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FOREWORD

Creating improved safety and access for pedestrians requires providing safe places for people to
walk, as well as implementing traffic control and design measures which allow for safer street
crossings. A study entitled "Evaluation of Pedestrian Facilities" involved evaluating various
types of pedestrian facilities and traffic control devices, including pedestrian crossing signs,
marked versus unmarked crosswalks, countdown pedestrian signals, illuminated pushbuttons,
automatic pedestrian detectors, and traffic calming devices such as curb extensions and raised
crosswalks. The study provided recommendations for adding sidewalks to new and existing
streets and for using marked crosswalks for uncontrolled locations. The "Evaluation of
Pedestrian Facilities" also included synthesis reports of both domestic and international
pedestrian safety research. There are five international pedestrian safety synthesis reports; this
document compiles the most relevant research from Canada.

This synthesis report should be of interest to State and local pedestrian and bicycle coordinators,
transportation engineers, planners, and researchers involved in the safety and design of
pedestrian facilities within the highway environment.

WW

Michael F. Trentacoste
Director, Office of Safety
Research and Development

NOTICE

This document is disseminated under the sponsorship of the Department of Transportation in the
interest of information exchange. The U.S. Government assumes no liability for its contents or
use thereof. This report does not constitute a standard, specification, or regulation.

The U.S. Government does not endorse products or manufacturers. Trade and manufacturer’s
names appear in this report only because they are considered essential to the object of the
document.
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1. Introduction
Canadian research in the area of pedestrian safety has focused on Sx areas of investigation:

1. Interventions to prompt pedestrians to look for turning vehicles when crossing at sgndized
crosswalks, including modification of the pedestrian sgnd head.

2. Modification of pedestrian Sgnasto increase the clarity of the indication for the clearance
interva.

3. The use of pedestrian activated flashing beacons at midblock crosswaks and at crosswaks
on mgjor roads at intersections not controlled by traffic signals.

4. The use of advance stop lines to increase the safety of pedestrians a crosswalks.
5. Research on interventions to increase the conspicuity of crosswalks.

6. The use of multifaceted programs that focus on engineering, enforcement, and education (the
three E's) to increase yielding to pedestrians in crosswalks.

This paper will review research carried out in these Six aress.
2. Use of Prompts to Reduce Threats Posed by Turning Vehicles

The percentage of pedestrian crashes that occurs at intersections is particularly high in urban
areasin Canada. For example, an andyss of motor vehicle collisons with pedestrians in the province of
Ontario found the mgority of injury crashes occurred at intersections (Lane, McClaffery, & Nowak,
1996). This pardlds experience in the United States where one fifth of motor vehicle crashes a
sggndized intersections involve a turning vehicle striking a pedestrian (Robertson & Carter, 1984).

Habib (1980) documented an over representation of left-turning vehicles in pedestrian crashes a
intersections finding left-turning vehicles were about four times as hazardous as through movements.
One reason why |eft-turning vehicles may be over represented in serious pedestrian crashes is the larger
turning radius of left-turning vehicles enables them to travel a a higher velocity. Quaye, Leden, and
Hauer (1993) examining crashes in Hamilton, Ontario, found that the probability of a pedestrian collison
with aleft-turning vehicle varied as a function of traffic volume and type of left-turn sgnd phasing.
Quaye et d. speculated that these types of crashes may be related to the low leve of observing behavior
exhibited by motoristssand pedestrians using crosswalks with traffic and pedestrian sgnals. Lord
(1996) obtained smilar results when he evauated the same intersections used in Quaye et d’s. study,
and he dso found a high correlation between pedestrian motor vehicle conflicts and crash history at
these Sites.

Van Houten, Retting, Maenfant, and Van Houten (1995) using data collected in the Haifax
Regiond Municipdity in Nova Scotia found that serious motor vehicle/pedestrian conflicts occur at a
moderate frequency for vehides turning right on green and a ahigh



frequency for vehices turning left on green. These findings are in accord with the data published by
others showing that left-turning vehicles are over represented in crashes at crosswalks.

When Van Houten and Maenfant examined pedestrian “observing” behavior across the relaive
location of thrests, they found the percentage of pedestrians looking for turning vehicles was highest for
vehicles garting their turn ahead of the pedestrian, lower for vehicles Sarting their turn beside the
pedestrian, and lowest for vehicles sarting their turn behind the pedestrian. These data showed that
there is a strong inverse relationship between the occurrence of motor vehicle/ pedestrian conflicts and
the level of pedestrian observing behavior. Jennings, Burki, and Onstine (1977) aso reported that
pedestrians tended to search more for potentia threats while crossing during the “*DON’T WALK”
phase then while crossing during the “WALK” phase. It has aso been reported that pedestrian-search-
and-detection failures are the most common cause of pedestrian/motor vehicle crashes after
inappropriate crossing (Shinar, 1978).

Zegeer, Cynecki, and Opiela (1984) found that “PEDESTRIANS WATCH FOR TURNING
VEHICLES’ sgns reduced motor vehicle/pedestrian conflicts a a number of signalized crosswalks.
Retting, Van Houten, Mdenfant, Van Houten, and Farmer (1996) found that Sgns requesting
pedestrians to look for turning vehicles erected next to the pedestrian signal heed, or a smilar message
painted in the crosswak, produced enduring increasesin the percentage of pedestrians looking for al
threats and dmost eiminated conflicts between pedestrians and turning vehicles. Similar increasesin
observing behavior and reductions in conflicts were also produced using a digitaly recorded verba
message played at the start of the WALK phase prompting pedestrians to look for turning vehicles
(Van Houten, Mdenfant, Van Houten, and Retting,1998) . The reductions in conflict frequency reported
in these studies take on consderable significance given the high corrdation between the type of conflicts
scored in these sudies and the incidence of pedestrian crashes (Lord,1996).

The use of paint, Sgns, and audible messages has been shown to be effective in prompting
pedestrians to look for turning vehicles, thus reducing conflicts therewith. Some of these effects
perssted for up to three years, though wide-scae implementation of these prompts would prove costly.
A more economica way to increase pedestrians observing behavior would be to incorporate the
prompt as part of the WALK indication. Zegeer et d. (1984) evaluated a“WALK WITH CARE’
sgnd indication as part of an experimentd three-section Sgna head. They found that the “WALK
WITH CARE” display produced a marked reduction in conflicts between pedestrians and right- and
left-turning vehicles at four test intersections. One disadvantage of the experimenta head used by
Zegeer et d. (1984) isthat it employed awritten message rather than an international symbol and hence
may not be understood by tourists and others who may not speak English. Furthermore, research also
indicated that the WALK and DON'T WALK symbols are more effective than the written message
even when they are equaly understood (Robertson, 1977) and therefore, it might expected that a
symbolic message prompting pedestrians to look for turning vehicles might be more effective than a
written message.

Van Houten, Van Houten, Mdenfant, and Retting (1998) eva uated the use of symbolic
indication prompting pedestrians to look for turning vehicles. It conssted of adding animated eyes that
searched from side to Sde to the “WALK” indication at two sgndized intersections. The length of the
“WALK?” indication was 7 seconds on the main street, 30 seconds on one of the secondary Streets, and



40 seconds on the other secondary street. Observers scored the looking behavior of pedestrians and
pedestrian/motor vehicle conflicts on weekdays between 8:30 am. and 5 p.m.

Pededtrians at each of the crosswalks had to cross three potentid turning vehicle paths. Figure
1 shows the three possible conflict points for one of the four crosswalks. A pedestrian crossng in a
clockwise direction would first encounter a potentia conflict with avehicle turning right on red a C, next
the pedestrian would encounter a potentid threat from a vehicle turning left on green a B, and findly the
pedestrian would encounter a potentia threat with a vehicle turning right on green at A. A pedestrian
crossing in the counterclockwise direction would encounter these three thrests in the opposite order.
Pedestrians were scored for checking these three threats in the order they were incurred crossing the
intersection. To be scored as checking a particular threet, the pedestrian had to orient his or her head
toward the direction the vehicle would be coming from prior to and within 3 seconds of entering the
potentia vehicle path. A motor vehicle/pedestrian conflict was scored if the turning vehicle had to
engage in abrupt braking, or had to swerve in order to avoid gtriking the pedestrian who was being
observed, or if the pedestrian had to take sudden evasive action to avoid being struck.

Right on Green

Claveland Strest

Right on Red Left on Green

T d o

Figure 1. The three conflict paths that a pedestrian
has to cross when crossing a street at the
junction of two streets with two-way
traffic and no turn restrictions.



The EYES display consgsted of two blue eyes with blue eyebdls that scanned left and right & a
rate of one cycle per second. This pictographic symbol was constructed from blue (460 nm) LEDs
with an 8-degree fidd of view so that it would be primarily visble to pedestrians.  Each eye was 127
mm (5 in) wide and 68.58 mm (2.7 in) high. The two eyes were separated by 57.15 mm (2 /4 in).
The WALK indication used was an outline of awaking person on ablack background constructed
from blue LEDs with an 8-degreefied of view. The DON'T WALK indication used was a steadily
illuminated outline of an upraised hand illuminated by orange (615 nm) LEDs with an 8-degree fidd of
view on a black background.

Laboratory testing of the device with 100 English and 100 French (the two officid languages
used in Canada) speaking university students was conducted prior to beginning the field research to
determine how they interpreted the EY ES digplay in the context of a pedestrian signal head. All subjects
identified the symbol as representing eyes and indicated that the purpose of the signd was to remind
them to look for traffic.  These results indicate that the meaning of the symbol is clear; it does not
require specid educationa efforts to understand it; and it would be a good choice for internationa
goplication. A photograph of the sgna head showing the WALK indication with the EYES display is
presented in figure 2.

Figure 2. A photograph showing the experimental head
with the WALK indication and the EYES
display illuminated together.



Van Houten et d. (1998) employed amultiple basdine desgn in thisstudy. Inamultiple
basdline design, the treetment is introduced at a different point in time on each of the streets to control
other factors that may have changed adong with the introduction of the experimentd intervention. In this
study the experimenters compared the traditiona incandescent pedestrian head with the use of the LED
pedestrian head but without the use of the animated eyes display. Figure 3 is an event diagram showing
the timing of each of the experimenta conditions that included the use of animated eyes. After collecting
basdine data at both intersections, the experimental pedestrian heads were firgt introduced at the one
intersection without the EY ES digplay to control any effects the novel LED pedestrian head might have
on pedestrian behavior. The use of the LED display had no effect on pedestrians observing behavior or
pedestrian/motor vehicle conflicts.

Next the EY ES display was added at the first intersection so it came on done during the first
2.5 saconds of the WALK interval and then was replaced by the standard pedestrian symbol for the
duration of the WALK interva. This condition lead to amarked increase in pedestrians observing
behavior and a marked reduction in pedestrian/motor vehicle conflicts for pedestrians leaving early
during the WALK interval at both sites from 2.7 conflicts per 100 crossing to 0.5 conflicts per 100
crossings. However, most pedestrians would not begin to cross until the sandard “WALK” indication
gppeared. Thisresulting reduction in available WALK time associated with this timing sequence could
be a disadvantage at intersections with short “WALK” indications.

The second presentation method evauated was the smultaneous use of the EY ES display and
the standard walking man symbol for the first 2.5 seconds of the WALK interva followed by the
termination of the EY ES digplay for the remaining WALK time. This presentation method produced the
same benefits as the sequentia presentation method, and pedestrians did not lose any available WALK
time. During thefind condition, the EY ES and man display were presented smultaneoudy for the initid
2.5 seconds, and then the EY ES display switched off and regppeared for 2.5 every 9.5 seconds to
prompt pedestrians who did not begin to cross a the sart of the WALK interva to watch for turning
vehidles. This presentation method maintained high levels of observing behavior and near zero levels of
pedestrian/motor vehicle conflicts that persisted for pedestrians that |eft the curb during the entire
WALK interval. These effects were dl found to be satisticaly sgnificant.

During thefind 2 days of the study, a research assistant surveyed 100 pedestrians crossing at
the experimental crosswalk. Pedestrians were asked: What they thought the new animated sgnd & the
top of the pedestrian head was, what they thought of the new signa; and whether they would like to see
thissgnd implemented elsewhere. The results of the survey indicated thet al of the respondents
identified the EY ES display as eyes and that they understood the purpose was to tell them to look.
Peoples reaction to the sgnal was very positive and enthusiastic, and most of the respondents indicated
that they would like to see the EY ES display implemented dsawhere.

These results support and extend the findings of Zegeer et d. (1984) that modifying the
pedestrian head to prompt pedestrians to take care while crossing the street is highly effectivein
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reducing pedestrian/motor vehicle conflicts, and provides additiona data showing that the mechanism
responsible for conflict reduction isincreased pedestrian-observing behavior.

3. Research to Increase the Clarity of Pedestrian Clearance Interval

Another concern that has been experimentaly examined by Canadian researchersis the poor
level of compliance and understanding associated with the flashing hand indication for the pedestrian
clearance interva. In one study Gourvil, Pellerin, and Hassan (1994) evauated whether the use of a
tricolored pedestrian heads would be better understood by pedestrians than the standard two-colored
pedestrian head (white silhouette of a pedestrian and an orange hand) and therefore increase the safety
of pedestrians a crosswalks. The tricolored pedestrians head used in this study consisted of one
symbol, a silhouette of awaking pedestrian, combined with the use of agreen, ydlow, and red
pedestrian head in avertical configuration Smilar to that used with the standard green, ydlow, and red
traffic sgnas. A green slhouette light of awalking pedestrian was used for the “WALK” phase, a
yelow silhouetted light was used for the "DON’'T BEGIN TO CROSS’ phase (to replace the flashing
orange hand), and ared slhouetted light was used for the "DON’T WALK" phase (to replace the
orange hand).

Eight intersections in Sx Quebec municipdities were sdected for thisstudy. Thetricolored
pedestrian heads were ingaled, and an 11-question survey was used to interview 1,917 pedestrians
before and after the new pedestrian heads were ingtalled. Pedestrians behavior at these crosswaks was
aso observed before and after the new signds were ingtdled to determine the level of compliance to the
standard and tricolored pedestrian heads.

The results of the pedestrian survey indicated that the tricolored pedestrian head was better
understood than the standard pedestrian head. There was no differencein pedestrian understanding
between the standard pedestrian heads and the tricolored heads for the “WALK” and “DON’'T
WALK?” indications, however there was an increase in the understanding of the yellow slhouetted
pedestrian when compared to the flashing orange hand to prompt pedestrians not to begin to cross
(78% vs 58%). Although pedestrians better understood the tricolored pedestrian heads than the
standard pedestrian heads, the mgority of those surveyed did not prefer the new tricolored heads to the
standard pedestrian devices.

Observations of pedestrian behavior at crosswalks indicated that the tricolored pedestrian heads
did not increase pedestrian compliance at crosswaks. The authors concluded that pedestrians better
understood the clearance phase when the tricolored heads are used, however, pedestrians did not show
better compliance to these new pedestrian heads than they did to the standard ones. The authors dso
report no safety benefitsin ingtdling the tricolored heads. They further estimate the codts of ingtalation
of the new devices to be between $3,000 and $10,000 Canadian per intersection. After weighing these
costs againg the benefits, the experimenters concluded that the use of the tricolored pedestrian head
was not judtified.

Another group of researchers examined a second strategy to increase the comprehension of the
clearance phase — the use of an LED count down timer that displayed the number of seconds left for
the pedestrian to cross (Belanger-Bonneau, Lamothe, Rannou, Joly, Bergeron, Breton, Laberge,
Nadeau, & Maug,1994). In this study a pedestrian head that flashed a digital count down of the number



of seconds left for pedestrians to cross was compared with a standard pedestrian head. The digital
count down pedestrian heads were ingtalled along with a standard pedestrian head with the DON' T
WALK indication associated with a steadily illuminated orange hand, the clearance interval associated
with aflashing orange hand and awalk phase with awhite silhouette of a pedestrian. The digital count
down head was the same size as the standard pedestrian head ingtdled dong with it. The digita count
down lasted 24 seconds, 18 seconds for the walk phase and 6 seconds for the clearance phase. The
authors measured pedestrian head turning and vehicle-pedestrians conflicts, and pedestrians utilization at
crosswa ks were recorded at two experimental and two control intersections in the city of Saint-Laurent,
Quebec. A pre- and post-survey gquestionnaire was aso administered to pedestrians at the
experimenta and control intersections to eva uate the perception of security and safety at the
experimental and control intersections aswedl as their understanding of the pedestrian Sgnds.

A totd of 4,244 pedestrians were observed at the experimenta and control sites during the pre-
and post-phases of the study. A total of 1,918 pedestrians were surveyed during the pre and post
phases at the experimentd and control Stes. The main results of the study indicated that the ingtdlation
of the digita count down pedestrian head did not increase the pedestrian’s understanding of the three
phases of the crosswaks, that isthe "WALK", "DON’T WALK," and clearance phases. The clearance
phase (flashing orange) remained the least understood even with the introduction of the digital count
down device. Approximately 80 percent didn’t understand the flashing orange; the digita count down
device, according to the survey, increased the feding of safety and security of pedestrians using the
crosswalks. Thisfeding of security was greater for people under 17 years of age or over 65 years of
age. Theseincreasesin perception of security may actually have a negative impact on pedestrian safety
because they may induce pedestrians to engage in less visud searching for turning vehicles because they
fed more secure. The digital count down device was associated with asmal increase in the leve of
compliance to the crossing signals a one treatment Site and a small decrease a the other trestment Ste.
A decrease in motor vehicle pedestrian conflicts was observed at the treatment Ste, but asimilar
reduction in conflicts was also observed at the control site.

The authors did not report on the data they collected on pedestrian observing behavior. On this
basis of data reported in this study, the use of the count down pedestrian head was not associated with
any increase in pedestrian safety. These finding are consstent with findings discussed by Baass (1990)
who reported the results of astudy conducted by Druilhe in Toulouse, France, that found no significant
change in pedestrian behavior following the ingdlation of a count down pedestrian head. Taken
together, the results of these studies show that modifications to the pedestrian sgnd head designed to
increase the understanding of the pedestrian clearance interva at best produce only equivoca
improvements in comprehension and no safety benefits. These data dso suggest that interventions
designed to increase pedestrian or motorist observing behavior are likely to yield greater safety benefits.

4. Use of Flashing Amber Beacons at Unsignalized Crosswalks

One way to dert motorists to the presence of pedestrians in crosswalks not controlled by full
traffic 9gnd isto use pedestrian-activated flashing yelow beacons (Bowman, 1995). Van Winkle
(1997) described the use of pedestrian-activated beacons at midblock crosswalk locations but did not
provide evidence of effects on motorist yielding behavior, pedestriaymotor vehicle conflicts, or
pedestrian crashes.



For more than a decade, many Canadian jurisdictions have employed flashing ydlow beacons a
busy unsggnaized crosswalks with a multilane gpproach. For example, the Halifax Regiona Municipdity
has over 100 of these devicesin place. Although no research has been conducted to evduate the signa
effects on motorigt yielding behavior and pedestrian conflicts, severa studies have examined variables
that influence the safety and efficacy of pedestrian- activated flashing beacons.

One way to increase the effectiveness of flashing beaconsisto pair them with the pedestrian
symbol normaly used to indicate a crosswak (a pictograph of awalking pedestrian). Figure 1 depictsa
commercidly available pedestrian-activated beacon in common usein Canada. It includesthe
pedestrian symbol and illuminates the crosswalk at night. Another way to increase the efficacy of these
ggnasisto erect a"YIELD WHEN FLASHING" sgn that includes the pedestrian symbol and an
amber beacon starburst symbol, posted at a location that would accommodate the necessary stopping
distance required to yield for a pedestrian. A photograph showing the implementation of this option is
shown &t the bottom of figure 4. Both of these interventions increase the continuity of signing features
and might be expected to dert motoriststo look for pedestrians when the flashing beacons are
activated.

Van Houten, Hedley, Mdenfant, and Retting (1998) examined the effects of these two
interventions employed done and together a two crosswalks using a counterbaanced multiple basdine
design. Observers scored whether the pedestrian activated the flashing beacons, the yielding behavior
of drivers, and motor vehicle/pedestrian conflicts. Following a baseline condition at both crosswak
stes during which pedestrians-activated beacons that did not include the pedestrian symbol were
employed, flashing beacons with the pedestrian pictograph were first introduced at Wyse and Faulkner
Streets. Next the"STOP WHEN FLASHING" signs were erected at this ste. The two experimental
conditions were introduced in the reverse order at the second crosswalk. At both crosswalks “ALERT
MOTORISTS,” “PRESS BUTTON BEFORE CROSSING” signs were erected on the median strip,
and these Sgns were associated with a sustained increase in the percentage of pedestrians activating the
beacon.

Figure 4b shows a photograph on the RA 5 beacon with the pedestrian symbol, and figure 4a
shows a photograph of the “STOP WHEN FLASHING” sign.

The percentage of motorigts yielding to pedestrians when the beacons were activated during the
basdline condition averaged 67.6 percent at Wyse and Faulkner and 67.5 percent at Wyse and
Sportsplex. The modification of the pedestrian sgnd to include a pictograph of a pedestrian increased
the percentage yielding a Wyse an Faulkner to 78.0 percent, and the introduction “ STOP WHEN
FLASHING” sgn at Wyse and Sportsplex was associated with an increase in yielding to 76.3 percent.
The introduction of both interventions at each Ste was associated with respective increasesto 86.7
percent and 87.1 percent. These results were found to be statistically significant.
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Figure 4. The bottom portion (b) of this figure shows a photograph of the RAS beacon with
the pedestrian symbol, and the top portion (a) shows the “YIELD WHEN
FLASHING” sign and the overall view of the crosswalk.



The number of conflicts recorded each sesson when the flashing beacons were activated
averaged 1.0 per sesson at Wyse and Faulkner and 3.0 per session at Wyse and Sportsplex during the
basdine condition. Theintroduction of the modified Sgnd a Wyse and Faulkner was associated with a
amall decline in the number of conflictsto 0.91 per session, but the introduction of the "STOP WHEN
FLASHING" sgn at Wyse and Sportsplex was associated with a marked reductions in conflicts to 0.37
per sesson. The addition of the "STOP WHEN FLASHING" sign at Wyse and Faulkner was
associated with amarked declinein conflicts to 0.25 per session, and the introduction of the
modification to the pedestrian Sgnd a Wyse and Sportsplex was associated with asmall increase in
conflicts to 0.67 per sesson. The percentage of pedestrians activating the flashing beacon remained
relaively congtant across this experiment, averaging 60 percent at Wyse and Faulkner and 71
percent Wyse and Sportsplex.

The results of this experiment demongtrated (1) that adding the pedestrian symbol next to the
flashing beacons or adding a Sign prompting motorist to stop when the amber beacons are flashing are
both effective in increasing the percentage of driversyidding to pedestrians when the flashing beacons
are activated; (2) that the combination of both of the above mentioned interventions is more effective in
increasing driver yielding to pedestrians than either used aone; and (3) that conflicts were only reduced
by the sgn prompting motorists to sop when the amber beacons are flashing.

Additiona research needs to be conducted to determine the best way to employ pedestrian-
activated sgnds at crosswaks. Because the purpose of the flashing beaconsisto dert motorists to look
for pededtriansin the crosswak and yield when they are present, a more effective strategy might be to
mount animated yellow LED eyes that ook from Sde to Sde just above the pedestrian symbol. This
sgna should be as conspicuous as flashing beacons and has the added advantage that it specificaly
prompts the motorist to visually scan for the presence of pedestrians.

5. Research on the Use of Advance Stop Lines

Another intervention that has been documented to reduce conflicts a crosswaks on multilane
roadsis the use of an advanced stop bar to encourage motorists to yield farther back from the
crosswak (Van Houten, 1988; Van Houten & Maenfant, 1992). When a motorist stops too closeto
the crosswalk when yidding to pededtrians, their vehicle can obscure the view of driverstraveling in
adjacent lanes that the pedestrian needs to cross next. This effect is greatest when the pedestrian is of
shorter stature or when the sopped vehicle isatruck, mini van, or large utility vehicle. On the other
hand when motorists stop farther back from the crosswalk, driversin adjacent lanes and pedestrians
have improved sght distance. The greater the distance a yielding vehicle stops behind the crosswalk,
the farther away motorists and pedestrians in adjacent lanes can see each other and take appropriate
action to avoid acrash. Small increases in stopping distance are associated with large increases in Sght
distance because sight distance is arelated to the arc tangent of the distance stopped behind the
crosswak divided by the distance that needs to be covered by the pedestrian before he or sheis clear
of the stopped vehicle. Another advantage of advance stop linesisthat they can help reduce the
probability of a“billiard bal” collisons that could result when another motorists has a rear-end crash
with amotorist stopped for a pedestrian. The striking vehicle can rear-end and push the stopped vehicle
into the pedestrian.



Van Houten and Maenfant (1992) evauated the effects of sgns reading “STOP HERE FOR
PEDESTRIANS’ done and in conjunction with advance stop lines on motor vehicle/ pedestrian
conflicts at two experimenta intersections equipped with pedestrian activated flashing beacons. Figure 5
shows how the digtribution of stopping distances is influenced by the sgn adone and the Sgn plus stop
bars. These resultsindicated that the “ STOP HERE FOR PEDESTRIANS’ sign placed 15.25 m (50
ft) before each sde of a crosswalks traversing amultilane highway can increase the distance that
motorists stop behind the crosswalks and that the effects persasted over time. Thisisaso true of the
sgn plus advance stop bars. Figure 6 shows the use of an advance stop line with asign.

Data on vehicle/pedestrian conflicts indicated that the sign done reduced conflicts involving the
driver or pedestrian taking evasive action by 67 percent. The addition of the advance stop line reduced
this type of conflict by 90 percent compared to basdine levels. These reductions were sustained at 1-
year follow up.

The overdl effectiveness of pedestrian-activated flashing beacons remains to be evauated, but it
is clear that their use is associated with an increase in the percentage of motorists yielding to pedestrians.
When they are used in conjunction with severd other trestments such as advance stop lines and warning
sgns erected at the dilemma zone, they are associated with decreases in motor vehicle/pedestrian
conflicts. Evauation of the crash prevention effects of these pedestrian- activated beacons remainsto
be done.

6. Research on Interventions Designed to Increase the Conspicuity of Crosswalks

De Guise and Paquette (1990) evaluated the effects of replacing marked crosswaks with yellow
colored concrete crosswaks at one crosswak in Cap Rouge, a smdl municipdity near the city of
Quebec. A tota of 2,591 observations were recorded in the experimenta site and 1,922 in the control
dte during the preintervention phase. A tota of 3,934 and 2,677 observations were recorded in the
experimenta and control Sites, respectively.

The intervention consisted in replacing the marked crosswalk with yellow
colored concrete crosswalk to test four hypotheses:

1. A colored concrete crosswalk will reduce pedestrian delay at the crosswa ks compared with
amarked crosswalk.

2. A colored concrete crosswalk will increase driver compliance of the crosswalks.

3. A colored concrete crosswalk will increase the comfort level and security of pedestrians
particularly children and the ederly.

4. A colored concrete crosswak will reduce the incidence of delinquent crossing by pedestrians.
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Figure 6. A picture of an intersection with an advance stop line and a
sign prompting motorists to stop for pedestrians at the stop
line.

An andysis of the results led to the rgiection of dl four hypotheses despite the fact thet the
concrete crosswak was dightly wider than the existing marked crosswalk and was moved and adjusted
to better coincide with the Sdewak. An interesting development in this sudy is that the colored
concrete deteriorated during the winter months of 1989 and the first months of 1990 and had to be
agphdted in the spring. The crosswalk was then painted in yellow, and once again al of the four
hypotheses were rgected. This study seems to indicate that the conspicuity of the crosswak may not
be amgor factor influencing driver yielding behavior or pedestrian crossing behavior at crosswalks.

7. Community Pedestrian Safety Programs in Canada

A complimentary Strategy to increase pedestrian safety a signaized intersectionsisto employ a
media campaign aimed on increasing driver yielding behavior. Koenig (1994) reported the effects of a
media campaign designed to increase the percentage of left-turning vehicles yieding to pededtriansin
Victoria, British Columbia. They found that the campaign produced along-
term increase in driver yidding behavior at five monitored sgndized
intersections. A multifaceted program that has been applied in three
Canadian provincesis the Courtesy Promotes Safety Program reported by
Malenfant and Van Houten (1989). This program conssts of educeation,
s engineering, and enforcement components that are al implemented together.

\\\* The educationd components included:
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1. Hyers sent to each household in the targeted community aong with utility bills. The flyers
provide safety tips for pedestrians and motorists and address some of the common causes of pedestrian
crashes and how to avoid them.

2. Large highway signs erected at locations where they would attract the most attention and
provide feedback on the percentage of driversyieding to pedestrians during the past week along with
the record. A photograph of one of these Sgnsisshown infigure 7. The numbers on these sgns were
changed on aweekly basis and in some communities were sponsored by a corporate Sponsor.

3. Small sgnswere erected a a number of crosswalks ingructing pedestrians how to safely
crossthe sireet. These Sgns instructed pedestrians to extend their arm while placing one foot in the
Street, wait until cars stop, and thank drivers with awave and asmile. At other Stes, the message
“EXTEND ARM TO CROSS’ was painted in the crosswalk facing the curb.

4. A classroom intervention was designed for al ementary and junior high classooms. A
specid folder included a summary of the program, an“1 YIELD TO PEDESTRIANS’ bumper sticker,
acopy of an information pamphlet for each pupil to take home, and a 20-minute lesson plan explaining
the proper way to cross the street was prepared for each home room in the target community. The
lesson plan taught safe crossing skills by demongtration, role playing, and practice with feedback.
Pogters explaining the correct way to cross the street were sent to senior high schools and senior citizen
homes.

5. A specid program was prepared for crosswalk guards. Crosswak guardsreceiveda  2-
hour training sesson and alarge supply of pinsto give to pupils when they exhibited proper crossing
behavior. Although children were encouraged to Sgnd their intention to cross the street by extending
their ams, the crossing guard also crossed with the children using astop sign in the usua manner.

Severd of the program components aso involved police enforcement. A warning flyer was
prepared that contained information on the number of children and adults struck in crosswalks each year
aswdl as the human and financid cost of these crashes. Police conducted many well publicized
enforcement operationsin each city. These operationsinvolved a least two police officers and acivilian
employee, usudly a university sudent who served as a civilian employee to increase the opportunity for
the police to stop and educate motorists. The two police officers positioned themselves 91.4 m (100
yd) on each sde of the crosswak. The civilian employee would cross the street whenever no other
pedestrians were present to increase the opportunity for police to enforce the law. The civilian
employee dways placed one foot in the street and extended his or her arm to encourage vehicles to
yield and dways waved and smiled to thank drivers that yielded.

Whenever amotorigt failed to yield to a pedestrian, one of the police officers would pull him or
her over and inform him or her that he/she failed to yield to a pedestrian in acrosswak. The police
officer then asked the motorist to produce their drivers license and were given an informétion flyer. The
motorist was encouraged to read the flyer while the police officer filled
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Figure 7. The percentage of motorists yielding to pedestrians in three
Canadian cities before and after the Courtesy Promotes
Safety crosswalk program was introduced.



out a short warning ticket. The officers than gave the motorist the warning ticket and asked him or her
to help make their community a safer placeto live. The police conducted the enforcement program for
5 hours between 9 am. and 4 p.m. during weekdays moving from one crosswalk to another. Police
were ingtructed to spend most of their time at busy crosswalks. This specid program was carried out
Monday through Friday for the first 2 weeks, and on three randomly selected days during the following
2 weeks, and on one or two randomly selected days during the next 2 weeks. Police aso gave pens
with the message “ Caught Being Courteous’ and the name of the police force to some pedestrians that
yielded to pededtrians.

The traffic engineering intervention was the use of advance stop lines at anumber of busy
crosswaks. The advance stop lines were placed 15.25 m (50 ft) ahead of the crosswalk and were
marked with “STOP HERE FOR PEDESTRIAN" sgns with an arrow pointing down to the stop bars.
The purpose of these sgns on multilane roads was to increase motorist and pedestrian sight distance by
reducing the screening effect of vehicles that might stop too close to the crosswalk.

The Courtesy Promotes Safety Program was implemented and evaluated in three Canadian
cities (Mdenfant & Van Houten, 1989). The percentage of motorist yielding to pedestrians was
evauated at anumber of stesin each city by trained observers. Only warranted crosswalks that were
consdered problematic because of an excessive number of pedestrian crashes or complaints were
included for observation. The results of this experiment is presented in figure 8. During the basdline or
pretrestment condition, yielding behavior averaged 54 percent in St. John's Newfoundland, 44 percent
in Moncton-Dieppe, and 9 percent in Fredericton, New Brunswick. Datawere collected 40 weeks
after the program was implemented in St. John's, 23 weeks after the program was implemented in
Fredericton, and 25 weeks after the program was implemented in Moncton-Dieppe. The percentage of
motorists yielding to pedestrians during the last 4 weeks of the program averaged 81 percent in St.
John's, 68 percent in Fredericton, and 71 percent in Moncton Dieppe. Increasesin yielding behavior
were also associated with a S50-percent reduction in the percentage of pedestriansinjured in crosswalks.

One factor that may have potentiated the effectiveness of the Courtesy Promotes Safety
Program was the smultaneous implementation of many components designed to improve pedestrian
safety. Itislikely that the concurrent implementation of many components focuses the attention of
motorists and pedestrians on pedestrian issues and has a genera synergistic effect. Another factor that
should be examined isthe impact of adding a media campaign to the package.

Future research should examine how to enhance the efficacy of community intervention
programs designed to make it safer and easier for pedestrians to cross a street. Such research could
address severd interventions to increase the safety of pedestrians at Sgndized intersections including:

1. The use of alead pededtrian interva which give pedestrians a 3 or 4 seconds lead while
vehicles are held in the dl-red condition (Van Houten, Retting, Van Houten, and Mdenfant, in press).



2. Theuse of eyes as part of the WALK indication to prompt motorists to look for turning
vehicles

3. Theuse of Sgnsto prompt motoriststo look for pedestrians (Abdulsattar, Tarawneh, &
McCoy, 1996; Zegeer, Cynecki, & Opida, 1984).

Summary

The two gods of Canadian research in pedestrian safety have been to increase the safety of
pedestrians using crosswaks and to make it easier for pedestriansto cross streets. Safety related
interventions have focused on prompting pedestrians to look for turning vehicles, prompting driversto
look for pedestriansin crosswalks; the modification of the pedestrian clearance signd by adding a
countdown display; the use of advance stop linesto increase sight distance a midblock crosswalks; and
increasing the congpicuity of crosswaks. This research has produced mixed results. Prompting
pedestrians to look for turning vehicles with signs, pavement markings, or adding animated eyesto the
pedestrian Sgna have al been documented to reduce conflicts between motor vehicles and pedestrians
while the addition of a countdown timer for the
clearance interva has not been associated with safety benefits. In regards to pavement markings, the
addition of advance stop lines has produced a reduction in motor vehicle/ pedestrian conflicts while
increasing the conspicuity of crosswalks has not.

Treatments designed to make it easier to cross the Street have focused on: the use of pedestrian-
activated flashing beacons at midblock crosswalks and at crosswalks on mgor roads at intersections not
controlled by traffic Sgnds; and the use of multifaceted programs that focus on engineering,
enforcement, and education interventions to increase yieding to pedestrians in crosswalks.  Although the
use of pedestrian-activated beacons have made it easier for pedestrians to cross the street, and are
readily used by pedestrians in Canada, the safety vaue of thisintervention has not been clearly
demondtrated. However, severd studies have shown that the use of specid signs and markings may
make crosswa ks with pedestrian-activated beacons safer. Research aso indicates that multifaceted
pedestrian safety programs can change community safety culture by modifying the behavior of drivers
and pededtrians.
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