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ABSTRACT

Buffered and protected bike lanes are increasingly recognized as a valuable tool in enticing
potential or wary cyclists to use a bicycle for transportation. These facilities— which provide extra space
and (in the case of protected bike lanes) physical separation from motor vehicles—have been studied and
are preferred by many bicyclists over traditional bike lanes. There has been little research, however, on
the difference between buffer types and how they impact people’s sense of the safety and comfort of
bicycling. This paper uses data from surveys collected for a multi-city study of newly constructed
protected bike lanes to examine the influence of various hypothetical and actual buffered bike lane
designs (some with and some without physical protection) from the perspective of current bicyclists
(n=1,111) and residents living near the new facilities (n=2,283) who could be potential bicyclists.
Findings suggest striped or painted buffers offer some level of increased comfort, while buffers with some
sort of physical protection, even as minimal as a plastic flexpost, yield significant increases in perceived
comfort for potential cyclists with safety concerns (the Interested but Concerned demographic). Among
residents living near recently built protected bike lanes, 71% of all residents and 88% of the Interested but
Concerned indicated that they would be more likely to ride a bicycle if motor vehicles and bicycles were
physically separated by a barrier.
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INTRODUCTION

At a basic level, most people will not consider riding a bicycle if they don’t believe they have a safe and
comfortable place to do so (/, 2). Early efforts to dedicate space for bicyclists on roadways resulted in the
addition of striped bike lanes which provide a dedicated space for bicycles adjacent to motor vehicle
traffic. While research has shown that bicyclists will choose streets with bike lanes over those without (3-
5), there is a growing recognition in the United States that a standard bike lane is sometimes inadequate as
a means of establishing a place that many segments of the general population would be willing to ride. In
contrast, it is clear that off-street trails or paths offer a comfortable place for most people to bicycle (/, 3).
Increasingly, designs are seeking to provide additional separation from motor vehicles by providing a
“buffer” between a bike lane and other traffic lanes. These buffered bike lanes offer extra separation from
other traffic and can provide the space to add physical barriers such as bollards, curbs or planters. While
there is growing consensus that the addition of such buffers can increase bicyclists’ sense of safety, and
the number of on-street bike lanes protected from moving traffic by a buffer has increased considerably
(6), there has been little research seeking to differentiate between the effects of various types of buffers
and their influence on bicyclist comfort or perception of safety.

A bike lane buffer may be simply paint, in what the National Association of City Transportation
Officials (NACTO) terms a “buffered bike lane” in its 2012 Urban Bikeway Design Guide, or it may exist
with some form of vertical physical protection in the case of a “cycle track” or protected bike lane (7).
There is little published research about the desired type or width of buffers to adequately provide a safe
and comfortable riding experience. However, the NACTO design guide suggests a minimum width of 18
inches based on the impracticality of striping a narrower width, and requires diagonal cross-hatching for
three foot or greater buffers. In the design of a cycle track, a minimum of a three-foot buffer is suggested
“in the absence of a raised median or curb,” with the space used to locate bollards or other physical
protection (7). The guide also suggests a three foot buffer between parked cars and the bike lane in the
case of a parking protected bike lane. A buffer may also exist between a parking strip and a bike lane,
which has been shown to encourage bicyclists to ride outside of the “door zone” (8).

A random phone survey of residents of the Portland metro area, a relatively bike-friendly area,
found that only 13% of respondents felt very comfortable bicycling either on streets without bike lanes, or
on a busy street with a bike lane. Most of the remaining respondents (56%) were interested in bicycling,
but were not very comfortable in those conditions (3). When asked, most people prefer separated facilities
over a striped bike lane or sharing lanes with motor vehicles (3, 9-13), and recent research goes further to
indicate that perceived risk is lower on separated facilities (/3-15). Some research reveals that facility
preference may vary among different groups of bicyclists (and non-bicyclists). Sanders (/3) asked survey
respondents to rate their level of comfort on a number of facilities, including a barrier-separated bike lane
with and without parking between the bike lane and the moving traffic lane — interestingly, non-cyclists
indicated a greater level of comfort without the parking lane, while weekly or daily cyclists preferred the
facilities equally. Some studies have found that more experienced cyclists prefer striped lanes over
separate multiuse paths (4, 16-18). These differences may be due to factors other than comfort, as paths
often require greater deviations from the shortest route or involve mixing with pedestrians (which can
slow travel). On the other hand, research has found that women and less-experienced cyclists generally
prefer more separated facilities and avoiding high traffic volumes and speeds (12, 19-21).

This paper contributes to the literature by quantifying the influence of buffer type on self-reported
comfort levels. To do this, we use data from surveys collected for a multi-city study of newly constructed
protected bike lanes (22) to examine the influence of various hypothetical and actual buffered bike lane
designs (some with and some without physical protection) from the perspective of current bicyclists and
residents who could be potential bicyclists. Not all possible types of buffers (23) are covered and other
issues related to barrier types such as maintenance, snow removal, curb access, and durability are not
explored in the paper. In the section that follows, the methodology to collect and administer the surveys is
described. In the findings section, the analysis of hypothetical buffers comfort is followed by self-reported
comfort. Finally, conclusions are presented.
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METHODOLOGY

In the context of this paper, a buffer is considered to be any extra space between a bike lane and a
standard traffic lane in an on-street facility. Buffers may simply be delineated by pavement markings
(parallel white lines, often with hash marks indicating that the buffer is not a travel space), or may have
some aspect of vertical protection or separation (such as a bollard, flexible plastic post (also called a
flexpost or safe-hit post), planter box, raised curb, fence, etc.). Buffers may be quite narrow (as little as
one to one and a half feet) or wide. They may be characterized as a space where other forms of activity
are excluded, as is the case with planters or other treatments that restrict activity by occupying space.
Alternatively, other activity may be permitted or designated for a buffer space, such as a parking strip and
door zone placed between a bike lane and a standard travel lane (both the parking area and door zone
would be considered components of the buffer in this case).

Data used in this paper are from bicyclists intercepted in recently constructed protected bike lanes
(“intercept survey”) and residents living nearby the new protected bike lanes (“resident survey”). The
resident survey (n=2,283, 23% of those sent the survey in the mail) provided the perspective of people
who live, drive, and walk near the new lanes, as well as residents who bike on the new lanes. The
intercept survey (n= 1,111, 33% of those invited to participate who completed the online survey) focused
more on people’s experiences riding in the protected lanes. The study facilities included bike lanes with
protected buffers separating them from moving traffic lanes in five cities around the United States, as
shown in Table 1. The surveys were piloted and refined using a Portland State University (PSU) survey
methods class for the resident survey and PSU transportation students for the bicyclist intercept survey.
The study was reviewed and approved by PSU’s Human Subjects Research Review Committee. The
project report provides greater detail on the facilities, methodology, respondent demographics, and survey
results (22).

In discussing findings in this paper, respondents of the intercept survey may be referred to as
“bicyclists” and respondents of the resident mail-out survey may be referred to as “residents”. These
categories are not mutually exclusive though, as “bicyclists” could live in the vicinity of the facility, and
“residents” could also ride bicycle. However, very few people took both surveys: the resident survey,
which launched after the intercept survey, asked respondents if they have taken “a separate online
bicyclist survey about these protected bike lanes from us recently”’; only 15 respondents, or 0.7%, said
they had.
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TABLE 1 Facility Characteristics

Austin Chicago Portland Sa[.l Washingto
Francisco nDC
Facilit i -
y Balzton Rio Blue Dearborn | Milwauke | Multnomah | Oak Fell
Springs Grande bonnet L Street
Street e Avenue Street Couplet
Road Street Lane
Typical Bike 126+
Lane Width 6 6) 10(5"+5) | 9(5'+4) 7 7 7.25 8
(ft.)
One or two One-way | Two-way | Two-way | Two-way One-way One-way One-way One-way
way pair pair
Buffer
Width (ft.) 1.5 4 4 3 2-4 3-7 5 3
Flexposis: Parking; Planters;
Buffer Type | Flexposts | Flexposts Flexposts XPOSTS; Flexposts; Flexposts; Flexposts Flexposts
Parking . .
Paint Parking

Facility
Length 0.5 0.4 0.7 1.2 0.8 0.8 0.3 1.12
(miles)
ADT 23-28k 5k 3.5k 8-18k 11k 10k 10-20k 10k
Approx.
Peak Hour 15 70 15 167 425 35 195 115
Bike Count
Surveys Intercept, " . w5 | Intercept, Intercept, Intercept, Intercept, Intercept,
Conducted Resident Intercept Resident Resident Resident Resident Resident Resident

*A resident mail-out survey was not conducted for Rio Grande because the nearby population, dominated by student
housing at the University of Texas, had already entered summer break at the time of data collection.

**An intercept survey on Bluebonnet Lane resulted in only two completed responses after only about nine postcards
were distributed. This reflected the low use of the facility during the survey period (during the summer, outside of
the school year).

Resident Survey

Paper copies of the resident survey were mailed to up to 2,000 resident addresses within a specific
boundary (up to a quarter mile) of each study facility. The size of the boundary around each facility
differed based on the density of the surrounding area and the resulting distance needed to achieve an
ample sample size. Resident addresses are taken from the Reference USA database accessed through a
PSU subscription service. The paper surveys were printed in booklet form and ranged in size from 8-12
pages. Respondents could be entered into a drawing for one of three $100 Amazon.com gift cards. Survey
recipients were given two options for completing the survey. They could fill out the paper copy of the
survey and return it in the postage-paid envelope or complete an online version of the questionnaire. Just
over a third of respondents (34%) opted to complete the survey online. The survey asked residents some
general questions about their travel behavior, attitudes about bicycling, and potential comfort bicycling
different types of facilities. More detailed questions followed about the recently constructed nearby
protected bike lane, including questions about how the facility impacted their neighborhood, and about
driving, walking and bicycling on the street.

Comparing the overall sample across the cities to Census data, resident survey respondents were
older, more likely to be homeowners, and more likely to have at least a four-year college degree. The
survey sample contained a slightly higher percentage of respondents identifying as white than comparison
tracts (81% compared to 76%), and slightly fewer identifying as black, Hispanic/Latino, or Asian (5-6%
compared 8-9%). Respondents were also more likely to have children in the household and work from
home. Although the combined group of respondents was only slightly more likely to be earning $100,000
or more, this group was in fact overrepresented in most individual localities. Just over a third of resident
respondents (36%) had ridden a bicycle on the new facility since it was built (ranging from a low of 28%
for Barton Springs to a high of 46% for Oak and Fell Streets). To take into account respondents’ current
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riding behavior and views toward bicycling, residents were broken them down into bicyclist types using
an established methodology for grouping people into a “cyclist typology” (3, 24). A breakdown of
residents found that the respondents consisted of 5% Strong and Fearless, 27% Enthused and Confident,
42% Interested but Concerned, and 25% No Way No How. One application of the typology is to
understand factors that influence the riding decisions of people who might ride a bicycle for
transportation, but have concerns that could hold them back — these people would be categorized into the
Interested but Concerned group. Of the 64% of respondents who had not ridden on the facility, 37% fell
into the Interested but Concerned group; of those who had ridden on the facility, 51% fell into that
category.

Intercept Survey

The intercept survey was designed to catch people riding in the protected bike lanes. Project team
members, volunteers or city staff intercepted bicyclists along the study facility and handed them a
postcard encouraging them to take an online survey. The postcard included a web address and unique
code needed to access the survey. Locations for survey distribution along each facility were typically at
places where bicyclists were already required to stop (i.e., stop-controlled or signalized intersections) so
that the postcard distributors would not distract the bicyclists and potentially endanger their safety. To
reduce the likelihood that an individual received more than one survey postcard, each time period was
generally only surveyed once. Similar to the resident survey, respondents to the intercept survey were
provided the option to enter a drawing for one of three $100 Amazon.com gift cards.

Compared to the resident survey, the intercept survey went into greater depth on bicycle-specific
questions relating to comfort on generic facilities and experiences on the recently constructed protected
bike lane, and omitted most questions about the impact on the neighborhood, driving, and walking. A
breakdown of bicyclists according by the bicyclist typology found that the respondents consisted of 8%
Strong and Fearless bicyclists, 39% Enthused and Confident, and 53% Interested but Concerned.
Because cyclists were intercepted, no one was typed to No Way No How.

Buffer-Related Survey Questions

Both surveys asked respondents questions about the specific protected bike lane being studied, as well as
questions about generic bike lanes with different types of buffer. Residents and intercepted bicyclists
were asked a series of questions relating to how comfortable and safe they thought the protected bike
lanes are. Both groups were also asked to rate how comfortable they would be riding a bicycle on a series
of hypothetical scenarios, including on a bike path, on a street with no bike lane, a street with a bike lane,
and a street with a protected bike lane (see 22). Bicyclists were also asked to rate how comfortable they
would feel on a set of generic routes with varying types of buffers, using diagrams of each proposed
buffer type (Figure 2). The rating scale presented went from 1 (very uncomfortable) to 6 (very
comfortable). Intercepted bicyclists and select residents (those who indicated that they had bicycled on
the new protected bike lane) were asked to indicate their comfort on the actual facility using the same
scale. On certain facilities with different buffer sections, intercepted bicyclists were asked to about their
comfort on the distinct sections.
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Whether or not you currently ride a bicycle, please consider how comfortable you would be riding a bicycle in each place:

very Very
Uncomfortable Comfortable
(1) 2 3 @ (9 (6)

(A) On a path or trail separate from the street

(B) On a commercial street with two lanes of traffic in each
direction, with traffic speeds of 35 miles per hour, on-street car
parking, and no bike lane

o
(D) On a similar street to (B), but with a physically separated
bike lane

Images created Nick Falbo, Alta Planning + Design

2  FIGURE 1 Resident and Intercept Survey Generic Facility Comfort Questions
3
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How comfortable would you feel bicycling on a commercial street with two lanes of traffic in each direction, with
traffic speeds of 35 miles per hour (Situation D above), but with the following types of separation from traffic:

With a solid painted buffer

With a painted 2-3 foot buffer

With a painted buffer and parked cars

With a raised concrete curb

Images created Nick Falbo, Alta Planning + Design

With a 2-3 foot buffer and plastic flexposts

With planters separating the bikeway

1  FIGURE 2 Intercept Survey Hypothetical Buffer Comfort Questions
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FINDINGS

Hypothetical Facilities

Both intercept and resident survey respondents provided stated comfort level information for the four
generic facilities shown in Figure 1. Responses to these questions provide some baseline information on
the survey respondents’ comfort levels absent a buffer separating them from standard traffic lanes (or
with a single buffer and flexpost post separated lane). Mean responses on a scale of 1 (very
uncomfortable) to 6 (very comfortable), broken down by each facility surveyed, are shown in Table 2.
Each facility surveyed is shown in a column and the scores are rounded to one decimal.

In general, nearly all respondents stated they would be very comfortable (6 on the 1-6 scale)
riding on a path or trail separate from the street (Situation A) and uncomfortable (1 or 2 on the scale)
riding on a commercial street with two lanes of traffic in each direction, with traffic speeds of 35 miles
per hour, on-street car parking, and no bike lane (Situation B). While there is minimal difference between
the residents and intercepted bicyclists (or between cities/facilities) in comfort levels on a separate path or
trail, comfort levels on on-street facilities are consistently lower among residents than intercepted
bicyclists. This is undoubtedly because the resident sample includes people who bicycle rarely or not at
all, people who our data suggests do not feel comfortable and safe bicycling in most environments.

Most respondents would not be comfortable bicycling on commercial streets without a bike lane,
though there are a few minor differences between surveyed facilities: Tukey post-hoc tests revealed that
intercepted bicyclists in Washington, DC are statistically significantly more comfortable on streets
without bike lanes than intercepted bicyclists in San Francisco (Oak, p<.001), Portland (Multnomah,
p<.001), and Chicago (Milwaukee, p<.01 and Dearborn, p<.05). Austin residents around Barton Springs
were statistically significantly less comfortable than Chicago residents near Milwaukee (p<.05) and San
Francisco residents near Oak (p<.01).

The addition of a bike lane to the commercial street (Situation C) brings the mean comfort level
up significantly for both bicyclists and residents. Again, Washington DC bicyclist respondents are more
comfortable than several other groups, including Chicago (Dearborn, p<0.01), Portland (p<.01) and San
Francisco (Oak p<.05). Resident respondents in Portland and San Francisco were statistically
significantly more comfortable than those in Austin around Barton Springs and Chicago around Dearborn
(Tukey post-hoc tests, all p<.001). The addition of physical separation (Situation D) raises the mean
comfort level even higher, solidly into the comfortable half of the scale for both surveyed groups. San
Francisco residents were more comfortable than those in Chicago around Milwaukee (p<.05), while
Portland residents were more comfortable than those in Chicago (p<.05). The differences between the
cities in the residents’ comfort levels may be due to different levels of bicycling among the residents in
those cities, the typical facilities available in those cities, or other demographic or cultural differences.

FIGURE 3 provides a visual representation of the differences between the persons surveyed in
each city, including demonstrating that intercepted bicyclists in Washington, DC are more comfortable
than other bicyclists on streets with and without bike lanes.
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1  TABLE 2 Mean Stated Comfort on Hypothetical Facilities

Austin* Chicago Portland SF D.C.
Hypothetical Facilit i All
ypothetical actily Balzton Rio Dear. | Milw. Mult. Oak / Fell L Street
Springs | Grande Streets

Bicyclists 5.6 5.6 5.8 5.7 5.7 5.7 5.7 5.7
A) Path or Trail

Residents 5.6 - 5.5 5.5 5.5 5.6 5.5 5.6
B) Commercial Bicyclists 2.5 2.5 2.5 2.5 1.9 2.1 2.9 2.4
Street Residents| 1.7 - 1.8 1.9 1.8 1.9 1.8 1.8b
C) Commercial Bicyclists 4.2 4.1 4.1 4.3 4.0 4.2 4.5 424
Street with Bike
Lane Residents 3.3 - 3.2 3.5 3.7 3.7 3.4 3.52
D) Commercial | pgjovefisis| 5.3 55 5.4 53 5.2 55 55 5.4
Street with
Physical . a
Separation Residents 4.6 - 44 44 4.8 4.7 4.5 4.6

Bicyclists 17 42 117 208 108 247 280 1019
n

Residents 519 n/a 191 304 468 508 229 2219

a. There was a statistically significant difference between facilities as determined by one-way ANOVA (p<.001)
b. There was a statistically significant difference between facilities as determined by one-way ANOVA (p<.05)
*The resident responses under Barton Springs on the hypothetical facilities include resident who responded to the
Bluebonnet survey (the survey mail-out area for Bluebonnet was immediately adjacent to the area for Barton
Springs, and included questions about the Barton Springs facility)

[c IR e WV, RN NNUN I ]
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Bicyclists Residents Bicyclists Residents Bicyclists Residents Bicyclists Residents

6.0

5.

o

4.

o

3

o

2.

Average Comfort Level (1-6 scale)
o

—_
o

Path or Trail Commercial Street Commercial Street with Commercial Street with
Bike Lane Physical Separation
® Austin: Barton Springs ® Austin: Rio Grande*  ® Chicago: Dearborn Chicago: Milwaukee
® Portland ® San Francisco B Washington DC

* Note: There was no resident survey on Rio Grande Street.

FIGURE 3 Mean Stated Comfort Level on Hypothetical Facilities

Intercepted bicyclists were then asked to use the same scale of 1 (very uncomfortable) to 6 (very
comfortable) to indicate their level of comfort on a series of different buffer and separation types (as
shown in Figure 2 above). The different buffer types and the mean stated comfort for each are shown in
Table 3. The options, shown ranked from least to most comfortable according to mean comfort rating,
were presented to survey respondents in an unordered manner; the order of presentation is shown in
parenthesis next to each item description in the table. In the table, the types of buffer present on the actual
facility on which bicyclists were intercepted have been shaded.

The respondents’ comfort ratings of the differing hypothetical buffers are very consistent across
the cities and facilities; in fact, the buffers with planters, flexposts, and a concrete curb ranked first,
second and third most preferred, respectively, across each of the seven surveys, with the bottom three
options showing considerable consistency as well. The buffer types without some type of vertical physical
protection, namely the solid painted buffer and the painted 2-3 foot buffer, received the lowest mean
comfort rating. Only the buffer consisting of paint and a lane for parked cars had significantly different
comfort scores across the cities as revealed by a one-way ANOVA (p<.001). Post-hoc Tukey tests
revealed respondents on Dearborn and Milwaukee were significantly more comfortable with a parked car
buffer than those on Multnomah and Oak, while L Street respondents were also more comfortable than
those on Oak. Local experience with a similar type of facility may have influenced respondents
perceptions in either a negative manner (as may have been the case in Portland and San Francisco), or in a
positive manner (in Chicago and Washington, D.C.). Overall, the comfort rating for the buffer with
parking may suggest that, in comparison to the highest rated buffers, parked (or parking vehicles)
represent some level of added complication. It could be that parking cars and pedestrian activity from
departing passengers influence the perception of comfort.

The most common buffer type used on the actual facilities on which bicyclists were intercepted,
the two to three foot buffer with plastic flexposts, is rated very highly despite offering less actual physical
protection (i.e. it would not do much to stop a vehicle from entering the bicycle lanes) than two of the
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lesser rated facilities (the painted buffer with parked cars and the raised concrete curb). This may suggest
that familiarity with the buffer type was a positive experience.

TABLE 3 Intercepted Bicyclists Mean Stated Comfort with Hypothetical Buffer Types

Austin Chicago Portland SF D.C. "Interested

Hypothetical Buffer . Oak / but
Type Barton | Rio | pyoar, | Milw. | Mult. | Fell L AT concernea

Springs | Grande Streets Street only
(S 5(’)1‘d painted buffer 45 48 46 | 46 46 47 4.6 47 4.2
éa)lmed 2-3 foot buffer | 4 438 46 | 47 46 47 47 | 47 420
Painted buffer and 44 45 50 | 5.1 44 44 48 | 47 4.5
parked cars (1)
?;)“ed conerete curb 48 53 53 | 5.1 5.0 52 52 | 52 5.1
2-3 foot buffer and b
Dlaste loxposts (2 5.1 5.4 54 | 53 52 5.4 5.4 5.4 5.1
Planters separating the 5.4 5.7 56 | 5.5 55 55 56 | 557 5.46¢
bikeway (4)
n 17 ) 117 | 208 108 247 281 | 1020 541

*Shaded cells correspond to buffer type existing on facility where bicyclist was intercepted

a. Mean score is significantly different between facilities as determined by one-way ANOVA (p<.001)

b. Mean score is significantly different between cyclist types (p<.001). Post-hoc Tukey tests show the Interested
but Concerned differed from the Strong and Fearless (p<.001) and Enthused and Confident (p<.001)

c. Mean score is significantly different between cyclist types (p<.05). Post-hoc Tukey tests show the Interested
but Concerned differed from the Enthused and Confident (p<.05), though not from the Strong and Fearless.
Note that results have been rounded to nearest hundredth here to demonstrate the difference.

As shown in the final column of Table 3, bicyclists in the Interested but Concerned category were less
comfortable than other cyclist groups in most of the buffer types (the exceptions being the raised concrete
curb, where there was no difference, and the planter buffer, where they were only slightly less
comfortable than the Enthused and Confident). However, as Figure 4 demonstrates, bicyclists in the
Interested but Concerned category did achieve much greater increases in comfort with the buffers over a
standard bike lane. The figure shows the change in the overall mean comfort scores for the different
bicyclist types in the intercept sample (Strong and Fearless, Enthused and Confident, and Interested but
Concerned), compared to a commercial street with a standard striped bike lane (Situation C in Figure 1
and Table 2). For each buffer type, a normalized score of 0% indicates that the mean comfort level was
the same as in a standard bike lane, while a score of 100% would indicate that the respondents were, on
average, twice as comfortable (e.g. an increase of 3 to 6 on our 6 point scale). Those cyclists already
falling into the two most comfortable categories realize little change in comfort with several buffer types,
and are even slightly less comfortable with a buffer with parked cars. However, the Interested but
Concerned group shows an increase in stated comfort of 24% to 31% for the painted buffers and buffer
with parking, and increase to around 50% more comfortable for the buffers with a concrete curb, plastic
flexposts, or planters.
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FIGURE 4 Intercepted Bicyclists: Difference in Mean Comfort Score with Hypothetical
Buffers from Mean Comfort in a Bike Lane, By Bicyclist Type

Experience on the New Protected Lanes

Intercepted bicyclists were asked to indicate their comfort level on the same six-point scale for either the
overall facility on which they were intercepted, or, in a few cases where the facility had very distinct
sections, for specific portions of that facility. Stated comfort levels on actual facilities provide a clearer
view of how comfortable bicyclists actually are when riding on a given facility. Mean comfort scores
from intercepted bicyclists are shown in Table 4, along with mean comfort scores on roughly equivalent
examples from the hypothetical examples. In cases where the actual facility surveyed encompasses
multiple hypothetical facilities, an average of the shaded scores shown in Table 3 is shown.

In most cases, the stated comfort in the intercepted facility is considerably lower than the comfort
level on hypothetical routes with similar buffer treatments. There are several potential reasons for this
discrepancy. First, respondents were asked about their comfort on the actual facility at the beginning of
the survey, and asked about the hypothetical buffers later in the survey; they may have adjusted their
rating scale as a result of earlier questions (although the survey did allow respondents to go back and
change responses). Second, the actual facilities on the ground include features other than the buffer link
sections, most obviously intersections that are usually more complicated and potentially less comfortable.
Further, the actual roadway conditions, including speed and volume of motor vehicle traffic may differ
from respondents’ perceptions of the hypothetical facility. Finally, it’s also possible that respondents
overestimate their expected comfort on hypothetical facilities.
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TABLE 4 Intercepted Bicyclists’ Stated Comfort and Change in Perceived Comfort on
Intercept Facility

13

Type of Buffer Present
=)
S = a0
£ = 2| B | E
218 | S | g 28§ | stated Hypo
. .y S 5 7] .
City Facility and Segment § = % - E %’ é‘ % 2| Comfort | Comfort * n
El & 28 8|l 22| 28
gl g | = Sl 2= 22
2 D 3T B 2| 32
T | ES ES| 2| £E| EB
S| B FE| 5| 08| =2
w| Al AA K &R ES
Barton Springs [ ) 4.2 5.1 18
Austin Rio Grande SB contraflow (two- ® 55 54
way)
42
Rio Grande NB with traffic (two- ® 53 54
way)
Dearborn SB contraflow (two-way) ° ° 4.5 5.2
123
Dearborn NB with traffic (two-way) o (] 49 5.2
Chicago Milwaukee Striped painted buffer ° 3.8 4.7
Milwaukee Buffer with Flexposts [ 4.7 54 220
Milwaukee Buffer with Parked Cars ° 5.0 5.1
Portland Multnomah ° ° (] ° 4.6 49 110
Oak Street ° [ ) 4.6 5.0 247
San
Francisco
Fell Street ° (] 4.5 5.0 247
Washingto | | g ooy ° 45 5.4 300
n D.C.
All 106
Facilitics Total n/a 4.6 5.2 0

*Hypothetical comfort scores are derived from the participants mean comfort scores on roughly equivalent

hypothetical buffer scenarios presented in Table 3, as marked by the columns under “Type of Buffer Present.”

To get at the effect of the buffer specifically on the perceived changes for bicyclists, respondents were

asked to indicate their level of agreement with a series of questions about the facility, from strongly

disagree (1), somewhat disagree (2), somewhat agree (3), and strongly agree (4). Statements included “the
buffer makes me feel safe” (with some facilities’ buffers further broken down into separate statements for
separate buffer sections), and questions about the effectiveness of the buffer at separating and protecting

the bicyclist. Table 5 shows mean agreement and percentage of respondents indicating they agree
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somewhat or strongly. While strong majorities indicate the buffer makes them feel safe, effectively
separates bikes from cars, protects bikes from cars, and effectively separates bicyclists from pedestrians,
there are a few outliers: The intercepted bicyclists in Washington D.C. were a little less likely to agree
that the buffer effectively separated bikes from cars, though 81% did agree. The bicyclists in that city
were also more likely in most cases to indicate that they “often” encounter parked cars, cars loading or
unloading passengers, delivery vehicles, and taxis in the bike lane (four separate questions). On Barton
Springs Road, one in three respondents disagreed that the buffer does a good job at protecting bikes from
cars, though the sample size is too low to draw firm conclusions. On Dearborn Street, nearly half of the
intercepted bicyclists felt that the facility did not effectively separate bicyclists from pedestrians.

TABLE 5 Intercepted Bicyclists: Agreement on Buffer Effectiveness

Austin Chicago Portland SF DC

Dearborn Milwaukie Multnomah
Questions and Category . . . . . .
Response Barton |Rio Sect}on Sect}on Sect}on Sect}on Sect}on Section L Total

Springs |Grande w Wi Wi Wi w w/ Oak | Fell
Parked Flex- Parked | Flex- Flex- Street
Planters

cars posts cars posts posts
The buffer n 16 41 116 117 218 216 107 108 | 241 | 241 | 293 | 1714
[section with]
makes me feel % | 100% | 90% 97% 9% | 94% | 95% 88% 91% | 95% | 95% | 89% | 93%
safe. Agree*
The [buffer] n 15 41 118 218 108 243 | 242 | 294 | 1279
effectively
separates bikes % Agree | 100% 95% 94% 96% 96% 94% | 93% | 81% | 92%
from cars.
The [buffer] does n 15 41 116 218 109 239 | 241 | 292 | 1271
a good job at
protecting bikes | ¢ Agree | 67% 80% 96% 91% 92% 91% | 87% | 79% | 87%
from cars.
The [FACILITY]
design effectively n 15 40 117 215 105 226 | 225 | 280 | 1223
separates
bicyclists from | % Agree | 87% 88% 55% 79% 81% 91% | 92% | 83% | 83%
pedestrians

* The “% Agree” rows are the percentage of respondents indicating they “somewhat agree” or “strongly agree” with
the statement.

Residents’ Perceptions of Actual Facilities

The perceptions of area residents to the impact of a new bicycle facility may play an important factor in
the success of the facility in encouraging new ridership. Table 6 provides residents’ responses to survey
questions pertaining to the impact of buffers. Around 71% of all residents indicated they agree somewhat
or strongly that they would be more likely to ride a bicycle if motor vehicles and bicycles were physically
separated by a barrier. Eight out of nine in the Interested but Concerned group agreed. Although around
half of the resident respondents in the Strong and Fearless and No Way No How groups disagreed with
this statement, that result is expected given that the former are likely comfortable enough to be riding
already, and the latter are not going to be swayed no matter what. Similar numbers of both the overall
resident sample and of the Interested but Concerned group felt that the new facility resulted in an increase
in the safety of bicycling on that street, likely because they also agreed that the buffer did a good job of
separating (85% agreement overall) and protecting (82% agreement overall) bikes from cars.

On the only facility that included planters separating the bike lane from standard traffic lanes,
Portland residents had a higher amount of strong agreement with the effectiveness of the buffer, both in
separating bikes from cars (57% strongly agreed in Portland compared to 46% overall) and in protecting
bikes from cars (50% strongly agreed in Portland compared to 39% overall). This may suggest that the
planter buffer is perceived as better at separating bikes from cars among residents in general (whereas
intercepted bicyclists rated the buffer with planters about equally to the buffers with flexposts and with a
concrete curb).
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1  TABLE 6 Resident Perceptions of Protected Bike Lanes and Buffers

Question Response Category "Strong "Enthused "Interested
and and But "No Way
Fearless" Confident" Concerned" No How" Total
I would be more likely to n 86 474 837 430 1827
ride a bicycle if motor % Disagree 49% 29% 12% 57% 29%
vehicles and bicycles were
physically separated by a % Somewhat Agree 23% 31% 27% 24% 27%
barrier. % Strongly Agree 28% 40% 61% 19% 44%
n 98 520 812 482 1912
Because of the protected % Decreased, Not
bike lanes, the safety of Changed, or No Opinion 20% 14% 13% 43% 21%
BICYCLING on the street
has L. % Increased Somewhat 33% 26% 36% 38% 34%
% Increased A Lot 47% 60% 52% 19% 46%
n 96 503 802 465 1866
The buffer effectively % Disagree 14% 5% 12% 29% 14%
separates bikes from cars. % Somewhat Agree 38% 3% 1% 1% 38%
% Strongly Agree 49% 63% 47% 30% 47%
n 93 496 787 450 1826
The buffe.r doqs agood job | ¢ Disagree 17% 7% 15% 33% 17%
at protecting bikes from
cars. % Somewhat Agree 40% 37% 48% 42% 43%
% Strongly Agree 43% 56% 38% 24% 40%
n 98 517 813 480 1908
The protected bike lanes % Disagree or no opinion 43% 23% 29% 51% 349
effectively separate
bicyclists from pedestrians. | % Somewhat Agree 20% 36% 39% 33% 36%
% Strongly Agree 37% 41% 32% 16% 31%
2
3 CONCLUSIONS
4 This study was limited in that the primary objective of the survey was not specifically to evaluate the
5 comfort of different types of buffers, but was to more broadly understand how well certain specific
6 protected bike lanes were functioning. Therefore, there was limited space to inquire about hypothetical
7 buffers, and a limited palate of actually implemented buffer types included. Future work should focus on
8 buffer types to allow for greater comparability of an array of different buffers, and to include other types
9 of questions such as a ranking of buffer types. A survey specifically designed to capture preferences could
10 use more robust survey designs.
11 The findings suggest that, in general, bike lanes with the addition of an extra buffered space can
12 increase the perceived safety and comfort of bicycling for both current and potential bicyclists, which in
13 turn would make people more likely to ride a bicycle for transportation. Overall, both current bicyclists
14 and residents (which includes both people who do and do not bicycle) indicated that they would feel
15 comfortable riding on a busy commercial street if there was a bike lane with physical protection. In
16 contrast, current bicyclists were also fairly comfortable on streets with standard striped bike lanes, while
17 residents were not.
18 Among current bicyclists, the presence of some type of vertical physical separation (compared to
19 hypothetical situations with buffers consisting only of paint) makes a positive difference in improving
20 sense of comfort, with a particularly large increase in stated comfort for the Interested but Concerned
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group. However, the physical protection included in the buffer may achieve much of the beneficial effect
using relatively affordable and available materials: the high stated comfort levels of bicyclists to 2-3’
painted buffers with plastic flexposts suggests that simple delineators may be enough to substantially
improve the comfort level of a buffer for many existing bicyclists. Because we did not ask the residents,
which include people who currently do not bicycle, questions about the different buffer types, it is unclear
whether the type of physical separation would have a major effect on attracting new bicyclists. Other
issues related to maintenance and operations need to be considered in buffer selection, which this paper
does not address.

Nearly all the intercepted bicyclists agree that the buffer makes them feel safer (compared to the
previous facility). This is the case with painted buffers with plastic flexposts, as well as the lanes that had
parked cars or planters in the buffers. With a few exceptions, bicyclists also overwhelmingly agree that
the installed buffers are effective at separating cars from bicycles and protecting bicycles from cars.
Stated comfort on recently ridden facilities suggests that the high expected levels of comfort based on
hypothetical buffers are not quite achieved in reality — this may be due to lesser comfort at intersections,
which is not taken into account in the hypothetical situations, or other factors.

Finally, residents expressed strong beliefs that the buffers effectively separate and protect bikes
from cars, and as a result, the safety of bicycling on the routes has increased. Nearly three-quarters of all
residents indicated that they would be more likely to ride a bicycle with physically separated bike lanes,
with fully 88% of the Interested but Concerned group agreeing. Findings also suggest that Portland
residents felt a stronger sense of separation and protection was achieved by the buffer with a planter over
residents surveyed about facilities with buffers containing flexposts or parking strip.
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