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APPENDIX A - THE EFFECT OF PEDESTRIAN SIGNALS ON SAFETY,
OPERATIONS, AND BEHAVIOR: STATE-OF-THE-ART SUMMARY

Executive Summary

During the past twenty years, cities throughout the U.S. and Europe
have installed different types of pedestrian signals in an effort to
improve the safety and operational aspects of urban intersections. The
purpose of this report is to summarize the state-of-the-art of pedestrian
signals in terms of the safety, operational, and behavioral aspects of
pedestrians.

Pedestrian Signals and Safety

A total of six papers were reviewed that attempted to address the
issue of pedestrian signals and safety. Only one of these studies attemp-
ted to analyze pedestrian accident data, but the small sample size
(11 sites) and the infrequency of pedestrian accidents per site prevented
the researchers from making statistically sound conclusions. Other
studies which utilized compliance as a safety measure generally concluded
that pedestrian signals result in dincreased compliance rates and thus
contribute to increased safety.

Experiences with push-button pedestrian signals (Pelican Crossings)
in England and Australia revealed similar findings. Again, the nonavail-
ability of accident data posed major problems to the researchers. The use
of push-button pedestrian signals was found to be as safe or safer than
similar locations with no pedestrian control. However, in cases where
definite positive effects were felt (after the installation of push-button
signals), it was difficult to isolate the singular effect of the pedes-
trian signal from the other countermeasures installed concurrently. Over-
all, most researchers and traffic engineers are of the opinion that ped-
estrian si?nals are likely to contribute to increased safety, even though
no conclusive studies were found which support this contention.

Pedestrian Signals and Traffic Operations

A total of five papers were reviewed that relate to the effect of
pedestrian signals on traffic operations. It was apparent from these
studies that pedestrian signals almost always increase pedestrian delay,
and at locations with heavy vehicular volume, overall vehicular delay is
also likely to increase. Several authors noted that pedestrians often
"jump-the-gun*, regardless of the presence or absence of pedéstrian
signals. - : : - : : S



Pedestrian Signals and Behavior

A total of eight papers were reviewed on the topic of pedestrian
signals and behavior. The studies reviewed generally showed that:
(13 unsafe pedestrian behavior is related to high hazard intersections;
(2) compliance rates for flashing signals are generally lower than that of
steady signals; and (3) the presence of a clearance interval with a pedes-
trian signal tends to increase compliance rates. There were also indica-
tions from the studies reviewed that pedestrians are 1likely to ignore
signal indications under 1low vehicular volume conditions, particularly
when the clearance interval exceeds the minimum.

Introduction

The prime objective of Task A is to determine if significant safety
benefits can be derived by the installation of pedestrian signals. A two-
phase procedure is being used in this study to address this question. In
the first phase, a comprehensive literature review was conducted to deter-
mine what exactly is known relative to traffic signals and pedestrian
safety. During the second phase, actual pedestrian accident data were
collected from a number of cities and analyzed to develop further insights
into the question. The purpose of this report is to describe the results
of the literature review (Phase I) as it pertains to pedestrian signals
and safety.

At the outset of the literature review, the subject of pedestrian
safety was categorized into a total of seven topical areas as follows:

Pedestrian characteristics
Pedestrian signals

Pedestrian accidents and safety
Pedestrian behavior

Accident surrogates

Evaluation of countermeasures
Pedestrian ordinance/legislation

NOYUL R WY
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Each of the topical areas was then further subdivided into a number
of functional subareas depending upon its complexity and content. This
classification scheme resulted in a total of 49 functional areas. A total
of 125 technical papers/articles/reports dealing with the general area of
pedestrian safety were then identified through an extensive and comprehen-
sive search of the current literature. Next, each of these papers was
reviewed and identified as falling into one or more of these 49 subject
areas. Table 1 shows this classification scheme and the categorizationof
these papers into these subareas. Concurrently with this matrix, an ab-
stract has been prepared for each of these articles to aid in the record-
ing of relevant research findings.

The literature review presented in this report has been categorized
into three subareas as follows:



1. Pedestrian signals and safety
2. Pedestrian signals and operations
3. Pedestrian signals and behavior and compliance

Following the review, a summary has been presented that attempts to
synthesize the relevant research findings.

Pedestrian Signals and Safety

The subject of pedestrian signals and traffic safety has been a topic
of research among traffic engineers for a number of years. The concern
for pedestrian safety is amply justified when one considers that between
18 and 22 percent of annual highway fatalities in the U.S. are accounted
for by pedestrians and further, a majority of these pedestrian accidents
occur in urban areas. In cities such as New York, Chicago and Washington
D.C., pedestrians represent approximately half of the annual highway
fatalities and most of these accidents take place at urban intersections.

While pedestrian fatalities constitute an alarming proportion of all
highway fatalities, pedestrian accidents may be regarded as “rare" events
at a single urban intersection, particularly in the context of statistical
significance. The relative infrequency of pedestrian accidents (in the
context of all highway accidents) is the prime reason why the traditional
‘Before and After' approach of analyzing accident data has not been suc-
cessfully used in assessing the safety benefits of pedestrian signals. A
number of technical articles were reviewed in the general area of pedes-
trian safety and signals. It will be evident from the discussion below,
that the issues of safety, operation, and behavior (compliance) have over-
lapped in some of these papers.

1. Abrams and Smith, as a part of a FHWA sponsored study on "Urban
Intersection Improvements for Pedestrian Safety", attempted to address the
safety (and delay) aspects of pedestrian signals [1]. Three types of ped-
estrian signal phasing were analyzed, i.e., early release, late release,
and scramble timing and the results were compared with the effects of com-
bined pedestrian-vehicle interval (see Figure 1). The authors performed
compliance studies in Sioux City, Iowa, to assess the safety benefits of
different signal phasing and concluded that:

e The early release technique may provide a measure of additional
safety, but the benefits were not precisely determined.

are indicative of increased pedestrian safety.

o Scramble timing has the capability of increasing pedestrian safety
by completely eliminating pedestrian-vehicular conflict. However,
violation rates for scramble timing were found to be higher,
particularly at narrow streets.



Table 1. Categorization of pedestrian literature into different subareas.
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Figure 1. Timing used in the analysis of early and
: late release of pedestrians.

Source: Reference 1.

2. Mortimer, as a part of a research project at Eastern Michigan
University, compared the compliance rates of - pedestrian crossings at
intersections with and without pedestrian signals [2]. His methodology
consisted of: (1) identifying similar signal controlled intersections with
and without pedestrian phases (WALK versus DONT WALK); (2) Collecting data
at these intersections on pedestrian crossing, both on compliance (start
mode, legal. versus illegal) as well as completion of crossing (successful
versus unsuccessful); and (3) developing two types of hazard index data
a:d other similar statistics on pedestrian crossing. Mortimer found
that:

o An estimated 76.6 percent of the pedestrians crossed on green at
intersections with pedestrian signals, and 63.7 percent crossed on
green at intersections without pedestrian signals.

e Better signal compliance was found at intersections with pedes-
trian signals, than at those without them. -

o There were 34.4 percent fewer illegal starts and 14.4 percent more

- successful crossings at intersections with pedestrian signals than
at those without pedestrian signals (Table 2).

e Hazard index values, calculated for intersections with pedestrian

signals were slightly lower than those calculated for intersec-
tions without pedestrian signals (Tables 3 and 4).

i



Table 2.

Percent of start and arrival modes in-
two signal conditions.

Without Pedestrian Signal With Pedestrian Signal

Areival Start Mode Start Mode
Legal  iliegal Totsl  Legal iilegal Total
Siccesstul 69.5 7.5 770 829 6.0 89.9
Unsuccessful  10.2 128 23.0 2.8 8.3 11.1
Total 79.7 20.3 1000 85.7 143 100.0
Source: Reference 2.
‘Table 3. Hazard index I: proportion of run to walk frequencies.
Without Pedestrian Signal With Pedestrian Signal
Hazard Start Mode Start Mode
index | Don't Don’t Don't
Walk Walk Walk Walk
Green Amber Red Mean {Green) (Green) (Amber) (Red) Mean
# Run
w020 1.12 0.48 0.33 0.09 0.75 0.82 0.81 o.zq
Source: Reference 2.
Table 4. Hazard index II: proportion of pedestrian and driver
actions to walk and run frequencies.
Without Pedestrian Signal With Pedestrian Signal
Hazard Start Mode Start Mode
index I Don‘t Don't - Don't
Walk  Walk Walk  Walk
Green Amber Red - Mean (Green) (Green) (Amber) (Red) Mean
#Ped. + Driver Actions 4.5 032 015 0.20 018 020 019 021 020

# Walk + Runs

Source: Reference 2



o There was an estimated 27 percent reduction of potentially serious
p$des%rian-vehic1e conflicts at intersections with pedestrian
signals. '

e The use of pedestrian signals was instrumental in Jimproving
compliance, and more finformation to pedestrians resulted in more
comfortable crossings and fewer crossing hazards.

3. Fleig and Duffy in a study conducted in the City of New York in
the early sixties examined behavioral data at a given intersection and
limited accident data at a number of urban intersections before and after
the installation of pedestrian signals [3]. The authors mention that they
used safety behavior rather than accidents as a primary measure of effect-
iveness of signals "because the infrequent occurrence of accidents re-
quires that too much time must elapse before sufficient data are available
upon which to base conclusions." Thus, in evaluating the effect of WALK -
DONT WALK signals, the authors postulated that if pedestrians were per-
suaded by these signals to conduct themselves more carefully, there would
be fewer accidents and thus the signals would be performing a useful
safety function.

In evaluating the safety behavior of pedestrians, the authors identi-
fied a number of pedestrian actions or violations as unsafe acts, and
determined the trends in these unsafe acts before and after the installa-
tion of a pedestrian signal with a Barnes Dance type of phasing. For the
accident study, they analyzed the pedestrian accident data at a total of
11 (eleven) intersections one year before and one year after the installa-
tion of the pedestrian signals. They found that:

o There was no significant reduction in the proportion of unsafe
acts before and after the installation of the pedestrian signals
at the intersections studied. Based upon this evidence, the
authors went on to conclude that "pedestrian signals are not an
effective method for reducing pedestrian accidents."

e There was a slight reduction in the number of pedestrian accidents
at the eleven intersections studied (27 versus 25) before and
after the installation of the pedestrian signals (Table 5). How-
ever the distribution of these accidents at individual intersec-
tions, when compared between the before and after period, does not
indicate any trends. The relative infrequency of accidents at
each intersection presented problems to the authors in drawing
sound conclusions regarding the effectiveness of the signals.
Based on the limited accident data the authors came to the same
conclusion that ‘"pedestrian traffic signals are not an effective
method for reducing pedestrian accidents.®



It must be mentioned that the validity of the second conclusion can
be seriously questioned based upon issues raised by the authors them-
selves, namely working with a limited data base that precludes the de-
velopment of conclusions with statistical significance. Also, a gross
comparison of pedestrian accidents without carefully analyzing actual
accident reports may not necessarily be indicative of the effectiveness of
signals. In particular, accidents that are attributable to factors such
as vehicle failure, drunken driving, etc., (that are often totally unre-
lated to signal operation) should be screened out in such an analysis. The
authors do not report on any such screening effort. This study, however,
appears to be one of the very few that attempted to analyze actual pedes-
trian accident data to assess the effectiveness of pedestrian signals. In
spite of this effort and the categorical statement made by the authors (as
quoted above), the study does not show any conclusive evidence about
either positive or negative effect of pedestrian signals with respect to
accidents.

Table 5. Accident record search data.

No. of Pedestrian No. of Pedestrian

Accident 1 Year Accident 1 Year
Intersection Prior to Signal After Signal
Number Installation Installation

T
— O W N U W
|NwHmememw
lawwwopwwopb

~N
~
n
o

Source: Reference 3.

4, Inwood and Grayson in a study conducted for the Transport Road
Research Laboratory, England analyzed injury accident data, pedestrian
counts and vehicle flows for 1lengths of road on and near pedestrian
crossings [4]. A total of 140 crossings were studied. The prime objec-
tive of this study was to compare pedestrian accident rates at Zebra and
Pelican crossings. These crossings were located in similar conditions at




sites throughout England which were selected on the basis of good visibi-
1:‘ty and not being too close to busy intersections. The study showed
that: ,

e There was no significant difference in accident rates between
Zebra crossings with and without pedestrian refuges.

o There was no evidence of a difference in pedestrian accident rates
between Pelican and Zebra crossingsl.

e Pelican crossings tended to have a lower total injury accident
rate than Zebras when the road length in the vicinity of the
crossings is taken into account.

The second and third conclusions presented above may have some rele-
vance to the present study. It appears from the second conclusion that
push-button types of signals (Pelicans) are not any more effective than
pavement markings (Zebras) in reducing pedestrian accidents. However, the
third conclusion suggests that when all injury accidents are considered,
pedestrian actuated signal crossings are more effective.

5. Skelton and Trenchard, in another study related to the effective-
ness of Pelican crossings, conducted surveys at a number of sites in the
city of Newcastle-upon-Tyne and in a town in rural Northlumberland,
England [5]. The study did not analyze any accident, operational or com-
pliance data, but mainly focused on an opinion survey among pedestrians on
the understanding and effectiveness of Pelican crossings.

The study concluded that there was a lack of understanding on the
part of the general public (pedestrians as well as drivers) of the compli-
cated way in which the crossings are designed to work. The study recom-
mended that if the potential of the crossing devices are to be fully
realized, significant operational and design improvements must be made.
Specific recommendation in this regard included: extension of "Green Man
Stage" (crossing interval), providing a better visibility to the signal
head and arranging greater publicity prior to the installation of the
signals. ‘

The above study is not to be categorized as a safety study as it does
not deal with any accident or compliance data. However, it provides sig-
nificant information relative to the effectiveness of new or innovative
control devices and public acceptability. The study suggests that ade-

I PeTican crossings are pedestrian actuated crossings in which the ped-
estrian phase is initiated by a pedestrian push-button. Zebra crossings
are crossings with alternate black and white stripes and are occasionly
marked with flashing beacons.



quate publicity and appropriate placement are necessary prerequisites to
the successful utilization of any new control device. The message of
these devices must be properly received and understood by the motorists
and pedestrians, if the intended purpose is to be properly served.

6. Williams, in his paper entitled "Pelican Crossings - Myth or
Miracle", presented at the Joint ARRB/DOT Pedestrian Conference (1978),
discusses the evolution of the Pelican concept in England and in Australia
[6]. His paper summarizes the findings and experiences of different
researchers on safety, operation and behavior. The discussion is primarily
oriented towards a comparison with its predecessor, the Zebra crossing.
The author mentions that uncontrolled Zebra crossings originally intro-
duced in 1951, were reported to cause delay and congestion in heavy vehi-
cle and pedestrian flows. Once one group established right-of-way over
the crossings, it was very difficult for the other group to change it
unless most of the crossing demand was satisfied. A signal controlled
crossing on the other hand, could cause unnecessary delays to motorists
particularly in cases of low pedestrian volumes even after all pedestrians
had completed the crossing. The Pelican crossing, which is intermediate
in characteristics between a Zebra and signal controlled crossings thus
appeared to present considerable advantages.

Williams mentions at least one study in Australia found that acci-
dents had fallen by 60 percent at a group of Pelican crossings which had
replaced its predecessor, the Zebra crossings. In other studies reported
by Lalani and Rayner, the result appeared to be less favorable in the
context of pedestrian accidents. In a study conducted by Willett on three
Pelican crossings in Perth, Australia, pedestrian accidents did not appear
to change after the installation of the Pelican signals.

It thus appears that the safety advantages of Pelican crossings are
not as clear and unquestionable as originally postulated. Based wupon
these findings, Williams suggests that it is not possible to definitely
conclude that Pelican crossings significantly increase pedestrian safety.
He mentions that in most of the sites where positive safety benefits were
indicated, the results appear to be masked by the presence of other
factors. In most of these cases, there were a number of other countermea-
sures installed, (e.g., antiskid surfacing, guardrails, etc.) the effects
g: wgigb are very difficult to isolate from the overall safety effect of

e Pelicans. '

Williams' paper should be regarded as an excellent documentation of
the evolution and safety experience with Pelican crossings in England and
Australia. Although the studies reported by Williams do not provide con-
clusive evidence of positive safety benefits of Pelican crossings, there
was also no indication of any adverse effect in the studies reviewed. The
paper also presents similar historical information on the operational and
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behavioral aspects of Pelican crossings, which is presented in a later
part of this report.

Pedestrian Signals and Operations

The impact of pedestrian signals on traffic operation at or near ur-
ban intersections has been studied by a number of researchers. Traffic
engineers, in particular, have been concerned about the possible effects
of pedestrian signals on delay (to pedestrians as well as to motorists)
and on intersection capacity. A brief review of the research conducted in
this area is presented below.

1. Abrams and Smith in their FHWA sponsored study evaluated the
delay effects of three types of pedestrian signals early release, late
release and scramble timing, relative to combined vehicle-pedestrian
interval [1]. ~They used the technique of time-lapse photography to record
events and computed delay from the recorded data. For the purpose of this
study, delay was defined as "the difference between the time required for
a right-turning movement with pedestrians in the crosswalk and the time
required for a right-turning movement without pedestrians in the cross-
walk." Thus, the definition of delay did not include any effect of the
traffic signal itself.

The study showed that the standard (concurrent) pedestrian vehicle
interval will almost always result in lower overall pedestrian and vehicle
delay than other pedestrian signal timing schemes (i.e., scramble, early
release, or late release). The only exception to this situation occurs
~in cases of long queues of vehicles in a right-turning lane (or left-turn-
ing lane of a one-way street) caused by pedestrian-vehicle conflicts. The

'specific conclusions of this study relative to each of the three signal
phases are:

e The early release technique always increases total intersection
delay (Table 6).

e The late release technique may result in a reduction of total
intersection delay only under certain combinations of volume and .
geometrics (Table 7).

e Scramble timing always increases pedestrian delay.

2. Pretty analyzed the relative delays to pedestrians and vehicles
with two methods of signal control: (1) exclusive pedestrian phase
(scramble timing); and (2) shared phase with motor vehicles as shown in
Figures 2 and 3 [7]. As these two figures demonstrate, the method of
pedestrian control at intersections can have a considerable influence on
pedestrian routing patterns and resulting delays.
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Table 6. Increase in delay from early release timing .
over standard timing.

Vehicle Delay (persoa-s/cycis) . Total Delay (persen-s/cycle)

Pedestriaa Pedestrian 2 Vel/Cycle 4Ve/Cyeis 6 Vel/Cycle 6 Yeb/Cycle 2 Vei/Cycle 4 Veh/Cycle & Veh/Cycle 8 Ve/Cycle
Volume Delay
per Cycle  (persomn-s) Max Min Max Mia Max Min Max Mia  Max Mia Max Mia Max Min Max Min
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Source: Reference 1

Table 7. Increase in delay from late release timing
over standard timing.

VQ&!’ Delsy (pervon-s/eycte) Totat Delay {person-s/cycie)
Pedestriaa Pedestriaa 2 Veh/Cycle 4 Ve/Cycle § Veh/Cycle S Veh/Cycle 2 Veh/Cycle 4 Veh/Cycle 6 Vei/Cycle § Ved/Cycls
per Cycle (pouya-o) Max Mia Max Mia  Max Mia Max Min  Max Min  Max Min  Max Min Max Min
0
13

[} 0 [} 0 [} 0 [} "0 0 9 0 ] 0 [} [} 0
2 9 0 -4 12 -20 a -32 12 -44 ] 1 11 -11 -3 21 -35
S 1 [} -15 3 38 12 -57 i -7 [ ] ) -18 3 38 4 -57
10 41 [} -29 S 48 121 -107 42 148 41 2 4% -27 [ - 48 -] -108
20 o [} -33 ] -139 20 -188 168 312 8 3 9 -58 109 -103 248 -229
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wn*mn“mmmm“wmmnnmmwpmm ondd the ' turn right.  Mindmm i
cremm (Menimum decresssl Gmmurs when the (irst three vahicies turn right and The » oh the &
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Source: Reference 1
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] Piett used a deterministic numerical technique (developed by
Mﬂler? that is commonly used in Australia to compute bicycle crossin
intervals, signal settings and delays. He estimated pedestrian an

vehicle delays for varying cycle lengths corresponding to two groups of
signal controls (scramble timing, and shared phase with motor vehicles).
Pretty's methods of computing delay (based upon an empirical relationship
rather than observed data) represents a departure from techniques used by
most other researchers. Studies conducted in Australia have primarily used
recorded events to compute delays. Pretty also assumed that pedestrians
arrive at a uniform rate throughout each cycle and that the number of
pedestrians desiring to cross both streets is twice the number crossing
one street. It should be noted here that his assumption of pedestrian
arrivals contradicts assumptions made by researchers in the U.S.

The numerical examples presented by Pretty do not lend themselves to
a direct comparison between the two types of control. It does appear,
however, from the results presented that scramble timing significantly
increases both pedestrian and vehicular delay, although the signal para-
meters (cycle length, etc.) analyzed in the two cases are somewhat differ-
ent. The author does not address the question as to whether the differ-
ences in the total intersection delay is due to differences in the types
of control, or the differences between the signal parameters. It is
however, safe to assume that the differences are attributable to a com-
bination of these two factors.

Pretty also shows that pedestrians are always likely to benefit from
shorter cycle lengths which results in reduced pedestrian delay. The
study also shows that increased pedestrian volume significantly increases
pedestrian delay (a conclusion that appears quite obvious).

3. Smith in his ITE paper discusses problems associated with the
lack of consistency in the timing of pedestrian clearance intervals as
well as different phasing schemes EB]. He computed both the vehicle right-
turn delays and pedestrian delays for two hypothesized timing schemes:
(1) minimum clearance alternative; and (2) minimum WALK alternative as
shown in Figure 4.

Vehicular right-turn delay was computed using a relationship that was
developed from data collected for 68 hours of time-lapse photography at
intersection approaches in MWashington, D.C.; Phoenix, Arizona; Akron,
Ohio; and Cambridge, Massachusetts (Figure 5). Pedestrian delay was calcu-
lated using a bi-level arrival rate with the assumption that such arrivals

1 Miller, A.J., "Signalized Intersections - Capacity Guide", Australia
Road Research Board, Research Report AAR; No. 79, 1972.
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are highest durin? and just prior to the WALK interval and approximately
half that rate following the WALK interval.

Smith's study showed that the minimum WALK alternative reduces vehi-
cle right-turn delay because of no interference between pedestrians and
vehicles after the initial platoon of vehicles has crossed the street
(Table 8). Smith also concluded that the increase in pedestrian delay of
the minimum WALK alternative over the others was significantly greater
than the decrease in vehicle right-turn delay. He went on to conclude
that clearance intervals longer than the minimum generally increase
overall intersection delay.

4. Wilson, as a part of a study conducted at the Transport Research
Road Laboratories, England assessed the operational and behavioral effects
of installing an audible signal for pedestrians at a signal controlled
intersection [9]. He used time lapse photgraphy to record pedestrian
crossings at a signalized intersection for two separate time periods,
before the installation of audible signal and one year after the audible
signal was installed (Figure 6). The data was then analyzed to determine
the effectiveness of the signal. Only adult pedestrians ages 15 to 59 were
observed. Wilson's major conclusions can be summarized as follows:

o Pedestrian delay at the curb was not affected by the installation
of the audible signal (Table 9).

o Time taken to cross the road by pedestrians crossing during the
"Green Man" phase decreased by 5 percent (Table 9).

~ o For those pedestrians starting to cross during the “Green Man"
phase, a significant reduction was obtained in the proportion
failing to complete their crossing before the vehicle green signal
began (Figure 7).

e Significant differences in pedestrian behavior and delay were
observed during the analysis of "before" and “after" data. Fur-
ther, these behavioral and delay characteristics indicate positive
safety effects through installation of the audible signal.

5. The paper written by Williams and discussed earlier in connection
with pedestrian safety also presented findings on the effect of Pelican
crossings on traffic operation [6]. In the only known study (reported by
Golden - 1977, conducted at a single Pelican crossing site in Dublin be-
fore and after its installation) it was found that there was no difference
in delay/stopped vehicles as compared to Pelican and Zebra crossings.
Compared to non-Pelican traffic signals, such delays were substantially
lower in both cases. On the question of delays to pedestrians, in almost
all studies reported by Goldschmidt (1977), Willet (1977), and the TRRL
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Table 8. Delay effect of the minimum clearance alternative
relative to the minimum WALK alternative.

L

Incresse In :
Pedestrian  Ped. Delay  Deocrease in vehicle delay per cycle for various veh. Increase in total delay per cycle for various veh.
Volume  percycie volumes (delay in person-sec.)* velumes snder min. WALK aiternative
Per Cycle (nnu-ue.) 2vpe 4 vpe 6 vpe 8 vpe ‘2vpe 4vpe 6vpc 8 vpc
E— AR )

0 C - 0 0 0 0 0 0 0 0

2 k}| 0 0 0 0 3 3 3 3

5 75 0 2 9 18 75 73 66 57

10 148 0 9 24 39 148 139 124 109

20 299 s 23 41 231 294 276 258 68

® Note: Person delay assumes an average vehicle occupancy of 1.5 persons per

vehicle.

** This significant jump in vehicle delay arises out of the inability of the 7th and 8th vehicles to make their turn during this cycle.

They are assumed to make their turn during the following cycle.

Source: Reference 8
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Source: Reference 9
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Table 9. Summary of adult pedestrian behavior before and after
installation of an audiblé signal at a light controlled
crossing (road width 11.6 m).

Light phase showing p:;‘re‘::;:‘? :lfo Mean time
when pedestrian:— finish ing in:— Number of Mesn Mean Mean after start of
—| Study g pedestrians kerb crossing walking Green Man phase
Ar Start Green Man Red Man observed delay time speed when pedestrian
at kerb {0 cross or blank phase starts crossing
‘ phases
Blank Before 78% 2% 436 29.19ec | 8.6sec 1.34 m/sec 2.7 sec
or Green Man
Red Man After 89% 11% 485 - 30.9 sec 83sec .| 1.40mfsec 2.1 sec
: . o . .
: Before 40% 60% 294 02sec | 8.1sec 1.43 m/sec 5.7 sec
Green Man Green Man |
i After 51% 49% 295 0.1 sec 7.5 sec 1.54 m/sec 5.1 sec
! * [ L
| Before - 100% 52 0 sec 6.7 sec 174mfsec |  11.3sec
Blank Blank | \
i After - 100% 38 0 sec 6.8 sec 1.72 m/sec 10.7 sec
. *
Bofore 4% | 16% 282 166sc | 7.8sec | 1.48mfsec
Any phase Red Man . applicable
1 After 19% 81% 283 16.9 sec 7.6 sec 1.53 m/sec
1 (Sample)

* Difference between before tnd after figures statistically significant at S per cent level (ie the probability of such a difference occurring by chance is less than
one in twenty).

Source: Reference 9
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(1976), Pelicans appeared to increase delays over Zebras. Also, compared
to situations where no special crossing facility existed, Zebras si?nifi-
cantly reduced pedestrian delays. Based upon these f1nd1 1iams
makes this general conclusion that "Pedestrian delays at ngelicans are
similar to those at signal controlled crossings but are much higher than
at Zebra crossings”.

Pedestrian Signals and Behavior

The possible effects of pedestrian signals on the behavior of pedes-
trians and motorists has been a topic of research among traffic engineers
and psychologists for a number of years. The aspect of such behavioral
studies is of immense importance to safety analysts, since in the absence
of sufficient accident data (which is often the case for pedestrian acci-
dents), behavioral changes associated with pedestrians signals may often
be regarded as indicative of safety improvements. With this in mind, a
number of behavioral studies were reviewed, and are presented below:

1. Jennings et al., studied pedestrian behavior at a number of
signalized locations that had experienced a large number of pedestrian
accidents in the City of Portland [10]. The authors used video recording
techniques to observe the behavior of 107 pedestrians crossing at signal-
jzed intersections. These data were collected for three broad purposes:
(1) to determine if specific behavioral characteristics can be categor-
ized; (2) to determine if the categories can be reliably used by indepen-
dent observers; and (3) to determine if an analysis of the categories can
describe or identify potential unsafe behavior. The authors found that
pedestrian behavior could be described in terms of its unsafe aspects. To
quote the authors:

“Numerous pedestrians do not obey the DONT WALK signal. Numer-
ous pedestrians do not look in the presence of either a WALK or
DONT WALK signal before crossing the street. Moreover, the
pedestrians who do not stop also do not look. In short, there
are a reasonable number of pedestrians who do not appear to
assess the traffic situation before crossing the street".

Based upon their findings, the authors concluded that:

e Pedestrian accident records can be used to assist in the selection
of sites for collection of unsafe behavioral data.

s Certain types of behavioral data can be categorized..

e The behavior of some pedestrians at intersections is potentially
unsafe and injury-producing.
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e The proper development of a field observational methodology
1mp:3ves the opportunity to understand and reduce pedestrian
accidents.

Jennings' study does not directly pertain to the question of
behavioral changes associated with pedestrian signals, but it provides
some useful information. The study indicates that unsafe behavior is
associated with intersections experiencing higher frequencies of pedestri-
an accidents. However, the above inference can be seriously questioned,
since the authors did not attempt to collect similar behavioral data at
intersections with little or no pedestrian accident occurrences, and did
not test how pedestrian behavior at these intersections compared with
those at the original intersections studied. It is entirely possible that
even at those "safer" intersections, the authors could find similar unsafe
pedestrian behavior. If this were so, then the postulated association
between unsafe behavior and accidents would not be true. In the absence
of such an objective comparison of behavioral data between safe and
hazardous intersections, the first three conclusions appear highly ques-
tionable. The 1last conclusion, on the other hand is quite obvious and
does not require much elaboration.

The authors, further, did not develop any quantitative relationship
between "unsafe behavior" and pedestrian accidents. Yet if such a rela-
tionship could be developed, it might be possible to evaluate the safety
effects of pedestrian countermeasures through the observation of behav-
ioral changes.

2. Smith discussed the importance of compliance of signal indications
by pedestrians and suggests the purpose of a pedestrian clearance interval
is likely to be defeated if such clearance intervals are longer than the
minimum required intervals [8]. Compliance studies were performed at two
intersections each in the cities of Washington, D.C., Phoenix, Arizona,
and Buffalo, New York to determine the pedestrian compliance to a flashing
DONT WALK interval which was longer than the minimum clearance. At each
intersection several timing schemes were installed (ranging from the
minimum clearance interval to long clearance intervals) and compliance
data collected.

The data showed a trend of lower compliance (lowest percentage begin-
ning to walk during the WALK interval) for those timing alternatives with
the least amount of time allocated to the WALK interval (longer clearance
intervals). Pedestrians appeared to show a higher degree of disregard for
flashing DONT WALK (FDW) clearance intervals which are longer than the

minimun (Figure 8). The author states the reason for decrease in compli-
ance for clearance intervals larger than the minimum “appears to be that

average pedestrians are not 'fooled' into thinking they have less time to
cross the street before vehicles in the cross street are released".
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3. Sterling in his ITE paper, that won the 1974 Past Presidents Award
for Merft‘Tﬁ‘T%%ffic Engineering, attempted to quantify pedestrian reac-
tion to flashing WALK as well as the steady WALK indications [11]. He
describes two measurable aspects of pedestrian attributes as reflective of
pedestrian behavior: (1) observation rate being the percentage of legal
crossings, and (2) conflict rate being the percentage of crossings with
specifically defined interruptions. The quantification of these variables
was used to develop conclusions with respect to pedestrian reaction
regarding the two types WALK signals (flashing WALK and steady WALK). The
author analyzed a number of crossings as follows:

e Decision legal crossing. An individual waits until the WALK
interval before crossing.

e Nondecision legal crossing. An dindividual continues across the
street without interruption during a WALK interval.

e Flashing DONT WALK crossing. An individual continues across the
street 1llegally during flashing DONT WALK interval.

o Decision illegal crossing. An individual waits during the steady
DONT WALK interval unfii an adequate gap appears in traffic and
then crosses, usually without conflict.

e Arrival illegal crossing. An individual continues across the
street during the steady DONT WALK interval, usually by weaving
through the vehicular traffic..

Sterling collected pedestrian behavior data at a number of locations
with a high concentration of pedestrian and vehicular volume in a total of
twelve one-hour time intervals. In virtually all comparisons that were
made with the data collected, it was found that the reaction to flashing
WALK was less favorable than to steady WALK. The compliance rates for
these steady and flashing signals were 51 percent and 29 percent, respec-
tively, the corresponding conflict rates were 6 percent and 8 percent.
Although the percentage difference in conflict rate is not so drastic as
in the compliance rate, the effectiveness of flashing WALK signals appear
questionable from these results. The specific conclusions of this study
are:

e A si?nificantly higher percentage of legal crossings and decision
legal crossings occurred with the steady WALK as compared with the
flashing WALK. S S -

'ashing WALK than with the steady WALK.

o A significantly higher percentage of illegal conflict crossings
occurred with the f%

4. Reiss, in a paper published by the ITE that was developed from a
study conducted for the FHWA, discusses behavior of young pedestrians
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(ages 5 to 14) during crossing of streets for typical school trips [12].
Students in the eastern United States were observed walking to school and
were then surveyed regarding their behavior and the underlying knowledge
associated with their habits as pedestrians. Using accident and age dis-
tribution data collected by the American Automobile Associationi Reiss
showed that there is a near-monotonic relationship between age and acci-
dent involvement rate for the 5 to 14 year old population. he youngest
students are considerably overrepresented in the school trip accident data
and the oldest students are under represented (Figure 9).

Selected portions of the survey data collected by Reiss are shown in
Table 10, providing information on the age of the children, their mode of
travel to school and the color of the traffic signal facing them when they
would cross the street. The table shows that with increases in age, a
greater proportion of the students will cross with the green signal. This
increased knowledge of traffic control devices with student age closely
matches the decreasing rate of student involvement in accidents. Further,
students' propensity towards taking risk may increase with age. However,
as the accident data indicates, this may be offset by improved knowledge
and ability to interpret the signal indication with increasing age.

Reiss, in a paper published by the TRB, reemphasizes his earlier
finding on the perceptions and knowledge of young pedestrians [13]. He
found that although students' tendency towards risk taking increases with
age, the situation is somewhat offset by their increased knowledge of when
and how to take risks. A greater proportion of students (from a sample
used in analyzing crossing behavior) were found to cross on the green
signal. This relationship between the students increased knowledge of
traffic control devices and age closely matches the decreasing rate of
students involvement in accidents.

5. Robertson as a part of a FHWA study on pedestrian safety analyzed
pedestrian behavior, compliance and understanding for different types of
word messages [14]. The paper essentially addresses two problems:

o The question of providing enough WALK (W) time to complete their
crossing, and

o The effectiveness of a flashing WALK (FW) indication to warn
pedestrians that vehicles might be turning at the intersection.

The author reports on three experiments conducted in this study to
address these questions. ' . '

1 Pedestrian Safety Report, AAA special study of school child pedestrian
accidents, Washington, D.C., 1968.
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Table 10. Respondents' means of transport to school and indication
of traffic signal color when crossing versus age.

Messsof Transport ~ Walk  SchoolBus S Train  Car  Bike
RYGRYGRYGRGR G Toul
. Color of Traffic : f : : f e : f : : : d e
Sigual Whea Student 1 £ 1 & 1 & ¢ .
l‘wwu” Cm . ' ' w
Age
5 3401 39 2 1 1 13 8 108
6 23 3 4 7 3 5 s 7
8 6 61 H 1 4 1512 - 140
9 301 551F 1 10 1 P78 3 2 13t
n 24 6610 2 414 1 3 124 '
12 26 1 68 1 1. 5 41 6 M3
13 18 2 76 1§ 1 1 104
14 20 & ! 1 2.1 94
882

Source: Reference 12

- 26



Experiment 1 - Comparing a steady DONT WALK (DW) clearance indi-
ggggon to the standard flashing DONT WALK (FDW) clearance
cation.

Experiment 2 - Comparing a DONT START (DS) message with a DONT
WIEK (DW) message.

Experiment 3 - Comparing a steady WALK (W) to flashing WALK (FW).

A1l three experiments were conducted simultaneously in Buffalo, New
York, and Phoenix, Arizona. A before and after study design was employed
to conduct the experiments. The evaluation of each experimental signal
display was based on the following criteria.

A significant change in the occurrence of one or more of the
observed pedestrian behaviors;

A significant difference in the types of pedestrian violations and
the distributions of those violations over time; and

Responses from the user survey with respect to the meaning of the
indications and perceived actions required by the indications.

The pedestrian signal displays for the three experiments are shown in
Figure 10. The results of the three experiments are summarized in Tables

11, 12,

that:

6.

and 13. Based upon these observations, the author concludes

A steady DONT WALK clearance display appears to have the same
effectiveness as a flashing DONT WALK clearance display. There is
not sufficient evidence to conclude that a steady clearance is
better than a flashing clearance.

The DONT START message offers little or no improvement over the
current DONT WALK messsage.

The flashing WALK message is not an effective means of warning
pedestrians about turning vehicles.

Williams in his paper presented at the Joint ARRB/DOT Pedestrian

Conference discusses pedestrian behavior relative to Pelican crossings in
England [6]. A 1976 TRRL study found that pedestrian non-compliance was

Skelton (1976) reported similar findings in his study of Pelican crossings
in Newcastle-Upon-Tyne and found that-a higher proportion of pedestrians
crossed against a red light during low vehicular volumes. Interviews
conducted among drivers and pedestrians revealed a lack of understanding
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Table 11. Summary of results for experiment 1: steady DONT WALK (after)
versus flashing DONT WALK (before).

Buffalo Phosnix
Sites Sites
Rem Stel Site2 1and2 Site5 SiteS Sandé
Belavior
B ac e ac A* ne ne
RTV »e »ne »e ac ac B
MV 3 »e ne e ne ne
TV ne ne ne ne ac ne
RVH »e ne ne ne nc nc
vH nc nc ne ac A* nc
Compliance -
Leaving curd
on walk B** ac B A** nc A*
Laaving curd
on Clearance ac A ne nc nc ne
Understanding
Question 1° ne ne e ne nc ne
Question 2° nc e Be ne A* A*

Now: A-WMnfnd“(wml-mﬁmaﬁ
ference »n tavor of before (MUTCD o difference
mwumm --wﬁc-nnho.abal and"--'ul-

T vt o o GOY el -
T pow et the canl; wht should vou oo if you see the FOW or DW indicssion? —~ - — -
'"mmmwbc—nm-ﬂvﬂ-ulwuwmﬂ
Mv‘uu)

Source: Reference 14
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Table 12. Summary of results for experiment 2: steady DONT START
(after) versus f]ashing DONT WALK (before).

Buifalo Phoenix
Sites Sites
Rem Sited Ss 4 3Jandd4 Site]l Sitel land2
Sehavior '
B [ 23 nc ac ne ac ac
RTV [ nc nc ne ae nc
MV ac e ne »e ac ac
v " ac ac e Ac* A
RVH e »c [ 3 »e [ ac
vH ne ac ae ac ac ac
¢ .
Leaving curd
on waik ac ac ac ac A* ne
Leaving curd
on clearance B¢ »e »e ne »e »e
Question 1* [ A** »e »e ne A*
Quention 2* »e ne ] ne e . nc

Nete: A-Wmtlbntdd.wml significant @it
furonce in fevor of befere (MUTCD darch ition; ne « N9 difference
Detween before end sher conditions; * -.iﬁunuuo.ﬂhd ng ** = signifi-
cant ot the G.01 tovel.

‘Nmnnmﬁ“ﬂmnﬂmuu’ﬂuuw

'«mum“omhm“mn“!ﬂ'c“%“

shovid you de?

Source: Reference 14

" Table 13. Summary of results for experiment 3: steady WALK (after)
versus flashing WALK (before).

Buffalo Phoenix
Sites Sites
Rem SteS Ned Saxié Nted HBited IJandd
Betmvior
B Bee Bee Bee e ac ne
RTV | 14 [ B ne ne »e
MV »e ne ae ne e ac
v [ ] »* Bee e ac ne
RVH ne ne ne ne ne ac
vE »c Bee | Lod »e ac e
Compliasce
Leaving curd
oa walk | ad »e Bee A** ac A*e
Leaving card
on clearance ¢ »e ne A* A*
Understandiog .
_ Question 3* o nc L3 L ac
. .. ne

tancy, percent® 49.5 41.4 4.3 35.0 4.0 39.3

Now: A « wgnificas Gitferency n teinr Of stter (eparmmenoely Congiten: § » gnlicawe g~~~
ference in tavar of before (MUTCD stendard) cordition; ne  no sigrificant cthierence
between before snd stwr conditions; * = sgwiicent st the 0.08 level; nd °* © sgmuehi.

cant st B 001 owed.
* At s inwrsctions, the W signal Aashes, 5t 10me, it does Rot. mmunm
(nonfisshingl W sgnal mean ot this ivarmstien?

*The percontage of Dedensrisns st would Expect veiweies 19 be Tn.mv
o they Served thew Crossng on the W ingicasen.

Source: Reference 14
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of the way ? Pelican is _supposed to work. The pedestrian reaction time to
green signals was also found to be quite long, generally exceeding 2 sec-
onds. Willet (1977) and Golden (1977) also reported ff;dings similar to
those of Skelton and the TRRL. Goldschmidt (1977) found that Pelican
signals have a delayed response to pedestrian actuation and that pedestri-
ans are not given any advance warning of their priority phase with an
amber signal. He cited the above reasons for pedestrian non-compliance,
particularly at crossings with high vehicular volumes. He also found that
the elderly people in particular were unable to respond quickly to the
crossing indication and were sometimes left stranded midway during the
crossing. Linton (1976) reported that installing a PUSH THE BUTTON sign
above the pedestrian push button control at seven Pelican crossings in the
Greater London area increased the usage of the push button control.

Based upon the above findings, Williams makes the general conclusion
that pedestrians tend to accept natural gaps in traffic rather than wait
for the signal to provide a protected crossing interval. This behavior
may not be harmful if pedestrians accept only safe gaps. However, unneces-
sary motorist delays may be caused by pedestrians crossing on red signals
after activating the Pelican signal.

7. Retzko and Androsch studied pedestrian behavior at signalized
intersections in Dusseldorf and a few other cities in the Federal Republic
of Germany [15]. The authors mention that a major difference between ped-
estrian signals and signals for vehicular traffic is the absence of the
amber phase in pedestrian signals in most cities in Germany. To carry out
a comparative evaluation of the two kinds of signalization, the authors
investigated pedestrian behavior at a number of signalized intersections
(with and without an amber phase). The authors identified four types of
walking patterns depending primarily upon the the conditions at the start
of the walking maneuver as follows:

e Early walkers
e Green walkers
o Late walkers
e Risk walkers

Data were collected on these walking patterns in 1972 and 1973 at
24 crosswalks of similar geometrics during a total of 5,000 cycles. The
intersections were situated in central business districts in Dusseldorf,
Dornstadt, Frankfurt and Manheim. The authors found that the presence of
an amber phase generally results in better pedestrian compliance. Fur-
thermore, in the absence of an amber phase (as is more common in Germany),
pedestrians tend to walk against the red. Based upon this finding the
authors recommend the installation of amber phase (clearance interval) for
pedestrian signats.——— o S
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8. Robertson in his ITE paper that was developed as a part of an
FHWA study on pedestrian safety, reported on user preference and under-
standing of symbol displays (as opposed to word messsages) and on the
field testing and evaluation of these displays [16]. . A total of five
preference surveys were conducted; two directed towards traffic engineers
and safety experts, two at pedestrians in 12 cities, and one at school
children.

The author discusses different conceptual forms of symbolic signal
displays and presents the result of each preference survey with appro-
priate details. Selected sections of his results are shown in Tables 14,
15, 16 and 17. These tables show that there is a great deal of difference
in opinion and response to symbols and colors between engineers, adult
pedestrians and school children. The survey findings are summarized by
the author as follows:

"The first engineers survey indicated a preference for the
hand and standing man displays and a three-section, three-color
signal head. The second engineers survey favored the hand over
the standing man with a preference for a two-section, three-
color signal. Orange and white were the preferred colors, with
red and green a respectable second. Yellow was the favored
clearance indication color. Symbols were thought to be suitable
replacements for words in pedestrian signal displays.

The first pedestrian survey overwhelmingly attached the
most intuitive meanings to the circle slash symbol and to red
and green for pedestrian signal display colors. The second
pedestrian survey indicated that symbols could be field tested
without adverse safety effects. Preference for the hand and
circle slash displays was evenly split between the four cities
participating in the surveys. The school-age survey indicated
that the symbols did have some degree of intuitive meaning, but
that unless education was provided, the field test sites should
not be located on elementary school walking routes.”

9. Kyle, as a part of his Master's thesis at the University of
I1linois, attempted to evaluate the effectiveness of dynamic pedestrian
signalsl in controlling pedestrian movements [17]. A dynamic pedes-
trian signal contains a special lens and reflector that makes it impos-
sible for the pedestrian to see the WALK - DONT WALK indication unless the
viewer is in a specified area on the roadway or sidewalk. This visual

1 A major difference between a conventional signal and the new dyna-
mic signal in the former type is likely to change to DONT WALK while
the pedestrians are in the crosswalk and this is likely to frustrate
the pedestrian. The latter type lets the pedestrian see the WALK
indication the entire time he is crossing.
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Question 1

0

' Baal Orange Red White Green
1 0

« o
Alexandria, VA 2 1 16 2 28 -] 25 18 12
Baltimore, MD 0 | 6 0 23 4 26 6 24 15 15
Daytona Beach, FL 1 1 12 0 16 17 13 8 2 15 15
Denver, CO 0 4 6 0 20 6 24 1 29 15 15
Tempe, AZ l 2 3 0 24 4 26 3 27 15 15
Buffalo. NY 0 1 3] 0 18 3 27 6 24 15 15
Greensboro, NC 0 2 8 0 50 6 54 6 54 30 30
San Diego, CA 0 2 7 0 21 2 28 0 30 15 15
Sioux City, 10 0 3 10 1 16 7 23 8 2 14 16
Washington, D.C. 0 | 2 0 27 0 30 3 27 20 10

Total 4 18 76 l 231 51 279 46 284 172 158
% of 330 responses 1.2 5.5 230 0.3 70.0 15.5 845 139 86.1 52.1 47.9

Question 1: Which

one of these symbols most clearly means DONT WALK to you?

Question 22 For the Symbol you just picked, which color most clearly means DONT WALK to you?
Question 3: Which one of these symbols most clearly means WALK to you?

Source: Reference 16

Table 15. Summary of results, questions 1 to 3 - second user survey.
_ Correct Responses
Baltimore Buffalo San Frascisco  Phoenix/Tempe
Circle Circle Circle Circle
Questions Slash Hand Slash Hand Slash Hand Slash Hand
1 93% 92% 85% 80% 9% 9% 9%  98%

~ tion), what should you do? Answer: Either continue or return to the curb.

2 91 95 91 92 97. 99 98 97
3 98 98 85 82 88 87 99 99

Question 1: When is it safe to start your crossing? Answer: Walking man symbol.

uestion 2: What should you do if you see (prohibited indication)? Answer: Don't

siart lo cross. e
Question 3: If you had just started to cross the street and you saw (prohibited indica-

Source: Reference 16
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Table 16.

Sumnary of results, question 4 ("Which of the two signals

do you think is easiest to understand?") - second user survey.

Respoase

Baitimore

Buffalo Saa Francisco Phoesix/Tempe
Circle Slash 4% 40% 50% 59%
Hand ‘56 53 44 37
Neither 2 2 2 4
Same 1 5 4 0

Table 17. Percentage of correct responses by grade and symbol.

Source: Reference 16

- —

- . -

White

Green .
: : ,:;{, - : g Average
Symbols k K § i \gl _ w "\:‘ DONT  Percentage
Grade . . f N ~r WALK WALK Correct
Kindergarten '
33 60% 60% C36% 49% 55% 24% 82% 79% 56%
First Grade
39 2 67 n 77 85 44 75 69 Vi
Second Grade
48 75 s 56 90 m 60 100, n m
Third Grade
55 62 46 60 89 69 kX 89 95 68
Fifth Grade
56 55 71 63 68 79 71 96 98 75
All Grades .
Combined ) )
231 65 65 Y 76 74 48 90 8 70

Source: Reference 16



restriction is intended to cause more pedestrians to cross at the cross-
walk, instead of entering. the street elsewhere, which occurs with the
conventional pedestrian signal.

Kyle used a before-after type of experimental design in which pedes-
trian observation data was collected at two experimental and two control
intersections. Time-lapse photography and manual counting methods were
used to record pedestrian movements of the candidate locations in the
Champaign, I1linois, urban area.

Kyle's study showed that the dynamic pedestrian signal tended to
reduce the number of reneging pedestrian movements in the intersection
area. A greater percentage of pedestrians crossed during the clearance
interval in the after period when the dynamic signal was in operation,
than during the before period. However, better pedestrian compliance of
the signals was obtained with the standard pedestrian signals in opera-
tion. The author, however, attributed this behavioral aspect to a mechani-
cal problem associated with the dynamic signal, and noted that better
compliance with the dynamic signal might be expected with the correction
of the mechanical problem.

10. Stoddard, as a part of the Master's thesis at the University of
Washington, conducted a study, similar to that of Kyle, to assess the
effectiveness of dynamic pedestrian signals in controlling pedestrian
traffic {18]. Two types of analyses were conducted. First, a comparison
of before and after reactions was conducted using a pedestrian compliance
count at a specified intersection. Second, pedestrians were interviewed
to determine pedestrian reaction to the new type of signal. A total of
558 pedestrians interviews were conducted on four different days two
months after the new signals were installed.

The study showed that a significant number of pedestrians were
cleared from the crosswalk with the dynamic signal and the author recom-
mended that this type of pedestrian control would be appropriate for
intersections where the pedestrian interval is short and/or the crosswalk
distances relatively long. The interviews showed that only a small per-
centage of the pedestrians are likely to be confused by the new signal.
More pedestrians recognized the blue indication of the dynamic pedestrian
signal than did pedestrians identifying the white WALK of the standard
pedestrian signal [18].

- 11. McLean, discusses the effect of pedestrian signals in his paper
abstract in the proceeding of the Joint ARRB/DOT Pedestrian . Confe-
rence [19]. He concluded that "pedestrian-actuated traffic signals have
-the potential to reduce mid-block pedestrian accidents by as much as one
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seventh". However, the above conclusion appears to be based more on intu-
itive judgment or on observation of pedestrian behavior than on a result
of rigorous analytic procedures.

Summary

Research in the area of pedestrian safety has gained considerable
prominence among traffic engineers and psychologists over the last decade.
Pedestrians have historically accounted for a disproportionately large
number of highway fatalities not only in the U.S. but also in England and
a number of European countries. The incidence of most of these pedestrian
fatalities at or near wrban intersections has led traffic experts to
believe that the use of pedestrian signals at these locations would have
the desirable effect of improving pedestrian safety. A number of cities
have experimented with this concept and have installed different types of
pedestrian signals that have varied from simplistic word messages to more
complex combinations of symbols; and often with different results.

The overall purpose of this literature survey was to ascertain what
exactly 1is known regarding the effects of pedestrians signals upon:
(1) safety, (2) operation, and (3) behavioral aspects of pedestrians.
While the state-of-the-art review was conducted in these three areas
separately, it must be noted that a number of the papers reviewed ad-
dressed more than one area, and in some instances do not lend themselves
to distinct categorization in one given area. For example, the infre-
quency of pedestrian accident data lead many researchers to use compliance
data for safety analysis, yet another researchers have considered compli-
ance to be a part of pedestrian behavior.

- Pedestrian Signals and Safety

A total of six papers were reviewed that have addressed the question
of interrelationship between safety and pedestrian signals. Three of
these six papers were related to experiences in the U.S. and the other
three on the experience of Pelican crossings in England and Australia.
Some of the critical features of these studies are summarized in Table 18.
This table shows that only one study attempted to analyze accident data
(Fleig et al., in New York), but the relative infrequency of pedestrian
accidents prevented the researchers from making any conclusions that may
be considered statistically sound. In the absence of accident data, if
compliance is regarded as a measure of safety (as postulated by most
researchers), the general consensus among researchers in this country is
that pedestrian signals generally result in increased compliance rates and
thus contribute to increased safety. It must be mentioned, however, that
there are variations in opinion among researchers in this regard relative
to the type of signal used.

35



9¢

Authors

. Abrams and

Smith

. Mortimer

Fleig and
Duffy ‘

Inwood and
Grayson

. Skelton and

Trenchard

Williams

Table 18. Summary of pedestrian signal studies in the safety area.

Location of

Study

Sioux City,
Iowa

~Eastern

Michigan

~University

New York

England

England

l England &
-~ Australia

Use of Accident

Data
No

No

Yes (Limited)

Yes

‘No

Yes

Use of Compli-

ance Data

Yes

Yes

Yes

No

No

No

General Conclusions

Improved compliance observed
since installation of pedestrian
signals.

Decrease in conflicts, illegal
starts and hazard index values
since the installation of pedes-
trian signals.

A small reduction in pedestrian
accidents at 11 intersections does
not provide statistically reliable
conclusions. No significant reduc-
tion in unsafe acts noticed.

No significant difference in
pedestrian accidents between non-
signalized and pedestrian actuated
signalized crossings.

Opinion survey indicated a lack of
understanding of operating charac-
teristics of pedestrian actuated
signals.

General reduction in pedestrian
accidents observed with installa-
tion of pedestrian actuated sig-
nals. However, presence of other
countermeasures makes it difficult
to isolate the effect of pedes-
trian actuated signals.



To some extent, experiences with Pelicans in England and Australia
reveal similar trends. Again, the nonavailability of accident data posed
major problems to the researchers. There were no indications of major
adverse safety effects of Pelicans 1n any of the studies reviewed.
However, in cases where definite positive effects were felt (after the
installation of Pelicans), it was difficult to isolate the singular effect
of Pelicans from other countermeasures installed. The overall general
conclusion that can be made from these studies are:

It appears from compliance data and very limited accident data
that the installation of pedestrian si?na1s could possibly have
an overall beneficial safety effect, although this has not been
pProven by any known past studies.

Pedestrian Signals and Traffic Operation

A total of five papers were reviewed that related to the effect of
pedestrian signals on traffic operation, of which two were based upon
studies conducted in the U.S., two in England, and one in Australia. The
content and coverage of these papers were somewhat different from one
another as evidenced from the review presented in the earlier section.
For example, the paper by Wilson dealt with the effects of audible
signals, which must be categorized as an extremely specialized control
device. As such, it is difficult to develop any broad-based conclusions
from these articles.

It was however quite apparent from these reviews that pedestrian sig-
nals are almost always likely to increase pedestrian delay, and in some
instances (depending upon the vehicular volume and the signal parameters)
overall vehicular delay is also likely to increase. Some of the authors
indicate, that pedestrians may attempt to "jump the gun" by crossing
against a red signal; a maneuver that 1is associated with higher risk.
Thus, the general conclusion to be drawn is:

Pedestrian delay is most likely to increase with the installa-
tion of pedestrian signals; and in many cases, vehicular delay
is also likely to increase.

Pedestrian Signals and Behavior

The question of behavioral changes has constituted a topic of re-
search to psychologists. Traffic experts have been interested in this
topic primarily because of a possible relationship between pedestrian
behavior and safety. A total of eleven papers were reviewed on this topic
of which eight related to experiences in this country, one in England, one
in Germany, and one in Autralia. S - o
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As in the case of traffic operations, the content of the papers on

behavior varies widely. The following general conclusions were made:

e It appears (although not conclusively proven) that unsafe pedes-
trian behaviors are related to high hazard intersections.

e Under low vehicular volume conditions, pedestrians are likely to
ignore signal indications, particularly when the clearance
interval is longer than the minimum. Pedestrians have a general
tendency to accept natural gaps in traffic.

¢ The compliance rate for steady WALK signals is higher than that
for flashing WALK. Overall, the compliance rate for flashing
signals appears to be lower than that for steady signals.

e Students propensity towards risk (in crossing streets) increases
with age. However, their greater ability to interpret signal
indications and to take protective measures in unsafe situations
may offset the effect of risk resulting in lower accident exper-
iences in older age groups.

¢ The presence of a clearance interval in a pedestrian signal tends
to increase compliance rates.

® There is a great deal of difference in opinion and response to
synbols and colors between traffic engineers, adult pedestrians
and school age pedestrians.
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APPENDIX B - DATA ABSTRACT AND LAYOUT FOR THE FULL DATA BASE

DATA PILE LAYOUT DESCRIPTION

Location Descriptors pace_l or 16
FOR '
ITEN [CARDICOL~] MAT ITEM s
TYPE]UMN CODH DESCRIPTION NOTES
1 |1-4| A6 | city Code Detroit = DET
Columbus = COL
- New Haven = NHV
Albany = ALB
Chicago = CHI
Washington = WSH
Seattls = SEA
Kansas City = KNS
Richmond = RCH
Toledo = TOL
Denver = DEN
HBartford = HRT
W. Hartford = WHT
Grand Rapids = GRR
Tampa = TMP
Waltham = WLT
Miami = MIA
1l |s-8 I4 | Location Code Intersection location number
1 {9~10{ I2 | Card Number card type designation code = 1
1l 11— SA4| Main Street Namg Main street name
30 -
1 | 31- 5A4| Cross Street Cross strest name
50 Name B
1 | 51~ 14 | Direction Code Main street direction code designa-
. sS4 tion
l = N-§
2 = E-W

1 | 55+ 12 Operation Code Intersection operations code desig-
56 nation

= One way =~ One way

= Main st. two way - cross st.

= Main st. one way -~ cross st.
two way

= Two way =~ two way

. 5 = Mixed main or cross st.

-~ W N
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DATA FILE LAYOUT DESCRIPTION

__location Descriptors - Continned PAGE.2 OF 16
. rO.
ITEM [CARDICOL~| MAT ITEM
L:! TYPE|UMN | CO DESCRIPTION NOTES
8 1 s;l- I4 | Land Use Code Major land use designation
0
Code Iype
1 Residential (SF, Multiple)
2 Commercial (Shops, Office)
3 Industrial
4 Institutional (Public, Church)
L3 Educational
6 Recreaticnal
7 Mixed residential/commercial
8 Mixed residential/non-commercial
9 Other
9 1]61-] I3 {Main St. Speed Posted or legal main street speed
63 Limit limit
10 1 | 64-] 13 | cross St. Speed | Posted or legal cross street speed
66 Limit limit
11 1]/67-| 12 | Main St. Bus Bus route on main street?
68 Code
if Yes = 1
No =0
12 1] 69~] I2 | Cross St. Bus Bus route on cross street?
70 Code
if Yes = 1
No = 0
13 1| 71-| 14 ] Skewness Pactor | Skewness angle subtended by intersec-
74 tion of main street & cross street
center lines
14 1] 75-] 12] Area Type Factoyg Area type designation code
76
1 = CBD (Central Business District)
2 = CBD Pringe
3 = Outlying Business District
4 = Residential Area
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DATA FPILE LAYOUT DESCRIPTION

gx_aal Parameters PAGE_3.OF _16
PO
ITEM JCARDICOL-] MA
¢ |TYPEjUMN CO DESCRIPTION NOTES
e
151 2 1-4]| A4 ]| City Code See Item 1
16 2 | 5-8] 14| Location Code See Item 2
17} 2 !9-10 12 | Card Number Card Type Designation = 2
18] 2 1:{.- I4 | signal Operation| Signal Operation Type Code
4 Code
1 = Standard Pre-Timed
2 = Traffic Actuated
3 = Pedestrian Actuated
4 = Pedestrian Semi-Actuated
5 = pPedestrian/Traffic Actuated
19 2 15-! 12| Pedestrian Sig~ | Pedestrian Signal Timing Code Legend:
16 nal Timing Code]
1 = No Pedestrian Signal
2 = Scramble (B)
3 = Standard (S)
4 = Early Release (E)
S = Late Rslease (L)
6 = Combination (soms sort of pro-
tected pedestrian movement)
20 2 17-| I2]| Pedestrian Sig- | Pedestrian Signal Hardware Designations
18 nal Hardware '
Codae 0 = None
1 = 8"-Walk-Don't Walk Standard
2 = 12"-Walk-Don't Walk Standard
3 = Rectangular Walk-Don't Walk
4 = Non-Standard Circular Lens Walk
S = Other
6 = Ped. Signals Installed but not
Operating
8 = Standard Pedestrian Signal with
Audible Indication
9 = Unknown
21} 2 19~} 212 | signal Timing Data when Signal Timing Strategy was
22 Implemented Implemented
Month-Year
9999 = Unknown
22} 2 | 234 14| PM Peak Pericd | PM Pe#k Hour Signal Cyclc Length - in~
1 2¢f Cycls Length | Seconds
23] 2 1 274 12} Number of Phases Number of Total Signal Phases per Cycle-
e 2! A . .
24] 2 | 29-f I3| Main Street -Main Street PM Green Intu'val in
31 Green Period Seconds for Auto :
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DATA PILE LAYOUT DESCRIPTION

8ignal Par - PAGE_4 OF 16
I FOR
ITEM |[CARD L-
¢ |TYPE|UMN DBSCRIP‘IIW NOTES
 —
25 2 32=] 13 | Main Street =Main Street PM Amber Period in
4 . Amber Period Seconds for Pedestrians
26 | 2 | 35-|r3.1] Main Street Pe- -Main Street PM Green Interval in
37 destrian Gresen Seconds for Pedestrians
Period
27 2 38~ |P3.1] Main Street Pe- ~Main Street PM Clearance Interval in
40 destrian Amber Seconds for Pedestrians (flashing
Period don't walk)
28 2 41-{P3.1] Cross Street -Cross Street PM Green Period Inter-
43 Green Interval val in Seconds for Autos
29 2 44-[F3.1] Cross Street -Croui Street PM Amber Period in
46 Anber Period Seconds for Autos
30 2 47~ |F3.1} Cross Street Pe- -Cross Street PM Pedestrian Crossing
49 destrian Green Period in Seconds
Period
31 2 50~ |F4.1]| Cross Strest Pe- -Cross Street Pedestrian Clearance
53 destrian Clear- Interval (flashing don’t walk indi-
ance Period cation) in Seconds
321 2 54~1P3.1] Special Phase Total Green Time for Main Street
56 Main Street Special Phases for Autos
Green .
33 2 |57-{F3.1] Special Phase Total Amber Time for Main Street
59 Main Street Special Phase for Autos
Amber
34 2 60~ [F3.1] Special Phase Total Special Phase Green Time for Pe-
62 Green for Ped. dostrianl on Main Street
35 | 2 | 63~{F3.1 Special Phase Total Special Phase Amber Time for Pe-
65 Amber for Ped. destrians on Main Street
36 2 66~|F3.1 Special Phase Total Green Time for Cross Street Spe-
68 Cross Street cial Phase for Autos
Green
37] 2 | 69=-|r3.1] Special Phase Total Amber Time for Cross Street Spe-
: L N} {1 Cross Strest cial Phase for Autos
Amber
38| 2 | 72-{r3.) Special Phase Special Phase Green Timn for Podcst:i-
1 74] | Cross Street “ans on Cross Straet '
‘Ped. Green
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DATA FILE LAYOUT DESCRIPTION

__Signal Psrametsrs - Continued PAGE.S oF 16
b Jo)
ITEM [CARDICOL~| MAT ITEM
L 4 |TYPE|UMN | CODI DESCRIPTION NOTES
9 | 2 75~-]73.)] Special Phase Special Phase Amber Time for Pedestri-
77 Cross Strest ans on Cross Street
Ped. Amber
39A | 2 | 78-] 12 | Ped. Signal’ 0 = No Ped Signals
79 Location 1 = Ped. 8ignals for North Crosswalk
2 = Ped. Signals for East Crosswalk
3 = Ped. Signals for South Crosswalk
4 = Ped. Signals for West Crosswalk
S = Ped. Signals for North and South
Crosswalks
6 = Ped. Signals for East and West
Crosswa ’
7 = Ped. Signals for All Crosswalks
8 = Ped. Signals for Other Combination
of 2 Crosswalks
9 = Ped. Signals for Other Combination
of 3 Crosswalks
398 2 80 I1 | Use of Flashing 0 = Flashing Walk not Used
Walk Code 1 = Flashing Walk Used




Vehicle Volumes and Turning Movements

DATA FILE LAYOUT DESCRIPTION

PAGE_S oF _16

CARDICOL—

FO.
MAT
COD:!

ITEM ITEM
¢ |TYPEJUMN DESCRIPTION NOTES
=
40 | 3 |1-4] A4 |city Code ‘See Item 1
41 3 5-8| I4 | Location Code See Item 2
42 3 Pp-10} I2 | Card Type Code Card Type Code = 3
43 3 11-} I4 | Volume Data Data of Auto Volumes Counts
14 :
Month-Year
({.e. 1280 implies December 1580)
9999 = Unknown
44 ] 3 ]16-]315 | North Leg Vol- North Leg (Raw Data) Auto Volumes for:
30 umes
1. Total Approach Volums (columns
16-20)
2. Right Turns (columns 21-25)
3. Left Turns (columns 26-30)
45 3 32-/315 | East Leg Volumes| East Leg Auto Volumes (as in item 44)
46
46 3 48-] 315 | South Leg Vol- South lLeg Auto Volumes (as in item 44)
62 umes
47| 3 ]| 64-|315 | west Leg Volumes| West Leg Auto Volumes (as in item 44)
78 :




DATA FILE LAYOUT DESCRIPTION

Peak Hour Volumes and Pedestrian Volume Totals PAGE_2 OF 16
FOR-
ITEM [CARDICOL~| MAT ITEM
¢ |TYPE|UMN |CODE DESCRIPTION NOTES
_
48 | 4 [1-4] A4 [City Code See Item 1
49 4 5-8] I4 |Location Code See Item 2
50| 4 %-10 12 | card Type Code | Cara Type Code = 4
s1 ] 4 |11-|rs.2| Auto Volumes Ex-| Expansion Pactor for Converting Coded
15 pansion Factor Volume Data to 24 Hour Cowits
52 4 16-| 14 ] Auto Volumes Col4 Collection Period Codes
19 lection Period
1 = All Day (10 to 12 Hours)
2 = Am and PM Peak Periods
3 = AM Peak Period
4 = PM Peak Period
5 = AM, Midday and PM Peak Period
6 = Midday Period
7 = 6-8 Hours including AM or PM
Peak Period
8 = 24 Hour
99 = Other
83 4 }20~] I5 | Peak Hour Auto Highest Hourly Vehicular Volume
25 Traffic Volume
54 4 | 26-] I5 | Peak Hour Time Hour of the Highest Auto Traffic Vol-
30 ume in Military Time (4 digits,
code 2500 where peak data not avail-
able)
535 4 31-| 16 | Total North- Raw Count Data for Peds Moving N-S
37 South Peds Through the Intersection
56 4 38~] 16 | Total East-West Raw Count Data for Peds Moving E-W
43 Peds Through the Intersection
57 4 | 44~] 16 | Total Diagonal Raw Count Data for Peds Moving Diago-
49 Peds nally Through the Intersection
58 4 50-|Fs.2] ped. Volumes Ex-]| Expansion Factor to Convert Ped. Count
54 pansion Factor Data into 16 Hour Counts
59| ¢ |55-] 13| Ped. Volumes |} Collection Period Codes . .
| 57} Count Period o
1 = All Day (10 to 12 Hours)
2 = AM and PM Peak Periods
4 = PM Peak Period
S = AM, Midday and PM Peak Period
. 6 = Midday Period
7 = 6-8 Hours Including AM or PM
Peak Period ’
8 = 24 Hour
99 = Other




DATA FILE LAYOUT DESCRIPTION

FO
ITEM [CARDICOL-] MAT

ITEM

4 |TYPEJUMN |CO DESCRIPTION NOTES

60 58-| I5 | Peak Hour Ped Highest Hourly Pedestrian Volume
62 Volumss

61 63~] IS5 | Peak Bour Time Hour of the Highest Pedestrian Traffic
67 Volume in Military Time (4 digits,

code 2500 where peak data not avail-
able)
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DATA FILE LAYOUT DESCRIPTION

w%@.Lw&
FOR-]

ITEM |[CARDICOL~-] MAT ITEM

#T~0 TYPE|UMN | CODH DESCRIPTION WOTES

62] 5 {1-4] A4 |City Code (See Item 1)

63] 5 |5-8] I4 jLocation Code (See Item 2)

64| 5 [9-10 12 [Card Type Code |[Card Type Code = S

65| s 1§; 13 |width North Leg Pavement Width in Peet

3
66 5 |14~} I2 |Road Type runctional Classification of North Leg
15
1 = Arterial
2 = Collector
3 = Local
67 5 16~ | I2 |lLeft Turn Lanes Nunboriof Exclusive Left Turn Lanes on
17 North Leg
68] 5 |18 | I1 |Left Turn Con- |Turning Controls
trol
0 = No Prohibitions
1 = Partial Prohibitions
2 = Pull Prchibitions
69 g 119-| I2 |Through Lanes Number of Lanes for North Leg from
21 which a Through Movement can be made
70 5 |122-]| 12 |Right Turn Lane Number of Exclusive Right Turn Lanes
23 on North Leg
71] 5 {24 Il |Right Turn Con- |Turning Controls
trol
0 = No Prohibitions
1 = Partial Prohibitions
2 = Pull Prohibitions
72 5 23— I2 | RTOR Code Is RTOR on North Leg is Permitted
6
l = Yes
0 = No
2 = Partial Prohibition

73 § 127 Il |Parking Code Is Parking is Permitted Near Intersec-
: tion on North lLeg -

82 4“ Same as Items 65-73 for East Leg
Bgz 5 ‘:1 } Same as Items 65-73 for South Leg
92~ -

100 5 ‘33 } Samg as Items 65-73 for West Leg




DATA PILE LAYOUT DESCRIPTION
Geometric Design Data Parking and Turning n-zu- PAGEL0 oF_16

FO
ITEM CARDLOL— MAT ITEM
+::c ™pe| UMY | coD DESCRIPTION ROTES

1011 6 {1-4 | A4 [City Code (See Item 1)

102 6 |5-8] 14 {Location Code (See ;tcn 2)

103) 6 l9-10 12 jcard Type Code |Card Type Code = 6

104 6 |11- FS.0|Accident Experi-{Number of Years of Accident Data
15 ence Period

105 6 |16-| 14 |Pirst Year Total|Total Accidents at the Location in the
19 Accidents First Year of Data*

106 6 120~-] 13 | First Year Pe- Number of Pedestrian Accidents Occur-
22 gcsttian Acci= |ing in the First Year*

ents

107] 6 [23~-] I4
26

Second Year*
108 6 127-] 13
29 .
109 6 |30~ I4
33 Third Year?*
110 6 | 34~-| I3
36

111] 6} 37-] I4

40 Pourth Year*
112 6| 41-{ I3

43
113 6] 44-] I4

47 Fifth Year*
114 6] 48~ I3

S0
115 6] 51-f I4

54 Sixth Year~*
116] 61 55-] I3}

I =1 ]

B R I _ ~ #iote: Code 999 when the year was ex-
cluded from the analysis period |
due to changes at the location.
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DATA FILE LAYOUT DESCRIPTION

Hourly Pedestrian Volume PAGELl oF .16
S
ITEM |CARD L~] MAT ITEM
¢ |TYPE|UMN | COD DESCRIPTION NOTES
| —
117 7 P-4 ] Ad | City Code See Item 1
118 7 t-s I4 | Location Code See Item 2
119 ] 7 p-10] 12 | Card Number Card Type Designation Code = 7
{(This card is optional)
1201 7 | 13-] 14 ] Pedestrian Vol~- | Total Pedestrian Crossing Volume on all
16 ume Crosswalks at Intersection from 6 AM
to 7 AM
121 7 17-] I4 7 AM - 8 AM
20
122 7 21-) I4 8 AM - 9 AM
24
123 7 25~-] I4 9 AM - 10 AM
28 :
124 7 29~ I4 10 AM - 11 AM
32
125 | 7 |33-| 14 11 AM - 12 Noon
36
126 7 37-] I4 12 Noon - 1 PM
40
127 7 41-| I4 : 1PM-2PM
44
128 7 45—~ I4 2 PM - 3 PM
48
129 7 49-] I4 3 PM - 4 PM
52
130 7 53~ I4 4 PM - S PM
56 :
131 7 57-] I4 S PM - 6 PM
60
132 7 | 61-] 14} ' ] seMm-2722¢
64 .
1331 7T [ 68=-] 14} e R B ¢ SR I 2 . SRR |
68
134 ? 53 I4 8 PM - 9 PM
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DATA PILE LAYOUT DESCRIPTION

HBourly Pedestrian Volume - Continued

PAGE12 OF 16

rO.
MAT ITEM
CO DESCRIPTION

¢ |TIPEjUMN NOTES
—
135 73-1 14 9 PM ~ 10 PM
. 76
136 77-| 14 10 PM - 11 PM
80
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DATA FILE LAYOUT DESCRIPTION

Pedestrian Accident Datails paGe l3or 16
FOR-|
ITEM |[CARDICOL~| MAT ITEM
F; & |TYPE|UMN | CODH DESCRIPTION NOTES
1371 8 |1-4] A4 | City Code ‘City Code
138 | 8 |s-8| 14 |Location Code Location Number
139 8 10 I2 | Card Type Card Type Code = B
140 8 12~} 16 | Date Month/Day/Year
17 00 00 00
99 = Unknown
141 8 18 Il | bay of Week Day of Week Code:
1 = Sunday
2 = Monday
3 = Tuesday
4 = Wednesday
S = Thursday
6 = Friday
7 = Saturday
9 = Unknown
142 8 19~} I2 | Time of Day Time of Day Codea:

20

9:00 p.m. to 10:00

11:00 p.m. to
Not Known

[
aa

p.m.

0l = Midnight to 1:00 a.m.
02 = 1:00 a.m. to 2:00 a.m.
03 = 2:00 a.m. to 3:00 a.m.
04 = 3:00 a.m. to 4:00 a.m.
0S5 = 4:00 a.m. to 5:00 a.m.
06 = 5:00 a.m. to 6:00 a.m.
07 = 6:00 a.m. to 7:00 a.m.
08 = 7:00 a.m. to 8:00 a.m.
09 = 8:00 a.m. to 9:00 a.m.
10 = 9:00 a.m. to 10:00 a.m.
11 = 10:00 a.m. to 11:00 a.m.
12 = 11:00 a.m. to Noon
13 = Noon to 1:00 p.m.
14 = 1:00 p.m. to 2:00 p.m.
15 = 2:00 p.m. to 3:00 p.nm.
16 = 3:00 p.m. to 4:00 p.m.
17 = 4:00 p.m. to 5:00 p.m.
18 = 5:00 p.m. to 6:00 p.m.
19 = 6:00 p.m. to 7:00 p.m.
20 = 7:00 pom. to 8300 pom.
| 23 = 8:00 pem. to 93100 p.mi-
-
-

22
23 = 10:00 p.m. to 11:00 p.m. e
Midnight
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DATA PILE LAYOUT DESCRIPTION

Pedestrian Accident Details - Continued PAGElé or 16

b 4o)
ITEM CARDanF MAT ITEM .
¢ |TYPEI|UMN |CO DESCRIPTION ROTES L

143 8 23 Il | Weather Code Weather Code
Clear or Cloudy

Fog

Raining

8nowing

Other or Not Known

Code:

Daylight

Dawn or Dusk

Darkness - Street Lights
Darkness - No Street Lights
Not Known

Oawn e
[ ]

144 | 8 |24 | 11| Light Code Li

o

O W g

145 8 25 11 | Road Suface Code! Road Surface Code:

1l = Dry

2 = Vet

3 = Snowy or Icy

9 = Other or Not Known

146 8 |27 | 21 | o. of Pedestri-] When more than one pedestrian is in-
i : ans Injured volved in collision, record the
total number of pedestrians, other-

wise leave blank.

147 8 |28 | 11| Accident Seve- Accident Severity Code:
rity

. (Code highest injury if more than cne
pedestrian injured)

1 = Patal

2 = A - Injury - Incapaciating
Injury (bleeding wound, loss
of counciousness)

B - Injury - Visible Signs of In-
jury (bruises, swelling, etc.

¢ - Injury - No Visible Sign of
Injury but Complaint of Pain

Injury - No Severity Specified

No Injury

= Unknown

SO e W
]

148} 8 --29---A;#mbistaneowtzal-unu-bintanciQiiﬁﬁbatﬂn;mS;iz, W of center |
12 Intersection of Ig:oi;cction (Pi:c:.; 'c; in col-
umn measure 1 en from curb

998 = Within Crosswalk
999 = Exact Distance Unknown
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DATA FILE LAYOUT DESCRIPTION

Pedest - Con pacels or 16
ro .
ITEM [CARDICOL-| MAT ITEM
¢ |TYPEJUMN |cOD DESCRIPTION NOTES
=
149 8 33 | Il | Direction from Direction from Intersection
Intersection
1 = North (lLeg)
2 = South (lLeg)
3 = Bast (Leg)
4 = Vest (Leg)
§ = At Intersection
9 = Unknown
150 8 36-] 12 | Age of Pedestri-| Age of Pedestrian
37 an
98 @ 98 Years or Older
99 = Unknown
151 8 38 Il | Sex of Pedestri-| Sex of Pedestrian
an
1l = Male
2 - Pemale
3 = Unknown
152 8 39 Il Ptd:strian Ac~ Pedestrian Action
tion
1l = Crossing with Signal
2 = Crossing Against Signal
3 = Crossing Diagonally
4 = Working in Road -
§ = Playing in Road
6 = Pedestrian Running with Signal
7 = pPedestrian Running against Signal
8 = Unkown Pedestrian Violation
9 = Other/Unknown Pedestrian Action
153 8 40 Il | Pedestrian Pedestrian Drinking
Drinking
1 = Had been Drinking
2 = Had not been Drinking
3 = Unknown
{154 8 43 Il | Driver Intent Driver Intent
1l = Going Straight Ahead
2 = Right Turn
3 = left Turn
9 = Other/Unknown
1iss | 8 | 44 | 11| Driver Hazard~ | Driver Hazardous Action
ous Action N
. 1l = Speeding .= .
¥ 2 = Fail to Yield on Turn
3 = Signal Violation
4 = Driver Inattention
S = Avoiding Other ( Vehicle or
Pedestrian) Collision
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DATA FILE LAYOUT DESCRIPTION

._22éess5isn_Lss1dnn:.n-:nil:.:.gggsiasgé_; paGelS orlé

=

CO

FO
MAT ITEN

DESCRIPTION

NOTES

156

157

158

159

160 |

8 | s3-
80

Il

Il

Il

Il

A28 |

Continued

Driver Drinking

Citation Issued

Vehicle Type

Other FPactors.

o t;_mm

Driver Hazardous Action (Continued)

Hit & Run

Other Driver Violation

No Driver Violation

tnknown if Driver made a Hazard-
ous Action or Not

LR I X ]

Driver Drinking

1 = Had been Drinking
2 = Had not been Drinking
9 = Unknown

Citation Issued

NHo Citation Issued
Yes - Driver

Yes -~ Pedestrian
Yes -~ Both
Unknown

Vehicle Type

~
L KB BN AN ]

Passenger Car

Pick up Truck, Van
Police/Emergency Vehicle
Truck

Bus
Other
Unknown Vehicle Type

CAMAWNP
taadann

%

Factors

Driver Patigue, Illness

sight Obstructions (i.e. Parked

Vehicles)

Glare/Sunlight in Eyes

Vehicle Defects

Walking from Around Bus

‘Pedestrian did not see or Under-

stand Signal

= Signal Malfunction

= Pedestrian Disability (Handi-

........... capped) = L

No Coentributing Pactors Stated

or Obvious

Description of Unusual Accident Charac-
teristics or Contributing Circum-
stances

N AMAW N
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APPENDIX C - DATA ABSTRACT AND LAYOUT FOR THE REDUCED DATA BASE

DATA FILE LAYOUT DESCRIPTION

pace_/ of 8

PROJECT Reduced Data File - Pedestrian Signalization Study
ITEM | CARD FORMAT ITEM
# TYPE | COLUMN CODE DESCRIPTION NOTES
1 1 1-4 A City Name Alphanumeric Code for Cities
Detroit = DET
Columbus = COL
New Haven = NHV
Albany = ALB
Chicago = CHI
Washington = WSH
Seattle = SEA
Kansas City = KNS
Richmond = RCH
Joledo = TOL
Denver = DEN
W. Hartford = WHT
Grand Rapids = GRR
Tampa = TMP
Miami = MIA
Waltham = WL.T
2 1 5-8 14 Location Code Intersection Number
3 1] 910 12 | Card Type 1 Designation for dependent variables card
4 1 11-16 F6.3 Total Accidents | Total number of recorded accidents at
the location over the analysis period
5 1 17-22 F6.3 Average Annual Average number of all accidents per
Accidents year at the location
6 1 23-28 F6.3 Total Pedes- Total number of recorded pedestrian
trian Accidents | accidents over the analysis period
7 1 2-34 F6.3 | Average Annual Average number of pedestrian accidents per
Pedestrian year at the location
Accidents
-8 1 35-40 F6.3 | Ped-Auto -} Ratio of pedestrian-accidents to tota
: 1 Accident Ratio | intersection accidents -
9 1 | 41-46 | F6.3 | Total Ped-Turn |- Total pedestrian-accidents involving
Accidents turning vehicles
10 1 47-52 F6.3 Average Annual Average number of ped accidents involving
Ped-Turn turning vehicles per year at the location
Accidents
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DATA FILE LAYOUT DESCRIPTION

PROJECT _ Reduced Data File - Pedestrian Signalization Study pasE_ 2 oF 8
ITEM | CARD FORMAT ITEM

# TYPE | COLUMN CODE DESCRIPTION NOTES

11 1 53-58 F6.3 | Total Fatal & Total pedestrian accidents resulting in
A-Type Injury fatal or A-type injuries
Ped Accidents

12 1 59-64 F6.3 Average Annual Average number of ped accidents resulting
Fatal and A-typd {n fatal or A-type injuries per year at
Injury Accidents| the location

13 1 65-70 F6.3 Average Annual Average number of ped accidents resulting
Injury Accidents] in injuries per year at the location . )

14 1 71-72 12 Daytime Ped Total ped accidents occurring during
Accidents daytime hours

15 1 73-74 12 Dawn-Dusk Ped Total ped accidents occurring during
Accidents dawn or dusk periods

16 1 75-76 12 Darkness Total ped accidents occurrin? during
W/Street Lights | periods of darkness at locations with
Ped Accidents street lighting

17 1 77-78 12 Darkness W/0 Total ped accidents occurring during
Street Lights periods of darkness at locations without
Ped Accidents street lights

18 1 79-80 I2 Other Light Total ped accidents for which the lighting
Condition conditions are not known
Ped Accidents

19 1 81-82 12 Young Ped Total accidents occurring during the study
Accidents period involving peds younger than 16 yrs

2 1 83-84 12 Elderly Ped Total accidents occurring during the study
Accidents period involving peds older than 59 years

21 1 85-86 12 Other Ped Total accidents occurring during the study
Accidents period involving peds 16-59 years old

22 1 87-88 12 Thru Ped Total number of ped ac¢idents occurring
Accidents during the study period {invoiving veticles

going straight
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OATA FILE LAYOUT DESCRIPTION

PROJECT Reduced Data File - Pedestrian Signalization Study PAGE 30F 8
ITEM | CARD FORMAT ITEM
4 TYPE | COLUMN CODE DESCRIPTION NOTES
3 1 89-90 12 Right-Turn Total number of ped accidents occurring
Ped Accidents during the study period involving vehicles
turning right
r 1 91-92 12 Left-Turn Total number of ped accidents occurring
Ped Accidents during the study period involving vehicles
turning left
S 1 93-94 12 Other Ped Total number of ped accidents occuring
Accidents during the study period for which the
driver intent was unknown
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DATA FILE LAYOUT DESCRIPTION

PROJECT Reduced Data File - Pedestrian Signalization Study PAGE ‘/OF 5
ITEM | CARD FORMAT ITEM
4 TYPE | COLUMN | CODE DESCRIPTION NOTES
F. ] 2 1-4 M City Name Same as Item 1
z 2 5-8 14 Location Code Intersection number
. 2 9-10 12 Card Type 2 Designation for independent variables card
2 2 11-16 16 Total Intersec-| Sum of the auto traffic on all inter-
tion Volume section legs
0 2 17-22 16 Right-Turn Sum of the right turning autos on all
Volume intersection legs
31 2 23-28 16 Left-Turn Sum of the left turning autos on all
Volume intersection legs
32 2 B-34 16 Total Turn Sum of the left and right turning autos
Volume on all intersection legs
33 2 35-40 16 Peak Hour Estimated intersection auto traffic
Intersection volumes during the peak hour
Vo lume
k 2 41-46 16 Peak Hour Turn Estimated total turning volumes during
Volumes the peak hour
35 2 47-52 16 Total Ped Sum of the ped volumes for all crosswalks
Yolume
36 2 53-59 F7.3 Ratio of Main Ratio of the main street volume to the
Cross Street cross street volume
Vo lumes »
37 2 60-66 F7.3 Ped Accident Ped accident rate based upon the total
Rate intersection traffic volume
38 2 67-73 F7.3 Ped Accident Ped accident rate based upon turning
Rate vo lumes
39 2 74-80 F7.3 :eg Accident Ped accident rate based upon ped volumes
ate .
40 2 81-87 F7.3 Ped Accident Ped accident rate based upon the number
' Rate ' of potential ped-vehicle conflicts (i.e.,
ped and ato volumes) '
11 2 ‘88<94 | F7.3 | Ped Accident " Ped turnfng accident rate based upon
Rate turning volumes
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PROJECT

DATA FILE LAYOUT DESCRIPTION

Reduced Data File - Pedestrian Signalization Study

PAEE-:rOF 83

ITEM
¥

CARD
TYPE

FORMAT
CODE

ITEM
DESCRIPTION

NOTES

42
43

44
45

47

1-4
5-8

9-10
11-12

13-14

15-16

17-18

M
I4

12
12

12

12

I2

City Code
Location Code

Card Type
Operation Code

Land Use Code

Approach Speed
Code

Bus Operations
Code

Alphanumeric City Code (as in Item #1)

Intersection location identification
number

Classification data card - Type 3
Intersection operations code designation
1 = One-way - one-way

2 = Main st. two-way - cross st. one-way
3 = Main st. one-way - cross st. two-way
4 = Two-way - two-way

§ = Mixed main or cross st.

Major land use designation

Code  Type

Residenttal (SF, Multiple)
Commercial (Shops, Office)
Industrial

Institutional (Public, Church)
Educational -

Recreational

Mixed residential/commercial
Mixed residential/non-commercial
Other

CONO S W+

Approach speeds code designations

Main Street

< 35 mph | > 35 mph

Cross

Street 35 mph Code = ] 2

35 mph 2 3

Buses No Buses

JCross JBuses 1 1 | 2. .

Street

NoJuses 12 el
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PROJECT

DATA FILE LAYOUT DESCRIPTION

Reduced Data File - Pedestrian Signalization Study

et & or 8

ITEM

CARD
TYPE

FORMAT
CODE

ITEM
DESCRIPTION

NOTES

49

51

52

83

15-20

21-22

12

12

12

12

I2

Skewness Code

Area Type
Factor

Signal
Operation Code

L
gnal Timing
Code

Pedestrian
Signal Hardware
Code

Skewness Code designations based on angle
subtended by intersection of main and
cross streets

1 = Orthogonal (90°)
2 = Non-Orthogonal (other than 90°)

Area type designation code

1 = CBD (Central Business District)
2 = CBD Fringe .

3 = Qutlying Business District

4 = Residential Area

Signal operation type code

1 = Standard Pre-Timed

2 = Traffic Actuated

3 = Pedestrian Actuated

4 = Pedestrian Semi-Actuated

§ = Pedestrian/Traffic Actuated

Pedestrian signal timing code legend

1 = No Pedestrian Signal

2 = Scramble (B)

3 = Standard (S)

4 = Early Release (E)

5 = Late Release (L)

6= Combination (some sort of protected
pedestrian movement)

Pedestrian signal hardware designations

0 = None

1 = 8" Walk-Don't Walk Standard

2= 12 Walk-Don't Walk Standard

3 = Rectangular Walk-Don't Walk

4 = Non-Standard Cfrcular Lens Walk
5 = Other )

6 = Ped. Signals Installed but not

9 = Unknown
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DATA FILE LAYOUT DESCRIPTION

PROJECT  Reduced Data File - Pedestrian Signalization Study pase 7 oF &3
ITEM | CARD FORMAT ITEM
# TYPE | COLUMN CODE DESCRIPTION NOTES
54 3 2-30 12 gggle Length Signal cycle length code designation
e
1 = cycle less than 65 seconds
2 = cycle greater than 65 seconds
55 3 31-32 12 Number of Number of signal phases code designation
Phases Code
1 = Standard 2 phase operation
2 = Multiphase operation
56 3 53-34 I2 Function Functional classification code desig-
Classification nattfons
Code
Main Street
Arterial | Collector| Local
Cross
Street
Arterial 1 2 2
Collector 2 3 3
. Local 2 3 3
All other cases = 4
{Where roadway types are different for
opposite intersection legs)
57 3 35-36 12 "Width Code
(A11 Equal
To 9)
58 3 37-38 12 Number of Number of lanes designations
Lanes Code
Main Street
- 35 | o [mix* |
Cross
Street | 0-2 1 2 3 6
3-5 2 314 6
6+ 3 4 5 6
mix*] 6 6 6 [
*Mix indicates all situations where a
significant change in the number of
lanes betwsen opposite legs ex1s§§:”7WM 1
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DATA FILE LAYOUT DESCRIPTION

PROJECT Reduced Data File - Pedestrian Signalization Study PAGE 50F é
ITEM ] CARD FORMAT ITEM
# | TYPE ! COLUMN CODE DESCRIPTION NOTES
59 3 39-40 12 RTOR Code RTOR Option designations
1 = RTOR permitted on all intersection
legs
2= i‘lTOR permitted on some intersection
egs
3 = RTOR prohibited on all intersection
legs
60 3 41-42 12 Turn Restric- Turn restrictions code designations
‘ tions Code
1 = all turning movements are prohibited
2 = some turning movements are prohibited
3 = no turning movements are prohibited
61 3 43-44 12 Location Location hazardousness code designations
Hazardousness
Code 1 = Total accidents per year less than or
equal to 10
2 = Total accidents per year greater than
10 but less than or equal to 20
3 = Total accidents per year greater than

63




APPENDIX D - DISCUSSION OF THE MANUAL ON UNIFORM TRAFFIC CONTROL
DEVICES (MUTCD) WARRANTS RELATIVE TO PEDESTRIANS

1963 MUTCD Warrants Relating to Pedestrians

The 1963 MUTCD provides for signal warrants for pedestrians in
3 different sections. Section 3D is devoted to warrants for Pretimed
Signals, Section 3E to Pedestrian Actuated Control and Section 3F to
Pedestrian Signals. These are discussed below.

Section 3D - Pretimed Signals

As prescribed in the manual pretimed signals may be installed only
when one or more of the following six warrants are met.:

Warrant 1 - Minimum vehicular volume

Warrant 2 - Interruption of continuous traffic
Warrant 3 - Minimum pedestrian volume

Warrant 4 - Progressive movement

Wwarrant 5 - Accident experience
Warrant 6 - Combinations of warrants

Note that of the above 6 warrants, Warrant 3 is directly related to pedes-
trian movements. Warrant 5 also has some pedestrian accident implications.
These two warrants are discussed below.

Warrant 3 - The manual specifies that the minimum pedestrian volume
warrant 1s satisfied, when for each of any 8 hours of an average day the
following traffic volume exists (pp. 186-187).

"1. On the major street 600 or more vehicles per hour enter the
intersection (total of both approaches); or 1,000 or more
vehicles per hour (total of both approaches) enter the
intersection on the major street where there is a raised
median island 4 feet or more in width; and

2. During the same 8 hours as in paragraph 1 there are 150 or
more pedestrians per hour on the highest volume crosswalk
crossing the major street.

When the 85th percentile speed of major street traffic
exceeds 40 miles per hour, or when the intersection lies within
the built-up area of an isolated community having a_ population

of less than 10,000, the minimum pedestrian volume warrant is.
70 percent of the requirements above, in recognition of differ-

ences- in" the -nature and operational characteristics-of -traffic- — - -

in urban and rural environments and smaller municipalities.
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A signal installed under this warrant at an isolated inter-
‘section should be of the semi-traffic-actuated type with push
buttons for pedestrians crossing the main street. If such a
signal is installed at an intersection within a coordinated sys-
tem, it should be equipped and operated with control devices
which provide proper coordination.”

The manual does not provide any information on the procedure used by
the authors to derive the critical pedestrian volume of 150 per hour; or
any rationale behind the procedure. In the absence of any such documenta-
tion, one might assume that these decisions were based upon engineering
judgments, perhaps supplemented with empirical observations.

Warrant 5 - The manual mentions that signals should not be installed
on the basis of a "single spectacular accident" and that contrary to
common belief, more accidents are experienced in certain intersections
after signal installation. - The manual specifies four conditions under
which the accident experience warrant is satisfied of which, the third
condition is specifically related to pedestrians. The four conditions

are:

"l. Adequate trial or less restrictive remedies with satisfac-
tory observance and enforcement has failed to reduce the
accident frequency; and

2. Five or more reported accidents of types susceptible of
correction by a traffic control signal have occurred within
a l2-month period, each accident involving personal injury
or property damage to an apparent extent of $100 or more;
and

3. There exists a volume of vehicular and pedestrian traffic

© not less than 80 percent of the requirements specified in
the minimum vehicular-volume warrant, the interruption of
continuous traffic warrant, or the minimum pedestrian-volume
warrant; and

4, The signal installation will not seriously disrupt progres-
sive traffic flow.

Any signal installed solely on the accident experience
warrant should be semi-traffic-actuated with control devices
which provide proper coordination if installed at an inter-
section within a coordinated system, and normally should be
quy traffic-actuated if installed at an isolation 1nter-

The manual also suggests that if none of the remaining five warrants
except the accident experience warrant described above is fulfilled, the
initial presumption should be against signalization. In other words,
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accident experience alone, should not be used as the sole determining
factor for a pre-timed signal.

Section 3E - Traffic Actuated Signals

Traffic actuated signals are designed to be responsive to fluctua-
tions in traffic conditions. The manual suggests that consideration of a
traffic actuated signal should be given when the installation of pre-timed
signal 1is warranted. A number of factors is mentioned in this context
that should be considered and weighed before an actuated signal s
installed. As shown below, pedestrian traffic is one of these functions:

"Pedestrian Traffic - When only the minimum pedestrian
volume warrants (sec. 3D-6) for pre-timed signals are met,
traffic actuated signals should be considered. They will delay
vehicular movements only when the streets are in use by pedes-
trians."

The manual prescribes a number of ways in which a determination of
the)need of pedestrian actuated signals can be accomplished (pp. 205-
206).

“l. When pedestrian signals are not warranted in conjunction
with a traffic-actuated signal installation (sec. 3F-2) but
where occasional pedestrian movement exists and there is
inadequate opportunity to cross without undue delay, pedes-
trian detectors shall be installed. The pedestrian actua-
tions may be handled on the same basis as vehicle actua-
tions, provided that the minimum green interval is adequate
to serve pedestrians. In this case, no separate pedestrian
signal indications are shown.

2. MWhen pedestrian signals are not otherwise warranted but a
pedestrian movement exists which would not have adequate
crossing time with the above operation (sec. 3F-2 paragraph
7), pedestrian signals and detectors shall be installed and
operated as prescribed in section 3F-7.

3. When pedestrian signals are warranted and installed in
conjunction with a traffic-actuated signal, the operation
should follow the patterns described in section 3F-7."

Section 3F - Pedestrian Signals

The manual provides for the installation of pedestrian signals for
“the exclusive purpose of directing pedestrian traffic at signalized inter-
sections as follows (p. 218).

"Pedestrian signals shall be installed in conjunction with
vehicular traffic signals already meeting one or more of the
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minimumn warrants previously set forth for pretimed or traffic-
actuated signals (sec. 3D).

1. When a traffic signal is dinstalled under the pedestrian
volume warrant (sec. 3D-6).

2. When pedestrians and vehicles move during the same phase and
properly adjusted pedestrian clearance intervals are needed
to minimize vehicle-pedestrian conflicts.

3. When an exclusive phase is provided or made available for
pedestrian movement in one or more directions, all vehicles
being stopped.

4. When heavy vehicular turning movements require a semi-
exclusive pedestrian phase for the protection and conveni-
ence of the pedestrian.

5. When pedestrian movement on one side of an intersection is
permissible while through vehicular traffic is stopped to
protect a vehicular turning movement on the other side of
the intersection.

6. When an intersection is so large and complicated or a street
so wide that vehicular signals would not adequately serve
pedestrians.

7. Wnen the minimum green intervals for vehicles at intersec-
tions with traffic-actuated controls is less than the mini-
mum crossing time for pedestrians and equipment is provided
which extends the vehicular green time upon pedestrian
actuation.

8. When multiphase or split-phase timing would tend to confuse
pedestrians guided only by vehicle signal indications.

9. When pedestrians cross only part of the street, to or from
an island, during a particular phase."

Pedestrian Signal Indication

The manual provides general design guidelines for pedestrian signals
and suggests that pedestrian signals should be rectangular in shape and
should contain the lettered messages WALK and DONT WALK (Figure 11 repro-
duced from Figure 3-4 of MUTCD). The meaning of the two indications are
as follows: (p. 221). S T e e e

"WALK - While the WALK indication is illuminated, pedestrians facing
the signal may proceed across the roadway in the direction of the
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1. GAS-FILLED TUBING TYPE

Formed Letter Design

4%Kinch minimum lotter height

2. INCANDESCENT TYPE

(orange) (white)

3 inch minimum Letter height

Note: 1 inch = 2.5 cm

Figure 11. Pedestrian signal design standards
from the 1963 MUTCD.
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signal and shall be given the right of way by the drivers of all
vehicles.

DONT WALK - While the DONT WALK indication d{s {illuminated,
either steady or flashing, no pedestrian shall start to cross
the roadway in the direction of the signal, but any pedestrian
who has partly completed his crossing during the WALK indication
shall proceed to a sidewalk, or to a safety island if one is
provided.*

u The pedestrian clearance interval has been defined in the manual as

the time interval to "allow a pedestrian crossing in the crosswalk to
leave the curb and travel to the center of the farthest traveled lane
before opposing vehicles receive a green indication." A flashing DONT WALK
during the pedestrian clearance interval is recommended in the manual.
Four basic ways are suggested in which pedestrian signal intervals can be
combined with vehicular signal intervals. (p. 222):

"Combined pedestrian-vehicular phase. Signal phasing wherein
pedestrians may proceed to use certain crosswalks parallel to
the through vehicular movement and wherein vehicles are per-
mitted to turn across the said crosswalks.

Semi-exclusive pedestrian vehicular phase. Signal phasing
wherein pedestrians may proceed to use certain crosswalks with
parallel or other vehicular movements, but wherein vehicles are
not permitted to turn across these crosswalks during the pedes-
trian movement. -

Leading pedestrian phase. Signal phasing wherein an exclusive
pedestrian phase, in advance of the minor-street vehicular
phase, is provided for pedestrians crossing the main street
only.

Exclusive pedestrian phase. Signal phasing wherein pedestrians
may proceed to cross the intersection in any direction during an
exclusive phase while all vehicles are stopped".

Pedestrial Signals at School Crossings

The 1963 manual does not have a separate formal warrant for school
crossings and generally discourages the installation of signals at school
crossings "where schoolboy patrols or adult crossing guards can be used
effectively, where students can be directed to cross at Tocations which
are controlled by traffic control signals or police officers where pede-
strian refuge islands provide adequate protection". (p. 187) ,

The manual specifies that the decision on signals at school crossings
should be based on sound engineering judgements and suggests that such a
signal may be warranted if: (p. 187)
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*1. Pedestrian crossing volumes at a designated school crossin
on the major street exceed 250 pedestrians 1in each

2 hours; and

2. During each of the same 2 hours vehicular traffic through
the designated school crossing exceeds 800 vehicles; and

3. There 1is no traffic signal within 1,000 feet of the
crossing”. .

When the 85-percentile speed of major-street traffic exceeds 40 miles
per hour (67 km per hour) or when the intersection lies within the built-
up area of an isolated community having a population less than 10,000, the
warrant is 70 percent of the requirements above. This reduction in re-
quirements is made in recognition of differences in the nature and opera-
tional characteristics of traffic in urban and rural environments and
smaller municipalities.

Note the above provision is made as a part of Warrant 3 in the
manual, i.e. the Pedestrian Volume Warrant. The manual also recommends
that signals installed under this warrant should be of the pedestrian
actuated type and equipped with pedestrian indications. The manual
further suggests that as a general rule, "the installation of pedestrian
signals at non-intersectional locations is to be avoided".

1971 MUTCD Warrants Relating to Pedestrians

The 1971 MUTCD represents a number of major additions to the 1963
document, of which one relates directly to pedestrians. These additions
are discussed essentially in the same order as in the previous sec-

tion.

Section 4C - Warrants for Traffic Signal

The manual suggests that as a part of determining the need for traf-
fic signals, an analysis of the factors contained in the following
warrants should be made:

Warrant 1 - Minimum vehicular volume.

Warrant 2 - Interruption of continuous traffic.
Warrant 3 - Minimum pedestrian volume.

Warrant 4 - School crossings.

Warrant 5 - Progressive movement. L
Warrant 6 - Accident experience. : '
Warrant 7 - Systems.

Warrant 8 < Combination of warrants, 7~ o

Warrant 4 (School Crossings) and Warrant 7 (Systems) are additions
to the signal warrants in the 1963 MUTCD, and Warrant 4 is directly
related to pedestrian movements. Further, Warrants 3 and 6 (i.e. Minimum
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Pedestrian Volume and Accident Experience) are essentially similar to
Warrants 3 and 5 of the earlier document with 1ittle or no change.

Warrant 3 (Minimum Pedestrian Volume) - There 1is no change in the
volume criteria in this edition over the 1963 document. However,;there is
some important information in the 1971 MUTCD relating to signal indica-
tions and mid-block crossings. These are stated below: (p. 238)

*Signals installed according to this warrant shall be
equipped with pedestrian indications conforming to requirements
set forth in other sections of this Manual.

Signals may be installed at nonintersection locations (mid-
block) provided the requirements of -this warrant are met, and
provided that the related crosswalk is not closer than 150 feet
to another established crosswalk. Curbside parking should be
prohibited for 100 feet in advance of and 20 feet beyond the
crosswalk. Phasing, coordination, and installation must conform
to standards set forth in this Manual. Special attention should
be given to the signal head placement and the signs and markings
used at nonintersection locations to be sure drivers are aware
of this special application.”

Warrant 4 (School Crossings) - The intent of Warrant 4 is to provide
for additional protection at school crossings in situations where there
may not be a sufficient number of gaps (of adequate size) to enable safe
crossing in groups. The previous version of the MUTCD did have some pro-
vision for school crossings as a part of Warrant 3. However, the develop-
ment of a separate warrant as a part of the 1971 manual is to be consid-
ered as a major improvement, considering the overall safety implications
- of children at street crossings, where the availability of gaps may Pose
safety hazards. The warrant includes the following provisions.

"When traffic control signals are installed entirely under
this warrant:

1. Pedestrian indications shall be provided at least for
each crosswalk established as a school crossing.

2. At an intersection, the signal normally should be
trafficactuated. As a minimum, it should be semi-
traffic-actuated, but full actuation with detectors on
a1l approaches may be desirable. Intersection instal-

lations that can be fitted into progressive signal
systems may have pretimed control. - . . _ .

3. At non-intersection crossings, the signal should be
pedestrian-actuated, parking and other obstructions to
view should be prohibited for at 1least 100 feet in
advance of and 20 feet beyond the crosswalk, and the

71



installation should include suitable standard signs
pavement markings. Special police supervision and?gr
enforcement shou]d be provided for a new non-intersec-
tion installation.”

Warrant 6 (Accident Experience) - No change in this warrant was made
over the 1963 document. As such, the information is not repeated

here,

Section 4C-12 - Pedestrian Actuated Control

The manual states that the operation of a traffic actuated signal
must take into consideration the needs of pedestrians as well as vehicular
traffic. The following specific situations are mentioned where pedestrian
actuated signals may be justified (pp. 240-241):

“l. When pedestrian signals are not warranted in conjunction
with a traffic actuated signal installation (sec. 40-3) but
where occasional pedestrian movement exists and there is
inadequate opportunity to cross without undue delay, pedes-
trian detectors shall be installed and operated as pre-
scribed in sections 4D-6 and 7.

2. MWhen pedestrian signals are not otherwise warranted but a
pedestrian movement exists which would not have adequate
crossing time during the green interval, pedestrian signals
and detectors shall be installed and operated as prescribed
in sections 4D-6 and 7.

3. When pedestrian signals are warranted and installed in
conjuction with a traffic-acutated signal, the operation
should follow the patterns described in sections 4D-6
and 7". :

The manual suggests that in case of actuated signals, pedestrians
should be assured of sufficient time to cross the roadway. The following
guidelines are provided in this context (p. 245).

"Where traffic signals are of the actuated type, control
equipment should provide sufficient pedestrian crossing time
when there has been a pedestrian actuation and the minimum vehi-
cular time is less than that needed by the pedestrians. Where
traffic signals are,nut,of,the,vehic]eeactuatedwtype,mpedestrian
actuation may be used to provide sufficient pedestrian crossing
time, or the vehicular time should be adJusted to prov1de the

- crossing time needed by pedestrians®.~ e

Section D - Pedestrian Signals

According to the 1971 MUTCD, pedestrian signals are to be installed
in conjunction with vehicular traffic signals (as set forth according to
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the warr

ants described earlier) when any of seven conditions exist

(pp. 241-242). It should be noted that the conditions are somewhat
different from their 1963 counterparts as previously specified in this

document.

"1.

These seven conditions are:

When a traffic signal is dinstalled under the pedestrian
volume or school crossing warrant.

When an exclusive interval or phase is provided or made
available for pedestrian movement in one or more directions,
with all conflicting vehicular movements being stopped.

When vehicular indications are not visible to pedestrians
such as on one-way streets, at "T" intersections; or when
the vehicular indications are in a position which would not
adequately serve pedestrians.

At established school crossings at intersections signalized
under any warrant.

When any volume of pedestrian activity requires use of a
pedestrian clearance interval to minimize vehicle-pedestrian
conflicts or when it is necessary to assist pedestrians in
making a safe crossing.

When multi-phase indications (as with split-phase timing)
would tend to confuse pedestrians guided only by vehicle
signal indications.

When pedestrians cross part of the street, to or from an
island, during a particular interval (where they should not
be permitted to cross another part of that street during any
part of the same interval)".

A careful comparison of the condition specified in the 1963 manual
with those of the 1971 version reveal interesting findings.

1.

Conditions numbered as 1,2,3,8 and 9 in the 1963 version have
been retained in principle in the later version in a different
order, as outlined in conditions 1,5,2,6 or 7 respectively.

Conditions numbered 4,5,6 and 7 in the 1963 version have essen-
tially been eliminated from the 1971 version. The 1971 version

does not provide any reasons for this elimination. Most of these

conditions eliminated, (4,5, and 6 in particular) are of a gen-
eral nature, so that the application of the conditions in actual

practice would have required the use of judgemental factors.
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3. The new version provides two additional conditions, numbered 3
and 4, that call for special treatment of T-intersections and

school crossings.

Pedestrian Signal Indication

According to the manual, all pedestrian indications are to be rectan-
gular in shape and should consist of the lettered messages WALK-DONT WALK

that are supposed to carry the following meaning (p. 241).

“1. The DONT WALK indication, steadily illuminated, means that a
pedestrian shall not enter the roadway in the direction of
the indication.

2. The DONT WALK indication, while flashing, means that a
pedestrian shall not start to cross the roadway in the
direction of the indication, but that any pedestrian who has
partly completed his crossing during the steady WALK
indication shall proceed to a sidewalk, or to a safety

island.

3. The WALK indication, steadily illuminated, means that
pedestrians facing the signal indication may proceed across
the roadway in the direction of the indication.

4. The WALK indication, while flashing, means that there is a
' possible conflict of pedestrians with vehicles."”

A comparison of the interpretations of WALK and DONT WALK indications
between 1963 and 1971 reveal no changes, excepting that the meaning of
flashing DONT WALK is more clearly explained in the later version. Also,
it appears that the concept of flashing WALK, signifying possible
pedestrian-vehicular conflict was presented for the first time in the 1971
edition.

Figure 12 is an illustration of the recommended signal face designs.
The manual specifies that the DONT WALK indication shall be mounted
directly above or integral with the WALK indication, and that when not
illuminated, the messages shall not be distinguishable by pedestrians at
the far end of the crosswalk they control.

As in the 1963 manual, the 1971 manual also suggests four basic com-
binations of pedestrian- signal intervals with vehicular signal operation
as follows (pp. 244-245), should, however, be noted that ‘these

combinations are somewhat different from those suggested in the earlier

manual, The four signal intervals are described as:
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Single Section with Cut-out Letters

Two Section Type

Figure 12. Pedestrian signal face designs from the 1971 MUTCD.
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"1. Combined Pedestrian-Vehicular Interval - a signal phasing
wherein pedestrians may use certain crosswalks and vehicles
are permitted to turn across these crosswalks (the
pedestrian indication shall be WALK).

2. Exclusive Crosswalk Interval - a signal phasing wherein
pedestrians may use certain crosswalks but vehicles are not
permitted to move across these crosswalks during the pedes-
E;za? movement (the pedestrian indication shall be steady

K).

3. Leading Pedestrian Interval - a signal phasing wherein an
exclusive pedestrian interval, in advance of the vehicular
indication shall be steady WALK. When the leading pedes-
trian interval is terminated, and a combined pedestrian-
;ehicu]ar interval begins, the WALK indication may begin to

ash.

4. Exclusive Pedestrian Phase - a signal phasing wherein
pedestrians may proceed to cross the intersection in any
direction during an exclusive phase while all vehicles are
stopped (the pedestrian indication shall be steady WALK)."

The manual also mentions that a pedestrian clearance interval shall
always be provided with pedestrian signals. Regarding the duration of the

" clearance interval, the manual provides the following guidelines: (p.245)

"The duration should be sufficient to allow a pedestrian
crossing in the crosswalk to leave the curb and travel to the
center of the farthest traveled lane before opposing vehicles
receive a green indication (normal walking speed is assumed to
be 4 feet per second). On a street with .a median at least
6 feet in width, it may be desirable to allow only enough pedes-
trian clearance time on a given phase to clear the crossing from
the curb to the median. In the latter case, if the signals are
pedestrian-actuated, an additional detector shall be provided on
the island".

It should be noted that the definition of clearance interval has
essentially remained unchanged from that provided in the 1963 version.
The 1971 version however provides more information on the treatment of the
clearance interval for streets with a med1an

should be provided so that pedestrians have adequate time to leave the

curb before the clearance interval is shown. However, it is not necessary

for the WALK interval to equal or exceed the total crossing time calcu-
lated for the particular street width. Pedestrians are likely to complete
the crossing during the flashing DONT WALK clearance interval.
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1978 MUTCD Warrants Relating to Pedestrians -

The 1978 manual, that is currently in force, does not represent any
significant changes in the provisions for signal warrants over those spe-
cified in the 1971 manual.

Section 4C - Warrants for Traffic Signal

The same set of eight warrants as specified in the 1971 manual have
been retained in the latest manual; as such no separate mention of these
are made in the document.

Section 4C-12 - Pedestrian-Actuated Signal

No change was made in this manual on the conditions governing the
need for pedestrian-actuated control.

Section D ~ Pedestrian Signals

The seven conditions governing the possible installation of pedestrian
signals in conjunction with vehicular traffic signals are the same as spe-
cified in the 1971 manual.

Pedestrian Signal Indication

As in the 1971 document, the 1978 manual also recommend that pedes-
trian indications are to be rectangular in shape and should consist of the
lettered messages WALK - DONT WALK. While there is no significant
difference in the meaning of DONT WALK indication, the WALK indication is
given a slightly different interpretation as follows: (p. 4D-1)

| *1. The DONT WALK indication, steadily illuminated, means that a
pedestrian shall not enter the roadway in the direction of
the indication.

2. The DONT WALK indication, while flashing, means that a
pedestrian shall not start to cross the roadway in the
direction of the indication, but that any pedestrian who has
partly completed his crossing during the steady WALK indica-
tion shall proceed to a sidewalk, or to a safety island.

3. A WALK indication, whether steady or flashing, means that
pedestrians facing the signal indication may proceed across
- the roadway in the direction of the indication. In addition
a WALK indication indicates one of the fo]lowing
(a) A stead wALK 1ndication, when used in an area where
the optional flashing WALK (see 3b below) is not used,
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indicates that there may or may not be possfble con-
flicts of pedestrians with vehicles turning on a
CIRCULAR GREEN indication.

(b) A flashing WALK (use optional) indication means that
there is a possible conflict of pedestrians with vehi-
cles turning on a CIRCULAR GREEN indication. :

(c) A steady WALK indication when used in an area where the
optional flashing WALK is used indicates the absence of

conflicts of pedestrians with vehicles turning on a
CIRCULAR GREEN indication."®

Note again that there is no significant difference in 1 and 2 (DONT
WALK) from the 1971 document, but the WALK indication has a slightly
different meaning as specified in 3 above. According to the 1978 version,
the exact interpretation of the steady WALK indication would require the
pedestrian to know whether an optional flashing WALK is also used in the
same signal head. In actuality the average pedestrian is not likely to
know or remember about the particular signal. Thus, the purpose of the
distinction between 3(a) and 3(b) is likely to be defeated.

Figure 13 is a copy of the recommended signal face designs. Note,
under the two-section type, the symbol showing a pedestrian, is an addi-
tion to the 1971 predecessor. The manual also specifies dimensions of the
letters to be used and calls for a precautionary measure in case of elec-
trical or mechanical failure of the word DONT as follows:

"6. For crossings where the distance from the near curb to the
pedestrian signal indication is 60 feet or 1less, the
letters, if used, shall be at least 3 inches high or the
symbols, if used, shall be at 1least 6 inches high. For
distances over 60 feet, the letters, if used, should be at
least 4 1/2 inches high and the symbo]s, if used, should be
at least 9 inches high.

7. The light source shall be designed and constructed so that
in case of an electrical or mechanical failure of the word
DONT, the word WALK of the DONT WALK message will also
remain dark.”

No major change has been made in the 1978 manual over the 1971
manual on the four basic combinations of pedestrian signal intervals with
vehicular signal operator. The following four “combinations remain un-
changed.

. Combined pedestrian-vehicular interval
Exclusive crosswalk interval

1
2.
3. Leading pedestrian interval
4, Exclusive pedestrian phase
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The 1978 document does not indicate any major change in the pedes-
trian clearance interval over its predecessor. However, for the WALK
interval, a range of 4 to 7 seconds is suggested as a minimum value, as
opposed to the 7 seconds specified in the 1971 document. = The manual
suggests the reasons for using the lower value as follows:

"The lower values may be appropriate where it is desired to favor

- the length of an opposing phase and if pedestrian volumes and
characteristics do not require the longer interval. The WALK
interval itself need not equal or exceed the total crossing time
calculated for the street width, as many pedestrians will
comp1et? their crossing during the flashing DONT WALK clearance
interval."
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APPENDIX E - LITERATURE REVIEW RELATIVE TO
PEDESTRIAN SIGNAL WARRANTS

Introduction

The 1978 version of the Manual on Uniform Traffic Control Devices
(MUTCD) specifies eight warrants for the installation of a traffic signal.
These include [1]:

Warrant 1 - Minimum Vehicular Volume

Warrant 2 - Interruption of Continuous Traffic
Warrant 3 - Minimum Pedestrian Volume

Warrant 4 - School Crossing

Warrant 5 - Progressive Movement

Warrant 6 - Accident Experience

Warrant 7 - Systems Warrant

Warrant 8 - Combination of Warrants

Of the eight warrants, Warrant 3 (Minimum Pedestrian Volume) and Warrant 4
(School Crossing) are most related to pedestrians. According to the
MUTCD, pedestrian signal indications (i.e., WALK/DONT WALK signals) shall
be provided when a traffic signal is installed under the Pedestrian VoTume
or School Crossing Warrant [1]. Warrants 6 (Accident Experience) and 8
(Combination of Warrants) also allow for some consideration to
pedestrians,

The MUTCD specifies other conditions for which a pedestrian signal
indication shall be installed, including the following [1]:

e When an exclusive interval or phase is provided for pedestrian
movements. :

e When the vehicular signal indications are not visible to pedestri-
ans.

e At school crossings at intersections with signals justified from
any warrant,

In addition to those situations listed above where pedestrian signals
are required, there are situations where pedestrian signal indications may
be installed, according to the MUTCD [1]:

¢ When a pedestrian signal is needed to “minimize vehicle-pedestrian
conflicts" or assist pedestrians in making a safe crossing.

‘e When multi-phase indications may confuse pedestrians.

¢ MWhere a divided roadway exists and the signal timing only allows
pedestrians to cross to the island during one interval.
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The latest (1978) edition of the MUTCD specifies that the minimum
pedestrian volume (Warrant 3) is satisfied when in each of any eight hours
of an average day, the traffic volume exceeds 600 vehicles per hour (both
approaches of the major street) and 150 pedestrians per hour crossing the
highest volume crosswalk. Where a raised median island of 4 feet (1.2 m)
or more exists, the required traffic volume is 1,000 vehicles per hour.
Only 70 percent of these requirements are needed when the 85th percentile
speed exceeds 40 miles per hour (64 km per hour), or the intersection lies
in a community of less than 10,000 population. In midblock locations, the
related crosswalk should be not closer than 150 feet (45 m) to another
established crosswalk and a pedestrian pushbutton device should be in-
stalled at midblock locations [1].

The School Crossing Warrant (Warrant 4) in the MUTCD is based on
having an adequate number of gaps in the traffic stream when children are
using the crossing. This is based on the premise that when pedestrian
delay between adequate gaps becomes excessive, children may become impa-
tient and attempt to cross the street during an inadequate gap. The spe-
cific practice used for determining the adequacy of gaps in the traffic
stream is the one published by the Institute of Transportation Engineers
entitied "A Program for School Crossing Protection" [2].

The Minimum Pedestrian Volume Warrant and School Crossing Warrant are
intended to create artificial gaps in traffic by the addition of traffic
signals, where corresponding pedestrian signals must also be installed.
At locations with traffic signals already in place, the installation of
pedestrian signals are somewhat open to engineering judgement (i.e.,
vehicular indications are not visible, the use of a clearance indication
is needed to minimize pedestrian-vehicular conflicts, etc.), as mentioned
earlier. MWhile these subjective guidelines all appear reasonable, there
may be a need to better quantify the warrants for adding a pedestrian
signal at traffic signalized intersections. '

Many traffic engineers and researchers have argued that the current
MUTCD pedestrian volume warrant is inappropriate. The requirements of the
pedestrian volume warrant are so strict that many cities report that it is
not practical for their conditions. In order to provide pedestrian sig-
nalization, many traffic engineers must rely almost exclusively on their
own engineering judgment when selecting locations for such pedestrian
signal installations. This has created inconsistencies between regions of
the country and often between state and 1local agencies concerning the
conditions under which pedestrian signals are installed.

‘signal and actuation devices, the existing warrants and operational =

practices documented in the literature were examined. In addition, new
warrants developed to better serve the interests of pedestrian safety and
operations, as proposed by various researchers, were also examined.
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Background

The concept of electrical traffic control (traffic signals) started
receiving widespread application in this country in the early 1920's to
replace or supplement police traffic control. With sharp increases in
auto traffic volumes on the nation's highways, there was a need for a
decision mechanism to develop priorities for the installation of traffic
signals. It is believed that the first such signal warrant based primari-
ly upon the criteria of volume, was developed for the City of Chicago
around 1924 for the purpose of assigning priorities to signal
requests [3].

The first formal MUTCD was developed in 1948 by the National Joint
Committee (NJC) that included a total of six separate warrants for fixed-
time signal control, with appropriate numerical figures representing the
average volumes over the eight highest hours. Warrants were also devel-
oped for actuated signals, based primarily upon qualitative factors.

In the 1954 MUTCD, the required volumes to warrant a signal were
250 pedestrians per hour (all crosswalks combined) which oppose 600
vehicles per hour. The mean traffic speed had to exceed 15 mph (24 kph),
and no difference was specified for divided highways. In rural areas,
these required volumes were only 50 percent of those listed above if the
average approach speeds exceeded 30 mph (48 kph). Also, the 1954 warrants
provided pedestrians to be added on a one to one basis to the cross street
volume. Thus, a traffic signal was warranted at urban intersections with
approach speeds of 20 mph (32 kph) and at least 75 traffic entities
(pedestrians and automobiles) crossing the main street with an hourly
volume of 750 vehicles. The minimum values for rural intersections with
-‘approach speeds over 35 mph (56 kph) were 50 traffic units crossing a
street with 500 vehicles per hour. The 1948 MUTCD was similar, except
- that the values were based on an average volume over any 8-hour period,
instead of based on each hour of an. 8-hour period.

In 1963, a modified version of the MUTCD was published. In this
version, the minimum vehicular volumes required to warrant a fixed-time
signal were prescribed as a function of the approach width (number of
1a3es). Again, no major changes in the warrants for actuated signals were
made.

The 1971 edition of the MUTCD represents a major modification to its
predecessor. Two additional warrants were added to the six originally
established in 1948. These are the warrants for: (1) school crossing; and
(2) a systems warrant. Of these, the former one is directly related to
pedestrians. The 1971 version did not incorporate any major change in the
warrants of actuated signals. The MUTCD that s currently in force was
published in 1978 and does not represent any major change in the provi-
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sions for signal warrants over the 1971 document. However, a number of
changes in other areas were made in this new version. A discussion of the
specific warrants related to pedestrians in the 1963, 1971 and 1978 MUTCD
is given in Appendix D.

Since the early editions of the MUTCD, the volumes required to meet
the pedestrian signal warrant have increased This requirement for higher
pedestrian volumes has, for obvious reasons, reduced the actual implemen-
tation of signals for pedestrians. For example, a survey of current
practices conducted among different highway agencies (as a part of NCHRP
Project 3-20) indicated that out of a total of 12,780 traffic signal
installations, only 171 (1.3 percent) were 1nsta11ed due to Pedestrian
Volume Warrant as shown in Table 19 [3]. Further, in 1,243 cases (9.7 per-
cent), some consideration of pedestrians might have contributed to the
installation decision under the Combination Warrant. The School Crossing
Warrant has been used to justify only approximately 4.0 percent of exist-
ing traffic signals [3]. This information indicates that pedestrian
conditions by themselves have not generally dictated the installation of
traffic signals.

Over the past 20 years, several studies have been conducted in an
attempt to develop or modify the signal warrants related to pedestrians.
These studies have generally based their warrants on either minimum
pedestrian volumes or on a measure of pedestrian delay (or both). For
example, a study by Box in 1967 [4] recommended a minimum of 60 pedestri-
ans per hour for one hour (or two 30-minute periods) as a warrant, which
is comparable to the Canadian warrant [5] of 60 pedestrians per hour over
a 4-hour period. A study by Massey in 1962 resulted in a recommended
warrant of 500 pedestrians per hour for two 30-minute periods [6].

Extensive work was conducted for NCHRP Project 3-20 in 1976 which
involved recommending modifications to existing traffic signal
“warrants [3]. The recommended pedestrian signal warrant was developed
based primarily on pedestrian delay. Under that recommended warrant, a
minimum of 100 pedestrians per hour would be required for any 4 hours on
an average day, along with other considerations [3].

From a review of existing and recommended warrants, Neudorff recom-
mended a pedestrian warrant based on a minimum of 100 pedestrians per hour
crossing the major street and also at least 60 adequate gaps per hour on
major street, usin? a specific computation of adequate gaps [7]. Robertson
has recent]y developed a methodology for warranting pedestrian signals

based on numerous traffic and roadway factors [8]. The following sections

prov1de more discussion on some of these previous]y recommended warrants

trian signals.
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Table 19. Installation of traffic signals based on
the current traffic signal warrants.

Warrant Percent
Number Description Utilization

1 Minimum Vehicular Volume 51.2

2 Interruption of Continuous Traffic 20.3

3 Minimum Pedestrian Volume 1.3

4 School Crossings , 4.0

5 Progressive Movement 2.8

6 Accident Experience 6.2

7 Systems 2.4

8 Combination of Warrants 9.7
None of These 2.1

Source: Reference 3

Methodology

In order to adequately investigate the warrants for pedestrian sig-
nals, three basic activities were undertaken. These included:

e Discussions with many city traffic engineers regarding existing
pedestrian signal warrants.

® A thorough review of the literature related to pedestrian signal
warrants.

e An in-depth analysis of data at 1,297 intersections to determine
the conditions under which the use of pedestrian signal indica-
tions could result in fewer pedestrian accidents at existing
traffic signalized locations. A

Separate reviews were made faor the following categories of pedestrian
signal warrants: (1) Minimum Pedestrian Volume Warrant; (2) School Cross-
ing Warrant} (3) Pedestrian Signal Indications; (4) Accident and Combina-
tion Warrants; and (5) Warrants for Elderly and Handicapped Pedestrians.
" Discussions with the city traffic engineers provided valuable insight
into the use of the MUTCD warrant(s) and their practicality. No formal

survey or questionnaire was conducted, but discussions were held while
data were being collected for this project. Informal discussions were held
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with approximately 70 city traffic engineers regarding their feelings
" relative to the MUTCD pedestrian signal warrants.

The next step involved a detailed review of all available literature
which has addressed the subject of pedestrian signal warrants. Several of
these studies involved the development or recommendation of pedestrian
signal warrants based on pedestrian delay calculations, safety considera-
tions, and pedestrian and traffic volumes for a variety of highway condi-
tions. A review of each of those articles was conducted to determine
whether any of the proposed warrants had merit. The warrants in the
current version of the MUTCD were evaluated in terms of five criteria:

e Appropriateness and reasonableness of the warrant to real-world
conditions.

o Complexity in applying the warrant.
o Data requirements for using the warrant.

e Flexibility of warrant to be adaptable to- all types of highway
situations.

e Expected acceptability of the warrant to practicing traffic
engineers in the U.S. ’

Based on these five criteria, an overall rating (excellent, good, fair, or
poor) was given to the existing MUTCD warrant.

The third type of analysis involved a detailed analysis of 1,297 sig-
nalized intersections for use in determining whether guidelines could be
developed for pedestrian signal indications based on pedestrian accidents.
Geometric data, signal information, volume data, and accident data at each
of the 1,297 locations were analyzed in an attempt to determine which
highway and traffic variables explained the most variation in pedestrian
accident experience for a variety of conditions. These variables were
thought to be important for use in a pedestrian signal warrant for a
variety of conditions. In particular, comparisons of pedestrian accidents
were made between signalized intersections with and without pedestrian
indications and a variety of volume and geometric conditions.

The following sections of the report provide an analysis of pedestri-
an signal warrants. The information is presented under the following
headings: S SR R

e Current use of pedestrian signal warrants.
- & Pedestrian volume warrant.
e School crossing warrant.
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Current Use of Pedestrian Signal Warrants

As stated previously, informal discussions were conducted with city
traffic engineers throughout the country as the basis for determining the
adherence to and use of the pedestrian signal warrants. Other information
related to the use of pedestrian signals was also obtained with regards to
types of pedestrian signals in use, signal timing schemes, types of word
messages on pedestrian signals, and related issues. The following is a
summary of some of the general findings:

o Most city engineers stated that .the warrants or guidelines for
utilizing pedestrian signals are inadequate. Many stated that the
pedestrian volume warrant, as prescribed in the MUTCD, is too
restrictive and that they could rarely, if ever, Jjustify the
installation of signals based on the pedestrian volume warrant,
because of the high pedestrian volumes required (150 per hour for
8 hours on the highest volume crosswalk). -

e Many traffic engineers also stated that they do not conduct 8-hour
pedestrian volume counts, so the pedestrian volume warrant cannot
even be considered. A majority of the cities reported that they
collect at most one-hour to three-hour pedestrian volume counts at
a few locations, such as at school zone locations. Many of the
cities had virtually no recent pedestrian volume information.
Most pedestrian volume counts which were taken were for the peak
volume periods. Exceptions to this included the cities of Chicago
and Detroit, which each had 12-hour pedestrian volume counts for
several hundred intersections. Washington, D.C. conducts and
maintains current 10-hour pedestrian volume counts by approach at
a large number of intersections citywide and Toledo, Ohio conducts
manual counts (for a.m., midday, and p.m. peak periods) at a large
number of intersections citywide. In Seattle, mechanical traffic
counters were converted to automated pedestrian counters and
hundreds of mechanical pedestrian volume counts were made several
years ago to supplement their manual pedestrian volume counts. A
pedestrian traffic volume flow map was also produced for the
Seattle central business district area. Vehicular traffic volume
data and turning movement counts were generally available for most
cities, at least on major arterial streets and in the central
business district.

e Many cities routinely install pedestrian signals at downtown loca-
tions where other major improvement projects are being implemented
as a standard policy. Other cities install pedestrian signals at
nearly all school zone locations and/or wherever a pedestrian
accident occurs. At school zone locations, community and politi-
cal pressures often force the cities to provide the maximum possi-
ble amount of protection, regardless of whether a site meets the
School Crossing Warrant.
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o In many cities, pedestrian signals are being installed at loca-
tions with existing traffic signals wherever pedestrian activity
is known to exist. Traffic engineers in these cities state that
they adopted this policy either because they believe that pedes-
trian signals increase pedestrian safety, or that this is one way
of protecting them in the case of litigation against the city
resulting from a pedestrian accident. The justification given for
such widespread installation of pedestrian signal displays in some
cities is the statement on page 4D-2 of the MUTCD, paragraph 1
which states:

"Pedestrian signal indications also may be installed
under any of the following conditions.

1. When any volume of pedestrian activity requires use
of a pedestrian clearance interval to minimize
vehicle-pedestrian conflicts or when it is necessary
to assist pedestrians in making a safe crossing.®

That statement in the MUTCD is a catch-all that allows for the
Justification of a pedestrian signal display at almost any traffic
signalized location with any pedestrian activity at all, at the
discretion of the responsible traffic engineer.

o A few city engineers have expressed their reluctance to use pedes-
trian signals unless forced to do so, either because of their
expense to install and operate, or because they doubt that pedes-
trian signals are effective in improving pedestrian safety.

e A high percentage of pedestrian signals in use are the type which
. provides concurrent pedestrian movements. Most cities which have
used early or late release signal timing have either converted
them to concurrent timing or will do so in the near future. The
lack of pedestrian and/or vehicle compliance to their respective
signal displays with early or late release have resulted in safety
problems, according to several city engineers, (i.e., Cincinnati,
and Seattle). Subsequently, the timing was changed to concurrent
timing at these locations.

e Of about 70 cities contacted, only a few use exclusive intervals
for pedestrian movements, due to the added pedestrian and vehicle
delay which results from such timing patterns. Scramble timing,

AU -

diagonal crossings, is not commonly used. Denver, Colorado, still
~"has about 70 scramble-timed intersections in their downtown area,
and other cities having a few scramble-timed intersections include
Richmond, Virginia, New Haven, Connecticut, and Washington, D.C.
A few cities, such as Tampa and Miami, Florida, and W. Hartford,
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Connecticut, use exclusive pedestrian intervals (but do not
generally provide for diagonal crossings) at locations such as in
school zones, or in locations where moderate to low pedestrian
volumes exist.

o Some cities, in an effort to save on the operational kosts of
pedestrian signals turn off the signal at night to lower their
electrical costs (i.e., New Haven turns off their pedestrian
signal displays at 10:00 p.m. each night).

® A great disparity was found in the application of signal message
types and operations among the cities. Although the flashing WALK
is allowed by the National MUTCD to indicate a potential for
turning vehicles, many states have not adopted the flashing WALK
concept in their state manuals. Cities which use the flashing
WALK were found to use it inconsistently. Some cities report that
their signal hardware is not flexible enough to easily convert to
the flashing WALK mode. Virtually all cities which use it report
that pedestrians basically do not understand either the flashing
WALK or the flashing DONT WALK concept.

e Most cities have expressed a need to develop a more realistic
pedestrian volume warrant. The City of Seattle, for example, has
proposed the adoption of a pedestrian volume warrant which is
comparable to the warrants proposed by Lieberman in the NCHRP
Project 3-20. Seattle has adopted the MUTCD School Crossing
Warrant.

e In Boston, a unique approach is used with traffic signal phasing
relative to pedestrians. Prior to a pedestrian WALK interval, a
flashing green ball is displayed to motorists, followed by an
amber period. Then, the vehicle signal display is a solid yellow
ball simultaneous with a solid red ball during the pedestrian
crossing interval as an added caution to motorists that pedes-
trians are crossing.

Pedestrian Volume Warrant

Summary of Existing and Proposed Warrants

A review of the pedestrian volume warrant included conducting a com-
prehensive literature review to find other studies which have been con-
ducted relative to this warrant. In particular, studies which provided
other recommended warrants to replace the current MUTCD were analyzed to

the other proposed pedestrian volume warrants was helpful in the develop-

ment of recommended warrants. The articles or publications which were
reviewed relative to the pedestrian volume warrant include:
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1. Current (1978) MUTCD warrant [1]
2. Research Studies and Reports

Box [4]
NCHRP 3-20 [3]
King [9]

Massey (68
Neudorff [7]

3. Other Agency Warrants

Pennsylvania [3]

Canada [5]

New Zealand [3,4,10]
Victoria, Australia [3]
Great Britain [3]
Ireland [3]

The following is a brief description of each warrant or study.

The 1978 MUTCD warrant for Minimum Pedestrian Volume (Warrant 3) is
satisfied wnen 600 or more vehicles per hour enter an intersection (both
approaches of the major street) for each of any 8 hours of an average day
along with 150 or more pedestrians per hour during the same period
" crossing the highest volume crosswalk crossing the major street. For a
divided highway, 1,000 vehicles or more per hour are required. Where the
traffic speed exceeds 40 mph (64 kph) or in isolated communities (less
than 10,000 population), the requirements are only 70 percent of those
stated above. At midblock locations, the warrants are the same, provided
that the crosswalk is not closer than 150 (45 m) feet to another esta-
blished crosswalk. The complete warrant, as taken from the MUTCD, is
given in Figure 14 [1].

In 1967, a study by Box was conducted for the signal committee of the
National Joint Committee on Uniform Traffic Control Devices [4]. The
purpose of the study was to review warrants for traffic signals and
suggest considerations and numerical values for warrants. Of the
264 references that he reviewed in-depth, approximately 30 were found
which contributed to pedestrian warrant information. Their recommended
warrant is as follows Eﬁ]:

"Pedestrian signal control is warranted when the peak

~ 30 minute pedestrian delay, for at least two periods of an .

average weekday, or eight periods of a Saturday or Sunday,
equals or exceeds 0.5 hours each, and when the peak hour pedes-
trian crossing volume is at least 60 persons, including one of
the 30 minute periods.®
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4C-3 Warrant 3, Minimum Pedestrian Volume

The Minimum Pedestrian Volume warrant is satisfied when, for each
of any 8 hours of an average day, the following traffic volumes exist:

1. On the major street, 600 or more vehicles per hour enter the
intersection (total of both approaches); or where there is a raised me-
dian island 4 feet or more in width, 1,000 or more vehicles per hour (total
of both approaches) enter the intersection on the major street; and

2. During the same 8 hours as in paragraph (1) there are 150 or more
pedestriuans per hour on the highest volume crosswalk crossing the ma-
jor street.

When the 85-percentile speed of major-street traffic exceeds 40 mph
in either an urban or a rural area, or when the intersection lies within
the built-up area of an isolated community having a population of less
than 10,000, the Minimum Pedestrian Volume warrant is 70 percent of
the requirements above.

A signal installed under this warrant at an isolated intersection
should be of the traffic-actuated type with push buttons for pedestrians
crossing the main street. If such a signal is installed at an intersection
within a signal system, it should be equipped and operated with contrpl
devices which provide proper coordination.

Signals installed according to this warrant shall be equipped with
pedestrian indications conforming to requirements set forth in other
sections of this Manual.

Signals may be installed at nonintersection locations (mid-block) pro-
vided the requirements of this warrant are met, and provided that the
related crosswalk is not closer than 150 feet to another established
crosswalk. Curbside parking should be prohibited for 100 feet in ad-
vance of and 20 feet-beyond the crosswalk. Phasing, coordination, and
installation must conform to standards set forth in this Manual. Special
attention should be given to the signal head placement and the signs and
markings used at nonintersection locations to be sure drivers are aware
of this special application.

Figure 14. MUTCD - Minimum Pedestrian Volume Warrant. : -

Source: Reference 1.
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Simply stated, the warrant requires a minimum of 60 pedestrians -per
hour for one hour (or for two 30-minute perfods) and also an average of
60 seconds of mean delay per pedestrian for one of the two 30-minute
periods. According to the authors, drivers are subjected to longer wait-
ing times from their delay warrant, than pedestrians are subjected to
under their proposed warrant. They Jjustified this based on the added
protection of motorists from inclement weather and the added danger of
injury to pedestrians which are struck by motor vehicles [4].

A study was conducted for NCHRP Project 3-20 entitled "Traffic Signal
Warrants® in 1976 by Lieberman, King, and Goldblatt [3]. The warrant is
based primarily on pedestrian delay considerations and is presented in
graphical form for undivided streets (Figure 15) and divided streets
(Figure 16). The procedure involves considering the total major street
volume (TMSV), the pedestrian volume (Qp), vehicle approach speed, pedes-
trian walking speed, and effective street width. A signal is warranted if
four plotted points (i.e., four one-hour periods of data) lie to right of
the curve corresponding to the effective street width. A procedure is
given in the report for computing the effective street width. Note that a
minimum of 100 pedestrians per hour are required for meeting the warrants
in both figures. Minimum required traffic volumes for undivided and
divided streets are 500 vehicles per hour and 1,000 vehicles per hour
respectively [3].

A study was completed by King in 1977 in which he prepared warrants
based on pedestrian delay [9]. The delay model was based on an exponen-
tial arrival distribution model, as developed by Tanner in 1951 [11],
which was developed as a means to estimate pedestrian delay. Based on a
30-second assumed acceptable level of pedestrian delay and a 60-second
level of maximum tolerable pedestrian delay, pedestrian signal warrants
were prepared graphically for undivided highways (Figure 17(51 and divided
highways (Figure 18). The warrant is satisfied if the measured hourly
pedestrian volume lies above the appropriate Qp curve for the given
street width and vehicle flow rate. These curves "apply to both intersec-
tions and midblocks and should be exceeded for 4 hours on an average week-
day. The proposed warrant could also be met or exceeded for 10 hours on
any weekend providing that at least 3 hours are met on the day with the
lighter volumes [9].

It should be noted that Tanner's delay model is based on the assump-
tion of random arrival of vehicles, whereas vehicular arrivals in most

urban intersections are not likely to be random in nature. Thus, the

The study by Massey in Australia was conducted in 1962 in which
warrants were developed for pedestrian crossings and also for pedestrian
actuated signalized crossings [6]. The acceptable level of pedestrian
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Figure 16. Proposed pedestrian signal warrant, divided streets.

Source: Reference 3
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Source: Reference 9.
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Figure 18. Proposed pedestrian signal warrant for a divided highway.

Source: Reference 9.
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delay utilized was 30 seconds. For roadways with any number of lanes, a
minimum volume of 500 pedestrians per hour is required for two 30-minute
periods. A corresponding traffic volume of 400 per hour is also required.
A legal pedestrian crossing (without a signal) is warranted for locations
with 100 pedestrians per hour, and the law in Australia requires vehicles
to yield to pedestrians at legal pedestrian crossings [6]. %

In 1981, an unpublished report was prepared by Neudorff for the FHWA
project "Traffic Signal Warrants from Gap Detector Data™, which involved
recommending a pedestrian signal warrant [7]. The study was based on a
review of other studies and resulted in the following recommended

warrant:

"The installation of a traffic signal is justified when, during
each of any four (4) hours of an average weekday, the major
street: gap distribution and pedestrian volume satisfy the

following criteria:

1. The number of major street gaps which are equal to or
greater than an "adequate size" is less than sixty (60) per
hour, [NOTE - The size of an adequate gap is determined from
Table (20)] and

2. The pedestrian volume crossing the major street is equal to
or exceeds one hundred (100) pedestrians per hour."

The warrant stated above was for both intersections and midblocks and for
the installation of pedestrian signal heads and push buttons for pedes-

trian actuation.

Table 20. Adequate gap sizes.

Major Street Adequate Major Street Adequate

Width (ft) Gap (sec) Width (ft) . Gap (sec)
13 - 16 7 37 - 40 13
17 - 20 8 41 - 44 14
21 - 24 9 45 - 48 15
25 - 28 10 49 - 52 16
29 - 32 11 53 - 56 17
33 - 36 12 57 - 60 18

Note: Gap sizes have been rounded up to next highest whole number.
1 foot = 0.3 m

Source: Reference 7
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Numerous state highway agencies have developed their own modified
warrants for use in installation of traffic and pedestrian signals. For
example, Pennsylvania developed a peak hour pedestrian warrant for
installing actuated equipment (not within 1,000 feet of a signalized
location). The warrant is met when the following volumes are met or
exceeded for each of any two hours of an average day [3]:

Vehicles Pedestrians

Urban Areas 800 250
Rural Areas 560 175

The Canadian Traffic Signal Installation Warrant includes a specific
pedestrian volume warrant which 1s contained in a 1966 publication and is
based on pedestrian volumes and delays. The specific warrant is as
follows [5]:

"a. Pedestrians on an average must wait in excess of 60 seconds
before being able to cross the main street in safety;

b. The number of pedestrians wishing to cross is at least 60 per
hour;

c. The conditions specified in (a) and (b) exist for any four
not necessarily continuous hours of a normal day;

d. The intersection or other location is suitable for signali-
zation;

e. The nearest existing or proposed signal installation is
more than 1,000 feet away.

The existing delay occasioned to pedestrians should be
determined by a study at the location in question."

The Canadian warrants are similar to the warrants recommended by Box
in terms of the minimum required pedestrian volumes (60 per hour) and mean
delay per pedestrian (60 seconds). However, the Canadian warrant requires
those conditions for 4 hours, compared to 2 30-minute periods in the Box
recommended warrants.

The New Zealand Traffic Signal Warrant is based on assigning a
vehicular equivalent to pedestrian volume and then treating pedestrians

and vehicles together. The warrant is as follows [3,4,10):

“Pedéstrian and traffic volume: For the purpose of this warrant,
pedestrians are considered to be equivalent to one-third of a
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vehicle up to 600 pedestrians per hour and as equivalent to. .
one-sixth of a vehicle thereafter.

Signals are justified if the total hourly traffic volume on a
normal weekday averaged over the following hours:

a. One morning peak hour (between 7:00 a.m. and 9:00 a.m.);
b. One morning off peak hour (between 9:00 a.m. and noon);
c. One mid-day hour (between noon and 2:00 p.m.);

d. One afternoon off peak hour (between 2:00 p.m. and 4:00 p.m.);
and

e. One evening peak hour (between 4:00 p.m. and 8:00 p.m.);

reaches or exceeds both the volumes in the following table:"

Table 21. New Zealand minimum pedestrian volume warrant.

Intersection Total No. of Traffic Warrant
lanes for traffic
approaching intersec- Total traffic
tion (available for Entering traffic through
storage) from side roads* intersection*
3 legs 3 or 4 lanes 240 v.p.h. 1,200 v.p.h.
5 or 6 lanes 280 v.p.h. 1,400 v.p.h.
4 legs 4 lanes 200 v.p.h. 1,000 v.p.h
or more 6 lanes 240 v.p.h. 1,200 v.p.h.
8 lanes or more 280 v.p.h. 1,400 v.p.h

* This includes the vehicular equivalent of the pedestrian traffic.
Source: Reference 3

For example, if 900 pedestrians cross a street, it would be converted
to the equivalent of (600)/3 + (900 - 600)/6 = 200 + 50 = 250 “"vehicles".
The 250 would then be added in with the vehicle volume ({either side street
or through traffic) and checked against the warrant table (Table 21).

In Vicfdrfa, Australia, pedestrian-actuated signals are warranted if
“the pedestrian volume exceeds 350 per hour in each of three hours for an
average day in addition to 600 vehicles per hour (both directions) in the
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same three hours. An alternate warrant requires 175 pedestrians per hour
and 600 vehicles per hour for each of 8 hours. The necessary volumes are
_reduced to 70 percent of the requirements above for locations with speeds
above 40 mph (64 kph) or in isolated cities of less than 10,000 [3]. Note
that the pedestrian volume requirements do not stipulate the highest
volume leg as with the U.S. MUTCD, so the warrant would actually be lower
than the U.S. warrant in most cases. Also, an alternate three-hour
warrant exists, which would allow many locations to meet the warrant which
would not meet an eight-hour warrant.

In Great Britain, a total of 1,450 vehicles plus pedestrians per hour
is the suggested criteria for installing pedestrian signals, or 1,650 if a
median refuge exists [3]. A special provision is made for actuated pedes-
trian crossings where vehicle speeds exceed 40 mph (64 kph) [3]. One major
difference between this warrant and the New Zealand warrant is the weight-
ing placed on pedestrians. The Great Britain warrant adds pedestrians to
vehicles on a one-to-one basis, while the New Zealand counts a vehicle as
equivalent to 3 pedestrians (or equivalent to 6 pedestrians where
pedestrian volumes exceed 600 per hour).

The advisory pedestrian warrant in Ireland is based on only one peak
hour period and requires different combinations of vehicles and pedestrian
volumes for different street widths, speed limits, and street operation
(one-way or two-way). For example, for a 44-foot (13 m) street width on a
twoway street of 30 mph (50 kph), 90 pedestrians and 650 vehicles are
required during the peak hour. The required pedestrian and traffic
volumes for the Ireland advisory warrant are given in Table 22 [3].

Table 22. Excerpts from advisory warrants, Ireland: minimum pedestrian
and vehicular volumes (peak hour volumes).

Carriageway ' Vehicular Volume
Width Pedestrian Speed Limit
(feet) Volume (mph) One-Way St. Two-Way St.
20 80 30 1,175 1,000
40 1,075 900
24 420 30 1,100 975
40 1,000 810
30 330 30 975 800
- : -4 875 . 680 .
36 240 30 850 650
N {1 A 417 B 116 RN
a4 90 30 650 450
40 550 350

Note: 1 mph = 1.6 kph
1 foot = 0.3 m

Source: Reference 3
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School Crossing Warrant

The establishment of warrants for the installation of traffic signals
in school zones is intended to provide uniformity of traffic control in
.school areas. The MUTCD did not contain a formal warrant for installing
traffic signals (with pedestrian indications) until the 1971 version. The
1963 MUTCD generally discouraged the installation of signals at school
crossings “"whereby schoolboy patrols or adult crossing guards can be used
effectively, where students can be directed to cross at locations which
are controlled by traffic control signals or police officers where pedes-
trian refuge islands provide adequate protection.® However, the 1963
manual specified (as a part of Warrant 3 - Minimum Pedestrian Volume) that
the decision to add signals at school crossings should be based on sound
engineering judgment, and suggested that a signal may be warranted if:

"1. Pedestrian crossing volumes at a designated school crossing
on the major street exceed 250 pedestrians in each of
2 hours; and

2. During each of the same 2 hours vehicular traffic through
the designated school crossing exceeds 800 vehicles; and

3. There 1is no traffic signal within 1,000 feet of the
crossing."

The criteria listed above should be reduced to 70 percent when the
85th percentile traffic speeds exceed 40 mph (64 kph) or in built-up areas
of isolated communities of less than 10,000 population. Signals meeting
these criteria should be pedestrian actuated with pedestrian indications.
The 1963 manual also suggested that "the installation of pedestrian
signals at non-intersection locations is to be avoided".

The 1971 MUTCD for the first time provided a separate and formalized
warrant (Warrant 4) for providing additional protection at school cross-
ings in situations where there are not a sufficient number of gaps. The
1978 MUTCD is similar to the 1971 version of the School Crossing Warrant,
which states the following:

"A traffic control signal may be warranted at an esta-
blished school crossing when a traffic engineering study of the
frequency and adequacy of gaps in the vehicular traffic stream
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as related to the number and size of groups of school children
at the school crossing shows that the number of adequate gaps in
the traffic stream during the period when children are using the
crossing is less than the number of minutes in the same period
(sec. 7A-3)".

The reference to section 7A-3 (School Crossing Control Criteria) was
made to provide additional details related to adequate gaps. The manual
refers to the ITE publication "A Program for School Crossing Protection®
[2] for use in determining the frequency and adequacy of gaps in the traf-
fic stream. The 1978 versions of the MUTCD also provide three provisions
for Jlocations where traffic signals are dinstalled entirely under the
School Crossing Warrant [1]:

"1l. Pedestrian indications shall be provided at least for each
crosswalk established as a school crossing.

2. At an intersection, the signal normally should be traffic
actuated. As a minimum, it should be semi-traffic-actuated,
but full actuation with detectors on all approaches may be
desirable. Intersection installations that can be fitted
into progressive signal systems may have pretimed control.

3. At non-intersection crossings, the signal should be pedes-
trian actuated, parking and other obstructions to view
should be prohibited for at least 100 feet in advance of
and 20 feet beyond the crosswalk, and the installation
should 1include suitable standard signs and pavement
markings. Special police supervision and/or enforcement
should be provided for a new non-intersection instal-
lation."

Several previous studies have addressed the School Crossing Warr
In the study by Box, a review of the School Crossing Warrant resultedant.
the following statement [4]: in

"In summary, the ITE recommended school practice using
delay to pedestrians, accounts for all variables of vehicular
volume and headway distribution.”

The authors then applied that same delay concept to a recommende
adult crossing warrant based on pedestrian volume and delay. The autd
Tater suggest that the ITE school crossing delay warrant could be reshors
as follows [4]: - B 7 tated

= “Control is warranted when the number of adequate gaps in

the traffic stream, during the peak pedestrian crossing period
of 30 minutes, is less than 30 provided that a minimum volume of
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60 pedestrians is found during the‘peak hour, and that the peak
30 minute gap deficiency occurs at least twice per normal
weekday." .

That suggested warrant for school crossing has many similarities to
their recommended warrant for adult pedestrian crossing locations. The
school crossing warrant was also reviewed in the 1976 NCHRP 3-20 draft
report “Traffic Signal Warrants" [3]. Their recommended warrant “essen-
tially replicates the existing MUTCD warrant, but presents it in graphical
format." It applies to both intersection and midblock 1locations and is
satisfied if the minimum requirements are met for the normal morning and
afternoon crossing periods. The curves are given for situations on un-
divided highways with a crossing guard (Figure 19) and without a crossing

uard (Fi ure 20), and also for divided highways with no crossing guard
Figure 2 One change from the ITE warrant is that the number of ade-
quate gaps required for the heavier travelled roadway should be at an
average of 100 per hour (instead of 60 per hour). Also, an alternative
procedure is provided in the NCHRP report to apply a part-time traffic
control device to locations with random vehicle arrivals on the major
street [3].

Numerous studies and publications in past years have recommended the
use of other signal warrants in school crossing locations. A 1977 study
by the Michigan Department of Transportation recommended a minimum use of
available gaps in traffic as with the ITE procedure, providing that a
"minimum of 50 children should be utilizing the crossing before applying
this warrant" [12]. A 1971 study by the California Division of Highways
specified warrants for school area traffic signals separately for urban
‘and rural areas. In urban areas, the required conditions are [13]:

"500 vehicles and 100 school-age pedestrians for each of any two
hours daily while children are crossing to or from school; or

500 vehicles per hour for each of any two hours while children
are crossing to or from school, and a minimum total of 500 school-
age pedestrians during the entire day."

In rural areas, the warrants are 70 percent of those stated for urban
conditions.

Based on discussions with city traffic engineers around the country
concerning the existing school crossing warrant there are four basic

conclusions that can be reached

eo. Although not all city traffic engineers agree with the appropri-
- .. ateness of the MUTCD school crossing warrant, most cities seem to
have accepted it and find it to be reasonable For example, a
recent draft resolution by the Seattle City Council stated that

the current MUTCD school crossing criteria will be used to war-
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rant a signal at a school crossing location *“contingent upon
funds being available through the City Capital Improvement
Program and upon whether or not the need for a traffic signal
can be mitigated by some alternative traffic/pedestrian improve-
ment" [14]. It should also be mentioned that the City of Seattle
did not recommend the MUTCD Minimum Pedestrian Volume Warrant,
but instead recommended the use of a pedestrian delay-based
warrant [14].

2. Many traffic engineers utilize the MUTCD School Crossing Warrant
to justify several signal installations each year. However, the
warrant is high enough to prevent the installation of signals at
a Jagge number of Tlocations where signals “aren't really
needed."

3. In many (if not all) jurisdictions, the safety of school children
in school zones is a very emotional and political issue. As a
result, traffic engineers in many cities are forced to install
traffic signals at virtually all school crossing locations,
regardless of whether they meet any warrants. At signalized
intersections, some cities also provide exclusive protected
pedestrian intervals, where traffic is stopped in all directions
and pedestrians have a "protected" crossing interval during
certain hours of the day.

4, Generally speaking, adult school crossing guards have been found
to be quite effective in increasing pedestrian safety in school
crossings. However, the notion that an adult school crossing
guard provides all the needed protection at a school crossing is
not always true. Pedestrians or vehicles which do not respect or
adhere to the crossing quard can create a hazardous situa-
tion.

The use of a traffic signal at a school crossing location may not
always insure crossing safety. A certain percentage of motorists can be
expected to violate the traffic signal, particularly during rush hour
times. Also, studies have shown that a high percentage of pedestrians
disregard the DONT WALK indication, particularly in cities where little or
no police enforcement of pedestrian violations exists.

The five criteria discussed earlier were applied to the MUTCD School
Crossing Warrant. In terms of appropriateness, the warrant is based on the
number of adequate gaps in traffic which in itself is more likely to be
appropriate for a variety of roadway conditions (i.e., street -width;
traffic speeds and volumes, etc.) compared to strictly a volume based

~warrant,  The maximum number of gaps (one per minute) required to warrant -

a signal is quite reasonable, since many past research studies have found
or supported the assumption of 60 seconds as a maximum amount of delay
which a person should be expected to endure. The literature and many city
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engineers tend to support the basic concept of the MUTCD School Crossing
Warrant, even though other modifications have been used in a few cases.
The School Crossing Warrant was rated as “good" in terms of reasonableness
and appropriateness (Criterion 1).

In terms of complexity (Criterion 2), the procedure outlined by ITE
for determining gaps frequency and adequacy is relatively straight-forward
“and not unduly complicated. The practicality of the data collection
(Criterion 3) is good, since data are collected only during the periods
when children are using the crossing. At many school locations, this
represents morning and afternoon periods of 15 to 45 minutes.

The flexibility of the School Crossing Warrant (Criterion 4) was
found to be excellent, since the procedure for measuring adequate gaps
accounts for various combinations of street width and traffic volume.
Although a walking speed of 3.5 ft/sec (1.2 m/sec) is normally assumed,
that can be changed in the mathematical calculation of adequate gap time
in the ITE procedure.

The acceptability of the School Crossing Warrant by traffic engineers
(Criterion 5) was rated as good, particularly when compared to the accep-
tability of the Minimum Pedestrian Volume Warrant. This does not imply
that traffic engineers only install signals when this warrant is met.
There will always be situations where traffic signals are installed for
safety or other (i.e., political) reasons, even though the School Crossing
Warrant is not met. No warrant is perfect for all situations, and good
engineering judgment must enter into the decision of whether to install
-traffic signals. However, the School Crossing Warrant appears to have at

- least gained a reasonable degree of acceptance in the traffic engineering
“community.

Overall, the MUTCD School Crossing Warrant was rated as "good". It is
recommended that the current MUTCD School Crossing Warrant continue to be
used as presently stated.
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APPENDIX F - LITERATURE REVIEW AND CURRENT PRACTICE
ON PEDESTRIAN SIGNAL ALTERNATIVES

Pedestrian Clearance Alternatives

Past Research

. Numerous research studies have been conducted in recent years rela-
tive to signal displays for the clearance interval. A study was conducted
in 1968 by the ITE, in which the steady DONT WALK message was compared
with the flashing DONT WALK message [1]. The behavior of 177,000 Pedes-
trians was observed at 15 intersections where the flashing and steady DONT
WALK signals were used. At eight locations, the steady DONT WALK message
was used in the before condition and the flashin§_ﬁﬁﬂ¥ WALK was used in
the after and 30-da¥; after periods. The sequence was reversed at the
other 7 locations. e results are summarized in Table 23.

Table 23 - Summary of results in a study comparing the steady
and flashing DONT WALK indications on pedestrian behavior.

Conditions Percent Proper Crossings
Before After Before After 30 Days After
Steady :Flashing 92 95 : 88
Flashing Steady 93 92 95

Source: Reference 1.

The results showed that the steady DONT WALK message resulted in a higher

long-term benefit in terms of proper crossings compared to the flashing

DONT WALK message.

In a 1977 study for the Federal Highway Administration, Robertson
evaluated the effectiveness of the steady DONT WALK compared to the flash-
ing DONT WALK and the steady DONT START message. Before/after studies
were used to test devices at four intersections (two sites in each of two
cities) for each of the experiments. The measures of effectiveness (MOE's)
used were pedestrian behavior, pedestrian compliance, and user understand-
ing. Robertson noted the following conclusions [2]:

e A steady DONT WALK clearance display appears to have the same
effectiveness as a flashing DONT WALK clearance display.
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o The DONT START indication offers little or no improvement over the
current DONT WALK indication.

- The author also stated that additfonal research is needed to determine the
"~ optimal clearance indication.

It should be mentioned that the experiment involved the use of the
steady DONT START indication to replace both the clearance (flashing DONT
WALK) and the prohibited (steady DONT WALK) indications. With this option,
pedestrians see no difference between the clearance and prohibited periods
and could be confused as a result. Another possible option could have
been to test a three-head pedestrian signal, using a WALK interval, a
steady DONT START for the clearance interval, and a steady DONT WALK for
the prohibition period.

In that same FHWA study, symbolic pedestrian displays were developed
and tested as an alternative to existing word messages. A variety of
symbols and colors were tested (Figure 22) using preference surveys
directed at 45 traffic engineers and safety experts, 300 pedestrians, and

~a number of elementary school children.

Three symbolic displays (with red-green and orange-white colors) were
- compared with the WALK/DONT WALK messages using pedestrian behavior,
pedestrian compliance and user understanding as MOE's (Figure 23). Before-
- after studies were conducted in two cities for each display, and a valida-
tion study was repeated in two additional cities. The following conclu-

- sions were revealed [2]:

e The hand/walking man symbol display is a significant improvement
over the standard DONT WALK/WALK display.

e The standing man/walking man symbol appears to be as effective as
the DONT WALK/WALK display.

e The circle slash/walking man symbol is not as effective as the
DONT WALK/WALK display.

e Even though pedestrians indicated a preference for red and green
signal indication colors, compliance with orange and white was
significantly higher.

e If symbolic pedestrian signals come into use, an educational pro-
gram will be necessary for elementary school pedestrians.

~ . sion of the hand symbol (orange) and walking man symbol (white) as option-

al pedestrian signal displays in the 1978 version of the MUTCD.
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Figure 22. Symbolic pedestrian indications evaluated using
reference systems.

Source: Reference 2
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Figure 23. Symbolic pedestrian displays evaluated using before and after
observations of pedestrian behavior.

Source: Reference 2
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One source of confusfon associated with the pedestrian clearance in-
dication occurs when a pedestrian begins crossing on the WALK indication
~and the signal changes to a steady or flashing DONT WALK (or hand symbol).
Some pedestrians believe that traffic will be released immediately, and
they attempt to retrace their path back to the sidewalk from which they
started. One possible cause of this confusion is that the glearance
message is not totally consistent with its intended meaning, since the
message flashes DONT WALK, when the intended meaning is "finish crossing"
or “don't step off curb”. "

In an effort to minimize this confusion during the clearance inter-
val, the 3M Dynamic Pedestrian Signal was developed. The dynamic pedes-
trian signal displays the WALK indicatfon during the permissive interval
and DONT WALK indication during the prohibited interval, as with conven-
tional signals. During the pedestrian clearance interval, however, the
WALK indication is optically projected in a moving pattern to be visible
to pedestrians who have begun their crossings during the WALK phase until
they have completed their crossing. Pedestrians on the curb, during the
clearance interval, see the DONT WALK display.

The dynamic pedestrian signal was evaluated in separate studies by
Kyle in 1973, Stoddard in 1974, and in another independent study for 3M
Corporation in 1974 [3,4,5]. The three studies analyzed pedestrian under-
standing, compliance, and behavior (i.e., aborted crossings during the
.clearance display) and found that the dynamic pedestrian signal was equi-
“valent to or better than the conventional pedestrian signal display. The
dynamic pedestrian signal was recommended for long crosswalks, divided
roadways, and intersections with a high percentage of elderly, young, or
handicapped pedestrians [3,4,5]. In spite of some of the favorable
aspects of the dynamic pedestrian signal, several potential problems were
noted. These included:

o Pedestrian height and walking speed affects the indication which
is displayed.

e Problems may exist with roadway grade, position of signal pole,
curb height, etc. on the visual field of the projected WALK or

DONT WALK message.

o Pedestrians on the curb at the onset of the clearance (who see the
DONT WALK) observe pedestrians slightly ahead of them (who see the
WALK) who are walking. This could encourage non-compliance of the
signal (i.e., the feeling that those pedestrians are crossing now,

- 50 why shouldn't I cross also.) '

e Some pedestrians see both indications at once when they arrive at -

“the curb at the onset of the clearance interval.
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° E1ectro—mechanical.Problems -have caused the signal to stick on
ALK, when the traffic signal was red [6].

.EAlthough the dynamic pedestrian signal concept is theoretically appealing,

these problems have discouraged its use to ‘date.

Current Practice

As a part of this study, phone conversations were held with represen-
tatives of more than seventy city traffic engineering departments and

personal visits were made to about 25 of those cities. Observations were

made relative to the types of pedestrian signal hardware and the mode of
operation of the signals (i.e., flashing or steady) during different in-
tervals. By far, the most common clearance indication in use today is the
flashing DONT WALK word message. A few cities, such as Washington, D.C.,

-Saginaw, Michigan and Denver, Colorado, have recently converted to the
symbolic flashing hand indication at a portion of their signalized inter-

sections.

Several cities still utilize the solid DONT WALK display to indicate
both the clearance interval and the prohibited crossing interval. While
not prevalent, a few cities still use the orange WAIT display (steady or
flashing) to indicate clearance. The WAIT signal displays were generally
the incandescent signal types which were an optional design given in the
1963 MUTCD. A few of the gas-filled tubing signals were also found with

“ the DONT WALK indication, as shown by Figure 11 in Appendix D [7].

Information from several sources was used to identify the pedestrian
clearance indications used in other countries. One of the more prominent
sources on this subject was a 1975 FHWA report entitled "European Experi-
ence in Pedestrian and Bicycle Facilities", [8] which included findings
based on visits in May 1974 to several cities in Germany, the Netherlands,
Demmark, Sweden, and Great Britain. The City of Delft (in the
Netherlands) was the only European city visited which used a flashing
device for the clearance interval. A flashing green pedestrian symbol is
used to designate the clearance interval. The steady symbolic red display
which remains activated during the DONT WALK interval, is commonly used
for the clearance interval in other cities in the Nether]ands, as well as
in Demmark and Sweden. A summary is provided in Table 24 of the current
practice in various countries relative to indications for the clearance
interval and pedestrian-vehicle conflicts. Most of the information was
taken from one FHWA report by Fee [8].

The absence of a pedestrian signal indication s used in Great -

~ Britain as the pedestrian clearance interval. The British Timit the use
~_of pedestrian signals primarily to intersections with exclusive, protected

pedestrian intervals. Pedestrians at these locations generally were found
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Table 24. Pedestrian signal indications as they are used in different countries.

Pedestrian Signal Indication

€11

‘ Walk Interval To Pedestrian Gbserved
:or The 1 P lt:gl:cete " (‘)on't H:lk (l:‘“"ml:. 1al Mot hda" triu;m :
tr Malk Interva otential Conflicts nterva nterva a oS ance
Coun *!-._—..= o 4:-_.-* — ‘:*___E:_i_.’.c_——___:——— Come ==Q
Great White “Walk* | ltone mentioned. Red "Wait" message | Pedestrian signal Pedestrian signals are | Poor (vehicle
Britain(12) message (switching to sym- | heads go blank used primarily whea signals are
- (switching to | bolic message) during this inter- the pedestrian is placed 30 pedes-
symbolic mes- | val. fully protected. trains cannot see
sages) ; ‘ : them, s0 pedes-
‘ . trians cross when
acceptable gaps
in traffic. Vhere
pedestrian sig-
nals exist,

waiting times are.
too high. For an

exclusive p«hs-
trisn phase, s0
signals are cfm
‘ violated). !
United Lunar White Solid or flashing Portland orange Flashing Don't The flashing walk Poor to good.
States solid “Walk® | mode for *Malk® or "Don‘t Walk® or Halk or hand (some concept wis first ta- | pending
(1,3,5.6) or symbolic symbolic walking symbolic hand cities still use a troduced in the 1971 city ml Mttw
‘ walking man man. (some cities stil) solid "Don‘t Walk* edition of the MUTCD. | om part of the
use the "Mait* or “Wait®) : The optional symbolic country since
message) man (Walk interval) police enforce-
and symbolic hand ment levels vary

(Don't Walk interval) widely.
were introduced in
the 1978 version of

| the MUTCD.

Mexico Symbolic | Wone ment ioned. smuc Red Stand- [ Sywbolic Red Stand- | MNone Unknown
Green Malking ing Man ing Man
Man !

Canada Symbolic ilmeh None ment ioned. Sysbolic Orange Unknown None Unknown
Outline of Outline of Hand

Walking Man | ' ' t

Source: | Reference 8



Table 24, P?destrian signal indications as they are used in different countries (Continued).

Fedhstrlm 1 Signal Indication

PTT.

| ihlk Interval To Pedestrian Ohserved
for The | T Indicate Don't Walk Clearance Pedestrian
Country alk Interval otential Conflicts Interval Interval Special Notes Compliance Rate
=:=Y"=:;====:—_=——__-—__.L —— femmeerer————————————————————————— e et
Germany(12) Symbolic Ydllou flashing sym- Symbolic Red Man Symbolic Red Stand- 1971 Higiway Code re- High {possibly
- Green Walking | bal of a walking man, {some signals have ing Man (same as for | quires the use of sym- | due to high ve-
Man i ‘lﬁidt is set on an double red signal Don't Walk interval) |bolic traffic sigmals. } hicle speeds
’ ; /angle aimed at the heads). , Most large cities have | and the concern
‘driver. : already comverted to of the pedes-

; symbolic. Some small trians for
i cities have not as yet.| their own

| safety.
i [ ’
Netherlands(12) Symbolic | | None mentioned. Swbolic Red Man Symbolic Red Stand- Very short clearance *Yery Weak® in
Green lmklng P ing Man (same as for | interval is used at Msterdom and
Man P Don't Malk). Some many locations. In the | the Hague. '
P use of flashing City of Delft, a flash- ..
l green man. ing green pedestrian
Lo ‘ symbol 1s sometimes . ‘
used to designate the o
‘ clearsnce interval. E
Denmark (12) Symbolic | . Mone mentioned. Symbolic Red Stand-| Symbolic Red Stand- | The words Wait and Adequiate (better

Green \mldng - ing Man ing Man Walk used to be the than the ;
‘ ; Danish standard, but Netherlands, bub
‘ sywbolic messages are not as high as
now used throughout in Germany).
Denmark. Some pedes-
trian push buttons

are used.
Suedcn(lz_) Symbalic 1 None mentioned. Symbolic Red Stand-| Symbolic Red Stand- | More consideration has | Mot givenm.
Green Walking | ° ing Man ing Man been given in recent
Man ‘ : years to minimize pe-

‘; : destrian delay. Sig-

! L nals are timed to

' : allow pedestrians to -
; cross both portions

§ j of a divided street ‘
i | at once, instead of LR
‘ waiting in the refugt R 14 VR
! | island. ‘ ‘

Source: Reference 8
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to violate th WAIT indication due to the Ton iting times that are
associated with pedestrian signals in Great Brit?anqa]. g

; An attempt was made in the FHWA report to subjectively assess the

observed levels of pedestrian compliance to the signals among the various
countries. Observed compliance appeared to vary widely from high compli-
ance in Germany to poor compliance in Great Britain and some citigs in the
Netherlands [8]. A wide range of pedestrian compliance rates &ave also
been found in the U.S. among various cities and parts of the country as
discussed earlier [9]. There is little or no evidence that attributes the
level of pedestrian compliance to the type of pedestrian signal message.
For example, several of the European countries (i.e., Denmark, Sweden, and
Germany, and some cities in the Netherlands) utilize the sy«boﬁc pedes-
trian signal messages with no special flashing mode for the clearance
interval. Yet, observed pedestrian compliance rates were found to vary
widely among these countries.

The symbolic red standing man and green walking man are also used in
Mexico and Israel, as reported by Robertson [9]. In Canada, the outline
of the symbolic hand (orange) and walking man (white) are used for the
DONT WALK and WALK intervals, respectively. These messages were found to
be preferable to the European standing-man/walking-man displays in a
1967 study [14].

) In addition to the traditional pedestrian clearance indications dis-
‘cussed earlier (i.e., flashing DONT WALK, steady DONT WALK) there were
* also numerous other devices which are currently being used as supplements
to or in place of the clearance indications discussed previously. For
example, Washington, D.C. has recently equipped several intersections with
audible pedestrian signals, which were intended to aid visually impaired
-pedestrians. The devices emit various frequencies of noise at the begin-
ning of each walk interval and change pitch, tone, or pattern at the onset
of the clearance interval.

Another type of clearance indication was observed in Detroit, which
was a three-section signal device with a WAIT, yellow ball (clearance
interval), and WALK, as illustrated in Figure 24. A three-section signal
with a DONT START message for the clearance interval was also installed
and tested in Miami, Florida. Although observations indicated that no
significant difference exists in pedestrian behavior between the DONT
START and flashing DONT WALK, pedestrians interviewed after crossing the
intersection stated they preferred the DONT START message as being less
confusing [15]. In Houston, Texas, a two-headed WALK/WAIT message is used
at many locations, where the WAIT is steady or f]ashes during the clear-
ance interval.

placed on the pedestrian s1gna1 poles to give the meamng of the flashing
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DONT WALK, as well as the steady WALK and steady DONT WALK indications.

e
E

These stickers were an attempt to educate the public, reduce confusion and
thereby improve compliance to pedestrian signals. A sign with similar
information is currently used in Albany,-New York, at virtually all pedes-
trian signal locations. The sign (in black™ and orange on white background)
is shown in Figure 25. «

- Various types of educational programs are also underway in several
cities to help teach pedestrians the meaning of the pedestrian signal in-
dications. For example, the city of Seattle has printed and distributed
brochures which explain the meaning of the steady WALK, the flashing DONT
WALK, and the steady DONT WALK. A copy of the brochure is shown as
Figure 26. Baltimore has printed and distributed various types of litera-

- ture aimed primarily at the pedestrian for safety in street crossings.

Many cities throughout the U.S. have utilized radio and/or television

- commercials to encourage greater pedestrian safety. In many areas, educa-

tional programs related to crossing safety are presented to school age
children to initiate good pedestrian behavior.

Alternatives to Indicate Potential Conflicts With Turning Vehicles

Past Research

Several articles and publications were found related to alternatives
to indicate potential conflicts with turning vehicles, where researchers
have examined the flashing WALK versus the steady WALK indications. A
1968 study by Welke [16] was performed in Washington, D.C. which evaluated
the effect of the flashing WALK indication on turning vehicle delay, com-
pared to: (1) blank-out DONT WALK units; and (2) green-yellow-red vehicu-
lar traffic signals (no pedestrian signals). The blank-out units are those
which provide no message (i.e., the signal head is blank) during a parti-
cular interval. A time-lapse, 16 mm camera was used to collect before and

" after data during hours of 11:30 a.m. to 1:30 p.m. on weekdays. The

flashing WALK did not result in any significant change in turning vehicle
delay compared with the blank-out DONT WALK. However, a significant reduc-
tion in right-turn vehicle delay was found with the flashing WALK compared
to the use of traffic signals alone. The author did not compare the
flashing WALK display to the steady WALK display, but recommended the use

. of the flashing WALK for non-vehicle-free crosswalks with two or more

turning vehicles per cycle for any eight hours of a given day. At loca-
tions with one or fewer turning vehicles per cycle, the standard green-
yellow-red vehicle signals (i.e., no pedestrian signals) were recom-

mended.

A quite different finding regarding the flashing WALK was reported in

a study by Sterling in 1974 [17]. A study of pedestrian observation rate

(percentage of legal crossings) and conflict rate (percentage of crossing
with specifically defined interruptions) was made at two intersections in
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Figure 24.

Three-section signal using the yellow ball as the
clearance indication.
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START CROSSING
/Y4 WATCH FOR
IS TURNING CARS

NON'T DONT START
FINISH CROSSING
WA L K IF STARTD

= PEDESTRIANS
DON T SHOULD NOT BE
WALK Y CROSSWALK

STEADY

FLASHING

Figure 25. Sign to explain the meaning of the pedestrian signal

indications - Albany, New York.
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Do net start to cross the siweet ¥ the DONT
ALK signal Is on.

Shortly after the DON'T WALK changes

-to a steady DON'T WALK, apposing vehicles will

vn-snnnldw-ndnuvheﬁnn>ux

Many older pedestrians signals have no flashing
intervals, but the DON'T WALK wams you for a
longer period, aliowiag you time to finish
crossing the street i you have begun,

The DONT WALK signals last throughout the
green and yellow lights for opposing vehicles.

" When the DON'T WALK sign is on and you want

to cross, check for a pedestrian button and walt

REMEMBER ~ ALWAYS look both ways
before crossing. And STAY ALERT!

—

U.S. Postage
PAID ’ s
Permit No. 10813
Seattie, WA

RAoom 910, Seatse Municips! Bidg

600 Fourth Avenue

Seattie, Washingion 98104
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Signais

Figure 26. Pedestrian safety brochure used in Seattle, Washington.
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“Why doesnt the WALK light stay on long
enough for me to cross the street?”

“Why do some of the DON'T WALK signs flash
and others don’t?”

“Who has right of way in a crosswalk--me or an
automobile?”

p:dewhnl, your Seattle Traffic Endue:r'

T
i |\1”'|1|'

After looking both ways, start across the street.

You might not reach the opposite curb before
the DON'T WALK signal flashes, but if you enter
a crosswalk during the WALK signal, you will
have the legal right and enough time to
complete crossing.

1f you need the maximum crossing time, cross at
the START of the WALK signal.

In both 1976 and 1977, 116 pedestrians were
struck by cars while “protected” by the WALK

ALWAYS LOOK BOTH WAYS BEFORE
CROSSING A STREET — THEN STAY ALERT.

/Flashing:
DON'T WALK

Uke the yallow flashing DONT
wuxdpm.cm

Sodore toasteady DONTWALK, these
mmn you that traffic will soon be

if you are siveady in the street, continue across.

The flashing DON'T WALK combined with the

WALK gives the average pedestrian time to cross
from curb to awb.

i you are on the sidewslk when the DON'T

\Oll’o\bll‘!/' /
DONT WALK IS A WARNING.
FNIN PN

Figure 26. Pedestrian safety brochure used in Seattle, Washington (Continued).



a compafison betﬁeen fhe flashing WALK and the steady WALK. The two major
conclusions from the study were as follows: -

1. A .significant1y higher percentage of both legal crossings and
decision legal crOfsings occurred with the steady WALK than with
the flashing WALK. 5

%;:,

2. A significantly higher percentage of illegal conflict crossings
occurred with the flashing WALK than with the steady WALK.

A compliance rate of only 29 percent was-observed with the flashing WALK,
compared to 51 percent compliance with the steady WALK. The conflict rate
was 8 percent for the flashing WALK, compared to 6 percent for the steady
WALK, and this difference was found to be statistically significant. The
author cited the unclear meaning of the flashing WALK as the primary
reason for its ineffectiveness.

In the 1977 FHWA study by Robertson, 400 pedestrians were surveyed in
two cities regarding the meaning of traffic signals [2]. Only 2.5 percent
of the pedestrians understood the meanings of the flashing and steady
WALK, and less than half of the pedestrians expected vehicles to turn into
the crosswalk (even though about one-fourth of the total traffic in these
two cities were turning vehicles). In that study, Robertson compared the
flashing WALK and the steady WALK in terms of pedestrian behavior, pedes-
trian compliance, and user understanding at a total of four intersections
~in two cities. The major conclusion was: "flashing WALK is not an effec-
tive means of warning pedestrians about turning vehicles". The author also
recommended that further research be conducted to determine the best means
of alerting pedestrians and motorists about turning vehicle conflicts.

Current Practice

The flashing WALK indication is used in a number of cities throughout
the country, such as Washington, D.C. However, many states (e.g.,
Michigan and Washington state) have not yet adopted the flashing WALK con-
cept either because of reservations about the effectiveness of the flash-
ing WALK or because of problems with converting existing signal hardware
to allow the flashing mode.

According to the FHWA report mentioned earlier, no special signal
messages are routinely used in Great Britain, Sweden, Denmark, or the

1 A decision legal crossing is one in which a pedestrian arr{Vés dufing
the DONT WALK interval and waits until the WALK message is displayed
before crossing.
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¢ Netherlands to alert pedestrians of potential conflicts [8]. In these

4.

; countries the same display (usually a steady symbolic green man) is used
- for the WALK interval, regardless of whether or not the interval provides
exclusive protection to the pedestrian, =

Various types of sign and signal. devices have been tested and used by
state and local highway agencies to indicate the potential for pedestrian-
vehicle conflicts. These messages have been directed at the motorist, as
well as the pedestrian. For example, in Ann Arbor, Michigan, a blue,
black, yellow, and white RIGHT TURN MUST YIELD TO PEDESTRIAN sign has been
placed at several locations near the campus of the University of Michigan

- (Figure 27). In Detroit, a black, and yellow rectangular sign WATCH FOR

- PEDESTRIANS WHILE TURNING (Figure 28) has been placed at several downtown

locations. In Washington, D.C., a black on red diamond shaped sign was

* observed which says YIELD TO PEDESTRIANS WHILE TURNING. In Manchester,

New Hampshire, 36 inch by 36 inch (90 by 90 cm) white signs with a yield
symbol in red and black Tlettering (Figure 29) have been installed at
fourteen intersections [6]. Other than the flashing WALK pedestrian indi-
cation, there is no provision in the MUTCD for standard traffic control
devices to provide this warning message.

Some displays have also been aimed at Eedestrians relative to watch-

ing for turning vehicles. For example, in Seattle, a two-headed pavement

marking which says LOOK BOTH WAYS is painted on many sidewalks at inter-
sections where no pedestrian signals exist (Figure 30). In addition,

- brochures are used in Seattle to help teach the public the meaning of the

steady WALK (Figure 26). .The brochure reminds the pedestrian to look both
ways before crossing the street even when a steady WALK is displayed (the

- flashing WALK is not used in that state). The sign placed on signal poles

in Albany, New York (Figure 25), and the stickers in Broward County,

~Florida, also alert pedestrians of the meaning of the WALK and flashing

WALK indication, as discussed earlier.
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Figure 27. Pedestrian yield sign (for motorists) used in
Ann Arbor, Michigan
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Figure 28. Warning sign used in Detroit, Michigan.
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Alternative 1
PEDESTRIAN SIGNALIZATION ALTERNATIVES:

TECHNIQUES TO INDICATE CLEARANCE

Description (Color, Movement, Message, Size, Etc.)

€

Educational campaign to inform pedestrians as é; the
‘meaning of the flashing DONT WALK (or hand) Radio, news-
paper ads., handouts, and/or Television ads. may be used
in one somewhat isolated city.

Sketch or Drawing of the Alternative

These advertisements should be used in conjunction with
existing pedestrian signals in a specific area (preferably with
the standard word or symbol message). The selected city
should be one which is known to have a pedestrian safety prob-
lem.

Past Use of the Alternative

Various educational campaigns have been used in the past
to inform the public about the meaning of traffic control
devices, use of seatbelts, need to not liter along the high-
way, etc.

Justification for Use

There already exists various combinations of pedestrian

signal indications in terms of colors, flashing versus non-
flashing messages, standard vs. non-standard messages, etc.
Instead of only trying more "new" indications (which could
cause more confusion), it may be more effective to inform
the public of the meaning of existing pedestrian indications.
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TECHNIQUES TO INDICATE CLEARANCE (Continued)

Potential Advantages

e Such an educational campaign could include an explanation of
not only the clearence interval (flashing DONT WALK) but also
the flashing WALK and possibly the Yield sign or signal for
pedestrians. 4 ’

® Pedestrians would not have to guess about the meaning of the
standard pedestrian indications.

o The public would not be burdened with still another new type
of pedestrian signal to understand.

Potential Disadvantqgeé

® Could be very expensive to educate people at the national
level.

®Al]l pedestrians would probably not be reached, regardless of
the amount or type of advertisement.

e Current standards for pedestrian signal indications may

be far from optimal, and it may be more appropriate to provide
a more self-explanatory indication.

Estimated Cost of Installation

Moderate to high, depending on the type of advertisement
and whether radio/TV/newspapers are willing to donate free
time or space as a public service announcement.

Ongoing advertisement costs are required.
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Alternative 2

PEDESTRIAN SIGNALIZATION ALTERNATIVES:
TECHNIQUES TO INDICATE CLEARANCE

Description (Color, Movement, Message, Size, Etc.)

School education program regarding pedestrian éafety.
A brief 5-10 minute presentation with slides (or movie
footage) could be developed to be shown to school-age

children and also possibly to other groups (women's club,
etc.).

Sketch or Drawing of the Alternative

N/A

Past Use of the Alternative

The American Automobile Association maintains a program
of pedestrian safety which includes emphasis on school-age
children. Also, Goodell-Grivas, Inc. has developed a compre-
hensive school safety program for the Rochester school district.

Dade County, Florida is currently conducting an urban pe-
destrian safety demonstration project under contract with NHTSA
which includes a primary school education program in the county.

The particular alternative would be geared to the pedes-
trian group with the least understanding of signals and the
- highest pedestrian accident experience of any age group. It
could be implemented possibly in conjunction with the AAA prog-
ram of child safety.
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TECHNIQUES TO INDICATE CLEARANCE (Continued)

Potential Advantages

e This would be an organized program which could reach a large
segment of the young inexperienced population regarding the
meaning of existing pedestrian signal alternatives.

eIt could be merged with existing programs (AAA program, part

of routine instruction, or programs conducted by police de-
partments, etc.) in various school district.

Potential Disadvantages

®Would only reach a small percentage of the total pedestrian
population, even if it is instituted in all schools.

e Children are likely to forget the information presented in
the program unless it is reinforced several times.

e The specific pedestrian signal alternatives and laws differ
somewhat between cities and states throughout the U.S.

eThe elderly is another group which is overrepresented in
pedestrian accidents. They, however, would be largely
excluded from this education program.

Estimated Cost of Installation

Varies

Estimated Cost of Maintenance and Operation

Costs would continue depending on the number of times
that presentation is given. However, costs would mostly

- include time for presenting course.
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Alternative 3
PEDESTRIAN SIGNALIZATION ALTERNATIVES:
TECENIQUES TO INDICATE CLEARANCE

Description (Color, Movement, Message, Size, Etc.)

Driver education program through inclusion of pedestri-
an signal information in Drivers Manual.

Sketch or Drawing of the Alternative

N/A

Past Use of the Alternative

Some information related to pedestrians is contained in
state Drivers Manuals throughout the country. However, de-
tails of the meaning of the various indications is often not

given.

Justification for Use

... .. The majority of pedestrians in many areas are licensed
drivers. Studies have shown that there is a wide spread
lack of understanding of the flashing DONT WALK as well as
the flashing WALK. Therefore, one method of improving un-
derstanding of pedestrians is to include such information in
the Drivers Manual and work with one or more states to ask
guestions about pedestrians on the drivers test.
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TECHNIQUES TO INDICATE CLEARANCE (Continued)

Potential Advantages

.®A large portion of the population (new drivers) would at
least be expected to learn about the meaning of pedestrian
signals.

oIt would eliminate the need to replace all existing pedestri-
an signals.

Potential Disadvantages

®eVery slow and indirect method of educating pedestrians.

® Evaluation of its effectiveness would be very difficult and
require data collection several years later.

e No impact on the young pedestrian group and those who do not
have a drivers license.

Estimated Cost of Installation

Unknown

. Estimated Cost of Maintenance and Operation

N/A
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Altern;tive 4
PEDESTRIAN SIGNALIZATION ALTERNATIVES:
TECHNIQUES TO INDICATE CLEARANCE

e

Description (Color, Movement, Message, Size, Etc.)

Post a notice of the meaning of WALK and DONT WALK
signals at the corners with pedestrian signals (educational

campaign) .

Sketch or Drawing of the Alternative

Signal
Pole

Past Use of the Alternative

This program has been implemented in Broward County,
Florida on poles with push buttons and pedestrian signals.
Albany, New York uses a similar sign to explain the use
of signal actuation devices. Also, Albany publishes "Street
Sense" literature.

Justification for Use

e Inexpensive.
e Constant reminder to pedestrians.
oIt effects only those who are using the crossihg. Time and

money for education or explanation of signal operation are
not spent on others.
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TECHNIQ&ES TO INDICATE CLEARANCE (Continued)

Potential Advantages

eProvides a simple meaning of all pedestrian messages/symbols
that are used.

® On-going public education program.

Potential Disadvantages

e Must be clearly worded to avoid confusion.

e Useless to those who cannot read (young, those who do not
understand English, blind, etc.).

® May be defaced by vandals.

Estimated Cost of Installation

Low

Estimated Cost of Maintenance and Operation

Low
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Alternative 5

PEDESTRIAN SIG&ALIZATION ALTERNATIVES:
TECHNIQUES TO INDICATE CLEARANCE

Description (Color, Movement, Message, Size, Etc.) i
:‘Z

The steady DONT WALK or flashing hand during the
clearance and prohibitive crossing interval, and eliminate
the flashing indication.

Sketch or Drawing of the Alternative

b O N i )

w. Red -~ DONT - Red
(Steady) [*‘WALK.KE (Steady)

-— e C ety

" White : White
(Steady) WALK (Steady)

Past Use of the Alternative

The solid DONT WALK (or hand) has been used by various
agencies for clearance instead of the flashing indications.

Most pedestrians do not understand the flashing indica-
tions as compared to steady indications. The use of the
steady DONT WALK (or hand) during clearance provides a margin
of safety. -
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' TECHNIQUES TO INDICATE CLEARANCE (Continued)

Potential Advantages

o The pedestrian doesn't have to interpret a flashing DONT WALK
or symbol message.

o The pedestrian is given a margin of safety with a longer steady
DONT WALK (or hand) indication.

oThis is simpler to understand, particularly for very young

pedestrians who don't understand the concept of a clearance
interval.

Potential Disadvantages

e Pedestrians who are already in the street and see a steady DONT
WALK (or hand) may be "intimidated"”, and think that cars im-
mediately have the green. However, if this occurs, they are
likely to hasten their crossing instead of either stopping
midway across the street or turning back to where they started.

Estimated Cost of Installation

Low

Operation and maintenance may be lower than the flashing
signal due to fewer on-offs for the bulbs.
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Alternative 6

PEDESTRiAN SIGNALIZATION ALTERNATIVES:
TECHNIQUES TO INDICATE CLEARANCE

Description (Color, Movement, Message, Size, Etc.)

START - DONT START messade with the word "Pedestrians"
at the top of the signal.

Sketch or Drawing of the Alternative

Standard double section signal face
PEDESTRIANS with addition of the of the word
“Pedestrian" at top.

DONT START

START

Past Use of the Alternative

Unknown

‘Justification for Use

Simple and low cost.
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TECHNIQUES TO INDICATE CLEARANCE (Continued)

Potential Advantages

eClear, unambiguous and low chance of confusion.

e The "Pedestrians" sign can be used with any signal'display
or configuration.

Potential Disadvantages

eLikely poor compliance resulting from simplicity of opera-
tion.

Estimated Cost of Installation

Low

Estimated Cost of Maintenance and Operation

Low
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Alternative 7

PEDESTRIAN SIGNALIZATION ALTERNATIVES:
TECHNIQUES TO INDICATE CLEARANCE

Description (Color, Movement, Message, Size, Etc.)

For pedestrian actuated intersections, use a push button
concept that shows WAIT/CROSS message on the actuation device
as well as on the pedestrian signal. Operates in the same
manner as a push button system on an elevator. When the

actuation device is pressed the WAIT message is shown until
it is safe to cross.

This concept uses pedestrian indications which have only
two modes: Go (CROSS) and Stop (WAIT). Build the clearance
~interval into the beginning of the WAIT indication such that
WAIT (or DONT WALK) is shown during the clearance interval.

Sketch or Drawing of the Alternative

.CROSS:-

PRESS TO
CROSS &— (Push Button)

Past Use of the Alternative

The WAIT/CROSS concept has been used in the past as well
as the steady WAIT (DONT WALK or DONT START).

Justiftcittun"fbr Use

o gimple non-confusing could elicit uniform response. Most
people are familiar with bi-modal concept such as "CROSS
STREET/WAIT". Could set up like elevator button and display
and have bi-modal color/word concept - add audio message
signal (just as elevator does when car arrives) when pedes-
trian signal goes from CROSS to WAIT and WAIT to CROSS.

139



 TECHNIQUES TO INDICATE CLEARANCE (Continued)

Potential Advantages

eSimple.

eWon't confuse pedestrians.

®No education campaign for pedestrians required.

®Uses established concepts.

Potential Disadvantages

eTraffic engineer has to set proper timing for both wvehicular
and pedestrian traffic, wait signal must permit elderly person
in middle to continue across or to go back to starting place.

Estimated Cost of Installation

Moderate

Estimated Cost of Maintenance and Operation

Moderate
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Alternative 8
PEDESTRIAN SIGNALIZATION ALTERNATIVES:

TECHNIQUES TO INDICATE CLEARANCE

pescription (Color, Movement, Message, Size, Etc.)

"WALK - WAIT AT CURB" - word message either steady or

flashing. The WAIT AT CURB
message is shown during the

clearance and DONT WALK inter-
val.

Sketch or Drawing of the Alternative

WAIT AT

Standard double section signal face.
CURB

WALK

Past Use of the Alternative

None known

Justification for Use

 simplistic
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TECHNIQUES TO INDICATE CLEARANCE (Continued)

Potential Advantages

e Less chance of confusion, as message is clear and unambiguous.

Potential Disadvantages -

o A simplistic word message like this may result in poor compli-
ance.

oDifficult to understand by young children and those who cannot
read English.

e May not offer any real advantage over the WALK/DONT WALK message.

Estimated Cost of Installation

Moderate

Moderate
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Alternative 9

PEDESTRIAN SIGNALIZATION ALTERNATIVES:

TECHNIQUES TO INDICATE CLEARANCE

Description (Color, Movement, Message, Size, Etc.) -

Three~section signal with center section (yellow) for
clearance, steady orange DONT WALK with flashing or steady

yellow DONT START, and steady white WALK.

Sketch or Drawing of the Alternative

Orange

Yellow

White

DONT
WALK

1T e et gre
|+ DONT °
i START:
fn e e v

p’;L‘,-;;uM .

T
PO vt = s

WALK

or

Past Use of the Alternative

The DONT START in a two-head signal was tested by Robertson

in a FHWA study and by an ITE committee in Miami.

Justification for Use

interval.

. Motorists and pedestrians generally understand that the
vyellow color and the center signal head indicate a clearance
A flashing DONT WALK is not understood by pedestri-

ans, since the same words are used after the clearance is over.
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TECHNIQUES TO INDICATE CLEARANCE (Continued)

Potential Advantages

e Simple and unambiguous, more readily understood by pedestrians.

® More directly and accurately indicates the proper message
to the pedestrian compared to the flashing DONT WALK.

Potential Disadvantages

e Not a currently used design, so a period of acclamation/
adjustment would be needed.

® There may be a guestion whether the pedestrian really needs
to know when the clearance interval is in effect.

Estimated Cost of Installation

Moderate or slightly higher than traditional signals due
to the extra hardware needed.

~ Estimated Cost of Maintenance and Operation— -

Moderate to slightly higher due to three signal sections.
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Alternative 10

PEDESTRIAN SIGNALIZATION ALTERNATIVES:

TECHNIQUES TO INDICATE CLEARANCE

Description (Color, Movement, Message, Size, Etc.) ¥

Three lens pedestrian signal using a yellow ball to
indicate clearance interval.

Sketch or Drawing of the Alternative

Steady

Steady

Steady

DONT -
WALK

WALK

Past Use of the Alternative

Orange
Yellow

White

Some New England cities utilize a steady red and yellow
ball to indicate the pedestrian clearance interval on regu-
lar signal heads (side mounted signals).

Justification for Use

Pedestrians are accustomed to traffic signals and
associate a yellow indication as a "prepare to stop" or

"clear the intersection" display.

This display has a good

possibility of being properly interpreted by the pedestrian.
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TECHNIQUES TO INDICATE CLEARANCE (Continued)

Potential Advantages

® No complicated word display needed.

eSimplistic, symbolic clearance display.

Potential Disadvantages

o May confuse drivers seeing a yellow ball.

® Very young pedestrians may not understand the meaning of the
yellow ball. '

o An educational program may be needed to inform the public.

Estimated Cost of Installation

Moderate to slightly higher than the existing standard
WALK/DONT WALK pedestrian signal.

Estimated Cost of Maintenance and Operation

Moderate

146



Alternative 11

PEDESTRIAN SIGNALIZATION ALTERNATIVES:
TECHNIQUES TO INDICATE CLEARANCE

Description (Color, Movement, Message, Size, Etc.)

Symbolic message using green-yellow-red colors to com-
municate WALK/DONT WALK instructions to pedestrians. All
three indications are shown on one face thus decreasing the
size of the signal while increasing the visibility of the
symbol message.

Sketch or Drawing of the Alternative

Green Yellow Red
|Iiiill' IIHHIII

Past Use of the Alternative

‘Standard symbols used for WALK and DONT WALK. Different
colors have been used in the past.

Justification for Use

Symbols can be interpreted by those too young to read.
Colors are standard for "Go", "Prepare to Stop", "Don't Go".
. Three distinct symbols for three distinct intervals.

147



TECHNIQUES TO INDICATE CLEARANCE (Continued)

Potential Advantages

e Young children can understand, as can those who can't read
"English.

¢ Same colors as shown to drivers. Pedestrians may associate
the yellow indication in the same manner as the traffic
amber signal and not start crossing or "run like the wind"
to complete their crossing.

Potential Disadvantages

eIn past studies, green and red have not performed as the
best colors.

eTechnology may not exist to display all three symbols on
the same lense.

Estimated Cost of Installation

Moderate or somewhat higher than existing two-indication
pedestrian signals.

Moderate
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Alternative 12
PEDESTRIAN SIGNALIZATION ALTERNATIVES:
_ TECHNIQUES TO INDICATE CLEARANCE

Description (Color, Movement, Message, Size, Etc.)

Pedestrian symbols used in combination with a word
message in the following manner:

® WALK interval - Walking man (steady).

eClearance interval - Red hand with WAIT message.
(flashing).

®DONT WALK interval - Red hand with WAIT message.
(steady) .

Sketch or Drawing of the Alternative

Standard symbolic signal face as shown
with combination of flashing DONT WALK
message and raised hand symbol for the
clearance interval and a steady

WAIT message and raised hand symbol
during the don't walk interval.

Past Use of the Alternative

None known

Justification for Use

Will bring more attention to the pedestrian signal,
particularly during the clearance interval.
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TECHNIQUES TO INDICATE CLEARANCE (Continued)

Potential Advantages

eAdditional factor of safety due to symbol reinforced by word
message.

eAttracts attention to pedestrian signal.

Potential Disadvantages

e May be misinterpreted as a pedestrian ‘'Yield sign due to the
flashing.

Estimated Cost of Installation

Moderate to slightly higher.

Estimated Cost of Maintenance and Operation

Moderate to slightly higher.
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Alternative 13
PEDESTRIAN SIGNALIZATION ALTERNATIVES:
TECHNIQUES TO INDICATE CLEARANCE

Description (Color, Movement, Message, Size, Etc.)

Use a three color signal to indicate "go", "clearance",
and "stop" for pedestrians (green, yellow, red). Change shape
and locate the pedestrian signal so it does not cause con-
fusion (not visible to operators of motor vehicles). A
"Pedestrian” sign may be used at the top of signal to avoid
confusion.

Sketch or Drawing of the Alternative

Since traffic signals for motor vehicles are round, use
rectangular pedestrian signals.

Orange (Red)
Yellow

White (Green)__€>

Past Use of the Alternative

Every pedestrian that drives or has been an observant
passenger in a car will understand the three color message.

Justification for Use

Uses standard colors. Not a difficult concept to communi-
cate to all ages which make up pedestrian population.
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TECHNIQUES TO INDICATE CLEARANCE (Continued)

Potential Advantages

eSimple message, no words are needed.

Potential Disadvantages

e Should have education campaign for the meaning and use of
three color pedestrian signal.

@ Color blind pedestrians might have same problem as with
other traffic control signals, but can tell from placement

of light what to do.

Estimated Cost of Installation

Low to Moderate

Estimated Cost of Maintenance and Operation

Low to Moderate



Alternative 14

PEDESTRIAN SIGNALIZATION ALTERNATIVES:
TECHNIQUES TO INDICATE CLEARANCE

Description (Color, Movement, Message, Size, Etc.)

WALK - DONT WALK with audible bell (as in railroad
crossing). The clearance interval is built in to the don't
walk interval such that a steady DONT WALK indication is
shown throughout both intervals. A steady WALK is shown
during the crossing interval.

Sketch or Drawing of the Alternative

Standard double section signal face with the
DONT (Bell) audible bell coordinated with the DONT WALK
WALK message during the clearance interval (and
possibly during the entire DONT WALK interval).

WALK

Past Use of the Alternative

The use of an audible message during the DONT WALK is
unknown.

Justification for Use

Will increase attention to signal indications at pedes- -
trian crossing.
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Estlmated Cost of Maintenance and Qgeration

TECHNIQUES TO INDICATE CLEARANCE (Continued)

Potential Advantages

.o May prevent pedestrians from starting to cross when there
is not sufficient clearance time.

eWill be particularly helpful to the blind and the elderly.

PotentialkDisadvantages

eNoise may be disturbing/distracting attention of motorists.

e May create more confusion among pedestrians crossing in the
perpendicular direction. The use of an audible message may
be more appropriate when used with an exclusive pedestrian
crossing phase.

Estimated Cost of Installation

Moderate to higher than existing pedestrian signals
due to the hardware needed for the audible message.

Moderate to high due to maintenance for the audible
hardware.
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Alternative 15
PEDESTRIAN SIGNALIZATION ALTERNATIVES:
TECHNIQUES TO INDICATE CLEARANCE

Description (Color, Movement, Message, Size, Etc.)

Walking man - raised hand symbols with an audible
message. The flashing hand symbol may be used during the
clearance interval.

Examples of audible message can include:

1. Pedestrians, please do not start crossing main
street.

2. Pedestrians, please wait at the curb until the walk-
ing man symbol appears.

Sketch or Drawing of the Alternative

q* Standard symbolic signal coordinated
with audible message.
lliill |

Past Use of the Alternative

Limited experience of the audible signal in England and
the U.S. No known studies using an audible word message.

Justification for Use

- -Will increase safety elements of pedestrian crossing by =

providing explicit directions to pedestrians.
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TECHNIQUES TO INDICATE CLEARANCE (Continued)

Potential Advantages

e May prevent pedestrians from starting to cross when there
is not sufficient clearance time by providing explicit
instructions.

® Will be particularly helpful to the blind and the elderly.
® Message in different languages can be made in bilingual

areas or in cities with large numbers of tourists from
foreign countries.

Potential Disadvantages

e Noise may be disturbing/distracting attention of motorists
as well as businesses and residents in the area.

® May create more confusion among pedestrians crossing the
perpendicular direction. However, pedestrian confusion may
be minimized as the street name will be mentioned in the
message.

e May be difficult to hear the message due to background noise
or poor sound reproduction from the speaker.

o The message may only be repeated once or twice when the
clearance interval is short.

Estimated Cost of Installation

Moderate to high due to audible hardware.

Estimated Cost of Maintenance and Operation

Moderate to high due to audible hardware.
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Alternafive 16

PEDESTRIAN SIGNALIZATION ALTERNATIVES:
TECHNIQUES TO INDICATE CLEARANCE

Description (Color, Movement, Message, Size, Etc.)

Walking man - raised hand pedestrian symbol and word
message coordinated with either:
(1) audible bell or (2) audible message.

During the clearance interval an audible message is coordinated
with the flashing symbol and word message. During the DONT
WALK interval, a different audible message is used with steady

indication.

Sketch or Drawing of the Alternative

Audible bell or audible message

used to reinforce each signal
message.

DONT
START

Past Use of the Alternative

Unknown

Justification for Use

Additional attention drawn to the pedestrian signal due
to the flashing message and audible message.
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TECHNIQUES TO INDICATE CLEARANCE (Continued)

Potential Advantages

®Particularly advantageous to the blind, deaf and the elderly
with both symbol, word and audible message.

Potential Disadvantages

® May create undesirable confusion to pedestrians and other
motorists. May be most desirable to locations with exclusive
pedestrian crossing.

e Audible signal may cause noise problem.

Estimated Cost of Installation

Moderate to high due to audible hardware.

Moderate to high
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Alt;ernative 17
PEDESTRIAN SIGNALIZATION ALTERNATIVES:
TECHNIQUES TO INDICATE CLEARANCE

Description (Color, Movement, Message, Size, Etc.)

: Symbolic message based on the walking man/raised hand
concept using a flashing yellow hand to indicate clearance.
The symbolic message is reinforced by an audio message
(warning buzzing sound). 1In addition, a bell rings 1-2
seconds after the start of the walk interval. All symbolic
messages are indicated on the same signal head to increase

the visibility of the symbol.

Sketch or Drawing of the Alternative

Steady White = Flashing Yellow Steady Orange or Red
(WALK) (CLEARANCE) (DONT WALK)

(One bell to (Warning buzzing

indicate walk) Sound)

Past Use of the Alternative

Standard symbolic messages. Audio messages have been
used in various studies in the past.

Just—i fication for Use

- Symbols -~ for universal understanding.

Audio message - to aid blind and others with poor eyesight,
to catch everyone's attention and to rein-

force symbols.
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TECHNIQUES TO INDICATE CLEARANCE (Continued)

Potential Advantages

e Audio message will reinforce symbol display and will call
" more attention to pedestrian signal, hopefully increasing

compliance.

® A warning "beeping" or buzzing along with the flashing hand
symbol should warn that the walk interval is about to end.

Potential Disadvantages

¢ May need an education campaign to provide a clear inter-
pretation of clearance message.

o The noise produced by the signal may be a problem.

o The noise from one street crossing may be confusing to the
pedestrians crossing another leg at the intersection. Con-
fusion can be eliminated by using an exclusive pedestrian

crossing interval.

Estimated Cost of Installation

Average to high

Estimated Cost of Maintenance and Operation

Average to high due to maintenance for the audible hard-

ware.
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Alternative 18

PEDESTRIAN SIGNALIZATION ALTERNATIVES:

TECHNIQUES TO INDICATE CLEARANCE

Description (Color, Movement, Message, Size, Etc.)

Variable message sign to spell out what you want
pedestrians to know (i.e. "Signal is changing) and what you
want them to do (i.e. "Please do not cross"). To attract

attention and interest have display spell out a line at
time until the entire message is provided.

Sketch or Drawing of the Alternatiwve

... THE SIGNAL IS

... PLEASE DO NOT
- CHANGING ......

cmss e e oo 0

Past Use of the Alternative

Used in roadway (motorist information systems) in the
past.

Justification for Use

'“'“Wﬁbevidééufﬁii“heQSégé for pedestrians and the pedestri-
an does not have to interpret a symbol or one=word .message.
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TECHNIQUES TO INDICATE CLEARANCE (Continued)

Potential Advantages

o Can add emergency and route diversion information.

eIt provides unigue opportunity to communicate with pedestri-
ans which are conditoned by society to be passive watchers
(movie, T.V., etc.). During DONT WALK, provide cartoon with
subliminal safety message. People wouldn't want to cross
and would wait thru DONT WALK interval to watch show. Then
if advertising is added, it could pay for the whole system.

Potential Disadvantages

®Pedestrians must be able to read in English which may cause
problems with young children.

eIt may take too long to provide full message or to read
message and may distract pedestrians from looking for cars.

® May need a large signal.

®Must have an external (or internal) light source to be seen.

Estimated Cost of Installation

May be free if paid by sponsors, otherwise high cost.

Estimated Cost of Maintenance and Operation

May be free if paid by sponsors, otherwise high cost.
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Alternative 19

PEDESTRIAN SIGNALIZATION ALTERNATIVES:
TECHNIQUES TO INDICATE CLEARANCE

Description (Color, Movement, Message, Size, Etc.)

One signal head with three distinct messages on the same
face and a digital countdown clock as shown below, which in-
dicates crossing time and waiting time. The crossing time at
the start of the WALK interval would include the clearance
interval and the time remaining to cross is indicated through-
out the clearance interval. As an option the display for the
time remaining to cross can be eliminated during the clearance
interval.

Sketch or Drawing of the Alternative

Steady - White Flashing Yellow Steady - Orange.

A
wark |(Walk WAIT
: time ‘ L (Digital
XX plus XX % Readout
clear- ~ for
SECONDs | ance SECONDS Waiting
inter- Time)
val) v

Past Use of the Alternative

None known.

Justification for Use

This indication has a distinct clearance interval with
a clear message. The WAIT interval clearly shows the time
the pedestrian will be delayed and that his crossing time
may not be "long off" to encourage his/her waiting for a
safe crossing.
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TECHNIQUES TO INDICATE CLEARANCE (Continued)

Potential Advantages

® May encourage pedestrians to cross only during time intervals
when a safe crossing can be made.

e Particularly good for pedestrian actuated signals which gives
the waiting time after the push button is pressed.

o A single fiber optics head may be possible.

Potential Disadvantages

®If there is a long time to wait pedestrians may be encouraged
to cross against the signal. A “countdown effect may en-
courage the pedestrians to cross a few seconds early (before the
intersection is cleared). This may be overcome by delaying
the WALK for 1 or 2 seconds after the green interval for ve-

hicular traffic.

®Very young pedestrians can not read or may not be able to
judge crossing time.

® For very wide streets, the elderly or others with vision prob-
lems may not be able to read time values.

Estimated Cost of Installation

Moderate to high

Moderate to high
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Alternative 20
PEDESTRIAN SIGNALIZATION ALTERNATIVES:

TECHNIQUES TO INDICATE CLEARANCE

Description (Color, Movement, Message, Size, Etc.)

In addition to the existing pedestrian signal hardware,
install a countdown device to communicate:

l. Signal changing (from WALK to DONT WALK).
2. How long until change.

It may be advisable to combine an audio message while the
clearance device is working.

Sketch or Drawing of the Alternative

. Alternative 1 Alternative 2 - Red advances

20 Sec.
)

TN
\ /

S
10 Sec. Start

Past Use of the Alternative

Various types of countdown clocks have been tried in the
past.

Justification for Use

Countdown clocks will be useful in providing not only
clearance, but length of clearance or visual picture for
length of remaining crossing time.
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TECHNIQUES TO INDICATE CLEARANCE (Continued)

Potential Advantages

eAdd to existing signals rather than having to replace current
signals.

Potential Disadvantages

® Requires education campaign.
eMay be confusing to interpret.

eAudio message may cause noise pollution problem.

Estimated Cost of Installation

Estimated Cost of Maintenance and Operation

Moderate to high

Moderate to high
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Alternative 21

PEDESTRIAN SIGNALIZATION ALTERNATIVES:
TECHNIQUES TO INDICATE CLEARANCE

Description (Color, Movement, Message, Size, Etc.)

2
A device with a variable rate of flash can be used to

indicate the time remaining to cross. Such a device could
be used with existing or new signal equipment.

Sketch or Drawing of the Alternative

5
Number
of
Flashes
per
Second ;

2 10 Sec.
Time remaining to cross

Past Use of the Alternative

None known.

Justification for Use

= e

.- . This device gives the pedestrian an indication of the
amount of crossing time available - thus they may not start
or might hurry.
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 Estimated Cost of Maintenance and Operation

TECHNIQUES TO INDICATE CLEARANCE (Continued)

Potential Advantages

. ®#Gives indication of available crossing time.

® Can be adapted to signal hardware in existance.

Potential Disadvantages

®Flash rate does not tell the exact amount of time available
but then the pedestrian has to estimate his crossing time,

anyway.

® Pedestrians must understand the meaning, it is likely to be
very confusing.

®Low clearance times may not permit a sufficient number of
flashes.

Estimated Cost of Installation

Moderate

® Needs a simple miéro-chip to control the flash rate once the
impulse is given for a don't walk indication.

Moderate

168



Alternative 22

PEDESTRIAN SIGNALIZATION ALTERNATIVES:
TECHNIQUES TO INDICATE CLEARANCE

Description (Color, Movement, Message, Size, Etc.)

The use of a flashing warning device imbedded in the
pavement surface near the curbs at crosswalks. Pedestrians
faced with crossing a street are processing a large amount
of information, including watching their step. A flashing
system located at curb level may be useful to indicate to
the pedestrians not to start. An overhead variation may
also prove useful - the color of the indication may be
altered to reflect different messages.

Sketch or Drawing of the Alternative

The indicator can be simply a flashing light or a word

message.
Sidewalk Indicator
Surface ‘///// Curb

i Ny
- | P ‘\(Offers pro-
A . ‘ » ~ \| tection for
-> Crosswalk s, v \device)
PN m s TSN
. b v .= "
— Indicator SRR T

Past Use of the Alternative

CROSS SECTION

A similar device has been used in the newer transit
systems to indicate the approach of a train. The platform
edge lights flash when a train approaches.

Justification for Use

réédééiriéhé, if informed of the meaning of the indica-
tion, will be instructed not to start. Pedestrians of all
ages (heights) will be able to readily observe this device

by looking down. The volume of pedestrians may necessitate
the use of larger indicators. '

Y
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TECHNIQUES TO INDICATE CLEARANCE (Continued)

Potential Advantages

eVisible to all pedestrians (also closer to the pedestrian to
overcome vision problems).

e May be possible to program different messages using fiber
optics - i.e. "Stop", "Don't Start", "wWatch for turning

vehicles”.

¢ Could be optically programmed.

Potential Disadvantages

® Potentially more difficult to maintain.

® Requires non-skid surface.

@ Fails to indicate the amount of crossing time available.

e Visibility is questionable on very bright days or in winter
months where the ground is snow covered.

eDevices must be sealed to prevent water from affecting
operation.

® Pedestrian must look down to see message, in doing this
they can not see turning vehicles or other vehicular traffic.

Estimated Cost of Installation

®High, could be installed with sidewalk replacement (i.e.,
ramp installation).

® Probably similar to other type signals, but this is depen-
dent upon level of sophistication.

® Requires greater maintenance of drainage aspects.
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APPENDIX H - DETAILS OF DEVICES TO INDICATE POTENTIAL
PEDESTRIAN-VEHICLE CONFLICTS
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~ Alternative 1

PEDESTRIAN SIGNALIZATION ALTERNATIVES:

TECHNIQUES TO INDICATE POTENTIAL CONFLICTS

Description (Color, Movement, Message, Size, Etc.)

Eliminate all turns during high pedestrian volumes or
selected time period.

Sketch or Drawing of the Alternative

S

NO
TURNS
7 AM-
7 PM

e ~

Past Use of the Alternative

Used at many locations.

Justification for Use

Eliminate all possible conflicts with turning vehicles.
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TECHNIQUES TO INDICATE POTENTIAL CONFLICTS (Continued)

Potential Advantages

@®No chance for accident with turning vehicles.

Potential Disadvantages

®May cause problems with traffic flows and operations at
the intersection.

®May not be applicable to all locations.

®May cause a false sense of security to pedestrian if turn
prohibitions not effectively enforced.

Estimated Cost of Installation

Low

Estimated Cost of Maintenance and Operation
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PEDESTRIAN SIGNALIZATION ALTERNATIVES:

TECHNIQUES TO INDICATE POTENTIAL CONFLICTS

Description (Color, Movement, Message, Size, Etc.)

An overhead sign above the right turn lane which indi-
cates WATCH FOR PEDESTRIANS or a similar message.

Sketch or Drawing of the Alternative

Y N

SPAN WIRE OR MAST ARM/;}

Vs

TN Y OVERHEAD SIGN
| A1 ' WATCH FOR
&T PEDES TRIANS

Past Use of the Alternative

Such signing has been used in various forms.

,Justification for Use

Thls alternatlve is geared tcward the ‘motorist and | pro-
“ o vides information near the traffic signal or span-mounted
overhead location. It can be installed at most locations
(particularly locations with high-turning velumes) with mini-
mal expense and labor.
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Potential Advantages

®Relatively inexpensive to install and maintain.
® Geared toward the motorist.

®Located over right-turn or left-turn lane where
likely to be seen by motorist.

Potential Disadvantages

®Does not provide information to the pedestrian.

O®May be ignored by some motorists.

®Adds to visual clutter of urban environment.

Estimated Cost of Installation

Low to moderate

Estimated Cost of Maintenance and Operation

Low
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it is most



e .. ... .. Alternative 3
PEDESTRIAN SIGNALIZATION ALTERNATIVES:
TECHNIQUES TO INDICATE POTENTIAL CONFLICTS

Description (Color, Movement, Message, Size, Etc.)

A regulatory sign for turhing motorists requiring them to
yield for crossing pedestrians.’

(Note: This is directed towards the motorists with no ac-
tion to be taken by the pedestrian)

Sketch or Drawing, of the Alternative

YIELD TO
PEDESTRIANS
WHEN
TUR'QNG

)

Past Use of the Alternative

Similar signs used in Ann Arbor and Detroit, Michigan
as well as other cities.

Justification for Use = _

+eeooo . @Similar in concept to the "No Right Turn on Red" message
currently in use in most states.

® It serves as a reminder to motorists of their legal obligation
to yield right-of-way to pedestrians. :
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TECHNIQUES TO iNDICAEE POTENTIAL CONFLICTS (Continued)

Potential Advantages

®Reduces accident potential with pedestrians.

®Burden is on motorists who is likely to be more knowledge-
able about traffic control devices than the average pedes-
trian (children, elderly, handicapped).

®Does not need any action by pedestrians.

Potential Disadvantages

®May result in longer vehicle queues in case of heavy turn-
ing vehicles.

®Increases vehicle delay.

Estimated Cost of Installation

Low

Estimated Cost of Maintenance and Operatiopﬁ

Low
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PEDESTRIAN SIGNALIZATION ALTERNATIVES:
TECHNIQUES TO INDICATE POTENTIAL CONFLICTS

Description (Color, Movement, Message, Size, Etc.)

Alternative 4

The message sign and passive symbol are aimed at the

driving population at urban intersections.
"TURNING TRAFFIC -~ STOP FOR CROSSING PEDESTRIANS".

The sign says:

An alternative would be to use a flashing symbol sign.

Sketch or Drawing of the Alternative

Sign with Attachment

TURNING
TRAFFIC

, S

STOP FOR
- CROSSING
PEDESTRIAN

—

J

_J

Past Use of the Alternative

Unknown

Justification for Use

- 3

Typical Sign
Placement

This message is iﬁtéﬁéedmgér"éfi§é£;“;£é"waﬁldmsémgifﬁ;"-'
v = o - ated -close- to the - intersection so the motorist would see the
pedestrian symbol prior to making a right turn.
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TECHNIQUES TO INDICATE POTENTIAL CONFLICTS (Continued)

Potential Advantages

®Would be aimed at drivers who are responsible for yielding
to pedestrians while turning.

®Should be an effective way to warn motorists concerning pe-
destrians. '

Potential Disadvantages

®Could be relatively expensive to implement compared to
other alternatives.

®Would add to the visual clutter in urban areas.

®May give the pedestrians a false sense of security if the
motorist fails to notice and/or obey the sign.

Estimated Cost of Installation

Moderate to High - if a flashing device is used.

Estimated Cost of MaipténappgwapqvQpe;ation

B Moderate
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Alternative 5
PEDESTRIAN SIGNALIZATION ALTERNATIVES:

TECHNIQUES TO INDICATE POTENTIAL CONFLICTS

Description (Color, Movement, Message, Size, Etc.)

The flashing symbol of a walking man would be dis-
played for drivers prior to making a right (or left) turn
(when pedestrians have the WALK interval).

Sketch or Drawing of the Alternative

1 1
L _Flashing Ped.
sTOP (| conflict Sign
LINE |
v

#

ol
Illuminated Standard Sign
Case Sign with Flashing
Beacons

Past Use of the Alternative

Used in Israel in urban areas, such as in Tel-Aviv.

Justification for Use

This type of alternative is aimed at the driver. Driv-
ers are given many types of warning on their driving envi-
ronment ("Pavement Slippery when Wet"” signs, flashing yellow
beacons at intersections, etc.) for all types of hazards.
This warning sign would help to alert drivers to pedestrians.
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TECHNIQUES TO INDICATE POTENTIAL CONFLICTS (Continued)

Potential Advantages

®Attempts to warn the driver to watch for pedestrians.

®Places proper responsibility on the driver to yield to
pedestrians during turning maneuver.

®Very visible message to motorists.

Potential Disadvantages

®Could be relatively expensive.
eWould add to visual clutter in the hrban areas.

®May provide pedestrians with a false sense of security if
motorists ignore or do not see the sign.

. Estimated Cost of Installation

Moderate

Moderate
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Alternative 6

PEDESTRIAN SIGNALIZATION ALTERNATIVES:
TECHNIQUES TO INDICATE POTENTIAL CONFLICTS

Description (Color, Movement, Message, Size, Etc.)

Post a notice of the meaning of WALK and DONT WALK
signals at the corners with pedestrian signals or install
a small sign with the meanings of pedestrian signals

(educational campaign).

Sketch or Drawing of the Alternative .

Signal
Pole

Past Use of the Alternative

This program has been implemented in Broward County,
Florida on poles with push buttons and pedestrian signals.
Albany, New York uses a similar sign to explain the use
of signal actuated devices. Also, Albany publishes "Street

Sense" literature.

Justification for Use

® Inexpensive
®Constant reminder to pedestrians.

@It effects only those who are using the crossing. Time and
money for education or explanation of signal operation are

not spent on others.
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TECHNIQUES TO INDICATE POTENTIAL CONFLICTS (Continued)

Potential Advantages

®Provides a simple meaning of all pedestrian messages/symbols
that are used. o

e0On-going public education program.

Potential Disadvantages

®Must be clearly worded to avoid confusion.

®Useless to those who cannot read (young, those who do not
understand English, blind, etc.).

e May be defaced by wvandals.

Estimated Cost of Installation

Low

Estimated Cost of Maintenance and Operation
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Alternative 7

PEDESTRIAN SIGNALIZATION ALTERNATIVES:
TECHNIQUES TO INDICATE POTENTIAL CONFLICTS

Description (Color, Movement, Message, Size, Etc.)

A sign which is placed on the pedestrian signal pole
which states:

PEDESTRIANS WATCH FOR TURNING VEHICLES
or

PEDESTRIANS CAUTION - TURNING VEHICLES

Sketch or Drawing of the Alternative

PEDESTRIAN
SIGNAL

~{—

Past Use of the Alternative

Unknown

Justification for Use

“®'The cost of installation and operation would be very low.

 ePedestrians would be given a clear message of the potential - .

for turning vehicles.

®The signs could be installed at many locations with pedes-
trian signals.
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TECHNIQUES TO INDICATE POTENTIAL CONFLICTS (Continued)

Potential Advantages

O®Relatively low cost.
- ®Provides a clear and concise message.

®Will be easily understood by most pedestrians compared to
the flashing WALK interval.

Potential Disadvantages

® Many pedestrians may not look for or read the signs, since
they will be watching the pedestrian signal heads.

®School children who cannot read would not be helped by the
sign.

eWould add to visual clutter in the urban areas.

Estimated Cost of Installation

Low

Estimated Cost of Maintenance and Operation

Low
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PEDESTRIAN SIGNALIZATION ALTERNATIVES :

TECHNIQUES TO INDICATE POTENTIAL CONFLICTS

Description (Color, Movement, Message, Size, Etc.)

By use of inductive loops implanted in exc1u51ve right or
left-turn lanes, a beeping sound along with a flashing warning

will occur when cars are detected which could cross a pedes-

trian's path on a WALK interval.
"PEDESTRIANS WATCH FOR TURNING VEHICLES".

say:

The warning message would

This sign

would be used in conjunction with the existing WALK/DON'T
WALK (or symbolic) pedestrian message.

Sketch or Drawing of the Alternative

[ o
- O ‘O‘
# ~

CAUTION
TURNING
VEHICLES

Sign with flashing beacons

Past Use of the Alternative

Unknown

Justification fqr Use

LOOP

Al
DETECTORS ‘ﬁ] [j

SIGN —

~_flash&ng message- andAby a.warning buzzer.,
trians are not conditioned to ignore the indication.

7 - CROSSWALK

‘/

The:efore..pedGS?m“m
This

type of alternative would best be limited to those intersec-

tions with special turning lanes.

It is highly applicable

to locations with high turning volumes during certain times

and exclusive turn lanes.

It is also highly applicable to

fully actuated signals where loop detectors may already be

in place.
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TECHNIQUES TO INDICATE POTENTIAL CONFLICTS (Continued)

Potential Advantages

OWarns pedestrian in an effective means only when the haz-

ard exists, therefore, the pedestrian does not get conditioned

to always hearing or seeing the warning.
®The buzzing sound may also warn drivers.

®May be quite appropriate at locations with existing vehi-
cle loop detectors.

Potential Disadvantages

@ Could create confusion in areas where some signs give
warning of hazards and others do not.

®Must have exclusive turning lanes to work properly.
®Problems may exist when motorists turn from the wrong lanes.

®Would not be uniform to all intersections within an area
due to the presence or lack of special turn lanes.

Estimated Cost of Installation

High

Estimated Cost of Maintenance and Operation

High ({in terms of maintaining the vehicle detection
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L . . _Alternative 9

PEDESTRIAN SIGNALIZATION ALTERNATIVES:
TECHNIQUES TO INDICATE POTENTIAL CONFLICTS

Description (Color, Movement, Message, sisz,EtcL)V

Symbolic sign to communicate vehicular conflict due
to turning vehicles to pedestrians in conjuntion with
existing pedestrian signals.

Sketch or Drawing of the Alternative

Symbolic Sign Options

or

Past Use of the'Alternative

Unknown

Justification for Use

S R e ——— . e e e ___

These messages would be intended to warn pedestrians

..~ ... of the potential for turning vehicles. It would express
a symbolic message in conjunction with the existing pedes- -~
trian signal heads.
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TECHNIQUES TO INDICATE POTENTIAL CONFLICTS (Continued)

Potential Advantaées

® The signs would be relatively inexpensive

® They would be easy to install.

Potential Disadvantages

®Some education efforts (radio, TV, etc.) may be necessary
to educate the population as to the meaning of the message.

®Additional visual clutter in urban areas.

®May add to pedestrian delay.

Estimated Cost of Installation

Low

Estimated Cost of Maintenance and Operation

Low o
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Alternative 10

PEDESTRIAN SIGNALIZATION ALTERNATIVES: -

TECHNIQUES TO INDICATE POTENTIAL CONFLICTS

Description (Color, Movement, Message, Size, Etc.)

Remove all pedestrian signal indications except where
absolutely necessary (such as due to an exclusive pedestrian
phase, or to reduce pedestrian confusion).

Sketch or Drawing of the Alternative

None

Past Use of the Alternative

Some agencies discourage the widespread use of pedes-
trian signals due to a lack of proven safety benefits.

Justification for Use

Mmrwﬁ_pgp;;gwg§gg§p;opmon the meaning of sophisticated warning mes-

~ simpler devices tend to work better when there is little

sages. oo
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TECHNIQUES TO INDICATE POTENTIAL CONFLICTS (Continued)

Potential Advantages

® Pedestrians would not be confused by complicated warning
messages.

®Pedestrians would be more cautious and have to look around
more to determine if it is safe to cross.

Potential Disadvantages

®No warning devices would be present for the pedestrian.

®May cause more confusion to young pedestrians.

Estimated Cost of Installation

Low

Estimated Cost of Maintenance and Operation

Low
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e e .. _____.__Alternative 11

PEDESTRIAN SIGNALIZATION ALTERNATIVES :
TECHNIQUES TO INDICATE POTENTIAL CONFLICTS

Description (Color, Movement, Message, Size, Etc.)

Use the flashing WALK indication to indicate potential
conflicts with turning vehicles.

Sketch or Drawing of the Alternative

WALK Flashing

Past Use of the Alternative

This has been and is currently in use in many states
and cities, and is recommended in the MUTCD.

Justification for Use =

B Recommended in the MUTCD and used in many c1t1es and
‘states across the country. o T e -
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TECHNIQUES TO INDICATE POTENTIAL CONFLICTS (Continued)

Pofential Advantages ’

®Reduce accident potential.

®Less interference with vehicular flow.

Potential Disadvantages

®Increase pedestrian delay.
®May be confusing to pedestrians.

®Signal size may have to be increased to accommodate added
display.

Estimated Cost of Installation

Moderate

Estimated Cost of Maintenance agqjgpe:atigp

Moderate S —

-

193



S . == ... ... .. _Alternative 12 -

PEDESTRIAN SIGNALIZATION ALTERNATIVES:

TECHNIQUES TO INDICATE POTENTIAL CONFLICTS

Description (Color, Movement, Message, Size, Etc.)

Replace current WALK signal with additional precautionary
indication.

Sketch or Drawing of the Alternative
Pedestrian Signal Head

)
DONT «—— Orange - Flashing during clearance
WALK interval

WALK «—— White - Steady mode

WITH
\CAUTION

Past Use of the Alternative

None

gus;ification for Use

Caution pedestrians against approaching/turning vehicles.

Reduce pedestrian-vehicle conflict.
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TECHNIQUES TO INDICATE POTENTIAL CONFLICTS (Continued)

Potential Advantages

@Simple display.

® Inexpensive

Potential Disadvantages

®Does not convey the danger from turning vehicles to the
pedestrians.

@In past surveys less than three percent of the pedestrians
surveyed understood the meaning of the flashing WALK. Not
uniformly used across the country.

®If not used uniformly across a city it could create consider-
able confusion and be a safety hazard.

Estimated Cost of Installation

Low

Estimated Cost of Maintenance and Operation

Low
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PEDESTRIAN SIGNALIZATION ALTERNATIVES:
TECHNIQUES TO INDICATE POTENTIAL CONFLICTS

Description (Color, Movement, Message, Size, Etc.)

A word display on the pedestrian signal requiring
pedestrians to watch for turning motorists.

Sketch or Drawing of the Alternative

Pedestrian Signal Head

DONT «—— Portland Orange - Flashing during
WALK clearance interval

WALK 4«——— White - Steady mode

WITH Yellow - Steady mode concurrent
CARE with walk

Past Use of the Alternative

None known.

Justification for Use

‘@®Caution pedestrians against turning motorists-.

.Reauce pedestrian-vehicle conflict. T
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' TECHNIQUES TO INDICATE POTENTIAL CONFLICTS (Continued)

Potential Advantages

®Reduce accident potential,

®less interference with vehicular flow.

Potential Disadvantages

®Increase pedestrian delay.
®Non compliance by pedestrian may cause hazardous situations.
®The young pedestrian may be confused.

®The size of the pedestrian signal would have to be increased
to accommodate to added display.

Estimated Cost of Installation

Moderate

Estimated Cost of Maintenance and Operation
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e . ... . _MAlternative 14

PEDESTRIAN SIGNALIZATION ALTERNATIVES:
TECHNIQUES TO INDICATE POTENTIAL CONFLICTS

Description (Color, Movement, Message, Size, Etc.)

A flashing yellow symbol superimposed on walking man.

Sketch or Drawing of the Alternative

Red - Steady mode during WALK
— interval

Yellow - Flashing during clearance

‘;\\\\ interval

Symbolic Pedestrian Flashing yellow superimposed on
Signal Head walking man symbol.

Past Use of the Alternative

None

Justification for Use

"""" eWould automatically caution the pedestrian before he starts
- walking. =

RS

®Pedestrians would interpret flashing yellow as a caution
message, so they would stop, look in all directions and
start crossing.
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TECHNIQUES TO INDICATE POTENTIAL CONFLICTS (Continued)

Potential Advantages

®Would take away the false sense of security as currently

provided by the steady WALK sign.

®Less vehicular delay.

Potential Disadvantages

®Increase pedestrian delay.
®May be confusing to pedestrians.

®Too much burden on the pedestrian.

Estimated Cost of Installation

Moderate

Estimated Cost of Maintenance and Operation

Moderate
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Alternative 15
PEDESTRIAN SIGNALIZATION ALTERNATIVES :
TECHNIQUES TO INDICATE POTENTIAL CONFLICTS

Description (Color, Movement, Message, Size, Etc.)

Sign above the pedestrian signal flashing a display
during WALK phase which says: CAUTION TURNING VEHICLES.

Sketch or Drawing of the Alternative
Phase 1 Phase 2 Phase 1 Phase 2

g iy -
) (e 77/
/ WALK
CAUTION 7 | =
Flashing
e[ G| 7] -
/// CAUTION ///
Stead

Pedestrian Signal Heads
Past Use of the Alternative

Not known.

Justification for Use

This alternative provides a clear message to the pe-
destrian and is given directly on the pedestrian signal
head when the pedestrian is likely to be looking. It would
be incorporated as a part of the pedestrian signal.
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TECHNIQUES TO INDICATE POTENTIAL CONFLICTS (Continued)

Potential Advantages

®#Can be added onto existing message or symbolic pedestrian
signals.

eThe caution message appears only when the walk message is
activated.

eDoes not confuse pedestrians with flashing walk message
(which no one understands).

®Could be installed at locations with a high volume right-
turning movement.

Potential Disadvantages

® The pedestrians still may not obey display even though it
will be more easily understood.

®May be more expensive than simple signing installations.

®The size of the pedestrian signal will have to be in-
creased to accommodate the added display.

Estimated Cost of Installation

Moderate

Estimated Cost of Maintenance and Operation
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_Alternative 16

PEDESTRIAN SIGNALIZATION ALTERNATIVES:

TECHNIQUES TO INDICATE POTENTIAL CONFLICTS

Description (Color, Movement, Message, Size, Etc.)

Reduce or eliminate all sight obstructions at the inter-
section so that drivers and pedestrians may have a better
chance of seeing each other and avoiding collisions.

Sketch or Drawing of the Alternative

None

Past Use of the Alternative

Elimination of parking is being used to reduce sight
obstructions in many cities.

Justification for Use

'WW””Méﬁy”accidentsmare“causedmwhenmtheéééi#érwcahwnbtmsée .
the pedestrian due to sight obstructions (or vice versa).

eliminate as many sight obstructions as possible.
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TECHNIQUES TO INDICATE POTENTIAL CONFLICTS (Continued)

Potential Advantages

®The pedestrians would have a better chance of seeing turn-
ing vehicles to avoid a collision (and vice versa).

®Visually more attractive.

Potential Disédvantages

®May be very costly or infeasible to remove some objects
such as light poles, buildings, needed traffic signs, etc.

®There is no warning device for pedestrians.

Estimated Cost of Installation

Low to high - depending on the existing street furni-
ture.

Estimated Cost of Maintenance and Operation
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~Alternative 17

PEDESTRIAN SIGNALIZATION ALTERNATIVES:
TECHNIQUES TO INDICATE POTENTIAL CONFLICTS

Description (Color, Movement, Message, Size, Etc.)

A combination of symbol and word message to caution

pedestrians against approaching vehicles, in conjunction
with a sign used to warn turning motorists to yield for
pedestrians.

(Note: Here both the pedestrian and the vehicle would

be required to act.)

Sketch or Drawing of the Alternative

r—————-q SIGN
Pedgstrian DONT
e | Eintniee
EE;:E? in combination
WALK WITH with
CAUTION
(for the pedestrian) (for the motorist)

Past Use of the Alternative

None known.

Justification for Use

®Cautions pedestrians before they start crossing.

@ The fi;shing CAEUQQﬁSQiHQ{ii_Eéll the pedestrian that a

potential conflict exists.

®The yield sign will caution the turning vehicle against
crossing pedestrian.
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TECHNIQUES TO INDICATE POTENTIAL CONFLICTS (Continued)

Potential Advantages

®Both parties (pedestrians and vehicular traffic) know about
the conflict.

@Both parties would be regquired to take action independently.

®System would be safe even if one party disregards the mes-
sage.

Potential Disadvantages

®Would increase both pedestrian and vehicular delay.

@Size of signal head would have to be increased to
accommodate additional display.

Estimated Cost of Installation

Moderate

Estimated Cost of Maintenance and Operation

Moderate
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Alternative 18
PEDESTRIAN SIGNALIZATION ALTERNATIVES:
TECHNIQUES TO INDICATE POTENTIAL CONFLICTS

[

Description (Color, Movement, Message, Size, Etc.)

Variable display pedestrian signals programmed to indicate
information relative to traffic conditions. Detectors could
be used to trigger the display that turning vehicles are pre-
sent, or historical information could be used to program the

signal on a time-of-day basis.

Sketch or Drawing of the Alternative

———

; ' ’ DON'T
WALK- FOR TURNING l WALK

- o e——

: Display 1 Display 2 Display 3

o rem——

Past Use of the Alternative

Variable message sign technology is in widespread use
today for various highway safety purposes.

Justification for Use

More information would be presented to the peaestrlan
It

e -~ than is currently given by the flashing walk message.
could be installed mainly at intersections which have high

volumes of both pedestrians and right-turning vehicles.
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Potential Advantages

Through the provision of more information the pedestrian/
driver could be more cautious, or the information provided
by such a sign could develop such caution.

Potential Disadvantages

| ®Sign size may have to be large in order to be seen.
® Display may not be understood by everyone, particularly

pedestrians who cannot read English (i.e. young pedestrians,
illiterate people, foreigners, etc.).

Estimated Cost of Installation

High

Estimated Cost of Maintenance and Operatiqn
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Alternatlve 19

PEDESTRIAN SIGNALIZATION ALTERNATIVES:

TECHNIQUES TO INDICATE POTENTIAL CONFLICTS

Description (Color, Movement, Message, Size, Etc.)

An audible word message to caution the pedestrian
against approaching vehicles used in conjunction with the
standard WALK/DONT WALK pedestrian signal.

Sketch or Drawing of the Alternative

—

DONT
WALK

WALK

<
—

Audible message
"Watch for Turning Vehicles"

Pedestrian Signal Head

Past Use of the Alternative

Audible message has been used with some success in
England, Japan, and the U.S. (Washington, D.C.) to desig-
nate clearance intervals.

Justification for Use

_cles without requiring the pedestr1an to see and interpret

a word/symbolic message. .
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TECHNIQUES TO INDICATE POTENTIAL CONFLICTS (Continued)

Potential Advantages

® The pedestrian is cautioned "clearly and loudly".
®Reduce vehicle-pedestrian conflict.

®The pedestrian does not have to interpret a word message
or a symbol.

®Catches the attention of the pedestriah.

Potential Disadvantages

®May confuse the motorist.
®Additional noise.

®Vulnerable to mechanical failure.

Estimated Cost of Installation

Moderate

Estimated Cost of Maintenance and Operation

- Moderate to Hig i
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APPENDIX I - PEDESTRIAN SIGNALIZATION PROVISIONS FOR
ELDERLY AND HANDICAPPED

Table 25 1ists classification of handicaps, subgroups and the esti-
mated population of each classification in the U.S. from a recent study

by Templer [1].

In a recent Implementation Manual by Templer for the FHWA regarding
elderly and handicapped pedestrians, several problems and recommendations
regarding traffic signals were discussed [2]. These include:

e Traffic signals are sometimes poorly located such that they are
too far away to see, blocked by other objects or are confusing
because of visual clutter caused by other traffic and advertising
signs. To correct this problem, signal locations should be
selected to provide a full and unobstructed view by pedestrians.

Complex signal timing patterns (such as those with special turn
phases or locations with five or more legs) can be very confusing
to pedestrians, particularly for pedestrians with slower reaction
times or poor vision. To reduce confusion, this situation calls
for special pedestrian messages (signs/signals) which are clear
and simple and will eliminate confusion.

Elderly and handicapped pedestrians have slower walking speeds and
therefore take longer to cross a street. Signal timing should be
adjusted where significant numbers of elderly and handicapped
people cross. Timing should account for a walking speed of
2 ft/sec (0.6 m/sec) or slower. The use of actuation devices or
actuated WALK time extension systems may also be desirable to
reduce vehicle delay at these locations.

Signal timing schemes which allow the late release of pedestrians
(i.e., cars are allowed to turn before pedestrians are allowed to
cross) are confusing to people with visual impairments and should
be avoided.

Some pedestrian push-button devices cannot be used by some pedes-
trians because they require too much manual dexterity. In addi-
tion, some pedestrian actuation devices are located too high for
pedestrians in wheelchairs to reach. Pedestrian actuation devices
should be located between 35 inches to 54 inches (87 to 135 cm)

- above the ground, where the-height ef 40.inches (100 cm) is. pre-ﬁh -

requ1re a high degree of accurate motion or grasping, p1nch1ng, or

recessed, and controls that require a push or pull force of more
than 5 1bs. (0.69 N) should not be used and a maximum of 3 }bs
(0.41 N) is preferred.
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Table 25. Typology of handicapped pedestrians.
Est. Population )
1875
Handicap Sub-Group (000)
Developmental restric- 1. Pre-school child- 20,926
tic;ns (size and maturi- ren
ty
2. School-age child- 46,482
ren
Chronic restrictive con- 3. Persons over 65 22,170
ditions related to agil-
ity, stamina, and reac-
tion time
Lower extremity im- 4. Confined to 445
pairment (legs, feet) wheelchair
S. Walking using spe- §,042
cial aids
6- w&lking With dif‘ 2’3“
ficulty without
the use of special
aids
Chronic impairment of 7. Chronic impair- 2,588
upper extremities and ment of upper ex-
shoulders (arms, shoul- tremities and
ders and neck) shoulders
Severe auditory impair- 8. Severe auditory 1,867
~ment - - impairment
Severe visual impair-"“" 9. Severe visual im- 482
. _ment S 4 - pairment - e
Obvious confusion, 10. Obvious confusion 20,000
and/or disorientation and/or disorienta- J

Source:

Reference 1.
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e Inadequate visibility (caused by vegetation, buildings, parked

vehicles, trucks in the traffic, etc.) often makes right-turn-on- -
red hazardous for elderly and handicapped pedestrians, particu-
larly where vehicles must be in or across the crosswalk to have an
adequate view of the approaching cross-street traffic. Right-
turn-on-red should be avoided in these situations.

In a 1981 report by Valette for the FHWA, a review of operational

experience was conducted for 19 cities representing a cross section of
different city sizes, socio-economic characteristics and different regions
of the country [3]. As a part of this review, special attention was
provided to programs and countermeasures directed towards elderly and
handicapped pedestrians. A summary of these programs and practices
relating to safety and signalization are as follows:

e Several cities (e.g., Atlanta, Georgia, Manchester, New Hampshire,

San Diego, California, and West Palm Beach, Florida) have imple-
mented push-buttons for pedestrians to extend the WALK interval,
particularly in the areas of high concentrations of elderly pedes-
trians. In addition to utilizing the pedestrian push-buttons,
Milwaukee, Wisconsin, has the locations posted with signs stating
ELDERLY/DISABLED PUSH BUTTON FOR EXTRA WALK TIME.

At least two cities surveyed (West Palm Beach, Florida and
Milwaukee, Wisconsin) utilize an audible message (bell) during the
WALK interval at locations with high numbers of visually impaired
pedestrians.

Some cities have increased the cycle length (on a fixed-time
basis) in areas with high concentrations of elderly pedestrians to
permit adequate crossing intervals. This alternative has, however,
caused detrimental effects to vehicular traffic operations.

Several cities have noted a disproportionately high number of
elderly pedestrians involved in accidents along with higher sever-
ities resulting from these accidents and have developed special
pedestrian safety education for senior citizens. These programs
have included developing special brochures, using radio/TV/news-
paper advertisements, and conducting special training and safety
sessions.

‘o Some cities have had spécial training programs for handicapped —

pedestr1ans (such as blind or deaf pedestrians) who may not be

The City of San Diego, California, reported that one of the
reasons it discontinued the use of the dynamically programmed
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signals is that it did not compensate for the slower walking speed
of elderly pedestrians. Since the dynamically programmed signals
portray a moving message within a narrow visual band, two
different messages may be seen by pedestrians of differing height
who walk side by side. In addition, problems were encountered due
to different pedestrian heights, particularly with children.

o Many communities have installed signs for motorists to be cautious
of pedestrians with visual or auditory impairments in areas with
high concentrations of these handicapped pedestrians.

Audible messages to accompany the standard WALK/DONT WALK signals
have been suggested and, in some cases utilized, to help visually impaired
pedestrians cross safely. While these signals have been utilized in
Israel, England, Japan, and Washington, D.C., their impact has not been
fully evaluated.

An audible signal was tested by Wilson [4] at a location where blind
pedestrians cross in England. Due to the low volume of blind pedestrians,
no effect on the behavior group could be assessed. However, with the use
of the audible message, the following effect was found on the total popu-
lation of pedestrians crossing at the site.

o The average pedestrian crossing time was reduced by 5 percent.

e Pedestrian delay after the onset of the crossing interval was
decreased by over 20 percent. .

o For those starting to cross during the crossing interval, there
was a significant reduction in the proportion failing to complete
their crossing before the prohibited crossing interval.

An ITE Committee investigated traffic control devices for elderly and
handicapped pedestrian crossings. They conducted a review of current
practices regarding signal warrants, signal displays and signal
timing [5]. Since many of the elderly pedestrians were confused by the
flashing DONT WALK indication (many felt they should be able to make their
entire crossing with the WALK indication), an experimental three section
pedestrian signal indication was fabricated and evaluated. The third
indication was a yellow DONT START message. The intent of the message was
to clearly advise the pedestrian not to start crossing during the clear-
ance interval, and the yellow display was used since it is recognized as a
standard clearance display. The signal was field tested, and observations

were-madeof 203 pedestrians, most of which were oVef’?O years old. The

test indicated that 43 percent complied with the WALK indication, but 28

- -percent -violated the DONT START and 35 percent violated the DONT WALK
message. Before data or data from a comparison site were not collected
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for use in the evaluation. However, an interview of the pedestrians
violating the signal included the following reasons for violations:

o Pedestrians were watching the vehicular traffic, looking for ade-
quate gaps and ignored the pedestrian signals.

e The wait for the WALK indication was too long.
e Some of the pedestrians did not understand the messages.
e Pedestrian inattentiveness (i.e., too busy talking).

The authors stated that the survey indicated that the DONT START message
did not appear to be effective, but that more research and evaluation is
necessary.

A study of walking speed was conducted and it was found that age
alone was not the only factor in determining the crossing rate [5].
Crossing rate was also a function of: (1) group size; (2) whether they
were holding packages; (3) whether they were handicapped; (4) the presence
of barriers caused by street furniture; and (5) whether or not the pedes-
trians relied on signal information or used their judgement to determine
an adequate gap. The following walking speeds were found for different
age groups based on this study:

Elderly Crossings - 2.5 ft/sec (0.8 m/sec)
School Crossings - 3.5 ft/sec (1.0 m/sec)
Other Crossings - 4.0 ft/sec (1.2 m/sec)

A review of the state-of-the-art, and discussions were conducted with
handicapped organizations as a part of the ITE study which indicated the
following recommendations [5]:

e Any warrant for the installation of special traffic signal equip-
ment for the visually handicapped would be completely arbitrary
and should not be established. The installation of a special
crossing device for a handicapped pedestrian (such as an audible
message) is only useful at that location. Many organizations for
handicapped individuals feel that handicappers should be trained
to cope with the total environment instead of modifying a few
locations for them.

o Audible rather than- tactﬂe ‘or other signal devices ‘appear 1o be

~using the sense of feel, such as a vibrating pole. A vibrating

impaired pedestrian leaves the pole, they are not longer aware of
the signal indication. The vibratmg pole is also expensive to
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operate and maintain and 1is susceptible to vandalism. Devices
such as a radio frequency messa?e transmitted to a crossing pedes-
trian with a hand held receiver is also an option, but is
extremely expensive.

e The audible signal should only operate on pedestrian actuation and
only with the green or WALK indications. The audible signal
should only be used when necessary (i.e., when a visually impaired
pedestrian is present) to reduce noise pollution, and the message
should be as simple as possible. If a different audible message
(pitch, tone, pattern) is made for different indications for both
crossing directions at an intersection, a minimum of six audible
messages would be needed. This number of messages could cause
considerable confusion.

e For audible signals, an intermittent sound is more desirable than
a constant tone. An intermittent noise is more discernable from
the ambient roadway noise and can be used at a lower volume or
frequency than a constant tone without a reduction in effective-
ness.

o Larger size pedestrian signal indications should be used at loca-
tions where visually impaired cross, regardless of the crossing
width. Many people have severely impaired vision but not a total
loss of sight. The large indications will provide assistance to
these individuals.
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APPENDIX J - DESCRIPTION OF SITES USED IN FIELD TESTING OF
EXPERIMENTAL SIGN AND SIGNAL DEVICES
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SITE DESCRIPTION

Experiment: _ Pedestrian Signal Explanation Signs (Symbolic)

City: _ Saqinaw, Michigan Site: _Court St. and Michigan Ave. (1)

Crosswalk: East (Court St.)

Number of Lanes: 4 through lanes, 1 left-lane, 2 parking lanes

Approximate Street Width: 76 feet (23 m)

Roadway Operation: Court St., 2-way; Michigan Ave., 2-way

Before After
Cycle Length: 60/70 60/70
WALK Interval: L__15/18 15/18
Clearance Interval: . 15/17 15/17
OONT WALK Interval: 30/35 30/35
Average Hourly Traffic Volume (Crossing Crosswalk): 840 660
Average Hourly Right-Turn Volume (Crossing Crosswaik): 77 54
Average Hourly Left-Turn Volume (Crossing Crosswalk): 47 33
Auarge ol Pedestm tolme (Grossalk w | s
SITE OESCRIPTION
Experiment:  Pedestrian Signal Explanation Signs (Symbolic)
City: Saginaw, Michigan Site: _Court St. and Hamilton St. (2)
Crosswalk: _West (Court St.)
Number of Lanes: 4 through lames, 1 left-turn lane, 2 parking lanes
Approximate Stre.ot Width: 76 faet (23 m)
Roadway Operation: Court St., 2-way; Hamilton St., 2-way
. 8efore After
Cycle Length: 60/70 60/70
WALK Interval: , | 1818 | 18/18
Clearance Interval: = - |l [1enr |
| OONT WALk Interval: | /38 | 3o
Avgerage Hourly Traffic Volume (Crossing Crosswalk): 814 716
Avgerage Hourly Right-Turn Volume (Crossing Crosswalk): 83 68
Avgerage Hourly Left-Turn Volume (Crossing Crosswalk): 43 46
Avgerage Hourly Pedestrian Volume (Crosswalk
Where Device Was Installed): 58 49
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- DONT-WALK Imtervat: - o

SITE QESCRIPTION

Experiment: Pedestrian Signal Explanation Signs (Word)

City: Mashington, 0.C. Sfte: _17th St. and L St., M.W. (3)

Crosswalk: South (17th St.)

Mmber of Lanes: 4 through lanes, 2 parking lanes

Approximate Street Width: 68-feet (20 m )

Roadway Operation: 17th St., i«ay; L St., l-way (eastbound)

Before After

Cycle Length: 80 30
WALK Interval: 18 18
Clearance Interval: 17 17
OONT WALK Interval: 45 45
Average Hourly Traffic Volume (Crossing Crosswalk): 822 867
Average Hourly Right-Turn Volume (Crossing Crosswalk): 103 124
Average Hourly Left-Turn Volume (Crossing Crosswalk): 0 )
Average Hourly Pedestrian Volume (Crosswalk

Where Device Was Installed): 442 464

SITE DESCRIPTION

Experiment: Pedestrian Signal Explanation Signs (Word)
City: Mashington, D.C. Site: _18th St. and L St., N.W. (4)

Crosswalk: Morth (18th St.)

Number of Lanes: 3 through lanes, 1 parking lane

Approximate Street Width: 46 feet (14 m )

Roadway Operation: 18th St., l-way (northbound); L St., l-way (eastbound)

Cycle Length:

- Clearance Interval:

Average Hourly Traffic Volume (Crossing Crosswalk):

Average Hourly Right-Turn Yolume (Crossing Crosswalk):

Average Hourly Left-Turn Volume (Crossing Crosswalk):

Average Hourly Pedestrian Volume (Crosswalk

Where Device Was Installed):

Sefore After
80 80
. 'y -9
|1 ] ou
SRR 7. SO SO '+
685 571
- 0._ 0_
222 236
1,125 926
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SITE DESCRIPTION

Experiment: DONT START Signal Indication

City: Ann Arbor, Michigan Sita: S. State St. and Washington St. (§)

Crosswalk: South (State St.)

Nusber of Lanes: _2 through lanes, 2 parking lanes

Approximate Street Width: 44 feet (13 m )

Roadway Operation: S. State St., 2-way: Washington St., 2-way

Before After
Cycle Length: 80/9%0 %0
WALK Interval: 16/20 16
Clearance Interval: 15/16 11
DONT WALK Interval: 49/54 53
Average Hourly Traffic Volume (Crossing Crosswalk): 439 374
Average Hourly Right-Turn Volume (Crossing Crosswalk): 42 46
Average Hourly Left-Turn Volume (Crossing Crosswalk): 119 118
A"&n"d:.mo:}z:ﬁ:’mg\mr (Crossualk 183 12§
SITE OESCRIPTION
Experiment: OONT START Signal Indication
City: uashington, 0.C. Site: 20th St. and L St., N.W. (6)
Crosswalk: East (L St.) ' )
Number of Lanes: 3 through lanes, 1 parking lane
Approximate Street Width: 46 feet (14 m )
Roadway Operation: 20th St. northbound): L St. eastbound
Before After
Cycle Length: 80 80
WALK Interval: : - i 28 12
Clearance Intervai: T T
-DONT- WALK -Interval:— — -~ e B 36— 56 1
Average Hourly Traffic Volume (Crossing Crosswalk): §25 816
Average Hourly Right-Turn Yolume (Crossing Crosswalk): 277 314
Average Hourly Left-Turn Volume (Crossing Crosswalk): (1] 0
Average Hourly Pedestrian Volume (Crosswalk
Where Dsvice Was Installed): 6562 519
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SITE OESCRIPTION

Experiment: OONT START Signal Indication

City: Milwaukee, Wisconsin Site: Broadway and Magon St.' (7)

Crosswalk: South (Broadway)

Number of Lanes: 4 through lanes, 2 parking lanes

Approximate Street Width: 68 feet (20 m )

Roadway Operation: Broadway, l-way (southbound); Mason St., 2-way

Cycle Length:

WALK Interval:

Clearance Interval:

DONT WALK Interval:

Average Hourly Traffic Volume (Crossing Crosswalk):

Average Hourly Right-Turn Volume (Crossing Crosswalk):

Average Hourly Left-Turn Volume (Crossing Crosswalk):

Average Hourly Pedestrian Volume (Crosswalk
Where Device Was Installed):

" SITE DESCRIPTION

Experiment: DONT START Signal Indication

| Before After
90 90
31 31
13 13
46 46
420 361
74 75
73 80
184 166

City: Milwaukee, Wisconsin Site: Mason St. and Jackson St. (8)

Crosswalk: North (Jackson St.)

Number of Lanes: 4 through lanes, 1 parking lane

Approximate Street Width: 58 feet (17 m )

Roadway Operation: Mason St., 2-way: Jackson St., l-way (southbound)

Cycle Length:

WALK Interval:

Clearance Interval: i

© DONT WALK Interval:
Average Hourly Traffic Volume (Crossing Crosswalk):
Average Hourly Right-Turn Volume (Crossing Crosswalk):
Average Hourly Left-Turn Volume (Crossing Crosswalk):

Average Hourly Pedestrian Volume (Crosswalk
where Device Was Installed):
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90 %0
a1 o |
u [ u |
551 608
0 0
0 0
109 146




SITE DESCRIPTION

Experiment: Steady Versus Flashing WALK and Steady Versus Flashing DONT WALK
City: Washington, D.C. Site: 30th St.. and M St., N.N. (9)

Crosswalk: North (30th St.)
Number of Lanes: _2 through lanes, 2 parking Tanes
Approximate Street Width: 40 feet (12 m )

. Roadway Operation: 30th Si., 2-way: M St., 2-way

Before After
Cycle Length: . 80 80
WALK Interval: S0 50
Clearance Inunﬁl: ‘ - 10
DONT WALK Interval: 30* 20
Average Hourly Traffic voluse (Crossing Crosswalk): 181 175
Average Hourly Right-Turn Volume (Crossing Crosswalk): 63 55
Average Hourly Left-Turn Volume (Crossing Crosswalk): 85 72
Average Hourly Pedestrian Volume (Crosswalk
Where Device Was Installed): 371 361

SITE DESCRIPTION

Experiment: Steady Versus Flashing WALK and Steady Versus Flashing DONT WALK
City: Washington, D.C. Site: _7th St. and D St., N.W. (10)

Crosswalk: East (D St.)
Number of Lanes: 2 through lanes, 2 parking lanes

Approximate Street Width: 48 feet (14 m )

Roadway Operation: 7th St., 2-way: D St., 2-way

Safore After
Cycle Length: 80 80
WALK Interval: 24 24
Llearance Interval: : Lo o= .23 |
"DONT WALK Intervai: 8% |33
.. ___Averags Hourly Traffic Voluse (Crossing Crosswalk): _ [ _ .. 468 415___,______' el
Average Hourly Right-Turn Volume (Crossing Crosswalk): 58 54
Average Hourly Left-Turn Voluee (Crossing Crosswalk): sa | 83
Average Hourly Pedestrian Volume (Crosswalk
Whers Device Was Installed): 256 347

*The steady DONT WALK indication was used during the clearance and DONT WALK
interval in the before pariod. Therefore, the observer «as not able to

distinguish between the two intervals.
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SITE OESCRIPTION

Experiment: YIELD TO PEDESTRIANS WHEN TURNING Sign

City: Oetroit, Michigan

Site: Cass Ave. and Lafayette St. (11)

Crosswalk: West (Lafayette St.)

Number of Lanes: 4 through lanes

Approximate Street Width: 46 feet (ld m )

Roadway Operation: Cass Ave., 2-way; Lafayette St., 2-way

Before After
Cycle Length: 80 60
WALK Interval: 20 20
Clearance Interval: 11 11
DONT WALK Interval: 29 29
Average Hourly Traffic Volume (Crossing Crosswalk): 270 281
Average Hourly Right-Turn Volume (Crossing Crosswalk): 114 133
Average Hourly Left-Turn Volume (Crossing Crosswalk): 19 17
N ire Device vas Instatted e oK 163 | 1
SITE DESCRIPTION
Experiment: YIELD TO PEDESTRIANS WHEN TURNING Sign
City: Detroit, Michigan Site: Woodward Ave. and Grand Blvd. (12)
Crosswalk: South (Woodward Ave.)
Number of Lanes: 6 through Tanes, 2 parking lanes, 1 median lane
Approximate Street Width: 102 feet (3l m )
Roadway Operation: Woodward Ave., 2-wdy; Grand 8lvd., 2-way divided
Before After
Cycle Length: 70 70
T T e il _)13; &—‘ —
Clearance Interval: 16 16
Average Hourly Traffic Volume (Crossing Crosswalk): 1,309 1,344
Average Hourly Right-Turn Volume (Crossing Crosswalk): 131 157
Average Hourly Left-Turn Volume (Crossing Crouul.k): 0 0
Average Hourly Pedestrian Yolume (Crosswalk
Where Device Was [nstalled): 304 232

1 oo s o s i A N4 A



SITE OESCRIPTION

Experiment: YIELD TO PEDESTRIANS WHEM TURNING Sion
City: _Milwaukee, Wisconsin Site: 27th St. and Wisconsin Ave. (13)

. Crosswalk: North (27th St.)

Number of Lanes: 6 through lanes
Approximate Street Width: 72 fest (22 m )
Roadway Operation: _27th St., 2-way; Wiscongin Ave., 2-way divided

Before After

Cycle Length: 90 90
WALX Interval: 7/13 7
Clearance Interval: 13/13 13
DONT WALK Interval: 70/64 10
Average Hourly Traffic Volume (Crossing Crosswalk): 870 659
Average Hourly Right-Turn Volume (Crossing Crosswalk): 85 70
Average Hourly Left-Turn Volume (Crossing Crosswalk): 50 37
S nare Devite sas Tnstaltedr oA 103 6

SITE DESCRIPTION

Experiment: YIELD TO PEDESTRIANS WHEN TURNING Sign
City: Milwaukee, Wisconsin Site: Michigan Ave. and Broadway (14)

Crosswalk: East and West (Michigan Ave.)

Number of Lanes: _4 through lanes, 1 left-turn lane (west crosswalk
nedian iane (east crosswalk)

Approximate Street Width: 60 feet (17 m )

Roadway Operation: Michigan Ave., 2-way; Broadway, l-way (southbound)

Sefore After

Cycle Length: . % 90
WALK Interval: ' 28| 28
Clearance Interval: 15 15
OONT WALK Intemval: 0 | & | w&
Average Hourly Traffic Voluse (Crossing Crosswalk): 551 856
Average Hourly Right-Turn Volume (Crassing Crosswalk): 39 45
Average Hourly Left-Turn Volume (Crossing Crosswalk): 41 33
Average Hourly Pedestrian Volume (Crosswalk
Where Device Was Installed): 106 143
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SITE DESCRIPTION

Experiment: PEDESTRIANS WATCH FOR TURNING VEHICLES Sign

-City: Detroit, Michigan Sfte: _Griswald St. and Larned St. (15)

Crosswalk: South (Griswald St.)

Mumber of Lanes: 4 through lanes

Approximate Street Width: 48 feet (14 m )

. Roadway Operation: Griswald St., 2-way; Larned St., l-way (eastbound

Before After
Cycle Length: §0/70 50/70
WALK Interval: 16/26 16/26
Clearance Interval: 13/13 13/13
DONT WALK Interval: : 31/31 /3
Average Hourly Traffic Volume (Crossing Crosswalk): 353 418
Average Hourly Right-Turn Volume (Crossing Crosswalk): 73 93
Average Hourly Left-Turn Volume (Crossing Crosswalk): 0 0
Average Hourly Pedestrian Yolume (Crosswalk :
Where Device Was Installed): 233 219
SITE DESCRIPTION
Experiment: PEDESTRIANS WATCH FOR TURNING VEHICLES Sign
City: Detroit, Michigan Site: Cass Ave. and Warren Ave. (16)
Crosswalk: North (Cass Ave.)
Number of Lanes: 4 through lanes
Approximate Strest Width: 48 feet (14 m )
Roadway Operation: Cass Ave., 2-way:; Warren Ave., 2-way divided
Before After
Cycle Length:
27 18
Clearance Interval: ‘
J L .!,_L I i
DONT WALK Interval:
32 19
Average Hourly Traffic Valuwe (Crossing Crosswalk): 879 63
Average .Hourly Right-Turn Volume (Crossing Crosswalk): 278 180
Average Hourly Left-Turn Volume (Crossing Crosswalk): o ”
Average Hourly Pedestrian Volume (Crosswalk
Where Device Was Installed): “w’ 168
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SITE OESCRIPTION

Expertment: PEDESTRIANS WATCH FOR TURNING YEHICLES Sign

City: _Milwaukee, Wisconsin Site: _llth St. and Mitchell St. (17)
Crosswalk: South (1lth St.)

Number of Lanes: _3 through lanes, 1 parking lane

Approximate Street Width: 44 feet (13 m )

Roadway Operation: 1lth St., 2-way; Mitchell St., 2-way

Bafore After
Cycle Length: 80 80
WALK Interval: 24 24
Clesrance Interval: 16 10
DONT WALK Interval: 46 46
Average Hourly Traffic Voluse (Crossing Crosswalk): 396 290
Average Hourly Right-Turn Volume (Crossing Crosswalk): 28 24
Average Hourly Left-Turn Volume (Crossing Crosswalk): 1 2
Average Hourly Pedestrian Volume (Crﬁssulk
Where Device Was Installad): 211 178

SITE DESCRIPTION

Experiment: PEDESTRIANS WATCH FOR TURNING VEHICLES Sign
City: Milwaukee, Wisconsin Site: 13th St. and Lincoln Ave. (18)

Crosswalk: East (Lincoln Ave.)

Number of Lanes: _4& through lanes
Approximate Street Width: 48 fest (14 m )
Roadway Operation: 13th St., 2-way; Lincoln e., 2-way

Before After
Cycle Length: 60 60
WALK Interval: D By
Clearance Interval: 12 12
DONT WALK Interval: U
Average Hourly Traffic Voluse (Crossing Crosswalk): 732 747
Average Hourly Right-Turn Volume (Crossing Crosswalk): t 72 17
Avarage Mourly Left-Turn Volume (Crossing Crosswalk): - 26 21
Average Hourly Pedestrian Volume (Crosswalk
Where Device Was Installed): 67 45

1o
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SITE DESCRIPTION

Experiment: WALK WITH CARE Stgnal Indication

City: Ann Arbor, Michigan

Crosswalk: North (Main St.)

Site: Main St. and MWashington St. (19)

Number of Lanes: 2 through lanes, 1 left-turn lane

Approximate Street Width: 36 feet (1l m )

Roadway Operation: Main St., 2-way; Washington St., 2-way

Before After
Cycle Length: 70 70/80
WALX Interval: 21 21/26
Clearance Interval: 11 11/14
DONT WALK Interval: 38 40/40
Average Hourly Traffic Volume (Crossing Crosswalk): 649 636
Average Mourly Right-Turn Volume (Crossing Crosswalk): 49 40
Average Hourly Left-Turn Volume (Crossing Crosswalk): 15 14
R g Ao 4l el 10 | 20

SITE OESCRIPTION

Experiment: WALK WITH CARE Signal Indication
City: Washington, 0.C. Site: M St. and Wisconsin Ave. (20)
Crosswalk: West (M St.)
Number of Lanes: 6 through lanes
Approximate Street Width: 68 feet (20 m )
Roadway Operation: M St., 2-way; Wisconsin Ave., 2-way

Before After
Cycle Length: 80 80/90
WALK Interval: 9 | a2
Clearance Interval: 14 14/16

* DONT WALK Interval: T 57 57/62
Average Hourly Traffic Volume (Crossing Crosswalk): 1,395 1,428
Average Hourly Right-Turn Volume (Crossing Crosswalk): 168 157
Average Hourly Left-Turn Volume (Crossing Crosswalk): 142 162
Average Hourly Pedestrian Volume (Crosswalk
Where Oevice Was Installed): 450 488




SITE OESCRIPTION

Experiment: WALK WITH CARE Signal Indication

City: Milwaukee, Wisconsin Site: Mason St. and Milwaukee Ave. (21)
Crosswalk: MNorth (Milwaukee Ave.)

Number of Lanes: 4 through lanes, 2 parking lanes

Approximate Street Width: 68 fut‘ (20 m )

Roadway Operation: Mason St., 2-way:; Milwaukes we., 2-way

Before After
Cycle Length: 90 90
WALK Interval: 26 26
Clesrance Interval: ) 13 13
DONT WALK Interval: 51 51
Average Hourly Traffic Volume (Crossing Crosswalk): 321 354
Average Hourly Right-Turn Volume (Crossing Crosswalk): 82 76
Average Hourly Left-Turn Volume (Crossing Crosswalk): 29 39
Average Hourly Pedestrian Volume (Crosswalk
Where Device Was Installed): 202 135

SITE CESCRIPTION

Expariment: WALK WITH CARE Signal Indication
City: Milwaukee, Wisconsin Site: 16th St. and Wisconsin Ave. (22)

Crosswalk: North (16th St.)
Number of Lanes: 3 through lanes, 1 parking lane

Approximate Street Width: 46 feet (14 a )

Rosdway Operatfon: 16th St., l.way (northbound); Wisconsin Ave., 2-wa
v

Before After
Cycle Length: 0 9%
WALK Interval: - .. S . | e
Clearance Interval: _ 10 10
Average Hourly Traffic Volume (Crossing Crosswalk): 266 | 268
Average Hourly Right-Turn Volume (Crossing Crosswalk): 57 62
Average Hourly Left-Turn Volume (Crossing Crosswalk): 61 57
Average Hourly Pedestrian Volume (Crosswalk
Where Device Was Installed): ‘ 330 177



SITE DESCRIPTION

Experiment: Steady Versus Flashing WALK

City: _Milwaukese, Wisconsin Site: _Mason St. and Jefferson St. (23)

Crosswalk: South (Jefferson St.)

Number of Lanes: 4 through lanes, 2 parking lanes

Approximate Street Width: 68 feet (20 m )

Roadway Operation: Mason St.. 2-way; Jefferson St., 2-way

Before After
Cycle Length: 90 90
WALK Interval: 36 36
Clesrance Interval: 12 12
DONT WALK Interval: 42 12
Average Hourly Traffic Volume (Crossing Crosswalk): 173 155
Average Hourly Right-Turn Volume (Crossing Crosswalk): 48 28
Average Hourly Left-Turn Volume (Crossing Crosswalk): 16 27
Average Hourly Pedestrian Volume (Crosswalk
where Device Was Installed): 134 290
SITE OESCRIPTION
Experiment: Steady Versus Flashing WALK
City: Milwaukee, Wisconsin Site: 27th St. and Wells St. (24)
Crosswalk: North (27th St.)
Number of Lanes: 4 through lanes, 1 parking lane
Approximate Street Width: 58 feet (17 m )
Roadway Operation: 27th St., 2-way; Wells St., l-way {eastbound)
Bafore After
Cycle Length: 90 90
Clnrance Interval: 12 10
© OONT WALK Interval: - | s | a8
Average Hourly Traffic volume (Crossing Crosswalk): 1,103 1,082 |
Average Hourly Right-Turn Volume (Crossing Crosswalk): 0 0
Average Hourly Left-Turn Volume (Crossing Crosswalk): 71 73
Average Hourly Pedestrian Volume (Crosswalk
Where Device Was [nstalled): 76 83
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APPENDIX K - FORMS USED IN THE COLLECTING AND REDUCTION OF DATA
FOR THE ANALYSIS OF SIGN AND SIGNAL DEVICES
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PEDESTRIAN BEHAVIOR DATA COLLECTION FORM

0€C
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APPENDIX L - DATA FILE FORMAT FOR THE ANALYSIS OF EXPERIMENTAL SIGN
AND SIGNAL DEVICES

DATA FILE LAYOUT DESCRIPTION
Page 1 of §

PROJECT: Pedestrian Signalization Alternatives Behavior Data

Item Card Format
Number Number Column Code Item Description

1 1 1-4 14 City Code (Starting in Colum 2)
1 - Detroit

2 - Saginaw

3 - Milwaukee

4 - Washington, D.C.
§ - Ann Arbor

2 1 5-8 IQ Location ID Number

3 1 9-12 14 Reel Number

(Assigned to Video Tape Reel)
4 1 13-14 12 Card Type 1

5 1 15-16 12 Crosswalk (Leg of Intersection)
1 - North

2 - East

3 - South

4 - West

6 1 17-23 ” Date Filmed (Collected)

{Month, Day, Year)

7 1 24-28 15 Time Filming Began (Military Time)

8 1 29-30 12 Time Period

1 - Before
2 - After
3 - Second After Period -

9 | 1 31.32 | 12 | Weather
Tt T T T T T Y - Warm/Sunny/Overcast

2 - Rain

3 - Cold

4 - Snow
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DATA FILE LAYOUT DESCRIPTION

Page 2 of 5

PROJECT: Pedestrian Signalization Alternatives Behavior Data

Item Card Format
Number Number Column Code Item Description
10 1 33-34 12 Signal Operation
1 - Fixed
2 - Continuously Changing (Computer
Controlled)
3 - Fixed, Timing Plan Changes
during Filming
1 1 35-38 F4.0 Duration of WALK interval to nearest
second.
999 - variable length WALK interval
12 1 39-42 ‘'F4.0 Duration of clearance interval to
nearest second. Decimal point assumed
between
999 - variable length clearance
interval
13 1 43-46 F4.0 Duration of DONT WALK interval to
nearest second.
999 - variable length DONT WALK
interval
14 1 47-50 F4.0 Cycle length (seconds)
999 - variable cycle length
15 1 51-52 12 Device Tested:

...............

8lank - not known

1. Signa) Device - DONT START

2. Signal Device - WITH CARE

3. Sign - Explaination of pedestrian
symbol messages

4, Sign - Explaination of pedestrian
word messages

- . STgn - Pedestrian yleld sign™

6. Sign - Pedestrian warning sign
7. Flashing Walk

- 8. Control Site.. -
9. Not Known

10. Install Ped Signals
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PROJECT:

DATA FILE LAYOUT DESCRIPTION

Page 3 of 5

Pedestrian Signalization Alternatives Behavior Data

Item
Number

Ccard
Number

Column

Format
Code

Item Description

16

17

1

53-55

56-59

13

14

Operation Data Viewed By:

1 - Gary Lucy

2 - Liz Luzsinski
3 - Erik Greer

4 - Mike Cynecki

§ - Marvin Burton
6 - Bill Conley

Conflict Data Viewed By:

1 - Gary Lucy
2 - Liz Luzsinski
3 - Erik Greer
4 - Mike Cynecki

18

19
20

21
22
23
24
25

%

N NN NN

1-4

5-8
9-12

13-14
15-16
17-22
23-24
25-28

14

14
14

12
12
16
12
14

City Code
1 - Detroit
2 - Saginaw
3 - Milwaukee
4 - Washington, D.C.
§ - Ann Arbor
Location ID Number
Reel Number ’
‘(Assigned to Video Tape Reel)
Card Type 2
Time Interval
Total time to nearest second
Number of cycles

Pedestrian volume crossing from left

to right (from the perspective of the

 yiewer)

Pedestrian volume crossing from right

~— 7 ~to Yeft (from the perspective of the — |

viewer)
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DATA FILE LAYOUT DESCRIPTION

Page 4 of 5

PROJECT: Pedestrian Signalization Alternatives Behavior Data

Item Card Format
Number Number Column Code Item Description
Thru Vehicles -

27 2 33-36 14 Number of vehicles driving across the

crosswalk during the DONT WALK interval
RT Vehicles -

28 2 37-39 13 Number of vehicles turning right across
the crosswalk during the WALK and
clearance interval

LT Vehicles -
29 2 40-42 13 Number of vehicles turning left across
: the crosswalk during the WALK and
clearance interval
RTOR Vehicles -

30 F4 43-44 12 Number of vehicles making RTOR maneuvers
across the crosswalk
Number of Pedestrian Violations of
Signal Messages

31 2 45-46 12 Number of pedestrfans starting to
cross during the clearance interval

32 2 47-49 I3 Number of pedestrians starting to
cross during the DONT WALK interval

33 2 50-51 I2 Number of pedestrians anticipating the

. WALK interval ’
Number of Pedestrian Conflicts by
Conflict Type

34 2 52-52 12 Pedestrian Hesitation (PH)

35 2 54-55 12 Abort Crossing (AC)

36 2 §6-57 12 Moving Vehicle (MV)

k2 N 2 68591 - 12— Right Turning Vehicle {(TV-R} - - -—p-

l 38 2 60-61 12 Left Turning Vehicle (TV-L)
Cw PR T B R e TR




DATA FILE LAYOUT DESCRIPTION

Page 5 of
PROJECT: Pedestrian Signalization Alternatives Behavior Data
Item Card Format
Number Number Column Code Item Description
41 2 64-65 12 Run on Clearance (RC)
42 2 66-67 12 Run due to Turning Vehicle (RTV)
43 2 68-69 I2 Backup Conflict (BC)




APPENDIX M - INSTRUCTIONS FOR THE COLLECTION OF OPERATIONAL, CONFLICT,

AND VIOLATION DATA

Steps in Reducing Pedestrian Data - Operational Data

Select film and record the date of viewing for the reel number on the
Data Reduction Progress Log.

Fill in the first two columns at the top of pedestrian behavior data
collection form (except “Device Tested"). Determine which crosswalk is
being filmed from the audio message on the tape and notes on the data
collection log. Also indicate date viewed and record your initials.

Using the time image generator determine the length of the WALK, clear-
ance, DONT WALK intervals and the entire cycle length. You are viewing
at real time. The time image generator provides elapsed time to the
0.1 second. A cycle begins at the start of the WALK interval. A
complete cycle is from the beginning of one WALK interval to the begin-
ning of the next WALK interval.

Rewind the tape to the beginning of the first cycle where the time
image generator is running and begin collecting operational data. A
time interval corresponds to a duration of approximately 10 minutes
(rounded off to the nearest complete cycle). Never begin or end a time
interval in the middle of a cycle. For fixed-time cycle lengths, the
conversion of cycle lengths to time intervals should be as follows:

Cycle Length Number of Total Time
(seconds) Cycles (minutes/seconds)
50 12 10:00/600
55 11 10:05/605
60 10 10:00/600
65 9 9:45/585
70 - 9 10:30/630
75 8 10:00/600
80 8 10:40/640
85 7 9:55/595
90 - 7 ©10:30/630
95 T - 79:30/570
0 6 10:00/600
110 ' 6 11:00/660
120 5 10:00/600

For actuated signals and locations without fixed cycle lengths you must
keep track of the time and number of cycles per 10 minute intervals
(600 seconds). In addition, the cycle length may also change during
the day at locations with a fixed cycle length.

240



- 5.

6.

7.

2.

Rec
to

ord start time, end time, and total duration of each time interval
the nearest 0.1 second.

Count pedestrian and vehicle movements continuously for each time in-
terval using the counters. Record the totals for each interval on the
data form. The movements are defined as follows:

Operational Data

-Pedestrian Crossing Left to Right (looking at the intersection from
The perspective of teh camera): All pedestrians on that leg within
1 (one) car length, approximately 20 feet (6 m), of the crosswalk
shall be counted. If a bicyclist crosses in the manner of a
pedestrian, it shold be counted as a pedestrian. If any unusual
occurance is viewed, put an astrick in the box and make a note of
the occurance elsewhere on the form.

-Pedestrian Crossing Right to Left (looking at the intersection from
the perspective of the camera): Same as above.

-Thru Vehicle Movements: All vehicles crossing the crosswalk during
the DONT WALK interval (both directions and all turning vehicles
are counted). Put an astrick in the box for each thru vehicle
which violates the traffic signal during the interval.

-Right Turn Vehicle Movements: All vehicles turning right across
the crosswalk during the WALK and clearance intervals.

-Left Turn Vehicle Movements: All vehicles turning left across the
crosswalk during the WALK and clearance intervals.

-RTOR Vehicle Movements: All vehicles making right-turn-on-red
mm]rements across the crosswalk during the WALK or clearance inter-
va L]

Rewind fﬂm and return video tape to the shelf numerically by reel
number. Return coded form to your supervisor.

Collecting Pedestrian Violation and Conflict Data

- with the toD mrtion Of the form and the Operationa] data lﬂready Cﬂﬂp- o

leted. Record the data viewed for the reel number on the Data Reduc-
tion Progress Log.

gecord date viewed and your {initials on the Pedestrian Data Collection
orm.
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Begin collecting data for the time intervals and start/end time images
used for the operational data. Make sure you are recording data for
the same crosswalk.

Record the total number of each event for each {nterval on the data
collection form. If no event of a particular type occured, record a

-zero fn that box. Do not leave any boxes blank. If a time interval

was not used or a data item was not collected, draw a line thru the

“box.

- The definition for each of the data items are:

e Violations

-Cross on Clearance: The pedestrian begins crossing while the
pedestrian signal displays a flashing DONT WALK or other clearance
message. |

-Cross _on DONT WALK: The pedestrian begins crossing while the
pedestrian signal 1s displaying a DONT WALK or other prohibitive
croising message (1.e. the thru vehicular traffic has the right-of-
way).

-Anticipate Walk: The pedestrian begins crossing just prior to the
WALK message, while the pedestrian signal is displaying a DONT WALK
message. This is a judgement observation based on the pedestrian
anticipating the walk and not totally ignoring the pedestrian/
vehicle signal. :

® Conflicts

-Pedestrian Hesitation Movement (PH): Pedestrian momentarily re-
verses his or her direction of travel in the traffic lane or the
pedestrian hesitates in response to a vehicle in a traffic lane
during the WALK or clearance intervals.

-Aborted CrossingT§AC): Pedestrian steps off curb during WALK in-
terval, but at the onset of the clearance interval the pedestrian
reverses his direction back to the curb.

-Hoving ving Vehicle (Mv): Through traffic fs moving through the cross-
walk while a pedestrian is in a traffic lane during the DONT WALK

‘ﬂtﬁfﬁ} ,,,,,,,, {pmmwmm}. . ’Hﬁs ,,,,, tonf1+cttype~may ,,,,, ﬂSOOCCUT’
during the WALK and clearance intervals under certain circum-

stances.
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-Turning Vehicle sar) and SLT:): Pedestrian is 1in the path and
3"'" 2 eg m wnstream of -a turning vehicle. This
conflict is recorded separately for right turn vehicles and left
turn vehicles (defined previously) during the WALK or clearance

intervals.

-Running Vehicle Hazard Conflict (RV): Pedestrian runs in a traf-
fic Tane in an effort to avoid a possible collision with a thru
vehicle during the DONT WALK (prohibited crossing) interval. This
conflict type may also occur during the WALK and clearance inter-
vals under certain circumstances.

-Run on Clearance (RC): Pedestrian runs during the clearance inter-
val in response to the signal message.

-Running Turning Vehicle (RTV): Pedestrian runs in a traffic lane
Tn response to a turning’ vehicle or turning vehicle potential
during the WALK .or clearance interval.

e Multiple Conflicts

When counting events, a pedestrian violations can be counted for
each pedestrian only once per crossing. For this study only one
conflict can be counted for a pedestrian or vehicle. Therefore, if
a particular pedestrian is involved in 2 or 3 conlficts, record the
most severe conflict. If several pedestrians, crossing as a group
are involved in a conflict with a vehicle then only one conflict
shall be counted. Similarly if a pedestrian is invoTved in con-
flicts with several cars, count only one conflict (the most severe
type). Plese note that both a violation event and a conflict can
be counted for a pedestrian.
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APPENDIX N - Z-TEST OF PROPORTION RESULTS FOR SIGN AND SIGNAL TEST SITES
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EXPERINENT h“mlu;ﬂ;ul Explanation Sign (Symbelic)
SITE: Saginaw, im:m.q. « Cowrt St. aad Michigam Mae. (1)

EXPERINENT: Pedestrism Stgnal Explamation Stgn (Symbelic)
SITE: Saginme, Michigan - Cowrt St. and NMamtltes St. (2)

‘ Froquency Percent
Afl f Aft X —
Yiplations  Before L‘.‘.!'_ Sefore  Ater L-Velee Wolatiens fDefore After Before Mter  I-Valwe
a 9 2 86 0.7
» ‘ a » » 85 64 1.21
™ » » XY -
™ v » s 60 -
~ 1 1 w22 .
’ o ~ %) "% .7 26 .
Tetal 5.7 185 0.13
. ote li” i ! ! Total © n a1 150 0.84
onflict i
<oien 1 Conflicts
" 14 % 1Ly 20 . e
; " ’ 1 26 18 .
~ 0 s L1 o8 -
i x ’ ° 26 00 .
w ’ . 2.3 . .
; o ™ ? 3 20 08 .
. -1.20 ,
" i Wos 1l ! ar a m 14 103 0%
T . .
L "' " 2 52 A o » " 100 s 0.1
) 7 ‘ XY - - 2 ? 0.6 1.2 .
L " s 12 - [ ) 1 2.8 28 -
v i N 1200 ) Y 1 . 0.3 00 .
ey ?‘ LR L& ey » % 105 60 2.5
Tur L m 23 w4 4w nan » ™ 26 w1 a8
Tetal 22‘2 m 01 N0l 0.0 Total 1 208 2 M0 1.2
Podestrion :
Padestrion
Wolume Gy w Podestri - o8
Yiolations

CL = Pedastrisns starting during clearance fnterval
0N = Pedestrisns nrt:: M.'
A = Pedestrians mtictpating

w WALK iaterval
iaterval

t 1.3 ]

/T
L7
Ry

Conflictsy

= Podestrism hesitatien

- crossing.

= Noving vehicle cenflict

= Right-turn vehicle conflict
= Left-turn vehicle conflfct

= Pedestrian runs to wold vehicle
= Run on clesrance

[
RTY = Run-turning conflict

THRY = Total clesrance (through vekicle) comflicts
TR = Total turning cu‘\ﬂlct: !

1-Yalve

= Insufficiont sample size
= flot mpplicable
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EXPERIMENT:

gedestmn Signal Explanation Sign (Sywolic)

Court St. and Hamilton Ave.

SITE: ;Saghjm‘t, Michigan - Court St. and Michigan Ave. (3

L

Legend

Yiolations

CL = Pedestrians starting during clearance interval
DN = Pedestriams starting during DONT WALK interval
Ail = Pedestrians anticipating WALK interval

Conflicts

M = Pedestrisn hesttation

AC = Aborted crossing

MY = Moving vehicle conflict

RT = Right-turn vehicle conflict

LT = Left-tun vehicle conflict

RY = Pedestrian runs to avoid vehicle

RC = Run on clearance

RTY = Run-turning conflict

THRU = Tota) clearance (through vehicle) conflicts
TIRN = Tota) turning conflicts

I-Value

= = Insufficiant sample size
NA = Not applicadle

% ! Frequency Percent
Violations = Before  After Before After  Z-Value
o e 107 7.9 1.7 0.20
o™ 46 72 4.2 5.2 -1.10
"y - Y| 0 24 2.2
Total 176 23 16.2 153 0.59
Conf11£ts 1
" 2 27 2.1 1.9 -
R 6 1.6 0.4 -
W 7 2.2 0.5 -
RT ., 185 262 17.0 18.8 -1.17
LT 66 100 61 7.2 -Ln
W9 13 08 0.9 -
RC | 22 28 2.0 2.0 -
CRTY 10 0 0.9 0.0 -
™Y | s 81 8.7 5.8 2.80
TURE - 261 362 240  26.0 -1.15
Totad | 36 M3 27 38 0.47
Mest ian
vol E iz,.om 1,392
—
.
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EXPERINENT: rqmmq. 50,.1 Explanation Sign (Word) EXPERIMENT: Pedestrian Sigaal Explanation Stga (Vord)
SITE: Weshington, 9.C. + 17th and L St., NN, (3) SITE: Mashington, B.C. - 18th S, and L St., M.V, (4)
Blalstions  fMsfors -~ After  Befers  Mir I-Valw Violstions fafors Mter Sfors At IValw
a 08 . 206 1Ne 92 3.1 a ) M8 103 WS 5.2
o w1 ey se 28 ™ 2129 1L1% M4 30 100
~ o ue 15.4 4 14.5%0 ~ 22 Y a2 ) 5.9
Total e “ N 191 12.9 Total 3027 21N 489 48 BT
Conflicts Conflicts
" ” “ 29 20 218 " " ” s 21
x » N 0.8 o2 - ’ ~ ) s o2 ol -
w . % 18 1 0.51 w 82 X T WO
ar fm L I X ] 2.7 m ar < " —p
LT IP " > LT Mo 4T .5 .“ .0
[ X 12 X X - v » 0 & 11 -2.67
a L s8 ] 21 1 2.19 nc ) n 08 o7 0.55
ATy s s a3 o2 - rTY 2 ¥ 03 03 .
Tew ‘m 187 W X "% ey t " I ) “ 87 am
U us “ n 12.3 10.0 2.8 TURN %1 200 5.8 4.4 3.4
Tota) w00 156 5.8 Total 08 “8 8 101 .88
Pedestrien | L Padestrion -
Volume 2,660 3,343 Yoluse 4,108 4,628
i' Logond
Yielations

s CL » Pedestrians startisg during clesrance isterval
| OV = Poedestrians storting during DONT WALK faterval
: : A » Padestriams anticipating

interval

Conflicts

s Podestrion hestitation
= Aborted crossing
= Moving vehicle conflict

® Right-turn vehicle cosflict
® Left-turn vehicle conflfct
= Padestrion runs te avoid vehicle

= Run on clesrmce

RTY = Run-turat
® Total clearance (through vehicle) conflicts

ng conflict

| ! TWRN = Total twaing coaflicts

1-Yalwe

MA = Not mpplicable

!
i « = [asufficiont sample size
i
I
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EXPERINENT: . Pedestrian Signal Explanation Sign (Word)

'

SITE: Washington, D.C. - 17th St. and L St., N.W. (3)

18th St. and L St., N.N. (4)

Legend

Violations

CL = Pedestrians starting during clearance interval
DM = Pedestrians starting during DONT MWALK interval
AN = Pedestrians anticipating WALK interval

Conflicts

PH = Pedestrian hesitation

AC = Aborted crossing

W = Moving vehicle conflict

RT = Right-turn vehicle conflict

LT = Left-twn vehicle conflict

RY = Padestriam runs to avold vehicle

RC = Run on clearance

RTY = Run-turning conflict

THRU = Tota) clesrance (through vehicle) conflicts
TURN = Total turning conflicts

1-Yalue

- = Insufficiant sample size
NA = Mot applicable

L Frequency | Percent
Viola;tionsi Before  After Before After I-Value
@ o 954 107 12,0  -2.63
o 2312 1,45 2.2 169  14.57
o 669 465 7.6 58 448
Total 3,95 2,764 M4 Mg 12.88
Confg!cts? :
Mmoo 165 1.9 21  -0.63
A 3 12 0.4 0.2 -
nv 101 138 1.1 1.7 -3.22
'“?‘ N 325 3.6 41 -1.66
LT 0 187 3.8 2.3 5.58
RY 60 6 07 08  -0.75
RC 12 76 1.2 1.0 L.z
RTY 3 23 0.3 0.3 -
THRY 468 453 5.3 57 110
™M 687 535 1.8 6.7 2.65
Total 1,156 988  13.1  12.4 1.31
Pedes rian§ |
Yol 8,838  7,9M
—
E(lata for 17th St, and L St. N.W. (3) only,

for 18th St. and L St. N.N. (4) only,




6vc

EXPERINENT:  OONT anjt Signal Indication EXPERINENT: DONT START Sigaal Indication
SITE: A Arbor, Mcd;mfn - S. State St. amd Washingtom St. () SITE: Weshington, D.C. - 20th St. and L St., W.W. (6) -
Violstioss fSefors | Mter fSefors After I-Talee Volstiows  Befors  After  Sefers  After  Z-Tales
a ?” - 14.5 1.2 .0 a 429 178 13.0 6.7 7.%0
o 30 e 32.¢ 435 -5.38 o 207 m 6.3 10.7 4.2
" s @ 1.2 4o 1.9 ~ 11 n 6 L2 s.n
Tota) s e 3 ses 209 Total ] M 228 187 3.9
Comflicts | Conflicts
” “ 100 “ 6.6 2.4 "™ 3n 4 0.9 2.8 -5.50
~ e 09 04 - ~ 5 i 0.2 0.0 -
] ‘ 4% \ 4 4.8 3.2 2.10 w 1 12 0.3 0.5 -
ar | st 6 5.4 43 L2 ’r si7 11 15.6 7.2 2.95
u 7 e 1.3 109 0.2 T < ; " >
rv ! s« 27 s 18 - ' ) 1 7 s 03 -
e | 15 a 16 14 - e “ a ‘1.3 1.5 an
(4] ‘ 3 v 0.3 11 - (1] 13 1 0.4 0.7 -
L] mo e 124 Be 0@ Ty 110 1% 33 51 s
TN ilﬂ b 16.9 16.3 0.40 Tunn 520 200 16.0 7.9 .44
Tota} im 4“9 24 29 -0.17 Total 0 s 193 130 6.50
ey o s _ et 300 2.6
o Soend
: Volations

CL = Pedestrians starting during clesrssce interval
i OV » Pedestrions starting during DONT WALK interval
‘ Ml = Pedestrisns aaticipating interval

Conflicts
. Mumn mlmm N

- Min nﬂclo.:nﬂkt

- It t-tun vehicle conflict

Lo t-twrn vehicle coaflict

b lv Mutri- runs to woid vehicle

i : = fum on clearance

i . II’V = Run-turatng conflict

. : THRU = Total clesrance (m vehicle) conflicts
! o TURK = Total turning conflic

1-Valve

! - = [nguffictont sample size
i BA = Net wplicable

53182
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i [
ErPERINENT: m sar ;"'" Indication EXPERIMENT: DONT START Signa) Indication
SITE:  Milwawkem, Wisconsin - Srosdway and Mason St. (7) SITE: Milwaukee, Wisconsin - Mason St. and Jackson St.. (8)
‘j m Dersent Frequency Perceat

Velstioss fafore | Ater  Sofore  Mter I-Valw Yiolstions  Sefers  Ater  Before  After  I-Valwe
a A S X D 6.58 o “ - 7 se o
™ i n o™ 26 R X At X} 9.96
M ” 1 ® 54 8 5.4 L 32 n 4.4 .0 -1.%
Tetal s ik k7 B lo.u Total mn W s0.8 82 1008

Sooflicts ‘ . Conflicts
™ ° B 37 20 ) ™ 1 10 1.8 0.8 -
* oy ww R ‘ x 1 o o1 090 -
B L 214 i " n s 18 00 .
" jso ;xzo 7.9 103 -2.01 a < - >
L w108 102 0.4 u < - >
av S I o7 ol - . o . oo od ]
* 8o o 09 ) Re 12 v 16 1.4 .
) un 1.0 03 - " < " >
ey e o8 onz e 5.95 - » * o1 2s .
TURN I T A - «— - >
Totar - ,zss 0.y B 2.9 Total » » 53 2.9 2.8

N 1ém 15,1cz et Lo

Yielations

CL = Podestrisms starting dwring clesrance istervel )
; OM = Pedestrians starting during OONT WALK imterval
. Ad = Podestrions anticipating iaterval

Lo Conflicts

= Pedestriem hesitation

= Aborted crossing

= Moving vehicle conflfct

= Right-turn vehicle conflict

e Left-turn vehicle comflict

e Pedestrise runs to avold vehicle

* Run on clesrance

RTY = Run-turning conflict

: P TIRY = Total clesrance vehicls) conflicts
l TR = Total turning eusm )

RILZEERR

1-Valve

- = Insufficiont sample size
M = ot wpplicable
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ExﬂERliﬂﬂ'- DONT START Signal Indication

sm mtuaukee. Wisconsin - Broadway and Mason St. (7)
Mason St. and Jackson St. (8)

1 Frequency Percent
vtélatiops: Before After Before After Z-Value
o 21 123 1.8 51 7.9
™ 29 N6 2.9 13.2 8.30
~ 128 106 6.8 4.4 3.43
Yotal 778 545 416 22.8  13.18
Mo s 33 29 14 3.56
I 5 1 0.3 0.0 -
" 2 2% 2.2 11 -
RT % 120 48 50  -0.31
LT 123 119 66 5.0 2.24
%av 8 2 0.4 0.1 .
RC 57 27 .0 11 -
%mt 1 3 0.6 0.1 -
THRY 167 89 8.9 3.7 - 1.10
?‘mua 2 42 120 101 1.93
Total 391 B 209 138 6.11
Pedestrian

ﬂolq 1,870 2,392

Legend

Violations

CL = Pedestrians starting during clearance iaterval
DM = Pedestrians starting during DONT WALK interval
AN = Pedestrians anticipating WALK interval

Conficts

M = Pedestrion hesitation

AC = Aborted crossing

MW = Moving vehicle conflict

RT = L:’ht-twn vehicle coaflict

LT = t-turn vehicle conflict

RY = Pedestrian runs to avotd vehicle

RC = Run on clearance

RTY = Run-turning conflict

THRU = Total clearance (through vehicle) conflicts
TRN = Total turning conflicts

1-Yalue

- = Insufficiant sample size
NA = Mot applicable

‘,.

*Da‘Fa‘ for Broadway and Mason St. (7) only.
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EXPERINENT: ‘Steady Yersus Flashing WALK and OONT WALK EXPERINENT: Steady Yersus Flashing VALK and DONT WALK
SITE: Iuhlq:‘lton. c, - J0th St. and M St., WM. (9) SITE: Mashiagton, 0.C. - Jth St. and 0 St. (10)
; |
| ey Percent Frovmncy tarcent
Yiolations ' Before }_A_fi_o: Sefore  After  I-Valwe Violatioms  Sefore  Mter Sefore After I-Valm
a - " —p : a < ) —>
] 4 " > o < " —p
~ L B 16 1.6 - M 110 1s 9.0 4.0 6.3
Total . 542 M8 6.1 2.1 4.39 Totat a2 3 M N -0.03
Conflicts Conflicts
" 6 o« 33 28 145 ™ » ® 24 29 0.
~ ¢ 2 03 o1 - ~ 1 TR .
" V., 1 os o . " » » 20 12 .
At 12 % 62 a4 2.4 a ® 6 80 sl s
L ”n 70 4.4 a0 0.53 Lr s ” a2 3.2 1.4¢
RY \ [ : 0 0.3 0.0 - [ 10 1 0.8 0.4 -
re el i 2 00 1.2 . e 0 o 0.0 3.0 -
T R T S . U] s v o7 o7 -
™M w s a7 a3 as T 6 m  s3 17 2m
ToRn 20 1 108 a8 20 Tonn 159 @ 128 0 e
Tota) 321 ‘ 21 155 131 2.00 Total w [ TR G TR ) 1.02
Pedestrim ! Pedestrian
Voluwe 12,076 R Volume 1,228 2,046
; - .
L Legond
Yiglations

CL = Pedestrians starting during clesrmce fnterval
M = Podestrisns starting during DONT WALK fnterval
A = Podestrims amticipating interval

Conflicts

M« Pedastrian hesitation

AC = Aborted cressing

M = Noving vehicle coaflict

RT = Right-twrn vehicle conflict

LT = Left-turn vehicle confiict

RY « Padestrisn rums to aoid vehicle

A« e clesrance

ATV = Run-turning conflict

THRU = Total clearance (throwgh vehicle) coaflicts
TURN « Total turning conflicts

2-Yalwe

- = Insufficiant sample size
MA = ot applicable
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\ ; .
EXRERI'E?(T?: Steady Versus Flashing WALK and DOMT WALK
SITE: Washington, D.C. - 30th St. and M St. (9)

; ‘ 7th St. and D St. (10)

'Frequency Percent

Viglations  Before  After  Before  After  Z-Value

o | <+ " >
w < nA —>
‘m . 18s 143 5.6 3.1 5.43
Total 970 1,341 204  29.3 0.07
CouﬂictE
Mo 98 126 3.0 2.8 0.57
A 7 10 0.2 0.2 .
W a a L2 - 10 119
AT oz 222 6.9 4.8 3.82
LT 142 162 3 3 1.73
RV 16 1 0.5 0.2 -
RC 0 104 0.0 2.3 -
RTV 12 2 04 0.5 -
U 162 295 49 64 -2.89
RN 381 09 115 8.9 3.79
Total 543 708 164 15.4 1.27
Pedestrian

Wlume = 3,304 4,579

Legend

Violat fons

CL = Pedastrians starting during clearance interval
DM = Pedestrians starting during OONT WALK interval
AW = Pedestrians anticipating WALK interval

Conflicts

M = Pedestrion hesitation

AC = Aborted crossing

MY = Moving vehicle conflict

RT = Right-turn vehicle conflict

LT = Left-tumn vehicle conflict

RY = Pedestrian runs to avoid vehicle

RC = Run on clearance

RTY = Run-turning conflict

THRU = Total clearance (through vehicle) conflicts
TURN = Total turning conflicts

Z-Value

- = Insufficiant sample size
NA = Not applicable
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Yielations ' Before

Qa
o
N
Tota)
Conflicts
PH
[
L
L1
8
‘v
’C
[11)
THY
TuRN
Tetal

Pedestrian
Yolume

EXPERIMENT:  YIELO ip PEOESTRIAXS WIEN TURNING Sign
SITE:  Detroft, mctqjlg’n - Cass Ave. and Lafayette St. (11)
e wors Mt s Holations
<« " » ‘ a
< " —> | ™
< ) -p L
< M > Totat
Confl icts
v 6 21 os - ”
3 2 04 0.2 - ~
' 0. o7 00 " w
wom ma e 5.64 ar
2 B 24 L1 - u
1 ‘ 3 0.1 03 A v
‘| s 07 o4 ) (0
’ 1 R X . any
n " 4.0 1.4 - Ty
m. s 2 101 6.70 Turw
™ 1 %0 1.5 7.82 Total
: Pedestrion
87 | 1,14 o lume
|
‘ Yiolations
| 0 - Pedertrons Sareiny corioy Glur iy faterval
A = Pedestrions aticipating interval

EXPERIMENT: YIELD TO PEDESTRIANS MHEN TURNING Sign
SITE: Oetroit, Michigss - Woodward Ave. and Grand Sivd. (12)

fFroquency Perceat
< " >
< L7} »
+— " g
< " >
15 2 1.2 1.1 -
° 3 0.0 0.2 -
n 0.4 0.7 "
m m 29 18 .00
< L)
] ] 0.8 0.3 ()
0} “ 1.9 2.6 "
2 k] 0.2 1.7 -
50 (Y] 4.0 4.9 -1.12
ns %3 21 M2 1.R
328 % .1 .1 1.28
LM6 1,788

Conflicts

= Pedestrion hesitation

= Aborted crossing

® Moving vehicle conflict

RT o Right-twn vehicle conflict

LT = Left-turn vehicle conflict

RY = Pedestrian rwas to avold vehicle

= Run on clearance

RTY = Run-turning conflict

THRYU = Total clearance (throwgh vehicle) coaflicts
TIRN = Total turning coaflicts

E 3.3

2

L-Yalos

- = [nsufficiont sample size
MA = Not applicable




66l

\
Expeamm YIELD TO PEDESTRIANS WHEN TURNING Sign
SITE De'trnit Michigan - Cass Ave. and Lafayette St. (11)
‘ Woodward Ave. and Grand Bivd. (12)
“ 1 Frequency Percent
Violations  Before  After  Before After  I-Value
a @ NA | g .
™ ¢ " > Violations
[ <4 NA » CL = Pedestrians starting during clearsnce interval
\ Dll Pedestrians starting during DONT WALK interval
Total < NA — = Padestrians anticipating WALK interval
Conflfcts | | Conflicts
o fon
: C M = Pedestrian hesitat
P 32 26 1.6 0.9 - AC = Aborted crossing
\ M = Moving vehicle conflict
AC 3 s 0.1 0.2 - RT = Right-turn vehicle conflict
; ‘ LT = Left-turn vehicle conflict
My 11 13 0.5 0.4 Y RY = Pedestrian runs to avold vehicle
i : :c" s :m tu c:‘"“:n t
= Run-turning conflic
RE. M5 414 0.1 1.1 5.58 T = Total clearance (through vehtcle) conflicts
L 20 13 1.0 . 0.4 . URN = Total turning conflicts
; . 1-Value
RY 7 8 0.3 0.3 NA
« = Insufficlant sample size
RC 30 51 1.5 1.7 7 NA = Mot applicable
I
RV 1 3 0.5 1.1 -
WU 8 103 40 35 0.92
TRN . 446 458 1.6 157 5.39
Total = 529 561  25.6  19.2 5.45
Pede) trh@ “
VoFme . 2,063 2,926
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EXPERINENT: vicmn 0| PEDESTRIANS WHEN TURNING Sign EXPERIMENT:  YIELD TO PEDESTRIMS WIEN TURNING Sign
SITE:  Milwawkee, His#j:ou#h' - 27th St. and Wisconsia Ave. (13) SlTE‘: Nilwaukee, Wisconsin - Michigan Ave. snd Broadway (14) .
| Frovmecy Percent : Fropency Percent
Volstiews  Jefors | Mter  Safors  Mter  L-talwe Wolations  Sefors  Mter Sefors  Mter LValw
a | € " —> a @ < " >
™ 4+ " ' N I ™ - " »
~ <« " ——p wMo e " >
Tota) - L) -» Total < [ >
Conflicts ‘ Confitcts
" A TR 06 0.9 . "™ ’ 7 1.5 o6 .
~ |2 0 0.3 0.0 - x 0 0 0.0 00 -
" L 3 0.1 0.5 " " 1 10 24 0.8 )
AT %8 w7 el 1.64 at » T 1.82
u ) ‘ ? 20 11 - %] n it “r s .
* s 0.7 0.2 " Y ’ 1 I ¥ )
“ ‘ 12 10 1.7 1.5 " c ) n 1.5 0.9 "
an S T 08 03 - ) s 3 08 0.2 .-
a0 a3 . Ty a » e 24 -
o % e s e 2.3 oo n R 122 83 2.62
Total 20 e e 128 IR} Total 3 M w1 w0 an
Pedestrim ; } Podestriom
Wime 710 | 65 Yoluse | 1,
‘ Loyond
Yiolations

CL = Padestrisms starting during clearance interval
OM = Pedestrisns storting during OONT WALK faterval
A = Padestrisns mticipating MALK faterval

Conflicts

PH = Pedestrian hesitation

AC = Aborted crossing

W = Moving vehicle conflict

RT = Right-turn vehicle conflict

: : LT = Left-turn vehicle conflict

' b RY = Pedestrisn runs to avold vehicle

‘ : RC = R on clesrance

[ RTY = Run-turning conflict

: THRU = Total clesrance (through vehicle) comflicts
| TURR = Total turning cosflicts

1-Value

; S « = Insufficiant sample size
" ‘ BA = Mot spplicable
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Exéenméuri: YIELD TO PEDESTRIANS WHEN TURNING Sign

SITE: ﬁﬂ‘mukee. Wisconsin - 27th St. and Wisconsin Ave. 113)
| Michigan Ave. and Broadway (14)

Frequency Percent

Viglations  Before  After  Before  After  Z-Value
L

o« " >
%oa | < NA >
‘Au ‘ 4— NA -
'tom ‘ <4 NA

Conflicts
%Pu | 13 13 1.0 0.7 -
Ko 2 ] 0.2 0.0 -
wo 15 13 1.2 0.7 M
AT 115 109 8.8 5.8 3.30
o 2 50 .2 27 0.94
jnv 3 T 2 1.1 01 M
RC 21 21 L6 11 )
RTV 1 5 08 0.3 .
mu‘ ‘ 65 49 5.0 2.6 3.57
TR 168 164 129 8.7 3.80
Total | 233 23 1.9 1.3 5.26

Pedi:striLn

mm“ 1,302 1,882

Legend

Violations

CL = Pedestrians starting during clearance interval
ON = Pedestrians starting during DONT NALK fnterval
A = Pedestrians aticipating MALK interval

Conflicts

P = Pedestrian hesitation

AC = Aborted crossing

MY = Moving vehicle conflict

RT = L:’M-twn vehicle conflict

LT = t-turn vehicle conflict

RY = Pedestrian runs to avoid vehicle

RC = Run on clearance

RTY = Run-turning conflict

THRU = Total clesrance (through vehicle) conflicts
TIRN = Total turning conflicts

I-Value

- = Insufficiant sample size
NA = Mot applicable




8s¢

;
;
+
|

PEDESTRIANS MATCH FOR TURNING VEMICLES Sign
SITE: Detreft, Michigan - Cass Ave. and Marren Mve. (16)

Frequoncy Porcent
Sefors  Mter Before  Mter ITalw
< " >
< ) >
< " »
< ) »
4 n 2.0 LX) -
3 2 0.1 0.2 -
7 Y 1.3 1.8 "
w0t U] 198 150 3.1
° 2 (¥ ) 0.2 -
] 15 0.4 1.6 )
n 1] 1.4 2.1 "
» 4 1.8 04 -
108 n $.3 8.1 2.9
a2l 150 a3y 187 3.0
83 8 %7 D8 1.67
2,022 ”s

EXPERINENT:  PEDESTR AKS WATCH FOR TURWING YEHICLES Sign EXPERINENT:
SITE: Mm?. Mick gl? - Griswald St. and Larned St. (15)
Vielstions  Sefore ‘Mter  Before  Ater  I-Valus Violat feas

a - " > a

o P < " —> ‘ o

~ < ‘ ™ > N
Totat : " > Tota)
Conflicts | Conflicts

L s 12 1.1 0.8 - "

[ 1 0 0.2 0.0 - x

"~ L3 ) 0.6 0.2 " "

ar -’ 8 185 38 3.6 ar

%] " u

v 1 s 0.2 0.2 " ry

] I ‘ Lnr 1.9 0.8 " L

LU I 0.4 0.1 - v

s 1 o® a1 21 . T~

" 1] 82 8.0 X 187 To”e
Totat % e 120 s . Total
Pedestrion | Pedestriam
Yoluse N 3 Vo tume

T
= Logond
5 Yielations

CL = Pudestriams starting dwring clesrance faterval
OM = Pedestrions starting during DONT MALK taterval
A » Podestrians mticipating faterval

Coaflict

M = Podestrian hesitation

AC = Aborted crossing

W = Moving vehicle conflict

RT = Right-twn vehicle conflict

LT = Left-turn vehicle conflict

RY = Pedestrian runs to avold vehicle
= fun on clearance

RTY « Run-turning conflict

THRY » Total clesrance {through vehicle) comflicts

TURN = Total turning confliicts

1-Yalue

= = Insufficiont sample size
MA = ot pplicable
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EXPERIHEhT t PEDESTRIANS WATCH FOR TURNING VEHICLES Sign

SITE: Detroit, Michigan -

Griswald Ave. and Larned St. (15)
Cass Ave. and Warren Ave. (16)

i o Frequency Percent
vsoélatio}.s; Before  After  Before  After = Z-Value
T >
‘nu < NA —>
Y “ M >
Total <4 " >
Conkltctt |
M 4 36 1.8 1.5 0.96
A 4 2 0.2 0.1 .
;m 20 2 1.2 0.8 M
RT 4% 195 17.5 8.1 9.81
LT* - 0 2 0.0 0. -
RY ? 10 18 0.4 0.7 NA
RC - 37 2 1.5 1.3 A
‘mv 32 5 1.3 0.2 -
™o 12 108 5.1 4.5 1.00
TwN o aes 200 188 8.4  10.58
Total 595 310 23.9  12.9 9.92
Pedi{astrlgpné

Vph.e} . 2,487

2,402

Legend

Yiolations

CL = Pedestrians starting during clearance interval
DM = Pedestrians starting during DONT WALK faterval
MM = Pedestrians anticipating WALK interval

Conflicts

PH = Pedestrian hesitation

AC = Aborted crossing

MY = Moving vehicle conflict

RT = Right-turn vehicle conflict .

T = t-turn vehicle conflict

RY = Pedestrian runs to avold vehicle

RC = Run on clearance

RTY = Run-turning conflict

THRU = Total clearance (through vehicle) conflicts
TURN = Total turning conflicts

I-Value

- = Insufficiant sample size
WA = Not applicable

| 'Da:}aj‘ from Cass Ave. and Warren Ave. (16) only.
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EXPERINENT: n;usmﬁus wcu FOR TURNING VEHICLES Stgn EXPERIMENT:
SITE:  Wilwauker, Wiscomsia - 11th St. and Mitchell St. (17)
folations  Sfere  Mter before  After  L-Value Vetattoms
a 4 " » _u—
] < ) + . : o
~ ‘< " > ~
Total ft "A » Total
Conflicts ‘ Confiicts
”m LA 1.4 0.8 - o
~ s 3 0.4 0.2 - "
] 2y j 10 1.4 0.7 " -
ar no 18 3.2 1.0 - o
Lt e 0.2 0.1 - u
Y 1 L. 0.1 0.3 " v
e Le 8 1.4 0.6 ) a
(11 I S 0.2 0.0 - -
ey . : » 'R 2.5 3.03 v
TURN “ \ Y 38 1.2 - _—
Total 0z | 8 8.2 3.7 K] Total
Mﬁ:‘:‘ létﬂ 1% "0:::2-
! B
!

PEDESTRIANS MATCH FOR TURNING YEHICLES Stgm

SITE: Milwawkes, Wisconsin - 1A St. and Lincoln Ave. (ll)

frequency Perceat
Sefore  Mter  Safore  AMter 1-Valm
< " »
< 7 —
< " »
< (7} >
10 23 o8 .
1 ° 2 0.0 -
s 14 00 "
" 0 131 127 .17
s 18 13 .
? ° 16 00 "
3 ’ 14 24 ")
5 s 113 -
» n 64 30 .
n 160 154 0.28
101 @ 1 B 1.58
" m

Logond

Yielations

CL = Pedestrians starting during clearance iaterval
OV = Pedestrians starting during DONT WALX t{aterval
Al = Pedestrians mticipating interval

Conflicts

M = Pedestrian hesitstion

AC = Aborted crossing

W = Moving vehicle conflict

RT = Right-turn vehicle conflict

LT = Left-tun vehicle confiict

RY = Pedestrism runs to avoid vehicle

RC = Run on clearance

RTY = Run-turning confiict

THRY = Total clearance (threugh vehicle) coaflicts
TIRN = Total turning confliicts

I-Yalue
felll. ]

- o [nsufficient sample size
WA = ot applicable
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EXPﬁRllﬁﬁT; PEDESTRIANS WATCH FOR TURNING VEHICLES Sign
SITE: Hﬁlﬁaukw. Wisconsin - 11th St. and Mitchell St. (17)
i L 13th St. and Lincoln Ave. (18)
i
1 Frequency Percent
Viohtioo{s . Before  After  Before  After  Z-Value
‘ T
? NA
“© <+ > Logent
?‘ | < NA nd Violations
Mo <4— NA —> CL = Pedestrians starting during clearance interval
| Do OM = Pedastrians starting during DONT WALK interval
Total . <4 n ———p AW = Pedestrians anticipating WALK interval
Canflicts . Conflict
Conﬂictg : Lonflicts
‘ ‘ PH = Pedestrisn hesitation
Vfﬂ 27 13 1.6 0.7 - AC = Aborted crossing
i NY = Moving vehicle conflict
AC 6 3 0.4 0.2 - RT = Right-turn vehicle conflict
‘ ‘ LT = Left-turn vehicle conflict
NV 23 10 1.4 0.6 NA RV = Pedestrian runs to avoid vehicle
| RTY = Run-vorsing eoofHict
= Run-turning conflic
RT 98 62 5.8 34 3.36 THRU = Total clearance (through vehicle) conflicts
uT 10 y 0.6 0.4 . TURN = Total turning conflicts
“ I-Value
RY 8 4 0.5 0.2 NA —_—
i ‘ - = Insufficiant sample stze
RC 24 17 1.4 0.9 M NA = Not applicable
ATV 7 5 0.4 0.3 -
THRU 88 a7 5.2 2.6 4.00
'tflRN 115 74 6.8 4.1 3.55
Total . 203 121 12.0 6.7 5.43
Pede tmfr» ?
lume | | 1,687 1,806
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EXPERINENT:  WALK M1

Yielations

Total

Podestrian
Yolume

fufore |

¥
195

1262

01

isn

o184
“i198

m CME Stgma) Indication

Lt

o.21
1.2
L]
318

-2.31

.08
e

-
-

-1.51
4.18

.9

EXPERIMENT: WALK WITH CARE Signal Indication
SITE: Aen m. maln;fy - Main St. and Vashington St. (19) SITE: Washingtom, D.C. - M St. and Nisconsin Ave. (20)
Tercest Fraquency Percent
| M Wfors Mt LValw Molations Befors  Mter fafors  Mter
| 8.2 3 Le a a1 0 1. 12.3
n2  s2 ; 16.56 ‘ W ™ 1 2
3.8 3.2 - ~ 7” » 3.9 1.2
45.9 17.7 14.37 ' Tetal o " 218 19.8
Conflicts
3.3 0.8 - " » ” 1.9 3.0
0.5 0.0 - Y " " 0.8 0.4
1.2 0.4 - w n ] 0.7 0.7
8.1 3.9 a2 ar ™ 802 1.7 184
2.3 1.5 - LY 52 5 2.8 1.7
0.9 0.2 - ] s 19 0.3 0.3
1.1 0.7 - "c » ©0 1.6 1.8
0.4 0.2 - (11} . ] » 1.5 1.2
1.0 2.1 6.06 Y » 204 5.2 $.2
10.7 5.6 4.3 . Tum 7] ] 2.0 182
n.? 1.8 7.20 Total s20 78 B2 A4
Pedestriom
YWolwme 1,00 3,269
Logend
. Violstions

CL = Pedestrions starting during clesrance iaterval
O = Pedestrians storting Mm WALK interval
i = Padestrions mticipating {aterval

Conflicts

P« Pedestrian hesitation

AC = Aborted crossing

W = Moving vehicle conflifct

RT = Right-turn vehicle conflict

LT = Left-turn vehicle conflict

RY = Padestrian runs to woid vehicle

RC = Run on clesrance

RTY = Run-twning conflict

THRY = Total clesrance (threugh vehicle) conflicts
TWRN = Total turning coaflicts

1-Value

- = Ilnsufficiant sample size
NA = Net pplicable
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EXPERIMENT: WALK WITH CARE Signal Indication

SITE:  Wilweukes, micmu - Mason St. and Milwaukee Mve. (21)

g.:"""’

Yiolat fens
—————————

Total

Conflicts
———————

Total

Pedestrion
Yoluse

I
i
|
S114

i
. 343

Percent

6.7
15.2
10.9
27

4.6
0.4
1.1
12.3
5.1
0.5
1.1
0.3
7.7
12.7
3.5

Sefors  After

5.6
1.2
2.1
14.8

2.3
0.0
0.4
7.4
2.3
0.2
1.1
0.4
4.0
10.1
14.1

1-Yalue

0.97
§.3%

1.3
4.68

6.05

EXPERIMENT:

Hiolattoms

a
[
L

Total

Conflicts

/T
L7

RC
RYY

Tota)

Mstr!n
Yo lume

VALK WITH CARE Sigmal Indication
SITE: Milwavkes, Wisconsin - 16th St. and Wisconsin Ave. (22)

Froamocy

Mtore  Mter
178 »
5400 70
63 ?
me 115
» 1t
2 [
s ] ?
13 LY
L ] 2
[} 3
3t ]
" 3
137 . ]
b2 n
376 101
1,043

Porcent
Sefors  Arter
8.5 3.6
26.0 6.7
3.0 0.7
3.5 11.0
1.6 1.1
0.1 0.0
1.4 0.7
6.3 4.5
4.5 2.1
2.0 0.3
1.5 0.8
0.7 0.3
6.6 2.8
1.8 6.9
18.1 9.7

1-Yalwe
$.03
12.81

15.42

4.08
6.1

Logond

Yielations

CL « Podestrians starting during clearance iaterval

U © Podestrisns starting durt
M = Podestrims mticipating

DONT WALK isterval
iaterval

Conficts

M o Podestriam hesitation

AC = Aborted crossing

Lo lhviq vdiclc conflfct

RT = :‘rt-en vehicle conflict
t-turn vehicle coenflict

ll = Pedestrian rens to avold venicle

= Run on clearance
an = Run-turning coafifct

THRY = Total clearance (through vehicle) comflicts

TN = Total twrning conflicts

I-Yalwe

- o [asufficint sample stize
WA = Mot applicable
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EXPERIMENT: ' WALK WITH CARE Signal Indication

SITE: Milwaukee, Wisconsin - Mason St. and Milwaukee Ave. (21)
“ 16th St. and Wisconsin Ave. (22)

Frequency : Percent .

Violations = Before  After  Before  After  1-Value

46 84 7.9 A5 4.63
[ 699 129 22.4 6.9 14.19
m 177 24 5.7 1.3 .
Total 1,122 237 3.9 127 17.80
Conflicts
m e 2 2.6 1.6 2.34
KX 6 0 0.2 0.0 .-
My 41 10 1.3 0.5 -
T 260 108 8.3 5.8 3.31
v M8 a1 a7 2.2 4.54
RY . 46 5 1.5 0.3 -
afc SRR & 17 1.4 0.9 -
v 1w 6 0.5 0.3 -
TRy 218 62 7.0 33 5.42
TURN . 425 155 13.6 8.3 5.64
Total | 643 20 0.6 1.6 8.09

PedeiFtriJ' 3

Volume | = 3,127 1,866

Legend

Yiolations

CL = Pedestrians starting during clearance interval
O = Pedestrians starting during DONT WALK interval
AN = Pedestrians anticipating WALK interval

Conflicts

PH = Pedestrian hesitation

AC = Aborted crossing

MV = Moving vehicle conflict

RT = Right-turn vehicle conflict

LT = Left-turn vehicle conflict

RY = Pedestrian runs to avold vehicle

RC = Run on clearance

RTY = Run-turning conflict :
THRU = Total clearance (through vehicle) conflicts
TURN = Total turning conflicts

Z-Yalue

- = Insuffictant sample size
MA = Mot applicable

|
|
1
! |
i \
E i
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i il
EWERINENT: Steady Versus Flashing WALK
SITE: Wilweskes, Wiscemsin - Mesom St. and Jefferson St. (23)

Violations  Sefore | AMter  Before  After

o

[

N
Tetal

Conflicts

+

F

7
e

w2

n

153
388

Percent
3.6 7.8
228 180
4.0 3.0
0.4 288
| K 1.1
0.0 0.2
0.8 0.4
2.0 1.5
1.7 1.5
0.3 0.1
1.5 0.5
0.3 0.1
40 2.2
4.0 .1
8.0 5.3

EXPERINENT: Stesdy Versys Flashing MALK ,
SITE: Milwavkee, Wiscostn - 27th St. snd Wells St. (24)
frequency Perceat
Lalee Violstions Befors  Ater Befors  Mier 1-Value
- ) a ] » 5.9 4 .
2.5 ™ ) ? Ly 1 -
1.3 a . ] 0.9 0.9 -
0.84 , Total ] 43 8.7 6.7 1.21
Conflicts
- H 5 s 1.2 09 -
° " ° 0.0 0.2 -
- " 0 0 00 0.0 -
- ot < " >
- L ” m  no w7 L.72
- ) 3 ) 0.7 0.0 -
- e ia n 13 33 -
- ‘ o ? s 1.7 0.9 -
L Y n n 5.2 4. -
1.15 o 10 1My 2 187 1.97
2.64 Total 122 1 ®8 0 2.13
Pedestrim
Voluse a3 [+ )
Logend
Yielat fons

CL » Pedestrians starting during clesrance taterval
0N = Pedestriane starting during DONT WALK {aterval
Al = Podestrians mticipating WALK interval

Conflicts

M = Pedestrion hesitation

AC = Aborted crossing

W = Noving vehicle cenflict

KT = Right-turn vehicle conflict

LT = Left-tum vehicle conflict

RY © Padestrian runs to avold vehicle

RC = R on clesrance

RTY = Run-twrning conflict

THRY = Total clesrance (through vehicle) comflicts
TURR = Total turning confiicts

Lvales

= = lnsuffictont sample size
A = ot gplicable
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Exptnmﬂhz Steady Versus Flashing WALK

Sth Hﬂwaukee. Wisconsin - Mason St. and Jefferson St. (23)
27th St. and Wells St. (24)
|

‘ ! Frequency Percent
Vioiatioés; Before  After | Before . After  Z-Value
o s 183 a4 7.0 -3.06
™ 180 %2 153 13.9 1.16
M \ o 65 2.9 2.5 0.71
Total 266 60 2.6 234 0.5
Con%ltctij
o 16 27 1.4 1.0 -
Ko 0 ] 0.0 0.2 -
n | 6 7 0.5 0.3 -
e s 29 13 11 .
o 106 143 9.0 5.5 4.05
RV 5 2 04 01 ., -
£ 3 21 1.2 .
RV 9 8 08 0.3 .
Ry 82 n 4.4 2.7 2.73
TN 12 10 1.1 6.9 4.31
Total S8 251 15.5 9.6 5.23
Pedjestrl?n;
Vbhm 1,176 2,608

Legend

Yiolations

CL = Pedestrians starting during clearance interval
W = Pedastrians starting during DONT MALK interval
= Pedestrians anticipating MALK interval

Conflicts

PH = Pedestrian hesitation

AC = Aborted crossing

MY = Moving vehicle conflict

RT = Right-turn vehicle conflict

LT = Left-tun vehicle conflict

RY = Pedestrian runs to avoid vehicle

RC = Run on clearance

RTV = Run-turning conflict

THRU = Total clearance (through vehicle) conflicts
TURN = Total turning conflicts

L-¥alue

- = Insufficiant sample stze
NA = Not applicable

*Dat:affron Mason St. and Jefferson St. (23).
|




APPENDIX 0 - SUMMARY OF Z-TEST OF PROPORTIONS RESULTS FOR LOW, MEDIUM
AND HIGH TRAFFIC VOLUME LEVELS AT EACH SITE
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_ EXPERIMENT: Pedestrian Signal Explanation Sign (Symboli€). ... ... . ... . ...

SITE: Saginaw, Michigan - Court St., and Michigan we. (1)
Thru Volume Group Turn Volume Group All
Yolume
Low Med{um High Low Medium High Groups
Total Violations - NC - - NC NC
Thry ContTlicts - - py pn - . R |
“Turn tonflicts - NC N - Lo i NC
~Total Conflicts - N k - NC RC N
EXPERIMENT: Pedestrian Signal Explanation Sign (Symbolic)
SITE: Saginaw, Michigan - Court St. and Hamilton St. (2)
Thru Volume Group Turn Yolume Group ANl
Vo Tume
Low Medium High Low Medium High Groups
Total Violations - - - - NC
Thry Conflicts - - - - - - -5
urn Contlicts - “NC R - RC —RC N
“Total Contlicts < i —NC - S NC N
EXPERIMENT: Pedestrian Signal Explanation Sign (Word) -
SITE: Washington, D.C. - 17th St. and L. St., K.W. (3)
Thry Volume Group Turn Volume Group AN
" Volume
Low Med ium High Low Medium High Groups
Total Viglations | Aw» Awe Aww Ax* Ax* Axrw Ax*
Thru Confliicts A* NC - Sid NC AFw . ¥5ad
“Turn Lonflicts AT .Sl W LN LY .Skl RE*
Total ConTIices L. Yodad Sl AN [:Xeid [ Yol AR A"
EXPERIMENT: Pedestrian Signal Explanation Sign (Word)
SITE: "~ Washington, D.C. - 18th St. and L St., N.X. (4)
Thru Volume Group Turn Volume Group All
Volune
Low Medium High Low Medium High Grouns
Total Violations | A+ NC Aww NC A NC Axw
“Thru Contf11CEs N BT < —RC NC N
~Total Lonflicts | WC TF— NC Lo —NC | N |

Legend: A » Significant difference in favor of after (experimental) condittion

B = Significant difference in favor of before (base) condition

NC = No significant difference between before and after conditions

* = Significant at the 0.05 level
** = Significant at the 0.01 level
- = Insufficient sample size

NA = Not Applicable
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EXPERIMENT: DONT START Signal Indication

SITE: Ann Arbor, Michigan - S. State St. and Washington St. (5)
Thru Volume Group Turn Volume Group Al
Vo lume
Low Med{um High Low Medium High Groups
Total Violations | NC NC NC NC NC NC B*
“Thru ConT1icts - Lo — N - NC T
Yurn Confiicts - L —NC — R 133 L T
Total Conflicts - NC RC R “NC RC NC
EXPERIMENT: DONT START Signal Indfication
SITE: Washington, D.C. - 20th St. and L St., N.W. (6)
Thru Volume Group Turn Volume Group ANl
Volume
Low Med{um High Low Medium High Groups
Total Violations | NC NC Ar* NC Ave Awe Avrr
Thru Conflicts - - - Sl W L[ Sl
~Yurn ConTTicts - R RFE AW L. Ned .Skl kel
Total Conflicts - AFE .S A% A%* .S ARE
EXPERIMENT: DONT START Signal Indication
SITE: Milwaukee, Wisconsin - Broadway and Mason St. (7)
T
Thru Volume Group Turn Volume Group All
Volume
Low Medi{um High Law Med{um High Groups
Total Violations | Ar* Awe Arw A** [, dd Are Avw
“Thru conflicts - - - - - S R
“Yurn Conf1icts “NC RC NC NC 4 NG
~Total Lontlicts AFE N NG I N ARE
EXPERIMENT: DONT START Signal Indication
SITE: Milwaukee, Wisconsin - Mason St. and Jackson St. (8)
Thru Volume Group Turn Volume Group Al
Volume
Low Medium High Low Medium High Groups
| Total Violations | Avx |  pww J‘___A** o owa | N | KA | aee )
“Thru Conf1icts - - - WA NA “NA A
Turn Conflicts NA WA KA NA 1. “NA "R
—_————— = - m ST S TS J._. —— " iu h Nk AH

Legend: A = Significant difference in favor of aftar (experimental) condition
8 = Significant difference in favor of before (base) condition
NC = Mo significant difference between before and after conditions
* = Significant at the 0.05 level )
** « Significant at the 0.01 level
- = Insufficient sample size
NA = Not Applicable

269



EXPERIMENT: Steady versus Flashing WALK and DONT WALK
SITE: Washington, D.C. - 30th St. and M St. (9)
Thru Volime Group Turn Volume Group All
Volume
Low Med{um High Low Med{um High Groups
Total Violations | A* av Aww NC Awe A* Axe
ru LonTTicts - - NC - - RC NC
Turn Conflicts LY NC .5id Lo W .5 A*
Total Conflicts | RC NC AFE N NC .53 .5
EXPERIMENT: Steady versus Flashing WALK and DONT WALK
SITE: Washington, 0.C. - 7th St. and D St. (10)
Thru Volume Group Turn Volume wroup All
Volume
Low Med | um High Low Medium High Groups
Total Violations | NC NC NC NC NC NC
Thru LontTiicts - - - - - B* i
Turn Cont1icts LY - K - R N .5
Total Conflicts NC L L RC K NC NC
EXPERIMENT: YIELD TO PEDESTRIANS WHEN TURNING Sign
SITE: Detroit, Michigan - Cass Ave. and Lafayette St. (11)
Thru Volume Group Turn Volume Group All
Vo lume
Low Med{um High Low Medium High Groups
Total Violations | NA NA NA NA NA NA NA
Thru Conflicts - - - - - - -
Turn Contlicts - Sl .S - - R .5
Total Conflicts - AR e - .5 A .
EXPERIMENT: YIELD TO PEDESTRIANS WHEN TURNING Sign
SITE: Oetroit, Michigan - Woodward Ave. and Grand Blvd. (12)
Thru Volume Group Turn Volume Group All
Volume
Low Med{um High Low Medium High Groups
_____________ | Total Violations| NA | NA | NA NA ] MA | M| NA
Thru Cont1icts - - - - - - NC
. | Jurn Conflicts R NC 5 L5 A¥ N NC
- [ Totat ConfHicts T W L3 T T TR 1

Legend:
N

- = [nsufficient sample size
NA = Not Applicable
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No significant difference between before and
= Significant at the 0.05 level
** « Significant at the 0.01 level

Significant difference in favor of after (experimental) condition

A s
B = Significant difference in favor of before (base) condition
E- after conditions .



YIELD TO PEDESTRIANS WHEN TURNING Sign

EXPERIMENT:
SITE: Milwaukee, Wisconsin - 27th St. and Wisconsin Ave. (13)
Thru Volume Group Turn Volume Group Al
Volume
Low Med { um High Low Med{um High Groups
Total Violations | NA A NA A NA N NA
~Thru Lonfiicts - - - - - - -
_iurn Conflicts - - - - - " 13
—Total Lontlicts - . Sl - - — RC AC .5
EXPERIMENT: VYIELD TO PEDESTRIANS WHEN TURNING Sign
SITE: M 1waukee, Wisconsin - Michigan Ave. and Broadway (14)
Thru Volume Group Turn Volume Group AN
Volume
Low Medium High Low Medium High Groups
Total Violations | NA NA NA NA NA NA NA
Jhry Confliicts - - - - - - -
~Turn Lontlices - - - - - ¥Yid Y
~Total Contiicts | NC - - - - £33 A
EXPERIMENT: PEDESTRIANS WATCH FOR TURNING VEHICLES Sign
SITE: Detroit, Michigan - Griswald St. and Larned St. (15)
Thry Volume Group Turn Volume Group Al
Volume
Low Med {um High Low Medium High Groups
Total Violations | NA NA NA NA NA NA NA
Thru Conf1icts -~ - - - - . - ~
turn ConfTlicts - - - - - - 233
Total Conflicts - - - - - - Avw
EXPERIMENT: PEDESTRIANS WATCH FOR TURNING VEHICLES Sign
SITE: Detroit, Michigan - Cass Ave. and Warren Ave. (16)
Thru Volume Group Turn Volume Group All
o 1 Low | Medium | High |  Low ]| Medium |
Total Violations | NA NA NA 1N£ NA
U Cont1icts - - -
%wmu ,,,,,,,, - e Ez ,,,,,,,,,,,,, :f mm——— g -
Total Conflicts - NC T - N | NC )

Legend:

* = Significant at the 0.05 level
+* a Significant at the 0.01 level

- = Insuffic
NA = Not Appl

fent sample size
icable
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(base) condition

A = Significant difference in favor of after (experimental) condition
B = Significant difference in favor of before

NC = No significant difference between before and after conditions



SITE: Milwaukee, Wisconsin - 1lth St. and Mitchell St. (17)
Thru Yolume Group Turn Volume Group A1l
Yolume
Low Medium High Low Med{um High Groups
Total Viglations | NA NA NA NA NA NA NA
Thru (onflicts - - - - - - y.£23
Turn Lontlicts - - - - - - -
Total Confiicts - - - - A* - (X2
EXPERIMENT: PEDESTRIANS WATCH FOR TURNING VEHICLES Sign
SITE: Milwaukee, Wisconsin - 13th St. and Lincoln Ave. (18)
Thru Volume Group Turn Volume Group ANl
] Yo lume
Low Med {um High Low Medfum High Groups
Total Violations | NA NA NA NA NA NA NA
Thru ContTlicts - - - - - - -
Turn Conflicts < - - - - NG NC
fotal Conflicts - - - - - — T
EXPERIMENT: WALK WITH CARE Signal Indication
SITE: Ann Arbor, Michigan - Main St. and Washington St. (19)
Thru Yolume Group Turn Volume Group AN
Volume
Low Medium High Low Med{um High Groups
Total Violations | Ax* Ar* Atk - Ax* Ar* Are
Thru Cont1icts - < - < - 553
Turn Lontliicts - - AWE - . L Aww
Total Conflicts Ax® Avw - Ax¥ Avw
EXPERIMENT: WALK WITH CARE Signal Indication
SITE: Washington, 0.C. - M St. and Wisconsin Ave. (20)
Thru Volume Group Turn Volume Group All
Volume
Low Medium High Low Med{um High Groups
~Total Violations | NC O - T T T T
Thru Lonflicts - - “RC b . R
| Turn Conflicts “NC LS . A LY R .
,,,,,,,, p " PO 0 | v s osme— W vt g NG X IR

A = Significant difference in favor of after (experimental) condition
B = Significant difference in favor of before (base} condition

NC = No significant difference between before and after conditions
* = Significant at the 0.05 level

** = Significant at the 0.01 level

- = Insufficient sample size

NA = Not Applicable

Legend:

272



EXPERIMENT: WALK WITH CARE Signal Indication

SITE: Milwaukee, Wisconsin - Mason St. and Milwaukee Ave. (21)
Thru Volume Group Turn Volume Group All
' Yolume
Low Medium High Low Medium High Groups
Total Violations | A+ - Arree - Are kel Ax¥
“Thru ConTlicts - - - - - - Sl
urn_Cont1icts - - Y.l - K .3 .\l
~Total Conflicts - < AE - Ly ARE A%
EXPERIMENT: WALK WITH CARE Sfgnal Indication
SITE: M{lwaukee, Wisconsin - 16th St, and Wisconsin Ave. (22)
Thru Yolume Group Turn Volume Group Al
Volume
Low Medium High Low Medium High Groups
Total Violations | A Aww Arw - Are Awx Ax*
~Thry Lonflicts - - - - -
durn Conflicts - - - - - - Y33
iotal Conflicts - Arr Axx - Axw A Arw
EXPERIMENT: Steady versus Flashing WALK
SITE: Milwaukee, Wisconsin - Mason St. and Jefferson St. (23)
Thru Volume Group Turn Volume Group All
Vo lume
Low Med ium High Low Medium High Groups
Total Violations | NC NC NC Are NC NC NC
—inhry Lont licts - - - - - AFE
Turn Confl1icts - - - - p = RC
_Total Conflicts - - - - o .t
EXPERIMENT: Steady versus Flashing WALK
SITE: Milwaukee, Wisconsin - 27th St. and Wells St. (24)
Thry Volume Group Turn Volume Group All
- Volume
Low Med{un High Low Medium High Groups
1 Totar violations| - | - 1 o | . | NC
Thru Conflict - - - - - - -
—Turn ConfTlict - NC Aww - - 15 A*
B = $ - m: A# - - A‘i A;

Legend:

* = Significant at the 0.05 level
** = Significant at the 0.0l Tevel
- = Insufficient sample size
NA = Not Applicable
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and

A = Significant difference in favor of after (experimental) conditfon
8 = Significant difference in favor of before (base) condition

NC = No significant difference between before after conditions



APPENDIX P - LETTER FROM A PEDESTRIAN REGARDING THE WALK WITH CARE
PEDESTRIAN SIGNAL
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APPENDIX Q - DETAILS OF PEDESTRIAN YIELD ALTERNATIVES
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PEDESTRIAN SIGNALIZATION ALTERNATIVES:
YIELD SIGNS OR SIGNALS

Description (Color, Movement, Message, Size, Etc.)

A three-lens signal, with the third lens retrofitted
to supplement the standard WALK/DONT WALK pedestrian signal.
The message provided on the third lens would be YIELD TO
VEHICLES and operate in the flashing mode during off-peak
hours when low vehicle volumes occur (i.e. from 10:00 p.m.
to 6:00 a.m.). The flashing yield display will be yellow
in color, and the DONT WALK message would be turned off
during the operation of the YIELD display.

Sketch or Drawing of the Alternative

Flashing—y

Yellow YIELD TO

Signal VEHICLES
YIELD TO
VEHICLES

Past Use of the Alternative

Unknown

Justification for Use

hgs the potential for improving the respect for pedestrian
signals.
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YIELD SIGNS OR SIGNALS (Continued)

Pdtential Advantages

®It encourages pedestrians to watch for traffic instead of relying
entirely on the pedestrian signals

®Can be maintained as a part of existing pedestrian signal hard-
ware

®Less pedestrian delay (theoretically) than with conventional
WALK/DONT WALK signals

Potential Disadvantages

®Retrofit problems are possible

@It gives the pedestrian the right to cross a street "against-
the-traffic signal®" which is often dangerous

®Confusing message

@It may not be appropriate for young children who can't read or
who are not capable of deciding when it is safe to cross on
their own

®There may be legal problems associated with encouraging pedes-
trians to cross against the vehicle traffic signal.

Estimated Cost of Installation

Moderate

- Estimated Cost of Maintenance and Operation

Moderate to high
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" roads to allow pedestrians to cross regardless of the vehicle
signal indication, thereby reducing pedestrian delay. This — -

Alternative: 2

PEDESTRIAN SIGNALIZATION ALTERNATIVES:

YIELD SIGNS OR SIGNALS

Description (Color, Movement, Message, Size, Etc.)

A single illuminated pedestrian signal for each crosswalk
which flashes “YIELD or *YIELD TO VEHICLES in orange through-
out the day. This alternative completely replaces a WALK/DONT

WALK pedestrian signal. This alternative is only designated
for streets with low traffic volumes.

Sketch or Drawing of the Alternative

YIELD TO YIELD

o .
VEHICLES r Flashing Orange

Past Use of the Alternative

Unknown

Justification for Use

There may be many safe, adegquate gaps on low volume

... flashing yield 5191131 may encourage more PEdeStr:l.ans to
watch for traffic before crossing.
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YIELD SIGNS OR SIGNALS (Continued)

Potential Advantages

®Reminds pedestrian to watch for traffic
®Reduces pedestrian delay

®Encourages pedestrians to 'yield  to turning vehicles which
may help reduce these types of accidents

Potential Disadvantages

®#May be confusing, may require an education program

®eNot applicable to school age children who are not able to
determine a safe or adeguate crossing gap

®May be legal problems with allowing pedestrians to cross
against a red vehicle signal even when vehicular traffic is
not present

eNot applicable tc high volume, high speed and/or very wide

streets where traffic flow conditions may change during the
crossing

Estimated Cost of Installation

Medium

—
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Alternative: 3

PEDESTRIAN SIGNALIZATION ALTERNATIVES:

YIELD SIGNS OR SIGNALS

Description (Color, Movement, Message, Size, Etc.)

A pedestrian sign which opens or is activated during the
off-peak or low vehicle volume periods to replace the WALK/
DONT WALK pedestrian signal. The message would be YIELD  or
"YIELD TO VEHICLES .

Sketch or Drawing of the Alternative

Sign
Closed

Sign Open

Past Use of the Alternative

The open/close sign concept has been used previously
with regulatory speed limit signs in school zones which
open during school crossing periods.

Justification for Use

The yield message would be displayed during off-peak

~__hours to eliminate unnecessary pedestrian delay, and the

message does not conflict with the DONT WALK pedestrian

 the off-peak hours and the yield sign is closed during
times when the pedestrian signal is in operation).
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- Estimated Cost of Maintenance and Operation

YIELD SIGNS OR SIGNALS (Continued)

Potential Advantages

®Encourages pedestrians to watch for vehicle traffic before
c:ossing

®Is an active message (based on the time of day) which could
help to command attention

®Could help to minimize unnecessary pedestrian delay

eDoes not conflict with the pedestrian signal message

Potential Disadvantages

eThe yield message (as well as the yield concept) may be con-
fusing '

eThere may be legal problems associated with giving pedestrian
the right to cross the street against the traffic signal

eIt may not be appropriate for young pedestrians who cannot read

or who are not capable of deciding when it is safe to cross on
their own.

Estimated Cost of Installation

Moderate

Moderate
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Alternative: ¢4

PEDESTRIAN SIGNALIZATION ALTERNATIVES:
YIELD SIGNS OR SIGNALS

Description (Color, Movement, Message, Size, Etc.)

A variable sign message which spells out PEDESTRIANS -
YIELD TO CARS - CROSS WHEN CLEAR", which is activated during
off-peak or low vehicle volume conditions.

Sketch or Drawing of the Alternative

PEDESTRIANS . . . .
YIELD TO VEHICLES . . . | Variable Sign Message
CROSS WHEN CLEAR

Past Use of the Alternative

The variable sign message has been used for providing
messages to motorists.

Justification for Use

- ..-crossing phase. .. . . . .

B The sign message should clearly convey the meaning of
~_the yield message, and could be used for providing other
safety messages, such as WALK-DONT WALK, or time to next
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" YIELD SIGNS OR SIGNALS (Continued)

Potential Advantages

eEasy to understand

eThis sign could replace the pedestrian signal and provide the
WALK/DONT WALK message

oMay reduce pedestrian delay

®Encourages pedestrians to look for traffic before crossing

Potential Disadvantages

®Expensive to develop, install and maintain

o#Could lead to a change in pedestrian attitudes at other inter-
sections (i.e. pedestrians may start to cross against the light
at other non-signed locations)

®May have difficulty mounting the sign

®Would not be understandable or appropriate for young children
who can't read or who are not capable of deciding when it is

safe to cross on their own

®The sign would have to be very large to carry the entire message
or the message may be shown in parts which may be confusing

eThere may be legal problems associated with encouraging pedes—
trians to cross against the red traffic signal.

Estimated Cost of Installation

High

~_Estimated Cost of Maintenance and Operation =~~~ =~~~ T
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Alternative: 5

PEDESTRIAN SIGNALIZATION ALTERNATIVES:
YIELD SIGNS OR SIGNALS

Description (Color, Movement, Message, Size, Etc.)

An audible word message which supplements or replaces
the WALK/DONT WALK signal to provide the yield message,
"PEDESTRIANS, PLEASE YIELD TO VEHICLES AND CROSS ONLY WHEN
THE ROADWAY IS CLEAR®. This message could also be used in
conjunction with other forms of yield sign or signal.

Sketch or Drawing of the Alternative

Speaker | D | === PEDESTRIANS ..... PLEASE YIELD TO VEHICLES AND
—J " CROSS ONLY WHEN THE ROADWAY IS CLEAR .....

DONT
WALK

Past Use of the Alternative

Audible signals have been used with some success in
providing crossing and clearance information to pedestrians
(i.e. In Washington, D.C.; England; Japan, and many U.S.
locations near schools for blind.)

Justification for Use

~___This device can be retrofitted to existing hard- ===

‘ware and provides a clear, simple yield message. Also is
. applicable to pedestrians with visual impairments. . _
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YIELD SIGNS OR SIGNALS (Continued)

Potential Advantages

eWill draw more attention of pedestrians to the yield message
(except for deaf pedestrians).

-oMore easily understandable
®Reduces pedestrian delay
®Encourages pedestrians to look for traffic before crossing

®Applicable to all crosswalks at the intersection so it does
not have to be aimed at a particular crosswalk

Potential Disadvantages

®Causes a noise pollution problem
®eNot applicable to deaf people

®Not appropriate to school age children who are not capable of
determining when a safe gap exists

®May be legal problems associated with encouraging pedestrians
to cross against the red vehicle signal

Estimated Cost of Installation

Moderate

Moderate
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S : Alternative: 6

PEDESTRIAN SIGNALIZATION ALTERNATIVES:

YIELD SIGNS OR SIGNALS

Description (Color, Movement, Message, Size, Etc.)

A combination of yield sign for pedestrians to be placed
at each crossing and a warning sign with flashing beacon for
approaching motorists indicating that they are approaching a
pedestrian crosswalk.

Sketch or Drawing of the Alternative Pedestrian
Yield Sign
Flashing 1
Beacon
For —
Pedestrians
- T
For Motorists
Motorists wWarning
Sign

Past Use of the Alternative

Yield sign for pedestrians has rarely been used. The
pedestrian crossing warning sign has been used in the past.

Justification for Use

The general familiarity of road users with triangular

- to look for oncoming vehicles.

g

'~ "The flashing beacon and the ped-xing sign will caution
approaching vehicles against pedestrians.
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YIELD SIGNS OR SIGNALS (Continued)

Potential Advantages

eSimple and easy to understand message

®Relatively low cost

eFamiliarity of road users with the shape and size of the
warning sign

eEncourages pedestrians to look for vehicles and encourages
motorists to watch for pedestrians

Potential Disadvantages

eMay not be effective in drawing the attention of pedestrians

eWarning motorists of pedestrian crossings in past studies has
not been shown to be effective

eThe yield concept is not appropriate for school age children
who are not able to determine what a safe gap is

oThere may be legal problems with using the yield signs for
pedestrians.

Estimated Cost of Installation

Moderate

Estimated Cost of Maintenance and Operation

Moderate
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Alternative: 7

PEDESTRIAN SIGNALIZATION ALTERNATIVES:
YIELD SIGNS OR SIGNALS

Description (Color, Movement, Message, Size, Etc.)

An actuated signal (based on loop detectors imbedded
in the pavement) which would display a YIELD signal to
pedestrians when no vehicles are detected (to allow all

pedestrians to cross against the red vehicle signal)
When a vehicle is detected, the DONT WALK display would

be displayed and the YIELD display would be eliminated
(blanked out).

Sketch or Drawing of the Alternative

Pedestrian Signals
3 J / ‘ /Dctocton\‘
0@

Past Use of the Alternative

Unknown, however loop detectors are used for determining
signal parameters for actuated and computerized signal systems.

Justification for Use

of the decis1on making responsiblity for adequate gaps Off
of the pedestrians.
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YIELD SIGNS OR SIGNALS (Continued)

Potential Advantages

- ®Legal problems could result from allowing pedestrians to cross
against the light.

®Pedestrians do not have to determine if a gap is adequate.

eCould eliminate unnecessary delay.

Potential Disadvantages

@ Sophisticated and costly

eDetectors may not provide adequate information to give proper
signal indication, particularly with turning vehicles and
vehicles entering from driveways or parking places between
the detector and the pedestrian signal

eThe legality of the device may also be open to question in
many areas.

Estimated Cost c¢f Installation

High - where the loop detectors are not already installed
and placed at the proper distance from the cross-
walk

Estimated Cost of Maintenance and Operation

Moderate to high
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