehicle to continue across

tracks ahead of train
train movement .
did not see signal or train .
social pressure .

Description

How fast did driver think train was moving

0-10 mph

10-20 mph
20-30 mph
30-40 mph
40~-50 mph
50-60 mp=:
60-70 mph

over 70 mph
did not see

Distance at which stopping
3/4 second reaction time equéls distance
to the track (expressed in feet).

train

distance plus

Code

0 (20, 1, 2 above)
1 (#3, 7 above)
2 (#4, 5 above)

OOV hWNHO



CORRELATION MATRIX OF BEHAVIOR

ATTITUDE AND KNOWLEDGE ITEMS

The following material describes the correlation matrix of the eighteen

variables defined below. The information presented within each cell was:

) Number of subjects

° Correlation of row element with column element
° Lowex limit of .0 confidence interval

® 'Upper limit of .0l confidence interval

° Méan of X (column)

° Standard deviation of X -

) Mean of ¥ (row)

) Standard deviation of Y

Correlations were made for each of the nine locations at which data were col-
lected, and for groups consisting of all sites, passive sites, active sites

and the geographically matched sites. Complete sets of data were cbtained for
all vehicles, passenger vehicles, those without a lead vehicle within 500 feet
at the time the subject was 500 feet from the rail~highway grade crossing, and

combinations of these.

A significant result (.0l level) was indicated by a confidence interval

which did not include zero.

Variable Definitions
for
Correlation Matrix

Variable 1

Description. Knowledge of railroad crossing annual fatalities and all
traffic accident fatalities. Score bhased on picking correct response to the
following questions.

Q 94 How many motorists do you think were killed in accidents at rail-

road crossings last year in the United States? answer = 3

Q 99 How many people do you think were killed in all traffic accidents

on the streets and highways of the United States last yecr?

answexr = 7



e
". .‘

C—

Dexivation. Each individual was scored O fcr an incorrect answer, 1 for
a correct answer to each question, and the scores summed. Therefore, the

score totals wexe either 0O, 1, or 2.

Interpretation. Scores provide an indication of the individual's know-

ledge of the actual number of railroad crossing and hignhway fatalities.
Varianle 2

Description. Xnowledge of railroad crossing annual fatalities and all
traific accident fatalities. Score based on actual response to Q 94 and Q 99
(See Variable 1).

Derivation. The response catecories were assigned a2 score as fcllows:

responses to Q 94 Responses to Q 99
less than 100 0 Jess than 1000 0
100 - 500 i 1000 - 5009 1
500 - 1000 2 S5CO00 - 10,000 2
1000 - 1500 3 10,000 - 20,000 3
1500 - 2000 4 20,060 - 30,000 4
more than 2000 S 30,000 - 40,000 5

40,000 - 50,000 6

50,000 - 60,000 7

60,000 or more 8
The scores for both gquestions were summed. Therefore the score total ranged

from O to 13 (5 + 8).

Interpretation. Scores provide a rank indication of the individuals'

perceptions of fatalities involved in railroad crossing accidents and all

traffic accidents.

Variable 3

Description. Relative magnitude of railroad fatalities to all motor

vehicle fatalities.
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Derivation. Score expressed as a ratio of the actual response to Q 94 to

the actual response of ¢ 99 (See Variable 2).

Interpretation. Scores indicate the individuals' perceptions of the im-

Portance of railroad crossing fatalities relative to all highway accident
fatalities.

Variable 4

Description. Knowledge of railroad grade crossing signs and signals and

accident causation. Score based on picking correct response to the following

seven questions.

Q B8

Q2 80

Q 9l

Q 92

Q 93

Q 96

Do all railrocad crossings have a signal or gate that warns you

when a train is coming? yes or nc

Do all raijlread crossings have a sign way up the road warning vou

that there is a cressing ahead? yes or no

Most accidents occur at crossings:
having gates or lights,

without gates or lights.

Most railroad crossing accidents occur: after dark, during the day.

Most railroad crossing accidents occur during: bad weather (fog,
rain, snow), clear weather.
Most accidents at crossings having signals are due to: driver

carelessness, signals that fail to work.

How many of the above accidents (railroad crossing fatalities) in-
volved a driver who would be considered drunk under the law?

About 10%, 25%, 50%, 75%, 9C%.

Derivation. Each question was scored O for an incorrect answer and 1 for

each correct answer. The scores for all seven questions were summed. Scores

could range from O to 7.

Interpretation. Scores provide an indicetion of the individual knowledge

of railroad crossings and railroad crossing accidents.
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Variabkle S

Cescription. Knowledge of railroad crossing state and local laws and
krowing anyone ticketed for breaking such laws. Score based on picking the
correct response to the following two questions.

Q 88 According to state and local law, what should you have done at this

railroad crossing just now?
stopped
slowed down and been ready to stop, if necessary
maintained speed unless ycu saw or heard a train

no state law about speed at these crossings

Q 128 Have you aver known anyone who got a traffic ticket for crossing
a track when the signal was on or the cate was down?
yes

no

Derivation. Each question was scored 0 for an incorrect answer znd 1 for

a correct answer. The scores were summecd. Scores could range from 0O to 2.

Interpretation. Score provides zan indication cf the person's knowledge of

state/local laws on railroad crossings and his knowledge of any enforcement of

these laws.
Variable 6

Description. Indication of how often individual drives across the tracks
and now far he lives from the site. Based on responses to the following two

uestions.
Q 143 How often do vou drive across these tracks?

this is the first time

once or twice before . . .

about once or twice a month

about once or twice a week

about once a day . . .

.
.
.
(SN S VR NI N @]

more than once a day . . . .

e = e~ “



Q 144 How far do you live from this railroad crossing?

0~1/2 mile (up to 10 blocks). . . . . . . . 0
1/2 to 1 mile (10 to 20 blocks) . . . . . . 1
1I-2miles . . ¢ . e 4 4 e e e e e e e e e 2
2-5miles . . ¢ . . 4 . 4. e 4 e 4 e ... 3
Smiles ormore . . . . - . - - - - -+ - . . 4

Derivation. The responses to each gquestion were assigned the "score"
value indicated above and summed as follows:

Score Q 143 + (4 -Score Q 144)
Question 144 is weighted so that the farther one lives from the crossirng the

lower the score. Scores could range from 0 to 2.

Interpretation. Socre provides an indication of the individual‘s famil-

iarity with the site, the higher the score the great:r the familiarity with

the crossing.
Variable 7

Description. Indication of individual's familiarity with the site and
knowledge of train schedule. Based cn responses to the foliowing two guestions.
Q 60 Did you know how many sets of tracks there were before you reached
the crossing?
no

ves, remembered from when I was here before

@ 80 Is a train scheduled to come by zbout now?
ves, I think so
no, I éon't think so

Derivation. Each question was scored 1 for a yes and 0 for a no. ‘The

scores were summed and could range from 0 to 2.

Interpretation. Scores provide an indicaticn of familiarity with the

site, the higher the score the greater the level of familiarity.



Variable 8

Descrié%ion. Age
: item.
: : Q 136 How old are
16-20 .
: 21-25 .
26~30 .
31-35 .
36—40 .
41-45 .
¢ 46-50 .

51-55 .

Derivation. =Each

above.

of the driver

you?

56 oxr over . . . . .

age grcup was

based on the response to +the following

Category

e e e e e e e e 0
e e e e e e e e 1
- e . - e e e W 2
e e e e m e e e 3
. - e e e e . 4
- - .« e e e . 5
. .- - e .. &
C e e e e e e e . 7

. - e e . 8

assigred the category number indica<ed

{ Interpretation. Driver's age, eight categories (the higher cateac:ies

for the older age groups).

Variable 9

Description. 1ndication of individuals sicnal okeying behavior and seat

belt/shoulder harmess usage.

Question.

Rased on the responce to the following

Q 117 Have you ever crossed a track when the signal was on?

no . .

ves . .

c v e e e e e e 0

© e e e e e e .. 1

And observations regarding restraint system usage

Q 159 Seat belt

on . .
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Q 160 Shoulder harness

OIl & o « o s & & s =2 o s = e = = = = =«

5 o]

Derivation. Each item was scored as indicated above and the scores
sumred as: (1 + Q 152 + © 160 - Q 117)

‘ Interpretatinn. Drivers who were observed to use available safety

ecuipment and who stated that they do not violate traffic control devices

form a safer set of drivers.
vVariable 10

Description. Knowledge of advance sign and number of tracks at the site.

Based on responses to the following questions.
Q 52 Did you see an advance sign way up the road?
VS + 4 v« v« s 4 e e e e e e .

NOoO . -« « ¢ ¢« =« =« & & o o o =

Q 53 Do vou remember the color?

white

]
-

yellow correct

red

@ 55 the shape?

"
[

correct

Jooo

}é‘- correct = 1
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Q 63 Eow many sets of tracks wexe there at this crossing?

correct answer = 1

Derivation. =ZSach item was scored as indicated and the scores summed.

Interpretation. The index provides an indication of the accuracy of

the individual's observation of the presence of and characteristics of the

advance warning sign as well as his observation of the number of tracks.

Varciable 11

Descripticn. Indicates individual's perception of the reasons/purposes

of railroaé crossing signals. Based on responses to the following guestions.

© 100 If a crossing does not have a signal, it usually means that:

only a few trains use the crossing

Y5 . . . . . .

NO & = 4« &+ o« o o o e o = & o

Q 101 only slow trains use the crossing
YES -« v 4 4 4 e e e e e e e e
nc - . - .« - .

Q 102 Signals at cxossings:

Always tell you when a train is coming

VS v v ¢ & 4 e e e e e e e e .
BC v 4 v o o o o« o o o « & o =
Q 103 Warn you in plenty of time to stop

ves . . . o« . o« .

no . . « « « =

Derivation. =EZach item was scored as indicated

summed. Scores could range from 0 to 4.

above and the scores

Interpretation. The response to the above questions provides an in-

dication of the level of understanding of

railrcad protective systems, and

the level of confidence individuals have in being protected from a train

hazard.



Varlable 12

Description. Indicates sex of driver as follows:
Q 163 Sex of driver
male . ¢ ¢ ¢ ¢ & ¢ e e a4 e s e e o = 1

female . ¢« ¢ & ¢ ¢ &« o o o o o o o
Derivation. Coded as indicated.

Interpretation. Indicator of demographic characteristics.

Variable 13

Description. An indication of the individual's crossing behavior in
terms of stcpping, looking and listening. Based on responses to the following
cuesticns.

Q© 26 When you first realizeé you were approaching az crossing, dicd you

slow down so yéu could check for signals and trains?
VES v & & 4 4 o 4 e o s e e e e e e s 1

NO = + = s o s o o o e o« o & o o o @ 0

Q 34 Dié you listen for a train?

YES o ¢ o o o o = a o o o o o o o 2 =

[

B0 e e e e e e e e e e e e e e e e 0

Q 41 Dié you roll down your window?
YOS o« v o« e e e e e e e e e e e e s
DO = 4 e « e o+ e s e e e e e e e e

Q 43 Did you look down the tracks before

crossing?
.« Lo . 0
left only . . . « ¢ « ¢ < « « « - - . 1
right only . . . . . . « « « . « < . 1
both ways . . . . . . ( « « « « « .« . 2
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Q@ 44 Did you come to a complete stop before

crossing the tracks?
YES - o i e e e e e e e e .

NO - « = = = o a o « « o o o a a o = (o]

Derivation. Coded as indicated above. Scores surmed, can range from

C to 5.

Interprezation. These elements constitute a self-reporiting measure of

hazard detection behavior.

Variable 14

Description. An indication of the driver's -looking behavior. 2Based

or the following two cbservations.

Q 11 Did subject driver look in advance area?

YOS v 4 v« 4t e 4 e e e e e e e e e 1
NO . =« + ¢ o+ o e e e e e e e e e e e 0
Q 12 Did subject driver look in near area?
VES ¢ o = = o o « o o o o o o « o o 1
NO v & o o o o « o o = a » 4 o a o o 0

Derivation. A driver who looked for trains in either or both areas was

assigned a score of 1.

Interpretation. Drivers who were observed to look for trains during their
approach to a crossing have a higher prokability of detecting a train ané are
therefore considered safer drivers than the balance of the population.

e
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Variable 15

Description. The percent speed reduction from a point 500 feet in ad-

vance of the crossing to a point 10 feet before the crossing.

Derjivation. Speeds measured at the above two points were used to cal-

culate P, where P = (V - v, .V )

0 = 300

500



Interpretation. A driver who decelerates during the apprcach to a cross-

ing is presumed to be more concerned about the hazard of the intersection than
a criver who does not do so. A large number represents a greater speed de-

crease.
Variable 16
Description. A measure of the point of maximum deceleraticn.

Derivation. The driver's speed at six points alorg the approach to a
crcssing, and his time between pairs of points were used to calculate mean
deceleraticn figures between pairs of points. The value assigned@ is the point
Sumber {1 o 5) preceecing the segment where the maximum mean deceleration was

calculated.

Interpretation. A driver who changes speed from 50 to 20 miles per hour

during the approach to a crossing but who slows down early in the approach
is considered tc have a greater opportunity to detect hazard tnan another &river
who slows down very late in the approach.

The points were assigned as shown below. A larger number refers to a later

deceleraticn.

Distance 500 300" 200" 100" 50°' 10°*

Point Number 1 2 3 4 S 6

Variable 17 l

Description. The distance before the crossing when the speed of the
vehicle is such that a maximum effort would not be adegquate to stop before

reaching the crossing.

Derivation. The speed profile for each vehicle was converted to an
equation stating distance from the crossing as a function of velocity. This
function was subsituted into the equation for the minimum stopping distance

required of a typical passenger vehicle as a function of speed including an



assumed typical 0.75 second reaction time, ani a sclution was calculated for

the approaching vehicle's critical distance.

Interpretation. A driver who approaches a crossing with no capability

to stop i1s less able to avoid a train conflict than a driver whe is able to

stcp his car. <A larger number refers to less safe behavior.
Variable 18

Description. A computed "safety index" combining Variables 14, i5, 16,
and 17.

Derivation. Normalized values (obtained by subtracting the site mean
ané dividing by the standard deviation) for variables 14, 15, 15, and 17 were
combined as follows:

{Variable 14 + Variable 15) - (Variable 16 + Variable 17)

or ("Locoking Index") + (Speed Reductiscm Ratio) - (Point of Maximum

Deceleration)} - ("Critical Distance")

The values can range from -10 to +10. The mean of the index for each site is

Zexo.

Interpretation. The safety index indicates the relative safety behavior

of drivers based on lcoking for trains, reducing speed, slowing down early irn
the approach, and maintaining a stopping capability. The higher the index,

the more safe the behaviocr.



