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FOREWORD

The FHWA'’ s Pedestrian and Bicycle Safety Research Program’s overall goal isto
increase pedestrian and bicycle safety and mobility. Traffic caming has been used on
residentia streets to help reduce vehicle speeds. In addition to reducing vehicle speeds,
traffic calming treatments may also benefit pedestrians by shortening crossing distances
and enhancing motorist and pedestrian visibility.

This reports documents an evaluation of the effects of selected traffic calming treatments
on both pedestrian and motorist behavior. This study was part of alarger Federal
Highway Administration research study investigating the effectiveness of engineering
treatments on pedestrian and bicycle safety. It is hoped that readers also will review the
reports documenting the results of the other pedestrian and bicycle safety studies.

The results of this research will be useful to transportation engineers, planners, and safety
professionals who are involved in improving pedestrian safety and mobility.

Michael F. Trentacoste
Director, Office of Safety Research
and Devel opment

NOTICE

This document is disseminated under the sponsorship of the Department of
Transportation in the interest of information exchange. The United States Gover nment
assumes no liability for its content of use thereof. This report does not constitute a
standard, specification or regulation.

The United States Government does not endorse products or manufactures. Trade and
manufactures’ names appear in this report only because they are considered essential to
the object of the document.
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INTRODUCTION

Continued growth and decentrdization throughout the United States have increased the
number of cars on streets and highways. High traffic volumes and speeds, especialy on resdentia
dreets, reduce the quality of life for residents because of concerns about safety, noise, and pollution.
Asaresult, many neighborhood residents and local officids have expressed interest in undertaking
traffic caming as ameans of decreasing the cars dominance.

Traffic caming encompasses a series of physica treatments that are meant to lower vehicle
gpeeds and volumes by creating the visud impression that certain Streets are not intended for high-
speed or cut-through traffic. Thus, traffic caming can improve safety for pedestrians and reduce noise
and pollution levels. Examples of these measures include bulbouts, speed humps, chicanes, and traffic
circles.

This paper summarizes past research on speed humps, bulbouts, and roadway narrowing.
Findings from a new evauation of bulbouts, raised crosswalks and intersections, refuge idands, and
speed humps in eight communities are dso reported. Wheress earlier sudies usudly focused on
vehicle speeds and volumes, this study looked at motorist yielding and pedestrian crossing behavior, in
addition to vehicle speeds. The research reported in this paper is part of a national-level research
effort to evauate the operationd and safety effects of pedestrian treatments, such as traffic caming,
crosswaks, sdewalks, automated pedestrian detection, and illuminated push buttons.

Past Research on the Effects of Speed Humps

Also known as road humps, undulations, or “deeping policemen,” the purpose of speed humps
isto promote the smooth flow of traffic at dow peeds of about 32 to 40 kmv/h
(20 to 25 mi/h). The speed hump is an e ongated hump with a circular-arc cross-section (round-top)
or flat-top, risng to aheight of 76 mm (3 in) above the norma pavement surface and having a length of
3.7mto 6.7 m (12 ft to 22 ft) in the direction of vehicular travel (Figure 1). Speed humps usudly
extend the full width of the road, excluding the gutter to alow for drainage (1).

Raised crosswalks are flat-top speed humps with crosswak markings painted on the top
(Figure 2). Raised crosswalks elevate pedestrians above the surface of the roadway and can make
them more visble to motorists. Raised crosswaks cause motorists to dow at the most critical
location, where pedestrians cross. They are generally designed to keep pedestrians at one level so
that there is no need for curb ramps. Drainage is accommodated by pipes dong the gutter or other
design features.



Figure 1. Two vehicles slovs; down as they pass
over a speed hump.

Figure 2. Pedestrians using a raised crosswalk.

Speed humps have been evaluated in many cities. The following paragraphs summarize some
of those studies.

In Omaha, Nebraska, before and after data at 10 speed hump locations found a significant
reduction (at the 5 percent sgnificance levd) in the 85th percentile speeds. Data collected from 19
locations showed that the number of accidents involving persond injury decreased. However,
residents complained about the speeding that till existed, increased noise levels, and vehicle damage.
City officids were concerned about emergency vehicle access and response time, potentia ligbility,
and the need to monitor signs and pavement markings for the speed humps (2).



In Bellevue, Washington, 16 speed humps were ingdled in 5 resdentia neighborhoods. The
85th percentile speeds declined from 58 to 63 kimvh (36 to 39 mi/h) prior to installation to 39 to 43
km/h (24 to 27 mi/h) after ingalation. Traffic volumes fell when aternate routes existed. Most
resdents fet that the humps were effective and favored their continued use (3).

Speed humps in Montgomery County, Maryland, typically reduced 85th percentile speeds by
6 to 11 km/h (4 to 7 mi/h). The ingdlation of the humps reduced accident frequency. The humps did
not have a consstent effect on traffic volumes, though (4). The speed-reducing effect was stronger in
adjacent Howard County, Maryland. There, the use of speed humps on a number of streets lowered
the 85" percentile speeds by 14 kmvh to 37 kmvh (9 mi/h to 23 mi/h) (5).

Five speed humps were built along a 0.8-km (0.5-mi) stretch of Grey Rock Road in Agoura
Hills, Cdifornia.  Ingtead of the customary 76-mm (3-in) height, these humps were
70 mm (2.75 in) high. The 85th percentile traffic speedsfell by 10 to 15 knvh (6 to 9 mi/h) after the
humps were ingdled. Traffic volumes remained congtant and motorists did not divert to other
resdentid streets (6).

The speed humps placed in Westlake Village, Cdifornia, were 67 mm (2.625 in) high. The
humps reduced the 85th percentile speeds by 15 to 23 kmvh (9 to 14 mi/h) to 39 to 47 kmvh (24 to 29
mi/h). Severad demondration projects in Los Angeles used the 67-mm (2.625-in) high speed humps,
with results smilar to those in Agoura Hills and Westlake Village (6).

In three Audtrdian cities, Corio and Croydon in Victoriaand Stirling in Western Audraia, the
85th percentile speeds at speed humps dropped by half or more after ingtdlation. Mid-hump speeds
fdl by about one-fourth to one-third. Daily traffic volumes fdl by one-fourth to roughly one-hdf (7; 8;
9).

Previous Studies on the Effects of Bulbouts and Street Narrowing

The purpose of a bulbout (also known as a choker, curb bulb, neckdown, nub, or gateway) is
to reduce the width of vehicle travel way at an intersection or amid-block pedestrian crossing.
Bulbouts shorten the street crossing distance for pedestrians, may dow vehicle speeds, and provide
pedestrians and motorists with an improved view of one another, thereby reducing the risk of a motor
vehicle-pedestrian collison (Figure 3).

Anne Arundd County, Maryland, has used a combination of medians and bulbouts near
intersections. The medians narrow the traveled way and provide a sheltered storage area, while the
bulbouts force drivers to make alateral deflection asthey enter the narrowed area. Medians with
lateral deflection reduced the 85th percentile speeds by 3 kmvh to 8 knvh (2 to 5 mi/h) (5).



pedestrians, improve sight distances, and may
slow vehicle speeds.

In Ontario, Canada, Macbeth (10) reported speed reductions on five raised and narrowed
intersections and seven mid-block bulbouts, in conjunction with lowering the speed limit to
30 kmv/h. The proportion of motorists who exceeded 30 km/h was 86 percent before the devices
were built, but only 20 percent afterwards.

The Dutch towns of Oogterhout and De Meern have both ingtaled street narrowing variations.
The Oosterhout project consisted of ingtalling two bulbouts so as to require motorists to deviate from a
graight path. Both the 85th percentile vehicle speed and the degree of pedestrian-motor vehicle
conflict fell after the bulbouts were ingaled. In De Meern, two bulbouts were placed opposite one
another to narrow the width of the traveled way. A sgnificant reduction in the 85th percentile vehicle
speed was observed (11).

Intwo Audrdian cities, Keilor (Queendand) and Eltham (Victoria), bulbouts had little effect on
reducing vehicle speeds. However, in Concord, New South Wales, a comparison of a street with both
bulbouts and marked parking lanes versus an untreated street showed that the crash rate on the treated
street was only one-third that of the untreated Street. It was not stated how many of these crashes
involved pedestrians, nor how the streets compared prior to treatment (9).

The Audrdian “wombat” crossing usudly consgts of araised crosswak and bulbouts. Itis
designed to dow motorigts, shorten pedestrian exposure to motor vehicles, and increase pedestrian
vighility to motorisgts. Wombat crossings have generally reduced 85th percentile vehicle speeds by
about 40 percent (9).



DATA COLLECTION

Four types of traffic caming devices were evauated in this study: (1) bulbouts, (2) raised
crosswaks, (3) raised intersections, and (4) refugeidands. Both before-and-after and treatment-and-
control study designswere used. Thefindings are presented in the following sections, along with
information about the sudy locations and study designs.

Before and after data were collected using avideo camera, prior to and following the
ingalation of each treetment. The video camerawas set up on the sdewalk, gpproximately 61 m
(200 ft) upstream from the crossing location. The camerafaced in the same direction as traffic on that
half of theroadway. This position alowed the camerato record, on videotape, pedestriansin the
crosswalk and in the queuing areas on either Sde of the roadway. The camera aso recorded whether
approaching motorists stopped or dowed down for pedestrians. Videotaping was done mostly on
weekdays, during daylight hours, and under dry conditions (when it was neither raining nor snowing).
The length of videotaping at each location ranged from 2to 8 h.

For the treetment-and-control design, each treatment Site was matched with a control ste that
did not have atraffic caming device in place but was otherwise smilar. Datawere collected through
real-time observations and the use of speed-measuring devices (more details in the following sections).
Data were collected on weekdays, during daylight hours, and under dry conditions. The data
collection periods ranged from about 40 minto 4 h.

Each traffic calming device was evauated according to two or three measures of effectiveness
(MOEs):

Vehicle speeds

Pedestrians for whom motorists stopped or yielded
Crossing in the crosswak

Average wait time

~AwbdpE

With regard to pedestrians for whom motorists stopped or yielded, the pedestrian was the
unit of andyss. Only pedestrians who crossed when motorists were gpproaching are included in the
andyss. For example, if atotal of 100 pedestrians crossed when vehicles were gpproaching, and
motorists yielded to 50 pedestrians, then the percentage of pedestrians for whom motorists yielded is
equal to 50 percent. It does not matter whether the 50 pedestrians crossed as one large group (with
one motorig yieding), severd smdler groups (with severd motorists yielding), or one by one (with 50
motorigs yieding).

Wait time refersto the time that a pedestrian waits, after arriving a the curb, before he or she
garts to cross the roadway. When no vehicles are present, pedestrians can cross immediately after
they arrive at the curb. When vehicles are present, pedestrians typicdly either wait for a gap that they



perceive to be adequate, or until an gpproaching motorist stops or dows down, before they Start
crossing.

The results for the MOEs are described in more detail below. The reader is advised that
sample sizes vary even at the same location, because of the way that the MOEs were defined. For
some observations, individua data items were not recorded, and these observations were not included
inthe andyss.

BULBOUTS — CAMBRIDGE AND SEATTLE

A before-and-after study approach was used to eva uate four bulbouts in two cities.
Berkshire Street at Marney Street, Cambridge, MA

Berkshire Street at Y ork Street, Cambridge, MA

Alki Avenue SW at 59" Avenue SW, Sesttle, WA
East Pike Street at 11" Avenue, Seattle, WA

A wbdpE

Site Descriptions

Both bulbout locationsin Cambridge are in residentiad neighborhoods. Berkshire Street is
one-way northbound. Marney Street is one block north of Y ork Street and meets Berkshire from the
eadt, at a T-intersection. Thereisacity park on the west side of Berkshire. Traffic and pedestrian
volumes were low during the times that data collection took place.

In Seettle, Alki Avenue SW is an arterid dong the waterfront. There is consderable
pedestrian activity on sunny days during the warmer months. The neighborhood is largely residentid,
with some shops and restaurants. The intersection of East Pike Street at 11™ Avenueis just east of
downtown Seettle and is predominantly retail.

Pedestrians for Whom Motorists Yielded

By condtricting the roadway, bulbouts are intended to dow vehicles down and increase the
likelihood that motorists will see pedestrians sooner than they would otherwise. Therefore, it was
hypothesized that bulbouts would increase the number of pedestrians for whom motoristsyielded. In
other words, more pedestrians would have the benefit of motorists yielding to them (Figure 4).

The chi-square statistic was used to compare the percentages of pedestrians for whom
motorists yielded in the before and after periods (Table 1). The bulboutsin Seettle did not have a
datisticaly sgnificant effect on the percentage of pedestrians for whom motorists yielded, not even at
the 0.10 levd. The bulboutsin Cambridge had small sample Sizes.



Figure 4. A motorist yielding to pedestrians, Alki
at 59", Seattle.

Table 1. Percentage of Pedestrians for Whom Motorists
Yielded, Before and After Treatment.

LOCATION TREATMENT BEFORE AFTER SIGNIF]::ICANC
Cambridge, MA Bulbouts 20.0% (5)* 66.7% (6) S
2 locations
Sesdttle, WA Bulbouts 57.9% (342) |52.2% (471) N
2 locations

ABBREVIATIONS

*  Sample sizes in parentheses.
N Not significant.

S Smdl samplesize

Where Do Pedestrians Cross?

All of the traffic caming locations that were evaluated dready had marked crosswaksin the
“before’ period. It was thought that bulbouts would motivate pedestrians to crossin the crosswalk
(who otherwise might not have done s0), so that they can benefit from the shorter crossing distances.

The chi-square Satistic was used to compare the percentages of pedestrians who crossed in
the crosswak in the before and after periods. As Table 2 shows, the effects of the Cambridge
bulbouts were in the desired direction but were not satisticaly significant, not even at the 0.10 level.
The results for the bulboutsin Seettle were satisticaly sgnificant, but in the undesired direction—more



pedestrians crossed in the crosswak before the bulbouts were ingtaled than after they were instdled.
Table 2. Percentage of Pedestrians Who Crossed in the Crosswalk,
Before and After Treatment.

LOCATION TREATMENT BEFORE AFTER SIGNIFICANCE
Cambridge, MA Bulbouts 66.7% (60)* | 67.2% (64) N
2 locations
Sesttle, WA Bulbouts 93.7% (824) | 74.1% (939) X
2 locations

ABBREVIATIONS

*  Sample sizesin parentheses.

X Significant, but in the wrong direction.
N Not sgnificant.

Average Pedestrian Wait Time

Bulbouts may dow vehicle speeds, thus increasing the number of adequate gaps and aso
increasing the likelihood that an approaching motorist will yield to apedestrian. Therefore, it was
expected that bulbouts would shorten the time that pedestrians must wait to cross the street. In this
study, wait times were recorded for al pedestrians who crossed the street, regardless of whether
motor vehicles were gpproaching.

Thet test for difference in means was used to compare average pedestrian wait timesin the
before and after periods (Table 3). The effect of the bulbouts in Seettle was gatitically sgnificant but
in the undesired direction, i.e., the wait times at the bulbouts were longer in the after period than in the
before period. The average wait time at the bulbouts in Cambridge was 0.16 s (N = 85) in the before
period and 0.11 s (N = 99) in the after period. According to thet test for difference in means, this
change was not datidicaly sgnificant. Because traffic volumes were very light, the mgority of
pedestrians crossed without having to wait for agap in traffic, so the average wait times were very
short.

Table 3. Average Pedestrian Wait Time, Before and After Treatment.

LOCATION TREATMENT BEFORE AFTER SIGNIFICANCE
Cambridge, MA Bulbouts 0.16s 011s N
2 locations N=85 N =99
Sesttle, WA Bulbouts 119s 176s X
2 locations N = 1086 N = 1233

ABBREVIATIONS
X Significant, but in the undesired direction.
N Not significant.




BULBOUTS — GREENSBORO AND RICHMOND

A trestment-and-control study approach was used to eva uate four additional bulbouts (Table

4).
Table 4. Bulbouts and Control Sites.
TREATMENT SITE CONTROL SITE
Elm Street, between Friendly Avenue and Elm Street, between Market Street and
Summit Avenue, Greensboro, NC Friendly Avenue, Greensboro, NC
Elm Street, between Washington Street and Elm Street & Martin Luther King Jr. Drive,
February One Place, Greensboro, NC south leg, Greensboro, NC

Ellwood Avenue a Auburn Avenue, Richmond, | West Main Street at Rowland Street,
VA Richmond, VA

Ellwood Avenue a Dooley Avenue, Richmond, | Cary Street at Stafford Street, Richmond, VA
VA

Site Descriptions

Elm Street in Greensboro is the main north-south downtown arterid. Both bulbouts and the
control ste between Market Street and Friendly Avenue are downtown. The control Ste at Martin
Luther King J. Drive is on the southern edge of downtown. EIm Street is generdly two-way, with
onelanein each direction. Thereisusudly parking on both sdes. The crosswaks are made of
textured pavement. EIm Street islined with shops, offices, and severd vacant buildings (Figure 5).

In Richmond, both bulbouts and their control Stes were on two-lane, one-way stregtsin
resdential neighborhoods.

Vehicle Speeds
It was hypothesized that bulbouts would reduce vehicle speeds.
In Greensboro, automated traffic counters were used to messure the speeds of al vehicles, in

both directions, at the crossing and about 30 m (100 ft) upstream from the crossing. Speeds were
measured for about 8,900 vehicles at the bulbouts and 5,300 vehicles at the control Stes.



Figure 5. Bulbout and textured crosswalk,

Greensboro, North Carolina.

A laser speed measurement gun was used in Richmond to measure the speeds of vehicles, in one

direction, a the crossing and about 92 to 183 m (300 ft to 400 ft) upstream from the crossing, when
the staged pedestrian was present at the crossing. Speeds were measured for atotal of 132 vehicles
at the bulbouts and 132 vehicles at the control Sites.

The 50th percentile speeds were caculated at dl sudy sites (Table 5). The 50th percentile
gpeeds in Greensboro were 1.8 kmvh (1.1 mi/h) lower than at their corresponding control Stes. This
is congstent with the hypothesis. However, the difference may or may not be of practical

ggnificance.

Table 5. Comparison of Vehicle Speeds at the Treatment and Control Sites.

10

50TH
CITY AND PERCENTILE SOTH PS%%EEDNTILE DIFFERENCE IN
TREATMENT SPEED SPEEDS
TREATMENT SITE CONTROL SITE
Greensboro, NC 26.4 km/h 28.2 km/h 1.8 km/h (1.1 mi/h)
2 Bulbouts (16.4 mi/h) (17.5 mi/h) lower a treatment site
SIGNIFICANT?
Richmond, VA 2 53.1 knvh 49.9 km/h 3.2 knvh (2.0 mi/h)
2 Bulbouts (33.0 mi/h) (31.0 mi/h) higher a treatment Site
SIGNIFICANT—
Undesired direction
Sgniticant at the 0.05 level or better, usng a two-talled test.

2 Vehicle speeds in Montgomery County and Richmond were measured only when the staged
pedestrian was present.
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In Richmond, the 50th percentile speeds were 3.2 kmvh (2.0 mi/h) higher & the treatment Ste than
at the corresponding control Ste (Table5). Thisis contrary to what was hypothesized. It isnot clear
why the bulbout sites had higher speeds than the control Sites.

Pedestrians for Whom Motorists Stopped

For this MOE, data were collected using a staged pedestrian. Because of low pedestrian
activity in both Greensboro and Richmond, it was necessary to stage pedestrian crossings, using a
two-person data collection team. The staged pedestrian was a researcher who moved into a staging
position when a vehicle was 92 to 183 m (300 to 600 ft) upstream from the crosswak. In the staging
position, the researcher stood at or near the curb and looked at oncoming traffic as if he/ she were
getting ready to crossthe roadway. The second member of the team observed whether motorists
dowed down when they saw the staged pedestrian, and whether they stopped to dlow the staged
pedestrian to cross. The staged pedestrian was male in Greensboro and female in Richmond.

Motorists stopped for fewer than 10 percent of the staged pedestriansin both Greensboro and

Richmond. The differences between the trestment and control sites were not datigticdly sgnificant,
not even a the 0.10 levd.

Table 6. Pedestrians for Whom Motorists Stopped to Let Them Cross.

TREATMEN CONTROL SIGNIFICANC
SITE AND TREATMENT T SITE SITE E
Greensboro, NC 52% (211)* 76% (185) N
Bulbouts (2 locations)
Richmond, VA 0.0% (66) 0.0% (66) N
Bulbouts (2 locations)

NOTE: Staged pedestrians were used in Greensboro and Richmond.

ABBREVIATIONS
*  Sample sizes in parentheses.
N  Not sgnificant.




RAISED CROSSWALKS

12

Three raised crosswalks, each matched with a control site, were evaluated.

Table 7. Raised Crosswalks and Control Sites.

TREATMENT SITE

CONTROL SITE

Research Drive, Durham, NC

Research Drive, Durham, NC

Towerview Drive, Durham, NC (Thislocation
aso has a continuous overhead flasher.)

Towerview Drive, Durham, NC

Bel Pre Road at Merton Road, Montgomery
County, MD

Bel Pre Road at Merton Road, Montgomery
County, MD

Research Drive and Towerview Drive are both on the campus of Duke University in Durham,
NC. Both aretwo-way dreets, with one lane of traffic in each direction. Towerview has a parking

Figure 6. Raised crosswalk and overhead flasher,
Towerview Drive, Durham, North Carolina.

lane in the eastbound direction. Traffic speeds were higher on Research Drive than on Towerview.
Thismay be partly atributable to sraighter dignment and longer Sight distance on Research Drive.
The location on Towerview Drive has both araised crosswalk and a continuoudy operating overhead
flasher (Figure 6). The corresponding control Site has neither araised crosswalk nor an overhead

flasher, but it has a painted ladder crosswalk.



13

Figure 7. Raised crosswalk, Bel Pre Road at
Merton Road, Montgomery County,
Maryland.

Bd Pre Road at Merton Road isin aresdentid areajust outsde of Rockville, MD. Bd Preisa
northwest-southeast collector, with one lane of traffic in each direction and parking lanes on both
sdes. Merton Road isalocd street that approaches from the southwest and forms a T-intersection
with Bel Pre Road. Theraised crosswalk is on the northwest leg of the intersection, and the control
gteison the southeast leg of the sameintersection (Figure 7).

Vehicle Speeds

Raised crosswaks are intended to dow vehicles down by forcing driversto go up, acrossthe
crosswalk, and then back down again. The effect on vehiclesis smilar to that of a gpeed hump. It
was hypothesized that raised crosswaks would lower vehicle speeds.

At the two raised crosswalks in Durham, automated traffic counters were used to measure the
Speeds of dl vehicles, in both directions, at the crossing and about 30 m (100 ft) upstream from the
crossing. The sample Sizes at each site ranged from about 1,800 to 2,600.

A laser speed measurement gun was used in Montgomery County to measure the speeds of
vehicles, in one direction, & the crossng. The sample Sizes were 42 vehicles a the raised crosswalk
and 38 vehicles at the control Ste.

The 50th percentile speeds were caculated at al study stes. For both study stesin Durham,
the 50th percentile speed was lower & the trestment Site than at the control Site, by 6.5 to 19.3 km/h
(4.0to 12.4 mi/h) as shown in Table 8. These results are consstent with the hypothesis. In
Montgomery County, the 50th percentile speeds were 4.0 km/h (2.5 mi/h) lower at the treatment Site
than a the corresponding control site, but the increase was not statisticaly significant at the 0.10 leve
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(Table 8).

Table 8. Comparison of Vehicle Speeds at the Treatment and Control Sites.

50TH S0TH
CITY AND PERS(I:,IEIEIT)ILE PERCENTILE DIFFERENCE IN
TREATMENT TREATMENT SPEED SPEEDS
CONTROL SITE
SITE
Durham, NC — Research 33.3km/h 39.8 km/h 6.5 knvh (4.0 mi/h)
Drive (20.7 mi/h) (24.7 mi/h) lower @ treatment Site
Raised crosswalk SIGNIFICANT?
Durham, NC — Towerview 185 km/h 38.4 km/h 19.3 knvh (12.4 mi/h)
Drive (12.5 mi/h) (23.9 mi/h) lower a treatment site
Raised crosswak & SIGNIFICANT
overhead flasher
Montgomery County, MD? 34.6 km/h 38.6 km/h 4.0 kmvh (2.5 mi/h)
Raised Crosswak (2.5 mi/h) (24.0 mi/h) lower a treatment site
NOT SIGNIFICANT
Significant at the 0.05 level or better, usng atwo-tailed test.

2 Vehicle speedsin Montgomery County were measured only when the staged pedestrian was present
Pedestrians for Whom Motorists Stopped

Raised crosswalks elevate pedestrians so that they are eesier for motoriststo see. Thus, it was
thought that motorists would stop for a higher percentage of pedestriansin raised crosswalks than in
standard crosswalks.

In Durham, data were collected as pedestrians crossed in or within 9 m (30 ft) of the crosswak
while a motorist was approaching. The researcher observed pedestrians who crossed and recorded
whether motorists yielded.

Because of low pedestrian activity in Montgomery County, it was necessary to stage pedestrian
crossings, using a two-person data collection team. A femae researcher moved into a staging position
when avehicle was 92 to 183 m (300 to 600 ft) upstream from the crosswalk. In the staging position,
the researcher stood at or near the curb and looked at oncoming traffic as if she were getting ready to
cross the roadway. The second member of the team observed whether motorists Sowed down when
they saw the staged pedestrian, and whether they stopped to alow the staged pedestrian to cross.

Motorists stopped for amuch higher percentage of pedestrians at the raised crosswalk with an
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overhead flasher in Durham than at the corresponding control site (Table 9). Resultsfor the raised
crosswvak on Research Drive in Durham are not listed in Table 9 because dmost no pedestrians at the
corresponding control Site crossed while vehicles were gpproaching. The difference between the
trestment and control Stesin Montgomery County were not satisticaly sgnificant, not even at the
0.10 level.

Table 9. Pedestrians for Whom Motorists Stopped to Let Them Cross.

TREATMENT CONTROL SIGNIFICANC
SITE AND TREATMENT SITE SITE E
Durham, NC — Towerview 79.2% (159)* 31.4% (35) T (0.000)
Dr
Raised crosswak and
overhead flasher
Montgomery County, MD 1.2% (169) 1.0% (199) N
Raised crosswalk

NOTE: Staged pedestrians were used in Montgomery County.

ABBREVIATIONS

* Sample sizes in parentheses.
T Significant at the 0.10 level or better (p-values in parentheses).
N Not significant.

RAISED INTERSECTIONS

Before and after data were collected a one raised intersection in Cambridge, M assachusetts
(Berkshire Street and Marcella Street) (Figure 8). Thisintersection is one block north of Marney
Street, where a bulbout was ingalled (see above). It isin aresdentid area.
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Pedestrians for Whom Motorists Yielded

By condtricting the roadway or cresting vertical displacement, raised intersections are intended
to dow vehicles down and increase the likelihood that motorists will see pedestrians sooner than they
would otherwise. It was thought that raised intersections would increase the number of pedestrians for
whom motorists yielded. However, because both traffic and pedestrian volumes were [ow, it was not
possible to determine what effect, if any, the raised intersection had on this MOE.

Pedestrians Who Crossed in the Crosswalk

All of the traffic caming locations that were evaluated aready had marked crosswaksin the
before period. 1t was thought that the raised intersection would motivate pedestrians to crossin the
crosswalk (who otherwise might not have done s0), so that they can benefit from having a delinested
crossing zone.

The chi-square Satistic was used to compare the percentages of pedestrians who crossed in the
crosswalk in the before and after periods. In the before period, 11.5 percent of pedestrians (N =
104) crossed in the crosswalk. This percentage increased to 38.3 percent (N = 47) in the after

Figure 8. Raised intersection, Berkshire Street
and Marcella Street, Cambridge, Massachusetts.

period. Thus, the raised intersection in Cambridge had satidicaly significant effects (p-vaue =
0.001). In other words, more pedestrians crossed in the crosswalk in the after period than in the
before period.
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Average Pedestrian Wait Time

Figure 9. Refuge island, Circle Boulevard,
Corvallis, Oregon.

The average wait time was 0.04 s (N = 104) in the before period and 0.00 s (N = 47) inthe
after period. According to thet test for difference in means, this change was not atigticaly sgnificant.
Because traffic volumes were very light, the mgority of pedestrians crossed without having to wait for
agap in traffic, o the average wait times were very short.

REFUGE ISLANDS
Five refuge idandsin two cities were evauated using a before and after study approach.

Circle Boulevard, Corvalis, OR

E Street at 23" Street, east leg, Sacramento, CA
E Street at 23" Street, west leg, Sacramento, CA
F Street at 23" Street, east leg, Sacramento, CA
F Street at 23" Street, west leg, Sacramento, CA

g~ owdNE

Circle Boulevard is an urban arterid in Corvalis, Oregon (Figure 9). It hastwo lanesin each
direction and a center left-turn lane, for atota of five lanes. A mid-block marked cross- walk and a
refuge idand were ingdled. The refuge idand has a cut-through for the crosswalk. The crosswalk
connects an gpartment complex to the north with a shopping center to the south.

The refuge idands in Sacramento were ingtaled dong with zebra crosswalks. The two
intersections are in the Midtown neighborhood, in a predominantly residential area. Both E and F
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Streets run east-west, and are two-way, two-lane, with parking on both sides. Traffic and pedestrian
activity gppeared to be higher on F Street, owing to the presence of a supermarket on the northwest
corner.

Pedestrians for Whom Motorists Yielded

By condtricting the roadway, refuge idands are intended to dow vehicles down and increase the
likelihood that motorists will see pedestrians sooner than they would otherwise. Therefore, it was
hypothesized that refuge idands would increase the number of pedestrians for whom motorists yielded.
In other words, more pedestrians would have the benefit of motorists yielding to them.

The chi-square gatistic was used to compare the percentages of pedestrians for whom motorists
yielded in the before and after periods. None of the treatments had a Satigticaly sgnificant effect on
the percentage of pedestrians for whom motorists yielded, not even a the 0.10 leve (Table 10). In
the after period, motorists yielded to about two-thirds of the pedestriansin the best case, and to only 8
percent in theworst case. The refuge idand in Corvalis had smdl sample Szes.

Table 10. Percentage of Pedestrians for Whom Motorists Yielded,
Before and After Treatment.

LOCATION TREATMENT BEFORE AFTER SIGNH;ICANC
Corvalis, OR Refuge isand 5.7% (35)° 75% (53) S
and pavement
markings
Sacramento, CA Refuge idands 32.6% (46) 42.1% (38) N
with zebra
crosswalks
4 |ocations

ABBREVIATIONS

*  Sample sizesin parentheses.
N Not significant.

S Smdl samplesize

Where Do Pedestrians Cross?

All of the traffic calming locations that were evauated dready had marked crosswaksin the
before period. It was thought that refuge idands would motivate pedestrians to cross in the crosswalk,
S0 that they can benefit from having a place of refuge in the middle of traffic (Figure 10).
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The chi-square Satistic was used to compare the percentages of pedestrians who crossed in the
crosswak in the before and after periods. As Table 11 shows, the refuge idands in Secramento had
datigticdly sgnificant effects, i.e., more pedestrians crossed in the crosswak in the after period thanin
the before period. The effects of the refuge idand in Corvalis were in the desired direction but were
not gatigticaly sgnificant, not even at the 0.10 leve.

Table 11. Percentage of Pedestrians Who Crossed in the

Crosswalk, Before and After Treatment.

LOCATION TREATMENT BEFORE AFTER SIGNH;:ICANC
Corvallis, OR Refugeidand 51.9% (79)* | 78.0% (113) N
and pavement
markings
Sacramento, CA Refugeidands [61.5% (314) | 71.9% (224) T (0.012)
with zebra
crosswalks
4 |ocations

ABBREVIATIONS

* Sample sizesin parentheses.
T  Significant at the 0.10 level or better (p-values in parentheses).

N  Not significant.

Figure 10. Pedestrian in crosswalk with refuge

island, Sacramento, California.
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Average Pedestrian Wait Time

Because refuge idands dlow pedestrians to cross one direction of traffic a atime, pedestrians
may choose a shorter gap than if they had to cross both directions of traffic. Therefore, it was
expected that refuge idands would shorten the time that pedestrians must wait to crossthe street. In
this study, wait times were recorded for al pedestrians who crossed the street, regardless of whether
motor vehicles were gpproaching.

Thet test for difference in means was used to compare average pedestrian wait timesin the

before and after periods (Table 12). Nether the refuge idands in Corvallis nor those in Sacramento
had a sgnificant effect on pedestrian wait time, not even at the 0.10 leve.

Table 12. Average Pedestrian Wait Time, Before and After Treatment.

LOCATION TREATMENT BEFORE AFTER SIGNIFICANCE
Corvdlis, OR Refugeidand and 859 s 6.68 s N
pavement (75)" (110)
markings
Sacramento, CA |Refuge idands and 159s 154s N
zebra crosswalks (289) (214)
4 locetions

ABBREVIATIONS
N Not sgnificant.

*  Sample szesin parentheses.

DISCUSSION

Overdl vehicle speeds for the raised crosswalks in Durham were lower compared with their
matching control Sites. This suggests that the raised crosswaks in Durham were effective in reducing
vehicle speeds. Vehicle speedsin Montgomery County were measured only in the presence of staged
pedestrians. The speeds at the raised crosswalk and control sitesin Montgomery County were about
the same, an indication that the raised crosswalk had no effect on vehicle speeds.

Evauations were conducted to determine if motorists would be more likely to stop for unstaged
pedestrian crossings than crossings staged from the data collection team. Table 3 suggests that
motorists are more likely to yield to unstaged pedestrians than to staged pedestrians — as many as 70



percent of unstaged pedestrians but less than 5 percent of staged pedestrians. No observations of
both unstaged pedestrians and staged pedestrians in the same city were made, because pedestrian
crossings were staged only when pedestrian activity waslow. Asaresult, the reason why motorists
yielded more often to unstaged pedestriansis possibly aresult of city-by-city or Site-by-site
differences. It may also be that, to some motorists, the staged pedestrian did not appear to want to
cross the roadway.

Table 13 summarizes the effect of traffic caming devices by ste and MOE. For example, the
bulboutsin Sesttle did not have an effect on wait times or whether pedestrians used the crosswvalk.
The effect on the number of pedestrians for whom motorists yielded was not determined because of
small sample sizes. Vehicle speeds were not measured at those bulbouts.

Average pedestrian wait times were usudly under 2 s(Tables 3 and 12). The short wait times
indicate that most pedestrians started crossing as soon as they reached the curb, or within afew
seconds theregfter. Motor vehicle traffic volumes were usudly not very high, so adequate gaps for
pedestrians to cross the roadway came frequently, without along wait. The

Table 13. Summary of Traffic Calming Devices by Site and MOE.
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PEDESTRIANS
TREATMENT VEHICLE f{?)l’lr(‘)vlg(s)’[h‘/; PEDESTRIAN USING
AND CITY SPEED YIELDED WAIT TIME |CROSSWALK

BULBOUTS (2 locations) N/A * No Change No Change
Cambridge, MA
BULBOUTS (2 locations) N/A No Change Worse Worse
Sesttle, WA
BULBOUTS (2 locations) Improve No Change N/A N/A
Greensboro, NC
BULBOUTS (2 locations) Worse No Change N/A N/A
Richmond, VA
RAISED CROSSWALK Improve * N/A N/A
Durham, NC
RAISED CROSSWALK & Improve Improve N/A N/A
OVERHEAD FLASHER
Durham, NC
RAISED CROSSWALK No Change No Change N/A N/A
Montgomery County, MD
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RAISED INTERSECTION N/A N/A No Change Improve
Cambridge, MA

REFUGE ISLANDS & N/A No Change No Change Improve
ZEBRA CROSSWALKS
(4 locations)

Sacramento, CA

REFUGE ISLAND & N/A * No Change No Change
PAVEMENT MARKINGS
Corvdlis, OR

ABBREVIATIONS

N/A Data were not collected for this MOE.
Improve  Significant improvement at 0.10 level.

Worse  Conditions significantly worse at 0.10 level.
* Smdl samplesize.

walit times did not change much between the before and after periods. However, the wait timesin the
before period were close to zero and could not get much shorter, nor did they get much longer. In
fact, the change in wait times at four of the Stes turned out to be not Satidticdly sgnificant. Itislikey
that wait times will fluctuate from one day to the next in response to vehicle and pedestrian volumes,
and vehicle speeds. The sgnificant effect in the wrong direction a the other two Stes may be partly
the result of these fluctuations in pedestrian and motor vehicle volumes.

CONCLUSIONS

These findings suggest that bulbouts and raised crosswalks can reduce motor vehicle speeds.
The combination of araised crosswalk with an overhead flasher was most effective in encouraging
motorigsto yield to pedestrians. It is not known what effect was from the flasher and what portion
can be atributed to the raised crosswalk. Raised intersections and refuge idands are likely to direct
more pedestrians to cross within the crosswalk.

At mogt stes, however, these traffic calming devices did not have sgnificant effects on
pedestrians. In fact, the bulboutsin Sesttle were associated with increased wait times and a lower
percentage of those who crossed in the crosswak, both undesirable effects from a pedestrian
standpoint. These results may be due to a fluctuation in traffic conditions at the Site.

The reader is cautioned that traffic caming devices are not a panacea guaranteed to improve
conditions for pedestrians. These devices by themsalves cannot ensure that motorists will dow down
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and yield to pedestrians, nor that pedestrians will crossin the crosswalk. Moreover, traffic caming
devices have their disadvantages. For example, these treatments can hinder activities such as street
cleaning and snow plowing, may impede emergency vehicle access, and may affect drainage. The
noise of vehicles going over speed humps, raised crosswalks, and raised intersections may disturb
nearby residents.

The ultimate evauation of traffic caming devices would congst of a safety-based andyssusing 3
or more years of collison records, adding more study sSites, and including other devices (such astraffic
circles) that were not examined in this study. Such an evauation was beyond the scope of this study,
but should eventudly be conducted.
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