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Chapter

Introduction

Background

A number of recent events renders a

study of bicycle facilities as approptiate and
timely. The passage of the 1991 Intermodal
Surface Transportation Efficiency Act
(ISTEA) legislation meant a variety of funds
could be more readily used by local and state
officials to plan and build such facilities.
Indications are that many governments and
agencies have taken advantage of the oppor-
tunity. Publication of the National Bicycling
and Walking Study in 1994 with the U.S.
Department of Transportation (USDOT)
goals of doubling the percentage of trips
made by bicycling and walking and
simultaneously reducing by 10 percent the
number of bicyclists and pedesttians injured
or killed in traffic crashes adds emphasis to
the need to accommodate non-mototists
with well-designed facilities. User survey
respondents have clearly stated that more
facilities are desired and will increase the
amount of travel by bicycle.

In addition to the recent activities
mentioned above, during the past 20 years
bicycle facilities have been planned and
implemented in communities now
considered as pro-bicycling, including Seattle,
WA; Davis and Palo Alto, CA; Madison, WI;
Eugene and Corvallis, OR; Boulder, CO;
Gainesville, FL; Tucson, AZ; and others.
These communities tend to have a local
bicycle coordinator and bicycling advisory
committee in place. Not all of the

implemented facilities have been ideally
constructed. However, what has tended to
occur in all of these communities is that
motorists have adapted to bicyclists where
bicycle facilities have been implemented,
and most facilities appear to

function effectively, although not without
some problems. What has not been

done and reported to the bicycling and
traffic engineering community is a thorough
evaluation of the various kinds of facilities in
communities like these.

Given the information presented above,
considerable effort was devoted to deciding
what kinds of bicycle facilities should be
evaluated in this project. A long-standing
issue in the bicycling community centers on
whether bicycle lanes or wide curb lanes are

Figure 1. Typical bike lane.

preferable. A bicycle lane (BL) is a portion
of a roadway that has been designated by
striping and pavement markings for the
preferential or exclusive use of bicyclists
(figure 1). BL width is normally in the range

of 1.2 to 1.8 m. A wide curb lane (WCL) is
the lane nearest the curb that is wider than a
standard lane and provides extra space so
that the lane may be shared by motor
vehicles and bicycles (figure 2). Thus, WCLs
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may be present on normal two-lane
roadways or on multilane roadways. A
desirable width for WCLs is 4.3 m. Lanes
wider than 4.6 m sometimes result in the
operation of two motor vehicles side by
side. Many bicyclists report feeling safer
when riding on BLs, while BL. opponents
venture that these facilities make it difficult
for bicyclists to handle turning maneuvers at
intersections, especially left turns. WCL
advocates believe that these wider lanes
encourage cyclists to operate more like
motor vehicles and thus lead to more correct
maneuvering at intersections. Both
perspectives have merit and should be
addressed in any evaluation of these facilities.
Because a WCL is a wider-than-normal
traffic lane that is shared with motor vehicles,
some do not refer to this layout as a bicycle
facility. However, for purposes of this study,
both BLs and WCLs will be referred to as
bicycle facilities.

The debate over whether BLs or WCLs
are preferable has been heated for many
years and is not unlike the seat belts versus air
bags dichotomy that prevented a concerted
approach to the promotion of occupant
restraints in the United States in the 1970s
and 1980s. While both BLs and WCLs are
acceptable facilities in many locations, the
debate has sometimes forced decision
makers to choose which facility type they
prefer, to the exclusion of the other. More
bicycle facilities might be in place in this
country except for this long-standing division
of opinion. Because of the interest in BLs
and WCLs, it was decided to make these
facilities the focus of this project, with an
emphasis on operations and interactions
between bicyclists and motorists at
intersections.

Objective and Scope
The primary objective of the current
study was a comparative analysis of BLs

versus WCLs. Bicyclists riding in either a BL
or WCL were videotaped as they
proceeded through BLL and WCL
intersections with varying speed and traffic
conditions in three U.S. cities. The
videotapes were coded to learn about
operational and safety characteristics.
Operational characteristics pettained to how
bicyclists maneuvered through the sites,
while safety characteristics pertained to
conflicts with motor vehicles, other bicycles,
or pedestrians. A conflict was defined as an
interaction between a bicycle and motor
vehicle, pedestrian, or other bicycle such that
at least one of the parties had to change
speed or direction to avoid the other.
Exposute/experience data were also
collected separately from the videotaping at
cach of the data collection sites in each city
through use of a short oral survey.
Information was obtained about the age,
gender, race, helmet use, levels of
experience, etc., of the bicyclists riding
through these intersections.

A secondary study objective was to
develop a guidebook of current znnovative
bicycling activities, with a primary focus on
intersection treatments that pertained to BLs
and WCLs. The innovative treatment
“shopping list” included advance stop bars
(often called bike boxes) where bicycles are
allowed to proceed ahead of motor vehicle
traffic at an intersection; painting a modified
version of the bicycle logo near the curb in
a WCL to alert drivers that bicycles would
be operating in this space; colored

Figure 2. Typical wide curb lane.
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pavement designating the appropriate path
for the bicycle through an intersection; traffic
calming measures like diagonal diverters and
speed humps with "slots" in the pavement
for bikes and buses; bicycle traffic signals;
combination bus/bike lanes; different
techniques for separating bike lanes; and
others. The Bicycle Federation of America
(BFA) was responsible for locating the
relevant examples and developing
appropriate descriptions. This guidebook is
one of the final products of this contract.

Brief Literature Review

The National Bicycling and Walking
Study (1994) established USDOT goals of
doubling the percentage of trips made by
bicycling and walking, while simultaneously
reducing the number of bicyclists and
pedestrians injured or killed in traffic crashes
by 10 percent. To realize these goals, our
transportation system needs better ways to
accommodate bicycling and walking. The
1991 ISTEA allowed cities and States to
spend Federal transportation funds on
facilities for bicycling and walking. Local

i &
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Figure 3. Oregon bike lane standards.

Source: Oregon Bicycle and Pedestrian Plan,
1995

bicycle planners can choose among
conventional roadway treatments such as

BLs and WClLs, and more innovative
treatments such as modern roundabouts and
advanced stop bars (populatly referred to as
bike boxes in the United States).

Bicycle lanes

A bigycle lane is a section of the roadway
that is delineated from the adjacent motor
vehicle travel lane by a stripe. BLs are
usually along the right edge of the roadway,
but may be designated to the left of parking
or right-turn lanes. Recommended widths
for bicycle lanes (figure 3) are generally 1.2
to 1.8 m

(see, for example, North Carolina DOT,
1994; New Jersey DOT, 1995; Oregon
DOT, 1995). A Dutch design manual
(CR.OW.,, 1994) suggests 2.0 m so that
bicyclists can ride side-by-side, and another
Dutch study (Botma and Mulder, 1993) calls
for a width of 2.5 m when the 1-hour peak
volume exceeds 150 bicycles to allow
bicyclists to pass one another. Ina
nationwide survey of U.S. cyclists taken
many years ago, 85 percent considered BLs
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wider than 1.8 m to be adequate; only 41
percent considered BLs narrower than 1.5 m
to be adequate (Kroll and Sommer, 1976).

Ninety-three percent of U.S. cyclists
using BLs thought the street was safer with
the lanes than without them, although there
was no conclusive evidence that they actually
improved cyclist safety (Kroll and Sommer,
1976). Two other studies credited BLs with
reducing bicycle-motor vehicle crashes by
more than half in Corvallis, Oregon, and by
two-thirds in Eugene, Oregon (Ronkin, no
date; City of Eugene, 1980). The installation
of BLs along a one-way arterial pair in
Madison, Wisconsin, was associated with a
significant increase in the number of crashes
associated with turning movements;
however, crashes decreased sharply after the
first year of operation (Smith and Walsh,
1988).

A manual prepared for the Federal
Highway Administration (FHWA) uses
various factors to make recommendations
for roadway design treatments for
accommodating bicyclists. The factors
include definitions of design bicyclists, type
of roadway, traffic volume, average motor
vehicle operating speeds, traffic mix, on-
street parking, sight distance, and number of
intersections and entrances. BLs are often
recommended when most bicyclists on the
route ate less experienced (Wilkinson, Clarke,
Epperson, and Knoblauch, 1994).

In Denmark, roadway stretches with
BLs or bicycle paths tended to have a lower
frequency of crashes involving cyclist
casualties than stretches without lanes or
paths (Herrstedt et. al,, 1994).  Another
evaluation of BLs in Denmark found no
change in the number of overall crashes or
bicycle-motor vehicle crashes at signalized
junctions, but did find an increase in the
number of bicycle-motor vehicle crashes at
priority junctions (unsignalized junctions,
usually signed, where one roadway has

priority over the other). There was also a
reduction in all crashes on stretches (the
sections of roadway between intersections)
(Jensen, 1997).

The presence of a stripe separating
bicyclists and motorists (as with a BL or
paved shoulder) has been shown to result in
fewer erratic driver maneuvers, mote
predictable bicyclist riding behavior, and
enhanced comfort levels for both groups of
users (Hatrkey and Stewart, 1997; Kroll and
Ramey, 1977, McHenry and Wallace, 1985).
The principal findings from the 1997 study
of bicyclists riding in midblock situations by
Harkey and Stewart for the Florida DOT
were the following:

® The separation distance between
bicyclists and motorists was about 1.8 m and
varied only a small amount by facility type
(BLs, WCLs, and paved shoulders).

® The distance between the bicyclist
and the edge of the roadway was
considerably greater on BL and paved
shoulder facilities (0.8 m) than on WCLs (0.4
m).

® Motor vehicles moved about 0.4 m
further to the left when passing a bicyclist on
WCLs compared with BL and paved
shoulder facilities.

® Motor vehicle encroachment into the
adjacent lane to the left when passing a
bicycle was much greater on WCLs (22.3
percent) than on BL (8.9 percent) and paved
shoulder facilities (3.4 percent).

® Tor a BL facility, the change in lateral
position of the motor vehicle when passing a
bicycle was approximately 0.3 m regardless
of BL width.

Wide curb lanes

Wide curb lanes can accommodate both
bicyclists and mototists and allow sufficient
room for passing. These are sometimes
designated when right-of-way constraints
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preclude the installation of “full width” BLs.
WCLs should be 4.0 to 4.6 m wide (figure 4)
to provide enough width for lane sharing
but not so much width that motorists form
two lanes at intersections (McHenry and
Wallace, 1985). Wilkinson et al. (1994)
recommend WCLs in many kinds of
roadway situations where most bicyclists are
experienced riders. The Harkey and Stewart
study (1997) performed for the Florida
DOT showed that motorists encroach into
the adjacent lane of traffic significantly more
often when WCLs are used as compared
with BLs.

At present there appears to be a trend
toward more use of BLs at the State and
local levels, pethaps due to preferences cited
by bicyclists. (See, for example, a statement in
the Florida Bigycle Facilities Planning and Design
Mannal (Florida DOT, 1995) that WCLs
should be used as a last resort because “only
five percent of bicyclists feel comfortable
using these facilities.”) On the other hand, the
North Carolina DOT (1994) refers to a
1970s FHWA publication to list principal
problems with BL applications in its bicycle
facilities planning and design guidelines,
including: (1) provision of inadequate lane
width or use of unrideable street surface as
the BL area, (2) abrupt termination of lanes
at hazard or constraint situations, creating a
facility that leads bicyclists to a trap, as well as
transitions that force awkward bicyclist
movements at other termination points, (3)
use of non-standard and poorly visible lane
demarcation signs and markings that create
uncertainties in motorist and bicyclist
understanding of lane presence and purpose,
(4) lane configuration and lane use ordinances
that prevent the bicyclist from establishing
proper position with respect to motor
vehicle traffic at intersections, as well as for
mid-block turns into driveways, and (5) lane
use ordinances that conflict with reasonable
bicyclist desires to leave the lane in order to

avoid road hazards or to overtake other
bicyclists, motor vehicles, or pedes- trians
occupying the bike lane.

Other facilities

A combined bus and bike lane in Toronto
was found to increase bicycle traffic and
lower accident rates. More than 75 percent

f y ';:I‘l,
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Figure 4. Oregon wide cutb lane

standards.

Source: Oregon Bicycle and Pedestrian Plan,
1995

of riders felt safer riding along the new bus
and bike lane (Egan, 1992). Combined
bus/bike lanes should be 3.1 to 3.7 m wide
(Harrison, Hall, and Harland, 1989). With
bus/bike lanes, the potential exists for
conflicts between buses and bikes at the
crossing points. One design places a bicycle
lane to the right of the through traffic lanes
and to the left of the bus and right-turn lane.
This allows bicyclists to ride without leap-
frogging past stopped buses (Berchem and
Somerfeld, 1985).

Other Danish designs are aimed at
reducing conflicts between bicyclists and bus
passengers due to the high incidence of
crashes in bus stop areas. These designs
include: (1) a pedestrian crossing combined with
profiled markings (figare 5); (2) a profiled
marking on the offside of the bicycle path, and (3) a
painted pattern with a visnal brake. The intent
was to use pavement markings to highlight
the conflict area at bus stops and move
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bicyclists away from the passengers alighting
from buses. The proportion of cyclists who
wait for bus passengers to cross the bicycle

path did not change with any of the designs.
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Figure 6. Oregon rumble strip.

Source: Oregon Bicycle and Pedestrian Plan,
1995

All three designs reduced the speed of
cyclists when there was a bus at the bus stop.
The distance from where cyclists first reacted
to a bus to the nearest conflict point
increased. The number of serious conflicts
decreased with the painted pattern
(Herrstedt, 1994).

The expected number of bicycle-motor
vehicle crashes is much lower when bicyclists
ride along paved highway shoulders than when
bicyclists and mototists shate the travel lanes
(Khan and Bacchus, 1995). Operationally it
has been shown that paved shoulders
essentially function like BLs with respect to
bicycle and motor vehicle interactions (i.e.,
the stripe separating bicyclists from motorists
results in a lower risk environment for both
modes of travel (Harkey and Stewart, 1997).

One potential hazard is that an inattentive
or sleepy driver may drift off the roadway
onto the shoulder and strike a bicyclist riding
on the shoulder. Although there is
considerable debate regarding the most
effective design, a shoulder rumble strip (figure
6) is an efficient device to waken
drivers who are drifting off the roadway
(Gatder, 1995). On highways with posted

Figure 5. Profiled marking at a
bus stop to separate bicyclists

from bus passengers.
Source: Safety of Cyclists in Urban
Areas, 1994

speeds of less than 100 km/h, a minimum
width of 1.5 m of paved shoulder is
sufficient space to accommodate both a
rumble strip and bicyclist travel (KKhan and
Bacchus, 1995).

In the Netherlands, separate bicycle paths
are recommended when motor vehicle
speeds exceed 50 km/h or when traffic
volumes exceed 1,200 vehicles per hour.
One-way cycle paths should be at least 1.8 m
wide, and two-way cycle paths should be 2.8
m wide (Diepens and Okkema Traffic
Consultants, 1995). In an earlier survey of
U.S. cyclists, bike paths were rated as being
safer than bike lanes, and most thought that
paths wider than 2.8 m were “good” (Kroll
and Sommer, 1976).

Intersection treatments

Intersections and intersection-related locations
account for 50 to 70 percent of bicycle-
motor vehicle crashes (Hunter, Stutts, Pein,
and Cox, 1996). Countermeasures such as
grade separation can be adopted to reduce
intersection conflicts between bicycles and
motor vehicles. More than 50 interchanges
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Wlusteation 1

Figure 8. Colored
bicycle crossing in
Montreal

Source: Pronovost and
Lusignan, 1996

in Beijing, China, provide for grade
separation between bicyclists and motor

vehicles (Liu, Shen, and Ren, 1993; Butrden,
Wallwork, and Guttenplan, 1994).

i

B _._ . _"-_H_E
Figure 9. A European raised and
painted bike path (crossing).

Source: Oregon Bicycle and Pedestrian Plan,
1995

Grade separation is expensive, though,
and thus lower cost, at-grade treatments are
more widely used. For example, bicycle path
crossings of roadways can be offset away
from the intersection to enhance bicyclists’
view of motorists INCHRP, 1976). On one
street in Cupertino, California, a BL stripe
was dashed to guide cyclists riding in the BL
(next to the curb) to the left of right-turning
vehicles (Grigg, no date). The Florida DOT

(1995) is one of a number of State DOT's
recommending that BLs be discontinued or
dashed in advance of an intersection, so that
bicyclists and motorists can merge (figure 7).
Right-angle bicycle crossings with good sight
lines are recommended at intersections.

At five intersections in Montreal, colored
bigycle crossings were installed (figure 8), with
the pavement colored blue at bicycle path
crossing points. After the markings were
painted, bicyclists were more likely to obey
stop signs and to stay on designated cycle
path crossings. Improved bicyclist behavior
led to a decline in the level of conflict
between cyclists and motorists (Pronovost
and Lusginan, 19906). In Denmark, the
marking of bicycle travel paths (raised overpasses) at

Figure 7. BL dashed to intersection.

signalized junctions resulted in 36 percent
fewer accidents with motor vehicles and 57
percent fewer cyclists who were killed or
severely injured (Jensen, 1997). Some of
these crossings also used blue color on the
pavement.

A raised and painted bicycle path (crossing)
(figure 9) introduced at 44 intersections in

Gothenburg, Sweden, reduced motor
vehicle speeds (by 35 to 40 percent for right-
turning motor vehicles) and increased cyclist
speeds (by 10 to 15 percent). The safety
improvement was estimated by using a
quantitative model and by surveying
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bicyclists and experts. The model estimated
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 numbers of crashes should be
expected to increase due to a 50 percent
increase in bicyclists using the improved
crossings (Leden, 1997). A follow-on paper
using a Bayesian approach for combining the
results of the model and surveys estimated a
risk reduction of approximately 30 percent
attributable to the raised and painted crossing
(Garder, Leden, and Pulkkinen, 1998).

A different report based on a review of
the literature, interviews with bicyclists, and
expert opinion concluded that the crash risk
would increase by about 40 percent when a
bicycle path is added at a signalized
intersection (Leden, Garder, and Thedéen,

Figure 11. Modern roundabout.

Source: Innovative Bicycle Accommodations,
1n press

1993).

Profiled pavement marking aimed at
reducing the lateral distance between
motorists and cyclists and increasing
attentiveness between bicyclists and motorists
changed motorist and cyclist behavior at T-
intersections and four-way intersections in

Denmark (figure 10).

Profiled markings were placed to guide
approaching cyclists closer to the travel lanes.
At the intersection, the cyclists were guided
away from the travel lanes. More motorists
adapted their speeds to the cyclists’ speeds
and stayed behind the stop line. Motorists
were less likely to turn right in front of
cyclists. At T-intersections, cyclists became
alert earlier (Herrstedt et al., 1994).

Many bicycle-motor vehicle crashes at
roundabouts occur when motorists cut in front
of bicyclists or fail to yield the right-of-way.
Small roundabouts with flared entry roads
are the most dangerous design, whereas
large roundabouts are the most feared by
bicyclists. Crash rates for bicyclists at
roundabouts in the United Kingdom are
two to three times higher than those
experienced by bicyclists at traffic signal-
controlled intersections. Mini-roundabouts
have a much better crash record, similar to
that of four-way traffic, signal-controlled
intersections. Lane markings, warning signs,
sharper entry angles, and visibility
improvements have helped reduce bicyclist
crashes in roundabouts (figure 11). Smaller
roundabouts, where motorists cannot
overtake bicyclists, are recommended (Allott
and Lomax, 1993; Balsiger, 1995). In a
comparison of Swedish, Danish, and Dutch
roundabouts, a separate cycle path with an

Figure 10. T-intersection marking in

Denmark.
Source: Safety of Cyclists in Urban Areas, 1994
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ordinary cycle crossing was found to be the
safest design when motor vehicle traffic
flows were large, compared with a cycle lane
within the roundabout or no specific bicycle
facility at all (Bride and Larsson, 1996).
Results were based on observed versus
expected crashes, with expected crashes
obtained from a predictive model. The
authors noted that data were limited. A
roundabout on the University of California
at Davis campus allows five times as many
cyclists to pass through, compared with
when the intersection was controlled by stop
signs, and bicycle crashes that result in injury

N’

Figure 13. Recessed stop line.
Source: Safety of Cyclists in Urban Areas, 1994

are rare (Burden, Wallwork, and Guttenplan,
1994).

On roads with marked BLs, an advanced
stop line (ASL) or bike box may be placed in
the BL at a signalized intersection. The bike
box is placed in front of the motor vehicle
stop line to give bicyclists a space to wait in
front of motorists and to allow them to pass
through first when the green phase starts.
Being in the box makes bicyclists more
visible to motorists and can reduce conflicts
with turning motor vehicles (figure 12).
Under a single-signal design, one traffic
signal is placed at the box. With a two-signal
design, used in the United Kingdom,
motorists are held by a red signal, while a
special green signal directs bicyclists ahead to
the box (U.K. Department of Transport,
1993; Zegeer et al., 1994).

Bike boxes have worked successfully on
roads in the United Kingdom with up to
1,000 vehicles per hour passing through the
intersection. Wheeler (1995) and Wheeler et
al. (1993) monitored schemes at nine
intersections. Two-thirds or more of the
bicyclists used the cycle lane and the reserved
waiting area. Signal violations by bicyclists
were less than 20 percent. As many as 16
percent of motorists encroached into the
BLs. At one intersection, more than half of
all lead motorists encroached into the
cyclists’ reserved waiting area. The single-
signal design is likely to be as effective as the
two-signal design if a mandatory cycle lane
and a distinctly-colored road surface in the
cyclist areas are used. In Denmark, recessed
stgp lines (figure 13) for motor vehicles

significantly reduced the number of crashes
between right-turning motorists and cyclists
going straight through the intersection
(Herrstedt et al., 1994).

Organization of the Report

The results of this research are provided
in three documents. This final report
contains the comprehensive results pertaining
to operations and conflicts. A research
summary provides planners, engineers, and
pedestrian/bicycle coordinators a tool with

=1

Figure 13. Bike box.
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information about the operational and safety
problems associated with BLs and WClLs,
along with some suggested countermeasures
for problem situations. A third document is
a guidebook of current innovative bicycling
practices. The guidebook is wide-ranging
and covers topics such as on-street designs
applicable to BLs or WCLs, retrofitting
streets for bikes, use of colored pavement,
bicycle traffic signals, and others.

In this final report, chapter 2 contains a
description of the project research
methodology and data collection techniques.
Chapter 3 focuses on the comparative
operational and safety differences between
BLs and WCLs. Chapter 4 summarizes the
main results and offers discussion about key
issues.
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Methods

Overview

Bicyclists riding in either a BL. or WCL
were videotaped as they approached and
proceeded through eight BL and eight WCL
intersections with varying speed and traffic
conditions in three cities. Approximately
4,600 bicyclists were videotaped in the three
cities (2,700 riding in BLs
and 1,900 in WCLs). The
videotapes were coded to
learn about operational
characteristics (e.g.,
intersection approach
position and subsequent
maneuvers) and conflicts
with motor vehicles, other
bicycles, or pedestrians. A
conflict was defined as an
interaction between a bicycle
and motor vehicle,
pedesttian, or other bicycle
such that at least one of the
parties had to change speed
ot direction to avoid the
other. Both bicyclist and
motorist maneuvers in
contflict situations were
coded and analyzed. This
would cover maneuvers
such as a bicyclist moving
incorrectly from the bicycle
lane into the traffic lane prior to making a
left turn, or conversely, a motor vehicle
passing a bicyclist and then abruptly turning
right across its path. Bicyclist experience data
were also collected separately from the
videotaping at each of the 16 data collection

sites in each city through use of a short oral
survey. Slightly more than 2,900 surveys were
completed. These data were analyzed to
learn about the age, riding habits, and
experience levels of the bicyclists riding
through these intersections.

City Selection

Considerable effort in the early part of
the project was spent in identifying possible
cities for study. Candidates were narrowed
and visits made to Santa Barbara, CA; the
Palo Alto area of CA; Madison, W1,
Gainesville, FL; and Austin, TX. Based on
key factors such as amount and type of
facilities, number of riders, willingness and
eagerness of local contacts to participate, and
windows of opportunity (i.e., climate) for
videotaping, Santa Barbara, CA, Gainesville,

Figure 14. Map of project cities.

FL, and Austin, TX, were selected as primary
project cities (figure 14). These were spread
geographically a