EFFECTIVENESS OF A PEDESTRIAN HYBRID BEACON AT MIBLOCK PEDESTRIAN
CROSSINGS IN DECREASING UNNECESSARY DELAY TO DRIVERAND A
COMPARISON TO OTHER SYSTEMS

by

RANJIT PRASAD GODAVARTHY

B.Tech., NAGARJUNA UNIVERSITY, 2007

A THESIS

submitted in partial fulfillment of the requiremerfor the degree

MASTER OF SCIENCE

Department of Civil Engineering
College of Engineering

KANSAS STATE UNIVERSITY
Manhattan, Kansas
2010
Approved by:

Major Professor
Dr. Eugene R. Russell



Abstract

Pedestrian signals, particularly at signalized,-bi@tk crossing can cause delay to
drivers after pedestrians’ have successfully cahss®ich is termed “unnecessary delay” in this
study. In many cases at a mid-block signal, a gadagpushes the button and then quickly
crosses the street as soon as the walk signal ipgea drivers still face several seconds of solid
red ball and by law must remain stopped. On a Btregt, a queue of vehicles waiting after all
pedestrians have crossed can amount to hundrdusics of unnecessary delay per year. The
‘Pedestrian Hybrid Beacon’ (Initially named a HAWHKigh Intensity Activated Crosswalk))
Beacon was proven to be effective in decreasirguhnecessary delay when compared to
standard signalized mid-blocks. The City of Lawmen€ansas was interested in experimenting
(as a HAWK beacon was considered experimental whenwere installed) with a pedestrian
hybrid beacon and they installed their first pedasthybrid beacon at a mid-block crossing on
11" street and a second pedestrian hybrid beacondabimik crossing on New Hampshire
street, Lawrence, Kansas, which were the sitestefest for this research. A study was
conducted at these sites to determine the effewtsseof the pedestrian hybrid beacon in
decreasing the unnecessary delay to drivers by aongpit to a signalized mid-block crossing
on Massachusetts Ave in Lawrence, Kansas. Apart the delay measurements for these two
sites, other parameters such as driver complisategt® the signal, pedestrian compliance rate,
and other driver and pedestrian characteristicge &ko studied. Video cameras were used to
capture video at these sites and the effectiveniets®e pedestrian hybrid beacon was analyzed
from the video. The HAWK, now in the MUTCD as a Bstian Hybrid Beacon, proved to be
effective in decreasing the unnecessary delayrigexs in this study. The City of Lawrence had
a total of six pedestrian hybrid beacons in opera#is per the information received in March
2010.
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CHAPTER 1 - Introduction

Pedestrians mostly prefer crossing the road atbiudk locations though intersections
are well equipped for pedestriari3.(They will try to take the most direct route pibésto get to
their destination though it involves crossing salergh speed lanes of traffit)( To meet these
pedestrians’ needs, well designated and designeéblock pedestrian crossings provide many

safety benefits.

1.1 Non Intersection Crossings

Due to the advent of modern suburbs, the blockbateming longer and the increased
vehicle speed puts pedestrians at higher riskraesotersections. Pedestrians tend to cross the
street at random and unpredictable locations wiemaenient crossing points are not identified.
Crossing at these random points may cause riskdegtrians and also to drivers from the safety
point of view ().

To facilitate these random crossing points as desegl non intersection crossing types,
different techniques practiced adg:(

1. median and refuge islands,

2. grade separated crossings, and

3. mid-block crossings.

1.1.1 Median and Refuge | lands

A median and refuge island is a raised longitudapace separating two main directions
of traffic. Refuge islands are much shorter thauliares with a length of 100ft — 200ft. Medians
and refuge islands can be used to block side-stregriveway crossing of the main road. They
also block left turn movements, therefore incregushe flow rate of the roadway and also
increasing safetylj.

Generally, mid-block crossings are used on low r@ulow speed (25-30 mph) streets
such as short collectors through neighborhoods.ivheahd refuge islands are used when
collectors are longer and handle more traffic aamgehhigher speeds. Multilane minor and major
arterials require refuge islands or raised mediahe used with great carg) (



Figure 1.1: Picture of Refuge Islands with Crosswébk on a Major Collector with Higher
Traffic Speeds
SourceFederal Highway Administration University CourseBiecycle and Pedestrian

Transportation (1)

1.1.1.1 Advantage of Medians

Medians not only separate conflicts, but also erpatential for acceptable gaps. A
pedestrian facing many lanes of traffic in eacledion needs to get a longer gap which can be a
complex task. If a raised median is placed in #&er, then a pedestrian can cross the roadway
in stages with available small gags. (
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Figure 1.2: Pedestrian Requires a Long Time to Crasby Looking in Both Directions at a
Mid-block Crossing without Median Refuge
SourceFederal Highway Administration University Course Bigycle and Pedestrian
Transportation (1)

Figure 1.3: Mid-block with Median Refuge Allows thePedestrian to Look for Gaps in Only
One Direction at a Time
SourceFederal Highway Administration University CourseBigycle and Pedestrian

Transportation (1)



1.1.2 Grade-Separated Crossings
A grade separated crossings such as a bridge/®segpa culvert/underpass (Figure 1.4)
should be considered when a pedestrian facilitytsn@®arrier like an active multitrack railroad,

stream or freewaylj.

Volume

SourceFederal Highway Administration University Course Bigycle and Pedestrian

Transportation (1)

Some of the principle planning concerns with gragjgarated crossings afg: (

1. high cost for implementation,

2. lack of existence of the bicycle/pedestrian gragfmsation guidelines in the locally
adopted greenway master plans by the time the ratisin is in an early stage of
development,

3. lack of usage of overpass by bicyclists and pe@destdue to inconvenience, and

4. grade crossing should be accessible to all by densig different elements like

ramps, handrails, landings, etc.



Some of the warrants for grade separated crostings present aré.);
high pedestrian volume and high demand to crodsedbcation,
larger numbers of younger school children regularbssing,

high volume and high speed vehicles on the roadway,

no other convenient crossing places nearby,

sufficient funds and specific need for the overpasserpass, and

o a0k~ w0 N PF

an extreme hazard for pedestrians.

1.1.3 Mid-block Crossings
Mid-block crossings are locations between intereastwhere a marked crosswalk has
been provided. Mid-block crossings are often itestain areas with heavy pedestrian traffic to
provide more frequent crossing opportunities. Timay also be added near major pedestrian

destinations, such as schools, where people mtgbtwise cross at unmarked locatio} (

Figure 1.5: Curb Extensions and Highly Visible Croswalks Improve Pedestrian Access at
Mid-block Crossings
Source: Pedestrian Crossing} (

1.1.3.1 Mid-block Crossings by Roadway Classifications

Median installations in mid-block crossings vary different types of roadways because
of a number of factors such as roadway width, itafblume, traffic speed and type, desired
lines for pedestrian movement, and adjacent lard Mg&l-block crossing installations vary for

different types of roadways as follows.(



1.1.3.1.1 Local Roads

Mid-block crossings on local roads very rarely henedian treatments due to their low
traffic speed and volume. There might be some diaepfor installing medians with the
presence of schools and hospitdls (

1.1.3.1.2 Collector Roads

Two-lane collector roads occasionally have mediarefuge islands to channel
pedestrians to preferred crossing locations. Pedestrossings at the mid-block refuge islands
with marked crosswalks achieve a good performarma motorists. Collector roads with four

lanes might need raised mediah} (

1.1.3.1.3 Multi Lane Arterial Highway with Four Lanes

Multi-lane arterial highway with four lanes can d¢reatly improved with medians and
mid-block crossings. Signalization is essentialtf@se kinds of roads when roadway volume is
higher, lack frequent gaps, have school zonesawee klderly and disabled pedestrians’ at

crossings, higher vehicle speed, etb), (

1.1.3.1.4 Multi-Lane Arterial Highway with Six or More Lanes

Multi-lane arterial highways with six lanes havetof merging and lane changing
which makes pedestrian crossing conditions com@egnalization is the only way to provide
safer crossing conditions on high vehicle speedsodowever it is recommended not to allow
higher vehicle speeds in urban areas which haveshidensity land use.

Large overhead signs, flashing beacons, bulb-mddlashing overhead signs are

successfully used in some locatiot (

1.1.3.2 Staggered Mid-block Crosswalks

Staggered crosswalks (or Z-crossings) are treasmenthich the crosswalk is split by a
median and is offset on either side of the medi&ms staggered crosswalk forces the pedestrians
to face the oncoming traffic when they are on tleglian (Figure 1.6). Sometimes medians may

also have attractive fencing to force the pedesifiento the intended path (Figure 1.7).(
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Figure 1.6: Staggered Crossing Configuration

SourceFederal Highway Administration University Course Bicycle and Pedestrian

Transportation (1)

Figure 1.7: Staggered Crosswalk with Fencing

SourceFederal Highway Administration University Course Bigycle and Pedestrian

Transportation (1)



1.2 Problem Statement
Signalizing a mid-block pedestrian crossing is ohthe common treatments to enhance

the safety of these pedestrian crossings. Thisafpeatment is most commonly selected on
streets with heavy traffic where the gaps avail&n¢he pedestrians to cross the street are
considered inadequate. This treatment is supet@nvcompared with other mid-block crossing
treatments because it results in better driver ¢iamge and a safer crossing for pedestri&s (

On the other hand, a signalized mid-block crossengcause delay for the driver
when they must remain stopped by a solid red balhafter all pedestrians have crossed. This
delay has been termed “unnecessary delay” in thdyysThe Manual on Uniform Traffic
Control Devices (MUTCD 2003)j used a walking speed of 4.0 ft/s (1.22 m/ssigning the
clearance time for pedestrians at traffic signaésdby accommodating different groups of
pedestrians (Adults, senior citizens and physicdilgllenging pedestrians) with different
walking speeds. But in the real world, in many ar¢le probability for a slow walking
pedestrian is low and many times the pedestriagges the street in the first few seconds of the
walk phase without using the complete designedgidda clearance time. However, the drivers
are required to remain stopped at the solid reldfidwah designed time even though the
pedestrians have cleared the lane, causing theetassary delay. Sometimes the pedestrians
press the push button and cross the street evereldbky are given walk signal. This is the
extreme case with maximum unnecessary delay fadrikiers in which they need to stop for no
pedestrians for the entire designed pedestriamaziea time. This situation often occurs in areas
where there are students or other young pedestrians

A Pedestrian Hybrid Beacon (PHB), when used atlbiodk pedestrian crossing
can overcome this unnecessary delay to motorisits Ispecial signal phasing with a flashing
red ball. A study conducted by Fitzpatrick et aD@6) @), also concluded that it achieves a high
driver compliance rate (97%).

The City of Lawrence was interested in experimentith the Pedestrian Hybrid
Beacon. The PHB was not included in the 2003 MUTMZ12n it was decided to install the
signal. So, the city of Lawrence got permissiomfrieederal Highway Administration (FHWA)
for experimental testing at one of their mid-blackssings (at M street between New York
street and new Jersey street) on a route use@heatary school children. Previously there was
a yellow flashing beacon at that site that pareatter organizations thought was inadequate.



The parents wanted a traffic signal and the citshwd to minimize vehicular traffic delay on the
street. It was decided to implement a PHB. Thisbeavas then studied for its effectiveness in

decreasing unnecessary delay to the drivers irsthdy.

1.3 Objective of the Study

The objective of this research was to study thetgdfenefits to pedestrians and the
reduction of unnecessary delay to motorists usiiBg°in the city of Lawrence. The city staff
wanted the research to evaluate the benefits afighmal. For this purpose, two different mid-
block pedestrian crossings (one off street between New York street and New Jersegtstre
and the other on New Hampshire street betwé&estr@et and 10street) with PHBs installed
were selected to for comparison to a signalizedblogk pedestrian crossing on Massachusetts
street between north park street and south pagktstvideo cameras were used to collect the
data on driver delay and pedestrian characteriatitise PHB sites and the comparison site. A
survey of a sample of motorists was also conducte&yaluate their understanding and

acceptance of a PHB.

1.4 Pedestrian Hybrid Beacon (PHB) / HAWK Beacon §nal

HAWK beacon was the most common name of the Pedestiybrid Beacon till
December 18, 2009. HAWK is an acronym derived frarigh intensityActivated crossValK.
The PHB was not included in the 2003 MUTCD. So, wtiee PHB was installed at City of
Lawrence, Kansas, they had to get a permissiorgeranent from the FHWA for the
installation.

The geometry of the PHB is triangular with one g@llens on the bottom and two red
lenses above it. This PHB for the vehicular traffi@s coordinated with a traditional walk/don’t
walk signal for pedestrians. When not activated,RhiB is blanked out. The PHB is activated
by a pedestrian push button. Once the pedestriarates a PHB, the overhead signal begins
flashing yellow, followed by solid yellow, advisirdyivers to prepare to stop. The signal then
displays a solid red to drivers and the pedesti&n the walk indication; however after a few
seconds into the pedestrian walk phase, the réddoalg the driver goes to flashing red for the
final seconds of the walk phase (when pedestriemgigen flashing don’t walk indication) and

the driver may proceed on flashing red if the on@gk is clear, thereby decreasing the



unnecessary delay which is present in a conventjosignalized mid-block crossing. Figure 1.8

shows the sequence of operation of PHB.

‘AN EE- AN -EE-

Y FY 5Y Y
1. Dark Unfil Activated 2. Flaghing Yellow 3. Steady Yallow 4, Steady Red During
Upon Activation Pedestrian Walk Interval

SY Sleady yellow
¥ FY Flashing yallow
SR Steady red
FR Flashing red

-HN- -EE-  -E- s
K

5. Alternating Flashing Red During &, Dark Again Until Activated
Pedestrian Clearance Interval

Figure 1.8: Sequence of Operation for a Pedestriadybrid Beacon
Source: MUTCD 20095)

Understanding of Different Phases of a PHB for e@rfrom Figure 1.8:
1. Dark; drive as usual.

Flashing Yellow; caution. pedestrians want to cross

Steady Yellow; be prepared to stop for pedestrians.

Steady Red; must stop and remain stopped

Flashing Red; you can proceed after the pedestnawes cleared the street.

S e o

Dark again; drive as usual.

In 2004, the Tucson Department of Transportatisteited five PHBs around the city for the
first time in US. They found them to be very effeetand there are currently over 66 PHBs in
operation. These special signals were placed etsettions where there were frequent crashes
with pedestrians near a university, a shoppingerearid a high school. The PHBs have greatly
improved pedestrian safety in Tucson which ledtenarease in usage in the US and finally,
being added to MUTCD 2009

10



1.4.1 Measuring of Unnecessary Delay
Unnecessary delay has been defined in this pagledsne for which vehicles are
stopped at a signalized mid-block crossing aftepaldestrians have cleared the crosswalk but
still need to remain stopped for a solid red batiording to law. It is measured as the time
taken from when all pedestrians reach the othdy oatil the vehicles legally resume.
When measuring the unnecessary delay for eachl sighation, the delay of the first
vehicle which starts moving first in any of thedanvas considered.

1.4.2 Pedestrian Hybrid Beacons at Lawrence, Kansas

The City of Lawrence was interested in experimentifth the PHB to make use of its
advantages.

The first PHB was installed on a mid-block pedestrirossing on fistreet in between
New York street and New Jersey street at Lawredarsas in August 2007. A second PHB was
installed on a mid-block pedestrian crossing on Mampshire street betweel street and 10
street in March 20009.

These two PHBs were compared with a signalizedstodk pedestrian crossing on
Massachusetts street between north park streetarid park street in Lawrence to determine

their effectiveness when compared to the signalmetblock crossing.

1.5 Organization of this Thesis

Chapter 2 of this thesis reviews the results froffierdnt studies that provide a
background that concentrates on studies conductetktermining the effectiveness of different
pedestrian crossing treatments, pedestrian chasi®s, pedestrian walking speed, and
literature available on PHBs.

Chapter 3 of this thesis describes a preliminargystonducted in Manhattan, Kansas to
find the effectiveness of four different mid-blopkdestrian crossing treatments. The sites
selected for this study, methodology selected &ta @ollection and data analysis, and their
results will be discussed in detail in this chapter

Chapter 4 of this thesis starts with giving a bdescription of the PHB followed by
presenting the PHB section now included in the 2@Q8rCD(3).

Chapter 5 of this thesis deals with the study nahagy carried out at the two selected

mid-block pedestrian crossing treatments equippéd RHBSs and their comparison site which is

11



a conventionally signalized mid-block pedestriamssing. Description of the site, methodology
followed for data collection and data analysis, diffitrent results that were required from this
study are described for the three sites of intareftis chapter.

Chapter 6 of this thesis includes the results @iraey conducted with Lawrence drivers
providing information on the operation and askiagtheir opinion on the PHB newly installed
in their city. The results were based on the 3¥euresponses among the 250 distributed survey
forms.

Chapter 7 of this thesis starts with describingdtecepts required for an Independent
Group t-test which was chosen to test the stagissignificance of reduction in unnecessary
delay to drives by using a PHB when compared tatmventionally signalized mid-block
crossing. Finally, the Independent Group t-testiltesvere presented.

Chapter 8 of this thesis summarizes all resultaiobt from preliminary study, primary
study, survey with drivers, and statistical analysi

Chapter 9 of this thesis discusses the conclugibtiee unnecessary delay results for
using signals and PHBs at mid-block pedestriansongs. Recommendations and future research
are also suggested in this chapter.

12



CHAPTER 2 - Literature Review

There is limited published information availablePHBs. However to better understand
their benefits, this thesis will review varioususs of different crossing treatments and

pedestrian safety, including the PHB, from a recemmprehensive study.

2.1 Different Pedestrian Crossing Treatments

A study was conducted by Fitzpatrick et al. (20(B))for motorist compliance rates at 42
study sites that included 9 different kinds of sing treatments. This report was reviewed
regarding different crossing treatments and thié&caveness. Driver compliance rates for
crosswalks with different treatments was one ofttasic findings from this report. Every state
has its own state laws defining driver yielding &abr at crosswalks. State law defining
pedestrians right-of-way in crosswalks was the ncateria used to define and measure driver
compliance in different states. State laws for gathn right-of-way varies among the 50 US
states. Appendix A reviews the 50 state laws faleg&ian right-of-way at crosswalks. The
Kansas state law for pedestrian right-of-way atog®walk is:

“When traffic-control signs are not in place or niot operation, the driver of a vehicle
shall yield the right-of-way, slowing down or stopp if need be or yield, to a pedestrian
crossing a roadway within a crosswalk when the ped is upon the half of the roadway upon
which the vehicle is traveling, or when the pedastris approaching so closely from the

opposite half of the roadway so as to be in danger”

2.1.1 Traffic Signals and Red Beacon Displays
Traffic signals, half signals and displays withidar flashing red beacons fall into this
category. PHBs are an example of a solid or flagh&a beacon.

Half signals are used in a few cities (eg., SeatilA and Portland, OR). A
traditional traffic signal head is used on the majoeets, but not the minor or side streets.
During the red signal indication for the vehicleaditional pedestrian walk/ don’'t walk signals
are used for pedestrians’ crossing the major stvékén a pedestrian activates a half signal, the
signal to traffic changes from steady green todstg@llow and then to steady red. The operation

of a half signal may be different at different mac
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The city of Tucson developed the PHB for the fiisie in the United States (US).
They are dark until activated by a pedestrian. Ugctivation they cycle through flashing
yellow, steady yellow, steady red and then flaslmed During the red signal indication for the
vehicles, traditional pedestrian walk/ don’t walfgreals are used for pedestrians crossing the
major street. During the flashing don’t walk intal¥or pedestrians, drivers see a flashing red
indication which means they can proceed if thessmadk is not occupied.

The steady red signal display treatment providegalatory message that results
in a good response from drivers. The field stuéhes the study done by Fitzpatrick et al.
(2006) and several other studies cited in Fitzplatat al. concluded that red signals or beacon
devices were most effective in achieving motoristding (90-100%) on high volume, high

speed streets).

2.1.2 Flashing Beacons
Flashing beacons are very commonly used in theTd8 different kinds of flashing
beacons operation include:
1) continuous flashing mode,
2) pedestrian operated manual push button,
3) passive pedestrian detecting using automatesbserand
4) different flash rates, sequences or strobe tsffec
The study conducted by Fitzpatrick et al. (20@))has shown that motorist
yielding for all flashing beacons has an averadeevaf 58 percent (values ranging from 25 to
73 percent for different sites). It is stated ia #itzpatrick et al. (2006B) report@) that several
other studies concluded intermittent (activatesgishanual pushbutton or automated sensors)
flashing beacons have a more effective driver nespdhan continuously flashing beacons.

2.1.3 In-Roadway Warning lights
The use of in-roadway warning lights originatedha states of California and
Washington and then spread to various other plactke United States3]. They are mounted in
the pavement near the crosswalk markings suchibgitprotrude above the pavement less than
0.5in (1.3cm).

14



Some of the problems encountered by in-roadway iwaiights are:

1) snow plows damaging the flashing light enclosures,

2) light lenses becoming dirty from road grit whiclgué@es regular cleaning, and

3) inefficient operation of automatic pedestrian datec

It is stated in the Fitzpatrick et al. (2008) that some studies with in-roadway warning light
installations have reported increased driver yrgjdo the 50 to 90 percent range. They also
mentioned that several other studies proved tleairtioadway warning signs are effective in
increasing driver recognition of the crosswalk,, iseoner, and are more effective during the
nighttime during which the in-roadway warning sigme highly visible.

It is reported by Fitzpatrick et al. (2006&) that in some studies, cities preferred overhead
flashing beacons instead of in-roadway lights beeanf poor visibility when traffic is queued.
Another concern is that the in-roadway flashingpdggare hardly visible in very bright sunlight.

The Fitzpatrick et al. (20068) research team did not include the in-roadwayssign
their field studies and hypothesized that thesililasions are inappropriate and that other

crossings treatments would be more effective.

2.1.4 Motorists Warning Signs and Pavement Markings

These pedestrian crossing treatments may be afustypes:

1) animated or roving eyes,

2) advanced yield or stop lines,

3) crossing flags carried by pedestrians,

4) vyield to pedestrians and stop here for pedestigssand
5) internally illuminated crosswalk signs.

These kinds of treatment send out a warning medsag&vatch out for pedestrians” or
“avoid pedestrians”. The Fitzpatrick et al. (2008) research team3) hypothesized in their
study that drivers comply to these warning messagescourtesy. For high-speed, high-volume
roadways they hypothesize that the motorists a®ewelling to extend this courtesy to
pedestrians.

Among these crossing treatments, the Fitzpattich.€2006) 8) field studies
indicated that in-street signs had relatively higbtorist yielding (average of 87% from different

sites). The study also concluded that high vigipgigns and marking treatments had different
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yielding rates for sites with different posted spémits (61% yielding rate for 25mph posted
speed limit and an average of 17% yielding ratesit@s with 35mph posted speed limit).

Field studies conducted by Fitzpatrick et al. @0@3) also found pedestrian
crossing flags to be moderately effective with garage yielding rate of 65 percent (ranged
from 46 to 79% for all the sites).

2.1.5 Summary of the Fitzpatrick, et al. (2006) Study
Fitzpatrick et al. (2006)3] in their study found that red signals or red loeadevices
have the highest compliance rates (> 90%) on hajbme, high-speed streets when compared to
other crossing treatments. The summary of theult®svere shown in Figure 2.1. The HAWK
(as the PHB was called in their study) was obsetwdthve a driver compliance rate of 97%.
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Figure 2.1: Driver Compliance Rates for Different Gossing Treatments from Fitzpatrick
et al. Study

2.2 Pedestrian Characteristics
During the process of designing a roadway, a weag)e of needs and pedestrian
capabilities of different pedestrian groups musabeommodated. Age and functional
disabilities play a major role for the reductionagperson’s mobility, sight or hearing. These
situations warrant good engineering with good decito accommodate different categories of

pedestrians on the roadway.
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2.2.1 Characteristics of Different Age Groups

Table 2.1 shows some common characteristics ofgbeales in different age groups.

This table was extracted from FHWA University Cauoh Bicycle and Pedestrian

TransportationX).

Table 2.1: Walking Characteristics and Abilities ofDifferent Pedestrian Age Groups

Infants and Toddlers (ages 0 to 4)
At this age, walking skills are just being developed and the children require constant parental supervision. Infants
and toddlers are very limited in ability and are:

e TLeaming to walk.
® Developing peripheral vision and depth perception.

e Tmpulsive and unpredictable.

Young Children (ages 5 to 12)

At a young age. children have unique abilities and needs. Since children this age vary greatly in ability. it is
mmportant for parents to supervise and make decisions on when their child is ready for a new independent activity.
Children in this age range tend to be:

e Tmpulsive and unpredictable.

Limited m their peripheral vision (a sound source is not easily located).
Limited in traming/lacking in experience.

Thrilled or excited by close calls.

Short and hard to see by drivers.

Susceptible to darting or dashing out into the intersection.

e Likely to copy the behavior of older people.

Preteens (ages 13 to 14)

By middle school years. children have many of their physical abilities but still lack experience and training. Now
there is greater desire to take risk. Preteens generally:

Lack experience.

Walk and bicycle more and at different times (have a higher crash exposure).

Ride more frequently under risky conditions (in high traffic).

Lack positive role models.

Walk across more risky roadways (collectors and above).

Get involved in more intersection dash collisions.

Have a sense of invulnerability that makes them more willing to take chances.

High School Aged (ages 15 to 18)
By high school and college age, exposure changes and new risks are assumed. Many walk and bicycle under low
light conditions. Other characteristics of this age group are that they:

® Are very active. can go long distances. and visit new places.
Feel invineible.

Still lack experience and training.

Are capable of traveling at higher speeds.

Will overestimate their abilities on hills, curves, etc.

Attempt to use bicycles. in-line skates. ete.. based on practices carried over from youth.

Are willing to experiment with alcohol and drugs.
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Table 2.1: Walking Characteristics and Abilities of Different Pedestrian Age Groups —

Continued

Adults (19 to 40)

These adults are highly competent in traffic and capable of perceiving and dealing with risk in most
circumstances. Some use bicycles for commuting and utilitarian trips. while others use bicycles primarily for
recreation. This group generally:

e Is active and fully aware of the traffic environment.

® Comprises only 14 percent of bicycling population in most comnumities.

Tends to be very vocal and interested in improving conditions.

® Has members interested in serving as instructors or task force leaders.

Middle-Aged Adults (41 to 65)
During this stage of life. many pedestrians experience a slowing of the reflexes necessary to observe. assess. and
respond to traffic conditions.

Senior Adults (65+)
Senior adults. ages 65 and up. begin a gradual decline in physical and physiological performance. with a rapid
decline after age 75. Many are incapable of surviving serious injuries. These changes affect their performance.
Seniors:
®  Walk more in older years. especially for exercise/independence.
May have reduced income and therefore no car.
All experience some reduction in vision. agility, balance, speed. and strength.
May have further problems with hearing. extreme visual problems, and concentration.
Have the tendency to focus on only one object at a time.
Have difficulty hearing vehicles approaching from behind.
All have greatly reduced abilities under low light/night conditions.

May overestimate their abilities,

Have a higher fatality rate than other pedestrians involved in collisions with motor vehicles.

SourceFederal Highway Administration University Course Bigycle and Pedestrian

Transportation (1)
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2.2.2 Other Pedestrian Types and Characteristics
Table 2.2 gives some other types of pedestrianistmabe grouped by their walking
characteristics.

Table 2.2: Characteristics of Other Pedestrian Grops

Impaired
For those of us fortunate to live to an older age. 85 percent will have a permanent disability that limits our range
of mobility. Disabilities are common through all ages, and the permanently disabled constitute at least 15 percent
of our population. Those with permanent physical disabilities. often kept away from society in the past, are now
walking and bicycling on a regular basis. Many others have temporary conditions, including pregnancy. and
broken or sprained limbs that may restrict their mobility. The disabled group includes:

® Those who are visually impaired, hearing impaired, mobility impaired. mentally/emotionally impaired.,

or other.

e Many older adults who have reduced abilities.
® People who were previously institutionalized and are not trained to walk the streets.

® Those dependent on alcohol or drugs who may be hard to recognize.

Inexperienced

Adults who have not walked and bicycled regularly as children, and who have not received training are not
prepared to take on the challenges of an unfriendly urban environment. This group presents a particular challenge
because:

e Ninety-five percent of adults are novice bicyclists.
Many are unskilled in urban walking.
Drinking can influence their abilities.

Many assume they have higher skills and abilities than they actually have.

Most carry over sloppy habits from childhood.
® Many new immmigrants are unprepared for urban auto traffic.

Ethnic/Cultural Diversity/Tourism

America 1s rapidly becoming a nation with no clear majority population. All groups need access and mobility in
order to fully participate in society. Transportation officials must pay close attention to communication. the
creation of ethnic villages. and subcultural needs and practices. Most of these people depend heavily on walking
and transit to get around. Some newly arriving groups lack urban experience. and many are used to different
motorist behavior.

Transportation Disadvantaged

In most States. 30 to 40 percent of the population does not own a car because they are not able to drive. they
choose not to drive. or they cannot afford to purchase or operate a car. Even though this group typically does not
have special needs. these men. women. and children are highly dependent on walking. transit, and bicycling for
their basic freedom. access. and mobility.

SourceFederal Highway Administration University Course Bigycle and Pedestrian
Transportation (1)
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2.2.3 Mobility-lmpaired Pedestrians
Mobility-impaired pedestrians include those witheglchairs, crutches, canes, walkers,
guide dogs, prosthetic limbs, orthotics, or otrssistive devices. Table 2.3 contains a list of

design features that help accommodate mobility-iredgpedestrians.

Table 2.3: Design Needs of Mobility-impaired Pedesans

Wheelchair Users
®  Wider path and larger maneuvering space.
®  Surfaces with low cross slopes. low grades. smooth surfaces. and level terrains,
e  Firm. stable surfaces and structures such as ramps or beveled edges to negotiate changes in level.
®  Gradual rate of change of cross slope in such places as driveways and aprons.

Walking-Aid Users
® No grates and cracks which could catch or hinder the walking-aid.

® TLonger pedestrian signal cycles at intersections and the presence of passing spaces to allow others to travel
around them.

® No rapid change in cross slope that could cause people with walkers to stumble.

Prosthesis Users
® Extended signal timing at wide intersections.

® Tow grades and cross slopes.

People with Visual Impairments

® Detectable warnings (surfaces that can be detected underfoot and by a person using a cane through texture,
color. and resilience).

e Wayfinding information that provides orientation information to the user.

Visual cues. tactile surfaces. or audible pedestrian signals that can make information about traffic flow and
street crossings more accessible,

People with Hearing Impairments
®  Areas with long sight distances relatively free of visual obstructions such as landscaping.

People with Cognitive Impairments
®  Signs that use pictures, nniversal symbols. and colors rather than words to convey meaning to a broad range
of people.

SourceFederal Highway Administration University Course Bigycle and Pedestrian

Transportation(1)
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2.3 Pedestrian Walking Speed

As shown in section 2.2 above, different categasigsedestrians have a wide range of
needs and abilities. Walking speed is the mairematused in designing the pedestrian clearance
time at traffic signals. Generally the"™percentile walking speed for all groups of pedast is
used while designing the pedestrian clearance flinis.generally includes the low speed,
walking pedestrians. So, in cases like this, tsefapedestrians would be using only a portion of
a designed clearance time at the signals and dsswalk would be unoccupied for the
remaining portion of time. The 2003 MUTCB) (which was in effect during this study, adopted
a walking speed of 4.0 ft/s (1.22 m/s) for desigrtime pedestrian clearance time for traffic
signals It also includes a comment that where pedestridrswalk slower than normal, or pedestrians
who use wheelchairs, routinely use the crosswahkal&ing speed of less th@hO0 ft/s (1.22 m/s$hould
be considered in determining the pedestrian clearimes.

Fitzpatrick et al. (2006)3) in their study determined the L Bercentile walking speeds
for younger and older people to be 3.77 ft/s (IxI§) and 3.03ft/s(0.92 m/s) respectively. They
recommended a walking speed of 3.5 ft/s (0.07 arid)3.0 ft/s (0.92 m/s) for general
population and senior citizens or less able pomuriafhis speed would require longer walk
times and would likely increase unnecessary déi&sp in their report, they cited Coffin and
Morrall (1995) 6), as recommending a walking speed of 3.3 ft/sl(inds) at crossings with
large numbers of seniors, on the basis of theieagions of speeds of older pedestrians at three
types of crossings. They also mentioned that acogtd the report ‘Guidelines and
Recommendations to Accommodate Older Drivers ang$tgans’ (2001)7), a walking speed
of 2.5 ft/s (0.76 m/s) is recommended for less blpalder pedestrians. These speeds, if adopted

for special areas could greatly increase unnecgssday.

2.3.1 Senior Citizens
In the US, the Census Bureau estimates that thee@5and older population will grow
by over 50% between the period 2000 to 2020. Tésdr change in demographics should be
properly accommodated into transportation systenassafe manner.
In the report, ‘Guidelines and Recommendations ¢coofnmodate Older Drivers
and Pedestriang], an assumed walkingpeed of 2.8 ft/s (0.9 m/s) was recommended f& les

capablg15th percentile) older pedestrians.
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In the Fitzpatrick et al. study, (2006) (3) metartsip time was 2.5sec for older
pedestrians, compared to 1.9s for younger ones. tAksy stated thatlder pedestrians are more
likely to make incorrect decisions about the lengjth critical gap if compelled to make a quick
decision, which can lead to higher rates of crasih@gsries and fatalities in older pedestrians.

2.4 Literature on the Pedestrian Hybrid Beacon / HAVK beacon signal
Fitzpatrick and Park (200838) conducted a study to evaluate the safety effectgs of a

PHB (referred to as a HAWK in their study) in thigy®f Tucson, AZ. Their goal was to select
two un-signalized intersections and two signalizgdrsections as reference sites for each PHB
in their study. They studied 71 reference sitesui@signalized intersections and 36 signalized
intersections) for the 21 PHBs of interest in gtisdy. Crash data was used from two datasets to
evaluate the effectiveness of a PHB for a beforkadter study. When comparing the 21 PHB
intersections with 35 unsignalized intersectiohsytfound that PHB intersections had slightly
greater number of crashes (0.222 crashes/milliverieig vehicles and pedestrians (MEV&P))
when compared to nearby unsignalized intersec(i@®90 crashes/MEV&P). However, the
research team did not conclude that the instatlatai unsignalized crossings increased crashes
because the before crash rate for the PHB locatubresn they were unsignalized was greater
(0.328 crashes/MEV&P). PHB intersections were fotmbdave fewer crashes (0.222
crashes/MEV&P) when compared to nearby signalingztsections (0.713 crashes/MEV&P).
Different types of crashes that were categorizatiimstudy are: All crashes (all identified
crashes), Pedestrian crashes, Rear-end crashds;&aghes and Severe crashes (includes all
the crashes with an injury severity code of possitjury, non-incapacitating injury,
incapacitating injury, or fatal injury). In theitugly, the before and after Empirical Bayes method
was used for crash prediction to conclude thaPtHB was statistically significant in decreasing
crashes. For all intersection crashes a 28 perednttion in all crashes and a 58 percent
reduction in pedestrian crashes were observec&3lpercent confidence interval.
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CHAPTER 3 - Study of Mid-block Pedestrian Crossing

Treatments in Manhattan, Kansas

To gain a better understanding of several pedestriassing treatments, an initial study
of effectiveness of different mid-block pedestra@assing treatments was conducted in
Manhattan, Kansas.

Four different mid-block pedestrian crossing treatis in Manhattan were studied such
that the effectiveness of these different crossiegtments could be determined. These results

were subjectively compared to the results of th&PH New Hampshire street, Lawrence.

Different types of mid-block pedestrian crossingatments that were selected in Manhattan,
Kansas for the study are:
1) signalized mid-block pedestrian crossing on Andeseenue,
2) mid-block pedestrian crossing with yellow flashensDenison Avenue,
3) mid-block pedestrian crossing with in-roadway péti@s crossing signs on Poyntz
Avenue, and

4) mid-block pedestrian crossing with warning sign\bh7" street.
3.1 Signalized Mid-block Pedestrian Crossing on Anderdeenue

3.1.1 Site Selected
The conventional signalized mid-block on Andersaeue, Manhattan, Kansas was
selected for study of unnecessary delay computi@ther parameters were also computed at
this site which will be explained in the next sen8. Figures 3.1 and 3.2 give the plan and
details of this signalized mid-block crossing. Tdmaracteristics of the site selected are thatat is
street with two-way traffic with two lanes in eaginection and a left turn lane for east bound

traffic. It has no parking on either side of theest, and it has no median or curb in the center.
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Figure 3.1: Plan of Signalized Mid-block Crossing o Anderson Avenue.

Figure 3.2: Picture of the Signalized Mid-block Cr@sing on Anderson Avenue.
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3.1.2 Methodology for the Manhattan Study

Different parameters of interest in this study weneecessary delay to drivers,
percentage of pedestrians who don’t push the a#tibb before crossing the crosswalk,
percentage of pedestrians who push the call bitioxon’t wait until the walk signal is given,
and percentage of pedestrians who start walkirey ##shing don’t walk.

Data was collected manually at the site at diffetienes in a particular week in October
2007. The times for which the observations were@aiout were 11:00am-12:00pm, 12:00pm-
2:00pm, 4:00pm-5:30pm and 6:00pm-8:00pm.The dedigeeestrian clearance time was 30
seconds at the selected site.

Every time a pedestrian arrived at the crosswadkste is categorized as pressing the call
button or not. If he/she presses the call butterstte is again categorized as waiting for the walk
signal to cross the road or not. If the pedesttiasses the street on walk signal, different
parameters like walking time of all the pedestrisgether, unnecessary delay and pedestrians
who start walking after flashing don’t walk weresebved. Figures 3.3, 3.4, 3.5, and 3.6
summarize the results from the data collected.
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Figure 3.3: Average Unnecessary Delay Caused by 8alized Mid-block on Anderson
Avenue for Different Number of Pedestrians Crossinghe Road in a Walk Phase
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% of pedestrians who dont push the buttons

1lam-12pm 12pm-2pm 4pm-5:30pm 6pm-8pm
Time Interval

Figure 3.4: Percentage of Pedestrians who Don’t Pighe Button and Cross the Road for

Different Observed Time Intervals.

% of pedestrians who push the button and dont
wait for a 'Walk' signal

11lam-12pm 12pm-2pm 4pm-5:30pm 6pm-8pm

Time Interval

Figure 3.5: Percentage of Pedestrians who Push tBaitton but Don’t Wait for Walk Sign
to Cross the Road for Different Observed Time Intevals.
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Figure 3.6: Percentage of Pedestrians who Start Widhg After Flashing Don’t Walk for

Different Observed Time Intervals.

3.1.3 Results and Discussion

The unnecessary delay caused at the signalizedlooif-on Anderson Avenue on
average for pedestrians crossing the crosswalkl®#&Sseconds. Out of the 30 seconds of the
total designed pedestrian clearance time, 12.6&nskscwas observed as the average unnecessary
delay. These results infer that 42% of the totaktdesigned as pedestrian clearance time is
unnecessary delay. A different crossing treatmdmcthvreduces this unnecessary delay would
be of a great value to motorists for this crossing.

Pedestrians found crossing the street without prgs$ke call button were 8.32% of the
total pedestrians observed.

Pedestrians who don’t wait for the walk signal toss the street after pressing the call
button were 18.87% of the total pedestrians obskrve

Pedestrians entering the crosswalk after flashorgtavalk were 8.51% of the total
pedestrians observed.

The average unnecessary delay (12.65 second® sigtalized mid-block on Anderson

Avenue, Manhattan, Kansas should be decreasediy a$HB. The average unnecessary
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delay at the PHB on New Hampshire street in LanvegK@nsas was 0.62 seconds. Reducing

unnecessary delay is a main benefit of PHB.

3.2 Mid-block Pedestrian Crossing with Yellow Flaskrs on Denison Avenue

3.2.1 Site Selected

Yellow Flashers was the crossing treatment at abiadk pedestrian crossing on
Denison Avenue in front of Kansas State Universi#tkert Hall, Manhattan, Kansas. Itis on a
university campus; therefore, most of the pedestrigsing this pedestrian crossing are college
students. The students rarely activated thesedftagh cross the road. A study was conducted to
determine the percentage of pedestrians activéltemflashers before crossing the road. Figures
3.7 and 3.8 show the plan and Google map of tkessiected. The characteristics of the site
selected are that it is a street with two-way tcaffith one lane in southbound traffic and two
lanes northbound. It doesn’t have parking on batbssof the street, and it has no median or

curb at the center of the street.
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Figure 3.7: Google Map Showing Site Selected on Oisan Avenue
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Figure 3.8: Photo of Site Selected on Denison Aveau

3.2.2 Methodology of Study Conducted

Data was conducted manually at the site for diffetines in November 2007. The times
for which the observations were made are 7:45arfa8r4 8:45am-9:45am, 11:00am-12:00pm,
12:00pm-1:00pm, 4:00pm-5:30pm, 6:00pm-7:00pm, aB@pMm-8:00pm.

The total number of pedestrians who were crossiagdad, and the total number of
pedestrians who were activating the flashers wevated. The ratio of the percentage of people
actuating the flashers to the total pedestrianemviesl at a particular time interval gives the
percentage of pedestrians using the flashers émserg the road for that particular time interval.
This method was carried out for all the time intdsvobserved. Figure 3.9 summarizes the

results from the observations.

30



road

% of pedestrians who push the button to cross the
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Figure 3.9: Percentage of Pedestrians who Push tBaitton for Crossing the Road on
Denison Avenue.

3.2.3 Results and Discussions
Only 16.20% of the total pedestrians observed \aetiwating the flashers for crossing
the road and the remaining pedestrians crossew#gewithout activating the flashers.
The yellow flasher usage on Denison Avenue resutedvery low compliance rate.
Therefore, other treatments could possibly incresgeal compliance rate. However, there is no
known accident problem and, subjectively, drivgypear to respect crossing pedestrians.

31



3.3 Mid-block Pedestrian Crossing with In-Roadway Bdestrian Crossing

Signs on Poyntz Avenue

3.3.1 Poyntz Avenue Site

Two in-roadway, pedestrian crossing signs weralllest at two different crosswalks on
Poyntz Avenue, Manhattan, Kansas. One betwEeBt&et and @ street and the other between
4" street and B street. Figure 3.10 shows the satellite view esehtwo Poyntz Avenue
locations and Figure 3.11 shows the picture ofrth®ad way sign on Poyntz Avenue. These
two sites were installed with in-roadway sign stgtiState Law, Yield to Pedestrians within
Crosswalk’. The crosswalk with in-roadway sign betw 3 street and @ street was selected for
this study. The characteristics of the site setbatere that it is a street with two-way traffic and
with one lane in each direction. It has parkingooth sides of the street, and it has no median or
curb at the center of the street. The motoristspdiamce rate towards the pedestrians was
determined at this crossing according to the Kastas law which states that:

“When traffic-control signs are not in place or niot operation, the driver of a vehicle
shall yield the right-of-way, slowing down or stopp if need be or yield, to a pedestrian
crossing a roadway within a crosswalk when the peda is upon the half of the roadway upon
which the vehicle is traveling, or when the pedastris approaching so closely from the

opposite half of the roadway so as to be in danger”
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Figure 3.10: Satellite View of Crosswalks Installeavith In-Roadway Signs on Poyntz

Avenue

3.3.2 Methodology of Study Conducted
Actions of the pedestrians crossing the streetl@dehicle yielding behavior were
manually recorded at this site. Pedestrian compdiaate and vehicle compliance rate were the
parameters of interest in this study.
Data was conducted manually at the site at diftetieres during week in November
2007. The times for which the observations areedwut were 8am-9am, 9am-10am, 4pm-

5pm, 5pm-6pm, and 8:30pm-9:30pm.
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Figure 3.11: Crosswalk with In-Roadway Sign on Poytz Avenue

3.3.3 Results and Discussions
The driver compliance rate was observed as 85%h#selected site. The percentage of
pedestrians using the crosswalk for crossing thd for the observed time intervals is 80.6%.
This site had very low pedestrian volume so theepethin compliance results could be
unreliable.

3.4 Mid-block Pedestrian Crossing with Warning Sigs on N 17" Street

3.4.1 17" Street Site
The crosswalk on N 17Street near the Kansas State University (KSU) &tutnion,
Manhattan, Kansas was equipped with warning signmbtorists which states that “STOP,
When Occupied”. The motorists compliance rate towahe pedestrians was determined at this

crossing according to the Kansas state law statdqusly in section 3.3.1.

34



Pedestrian compliance rate was also studied. Taeacteristics of the site selected were
that it is a street with two-way traffic with ongnle in each direction. It has no parking on either

sides of the road, and it has no median or cutbeatenter of the road.

Figure 3.12: Picture of the Crosswalk of Site Seléad with a Warning Sign for Motorists

3.4.2 Study Methodol ogy
Data was collected manually at the site for differtemes during a week in November
2007. The total number of pedestrians crossingdad at the crosswalk, away from crosswalk,

and the vehicle compliance rate was measuredsattbsswalk.

3.4.3 Results
The vehicle compliance rate was observed as 753%isagite with warning signs. Only
60% of the total pedestrians crossing the stre#ttisnarea used the crosswalk for crossing the

street.
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CHAPTER 4 - Pedestrian Hybrid Beacons

4.1 Pedestrian Hybrid Beacon in MUTCD 2009

The 2009 version of MUTCD has allocated a separadpter “CHAPTER 4F.
PEDESTRIAN HYBRID BEACONS?". It has three sectiosgction 4F.01 through Section
4F.03 describing the application, design and opmraif pedestrian hybrid beacons. The three
sections Section 4F.01 through Section 4F.03 asepited belows).

Section 4F.01 Application of Pedestrian Hybrid Beamns

Support:

01 A pedestrian hybrid beacon is a special typeybfid beacon used to warn and control traffic
at an unsignalized location to assist pedestriansrassing a street or highway at a marked
crosswalk.

Option:

02 A pedestrian hybrid beacon may be consideredirfstallation to facilitate pedestrian
crossings at a location that does not meet traffjnal warrants (see Chapter 4C), or at a location
that meets traffic signal warrants under Sectio@<98 and/or 4C.06 but a decision is made to
not install a traffic control signal.

Standard:

03 If used, pedestrian hybrid beacons shall be usembnjunction with signs and pavement
markings to warn and control traffic at locationkere pedestrians enter or cross a street or
highway. A pedestrian hybrid beacon shall onlyrisdlled at a marked crosswalk.

Section 4F.02 Design of Pedestrian Hybrid Beacons

Standard:

01 Except as otherwise provided in this Sectiorpedestrian hybrid beacon shall meet the
provisions of Chapters 4D and 4E.

02 A pedestrian hybrid beacon face shall consighade signal sections, with a CIRCULAR
YELLOW signal indication centered below two horitally aligned CIRCULAR RED signal
indications.

03 When an engineering study finds that instalfatdd a pedestrian hybrid beacon is justified,
then:

A. At least two pedestrian hybrid beacon facesldfminstalled for each approach of the major
street,

B. A stop line shall be installed for each approtxcthe crosswalk,

C. A pedestrian signal head conforming to the iowis set forth in Chapter 4E shall be
installed at each end of the marked crosswalk, and

D. The pedestrian hybrid beacon shall be pedesticarated.
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Section 4F.03 Operation of Pedestrian Hybrid Beacan

Standard:

01 Pedestrian hybrid beacon indications shall bk (et illuminated) during periods between
actuations.

02 Upon actuation by a pedestrian, a pedestriamidhydeacon face shall display a flashing
CIRCULAR vyellow signal indication, followed by a estdy CIRCULAR vyellow signal
indication, followed by both steady CIRCULAR REDysal indications during the pedestrian
walk interval, followed by alternating flashing GIRILAR RED signal indications during the
pedestrian clearance interval (see Figure 4F-3pnUgrmination of the pedestrian clearance
interval, the pedestrian hybrid beacon faces shaért to a dark (not illuminated) condition.

03 Except as provided in Paragraph 4, the pedessignal heads shall continue to display a
steady

UPRAISED HAND (symbolizing DONT WALK) signal indi¢en when the pedestrian hybrid
beacon faces are either dark or displaying flashingsteady CIRCULAR yellow signal
indications. The pedestrian signal heads shalllaysp WALKING PERSON (symbolizing
WALK) signal indication when the pedestrian hybidetacon faces are displaying steady
CIRCULAR RED signal indications. The pedestriannsilg heads shall display a flashing
UPRAISED HAND (symbolizing DONT WALK) signal indi¢en when the pedestrian hybrid
beacon faces are displaying alternating flashinRB@JLAR RED signal indications. Upon
termination of the pedestrian clearance intervad pedestrian signal heads shall revert to a
steady UPRAISED HAND (symbolizing DONT WALK) signal indication.

500 Speeds of 35 mph or less

L = crosswalk length
400

TOTAL OF ALL 300

PEDESTRIANS CROSSING

THE MAJOR STREET - PEDESTRIANS
PER HOUR (PPH) 200

100

20"
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MAJOR STREET — TOTAL OF BOTH APPROACHES —
VEHICLES PER HOUR (VPH)

* Note: 20 pph applies as the lower threshold volume

Figure 4.1: Guidance for the Installation of Pedestan Hybrid Beacons on Low Speed

Roadways
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500 Speeds of more than 35 mph

L = crosswalk|length
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»
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* Note: 20 pph applies as the lower threshold volume

Figure 4.2: Guidance for Installation of PedestrianHybrid Beacons on High-Speed
Roadways
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CHAPTER 5 - PHB Data Collection and Study Methodolgy

5.1 Study Methodology

Lawrence, Kansas installed two mid-block, PHBsheirt city. The first beacon was
installed on 11 street between New York street and New Jersegtsffae second beacon was
installed on New Hampshire street betweBrs®eet and 10street. These PHBs were compared
with a standard mid-block signal on Massachuséttesbetween North Park street and South
Park street to observe the effectiveness of PHBe@neasing unnecessary delay to the drivers.
Further, driver compliance rate, pedestrian compkarate and pedestrian characteristics were
also observed in this study.

A survey was also conducted with the drivers ofitemce after the installation of

the first PHB to determine their understanding apihion of the beacon and if they were
comfortable with this new kind of the signal.

5.2 Pedestrian Hybrid Beacon on 11 Street, Lawrence, Kansas

5.2.1 Site Selected
A PHB was installed at a mid-block pedestrian dragsn 11" street between New York
Street and New Jersey Street in Lawrence, Kansadagnst 2007. This was the first PHB
installed in Lawrence. This PHB was installed astraet having two-way traffic with one lane
in each direction and no parking on either side tieacrossing. Figure 4.1 shows the picture of
the mid-block pedestrian crossing equipped withH8 PThe signal timing of each phase of the

PHB installed at this site is shown in Figure 5.2.
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Figure 5.1: Photo of a Pedestrian Hybrid Beacon ofilth street, Lawrence, Kansas

5.2.2 Phasing of the Pedestrian Hybrid Beacon on 11" Street
When a pedestrian activates this PHB, the overbiggiél begins flashing yellow for 7
seconds, and then followed by solid yellow for ds®ls advising drivers to prepare to stop. The
signal then displays a solid red to drivers foe€mds and simultaneously pedestrian gets a
walk signal for 7 seconds. This solid red is folemhby flashing red for the drivers for 15
seconds and simultaneously the walk signal is ¥l by flashing don’t walk for the

pedestrians for 14 seconds. Figure 5.2 gives alaeaton of the phasing arrangement of the
PHB, coordinated with the pedestrian phases.
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PHB Phasing

7 seconds 4 seconds 7 seconds 15 seconds

_ WALK Signal Flashing Dont Walk .

7 seconds 14 seconds

Pedestrian Walk Signal Phasing

Legend

SY Steady yellow
FY Flashing yellow
SR Steady red
FR Flashing red

Figure 5.2: Designed Signal Timings for PedestriaRlybrid Beacon Coordinating with
Pedestrian Walk Signals on 11th Street, Lawrence, &sas

5.2.3 Video Data Recording and Reduction
A fish eye camera was used to record the videbisctosswalk with the PHB to observe
how the pedestrians and vehicles were behavinget®HB operation. The camera was fixed to
the mast arm of the signal such that it coveredtbeswalk and also the vehicles on both sides
of the crosswalk for a certain distance as it réedrvideo.

A total of 60 hours of video was recorded for Hysl with 6 hours of video for
each day. The video was recorded on VHS tapeseaith tape having 6 hours of video data.
This compromised the data for each day. The vide® necorded for the time intervals 7am-
9am and 2pm- 6pm for each day for all the 10 VH#$a This video data was later reduced and

analyzed to measure different parameters of interes

5.2.4 Video Data Analysis
From the video data recorded at the mid-block peidescrossing equipped with the
PHB on 11" street, the different parameters of interest is $tudy were: unnecessary delay to
drivers, PHB understandability, driver complianater and pedestrian characteristics.
It was observed from the video data that soméefitrivers did not appear to
understand the usage of the PHB and did not maweafd on flashing red after pedestrians had

cleared. In these cases, when the flashing recepdfabe PHB was not understood, the PHB
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would not have any advantages over a conventiogahisas the unnecessary delay is still
present. If a lead driver did not move forward éhseconds after flashing red, with no
pedestrians present in his lane , it was assunfstidndid not understand that they could legally
proceed. It was observed that 42% of the drivepeared to understand the operation of the
PHB (flashing red phase) and the remaining 58%ndidunderstand, i.e., remained stopped on
flashing red when no pedestrians were preseniagdttiven decided to try an education program
for drivers by conducting survey and distributirandouts which explained the sections below in
detail.

Unnecessary Delay to the Drivers Defined:

Unnecessary delay to drivers was defined in thidysas the time for which the vehicles
are stopped at a signalized, mid-block crossingnwpedestrians have cleared the crosswalk in
the drivers’ lane but drivers need to remain stdgipe a solid red ball according to law. Itis
measured as the time taken from when all pedestreach the other curb until the vehicles can
legally resume.

When measuring the unnecessary delay for eachl sighaation, the delay of the first
vehicle which started moving first in any of theés was considered.

Driver Compliance Rate Defined:

Driver compliance to the PHB was based on the agsamthat the driver should stop
when the signal turns to the steady red phasénédtivers and remain stopped for pedestrians
who are still present in the crossing using thareece interval, i.e. the flashing red phase fer th

drivers.

Pedestrian Characteristics

Pedestrian compliance is very important towardtebeperation of any proposed signal.
It applies very well to the PHB because any cragsignal or beacon becomes less safe with
lower pedestrian compliance rates. Different chiarastics at this PHB site such as percentage
of pedestrians activating the walk signal for cnogshe street, percentage of pedestrians who
don’t use the walk signal for crossing the straat] the percentage of pedestrians who cross the
street other than at the crosswalk, were also sbddrom the video data.
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5.3 Pedestrian Hybrid Beacon on New Hampshire Stréd_awrence, Kansas

5.3.1 Site Selected
This second PHB in Lawrence was installed at alohodk pedestrian crossing on New
Hampshire street betweel! Street and 1B street in March 2009. This beacon was installed on
street having three lanes, one lane in each dweetnd a middle buffer lane for left turn
movements. The street has parking on both sidgaré-b6.3 shows the picture of the site

equipped with a pedestrian hybrid beacon.

Figure 5.3: Photo of a Pedestrian Hybrid Beacon oNew Hampshire Street, Lawrence,

Kansas
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5.3.2 Phasing of the Pedestrian Hybrid Beacon on New Hampshire Street

The pedestrian signal has a maximum wait time adét®nds for pedestrians to get the
walk signal after pressing the call button at #i1is. When a pedestrian activates the PHB, the
overhead signal flashes yellow for 6 seconds faidwy solid yellow for 4 seconds advising
drivers to prepare to stop. The signal then disptagolid red to drivers for 7 seconds and
simultaneously, pedestrians get a walk signal feegonds. This solid red is followed by
flashing red for the drivers for 14 seconds ancuiameously, the walk signal is followed by
flashing don’t walk for the pedestrians for 14 set® Figure 5.4 shows the phasing arrangement

of the PHB coordinated with the pedestrian phases.

PHB Phasing

6 seconds 4 seconds 7 seconds 14 seconds

_ WALK Signal Flashing Dont Walk .

7 seconds 14 seconds

Pedestrian Walk Signal Phasing

Legend

SY Steady yellow
FY Flashing yellow
SR Steady red
FR Flashing red

Figure 5.4: Designed Signal Timings for Pedestriaklybrid Beacon Coordinating with

Pedestrian Walk Signals on New Hampshire Street.

5.3.3 Video Data Recording, Reduction, and Analysis
An intersection camera was used to record theovildga at this site for 100 hours. The
recorded video data was used to analyze unnecedsianyto drivers, PHB understandability,
driver compliance rate, and pedestrian charadiesigDut of the 100 hours of video data
analysis, only 60 hours of video data analysisiatgite was used for comparison to the

signalized mid-block, which had 60 hours of videalgsis.
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From the video data recorded at the mid-block peidescrossing equipped with the
PHB on New Hampshire street, the parameters ofastén this study were: unnecessary delay
to drivers, PHB understandability, driver compliamate, and pedestrian characteristics. The
pedestrian characteristics studied at this PHBistleded: percentage of pedestrians activating
the walk signal for crossing the street, percentdgeedestrians who don’t use walk signal for
crossing the street, and percentage of pedestiibogross the street other than at the crosswalk.

The understandability of the PHB (flashing red @)ascreased to 50.34% at this site
when compared to the first PHB, which had 42% ustdedability

5.4 Comparison Site: Signalized Mid-block Crossingn Massachusetts Street,

Lawrence, Kansas

5.4.1 Site Selected

A conventional signalized mid-block pedestrian simog was used as a comparison site
for the two PHBs on TAstreet and New Hampshire street to compare tleetaféness of the
two PHBs. A conventional, signalized, mid-block pstlian crossing on Massachusetts street
between North Park street and South Park strdegwrence was selected by the city traffic
engineer for comparison with the two PHBs. The aliged mid-block crossing is on a street
having two-way traffic with two lanes in one dirigct, with the other direction having one lane
and there is parking on the street. Subjectivéhyas determined by the city traffic engineer to
be functionally similar to the PHB sites. Figur®& Shows the picture of the signalized mid-block

on Massachusetts street. The signal timing of gaelse of the signal is shown in Figure 5.6.
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Sl T
Figure 5.5: Picture of Signalized Mid-block on Masachusetts Street

5.4.2 Phasing of a Signalized Mid-Block on Massachusetts Street
The signalized mid-block signal has a pedestriamigatime of 5 sec to turn to yellow
from green once a pedestrian pushes the call buktensignal for traffic shows yellow for 4
seconds and then red for 22 seconds and then gokddgreen for the traffic. One minute after
the signal changes to red for traffic, pedestramesgiven a walk signal for 7 seconds followed
by flashing don’t walk for 8 seconds and then syedah’'t walk. Figure 5.6 shows the phasing
arrangement of the signal and coordination withegéthn phases.
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PHB Phasing

4 seconds 22 seconds
| Yellow

WALK  Flashing DON

7 seconds 8 seconds

Pedestrian Walk Signal Phasing

Figure 5.6: Designed Signal Phasing Times for Sighzed Mid-block Coordinating with

1 second

Pedestrian Walk Signals on Massachusetts Street

5.4.3 Video data Recording, Reduction and Analysis

A video camera was installed at this site to re¢bedactivity of vehicles and pedestrians.
A total of 60 hours of video was recorded for 1§<dwith 6 hours of video for each day. The
videos were recorded for the days Augdbt&August 8' and August 1 to August 18 of the
year 2008 for the period 9:00 am -3:00 pm. Six hafrvideo was recorded on each day on one
VHS tape. All10 VHS tapes were reduced and analyael®termine the parameters of interest
for this study.

From the video data recorded at Massachusettd,gpeameters of interest in this study
were: unnecessary delay to drivers, driver compéamte, and pedestrian characteristics.
Pedestrian characteristics studied at this sigag/imid-block site included percentage of
pedestrians activating the walk signal for crossirggstreet, percentage of pedestrians who don’t
use the walk signal for crossing the street, amdgm¢age of pedestrians who cross the street

other than at crosswalk.
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CHAPTER 6 - Survey of Lawrence Drivers

The first PHB in Lawrence, Kansas was installed. @i street on August 2007. After
this PHB was in operation for a year and it wageined from the recorded video data and
onsite observation that many of the drivers didapgear to understand the operation of a PHB
(flashing red phase in particular).

The PHB had been installed becausedhenpteacher association was concerned
that the students were not safe at that crosswittkam existing flashing light treatment for the
crosswalk. The parents wanted a traffic signaltheccity wished to minimize vehicular traffic
delay on the street. It was decided to implemdpiti®. Without good understanding of all the
phases of a PHB, it is not possible to achievaldsired decrease in unnecessary delay to the
drivers

Therefore, a survey was conducted in October 2@@8 the first PHB site to
determine how well drivers understood the PHB dad & they felt comfortable with this new
kind of signal. The survey handouts included infation to help understand the operation of the
PHB.

Handouts explaining different phases of a PHB vdestibuted with the survey forms to
the drivers. Figure 6.1 shows the survey form amtbuts that were distributed. Figure 6.2 and
Figure 6.3 shows the front side and back side @ftirvey form that was used for this survey.
Appendix B contains the survey form that was distied and Appendix C contains the

informational handouts.
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Figure 6.1: Photo Showing the Survey Form and Handd Distributed to Drivers in

Lawrence
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EFFECTIVENESS STUDY OF A HAWK BEACON
CITY OF LAWRENCE

Dear Motorist:

The City of Lawrence needs your help in a special study of a new pedestrian beacon. This
Pedestrian Hybrid Signal on 1 1% street between New York St and New Jersey St is a new
concept to reduce vehicular delay. Material handed out with this survey explains the new
signal operation. The city needs your opinion to determine driver understanding and
acceptance, Please take a couple of minutes to complete this survey on the back.

In appreciation for completing and returning this survey, we would like to send you
a free State of Kansas highway map. To receive your map, please provide your
mailing address where indicated.

PROF EUGENE R. RUSSELL
DEPARTMENT OF CIVIL ENGINEERING
2118 FIEDLER HAIL

KANSAS STATE UNIVERSITY

1700 ANDERSON AVENUE
MANHATTAN KS 66502-9909

Figure 6.2: Figure Showing the Front Side of the Swey Form
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Survey Regarding your
Opinion about the HAWK

Pedestrian Beacon.

We are conducting this survey to find
out your opinion about the HAWK
Pedestrian Beacon on 11™ Street
between New York Street and New
Jersey street at Lawrence.

Are you aware that there is a HAWK
Pedestrian Beacon on 11% Street
between New York Street and New
Jersey Street?

[] Yes [ ] No

Have you ever had a chance to drive by
this HAWK Pedestrian Beacon while
driving in the city?

[ ] Yes [ ] No

If you have passed by this HAWK
Pedestrian Beacon, did you understand
all the phases of this beacon well? (see
phases below)

[] Yes [ ] No

- Please check the phases which you
understood and those vou didn’t

Phase 1: Blank Signal (which means
‘move as usual’)

[ ] Understood [ | Notunderstood
Phase 2: Flashing Yellow (which means
‘Caution, Pedestrians want to cross’)

[ ] Understood [ ] Not understood
Phase 3: Steady Yellow (which means
‘Be prepared to Stop for pedestrians’)

[ ] Understood [ ] Notunderstood
Phase 4: Steady Red (which means
‘Must Stop and Remain Stopped”)

[ ] Understood [ | Not understood
Phase5: Flashing Red (which means
“You can proceed after pedestrians have
cleared”)

[ ] Understood [ ] Notunderstood
Phase 6: Blank Signal again (which
means ‘drive as usual’)

[] Understood [ ] Notunderstood

Did vou feel comfortable while driving
through this HAWK Pedestrian Beacon?
[ ] Yes [ ] No

The HAWK Pedestrian Beacon is
mtended to decrease the delay for drivers
at mid-blocks. Did you observe any
decrease in delay at this site while
driving when compared to other
conventional signalized mid-block
crossings?

[] Yes [] No

Would you be in favor of this HAWK
Pedestrian Beacon to be mstalled at
other places in your city?

[] Yes [] No

If you were acting as a pedestrian at this
crossing with the HAWK Pedestrian
Beacon, would you feel comfortable
while crossing?

[] Yes [] No

Comments: Please add your comments
here.

Please fold, tape (or staple) and
put in return mail

Figure 6.3: Figure Showing the Back Side of the Suey Form
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6.1 Survey Methodology
A total of 250 survey forms were printed and disited in Lawrence on October1,6
2008 (from 10:00am — 12:00pm) at the intersectiohl® street and New Jersey street. This
intersection was selected as a major spot foribliging the survey forms along with the
handouts to the drivers. Survey forms were alswibiged.

At the four-way stop controlled intersection of"istreet and New Jersey street,
four people were allocated to each direction dfitrdo distribute the survey forms and handouts
to stopped traffic. Also, the PHB was frequentlyivaated by the survey team to distribute the
survey forms and handouts to the stopped traffguré 6.4 shows the satellite view of the PHB
on the 11 street. The red spots in this figure shows thésspelected for distributing the survey

forms.

Figure 6.4: Satellite View of Pedestrian Hybrid Beaon Site on 11th Street and Locations
where Survey Forms were Distributed.
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6.2 Survey Results
Out of the 250 survey forms distributed, 35 of theere returned. The response rate of
this survey was 14%. Based on the responses frese tB5 survey forms, results were
synthesized as shown below. Table 6.1 below sunzegthe survey responses. Based on the

low response rate, these results could be bias#draof limited value.

Table 6.1: Summary of Survey Responses

Q.
No Question Frequency | Percentage
1 Are you aware that there 15 a HAWE Pedestrian Beacon on
11th street between MNew York Street and MNew Jersey Street?
Yes 24 B8.6%
e 11 31.4%
5 Have you ever had a chance to drive by this HAWHK Pedestrian
Beacon while driving in the city?
Ve 29 82.9%
Mo B 17.1%
3 If you have passed by this HAWK Pedestrian Beacon, did you
understand all the phases of this beacon well?
fes 11 34.4%
Mo 21 65 6%
4 Flease check the phases which you understood and those vou didn't
Phase 1: Blank Signal
Understood 3 93.9%
Mot understood 2 B 1%
Phase 2: Flashing Tellow
Understood 25 75.8%
Mot understood g 24 79
Phase 3: Steady Yellow
Understood 22 B, 7%
Mot understood 1 I3 39
Phase 4: Steady Red
Understood 30 90.9%
Mot understood 3 g 19,
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Table 6.1: Summary of Survey Responses - Continued

Phase5: Flashing Eed

LInderstood 14 42.4%

Mot understood 19 57 B%

Phase 6: Elank Signal again

LInderstood 3 93.2%

Mot understood 2 1o
5 Did vou feel comfortable while driving through this HAWE

Pedestrian Beacon?

Yos 21 75%

2 7 25%

The HAWIK Pedestrian Beacon is intended to decrease the delay for drivers
G at mid-blocks. Did you observe any decrease in delay at this site while driving

when compared to ather conventional signalized mid-block crossings?

Yoo 3 11.1%

Mo 24 83.9%
7 Would you be in favor of this HAWWK Pedestrian Beacon to be installed

at other places in your city?

Yos 16 50%

Mo 16 50%
a If you were acting as a pedestrian at this crossing with the HAWIK

Pedestrian Beacaon, would you feel comfortable while crossing?

Yoo 19 54.3%

No 16 45.7%
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CHAPTER 7 - Statistical Analysis

An independent group t-test was the statistical @hedlected for this study to determine
if there is a statistically significant decreaseiimecessary delay to the drivers when using a
PHB at mid-block pedestrian crossings, over conwaatly signalized mid-block crossings. The
statistical concepts involved in this independeotug t-test are explained below and then the

statistical analysis conducted for the PHB is dbsc.

7.1 Independent Group t-test
An independent group t-test was the test stasstiected for this statistical hypothesis
testing. An independent group t-test is used fongaring means of two groups. It determines if
the means of the two groups are statistically §icamt or not. The null hypothesis and
alternative hypothesis will be assumed as folloMdi Hypothesis H: There is no difference
between the means of the two groups. Alternativpdttyesis | The difference between the
means of the two groups is statistically significarhe t-statistic can be computed from the data

by using the formula described in the equatiof)1 (

Equation 1: t-value for Equal Variance

t= (X = %)
52 i + i
nl n2
Where,
t = Calculated t-value

X1 = Mean value of the first group

X2 = Mean value of the second group

s =Pooled variance

n; = number of observations of the first group

n, = number of observations of the first group
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The degrees of freedom for the pooled method ohlegariance are ¢+ n, -2).

Equation 2 shows the formula for pooled varianaamatation.

Equation 2: Formula for Pooled Variance

L= (n1 _1)512 + (nz _1)522
) (nl +tn, - 2)

Where,

s> = Variance of the first group

s,> = Variance of the second group

For unequal variances, t-value is calculated bggiie equation 3

Equation 3: t-value for Unequal Variances

t = (Xl_XZ)
S LS

n

The critical t-value is obtained from the standadistribution table corresponding to a
level of significance (generally 0.05) and degreeseedom (a + n, — 2). The acceptance or
rejection of the null hypothesis is based on thgmtade of the estimated and critical t-value. If
the estimated t-value from equation 1 or equatied@eater than the critical t-value from t-
distribution table, the null hypothesis is rejecéedl alternative hypothesis is accepted.

The t-test was performed both manually and alsoyues Statistical Analysis Software
(SAS). SAS has predefined library functions forfpaning various statistical tests. In this case,
the probability value (p-value) associated withthest is used in validating a null hypothesis
and alternative hypothesis. When the t-test resultsvalue greater than 0.05, the null
hypothesis is accepted and alternative hypothesejected. If the t-test results in p-value lesser

than 0.05, the alternative hypothesis is acceptedall hypothesis is rejected.
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7.2 Statistical Analysis for Comparing the Conventnally Signalized and PHB

Mid-block Crossing Treatments

The t-test was conducted both to determine if tieegessary delay generated at the two
PHB sites (for the drivers who appeared to undedsiis usage) is equal or not to that of the
unnecessary delay generated for drivers at theizga mid-block crossing. The PHB on™1
street and the PHB on New Hampshire street welgithahlly tested for statistical significance
compared to the conventionally signalized mid-blookMassachusetts street. The mean and
standard deviation of delays for the PHB actuatimmd 1" street when flashing red phase was
understood are 0.94 seconds and 2.39 secondsctigspe Similarly the mean and standard
deviation of delays for the PHB actuations on Neavrtgshire street when flashing red phase
was understood are 0.62 seconds and 2.10 secesgsctively. The mean and standard
deviation of delays for the signalized mid-blockMassachusetts street are 10.1 seconds and
3.76 seconds, respectively.

The results from the t-test showed that the unrsecgslelay generated at the two PHB
sites for the drivers who understood its usag®isqual to that of the unnecessary delay for
drivers at the signalized mid-block, i.e. thera statistically significant difference. Table 7.1
and 7.2 shows the results of the independent sartgsts.

The PHB on 11 street had a very low delay sample size (from &&bl) when
compared to the signalized mid-block on Massachaistieet which might make the statistical
analysis less reliable. However, the second PHBl®n Hampshire street had an approximately
similar delay sample size to that of the signalized-block on Massachusetts street. Therefore,
the results obtained by comparing the second PHB tie signalized mid-block can be

considered comparatively more reliable.
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Table 7.1: Results of Independent Sample t-test Cdncted for the PHB on 11th Street and

Signalized Mid-block on Massachusetts Street.

Delay

Mean

Description Sample | Delay St((js.e[():()ev. t-value p-value
Size (sec)
Signalized mid-block 355 10.1 3.76
on Massachusetts street
-8.36 <0.0001
PHB on 11th street 12 0.94 2.39

Table 7.2: Results of Independent Sample t-test Cdncted for the PHB on New Hampshire
Street and Signalized Mid-block on Massachusetts f&et.

Delay

Mean

Description Sample | Delay St((js.e[():;ev. t-value p-value
Size (sec)
Signalized mid-block 355 10.1 376
on Massachusetts street 8. <0.0001.
PHB on New 443 0.62 2.1

Hampshire street
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CHAPTER 8 - Discussion of Results

8.1 Pedestrian Hybrid Beacon on 11 Street, Lawrence

Many drivers did not appear to understand the aperaf the PHB. Only 42% of the
total drivers stopped at the PHB seemed to undetdtee flashing red phase of the PHB very
well, i.e. they could proceed on flashing red ifpemestrians remained in the crosswalk. If
drivers did not start on flashing red with no pedass in the crosswalk in their lane, it was
assumed they did not understand the PHB operatethat they could legally proceed on
flashing red. Only “driver understood” cases wayasidered for determining the average
unnecessary delay to the drivers at the PHBs; asguimat with usage, some portion of the
remaining 58% of the drivers eventually would ursti@nd the operation.

Pedestrian characteristics were determined by derneg all cases as they have nothing
to do with driver understandability.

Summary of these results are shown in Table 8.1.

8.1.1 Unnecessary Delay Findings
The average unnecessary delay for the drivers v@dss@conds for the PHB on"11
street when the flashing red phase of a PHB waenstabd.
The average unnecessary delay for the drivers ®&sskconds for drivers when the
flashing red phase was not understood at the PHBIBsstreet. This unnecessary delay due to

lack of PHB understandability should decrease wighincrease of understanding the PHB.

8.1.2 Pedestrian Characteristics

The PHB on 11 street, a residential area with several gradediqrerlestrians, had very
low pedestrian compliance.

Only 46% of the total pedestrians crossing theestetivated the walk signal for
crossing the street. The remaining 54% of pedestiiaossed the street without activating the
walk signal.

Forty percent of the total pedestrians crossedtiteet other than at the crosswalk.
Fourteen percent of the total pedestrians usedrdsswalk but didn’t use the walk signal for

crossing.
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8.1.3 Driver Compliance Rate
The driver compliance rate was observed to be 3f%he PHB on 1 street. This
unexpected, relatively low compliance rate (repbrtethe Fitzpatrick et al. studg)(to be 97%)
can be attributed to drivers attempting to uséhalyellow time but end up running the
beginning of the red phase, and possibly to thetfeat a signal at this location was new and it

was a new type of signal.

8.2 Pedestrian Hybrid Beacon on New Hampshire Strgeawrence

This second PHB was installed in Lawrence approteigawo years (March 2009) after
the first PHB had been installed. This PHB wasalhstl at a mid-block pedestrian crossing on
New Hampshire street betweef §treet and I0street. This second PHB was a good site for the
PHB installation compared to the first PHB becanfsine heavy vehicle flow, which is when the
reduction of unnecessary delay should be high.uRuerstandability of the PHB was higher for
this PHB location as it was determined to be 50.37B& understandability still needs to be
improved for these PHBs in Lawrence in order toigetaximum advantages.

Summary of these results are shown in Table 8.1.

8.2.1 Unnecessary Delay Findings
The average unnecessary delay for the drivers vé@ss@conds for the PHB on New

Hampshire street when the flashing red phase dPHi® was understood.

8.2.2 Pedestrian Characteristics
Only 68% of the total pedestrians crossing theestetivated the walk signal for
crossing the street. The remaining 32% of pedestrirossed the street without activating the
walk signal.
Ten percent of the total pedestrians cross thetstteer than at crosswalk. Twenty two

of the total pedestrians used the crosswalk but'tige the walk signal for crossing.

8.2.3 Driver Compliance Rate
The driver compliance rate increased to 95.2%lfersecond PHB. The results obtained
for the second PHB should be more reliable becteseecond site had greater volumes of both

vehicles and pedestrians.
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8.3 Signalized Mid-block on Massachusetts Streetawrence
This conventionally signalized mid-block on Masaas#tts street between North Park
street and South Park street was used as a compaiie for the two mid-block PHBs. The
driver and pedestrian characteristics at thisasiepresented below.

Summary of these results are shown in Table 8.1.

8.3.1 Unnecessary Delay
The average unnecessary delay for the drivers Wa&4 Eeconds for the conventionally

signalized mid-block crossing on Massachusettetre

8.3.2 Pedestrian Characteristics
Pedestrians crossing the street by activating #ilk signal were 77.8% of the total
pedestrians observed.
Pedestrians who didn’t wait for the walk sign toss the street after pressing the call

button were 2.63% of the total pedestrians observed

8.3.3 Driver Compliance Rate

The driver compliance rate for the conventionahalgvas observed to be 98.8%.

8.4 Statistical Analysis

An independent group t-test conducted to compa@itimecessary delay generated at
11" street to that of the unnecessary delay genegdtia: conventionally signalized mid-block
crossing on Massachusetts street showed thatitharstatistically significant difference (t-value
= -8.36, p-value = <0.0001) for the unnecessargydeyenerated at these two sites. This leads to
the conclusion that the PHB on"l4treet is effective in decreasing the unnecestelay to
drivers when compared to the conventionally sigralimid-block on Massachusetts street.

Similarly, an independent group t-test conductedoimpare the unnecessary delay
generated at New Hampshire street to that of tinecassary delay generated at the

conventionally signalized mid-block crossing on Bshusetts street showed that there is a
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statistically significant difference (t-value =28p-value = <0.0001) for the unnecessary delays
generated at these two sites. This again leadgetodnclusions that the PHB on New Hampshire
street is effective in decreasing the unnecessaaydo the drivers when compared to the

conventionally signalized mid-block crossing on Bechusetts street.

8.5 Survey Results
Based on 35 (14%) survey responses returned frerdrttiers of Lawrence, the important
results were:
Only 34.40% of the drivers understood all the phafea PHB very well. Figure 8.1

summarizes the results.

Understandability of All Phases of a HAWK beacon by Drivers
from the Survey

70.00% 65.50%
60.00%
50.00% -

04
40.00% 34.40%

@ Percentage (%) ‘
30.00% -
20.00% -
10.00% -
0.00% :
Understood Not Understood

Figure 8.1: Understandability of All Phases of a R#estrian Hybrid Beacon

The flashing red phase was not understood by 5éfa¥e drivers. The steady yellow
phase was not understood by 33.3% of the drivdrs.flashing yellow phase was not
understood by 24.2% of the drivers. Other thandlpsses, the remaining were understood by

most of the survey respondents. Figure 8.2 sumestize results.
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Understandability of Different Phases of a HAWK Bea  con
Signal from the Survey
100.0% —93-69
ST 90.9%
90.0% —
80.0% || 75.8%
70.0% | ] 66.7%
60.0% | ] 57.6%
. @ Understood
50.0% | 424
@ Not Understood

40.0% |— 3396
30.0% |+ 4-2%
20.0%

L . 1%
10.0% | 1% i

0.0% ] ; ; :
Blank Signal Flashing Steady Steady Red Flashing Red
Yellow Yellow

Figure 8.2: Understandability of Different Phases ba Pedestrian Hybrid Beacon

The percentage of drivers who didn’t feel that®B decreases delay to them when
compared to a conventionally signalized mid-blo@dsw8.9%. However the video data showed
there is a decrease in delay to the drivers diiest®HB. The results from the survey might be
attributed to the drivers’ misconception as thedndiexperience a conventionally signalized
mid-block on the same street to make a correctmety of the PHBs effectiveness.

Fifty percent of the drivers were in favor of PHBMe installed at other places and fifty
percent were not.

Seventy five percent of the drivers answered they tvere comfortable driving where
there is a PHB.
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Table 8.1: Overall Summary of Study Results

Signalized
- Mid-block on | PHB on 11th | PHB on New
Description Hampshire
Massachusetts Street
Street
Street
PHB ur]derstandal?lllty . NA 29% 50.34%
determined from video analysis
PHB understandability
determined from survey with NA 34.40% NA

Lawrence drivers

Average unnecessary delay
determined at the site

11.21 seconds

0.94 seconds

0.62 seconds

Independent group t-test
results: Statistical significance

Statistically a

Statistically a

of unnecessary delay significant significant
generated at PHB to that of the NA reduction in reduction in
unnecessary delay generated unnecessary | unnecessary
at signalized mid-block on delay delay
Massachusetts street

Driver (_:omphance rate 98.80% 90% 95.20%
determined at the site

Percentage of pedestrians’

activating walk signal for 77.80% 46% 68%

crossing the street

Legend:
PHB: Pedestrian Hybrid Beacon
NA: Not Applicable

8.6 Comparison of the Pedestrian Hybrid Beacon in &wrence with Different

Mid-block Crossing Treatments in Manhattan, Kansas
The PHB on New Hampshire street in Lawrence wagestitoely compared to different
mid-block crossing treatments in Manhattan; namadyventionally signalized mid-block
signals, yellow flashers, in-roadway signs, andswalk with warning signs.
This comparison indicates that the use of a reddiear a red signal (as in Lawrence)
resulted in a greater driver compliance rate arduge of the push buttons by pedestrians
crossing the street had the highest pedestrian lmep rate. This is consistent with a major

conclusions in the Fitzpatrick et al. (2008) §tudy.
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CHAPTER 9 - Conclusions and Recommendations

The use of a PHB at mid-block pedestrian crossiegsfound effective in decreasing the
unnecessary delay to the drivers. The average essary delay generated by the drivers at a
conventionally signalized mid-block crossing on Beshusetts street in Lawrence was found to
be 11.21 seconds per vehicle. For a designated@ihds pedestrian clearance time at this site,
this average 11.21 sec means that 50.9% of thespeaeclearance time was not used by
pedestrians. Thus 50.9% of the designed pedesieanance time is seen as unnecessary delay.
On the other hand, the average unnecessary dalagipele generated by the drivers at the
PHB on 11" street and on New Hampshire street was found t®&seconds and 0.62 seconds,
respectively. This is 4.3% of the designed pedasitiearance time shown as unnecessary delay.
These results showed that the unnecessary dethg tirivers is significantly less with the
PHBSs, and pedestrian clearance time is more effdgtused. The comparison may have been
more convincing if a before after study was pogsdilthe same site with a conventionally
signalized mid-block as the before treatment, aRtHB as the after treatment.

An independent group t-test leads to the conclugiahthe unnecessary delay to the
drivers at both the PHBs installed in Lawrenceagistically less than the unnecessary delay
caused at the conventionally signalized mid-bloe#tgstrian crossings.

The driver compliance rate was observed to be 988%he conventionally signalized
mid-block crossing on Massachusetts street and @995.2% at the PHBs on"14treet and
New Hampshire street, respectively. Again, theltesuould have been more appropriate and
convincing if a before after study was done atdhume site with a signalized mid-block as before
treatment and PHB as after treatment. Differencgtencharacteristics could have affected some
results. Also, the T street PHB was the first in Lawrence; and the am&lew Hampshire was
installed two years after. This could have effeaader understanding and compliance rate due
to more experience with the second PHB.

About 77.8% of the total pedestrians crossing asddahusetts street activated the walk

signal for crossing the street. Forty six percdrihe total pedestrians crossing at 11th street
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activated the walk signal for crossing the str8etty eight percent of the total pedestrians
crossing at New Hampshire street activated the wigikal for crossing the street. The pedestrian
characteristics are variable at the conventiorafipalized mid-block and at the two PHBs. This
can be attributed to the fact that the site charatics and the crossing behaviors of pedestrians
at each of the site were not same.

Due to the observed lack of driver understandgifildm the video data, a survey was
conducted with the drivers of Lawrence. The sumesylts were summarized from the 35 (14%)
returned survey responses among the 250 distrilsuteey forms. The survey showed that only
34.40% of the responding drivers understood alptheses of a PHB well. Flashing red phase
was not understood by 57.6% of drivers respondingis. Steady yellow phase was not
understood by 33.3% of the responding drivers.Hihgsyellow phase was not understood by
24.2% of the responding drivers. Other than théseses, the remaining were understood by
most of the responding drivers. It should be nolted these above values are the result of
respondents’ self reporting. About 88.9% of theveyrespondents didn’t feel that the PHB
decreases their delay when compared to a convahsanal. Fifty percent of the survey
respondents were in favor of PHBs to be instalteatizer locations and fifty percent were not.
Seventy five percent said they are comfortableinigithrough a PHB site.

The comparison of the PHB on New Hampshire sttemtirence, with different mid-
block pedestrian crossing treatments in Manhattansiibjectively shown that the use of red
beacon or red signal, likely increases the drivengliance rate and the use of the walk signal

increases the pedestrian compliance rate.
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9.1 Data Limitations and Future Research

The PHBs selected for this study were installetth@tmid-block pedestrian crossing in
Lawrence when the beacon was not included in t& 2OUTCD. Due to this reason, the first
PHB was installed at a site which didn’t appeawv&rant a PHB. This PHB was compared to a
conventionally signalized mid-block with only sutijieely determining that it has comparable
pedestrian, driver and geometric characteristibeugh the study provided results indicating
that the pedestrian hybrid beacon (PHB) is effeciivdecreasing unnecessary delay to drivers,
it would be more convincing if a before after stwdys at the same site to observe the driver and
pedestrian benefits.

The understandability of the first PHB on"dtreet was observed to be low and so
drivers didn’t take advantage of the PHB. Althoutgdppeared to increase at the second PHB on
Massachusetts, intensive educational programsetdrikiers in a city should increase driver
understandability of the PHB, especially when theynew, and eventually, less unnecessary

delay.
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Appendix A - Pedestrian Right of Way State Laws

Driver yielding behavior at crosswalks is definadiiparticular way for each of the 50
states in USA. This law is called ‘Pedestrianstrigfway in crosswalks [Yield to pedestrian in
crosswalk]’. This defined yielding behavior was dise determine the driver compliance rate in
this study. The states’ laws for pedestrian rightvay in crosswalks are summarized below for
all the 50 states. Initially, a standard state Wawch is used in most of the states was defined. If
there is any deviation of the pedestrian right af\waw in crosswalks for any state, a table

below explains it.

Standard:

UVC § 11- 502(a) Pedestrians' right of way in crosgalks [Yield to pedestrian in crosswalk]

When traffic-control signals are not in place ot mooperation, the driver of a vehicle
shall yield the right of way, slowing down or stapgpif need be to yield to a pedestrian crossing
the roadway within a crosswalk when the pedesigampon the half of the roadway upon which
the vehicle is traveling, or when the pedestriaapgroaching so closely from the opposite half

of the roadway as to be in danger.
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Table 9.1: State Laws for Pedestrian Right of Wayn Crosswalk

State

State Law
Exact, or
Equivalent, or
Variation

If Equivalent or Variation

Alaska

Variation

sidewalk, vehicular way or area or who is" afte tinst

It omits the words "slowing down or stopping|if
need be to so yield." It inserts the words "whonsa

mention of the word "pedestrian."”

Alabama

Exact

Arkansas

Variatior

However, no mention is made in the Arkansas
law of the location of the pedestrian when crossing

Arizona

Variation

J

It replaces the word "when" with "if," adds the

word "are" in the phrase "or are not in operati@mti
replaces the word "upon" with the word "on."

California

Variation

This law states that "the driver of a vehicle shall

yield the right-of-way to a pedestrian crossing the
roadway within any marked crosswalk or within an
unmarked crosswalk at an intersection, except a
otherwise provided in this chapter". No mention ig
made that traffic control signals are not in plac@&ot
in operation. In addition, no mention is made @ th
location of the pedestrian in the roadway.

<<

\"2J

Colorado

Exact

Connecticut

Variation

It accepts procedures required for emergency
vehicles. Unless otherwise directed by police effscor
traffic control signals, vehicles must yield to psttians
in a crosswalk provided the pedestrian "stepsecctirb

at the entrance to a crosswalk" or is crossing the

roadway either within the half of the roadway inigéh

the driver is traveling or from that half of theadway
in which the driver is not traveling.

Delaware

Variation

In addition to traffic control signals not being |n

place or in operation, Delaware law states that th
pedestrian has the right of way "when the operaitar
vehicle is making a turn at an intersection."”

D

Source: NHTSA PedBikeLaw4 @)
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State

State Law
Same, or
Equivalent, or
Variation

If Equivalent or Variation

Florida

Variation

Florida law states "signals are not in place orin

operation" instead of "signals are not in placeatrin
operation.”

Georgia

Variation

Georgia makes no mention of traffic control
signals not being in place or in operation. Itesahat
"the driver of a vehicle shall stop and remain ptapto
allow a pedestrian to cross the roadway within a
crosswalk when the pedestrian is upon the hatef t
roadway upon which the vehicle is traveling, or wiiee
pedestrian is approaching and is within one lanbef
half of the roadway on which the vehicle is tranglor
onto which it is turning."

Hawaii

Exact

lowa

Variation

lowa state code contains several minor word
changes, and replaces "within a crosswalk™ withtHimi

any marked crosswalk or within any unmarked croiswa

at an intersection.” The state code omits "when thg
pedestrian is upon the half of the roadway uporciwvhi
the vehicle is traveling, or when the pedestrian is
approaching so closely from the opposite half ef th
roadway as to be in danger," and adds "except as
otherwise provided in this chapter."

Idaho

Variation

Idaho makes no mention of the pedestrian be

"upon the half of the roadway upon which the vehisl

traveling, or when the pedestrian is approaching s
closely from the opposite half of the roadway abdaon
danger." It uses the word "highway" instead of

"roadway" and makes other minor word changes.

Illinois

Exact
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State

State Law Same
or Equivalent, or
Variation

If Equivalent or Variation

Indiana

Variation

It uses the words "a person who drives a

vehicle" instead of "the driver of a vehicle." Inda
requires the driver to yield to a pedestrian

"approaching closely from the opposite half of the
roadway" instead of "approaching so closely from

the opposite half of the roadway as to be in dahg
There are other minor changes in wording.

Kansas

Exact

Kentucky

Variation

This law replaces the word "driver" with
"operator" and uses the words "upon which thg
vehicle is traveling" instead of "upon the halftioé

U

er

roadway upon which the vehicle is traveling.” There

are other minor changes in wording.

Louisiana

Equivalen

t

Instead of the words "so closely as to bel|i

danger," Louisiana states "closely as to be in
danger."

Massachusett

Variation

When traffic control signals are not in pla¢

or not in operation the driver of a vehicle shadllg
the right of way, slowing down or stopping if ne€

e

d

be so to yield, to a pedestrian crossing the rogdwa

within a crosswalk marked in accordance with

standards established by the department of
highways if the pedestrian is on that half of the
traveled part of the way on which the vehicle is

traveling or if the pedestrian approaches from the

opposite half of the traveled part of the way to
within 10 feet of that half of the traveled paritbé
way on which said vehicle is traveling.

Maryland

Variation

The UVC states that "when traffic contro

signals are not in place or not in operation theedr

of a vehicle shall yield the right of way, slowing

down or stopping if need be to so yield,"” while

Maryland only states that "the driver of a vehicl
shall come to a stop."
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State

State Law
Same, or
Equivalent, or
Variation

If Equivalent or Variation

Maine

Variation

Maine code specifies when "traffic-control
devices are not in operation” and does not mention
"when traffic control signals are not in place."sinch
cases, "an operator must yield the right-of-wag to
pedestrian crossing within a crosswalk when the
pedestrian is on the same half of the way or ammbiog
so closely as to be in danger.”

Michigan

Not
Located

Not Located

Minnesota

Variation

With regard to 8 11-502(a), where traffic- control
signals are not present (i.e., "in place or in apen"),
“the driver of a vehicle shall stop to yield thghi-of-

way to a pedestrian crossing the roadway within a
marked crosswalk or within any crosswalk at an
intersection."”

Missouri

Exact

Mississippi

Variation

Mississippi law replaces the phrase "within a
crosswalk" with "within any marked crosswalk or kit
any unmarked crosswalk at an intersection.” Miggss

law does not specify that the pedestrian is orsémee
side of the roadway as the approaching vehicls or i
approaching from the opposite side of the roadway.

Montana

Variation

This law covers UVC § 11-502(a), (b) and (c).

With regard to 11-502(a), the law specifies that th

driver shall yield to the pedestrian within a mat o

unmarked crosswalk at an intersection. It excepts |a

subsection of the law that permits a driver to make

right-hand turn "if the pedestrian is in the opposialf
of the roadway and is not in danger."
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State

State Law
Same, or
Equivalent, or
Variation

If Equivalent or Variation

North
Carolina

Variation

North Carolina makes no mention of the

which the vehicle is traveling or approaching smsely
from the opposite half of the roadway as to beanger.
North Carolina states that the pedestrian crossamgoe
"within any marked crosswalk or within any unmarke

crosswalk at or near an intersection

North
Dakota

Exact

Nebraska

Variatiorn

the driver yield to a pedestrian "who is in thedam

which the driver is proceeding or is in the lane
immediately adjacent thereto.”" The UVC states that
1 "pedestrian is upon the half of the roadway uporcivh
the vehicle is traveling, or when the pedestrian is
approaching so closely from the opposite half ef th
roadway as to be in danger.” Nebraska requires th
vehicle to come "to a complete stop”

pedestrian being upon the half of the roadway upon

d

With regard to § 11-502(a), the law requires that

New
Hampshire

Exact

New
Jersey

Variation

driver of a vehicle shall yield the right-of-way o
pedestrian crossing the roadway within a marked
crosswalk or within any unmarked crosswalk at an
intersection, except at crosswalks when the movéeofe
traffic is being regulated by police officers aaffic
control signals, or where otherwise prohibited by
municipal, county, or State regulation.” No mentisn
made that traffic control signals are not in plac@&ot in
operation, of slowing or stopping or of the locataf the

With regard to § 11-502(a), it states that "the

14

pedestrian in the roadway.
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State

State Law Same, or
Equivalent, or
Variation

If Equivalent or Variation

New Mexico

Exact

Nevada

Variation

It replaces the word "roadway" with
"highway." It uses the words "official traffic
control devices" instead of "traffic control
signals” and makes other minor changes i
wording.

New York

Variation

It used identical wording.

Ohio

Variation

In addition to traffic signals not being i
place or in operation, this law applies when
signals "are not clearly assigning the right-of
way."

-

Oklahoma

Exact

Oregon

Variation

It requires the driver to "stop" (not sloy
down or stop). It states that the pedestrian i
"approaching so closely to the half of the
roadway along which the driver is proceeding
as to be in a position of danger by closely
approaching or reaching the center of the
roadway" in place of "approaching so closel
from the opposite half of the roadway as to bg
danger."

0" <

SO

<

2 in

Pennsylvania

Variation

Pennsylvania states that "when traffic
control signals are not in place or not in
operation, the driver of a vehicle shall yield tf
right-of-way to a pedestrian crossing the
roadway within any marked crosswalk or with
any unmarked crosswalk at an intersection."
mention is made of "slowing or stopping if ne
be to so yield" or that the law applies "when t
pedestrian is upon the half of the roadway up
which the vehicle is traveling, or when the
pedestrian is approaching so closely from th

opposite half of the roadway as to be in dange

e

in
No
ed
he
on

e

:r.ll

Rhode Island

Variation

Used identical wording.

South
Carolina

Equivalent

South Carolina omits the word "so" in t

ne

phrase "if need be to so yield."
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State

State Law Same, or
Equivalent, or
Variation

If Equivalent or Variation

South
Dakota

Not Located

Not Located

Tennessee

Exact

Texas

Equivalent

Utah

Variation

It uses wording equivalent to that
provided in the UVC except that it adds "exce
as provided under Subsection (2)" [stopping
requirements when approaching school
crosswalks].

pt

Virginia

Not Located

Not Located

Vermont

Variation

Vermont uses the words "if traffic-contre
signals are not in operation” in place of "whe
traffic control signals are not in place or not ii

operation," uses the words "stopping if
necessary" in place of "stopping if need be to
yield," and does not mention that the driver sh
yield when"the pedestrian is upon the half of t
roadway upon which the vehicle is traveling, ¢
when the pedestrian is approaching so close
from the opposite half of the roadway as to be
danger."

5S> <

SO
all
he
DY
ly
in

Washington

Variation

Washington states that "the operator of
approaching vehicle shall stop and remain
stopped to allow a pedestrian to cross the

roadway within an unmarked or marked

crosswalk when the pedestrian is upon or with
one lane of the half of the roadway upon whig
the vehicle is traveling or onto which it is turgin
For purposes of this section *half of the roadw
means all traffic lanes carrying traffic in one
direction of travel, and includes the entire wid
of a one-way roadway." No mention is made t
traffic control signals are not in place or not iy

an

1N
h

Ay

th
nat

—

operation.
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State

State Law Same, or
Equivalent, or
Variation

If Equivalent or Variation

Wisconsin

Variation

Wisconsin applies this law to intersectians

not controlled "by a traffic officer" as well as
those not controlled by a traffic control signal.
uses the word "operator"” in place of "driver."
requires the operator to stop for a pedestriarac
person riding a bicycle in a manner which is
consistent with the safe use of the crosswalk by
pedestrians” who is crossing in a crosswalk. (It
does not mention the location of the pedestrian or
bicyclist in the roadway.

P —

West
Virginia

Variation

Used identical wording.

Wyoming

Variation

Wyoming uses the words "to yield, to any
pedestrian within or entering a crosswalk at either
edge of the roadway" in place of "to so yield, tp a

pedestrian crossing the roadway within a
crosswalk when the pedestrian is upon the half of
the roadway upon which the vehicle is traveling,
or when the pedestrian is approaching so closel
from the opposite half of the roadway as to be in

danger."
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Appendix B - Survey Form

A survey was conducted with the Lawrence drivergdbtheir opinion about the newly
installed Pedestrian Hybrid Signal in their cityv@ hundred and fifty survey forms were

distributed in a single day. The survey form isvghdelow.
Front side of the survey form:

EFFECTIVENESS STUDY OF A HAWK BEACON
CITY OF LAWRENCE

Dear Motorist:

The City of Lawrence needs your help in a specialysof a new pedestrian beacon. This
Pedestrian Hybrid Signal on " treet between New York St and New Jersey Shiana
concept to reduce vehicular delay. Material harmlédvith this survey explains the new signal
operation. The city needs your opinion to deternaineer understanding and acceptance. Please

take a couple of minutes to complete this survetherback.
In appreciation for completing and returning this survey, we would like to send you

a free State of Kansas highway map. To receive yoanap, please provide your mailing

address where indicated.
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Back side of the survey form:
Survey Regarding your Opinion about the Pedestriatdybrid Beacon (HAWK).
We are conducting this survey to find out your agamabout the HAWK Pedestrian
Beacon on 11 Street between New York Street and New Jersegtsitd awrence.

Are you aware that there is a HAWK Pedestrian Beawo11" Street between New

York Street and New Jersey Street?

[] Yes [] No

Have you ever had a chance to drive by this HAWHKeR&ian Beacon while driving in
the city?

[] Yes [ ] No

If you have passed by this HAWK Pedestrian Bead@hyou understand all the phases

of this beacon well? (see phases below)

[] Yes [] No
- Please check the phases which you understoothasd you didn’t

Phase 1:Blank Signal (which means ‘move as usual’)

[ ] Understood[ | Not understood

Phase 2:Flashing Yellow (which means ‘Caution, Pedestriaasit to cross’)
[ ] Understood[ | Not understood

Phase 3:Steady Yellow (which means ‘Be prepared to Stop&aestrians’)
[ ] Understood[ | Not understood

Phase 4:Steady Red (which means ‘Must Stop and Remainp&tbp

[ ] Understood [ | Not understood

Phase5:Flashing Red (which means ‘You can proceed akdeptrians have cleared’)
[ ] Understood [ ] Not understood

Phase 6:Blank Signal again (which means ‘drive as usual’)

[ ] Understood [ ] Not understood
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Did you feel comfortable while driving through tAWK Pedestrian Beacon?

[ ] Yes [] No

The HAWK Pedestrian Beacon is intended to decrdasedelay for drivers at mid-
blocks. Did you observe any decrease in delayisisite while driving when compared to other

conventional signalized mid-block crossings?

[] Yes [] No
Would you be in favor of this HAWK Pedestrian Beado be installed at other places in

your city?

[] Yes [] No

If you were acting as a pedestrian at this crosaiitly the HAWK Pedestrian Beacon,

would you feel comfortable while crossing?
[ ] Yes 1 No

Comments Please add your comments here.

NN LYY [0 | (o T
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Appendix C - Handouts Explaining PHB (HAWK) Operation

Handouts were prepared and decided to be distdwitd the survey forms when the
drivers were observed not understanding all thesghaf the PHB very well. The below figures

shows the front and back of the handouts distrthute

& C1ty of Lawrence

We want to be sure you understand that you may proceed on 'Flashing
Red' at a HAWK Pedestrian Beacon on 11th Street between New York and
New Jersey Street.

Understanding of 'Flashing Red’ phase in a HAWK Beacon:

You may proceed on ’lesﬁing ‘(i{,ed" afterr the pedestrians have
cleared the street or gf there are no pedestrians in the street.

See the other side of this page for
understanding different phases of a HAWK Beacon with pictures

Figure 9.1: Picture Showing the Front Side of the Endout Prepared
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Understanding of Different Phases of HAWK Beacon for Motorists

1. Dark Until Activated

Drive as Usual

2. Flashing Yellow
Upon Activation

]

- ™

Caution, Pedestrians
want to cross

Be prepared to STOP

3. Steady Yellow

o &
®

4. Steady Red During
Pedestrian Walk Interval

for pedestrians

Must STOP and
Remain Stopped

5.Alternating Flashing Red During

Pedestrian Clearance Interval

You Can Proceed After Pedestrians

Have Cleared the Street

6. Dark Again Until Activated

Drive as Usual

Figure 9.2: Picture Showing the Back Side of the Halout Prepared
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