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FOREWORD

During the past decade, the Federal Highway Adminigtration’s (FHWA) Pedestrian and Bicycle Safety
Research Program activities have supported the congressondly mandated Nationd Bicycle and
Waking Study’ s gods of doubling the percentage of walking and bicycling trips and reducing by 10
percent the number of bicyclists and pedestrians killed or injured in traffic crashes. The FHWA's
Pedestrian and Bicycle Safety Research Program has and will continue to focus on identifying problem
areas for pededtrians and bicycligts, developing analysis tools for planners and engineers to target these
problem areas, and eva uating countermeasures to reduce crashes involving pedestrians and bicyclists.

Thereisavariety of on- and off-road bicycle facilities — each with its advantages and disadvantages. A
thorough evauation of the various kinds of facilities implemented in pro-bicycling communities has been
needed by the trangportation engineering professon. As part of the Pedestrian and Bicycle Safety
Research Program, evauations of some innovative treatments to accommodate bicyclists were
conducted. Many European cities use colored markings at bicycle-motor vehicle crossing to reduce
conflicts. This report documents the evauation of an application of a blue bike lane treatment to reduce
bicyce-motor vehicle conflictsin Portland, Oregon.

The information contained in this document should be of interest to State and locd bicycle and
pedestrian coordinators and to trangportation professonds involved in safety and risk management.
Other interested partiesinclude those in enforcement and public health.

kil Lomibco e

Michedl F. Trentacoste
Director, Office of Safety Research & Development

NOTICE
This document is disseminated under the sponsorship of the U.S. Department of Trangportation in the
interest of information exchange. The United States Government assumes no liahility for its contents or
use thereof. Thisreport does not condtitute a standard, specification, or regulation.

The United States Government does not endorse products or manufacturers. Trade or manufacturers
names gppear in this report only because they are consdered essentia to the object of the publication.
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INTRODUCTION

Inthe last few years, avariety of innovative, on-dreet bicycle treetments have been implemented. These
include bike boxes; raised bicycle lanes; bicycle boulevards, use of paint to ddineate paths through
intersections, define bicycle/motor vehicle weaving aress, and highlight paved shoulders, and others. This
report focuses on colored (blue) pavement and accompanying signing used in Portland, Oregon in
weaving aress a or near intersections. The objective of this study was to determineif the Sgning and
blue paint highlighting these areas changed the behavior of the motorists and/or bicyclists and reduced
the conflicts between the two modes.

Intersections and intersection-related
locations account for 50 to 70 percent of
bicycle/motor vehicle crashes (Hunter,
Stutts, Pein, and Cox, 1996). Colored
pavement (either painted or dyed) isa
countermeasure that has the potentia for
reducing conflicts and crashes a or near
intersections and has been shown to be
effective in other countries. At five
intersections in Montred, colored bicycle
crossngs were indaled (figure 1), with the
pavement painted blue at bicycle-path
crossing points. After the markings were
painted, bicyclists were more likely to obey
stop signs and to stay on designated
bicycle-path crossings. Improved bicyclist
behavior led to adeclinein the leve of
conflict between bicyclists and motorists
(Pronovost and Lusginan, 1996). In
Denmark, the marking of bicycle travel
paths (raised overpasses) at sgnalized
junctions resulted in 36 percent fewer
crashes with motor vehicles and 57 percent
fewer bicyclists who were killed or
severdly injured (Jensen, 1997). Some of
these crossings dso used the blue color on
the pavement.

Figure 1. Colored bicycle crossing in Montreal.
Sour ce: Pronovost and L usignan, 1996

A raised and painted bicycle path or crossing (figure 2) introduced at 44 intersections in Gothenburg,



Sweden, reduced motor vehicle speeds by 35 to 40 percent for right-turning motor vehicles and
increased bicyclist speeds by 10 to 15 percent. The safety improvement was

edimated by using a quantitative mode and by surveying bicyclists and experts. The modd estimated
that the combined effect of lower motorist speeds and higher bicyclist speeds to be a 10-percent
reduction in the number of bicycle/motor vehicle crashes. Bicyclists perceived a 20-percent
improvement in safety after the bicycle path was raised and painted. Experts estimated a 30-percent
improvement in safety. However, the authors suggested that the total number of crashes should be
expected to increase due to a 50-percent increase in the number of bicyclists using the improved
crossings (Leden, 1997). A follow-on paper using a Bayesian gpproach for combining the results of the
mode and surveys estimated a risk reduction of gpproximately 30 percent attributable to the raised and
painted crossing (Leden, Garder, and Pulkkinen, 1998).
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Fi.gjure 2. A European raised and painted bike path (crossing).
Sour ce: Oregon Bicycle and Pedestrian Plan, 1995

SITE SELECTION



Working with the city of Portland, 10 bicycle/motor vehicle weaving areas near intersections were
selected for incluson in the study. Both motorists and bicyclists had expressed safety concernsto the
city about al of the locations selected. The sites could be categorized into three groups, as shown in
table 1, based on the maneuvers made by both the motorists and the bicyclists a these sites. Group 1
included Sites 1, 2, 3, and 4, and generally required both the motorist and



Tablel. Sitedescriptionsfor locationsused in the study.

Site Conflict Area ADT Site Description

1 NE Broadway, westbound at 35,000 |Bicyclist heading west. Motorist crosses
Williams (I-5 northbound entrance bicycle lane to access 1-5 northbound
ramp) entrance ramp.

2 SW Beaverton - Hillsdde 14,500 |Bicyclist heading east. Motorist crosses
Highway eastbound at Bertha bicycle lane while veering off to Bertha

Blvd.

3 SW Multnomah Blvd., eastbound | N/A Bicydlist heading east. Motorist crosses

at Garden Home Rd. bicycle lane while veering off to Garden
Home Rd.

4 Hawthorne Bridge, east end, 13,200 |Bicydligt heading east. Motorist exiting
eastbound & the McLoughlin off- Hawthorne Bridge eastbound viaduct onto
ramp Md_oughlin Blvd.

5 SE Madison, eastbound, between | 10,500 | Bicyclist heading west. Motorist crosses
Sixth and Grand bicycle lane into right-turn-only lane onto

northbound Grand Ave.

6 SE 7", southbound at Morrison 8,300 Bicycligt heading south. Motorist crosses

bicycle lane into right-turn-only lane onto
SE Morrison.

7 East end of Broadway Bridge, 15,200 |Bicydlist heading east comes off Sdewalk of

eastbound at Larrabee Broadway Bridge onto roadway bicycle
lane. Motorist crosses bicycle laneinto
right-turn-only lane onto NE Larrabee.

8 SW Terwilliger, northbound & 1-5 | <7,000 | Bicyclist heading north. Motorist crosses
entrance ramp bicycle lane into right-turn-only lane onto I-

5.

9 East end of Broadway Bridge, 32,000 |Bicydist heading west from roadway bicycle

westbound at Interstate lane onto Broadway Bridge sdewalk. Two
lanes of motorists from N. Interstate cross
bicycle lane to use Broadway Bridge
westbound.

10 NE Weidler, eastbound at 40,300 |Bicydlig heading east. Motorist exits -5,

Victoria (I-5 northbound off-
ramp)

crosses hicycle lane as he/she enters
eastbound NE Weidler St.




bicyclig to turn dightly as they approached the weaving or conflict area due to roadway curvature and
other factors (see figure 3). In most cases, the motor vehicle was exiting the roadway or entering an exit
ramp at ardatively high speed. The one site in this group that is an exception is Site 1, which features a
dud right-turn lane operation as described in the table and smply does not fit aswdl in any of the
defined categories. Group 2 (Sites 5, 6, 7, and 8) involved the bicyclist traveling straight on the
gpproach and the motorist weaving across the conflict areato enter an auxiliary right-turn lane (figure 4).
In Group 3, the motor vehicle is approaching from an intersecting roadway or ramp and tends to cross
the conflict areaat an angle gpproximating 90 degrees (figure 5). Sites 9 and 10 fdl into this category.

At dl 10 locations, the conflict area where the paths of the motorists and bicyclists were intended to
cross was outlined by dashed striping aong both sdes of the bicycle lane (refer to figures 3, 4, and 5).
These conflict areas were the sections of the bicycle lane that were treated with the blue markings. Prior
to the conflict areas, dl of the Sites (except the Hawthorne Bridge) dso used traditiond regulatory
sgning to dert motorigts to the fact that they wereto “Yidd to Bikes.” The standard sgning had beenin
place for sometime and was in good repair. At Hawthorne Bridge, bicycles had been yielding to motor
vehicles, but this changed when the blue pavement and signing were added.

Hawthorne Bridge

Figure 3. Bicyclists continuing on Hawthor ne Avenue veer to theleft, while
motorists exiting Hawthor ne Avenue onto McL oughlin Street veer to the
right and crossthe conflict area (outlined by the dashed striping) shown.



SE Grand Ave
— —

Figure 4. Bicyclists on this SE Madison Street approach travel on a straight path to
the inter section, while motorists weave acr oss the conflict area (outlined
by the dashed gtriping) to enter the right-turn-only lane.

ONL
BIKE

NE Broadway

Figure 5. Bicyclists on the approach to the Broadway Bridge trave straight, while
motoristsfrom Inter state Avenue cross the conflict area (outlined by the
dashed striping) at an angle appr oaching 90 degr ees.



DATA COLLECTION

As previoudy noted, the study methodology was to compare the operations of bicyclists and motorists
at the selected locations using videotapes made before and after the blue pavement treatment was
indaled. Thetime line for data collection and for the ingtalation of the trestment was as follows:

»  September/Early October 1997 — “Before” data collected at 7 of the 10 Sites (Sites 1, 2,4, 5, 7, 9,
and 10).

» Late October 1997 — Blue paint applied to the conflict area a these seven locations.

» Early December 1997 — Fird round of “after” data collected at these seven locations.

*  Spring 1998 — Two Stes (Sites 4 and 5) were eliminated from a second round of “ after” data
collection due to the year-long closure of the Hawthorne Bridge. Three new sites (Sites 3, 6, and 8)
were selected to replace and supplement the impacted locations.

* Early July 1998 —“Before’ data were collected for the three new sites.

e Late uly/Ealy August 1998 — Blue thermoplastic gpplied to the conflict area a the eight Sites
remaning in the sudy.

7. Late August/Early September 1998 — Second round of “after” data collected, which resulted in two
periods of “after” datafor Sites 1, 2, 7, 9, and 10, and one round for sites 3, 6, and 8.

For each “before” and “ after” data collection period, 2 h of videotape were recorded. Depending on the
peak-hour directiond flow, the taping was done either between 7 and 9 am. or 4 and 6 p.m. on days
with good westher. The camera was dways facing the oncoming bicyclist so that estimates of bicyclist
age and gender could be made. While the camerawas visble, it was set back from the roadway and a
zoom lens was used to record bicyclist behavior over some 150 to 200 m. Based on observations made
before videotaping began, there was no evidence that the presence of the camera affected either
bicyclist or motorist behavior. For each of the 10 locations, 2 h of “before” data were collected,
resulting in atota of 20 h of tape. For five of the locations, one “ after” period was collected, while the
remaining five locations had videotape recordings for two “after” sessions, resulting in atotd of 30 h of

tape.

Opinions about the blue bicycle lanes were dso collected through an in-fidld, ord survey of bicyclists
that was conducted in September 1998. More than 200 bicyclists were surveyed in the field just after
traveling through the Broadway Bridge/Larrabee location (Site 7). This Site was chosen because it
potentialy captured bicyclists who would aso ride through severa other nearby stes where the blue
pavement and signing were used. In February 1999, license plate numbers were recorded for motor
vehicles passing through Site 7. Surveys were mailed to gpproximately 1,200 motorists whose
addresses could be located from Driver and Motor Vehicle Services records, with 222 responses
received. These surveys were mailed a alater date due to limited staff resources for the City of
Portland.

COLOR AND MATERIALS

As has been noted severa times, the color selected for this application was light blue, smilar to the color



used to designate parking spaces for the disabled. This color was sdected by the Portland staff for
severa reasons. Firdt, there was evidence that blue was a color that would be

effective from prior studies conducted in Denmark and Montred. Second, colors used in other
countries, such asred or green, have very distinct meanings in the United States and could result in some
level of confusion if selected for this gpplication. Third, blue isacolor that can be detected by colorblind
individuals (as opposed to red or other earth tones) and can also be detected relatively well in low-light
and wet conditions. Findly, more than 30 presentations were given to the public at large by the City of
Portland staff, and participants were asked about color preference. Blue was the overwhelming choice.

With respect to the materias, both paint and thermoplastic were used. Theinitid set of markings were
painted with glass beads placed on the surface as the paint was being applied (figure 6). The
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Figure 6. Blue paint and glass beads being applied to one of the conflict areas.

total cogt, including materids and labor, for gpplying the paint was approximately $900. Unfortunately,
the materia lasted only a short time. Within amatter of 2 to 3 months, it was worn away & some of the
locations with high traffic volumes. Thus, for the second round of trestment, a thermoplastic materid that
was skid-resistant was selected and gpplied at eight locations. The cost for this gpplication included
$9,700 in materids and $6,300 in labor. While theinitia thermoplastic gpplication is sgnificantly more
expendve, the life-cycle costs may be worth the investment if one were to factor in the number of times
paint would have to be regpplied to maintain the same leve of retroreflectivity. Almost ayear after the
thermoplastic was applied at the eight Sites, six of the locations showed very little wear, one wasiin fair
condition, and the other was in poor condition. The latter is believed to be due to incorrect ingtdlation.
Neither the paint nor the thermoplastic was found to be dippery; however, neither material was as
visible as had been expected. The dipperiness was tested by wetting both paint and thermoplastic
surfaces and having City of Portland staff perform bicycle test rides. Portland aso has an extensive



complaint system featuring postage paid cards at bike shops and events, aweb sSte, and a24-h
complaint line. The system produces hundreds of complaints about issues such as debris and potholes.
No complaints were received about either surface being dippery.

One other feature of the blue bicycle-lane trestments was the use of rather novel signing in conjunction
with the blue markings. One of three different Sgns, as shown in figure 7, was used,

(YIELD 1O

() right turn across (b) lane change across (c) right-angle crossing
the bicydelane the bicycle lane of the bicydelane

Figure 7. Examples of the novel sign used in conjunction with the blue pavement marking
to alert motorists and bicyclists of the conflict area and to warn motoriststo yield
to bicyclists.

depending on the motorist maneuver and the location of the bicycle lane. Thefirst sign (a) was used for
Stuations where the motorist tended to be turning right across the conflict area and path of the bicydlig,
such as when exiting a roadway; the sites in Group 1 tended to meet this criteria. The second sign (b)
was used for those locations where the motorist crossed the path of the bicyclist to get into another lane,
such as an auxiliary right-turn lane; the Group 2 locations fit this description. Findly, the third sign (c)
was used at those locations where the motorist was

intersecting the bicycle lane nearly a aright angle, such as from an entrance ramp; the sitesin Group 3
were candidates for this Sgn.

DATA REDUCTION



From the 20 h of “before’ video dataand the 30 h of “after” data, a number of measures of
effectiveness and other attributes were recorded. The bicycle was the basic unit of analysis. For each
bicyclist passing through a treatment site during the 2-h period, age and gender were coded, along with
information related to scanning behavior (looking for conflicting traffic), use of hand

sgnas, use of the bicycle lane, and dowing/stopping behavior upon gpproaching the conflict area. For
motorigts, data were collected regarding turn-signa behavior and dowing/stopping behavior when
gpproaching the conflict arealin the presence of a bicyclist. With respect to the interaction of the two
modes, data were recorded with respect to which party yielded and whether there were conflicts such
that one of the parties had to change direction or speed suddenly to avoid a collison. Data were
captured for 846 bicyclists and 191 motor vehiclesin the “before’ period and 1,021 bicyclists and 301
motor vehiclesin the “after” period.

ANALYSISRESULTS
Overview

The observed (videotaped) data were anayzed to estimate “ before’-to-" after” changesin severd
bicyclist and motorist behaviors. Two sets of “after” observations were made at different times for some
of the Sites. A comparison of the bicyclist characterigtics of age, sex, and hemet use revealed no
sgnificant changes in the bicycling population between these two sets of “after” observations. Therefore,
it seemed most gppropriate to combine the two setsinto asingle set of “after” observations to be
compared with the “before” observations.

Provided below are the results of the andysis of both the videotape and the in-field survey data
collected. Two different andys's gpproaches were used. The firgt andys's gpproach was to pool the
daaacross dl stesand gatidticdly test for differencesin bicyclist characteristics and the variety of
measures of effectiveness collected during the “before” and “after” periods using chi-square tests. All of
the results described below as sgnificantly different were Sgnificant a alevd of p < 0.001, which means
that the differences in the digtributions could be due to chance less than 1 time out of 1,000. Generdly,
the figures show dl levels of avariable to convey more information to the reader; however, categories
were grouped when necessary to permit appropriate statistica testing. In the text that follows, asingle
triangle (?) isusad to indicate amgor individua cell chi-square contribution to a sgnificant chi-square
vaue for the overdl didtribution. Chi-square testing was not performed in cases where the distributions
produced zero cdls due to dl effects of avariable being directly related to the “before” or “after” period
(i.e., presence or absence of the blue pavement).

Bicyclist Characteristics

As shown in figure 8, approximately three-quarters of the videotaped bicyclists were male and one-
quarter were femae. However, there were sSgnificantly fewer femaes (?) in the “after” period 29
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percent “before” versus 21 percent “ after”), most likely due to seasond effects. Thein-field survey dso
consisted of approximately three-quarters males and one-quarter females.

The ages of the bicyclists were estimated from observing the videotapes and were categorized into the
following groups. <16, 16-24, 25-64, and >64 years of age. (Note: Only one bicyclist was coded as
<16 years of age, and only one bicyclist was coded as >64 years of age. For the remaining two groups,
dightly more than haf were ages 16-24, and another 47 percent were ages

100
29.3 @ Male

71.5 O Female
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28.5
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Figure 8. There were significantly more male bicyclists and fewer female bicyclists
observed during the “after” period.

(25-64. There were no datigtica differencesin these two age groupsin the “before” and “after” periods.
The average age of those bicycligsincluded in the in-field survey was 35 for males and 33 for femaes.

Other characterigtics of the videotaped bicyclists showed that dightly more than three-quarters of the
bicyclists were wearing a hemet, and there were no “before’/“ after” differences. Also, none of the
bicyclists captured on tape was carrying a passenger. Other characterigtics of those bicyclistsincluded in
the in-field survey showed that 79 percent were wearing helmets and 72 percent considered themselves
to be experienced bicydligts, where “experienced” was defined as the following: “1 fed comfortable
riding under mogt traffic conditions, including mgor streets with busy traffic and higher speeds.” These
individuals averaged 59 mi (95 km) per week (64 mi (103 km) per week for maes and 42 mi (68 km)
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per week for females), and 98 percent of these bicyclists were riding on the roadway, as opposed to the
sdewak, when approaching the survey location.

Bicyclist Behavior

Severd measures of effectiveness that were coded from the videotapes pertained to the behavior of
bicyclists while approaching or within the blue pavement areas. Figure 9 shows that significantly more
bicycligts gpproaching the conflict area turned their head to look for amotor vehicle before the blue
pavement was put in place (?) (43 percent “before” versus 26 percent “after”). In asmilar manner,
figure 10 shows that sgnificantly fewer bicydigs used a hand signd to indicate their intended movement
through the conflict area after the blue pavement was ingtdled (?), athough few bicydists used ahand
sgnd, even in the “before’ period (11 percent “before” versus 5 percent “after”). It should be noted that
bicydists would not be expected to Sgnd at stes where they were riding straight ahead (dl but two
Stes).

During the “before’ period, 85 percent of the bicyclists followed the marked path through the conflict
area (figure 11). During the “&fter” period, this percentage significantly increased (?) to 93 percent.
When the recommended path was not followed, this usudly involved bicyclists who would opt for a
draight path that crossed the path of the motor vehicle a an oblique angle, instead of the marked path
that sometimes forced the bicyclist to travel an extra distance to then cross the path of the motorists at a

right angle.

Whether the bicyclist dowed or stopped when approaching the conflict area was coded to provide a
surrogate measure of the bicyclists comfort level. As shown in figure 12, 11 percent of the bicyclists
dowed or stopped in the “before” period, compared to 4 percent after the blue pavement was in place
(?). All levels of dowing and stopping were aso reduced in the “after” period (?). This result may reflect
afeding of increased comfort on the part of the bicyclists when the blue pavement wasin place.

Motorist Behavior

Aswith the bicyclists, several measures of effectiveness that were coded pertained to the behavior of
motorists gpproaching and crossing the blue pavement areas. One of those measures was the use of turn
ggnds. Asshown in figure 13, sgnificantly fewer motorists Sgnded thar intentions after the blue
pavement had been ingaled (?) (63 percent “after” versus 84 percent “before’). Another measure
obtained was related to the dowing or sopping behavior of motorists when gpproaching the conflict
area. Whereas 71 percent of the motorists dowed or stopped in the “before” period (figure 14), 87
percent dowed or stopped after the blue pavement was in place (?), adaidicdly sgnificant difference.

I nteraction Behavior
In addition to the rather independent behavior of bicyclists and motorists just described, measures of

effectiveness to examine the interaction between the two modes were aso collected and analyzed from
the videotape. Thefirst of those measures pertained to whether the motorist or bicyclist yielded when

12
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Figure 9. Significantly more bicycliststurned their headsto scan for conflicting traffic
prior to theingtallation of the blue markings.

gpproaching the conflict area. As shown in figure 15, Sgnificantly more motorists yielded to bicydlists
after the blue pavement was ingdled (?) (92 percent in the “after” period versus 72 percent in the

“before” period).

Another measure examined was the number of conflicts that occurred between motorists and bicyclists,
where a conflict was defined as an interaction such that at least one of the parties had to make a sudden
changein speed or direction to avoid the other (arather stringent definition). Conflicts were infrequent,
with eight coded in the “before” period and Sx after the blue pavement was in place. These smdl
numbers resulted in conflict rates that were quite small — 0.95 per 100 entering bicyclistsin the “before”
period and 0.59 after the blue pavement wasingdled. All of
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Figure 11. Significantly more bicyclists crossing the conflict area used the designated or
marked path after the installation of the blue markings.
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Figure 12. Significantly fewer bicycliststended to dow or stop when approaching the
Figur e 1@daiivt ieas|3f fervendigeliisit oseof ot iagmats tongdicate their intended
maneuver after the ingtallation of the blue markings.
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Figure 13. Significantly fewer motorists used turn signalsto indicate their intended
maneuver after theinstallation of the blue markings.
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Figure 14. Significantly more motorists dowed or stopped upon approaching the conflict area
after the installation of the blue markings.
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Figure 15. Significantly more motoristsyielded to bicyclists upon approaching the conflict
area after the ingtallation of the blue markings.

the conflictsin the “before’ period were minor in nature, and one of the conflictsin the “after” period was
serious. With regard to location, four of the eight “before” conflicts were in the rectangular areato be
colored, while five of the six “after” conflicts were in the blue pavement area. Five of the “before’ conflicts
occurred with bicydligts traveling eastbound on the Hawthorne Bridge (Site 4), where the recommended
marked path through the conflict area has bicyclists crossing the path of motorists at a right angle. Four of
the six “after” conflicts occurred at Weidler Street (Site 10), where motor vehicles are merging onto the
Street from aramp.

Stratified Analysis of Bicyclist and Motorist Behavior

To take individud ste differencesinto account, Stratified analyses were carried out where each Stewas a
gratum. For the second leve of analyds, initid “before’/“ after” comparisons were made by first reducing
the number of levels of each characteristic or behavior to two, in some cases, by omitting unknown or not
gpplicable cases and, in others, by combining certain levels (e.g., the extent of dowing and stopping versus
no action taken). For a given characteridtic, a 2 x 2 contingency table was andyzed for each ste having a
least one observation in each row and column. The Satigtica sgnificance of a change a a given Ste was
assessed by either a Pearson +*-gtatitic or a Fisher's exact test if cell sizesweretoo small. A Cochran-
Mantel-Haenszdl +2-gtatistic was also computed to test for overall association acrossthe tables (i.e.,
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accumulating the effects

across the gites). This procedure isillustrated in table 2 regarding whether the bicyclist or motorist
yielded at the conflict area (“who yielded”). The overdl test of genera association acrossthe Sitesis
shown &t the bottom of table 2 and indicates that significantly more motorigts yielded to bicyclists
gpproaching the conflict areasin the “after” period.

Other results from these andyses are detailed in table 3 and include the following overdl outcomes:

Bicydlist ages were smilar in the “before” and “ after” periods.

There were Sgnificantly fewer femae bicydigsin the “after” period.

Bicydist hdmet use was smilar in the “before” and “after” periods.

Significantly more bicydligts followed the recommended marked path in the “after” period.

Significantly fewer bicydists turned their heads to scan behind for amotor vehicle in the “ after”

period.

The percentage of bicyclists using ahand sgna was smilar in the “before” and “after” periods.

7. Sgnificantly fewer bicycdists dowed or stopped when gpproaching the conflict areas in the “ after”
period.

8. The percentage of motorists using aturn sgnd prior to crossing the path of the bicydists was smilar
inthe “before’” and “after” periods.

9. The percentage of motorists dowing or stopping when gpproaching the conflict areas was Smilar in
the “before” and “ after” periods.

10. Sgnificantly more motorists yielded to bicydlists when gpproaching the conflict areas in the “after”

period.

g~ owdNE

o

Anaysis of Pooled Data Across Sites Having Similar Characterigtics

The find analyses involved pooling deta across sites having smilar characterigtics. Three groups of
amilar gtes were identified:

Group 1. Sites 1, 2, 3, and 4, where the bicycle travels straight ahead and the motor vehicle crosses
over the path of the bicycle to exit the roadway, such asin an exit ramp Situation.

Group 2: Sites 5, 6, 7, and 8, where the bicycle travels straight ahead and the motor vehicle crosses
over the path of the bicycle to enter aright-turn lane.

Group 3: Sites 9 and 10, where the bicycle travels straight ahead and the motor vehicle crosses over the
path of the bicycle to merge onto a street from an entrance ramp.

“Before” and “after” differences were then examined using chi-square analysis for the two pooled
groups for seven behaviors: bicyclist dowed or stopped, motorist dowed or stopped, bicyclist used
painted area, bicyclist turned head, bicydist used hand signd, motorist used turn signd, and who
yielded.
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Site 1 Bicyclist Motorist Total

Before 2 2 4

(50.00) (50.00)
After 6 25 31
(19.35) (80.65)

Total 8 27 35
Site 2 Bicyclist M otorist Total
Before 2 3 5

(40.00) (60.00)
After 2 5 7
(28.57) (71.43)

Total 4 8 12
Site 4 Bicyclist Motorist Total
Before 30 a4 74

(40.54) (59.46)
After 8 21 29
(27.59) (72.41)

Total 33 65 103
Site5 Bicyclist Motorist Total
Before 0 18 18

(0.0 (100.00)
After 3 25 28
(10.712) (89.29)

Total 3 43 46
Site 7 Bicyclist Motorist Total
Before 7 18 25

(28.00) (72.00)
After 1 33 39
(2.56) (97.44)
Total 8 56 64
Site 10 Bicyclist Motorist Total
Before 4 27 31
(12.90) (87.10)

After 2 34 86
(2.33) (97.67)

Total 6 111 117
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Table 2. “Before’ [“after” comparison of bicyclist/motorist behavior—Who yielded.

P. = 0218

P = 1.00

P. =0.220

P. =0.270

P. = 0.004

P. = 0.042



Cochran-Mantel-Haenszel (CMH) overall test of general association,
#  =8744, p=0.003

1df
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Table 3. Comparisons of ten characteristicsin the* before”
period with their valuesin the “ after” period.

1 Bicyclist age (one case < agel6 and one case > age 64 were omitted):
Results: Percentage in the 16-24 age range increased sgnificantly a Site 1 (p =0.032).
Otherwise some increased and some decreased.
No overdl change (p = 0.402).
2 Bicyclist gender:
Results: Percentage of femaes decreased significantly (p = 0.001) at Site 9 and tended
to be lower a many gStes.
Females decreased overal (p = 0.002).
3 Helmet use
Results: Marginal increase at Site 6 (p = 0.052).
No overadl change (p = 0.592).
4 Bicydlig followed recommended marked path:
Results: Percentage of bicyclists following recommended marked path increased at Site 4 (p =
0.003) and Site 10 (p = 0.006), and decreased at Site 5 (p = 0.047) and Site 7
(p = 0.023).
Overdl increase (p = 0.021).
5 Bicydist turned head:
Results: Percentage turning head increased at Site 7 (p = 0.009), but decreased a Sites
9 and 10 (both p = 0.001).
Overal decrease p = 0.001.
6 Bicyclist used hand gesture:
Results No sgnificant changes.
7 Bicyclist dowed/stopped (dl levels of dowed or stopped combined):
Results: Percentage not dowing/stopping decreased at Sites 7 and 10 (p = 0.003 at
each).
Overdl decrease in percentage dowing/stopping (p = 0.022).
8 Motorist used turn signd:
Results: Percentage of motorists using turn signal increased at Site 5 (p = 0.010).
No overdl change (p = 0.593).
9 Motorist dowed/stopped (levels combined):
Results No sgnificant changes.
10 | Whoyielded:

Reaults Percentage of times motorists yielded increased sgnificantly for Sites 7
(p=0.005) and 5 (p = 0.042).
Overdl increase in motorigt yielding (p = 0.003).
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For Group 1- Motor Vehicle Crosses to Exit Ramp:

11. The percentage of bicyclists using the painted area increased sgnificantly in the “after” period.

12. The percentage of bicycligts turning their head to scan behind decreased significantly in the “ after”
period.

13. The percentage of bicydists usng ahand Sgnd to indicate their movement decreased significantly in
the “after” period.

14. The percentage of bicyclists dowing or sopping decreased significantly in the “ after” period.

15. The percentage of motorists who yielded increased sgnificantly in the “after” period.

For Group 2—Motor Vehicle Crossesto Right-Turn Lane:

16. The percentage of bicyclists usng the painted area decreased sgnificantly in the “ after” period. (This
was primarily afunction of bicycligts adjugting to make turning maneuvers a approaching
intersections, more sdewak riding, etc.)

17. The percentage of bicyclists turning their head to scan behind increased sgnificantly in the “after”
period.

18. The percentage of motorists using turn sgnas increased sgnificantly in the “after” period.

For Group 3 —Motor Vehicle Crosses From Entrance Ramp:

19. The percentage of bicyclists using the painted area increased sgnificantly in the “after” period.

20. The percentage of bicycligts turning their head to scan behind decreased sgnificantly in the “after”
period.

21. The percentage of bicyclists dowing or stopping decreased significantly in the “after” period.

22. The percentage of motorists who yielded increased significantly in the “after” period.

In summary, “before’-to-"“after” changesin severa bicyclist and motorist behaviors were assessed by
examining the data at three levels of aggregation. At the most aggregated level, the data were pooled
over dl dtes. Contingency tables were developed and the significance of “before’-to-" after” changes
were tested using chi-square gatistics. At an intermediate leve, three groups of Sites were identified as
having smilar geometrics. Group 1 (G1) conssted of Sites 1, 2, 3, and 4, where the bicycle tends to
travel sraight ahead and the motor vehicle crosses over the path of the bicycligt to exit the roadway,
such asin an off-ramp situation. Group 2 (G2) conssted of Sites 5, 6, 7, and 8, where the bicycle
travels straight ahead and the motor vehicle crosses over the path of the bicyclist to enter aright-turn
lane. Group 3 (G3) conssted of Sites 9 and 10, where the motor vehicle was merging onto the street
from aramp. Again, the data were pooled over the sites within each group and chi-square tests were
used to identify significant changes in behavior for each group. The third leve of aggregation involved
developing contingency tables for each site. Significant behaviora changes at a Site were assessed by
ether achi-squaredtaidtic or aFisher’s exact test when cdll frequencies were too small. A Cochran-
Mantel-Haenszdl chi-square statistic was also computed to test for overall association across tables.
Thistest is particularly senstive to the consistency of relationships across the Sites.
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The reaults of these analyses are presented in table 4. An example of the Ste-by-site analysis was shown

ealierintable 2.

Table4. Summary of “before’ -to-“ after” changesin bicyclist/motorist behavior
from threelevels of analysis.

Level of Analysis

B [ . . .
enavior Data Pooled Data Combined Site-by-Site
Across Sites Into Three CMH?! Across Sites
Groups
1. Bicydig hemet use non-ggnificant non-significant overdl non-ggnif.
2. Bicydig followed incresse in percentage G1 - increase - increase a Sites 4 and10
indicated path following path - decrease at Sites5 and 7
G2 - decrease - overdl incresse
G3 - increase
3. Bicydigtunedhead | decreasein percentage | Gl - decrease - increase a Site 7
turning head G2 - increase - decrease at Sites9 and 10
- overdl decresse
G3 - decrease
4. Bicydigt used hand decreasein percentage | G1 - decrease overdl non-ggnif.
gesture using hand gesture G2 - non-sgnif.
G3 - non-ggnif.
5. Bicyclist dowed or decreasein percentage | G1 - decrease - decrease at Sites 7 and 10
stopped dowing/stopping - overal decrease
G2 - non-ggnif.
G3 - decrease
6. Motorist used turn decreasein percentage | G1- non-gignif. | - increase a Site 5
sgnd usng turn sgna G2 - increase - overd| non-signif.
G3 - no data
7. Motorist dowed or increase in percentage non-sgnificant overd! non-ggnif.
stopped dowing/stopping
8. Motorigt yielded to increase in percentage Gl - increase - increase at Sites 7 and 10
bicydist yidding - overdl incresse
G2 - non-signif.
G3 - increase

! Cochran-Mantel-Haenszel chi-squared statistic.
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Bicycligs and Motorists Opinions

As previoudy noted, in-field surveys were acquired for 216 bicycligs a one of the treatment locations.
Mailback surveys from 222 drivers traveling across this same location were a so received. In both
surveys, opinions were solicited with respect to generd safety and operationa issues related to the blue
pavement in the conflict areas. The results of the bicydlist survey can be summarized as follows:

Did the blue pavement markings increase the slipperiness of the road surface?

Five percent fdlt that the road surface was more dippery, 2 percent less dippery, 39 percent the same
as before, and 55 percent were not sure.

Are motorists yielding to bicyclists more or less often with the blue pavement markingsin
place?

Fifty-eight percent felt motorists were yielding more than before, O percent less than before, 27 percent
the same as before, and 15 percent were not sure. Typical positive comments from the bicyclists were
that the blue pavement made a big difference, bicyclists were more visible to drivers, and drivers were
more aware of bicycligs. Typica negative comments were that bicydigs dways felt nervous going
through these areas, more motorist education was needed, and bicyclists still had to ride defensively.

Do the blue pavement markings make the conflict areas more or less safe for bicyclists?

Overdl, 76 percent felt that the locations with blue pavement were safer, 1 percent less safe, 9 percent
no difference, and 13 percent were not sure. Typica positive comments were that motorists were more
aware of the bike lanes, motorists paid more attention to bicyclists, the pavement made it clearer where
bikes were supposed to go, and the defined area was respected by motorists. There were only afew
negeative comments to this question. One said that bicycdlists were [ulled into a false sense of security, and
another said that the blue pavement was not reflective enough in low light and/or rainy westher.

Of the motorists surveyed, approximately 70 percent noticed the blue markings and 59 percent noticed
the accompanying sign. Of those who noticed the sign, 55 percent stated that the blue markings meant to
“yied to bicycligs,” while 45 percent responded that it meant to “be careful.” Of those that did not
notice the sign, only 38 percent stated that the blue markings meant to “yield to bicydligts,” while 43
percent responded that it meant to “be careful.” When asked whether the blue markings made the
conflict areas more or less safe, 49 percent thought it was safer, 20 percent the same, 12 percent less
safe, and the remainder were not sure. Severd of the motorists surveyed thought that the markings

hel ped to increase awareness of the conflict areas, while others expressed concern about cresting afase
sense of security for bicydids.

CONCLUSIONSAND RECOMMENDATIONS

The use of colored pavement and accompanying Sgning to identify bicycle/motor vehicle conflict areasin
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avaiety of traffic dtuations was an innovative gpproach. While colored pavements have been used to
facilitate bicycle movement through intersections in Europe and Canada, such an gpplication isanew
concept in the United States.

Taken as awhole, these findings tend to point to safer conditions for bicyclists as aresult of using blue
pavement and nove signing to define conflict areas between bicycles and motor vehicles. Overdl, the
percentage of bicycligts following the recommended marked path through the conflict areasincreased in
the “after” period, and the percentage of motorists yielding to bicyclistsincreased in the “ after” period.
However, there are some concerns. Significantly fewer bicycdlists turned their head to the rear to scan for
gpproaching motor vehicles after the blue pavement wasin place. In addition, sgnificantly fewer
bicycligts used ahand sgnd to indicate their movement through the conflict area, dthough the
percentage usng asignd was not high in the “before’ period. These two resultsin combination might
indicate afdse sense of security generated by the blue pavement and signing.

In opposition to this notion, however, are the findings with regard to conflicts between bicycles and
motor vehicles. Although conflicts were rare, the rate of conflict per 100 entering bicyclists decreased
from 0.95 in the “before’ period to 0.59 in the “after” period.

Results from an ord survey of bicydigts riding through some of the sites with blue pavement indicated
that bicycligs fet that: (1) the colored surfaces were no more dippery than before, (2) motorists were
yielding to bicyclists more than before, and (3) the locations with blue pavement were safer than before.
Motorists dso thought that the locations were safer with the blue pavement in place and that the
markings increased motorist awareness of the conflict aress.

Colored pavement and accompanying signing appear to be one way to heighten both motorist and
bicyclist awareness of conflict areas and thus creste a safer riding environment. This sudy providesa
good introduction into the potentid utility of colored markings for bike-lane crossings. However, more
evauations of the use of colored pavement and signing should be performed and reported on to develop
guiddines on when and where such applications are appropriate and the types of materids and colors
that should be used. Further study is aso needed asiit relates to the potentia impact of the sgning
separate from the blue markings. The study purposely did not attempt to separate these two eements.
The City of Portland fdt that it was crucid to provide a regulatory message (sgn) aong with the blue
markings, because the use of the Sgn done, given that it was specific to the new treatment, could have
confused both bicyclists and motorists. The need to provide both the sign and markings was reinforced
by the motorist survey, in which far more motorists who saw the sign correctly identified the meaning of
the blue pavement. Findly, follow-on efforts are needed to determine the long-term effects of these
treatments on both motorist and bicyclist behavior.
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