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2. Development and Validation of M ethodology

The methodology used in obtaining the perspectives of bicyclistsin this
study consisted of having participants view numerous roadway segments
captured on videotape and rate these segments with respect to how
comfortable they would be riding there under the geometric and
operational conditions shown. The advantages of using this video-based
methodol ogy include:

1) There are no risks to bicyclists. In other words, bicyclists do not have
to ridein or be exposed to conditions which they would consider
uncomfortable or unsafe. Thisfact allows for the inclusion of conditions,
such as large trucks or buses on very narrow lanes, which could not be
safely evaluated using on-the-road bicyclists.

2) Specific variables can be presented to bicyclists in a controlled
environment. For example, all subjects can be exposed to the same exact
number of vehicles, i.e., traffic volume, or to the same special conditions
such as right-turning traffic or heavy vehicles. This form of variable
control isvirtually impossible by having bicyclists actually ride on the
roadway. Bicyclists riding the same segment during two different time
periods may be exposed to different levels of traffic volume, traffic
composition, or other factors, and thus their ratings of the same segment
of roadway would be based on different operating conditions.

3) The number of operational and geometric conditionsto which a
subject is exposed can be much greater than can be experienced in the
field. For example, the participantsin the pilot study described below
rated the 13 sitesin less than 15 min from the video, but it took almost 3
h to drive to and rate all 13 locationsin thefield. If all geometric and
operational conditions desired for the study are in severa cities (aswas
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the case in this effort), it issimply impractical to present all conditionsto
the same group of bicyclists.

4) The same set of geometric and operational conditions can be
examined and rated by bicyclists in several municipalities. This
advantage allows for the direct comparison of ratings between bicyclists
in different regions of the country or communities that may vary in terms
of bicycling facilities or bicycle "friendliness."

This application of videotape technology to obtain ratings from
bicyclists was used by Sorton and Walsh in severa bicycle research
efforts and was shown to produce consistent rating results from one
study to the next.” However, there had never been any formal validation
of the video methodology. Prior to proceeding with this methodology in
the full-scale data collection effort of this research study, a pilot study
was undertaken with the primary objective of validating the video
technique, i.e., determining how well the participants comfort ratings of
various geometric, traffic volume, and speed conditions recorded when
watching a videotape compared with the participants comfort ratings
when seeing the locations in the field. There were also several secondary
objectives, including evaluating camera positions, determining the
amount of videotape to shoot at a given site, determining the length of
video clips necessary for an individual to make definitive ratings, and
exploring different rating scales.
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4. Data Analysis

The two primary questions addressed by the analysis of the data
collected under this project were focused on the development of the
bicycle compatibility index (BCl) model:

Can the comfort level ratings of bicyclists be used to develop a BCI
model that can be used by bicycle coordinators, transportation
planners, traffic engineers, and othersto evaluate the capability of
specific roadway segments to accommodate both motorists and
bicyclistsin their jurisdiction?

If so, what roadway and traffic operations variables are needed as
input for thisindex?

In addition to these primary questions, several secondary questions were
also addressed as part of the analysis, including:

1) Arethere differences in the comfort level ratings of experienced
ridersvs. casual riderswith respect to any of the roadway or traffic
operations variables?

2) Do bicyclistsin different geographic regions have the same
perceptions of bicycle compatibility; i.e., arethere differencesin the
comfort level ratings of bicyclistsin the three survey cities?

3) What are the interrelationships between the variables being rated by
the respondents; i.e., what interactions are important in making the
ratings?

Effect of bicyclist experience

Regional evaluation

M odel development
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Special Circumstances

L evel of servicecriteria
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5. Intersection Pilot Study

The secondary objective of this research effort was to apply the video methodology used for
rating midblock roadway segments to intersections and assess whether such an approach was
valid for rating the bicycle compatibility of intersections. The goal of this limited effort was
not to completely develop a BCl model for intersections but rather to determine if the video
technique showed promise for application to intersections. Thus, the scope of this pilot study
for intersections was limited to one maneuver that bicyclists typically make at an intersection.
The maneuver selected was a bicyclist traveling straight through an intersection in the
presence of right-turning traffic (see figure 16).

Two-lane roadway with shared lane
for motor vehicles and bicycles.

Bicycle manegwer of intere st

Multilane roadway with auxiliary right-turn
lane and bicycle lane an the approach.

[N,

-

T Potential motor wehicle maneuvers

Figure 16. The maneuver selected for evaluation of the use of the video
methodology at intersections was the hicyclist traveling straight through the
intersection in the presence of right-turning traffic.
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In recent years, several models have been developed in an attempt to
associate roadway geometrics and vehicle operations with bicycle safety
and/or operations. This appendix provides a discussion of each of these
models. The efforts discussed here were progressive in nature with each
concurrent effort essentially building on what had been donein the
previous study. To better understand how the models were devel oped
and how they relate to one another, the discussion is presented in
chronological order.
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Appendix B - Pilot study data analysis

As previously noted in chapter 2, the primary objective of the pilot study in this
research effort was to validate the video methodology, i.e., determine how well the
participants comfort ratings assigned when watching locations on a videotape
matched the participants' ratings when viewing the same locations in the field. In
chapter 2, asummary of the results of the data analysis was provided. A more
extensive discussion of the statistical analysisis provided in this appendix.

Since each of the 24 participants (subjects) viewed the 13 sites both from the
videotape and in the field, the most stable and reliable analyses are based on the
312 (24 x 13) combined pairs (video vs. field) of observations. Thus, the analysis
focuses on the combined sample of comfort ratings, including the overall rating as
well as those related to curb lane width, volume, and speed of traffic.

However, analyses were also carried out by subject to examine: 1) possible biases
(e.g., generaly rating the video slightly higher than the field observation); 2)
consistency (i.e., providing essentially the same ratings for each pair of matched
video clips); and 3) order of presentation differences (i.e., differences between the
participants who saw the video first followed by the field observations vs. those
who saw the field sitesfirst followed by the video). Finally, the ratings by site were
investigated to seeif the participants' ratings between the field and video were
more consistent for some sites compared with others and, if so, to determine the
characteristics of those sites where the participants were less consistent in their
ratings.

The basic data for this study consisted of a sample of matched pair comfort ratings
(field vs. video) for each of 24 participants. As noted in chapter 2, there were two
video clips of the same site in the survey, each with a different traffic volume. One
of the clips contained the "uniform" volume condition while the other clip
contained the "representative" volume condition. Since the objective of thisanalysis
was to directly compare the ratings between field and video observations, the video
clip that most closely matched the field volume observed by each participant was
used as the matching clip. As such the data can best be represented by contingency
tables with rows (i) representing the field ratings (i = 1, 2, ..., 6) and columns (j)
representing the video ratings (j = 1, 2, ..., 6). Further, the ratings can be defined as
follows:

OFR(i)= overal field rating
OVR(j)= overall video rating
WFR(i)= width field rating

WVR(j)= width video rating
VFR(i)= volume field rating

VVR(j)= volume video rating
SFR(i)= speed field rating
SVR(j)= speed video rating

If there were perfect agreement between the field and video ratings (e.g., OFR(i) ©
OVR())), then all pairs of overall ratings would fall along the main diagonal of the
contingency table (or matrix). If the video ratings were consistently somewhat
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higher than the field ratings (e.g., OFR(i) < OVR(j)) or vice versa, the pairs of
overall ratings would consistently fall above or below the main diagonal of the
contingency table, respectively. The following analyses examined these possible
relationships.

The results of the field vs. video overall ratings for the 312 subject-by-location
pairs are shown in table 27. Note first that the column marginal distribution for the
video (namely, 5.5%, 23.4%, ..., 2.2%) issimilar to the row marginal distribution
for the field ratings (namely, 6.7%, 21.8%, ..., 4.2%). This suggests that, overall,
the video ratings are reasonably reliable predictors of the field ratings. Table 28
indicates the degree of agreement between the field and video overall ratings. In
36.9 percent of the sample, there is perfect agreement whereasin 85.3 percent of
the cases, the ratings differ by no more than one level. And in 96.8 percent of the
pairs, the difference istwo levels or less. Also note that when OFR is not equal to
OVR, thefield rating is more often higher (36.6% = 26.0 + 7.7 + 2.9) than the video
rating (26.5% = 22.4 + 3.8 + 0.3). Such is not the case, however, with the speed or
volume ratings discussed later.

Table 27. Field (OFR) vs. video (OVR} oversll ratings for the combined subjact by location

sample
CQVR()
Total (%o}
1 2 3 4 5 &
1 10 G d 1 0 0 21 16.7)
o & <1i| &8 4 0 0 &8 (218
OF Rii} 3 1 24 36 E 2 o g2 (26.3)
4 0 & a1 o 14 o T4
5 0 5 11 17 15 3 51 {163)
5 0 i 4 4 3 £ 13 (4.21
Tatal 17 73 114 &7 34 7 Mz
(%) {5.5) {23.4) (36.5) i21.5) (10.9) (2.2

Cohen’'sk (kappa) statistic is a nonparametric measure of the degree of agreement
among pairs of ratings that is appropriate to further quantify these relationships.21
The results of calculating Cohen’ s k and the natural extension to near diagonal cells
are also shown in table 28. For the perfect agreement condition (main diagonal), the
Cohen’sk is0.19, which indicates a"fair" level of agreement between the field and
video ratings. The extended Cohen’s k for the video rating being within one level of
thefield rating is 0.62, which suggests "substantial” agreement.

http://209.207.159.179/development/98072/appb/appb.html (2 of 7) [9/22/2000 1:37:10 PM]
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Table 28. Level of agreement in the fisld {OFR) vs. video (OWR) overall ratings

Condition Parcant Cumulative Cohan's
of Percent &

Sample

OFA = OVR imain diagonal) 35.9 3549 019

OFR + 1 = OVR (above and within 1 of main 2% 4 R

dAagonal) Q.38

(62"

OFR - 1 = OVR {below and within 1 of main 26,0 H53 . 20F

diagonal)

OFA + 2 = QVR ¥

OFR -2 = OVR .7 6.8

ORF + 3=0RY 0.3

ORF -3 = ORY PR 100,10

* Cohen's & extendad lo incude calls wilhin one raling level above the main diagonal,

The corresponding results for ratings based on curb lane width (W), speed (S), and
traffic volume (V) are presented in tables 29 through 34, respectively. For the most
part, the results are quite similar to those for the overall ratings. The row and
column marginal distributions are quite similar for each of the three variables,
indicating that the video ratings for each variable are fairly reliable predictors of the
field ratings.

Table 23 Field (WFR) vs. vidao (WWVHR} width ratings for the combined subject by locaton
sampla.

WAL}
Tokal (3:)
1 2 3 4 5 &
1 17 11 & 2 0 0 26 (11.5)
2 10 35 14 6 0 0 65 (20.H)
WFR([} 3 1 25 18 3] 3 o 53 (17.0)
4 2 13 a3 28 B 1 a3 (26.6)
5 1 B 3 12 20 5 56 (18.0)
8 0 0 2 3 7 5 19 (&.1)
Total a1 e &0 &) 3H 11 <3
(%) (9.9) (29.5) (25.6) {19.2) (12.2) (2.5

For the curb lane width variable, the field rating (WFR) is within one level of the
video rating (WVR) for 39.4 percent of the pairs and the corresponding Cohen’s k
1s0.25, indicating afair level of agreement. In 81.1 percent of the cases, the ratings
differ by no more than one level, and the corresponding extended Cohen’s k is 0.60,
indicating a substantial level of agreement. Similar to the overall ratings, the field
rating for curb lane width was more often higher (40.4% = 27.6 + 9.0 + 3.8) than
the video rating (19.8% = 14.1 + 5.1 + 0.6) when the ratings were not equal .

The results for the traffic volume variable indicate that 30.8 percent of the sample
pairs match, with a corresponding Cohen’sk of 0.11, indicating afair level of
agreement. In 82.4 percent of the cases, the ratings differ by no more than one level,
and the corresponding Cohen’sk is 0.55, indicating a substantial level of
agreement. In contrast to the overall and curb lane width results, the video rating for
volume was more often higher (37.5% = 28.5 + 7.7 + 1.3) than the field rating
(31.4% = 23.1 + 7.7 + 1.3) when the ratings were not equal.
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The results for the speed variable produced the highest match rate (43.6 percent)
between the sample pairs of the four variables examined. The corresponding
Cohen’sk was 0.23, again indicating afair level of agreement. In 87.2 percent of
the cases, the ratings differ by no more than one level, and the corresponding
Cohen’sk was 0.59, again indicating a substantial level of agreement. Similar to the
results for the volume variable, the video rating for speed was more often higher
(33.0% = 25.0 + 7.4 + 0.6) than the field rating (23.4% = 18.6 + 4.2 + 0.6) when the
ratings were not equal.

Chi-sguare tests of marginal homogeneity (i.e., similar marginal distributions for
field ratings and video ratings) showed the distributions to be most similar for the
speed and volume ratings (p > 0.25 and p > 0.10, respectively) and reasonably
similar for the overal ratings (p = 0.06). However, due to the large differences
between field and video ratings at levels 3 and 4 for the curb lane width ratings, the
video and field ratings distributions for this variable did differ significantly (p <
0.01). For the most part, the various video ratings distributions did reflect the field
ratings distributions, confirming earlier results that examined the levels of
agreement between the ratings.

Table 30. Level of agresment in the fiekd (WFR) vs, video (WWR) width ratings

Condition Percent Cumulative Cohen's
of Parcent 6
Sample
WFR = WA (main diagonal) 394 29.4 0.25
WFR + 1 = WVR (above and within 1 of main 14.1 0.49*
diagonal)
0.60"
WFR - 1 = WVR (balow and wilhin 1 of main 276 8141 0.28°
diagonal)
WFH + 2 =WWR 51
WFHR-2 =¥YWVR 4.0 Qg2
WFH + 3 ='WVA o6
WFR-3 =WVR e B G995

" Cohen's 6 axdended lo nclude calls wilthin one rating level above the main diagonal.
® Cohen's 6 extended to inchude cells within one rating level below the main diagonal

The analysisjust discussed examined the ratings of al participants across all sites.
The results are considerably more variable with respect to participants (N=24)
across sites and with respect to sites (N=13) across participants. Thus, a paired
comparison t-test was undertaken to explore these specific aspects. The primary
interest here is not only in the significance of the test, but also in the sign of the test
statistic. A positive sign (+) suggests that the video rating was generally lower than
the field rating while a negative sign (-) suggests that the field rating was generally
lower than the video rating. A non-significant test statistic suggests that, within
pairs, the field and video ratings do not differ. With respect to the overall ratings,
21 of 24 subjects had non-significant (at a= 0.05) t-statistics across sites. With 16
out of 23 being positive (one case where t=0), the tests suggest that the subjects
tended to give dlightly higher ratings when viewing the sites in the field when
compared with viewing the same sites on the video.
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Table 31. Fiekd (VFR) vs. video (VWH) volume ratings for the combmed subpact by location
sampla.

VYR
Total (%)
1 2 3 4 5 &
1 17 22 5 2 1) ] 48  {14.7}]
2 10 e 30 o 2 1] T4 (253
VERI a 2 20 a9 23 8 ] 90 {2859}
4 0 12 26 12 8 4 B2 {199
5 1 o 10 3 5 & 31 (9.9)
L] U t 2 0 1 i 4 (1.3
Total 36 TG 112 55 2 11 312
(%) {115 | (24.4) (35.9) (17.6) (7.1 {3.5)

With respect to the overall ratings, 21 of 24 subjects had non-significant (at a=
0.05) t-statistics across sites. With 16 out of 23 being positive (one case wheret =
0), the tests suggest that the subjects tended to give dlightly higher ratings when
viewing the sites in the field when compared with viewing the same sites on the
video.

As previously noted in chapter 2, half of the 24 subjects viewed the video first and
then went to the site whereas the other half visited the site first. There were no clear
differencesin these two groups with respect to whether they rated the field scene
higher or lower than the video clip as judged by the significance or sign (+ or -) of
the corresponding t-statistics.

Table 32. Level of agreament in figld (VFR) ws, video (WVWR)} volume ratings,

Condition Parcant G urralati Cohen's
of Sampla 8 &

Parcant
WFR = WWH (main disgonal) 40,8 0.8 11
VR + 1 = WH (above and within 1 of man 8.5 o.20
diaogonal) e, U )

056>

VER - 1 =WV (balow and within 1 of main 231 g82.4 0318
diagonal)
VFR + 2 =WH .7
VFR -2 =VWH .7 a7 .8
VFR + 3 =VWR 1.3
VFR -3 =VWWH 0.8 99.7

*Cohen's 6 axtended o mcluda calls within one rating level above the main diagonal.
B Cohen's 5 axdended to includs calls within one raling leval balow the main diagonal.
- Rabings within one level of each other (L., within cne above or below mamn diagonal).

Similar results were seen when comparing the field and video ratings for curb lane
width, volume, and speed by subject. The main difference was that while subjects
tended to rate the field view dlightly higher than the video clip for both the overall
and width variables, the opposite was true for the volume and speed variables. This
result is similar to what was found in the analysis of the 312 combined pairs.

One of the objectives of the pilot study was to determine how consistent
participants were in rating the same conditions. To achieve this objective, there
were 26 identical pairs of video clipsincluded in the video survey. The video
ratings for the 26 matched clips were compared. Here the rows of the contingency
table represented the overall rating of each of the 24 subjects for the first time the
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clip was shown while the columns of the table represented the ratings of the
subjects for the second time the same scene was displayed. For the overall ratings,
20 of the 26 had non-significant t-tests suggesting consistent ratings. And 20 of 25
had a positive sign (one case wheret = 0), indicating that the rating was dlightly
higher for the second clip. The results were most similar for the width, volume, and

speed ratings.
Table 33. Field (3FR) vs. video (SVR) speed ratings for the combined subject by location sample
SVR{)
Total {5
1 2 3 4 5 6 ()
1 11 & 1 1 ] 0 186 {5.1)
2 2 32 2d i0 1 0 683 (22.1)
2 17 54 a4 11 o 118 (37.8)
SFRAQ) . 4] 3 29 32 16 1 81 [(26.0)
4 0 2 7 8 & 1 24 (7.7)
5 o o o 1 2 1 4 (13
G
Total 15 57 115 BE a6 3 3z
(%) (4.5) {18.3) {56.9) 127.6] (11.5) 1.0
Table 34. Level of agreament in field (SFR) vs, video (SVR)} spead ratings.
Conditicn Fercent Cumulative Cohen's
of Percent B
Sample
SFH = 8VA (main diagonal) 43.6 43.6 0.23
SFR + 1 = SVA {above and within 1 af man e o
EE.'U-' 'u'.E'E
diagonal)
0.59"
SFH - 1 = 3VH (balow and within 1 of main 186 §7.2 0.428
diagonal)
SFR+2=5VvR 7.4
SFR-2 =5VR 4.2 2.8
S5FR + 3 =5VR 0.8
SFR-3 =5SVR 0,6 100,0

* Cohen's & extended to indude cells within one rating level abowve the main diagonal,
P Cohen's & extanded lo indude ealls withen one rating level above the main diagonal,
" Ratings within one level of eadh other (i.e., within one above or below the main disgonal),

The final analysisissue dealt with strength of agreement between the field and
video ratings on a site-by-site basis in an attempt to determine if there were
characteristics of certain sites that led to inconsistenciesin the video vs. field
ratings. Using paired comparisons t-tests for both the overall comfort ratings and
ratings based on the width of the curb lane, 5 out of 13 testsin both cases indicated
significance (at a= 0.05), suggesting some differences in the video vs. field ratings
for five sites. The curb lane widths, speeds, and traffic volumes for all 13 sitesare
shown in table 35. The sites with significant t-statistics (sites 6, 7, 8, 10, and 13) do
not appear, as a group, to result in any consistent pattern with respect to any of the
variables, which is greatly different from the remaining eight sites that produced
consistent ratings.
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Table 35. Geomefric and operaticnal characterstics of the pilot study sites

Site Sirest Mumbar Curb Lana Posted Spaed 85th tile AADT
of Lanes Widih {m) Limit (k) Spead (kmh)

1 Regent 4 .4 a0 £ 18550
|2 Blufi 2 a7 40 4A 3550
3 Uiniversity 4 3.8 56 a3 16700

4 Gammon 2 5.5 56 56 15500

5 Gilarmway18 2 5.5 40 48 Sl

5] Gilarmway10 2 a1 40 48 Sl

7 Odana q 3.4 3] &0 18800

B8 McKanna q 4.3 3] G4 15400

g Bialtlire 2 d.4 48 53 5450
10 Il il B q 4.3 pel3] 53 20250
11 Atwaood 4 3.4 A0 &1 18250
_12 Sherman 4 3.4 48 55 17850
|13 | Northport 2 38 56 7. 26650

However, further examination of the field observation datarevealed that alarge
number of participants viewed site number 8 in the field when there was an
unusually low traffic volume. This fact may have resulted in the significantly lower
field rating for this site. The other four sites had significantly higher field ratings.
At three of these four locations (sites 7, 10, and 13), more than half of the
participants observed either atruck or bus during the field rating period, which may
have produced a higher rating than the video clip of those sites since no trucks or
buses were included in the primary video clips; at only one of the eight
nonsignificant sites did that many participants observe atruck or bus. Finally, the
fourth location with a significantly higher field rating was the site with the
narrowest lane width (3.1 m), which may have simply been more intimidating in the
field compared with video than the larger lane widths.
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Appendix C - Survey Instruments

This appendix contains the forms, instructions, and rating scales used in the data collection efforts in both
the pilot study and the primary research effort. Figure 22 is an example of acompleted questionnaire (with
the name omitted); this questionnaire was completed by all study participants and used to assess their
experience levels as bicyclists. Figure 23 shows the instructions used during the pilot study for both the
field survey and video survey; the accompanying rating scale is shown in figure 24. Examples of completed
data collection forms from the pilot effort are provided in figure 25.

Figure 26 is an example of a completed video editing form that was used to record volumes for 10-s
intervals over the 15-min taping period; it was from this form that the video clips were selected. The
instructions used for the video survey of midblock segmentsin the primary data collection effort are
provided in figure 27. The instructions used for the intersection survey are shown in figure 28; one set isfor
the individuals who were asked to rate five variables while the other set is for those who rated only one
variable. Therating scale used for both surveysis shown in figure 29. Examples of completed data
collection forms from each type of survey are provided in figures 30 and 31.

BICYCLIST EXFERIENCE QUESTIONNAIRE
N et Diate E!Ef Ia1]
Sen L"-."tl __F Mg iﬂ

| Do yons ride in the cay? Yes = Mo

If yes, what is the parpese of your bicychs trips? (Select a5 many calegories is appiicable; the toizl
should add o 100 percent. )

a Recreation/exercise Irg d. Visiting 5%
b, Commting w'Tron work or school B eleher 0 E
. Shopping %

1 m which of the following do vouo typically ride? (Select a8 many catcgoried a5 applicable; the
todtind ahoudd aded 1o 10K percent. )

i Major sireets A5 o ¢, Bicyche pathaimils 2 5 g, (hher 5
h. Residential streets 405 % . Sidewalks Pl .
3, Howe many trips di you make on your bicychs during a typical week? (A trip is defined as going

froan an ocigin to o destination; eg., traveling to wark From home i one 15ip and traveling from
work e hionsd 13 & second rip. )

4= ® EB)5 - 1 =10
4 How many days per week di you rypically ride your bicycle? 4
3 How many miles per weelk do you typically ride on urhan or suburban streets?

b, § - 20 mi {0}

. Do yois ever choose oo 1o ride your bicycle due o adverss weather conditions?

Yes v M

o< % i 20 - 40 mi i, =40 mi

If yea, umder which conditions will you nol rids (check all thwt spply)?

Seeady rain [l
Snowlloe ke Fog

{below what semperature _ 22 F)

{above what temperabure Fi

Threat of rain Drizzle
Heavy rain

Codd wealhar
Hot weather

—

How would vou clossify voursel § with respect 1o the experience you have riding on orban and
subnwrban streets? (Check ane)

1 feel comfortable riding under most waffic conditions, including major streets with busy
traffic and higher specds

1-""rl oy fesl comdorable riding on streets with less irafli and lower spesds, on streets with
bicyche lanes, or on sidewalks.

Figure 22. A completed questionnaire.
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BICYCLE COMPATIBILITY INDEX STUDY
VIDEO SURVEY INSTRUCTIONS - MADISON, WI

In amoment, you are going to watch a videotape which contains 60
clips showing different roadway conditions. As you watch each clip,
| want you to pay particular attention to three specific aspects
(illustrate with a videotape):

o the amount of traffic going in the direction away from you,
o0 the speed of thistraffic, and

o the width or space available to you to ride your bicyclein this same
direction.

Asyou look at each video clip, | want you to indicate how
compatible or good you think the road is for bicycling. In other
words, | want you to rate each roadway with respect to how
comfortable you would be riding there, where comfort is defined by
the level of risk you would fedl asabicyclist. The scale you are
going to use in rating these segmentsisin front of you. Itis
numerically ordered in terms of the level of perceived risk. If you see
the roadway condition as presenting virtually no risk to you as a
bicyclist, you would rate the condition asa"1." If you seethe
roadway condition as presenting arisk that is so high that you would
never ride under that condition, you would rate the condition asa"6."
If you see the roadway condition as something between these two
extremes, use the values from 2 to 5 to indicate your level of
perceived risk.

Asyou can see on the rating sheet, there are four columns; one for
volume (or amount of traffic), one for speed, one for lane width, and
one for overall. Asyou view each video clip, | want you to provide a
perceived risk rating of 1 to 6, as we just discussed, for each of the
three conditions shown in that particular clip (volume, speed, and
width of the lane in which you would be riding), each one
independently of the other two conditions. For example, as you are
watching the clip, | want you to provide arating of 1 to 6 with
respect to the amount of risk you feel the traffic volume on that
roadway presents to you as a bicyclist. Then you will provide arating
of 1 to 6 based on the amount of risk you feel from the speed of the
traffic. Next you will provide arating of 1 to 6 based on the amount
of risk you feel from the width of the curb lane or space available to
ride your bicyclein the road. Finally, you will provide arating of 1 to
6 for the roadway as a whole which should represent your perceived
risk based on the three measures just noted plus any other measures
that you may consider important in determining your level of risk as
abicyclist. You may rate the volume, speed, and lane width in any
order. The overall rating should be done last.

Each video clip is approximately 40 seconds in length. When there
are 10 seconds remaining, a beep will be heard. During these last 10
seconds, you should complete the ratings for that roadway. Between
consecutive video clips, there will be approximately 5 secondsin
which the screen is blank. During each blank screen, | will indicate
which numbered video clip is about to be shown.

Before we begin, are there any questions?
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BICYCLE COMPATIBILITY INDEX STUDY
FIELD SURVEY INSTRUCTIONS - MADISON, WI

This morning, we are going to several specific siteson
roadways here in Madison. When we get to asite, | will park
the van and we will proceed to alocation along the roadside.
When we reach that location, | want you to pay particular
attention to three specific aspects (illustrate with a videotape):

o the amount of traffic going in the direction away from you,
0 the speed of thistraffic, and

o the width or space available to you to ride your bicyclein this
same direction.

Asyou examine the roadway, | want you to indicate how
compatible or good you think the road is for bicycling. In other
words, | want you to rate each roadway with respect to how
comfortable you would be riding there, where comfort is
defined by the level of risk you would feel asabicyclist. The
scale you are going to use in rating these segmentsisin front of
you. It is numerically ordered in terms of the level of perceived
risk. If you see the roadway condition as presenting virtually no
risk to you as a bicyclist, you would rate the conditionasa"1."
If you see the roadway condition as presenting arisk that is so
high that you would never ride under that condition, you would
rate the condition asa'6." If you see the roadway condition as
something between these two extremes, use the values from 2
to 5to indicate your level of perceived risk.

Asyou can see on the rating sheet, there are four columns; one
for volume (or amount of traffic), one for speed, one for lane
width, and one for overall. As you examine each roadway, |
want you to provide a perceived risk rating of 1 to 6, aswe just
discussed, for each of the three conditions presently existing on
the roadway (volume, speed, and width), each one
independently of the other two conditions. For example, as you
examining the roadway, | want you to provide arating of 1to 6
with respect to the amount of risk you fedl the traffic volume
on that roadway presents to you as a bicyclist. Then you will
provide arating of 1 to 6 based on the amount of risk you fegl
from the speed of the traffic. Next you will provide arating of
1 to 6 based on the amount of risk you feel from the width of
the curb lane or space available to ride your bicycle in the road.
Finally, you will provide arating of 1 to 6 for the roadway as a
whole which should represent your perceived risk based on the
three measures just noted plus any other measures that you may
consider important in determining your level of risk asa
bicyclist. You may rate the volume, speed, and lane width in
any order. The overall rating should be done last.

We will spend no more than 2 minutes at each roadway
location. We will then return to the van and proceed to the next
location.

Before we go to the van, are there any questions?

Figure 23. Pilot survey instructions.
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BICYCLE COMPATIBILITY INDEX STUDY

VIDEO/FIELD SURVEY RATING SCALE -
MADISON, WI

PERCEIVED RISK

1-VIRTUALLY NO RISK
2
3
4
5
6-UNACCEPTABLY HIGH RISK

Figure 24. Rating scale used in the pilot study.

Figure 25. Examples of completed field survey forms.
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BICYVOLE COMPATIBILITY INIHEX STLAYY
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Figure 26. Completed video editing form.

BICYCLE COMPATIBILITY INDEX STUDY
VIDEO SURVEY INSTRUCTIONS

In amoment, you are going to watch a videotape which contains
80 clips showing different roadway segments. As you watch each
clip, I want you to pay particular attention to three specific
aspects:

o the amount of traffic going in the direction away from you,
0 the speed of thistraffic, and

o the width or space available to you to ride your bicycle in this
same direction.

Asyou look at each video clip, | want you to indicate how
compatible or good you think the road is for bicycling. In other
words, | want you to rate each roadway with respect to how
comfortable you would be riding there, where comfort is defined
by how likely you are to ride on a given roadway under the speed,
volume, and lane widths shown. Comfort does not refer to the
smoothness of the ride or the quality of the paved surface. The
scale you are going to use in rating these segments is numerically
ordered in terms of the level of comfort. If you see the roadway
and traffic conditions being such that you would not hesitate to
ride there and thus, you consider it to be extremely comfortable,
you would rate the roadway asa"1." If you see the conditions
being such that you would never ride there and thus you consider
it to be extremely uncomfortable, you would rate the roadway as a
"6." If you see the roadway and traffic conditions as something
between these two extremes, use the values from 2 to 5 to indicate
your level of comfort.
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Asyou can see on the rating sheet, there are four columns; one for
volume (or amount of traffic), one for speed, one for lane width,
and one for overall. Asyou view each video clip, | want you to
provide a comfort level rating of 1 to 6, as we just discussed, for
each of the three conditions shown in that particular clip (volume,
speed, and width of the lane in which you would be riding). For
example, as you are watching the clip, | want you to provide a
rating of 1 to 6 with respect to how comfortable you would feel as
abicyclist considering the number of vehicles on that roadway.
Then you will provide arating of 1 to 6 based on how comfortable
you would feel considering the speed of the traffic. Next you will
provide arating of 1 to 6 based on how comfortable you would
feel considering the space available to you to ride your bicyclein
the road. Finally, you will provide arating of 1 to 6 for the
roadway as awhole which should represent your overall comfort
level based on the three measures just noted plus any other
measures that you may consider important in determining your
comfort level asabicyclist. You may rate the volume, speed, and
lane width in any order. The overal rating should be done last.

Each video clip is approximately 40 secondsin length. When there
are 10 seconds remaining, you will hear a beep. During these last
10 seconds, you should complete the ratings for that roadway.
Between consecutive video clips, there will be approximately 5
seconds in which the screen is black, with the exception of a
number in the upper left-hand corner identifying the upcoming
clip.

Before we begin, are there any questions?

Figure 27. Video survey instructions for rating midblock segments.

BICYCLE COMPATIBILITY INDEX STUDY
INTERSECTION VIDEO SURVEY INSTRUCTIONS

Now you are going to watch a videotape which contains 19 clips
showing different intersections. Asyou look at each video clip, |
want you to indicate how compatible or good you think the
intersection is for through bicyclists. In other words, | want you to
rate each roadway with respect to how comfortable you would be
riding straight through the intersection in the presence of the
right-turning traffic, where comfort is defined by how likely you are
to ride through that intersection under the roadway and traffic
conditions shown. Again, comfort does not refer to the smoothness
of the ride or the quality of the paved surface. Y ou will use the same
scale as before. If you see the roadway and traffic conditions as
being such that you would not hesitate to ride through the
intersection and thus, you consider it to be extremely comfortable,
you would rate theintersection asa"1." If you see the conditions as
being such that you would never ride through the intersection, and
thus you consider it to be extremely uncomfortable, you would rate
the intersection asa"6." If you see the roadway and traffic
conditions as something between these two extremes, use the values
from 2 to 5 to indicate your level of comfort.

Each video clip is approximately 40 seconds in length. When there
are 10 seconds remaining, you will hear abeep. During these last 10
seconds, you should complete the ratings for that roadway. Between
consecutive video clips, there will be approximately 5 secondsin
which the screen is black, with the exception of a number in the
upper left-hand corner identifying the upcoming clip.

Before we begin, are there any questions?
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BICYCLE COMPATIBILITY INDEX STUDY
INTERSECTION VIDEO SURVEY INSTRUCTIONS

Now you are going to watch a videotape which contains 19 clips
showing different intersections. As you watch each clip, | want you
to pay particular attention to four specific aspects:

« theamount of right-turning traffic,
« the speed of this traffic on the approach to the intersection,

« the space available to you to ride your bicycle through this
intersection, and

« theclarity of any signs and markings indicating appropriate
paths for bicyclists and/or motorists

Asyou look at each video clip, | want you to indicate how
compatible or good you think the intersection is for through
bicyclists. In other words, | want you to rate each roadway with
respect to how comfortable you would be riding straight through the
intersection in the presence of the right-turning traffic, where
comfort is defined by how likely you are to ride through that
intersection under the speed, volume, and other conditions shown.
Again, comfort does not refer to the smoothness of the ride or the
quality of the paved surface. Y ou will use the same scale as before.
If you see the roadway and traffic conditions being such that you
would not hesitate to ride through the intersection and thus, you
consider it to be extremely comfortable, you would rate the
intersectionasa"1." If you see the conditions being such that you
would never ride through the intersection, and thus you consider it
to be extremely uncomfortable, you would rate the intersection as a
"6." If you see the roadway and traffic conditions as something
between these two extremes, use the values from 2 to 5 to indicate
your level of comfort.

As you can see on the rating sheet, there are five columns; one for
right-turning volume (or amount of traffic), one for approach speed,
one for available space, one for signs and markings, and one for
overall. Asyou view each video clip, | want you to provide a
comfort level rating of 1 to 6, aswejust discussed, for each of the
conditions shown in that particular clip. For example, asyou are
watching the clip, | want you to provide arating of 1 to 6 with
respect to how comfortable you are with the signs and markings
indicating appropriate paths for bicyclists and motorists. Then you
will provide arating of 1 to 6 with respect to how comfortable you
would feel as ahbicyclist considering the number of right-turning
vehicles at that intersection. Next you will provide arating of 1to 6
based on how comfortable you would feel considering the speed of
the traffic approaching the intersection. Then you will provide a
rating of 1 to 6 based on how comfortable you would feel
considering the space available to you to ride your bicycle through
the intersection. Finally, you will provide arating of 1 to 6 for the
roadway as awhole which should represent your overall comfort
level based on the four measures just noted plus any other measures
that you may consider important in determining your comfort level
asabicyclist. You may rate the volume, speed, available space and
signs/markingsin any order. The overall rating should be done last.

Each video clip is approximately 40 seconds in length. When there
are 10 seconds remaining, you will hear abeep. During these last 10
seconds, you should complete the ratings for that roadway. Between
consecutive video clips, there will be approximately 5 secondsin
which the screen is black, with the exception of a number in the
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upper left-hand corner identifying the upcoming clip.
Before we begin, are there any questions?

Figure 28. Video survey instructionsfor rating inter sections.

BICYCLE COMPATIBILITY INDEX STUDY

VIDEO/FIELD SURVEY RATING SCALE

COMFORT LEVEL
1-EXTREMELY COMFORTABLE

a b~ W N

6- EXTREMELY UNCOMFORTABLE

Figure 29. Rating scale used in the primary data collection effort.

BICYCLE COMPATIRILITY INDEX STUDY
VIBEQ SURVEY FORM

MAME mm_;é_‘;é_b PAGE |
Ruthngs
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Figure 30. Example of a completed video survey form for midblock segments.

"VIDEO SURVEY FORM - INTERSECTION.

NAME DATE: T do ¥

Figure 31. Example of completed video survey formsfor intersections.
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Appendix D - English Units BCI Model

While many States and municipalities have converted to the metric

system of measurement, other localities still employ the English system
or the geometric and operational information contained in the data bases
Isin English units. For these reasons, an English units version of the BCI

model is provided in table 36.

Table 36. English unitsversion of the Bicycle Compatibility Index

(BCI) model.

BCl =3.67 - 0.966BL - 0.125BLW - 0.152CLW + 0.002CLV +
0.00040LV

+ 0.035SPD + 0.506PK G - 0.264AREA + AF

where:

BL = presence of abicycle lane
or paved

shoulder > 3.0 ft
no=0
yes=1

BLW = bhicycle lane (or paved
shoulder) width

ft (to the nearest tenth)
CLW = curb lane width
ft (to the nearest tenth)
CLV = curb lane volume
vph in one direction

OLV = other lane(s) volume -
same direction

vph

SPD = 85th percentile speed of
traffic

mi/h

http://209.207.159.179/development/98072/appd/appd.html (1 of 2) [9/22/2000 1:37:13 PM]

PK G = presence of a parking
lane with more than

30 percent occupancy
no=20
yes=1

AREA = type of roadside
development

residential = 1
other type= 0
AF =fi+f,+ 1y
where:

f; = adjustment factor for truck
volumes

(see below)

fp = adjustment factor for parking
turnover

(see below)

f,+ = adjustment factor for
right-turn volumes
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| (see below)
Adjustment Factors
Hourly Curb ft Parking Time fp
Lane Limit (min)
Large Truck
Volumel
>120 05 <15 0.6
60 - 119 0.4 16- 30 0.5
30-59 0.3 31-60 0.4
20-29 0.2 61- 120 0.3
10-19 0.1 121 - 240 0.2
<10 0.0 241- 480 0.1
> 480 0.0
Hourly Right- frt
Turn Volume2
> 270 0.1
<270 0.0

1 Largetrucks are defined as all vehicles with six or more tires.
2 Includes total number of right turnsinto driveways or minor intersections along a
roadway segment.
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Bicycle safety index rating

One of the first modeling attempts was the bicycle safety index rating (BSIR)
mode! developed by Davis.2 The purpose of the model was to relate bicycle safety
to the physical and operational features of the roadway. While no specifics were
provided regarding how the association of variables within the model was
determined, there was an explanation of why specific variables were included. In
determining which of the variables to include in the model and the form that the
variable would take in the model, three criteria were established:

1) The variable must have direct application to the evaluation of mixed vehicle
(i.e., motor vehicles and bicycles) operations.

2) The variable must be quantifiable either through a direct measure or an assigned
rating.

3) The variable must be consistent with established data collection practices of
local transportation departments.

The developed model is made up of two submodels, one for roadway segments and
one for intersections (see table 19). The roadway segment submodel is to be used
to evaluate uniform segments of roadway between mgjor intersections along a
predetermined highway. The intersection submodel is to be used to evaluate the
major intersections along this same highway. The overall index for the highway
can then be determined by summing all of the individual intersection and roadway
segment index values and dividing by the total number of intersections and
roadway segments.

This approach produces an average value across the roadway being evaluated and
gives equal weighting to roadway segments and intersections.

The roadway segment model included variables for traffic volume, speed limit,
outside lane width, pavement conditions, and a variety of geometric conditions.
Motor vehicle traffic volume was deemed important as it provides some indication
of complexity related to the bicyclist: "the more traffic present on the roadway, the
more difficulty abicyclist will have making left turns, watching for opposing
movements, and being noticed by motorists." The average annual daily traffic
(AADT) volume was selected as the motor vehicle volume to be included in the
model, primarily because it is a variable collected by most transportation
departments.

Combined with AADT in the model is the variable number of travel lanes. The
traffic volume per travel lane has been used in previous studies and proved to be a
good indicator of interaction conditions for bicyclists with passing motorists.11 In
the model, AADT and number of travel lanes are combined as one of the additive
factors as follows:

AADT/(L *2500)

Thus, any AADT that resultsin atravel lane volume of more than 2500 vehicles
per day (vpd) will create avalue greater than 1.0. For example, a two-lane road
withan AADT of 7000 would result in afactor of
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Table 18, Bloycle salely index rating (BSIR) model,

BSIR =3 { Ell;:gmen'r Safety Index Ratingsin + 3 (InTF:rHII:r:ti-;nn Safety Index Ratings)" m
=1

=1

Safety Index {Segments) = AADT/2500L) + 535 + (14-WL2 + PF + LF
whiara:
AADT = average anmual daily traffic LF=leeation factor = sum of the fallowing
existing conditions:
0.75 = angle parking
0.50 = paralksl parkng

L = nurmiber of ravel lanos

5 = spead limal {muh) 0,25 = right tum lanas
=025 = physcal madian
W= outsida lane width n it {usa 1411 =14 1) 0025 = canter tum lane
-0.75 = paved shoulder
PF =pavemsant faclor = sum of the followng 0.50 = sevara grade
existing conditions 0.26 = moderate grade
050 = cracking 0,28 = freqguent horzontal curves
(.26 = patching 0.50 = resiricled sight distance
(L2868 = weathering 0.50 = numarous diveways
075 = patholes 0,50 = industrizl land wse
075 = rough edge 0.50 = eommardal land use
0,258 = curk and guitter
050 = rough ralroad grade Fossmng
075 = dranage gratas

Safely Index {Inersectons) = (W +VR)M0,000 + (2VRMVC+VR) + GF + 5F

where
WH = average daily entenng volume on route GF = geometrics factor = sum of the following
under consideration
0ED = e . P
WG = average dally entenng voelume on cross 0.50 = no laft-turn kane
streat 050 = dual laft-turmn kans
SF = gignalization factor = sum of he 0.75 = right-turn lane
fallowing 025 = two theough lanes
0.50 = traflic actuatad signal (.50 = theee or more theough lanes
0.75 = substandard dearance intarval 0.25 = substandard curb retum radi
0,25 = permissive left-turn movement 050 = restricted sight distance

0,50 = right-tum arow

1.4. In contrast, aroadway segment with atravel lane volume of less than 2500 vpd
will result in avalue less than 1.0. The speed limit of the roadway was also
included in the model for two reasons. Firgt, it was believed that speed limit
provided some reasonable indicator of the design speed of the roadway. Second
and more importantly, it was believed to provide some indication of travel speeds
of motor vehicles, which directly relates to the speed differential between motorists
and bicyclists. While these reasons for using speed limit are sound and the need for
some measure of motor vehicle speed is needed in the model, the reasoning does
not necessarily hold true for all roadways. In arecent Federal Highway
Administration (FHWA) study, 85th percentile speeds on avariety of rura and
urban, two-lane and multilane roadways was found to be from 6 to 14 mi/h over the
posted speed limit.12 Thisis not surprising considering the number of factors that
are often considered when a speed limit is set. Another recent study found that
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while the 85th percentile speed is often used as the principal criterion, engineering
judgment and the consideration of other factors often results in the establishment of
arbitrary speed limits that do not reflect travel speeds.13

The additive factor containing the speed limit variable within the model was
written as follows:

S35

From previous research, it had been shown that speed differentials between
motorists and bicyclists remain fairly constant (between 10 and 15 mi/h) up to
motor vehicle speeds of approximately 35 mi/h.14 In another study, it was shown
that more than 50 percent of all bicycle fatalities occurred on roadways with posted
speed limits greater than 35 mi/h.1> Thus, 35 mi/h was selected as the denominator
in the speed limit factor within the model. Any roadways with a speed limit of 35
would produce afactor of 1.0; speed limits of 30 and lower would produce factors
less than 1.0 and posted speed limits of 40 and higher would produce factors
greater than 1.0.

The outside or curb lane width was the next variable included in the model. This
variable was included since it determines the travel space available for bicycling
within the roadway and the space available for an overtaking motorist who desires
to remain in the curb lane during the maneuver. Curb lane widths of 14 ft were
cited from two sources as being the desirable width to provide safe bicycling
conditions.16.17 The variable is presented in the model as follows:

(14-W)/2

As noted in the variable definitions presented with the model above, any lane width
greater than 14 ft will still use avalue of 14 ft within the moddl, i.e., 14 ftisthe
maximum value that can be used in the model. Based on this definition, any lane
width greater than or equal to 14 ft will produce afactor of zero. One problem with
thisrestriction is that no benefit is gained from curb lane widths of 15 ft or greater.
If larger values were used, a negative value would be produced, which would
reduce the index value. Lane widths less than 14 ft will produce positive values that
will add to the index. For example, alane width of 12 ft would produce a positive
factor of 1.0.

Pavement condition was the next variable included in the model. This variable was
included because defects or irregularities in the paved surface can affect the
comfort and safety of bicyclists. As noted in the variable definitions presented with
the model above, eight different conditions are provided to define detrimental
pavement surfaces. Each of these conditions has avalue assigned to it. An
explanation of how these values were derived was not provided. An examination of
the values, however, does seem to indicate that some degree of relative importance
was assigned within the factor itself. For example, potholes, rough edges, and
drainage grates are perhaps the most dangerous to bicyclists and, thus, were
assigned the largest value (0.75). Patching, weathering, and curb and gutter on the
other hand, are not nearly as problematic for bicyclists and were assigned a value
of 0.25. The other conditions (rough railroad crossings and cracking) were
considered to fall in between the two extremes and were assigned a value of 0.50.

The last factor in the model is the location factor, which incorporates a variety of
measures related to both geometrics and operations along a roadway segment.
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Those for bicyclists were assigned a positive value while those conditions which
potentially improve bicycle safety were assigned a negative value. For example,
parking along the roadside, grades, restricted sight distances, and driveways all
received positive values. Paved shoulders and physical medians received negative
values. As with the pavement factor, no detailed explanation was given regarding
how these assigned values were derived, but there does seem to be relative
importance among the operational and geometric conditions present within the
factor. The condition perceived to be the most beneficial was the presence of a
paved shoulder, with avalue of -0.75, while the condition perceived to create the
greatest safety hazard was angle parking, with avalue of 0.75.

Aswith the roadway segment model, traffic volume was deemed important at the
Intersection because it provides some indication of the level of complexity. The
first factor isintended to ssimply provide a number relative to the total entering
volume at a given intersection. If this volumeis greater than 10,000 vpd, the factor
will be greater than 1.0, indicating a more difficult intersection for the bicyclist.
The second volume-related factor isintended to provide some indication of the
level of difficulty that would be experienced by abicyclist on alow-volume street
crossing a high-volume street or vice versa. As an example, assume a bicyclist on a
street with an entering volume of 20,000 vpd is crossing a street with an entering
volume of 5,000 vpd. The factor for these conditions becomes 1.6. If the bicyclist is
on the low-volume roadway and is crossing the high-volume street, the factor
becomes 0.4. Intuitively, this factor appears to provide an opposite result of what is
expected; in most cases, exclusive of signalization and geometrics, one would
hypothesize that it would be more difficult for the bicyclist to cross the
high-volume roadway than the low-volume roadway. Again, there is no explanation
regarding the development of these factors. Thus, afull understanding of what the
author intended the factor to represent is difficult.

The geometrics variable is the next factor included in the model. This variable was
intended to quantify the traffic maneuver complexity of the intersection. The
number of lanes and type of lane are the predominant variables included in this
factor, with aright-turn lane being given the highest value of 0.75. This probably
reflects the fact that the provision of such alane for motor vehicles produces a
weaving situation for motorists turning right and bicyclists proceeding through the
Intersection. Restricted sight distance and substandard curb radii are al'so geometric
variables that should be considered as part of the factor.

The last factor in the intersection model is the signalization factor. These factors
are intended to indicate how signal operations at a specific intersection may impact
upon the safety of the bicyclists. If asignal is actuated, it is considered to have a
negative impact on bicycling safety resulting from the fact that bicyclists often
cannot be detected by the detection loops.18 This fact, in turn, can result in the
bicyclist crossing against the light and putting him or herself in a dangerous
situation. If the clearance interval is sub-standard, i.e., not long enough for
bicyclists, avalue of 0.75 isused. A value of lessthan 4.0 sis considered
substandard in the model. Finally, if permissive left turns are allowed or if
right-turn arrows are present, conditions are present that may require motorists to
yield to bicyclists, which may create a hazardous situation.

A case study using the developed models was conducted in Chattanooga,
Tennessee. A total of seven roadways consisting of 21 uniform segments and 29
major intersections were included in the study. The appropriate indexes were
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computed for each segment and intersection and then combined to form the overall
index rating (BSIR) for each roadway. The ratings produced for the seven
roadways ranged from 4.46 to 6.54. Relative comparisons were made between each
individua rating and the other six ratings. On the basis of the author’ s knowledge
of the roadways selected and the ratings produced from the models, a classification
scheme was devel oped to define bicycle operation based on the BSIR values (see
table 20). Of the seven roadways included in the case study, two were classified as
"good," three were classified as "fair,” and two were classified as "poor."

Table 20. Rating classifications for the bicycle safety index rating (BSIR).3

Index Classification Description
Range
Oto4 Excellent Denotes aroadway extremely

favorable for safe bicycle operation.

4t05 Good Refers to roadway conditions il
conducive to safe bicycle operation,
but not quite as unrestricted asin the
excellent case.

5t06 Fair Pertains to roadway conditions of
marginal desirability for safe bicycle
operation.

6 or above Poor Indicates roadway conditions of
guestionable desirability for bicycle  |Asnoted
operation. by the
author,
these indexes are not definitive values, but instead assign general designationsto
roadways that can be used in determining bicycle routes, preparing bicycle maps,
or prioritizing improvements for bicycling. While this study provides a good
starting point for examining specific variables that may be important to bicycle
operations, it was not able to conclusively define how important specific variables
were to either bicycle safety or operations. First, there was no bicycle accident
analysis conducted on any of the segments included in the case study. Thus, the
term bicycle "safety” index rating is misleading. While there is no argument that
many of the factorsincluded may impact upon the safety of bicyclists operating
concurrently with motor vehicles, the validation of how these factors actually
impact upon safety was not performed. Second, the classification scheme
developed was based entirely on the relative differences in the indexes produced
and the author’ s knowledge of the routes. This method of developing a
classification scheme is problematic from the standpoint that: 1) it relies on the
subjective judgment of the author to establish the scale of what is considered
excellent, good, fair, or poor; and 2) the classification scheme may not be
transferable to other cities or even other locations within the city since the relative
differences between the sites used played alarge part in establishing the scheme.

Finally, there is the problem of combining the results from the two submodels into
asingle rating. Since the final result was ssmply an average of all intersection and
segment values produced for the roadway, it was assumed that roadway segments
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are equivalent to intersectionsin terms of safety or operational difficulty for the
bicyclist. Recent work has shown that 50.4 percent of al bicycle accidents occur at
intersections or are intersection related.19 An additional 21.4 percent of the bicycle
accidents occur at other types of junctions, such as driveways. These results
indicate a need to perhaps weight intersections significantly more when combining
results. It is aso possible that the two scenarios, intersections and segments, cannot
be combined; they are simply too different in terms of the maneuvers required, the
type and number of conflicts encountered, and the overall geometric and
operational conditions.
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Florida roadway condition index

In 1991, the bicycle programs in Broward County and Hollywood, Florida, were
interested in developing objective ratings for their roadway system as it related to
bicycle operations. The BSIR, discussed above, was used as the eval uation tool with
some minor changes. First, only the roadway segment portion of the BSIR was used
in the evaluation. Intersections were not rated as part of this effort, and each
roadway segment between two intersections maintained a single rating (i.e., ratings
for two or more roadway segments were not combined into a single weighted
value). Second, the values used for some of the pavement and location factors were
modified in an attempt to reduce the weight of these factors within the model. An
examination of the results from the Chattanooga case study revealed that, on
average, the pavement and location factors accounted for 30 percent of the BSIR.
Therevised values are shown in table 21.3

Table 21. Modified pavermnant and location factors usad
ri the Florida roadway condibion indax

Pavement factors

cracking
patching
waathering
3 54
50

==

= potholes, depending on severity
=050 = rough road edge, dapending on ssvanty
= rallroad crossing
= rough of anglad ralfoad grade orossmng
= drainsge grates

[ I l'..-l wh h [ ]

l!':l l!':l [ I e T
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cation faciors

075 = angle parking

(.25 = parallel parking

.25 = nghit-turn ans {ull langth)
-0.50 = ralsad madian (sold)

=-0.35 = rargad median {lefi-turm bays)

-0,20 = cantar turn kEne

0,75 = paved shoulder ar bike lans

sEvare gracs

modarats grade

frequeant honzontal curves

restricted sight distance
rumerous cdriveways
industrial land wuss

commearceal and use

l!:l l!:l
5 - -

o I'\.Zl I:'I

- |:':| (o R R

M R 1]
noLowm

[ o

The next change was for the Hollywood model only; the model was modified to
place greater weight on those segments where narrow lanes and high motor vehicle
speeds occurred simultaneously. This was done by multiplying the speed limit term
by the lane width term. The speed limit used in the denominator was a so reduced
from 35 mi/h to 30 mi/h, again increasing the weighting of the speed factors.
Finally, the traffic volume in the denominator was increased to from 2500 to 3100,
which, in turn, reduced the weight of the traffic volume factor. The resulting model
was termed the roadway condition index (RCI), reflecting the fact that it was an
indicator of conditions rather than a predictor of crashes, and took the form shown
in table 22.
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Table 22. Roacway condition index (RCI) modal, =
RCI = AADTA3100L) + 530 + {[S20(14- W2} + PF + LF

where
AADT = avarage annual daily traffic W = outsida |ans widthim it (uss 1400 = 14 1)
L = numbar of travsl lanes PF = pavament factor
S = spaad limil (mih) LF = location factar

Since Hollywood is located within Broward County, a number of roadways were
rated using both models. Percent differences in the actual values produced ranged
from O to 19 percent, with the modified BSI model, used in Broward County,
normally producing higher values than the RCI model, used in Hollywood. As noted
by the author, the RCI model was more sensitive to changes in lane width and speed
and less sensitive to changesin AADT. This effect should have been expected
considering the modifications made to the model.

One goal that was achieved in the results from both models was the reduction in the
contribution of the pavement and location factors to the overall rating. In Broward
County, the modified BSIR, which included only changes in the values assigned to
the various conditions, resulted in an 11 percent contribution to the index rating by
both factors. In Hollywood, the two factors contributed only 9 percent to the RCI
rating.

An attempt to use the RCI model to predict crashes was also undertaken. Bicycle
crashes over a 20-month period in Hollywood were linked to specific roadway
segments and ranked from one to five, depending on severity (with five being fatal).
Sums were computed for each segment and divided by the length of the segment,
resulting in an accident frequency per mile weighted by severity. The analysis
conducted showed the RCI model to explain only 18 percent of the variation in the
crash scores between roadway segments. The first reason for this poor result may
simply be the means by which the crash measure was expressed. A much better way
to describe the crash would be in terms of "per bicycle miles ridden” or "per number
of motor vehicle encounters per mile" or some other exposure measure. The lack of
bicycle exposure data on the roadway segments was the principal reason noted by
the authors in explaining the poor results of the analysis.

In 1993, the RCI model was modified and applied in Dade County, Florida (see
table 23). The only variable not previously defined is HV, which is the percentage
of heavy vehiclesin the traffic stream and is expressed as a decimal. The values and
descriptive terms for the pavement and location variables were simplified. The
pavement surface was rated as either excellent, good, fair, or poor and assigned
valuesof 0, 1, 2, and 3, respectively. The location factor was defined solely in terms
of cross-traffic generation, which was either little, moderate, or heavy with values of
1, 2, and 3, respectively.

Tabla 23. Modiied roadway condition index (MBCI) modal.

MACI = [AADTH3100L{S30)( 14MW)[1.801 + HVI][1 + (0.03PF) + {0.020F)]
winans:
AADT = average annual daily traffic PF = pavemeant factor
L = number of travel lanas LF = lozafion factor
S = spead il [milh) HY = parcantage of heavy vehicles
W = curh lare widlth m it {usa 14 0 = 14 1t}
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The change in the arrangement of terms in the model produced similar valuesto the
previous version, but changed the weighting of terms within the model. The
pavement and |location factors in the modified version were less of afactor in the
overall index. Additional roadway width beyond 14 ft was now included in the
pavement width term as a positive factor. Finally, the terms for lane width, speed,
and traffic volume were multiplied in an attempt to increase the interaction between
the terms, which is more representative of the real world. This multiplicative format
also allowed for the use of an exponential scalar. The value of 1.8 was used in the
model to accentuate changes in the index at the top and bottom of the ranges, which
improved the fit to low-volume roads while not significantly affecting higher
volume locations. Even with the changes in assigned values and modifications to
the model equations, there was still the need to interpret the index ratings produced
by the various models and develop a classification scheme to identify the various
levels at which roads were and were not compatible for bicycling operations. As
with the BSIR, this development of such a scheme seemed to be subjective, based
on theindividual or collective knowledge of bicycle researchers, coordinators, and
possibly others, and the relative results produced by the models. For the RCI model,
the classification scheme was simply shifted down by one number from what had
been developed for the BSIR model (see table 24). The descriptions for the
classifications remained the same as previously shown in table 20. For the MRCI
model used in Dade County, the classifications as well as the descriptions were
modified. A roadway segment with a value between 0 and 4.0 was determined to
provide an adequate level of service for less experienced bicyclists or children. A
rating of 5.0 or lower was considered to provide an adequate level of service for
more experienced bicyclists.

Table 24, Comparison of the bicycle safaety
index rating {B3IR} model and the roadway
condtion index (RCH maodel, =

BSIH Rl
Indax I e Classrfatwn
Ranga Range
0tod O3 Excellamnt
4o 5 3 d Good
S toE 405 Fair

& or above 5 or abova Poor
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Bicycleinteraction hazard score

The interaction hazard score (IHS) was the next model developed and was based
heavily on the prior models.# The model was developed in an attempt to overcome
two problems noted with the previous models: 1) the substantial subjectivity usedin
estimating the values of some of the variables, and 2) the lack of consideration of
the exposure variables. It is not clear what is meant by exposure. This could be the
level of bicycling on a particular roadway, expressed as a volume or number of
bicycle milesridden, or it could be the number of hazards to which the bicyclist is
exposed along aroute.

In deciding which variables to include in the model, all on-road bicycle interactions
were divided into two distinct groups. The first group was termed the "longitudinal
roadway environment" and included variables that affect the bicyclist’s perception
of hazard. Variablesin this group included volume, speed, and size of the motor
vehicles using the shared roadway, proximity of the bicyclist to these vehicles, and
pavement condition of the travel lane for the bicyclist. The second group was
termed the "transverse roadway environment" and included variables that represent
uncontrolled vehicular movements that may present a hazard to the bicyclist on the
shared roadway. Variablesin this group included frequency of driveways and
on-street parking presence and turnover.

Combining some of the terms from the prior models with some additional termsto
account for the variables just mentioned, the IHS model took the form shown in
table 25.

Table 25. Interaction hazard score (IHS) model,  “

IHS = {(ADTL)(140W) # [a,{S/30K1 + %HV) + 8,PF] + a,LUICCF)}10

whara:

ADT = avarage dally traffic. PF = pavaemant facter {the reclprocal of the
FHWA Highway Performance Monitoring System
PAVECOM factor, where:

5.0 = vary good - only new or nearly new

pavements are likely o be smooth enough

and fres of cracks and palchas lo gualty for

this category.

4.0 = good - pavement, sithough not as

solh as hoss descnibad above, gives a

L =total numbear of through lamnss.

W = usable width of the autside through lana (1),
including the width of any bike lanes; measured
fram the pavamant adge of gutler pan o tha
canter of the lane ine or center line

HY = parcantage ol heavy vehedes, expressad as
a dacimal.

a, - a, = callbrabon coslficients inrtially egqual 1o
uruty.

LU = land usa {intensity) adjoinng the road
sagmant (commearcial = 15 (whan 20 percent or
mare of the land is developed as something other
than residential of agnoultural); noncommardal =
1)

COF = curb cut or on-strest parking frequency {a
measure of uncontrolled aceess, ie,, urbulence

per unit destancal.

5 =gpaed hrmit {muh).

first-class ride and exhibits sions of surface
detanoration

3.0 = fair - nding qualities are noticeabhy
nfierior i those above, may ba baraly
tolersble for high-speed raffic. Dafects may
mnchuds rutling, map cracking., and axtensmnea
patching

2.0 = poor - pavements have deterorated o
such an axient that they affact the spasd ol
frec-flow traffic; flexible pavement has
distress ovear 50 parcent of mora af the
surface; ngid pavemeant distress inchudes
ot spalhng, pakcheng, afc.

1.0 - vary poor - pavements that ars In an
extremely detericrated condition; distress
ooours over 75 percant of more of the
surface

Once the model was developed, baseline conditions for atwo-lane minor arterial
were used for calibration. Coefficients for a,, a, and ag were established to be 0.01,
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0.01, and 0.024, respectively. These coefficients resulted in the speed factor
producing 79 percent of the model’ s value. The pavement condition factor and the
land use/curb cut factor produced 13 percent and 8 percent of the equation’s value,
respectively. A sensitivity analysis was also conducted to show how changesin a
specific variable affected the overall value of the model. This analysis was
performed for each variable and compared with the baseline conditions established
for the two-lane minor arterial. The author concludes that the values established for
the coefficients and the results of the sensitivity analysis are valid on the basis of
interviews with bicyclists and group meetings. However, no results from any of
these meetings or interviews were provided to assess the actual validity. Thus, it
appears that the goal of eliminating subjectivity from the modeling process was not
totally achieved within the IHS. It is also not clear whether the goal of increasing
consideration for exposure was met. As previously noted, the author did not
explicitly define exposure. If the goal was to improve the use of bicycle exposure
measures within the model, such as bicycle volumes, the model was unsuccessful.
However, if exposure was defined as potential hazards to the bicyclist, then the
model did tend to include measures that were directly applicable and more
objective when compared with previous models.
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Conclusions

All of the models discussed here were good attempts at trying to define
bicycle operations (and sometimes safety) under varying roadway
conditions. Altogether, there were five different models described, with each
one building on what had been done in the previous efforts. As each
successive model was developed, there seemed to be a desire to remove the
subjectivity from the process. Unfortunately, this was never totally achieved.
In all cases, there was the need to interpret the various indexes produced and
decide what the breakpoints were that separated a roadway with good
bicycling operations from one that was excellent or fair or poor. The means
of accomplishing thisin each case was to produce the index ratings,
examine them in relation to each other and, based primarily on the "street"
knowledge of the author with regard to which roadways he thought were
good and bad for bicycling, establish the subjective breakpointsin the
classification scheme.

It should be noted that the authors did recognize the need to further validate
their work. The primary suggestion from two of the authors was to
incorporate the opinions of bicyclists regarding perceived hazards and riding
comfort.34 Several means of accomplishing this goal were suggested,
including:

1. having bicyclists actually ride on a number of different roadways,

2. having bicyclists complete questionnaires or participate in roadside
interviews designed to quantify different types of hazards;

3. having the bicyclists view videotapes of different roadway segments
and evaluate them in much the same way as they would if they were
riding the segment.; or

4. observing which routes bicyclist choose in going from an originto a
destination and how long they are willing to ride on each specific
roadway segment.

In this research effort, it was the video technique that was adapted from
prior work by Sorton and Walsh and validated as discussed in chapter 2.
Another research effort recently conducted adopted the approach of having
bicyclists ride in the roadway on a limited number of segments.20 Asin this
effort, the subjects in that study also provided "comfort” ratings on a
six-point scale for each of the segments ridden, exclusive of intersections.

The bicycle level of service (BLOS) model developed from the bicyclists
surveysis shown in table 26. The model had an R2-value of 0.73 and
incorporated a number of variables related to geometrics, operations, and
trip generation characteristics. While there are some differences between
this model and the BCl model with respect to significant terms, the primary
terms of width, presence or absence of a bicycle lane, traffic volume, and
motor vehicle speed, are present in both. However, the BLOS model
contains a number of additional variables that would not be readily available
to most practitioners (e.g., pavement condition rating and detailed land-use
information); obtaining such data could be cost-prohibitive for some
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agencies. The BCl model developed in the current research study attempted
to be sensitive to this issue, and thus minimizes the amount of additional
datathat may be required.

Table 26, Bicyde level of service (BLOS) model, &

BLOS = a InfVol ) + a,In(SPD [ 1+%HV)) + a,n(COM1SNCA) + a,(PC.* + adW,)* + C

Wl

BLOS = perceived hazard of the shared roadway emironment

Wal,, = yolums of dirsctional traffic mn 15-mm Umes period

L = ftotal number of through lanes

SPD, = poskad spaed imil [a surragals for average runnning spead)

HW = percentage of heavy vehides (as defined in the 1934 Highway Capacity
Marual)

COM15 = Inp genaralion inkensity of e land uss adjoimng the road ssgmant
istratified to a commercial inp generation of "157, multiplied by the
parcantage ol the sagmeant with adjoining commearaal land devalopmend.

MNCA = affective frequency per mile of non-controlled vehicular access (e.q.,
dr veways and'or on-streal parking spaces)

PC, = FHYWA's five-point pavement surface condition rating

W, = avfarage atfaclive width of cutsids through lana:

= W+ {PC/PCW,) - GW,

whera:

W, = total width of sulsde lane {and shouldar) pavamant

W, = width of paving betewsan the ouiside lane stnpe and the edoge
of pavamant

W = widkh {and frequency) of encroachments in the outside lane,

=W, "% of sagment with on-strest parking +(W, N/G6L,)

Whare:

W= wicth of pavement occupied by on-street parking
acinily

W= averaged width of stormwater grates

M = mumbsr of grates on the sagmant

L. = length of the segment

L = COrvElan

One of the major differences between the BCl model and the BLOS model
Istheinclusion of the term pavement condition in the BLOS model. The
developers of the model insist that this variableis critical to determining the
guality of service for bicyclists. The authors of this report do not disagree
with that statement, but take the position that bicycle routes should not be
established on the basis of that criterion. Instead, the geometric and
operations variables identified as significant in the BCl model should be
used for establishing bicycle level of service and subsequently appropriate
routes. The surface quality of those routes on the bicycle network should
then be maintained to minimize hazards and provide a quality ride for
bicyclists.
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Summary of results

The primary objective of this research effort was to develop an instrument that
would allow bicycle coordinators, transportation planners, traffic engineers, and
others to evaluate the capability of specific roadwaysin their communitiesto
accommodate both motorists and bicyclists. The tool developed isthe bicycle
compatibility index (BCI), which incorporates the geometric and operational
variables considered by adult bicyclists to be important in terms of their comfort
level when riding on streets in the presence of motor vehicle traffic. Note: The BCI
model is not necessarily appropriate for evaluating the compatibility of roadways
for youth bicyclists.

The approach used in developing the BCI was to obtain the perspectives of
bicyclists by having them view numerous roadway segments captured on videotape
and rate those segments with respect to how comfortable they would be riding
there under the geometric and operational conditions shown. The reliability of the
results obtained using this video technique of data collection with respect to
reflecting on-street comfort levels was validated in a pilot study (see chapter 2).
The procedure used offered several advantages over other forms of data collection,
including minimizing the risk to bicyclists, maximizing the range of roadway
conditions to which the bicyclists could be exposed, and controlling the variables
evaluated by the bicyclists.

Using the perspectives of over 200 study participants in three locations (Olympia,
WA; Austin, TX; and Chapel Hill, NC), the BClI model was developed for all
bicyclists, as shown in table 16 (see appendix D for the equivalent English units
version of the model). This model predicts the overall comfort level rating of a
bicyclist using the eight significant (at p < 0.01) variables shown and an adjustment
factor (AF) to account for three additional operational characteristics. The basic
model (excluding the adjustment factor) has an R2-value of 0.89, indicating that 89
percent of the variance in the index or comfort level of the bicyclist is explained by
the eight variables included in the model. In other words, the model isareliable
predictor of the expected comfort level of bicyclists on the basis of these eight
variables describing the geometric and operational conditions of the roadway. The
variable with the largest effect on the index is the presence or absence of abicycle
lane or paved shoulder that is at least 0.9 m wide (BL ); the presence of abicycle
lane (paved shoulder) reduces the index by amost afull point, indicating an
increased level of comfort for the bicyclist. Increasing the width of the bicycle lane
or paved shoulder (BLW) or the curb lane (CL W) aso reduces the index as does
the presence of residential development along the roadside (AREA). On the other
hand, an increase in traffic volume (CLV and OL V) or motor vehicle speeds
(SPD) increases the index, indicating alower level of comfort for the bicyclist. The
presence of on-street parking (PK G) aso increases the index.

In addition to the primary variables included in the BCl model, three additional
variables defining specific operating conditions were also examined. These
supplemental variables were identified during the pilot phase of the study as having
a potential impact on the comfort level of bicyclists and included the presence of:

1) large trucks or buses, 2) vehicles turning right into driveways or minor
Intersections,
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Table 1&. Bicycle Compatibility Index (BCI) model, varisbie definitions, and adjustment factors,

BCl = 367 - 096681 - 0.4108LW - . 498CLW + 000RCLY + 00MMOLY
+ Q0225PD0 + 0.508PKG - 0.264AREA + AF

wihene;
BL = presence of a ioyde lane or paved PHG = presence of a parking lane with mora
shoulder = 0.9 m than
no =0 30 percent oocupancy
yes = 1 e =0
wes =1
BLW = bicyela lane {or paved shouldad) widih
m (i the nearest tenth) AREA = type of madeide developmeant
rasicential = 1
CLW = curb lans walh alifer type =0
m (o the nearast tenth)
AF = fi+f o+
CLV = curb lane volume
YRR N omne drsclion wheare
OLY = other lanels) volume - same direction f,= adustment factor for truck wolumes
vph {uae below)
SPD = 851h percemlile spead of tralhc f, = adjustment factor for parking tumaover
kmh (=88 below)
f,= adjustment factor for righi-tum volumes
{zoe below)

Adjustment Faslors

Haourly Gurk Lane Parking Timea
Large Truck Valume f, Lirriit §rmie) i
=120 (.5 =15 0.6
60 - 113 ud 16 - 30 0.5
30-59 0.3 31 - 60 0.4
20-29 0.2 g1 -120 0.3
0-19 LR 121 = 240 02
= 0 0.0 2414~ 450 0.1
= 480 0.0
Haurly Right-
Turm Yolume 2 To
= 270 0.1
< 270 0.0

" Large trucks are defined as all vehicles wilh six or mora tires,
“ Includes total number of fght tums into drivewsays or minor intersections along 3 roadway segment,

1Largetrucks are defined as all vehicles with six or moretires.

olncludes total number of right turns into driveways or minor intersections along a
roadway segment.

Or 3) vehicles pulling into or out of on-street parking spaces. An analysis of the
overall comfort level ratings made when viewing video clips illustrating these
conditions showed all three of these variables to significantly increase the comfort
level rating, thus indicating a lower level of comfort when these conditions were
present. For all bicyclists, the overall mean rating increased by 0.50 when large
trucks or buses were present. When there were vehicles pulling into or out of
parking spaces, the average rating increased by 0.60. And finally, the presence of
right-turning vehicles resulted in an increase in the mean rating of 0.10
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While the presence of these three specific operating conditions was not evaluated
across al possible combinations of geometrics and operations, the results of the
limited sample do indicate a need for adjustment to the BCl model when large
trucks or buses are present, when there is a high number of vehicles pulling into or
out of on-street parking spaces, or when there is a high volume of right-turning
vehicles. Thus, a series of adjustment factors that can be added to the model have
been developed for each of these scenarios (see table 16). These factors were
developed on the basis of the theory that the conditions shown to the survey
participants represented worst-case scenarios and, subsequently, the increase in the
overall mean comfort level rating represented the maximum adjustment that would
be required (see chapter 4 for a detailed discussion).

It should be noted that one variable not included in the devel opment of the BCI
model was the grade of the roadway. Results from a preliminary effort showed that
changes in grade of 2 percent or less were not distinguishable on the video. The
advantages of using video, which included not exposing bicyclists to high-risk
conditions, incorporating a much larger sample of sites, and controlling specific
variables to ensure that all subjects were exposed to identical conditions, were
believed to outweigh the absence of this one variable. It is also believed that the
variables having the most significant effect on the bicycle compatibility of a
roadway have been included in the BCI model. Specifically, the variables of width,
speed, volume, and on-street parking were shown to have the greatest impact on
theindex. At thistime, the impact of grade relative to these and the other
significant variables included in the model is unknown but may be determined in
future research efforts.

Once the BCI model was developed, bicycle level of service (LOS) criteriawere
established on the basis of the distribution of the participants’ mean comfort level
ratings. Currently, there are no LOS criteria provided in the Highway Capacity
Manual. However, the definition of the LOS according to the manual is founded on
the concept of users’ perception of qualitative measures that characterize the
operational conditions of the roadway. Two of the terms used in the manual to
describe LOS are comfort/convenience and freedom to maneuver; both of these
items are applicable to bicyclists and are directly reflected in the BCI since the
rating scale used by the study participants was a direct indication of comfort level.
Thus, using the distribution of participant comfort level ratings across all sites
included in this study, L OS designations were established for LOS A through LOS
F, asshownintable 17. LOS A (represented by an index £ 1.50) indicates that a
roadway is extremely compatible (or comfortable) for the average adult bicyclist
while LOS F (represented by an index > 5.30) is an indicator that the roadway is
extremely incompatible (or uncomfortable) for the average adult bicyclist.

In developing the BCl model, several other issues were addressed, including the
effect of bicycling experience level on perceived comfort levels. Using the results
from a questionnaire completed by the participants, the bicyclists were stratified
into three groups based on their riding habits such as number of bicycle trips/wk
and types of facilities used (e.g., major roadways vs. bicycle paths). A comparison
of the comfort level ratings of these three groups showed that " casual recreational”
bicyclists produced a significantly higher overall mean comfort level rating (3.1)
across al sites than "experienced recreationa™ or "experienced commuter”
bicyclists (2.7 and 2.6, respectively). As aresult of these differences, separate BCI
models were produced for each of the three groups in addition to the model for all
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bicyclists (see table 8 in chapter 4). However, in real-world applications, it is most
likely that bicyclists of all experience levels will ride or have the opportunity to
ride on any given segment of roadway. Thus, it is recommended that the BCI
model developed for all bicyclists and shown in table 16 be used without
modification for most applications. The L OS designations shown in table 17
wer e developed on the basis of thismodel and thus, are only applicable to
results produced with the " all bicyclists® model. Thus, use of the model for
casual recreational bicyclists or other specific groups of bicyclistsin conjunction
with these LOS designations is not appropriate.

Table 17, Bicyde Compatibility Index (BCl) ranges
asancigted with level of service (LOS) designations
and compatiblity level qualifiers,

LOS | BCI Range | Compatibility Level '
< 1.50 Extremaly High

1581 -2.30 | Very High

2.31 - 3.40 | Madarately High

341 - 4,40 | Moderately Low

4.41 - 530 | Very Low

Mmoo |0 |@ | =

= 5,30 Extremely Low

' Qualifiers for compatitality lavel pertan to the
average sdult bicyclist

1Qualifiers for compatibility level pertain to the average adult bicyclist.

Instead, a different approach that can be used to ensure that facilities meet the
desired comfort levels of casual bicyclistsisto simply design for a higher level of
service. As noted in chapter 4, the casual bicyclist model islikely to result in BCI
values that are 0.14 to 0.38 greater than the model for all bicyclists. The difference
in BCI values between LOS designations are, on average, 1.0 (seetable 17). By
designing for a higher LOS (e.g., LOS B rather than LOS C) on afacility known to
produce a high number of casual bicyclists, the necessary comfort level for this
group of bicyclists can be achieved with the model for all bicyclists. It should be
noted that wher e casual bicyclists are expected, the facility should always be
designed at LOS C or better.

Another issue addressed was that of possible regional differencesin the perceptions
of bicyclists. If bicyclistsin different geographical regions of the country perceive
comfort levels differently, then separate models would need to be developed to
reflect these differences. An analysis of the comfort level ratings across subjectsin
the three survey cities showed no differences in the mean comfort levels for the
four variables rated (speed, volume, width, and overall). Thislack of differences
indicates that the perceptions of individuals with respect to bicycle compatibility
are the same in the three regions where the survey was conducted, and that the BCI
model should be applicable across all regions of the country.

It isimportant to note again that the BCl model developed isfor midblock street
segments only and is primarily intended for use on "through" streets. In other
words, the ratings do not account for major intersections along the route where the
bicyclist may encounter a stop sign or traffic signal. A secondary objective of this

research effort was to apply the developed methodology used for rating midblock
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roadway segments to intersections and assess whether such an approach was valid
for rating the bicycle compatibility of intersections. In alimited effort, bicyclists
were asked to rate a series of intersections with respect to how comfortable they
were riding through the intersection in the presence of right-turning traffic. The
relationship between these ratings and the geometric and operational conditions of
the intersection was determined through regression modeling. By including only
those variables or combinations of variables that were significant (at p £ 0.01), the
following model (R2 = 0.81) was devel oped:

BClnT)=2.22-0.76BL + 0.49SHIFT + 0.003RVOL + 0.001TVOL

Similar to the BCI model for midblock segments, the variable having the greatest
impact was the presence or absence of abicycle lane (BL) on the approach to the
intersection. The presence of such alane dramatically reduces the index value,
indicating a higher level of comfort. The remaining variablesin the model all
produce increases in the index, indicating alower level of comfort, with the most
significant of these conditions being when a bicyclist has to shift to the left across
an auxiliary right-turn lane to proceed straight through the intersection.

Overall, the results of thislimited effort for intersections was positive and showed
that the video methodology used to obtain bicyclists' perspectives can be areliable
means for producing a compatibility index for intersections. However, future
research needs to be conducted in which the scope of the study is expanded to
include the full range of possible intersection maneuvers by bicyclists and the full
range of geometric and operational conditions that can be expected in
urban/suburban settings.
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Conclusions

The BCI model and the subsequent L OS designations provide bicycle
coordinators, transportation planners, traffic engineers, and others the
capability to assess their roadways with respect to compatibility for
shared-use operations by motorists and bicyclists. The tool also allows
practitioners to better plan for and design roadways that are bicycle
compatible. Specifically, the BCI model can be used for the following
applications:

» Operational Evaluation - Existing roadways can be evaluated using the
BCI model to determine the bicycle LOS present on al segments. This
type of evaluation may be useful in several ways. First, abicycle
compatibility map can be produced for the bicycling public to indicate
the LOS they can expect on each roadway segment. Second, roadway
segments or "links" being considered for inclusion in the bicycle
network system can be evaluated to determine which segments are the
most compatible for bicyclists. In addition, "weak links" in the bicycle
network system can be determined, and prioritization of sites needing
Improvements can be established on the basis of the index values.
Finaly, alternative treatments (e.g., addition of abicycle lane vs.
removal of parking) for improving the bicycle compatibility of a
roadway can be evaluated using the BCI model.

* Design - New roadways or roadways that are being re-designed or
retrofitted can be assessed to determine if they are bicycle compatible.
The planned geometric parameters and predicted or known operational
parameters can be used as inputs to the model to produce the BCI value
and determine the bicycle LOS that can be expected on the roadway. If
the roadway does not meet the desired LOS, the model can be used to
evaluate changes in the design necessary to improve the bicycle LOS
(see exampl e below).

* Planning - Data from long-range planning forecasts can be used to
assess the bicycle compatibility of roadways in the future using projected
volumes and planned roadway improvements. The model provides the
user with a mechanism to quantitatively define and assess long-range
bicycle transportation plans.
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Application example

Provided below is a brief example of how the BCl model can be applied in the assessment of design
aternatives for aroadway that is being planned for reconstruction. A minor arterial that connects a
suburban areato the major arterial used for commuting into and out of downtown is being widened from
two lanes to four because of a projected increase in volumes. The development along the roadsideis a
combination of retail businesses and light commercial industries. The current average annual daily traffic
(AADT) on the roadway is 10,000 vehicles per day (vpd) with 2 percent truck traffic, and the projected
AADT infiveyearsis 16,000 vpd with the same percentage of trucks. Motor vehicle speeds on the facility
currently have an 85th percentile of 50 km/h; with the additional lanes, this value is expected to increase
dlightly to 55 km/h. The original proposed highway department design (see figure 21) within the 20.0-m
right-of-way included 3.6-m wide lanes, a 1.0-m wide planting strip on each side, and 1.8-m wide
sidewalks. No paved shoulders or bicycle lanes were included in the design.

Total Right-of-Way = 200 m Total Right-of-Way = 20.0 m
& 3.6 3.6 3.6 3.6 1.8 1.8 L 4.6 | 3.6 I 3.6 | 1.6 |1.B
(—)-I bbr—)l(—bll(—)/l |-(—)~ - :l-.. ."-'lli :li ..‘-'Ili ..-li -
4 1.0 1.0
: I I I I
= ) ) = = =
% Qriginal % g men;(:u_rh g
o Proposed Design = = ! ane vesign \ £
I I I I
: | | | |
d V\\l\ / 1 1
Planting Strp
i Total Right-of-Way = 20.0 m N
1.8 | 3.6 34 |, 34 36 /J 1.5
1.2 | I 1.2
I I
= i =
Mate: Al dimenszions are in meters. % Bicycle Lane g
Design
° . o
0 [
I I
I I
\ /
Bicycle Lane

Figure21. Proposed geometric design options for the reconstruction of a minor arterial.

Using the BCI model, the bicycle LOS for the proposed route can be determined as follows. First, the
projected AADT of 16,000 vpd must be converted into an hourly volume. The highest hourly volume on
this roadway is during the peak hour with 10 percent of the AADT (1,600 vehicles) traveling in both
directions during this hour. It is aso known that the directional split during the peak hour is 70/30, i.e., 70
percent of the vehicles are traveling in one direction during the peak hour. Thus, 1120 vph (0.7 x 1600) is
the directional volume to be used. Since this volume will be distributed across two lanes with 60 percent of
the traffic in the curb lane, two final calculations are made to determine the lane volumes as follows:

Curb lane volume (CL V)
=1120x 0.6 =672
Other lane volume (OL V)
=1120x 0.4 = 448

Table 18. Bicycle Compatibility Index (BCI) computations and levels of service (LOS) associated
with the geometric design optionsin the example.
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BCI Model Variables BCI LOS
Design
Option
BL | BLW |CLW |CLV |OLV | SPD | PKG | AREA | AF
Original 0 0.0 3.6 672 448 55 0 0 0.1 471 E
Proposal
Wide Curb 0 0.0 4.6 672 | 448 55 0 0 01 | 421 D
Lane
Bicycle 1 1.2 3.6 672 | 448 55 0 0 01 | 3.24 C
Lane
Calculations

Design 3.67 - 0.966BL - 0.410BLW - 0.498CLW + 0.002CLV + 0.00040LV + 0.022SPD +
Option 0.506PK G - 0.264AREA + AF
Origina 3.67 - 0.966(0) - 0.410(0.0) - 0.498(3.6) + 0.002(672) + 0.0004(448) + 0.022(55) +
Proposal 0.506(0) - 0.264(0) + 0.1
Wide Curb | 3.67 - 0.966(0) - 0.410(0.0) - 0.498(4.6) + 0.002(672) + 0.0004(448) + 0.022(55) +
Lane 0.506(0) - 0.264(0) + 0.1
Bicycle 3.67 - 0.966(1) - 0.410(1.2) - 0.498(3.6) + 0.002(672) + 0.0004(448) + 0.022(55) +
Lane 0.506(0) - 0.264(0) + 0.1

Thetruck traffic on the roadway was projected to be 2 percent of the AADT. Using the same assumptions
for directional splits and lane distributions, the number of trucks per hour in the curb lane becomes 13
(0.02 x 672). From table 16, the adjustment factor (f;)for thislevel of truck volumeis0.10.

Using this information and the other data provided, the BCI for the original proposed design was
computed as shown in table 18. The calculated BCl was 4.71 which, based on the LOS criteria shown in
table 17, resultsin abicycle LOS E or avery low level of compatibility for bicycling.

Since this particular roadway presently accommodates a fair volume of commuting bicyclistsand is an
important link in the bicycle network, it is desired to provide bicycle LOS C or better. Thus, two optional
designs are proposed that fit within the 20.0-m-wide right-of-way. The first option is the wide curb lane
design in which the planting strip is eliminated and the curb lanes are increased to 4.6 m in width; all other
dimensions remain the same. As shown in table 18, thisdesign resultsin a BCI of 4.21, whichis
equivalent to LOS D and indicates a moderately low level of compatibility for bicycling. While thisisan
improvement, it does not increase the LOS to the desired level.

The second optional design incorporates a 1.2-m-wide bicycle lane, as shown in figure 22. Again, the
planting strip has been eliminated and the original sidewalk width is maintained. The curb lane widths of
3.6 m are also maintained, but the interior lanes are reduced slightly to 3.4 m. The BCI for this option is
computed to be 3.24, as shown in table 18. This value equatesto LOS C, which indicates a moderately
high level of compatibility for bicycling and meets the desired bicycle L OS requirements for the roadway.

This example was provided to illustrate the practical use of the BCl model in evaluating aternative
designsto ultimately arrive at a design that could be considered "bicycle friendly.” Other examples
associated with various aspects of planning and design issues as well as detailed instructions on how to
apply the model can be found in the companion report to this document, titled The Bicycle Compatibility
Index: A Level of Service Concept, | mplementation Manual.
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Site selection

The sites selected for the intersection study were located in several of the
same cites as the selected roadway segments. As with the midblock
roadway segments, a matrix (seetable 14) that stratified severa of the
geometric and operational variables was developed to ensure that the
sites selected represented the range of variables a bicyclist may
encounter in performing this maneuver in an urban or suburban
environment. The bicycle lane facilities were separated from the
standard/wide curb lane facilities and the right-turn traffic volumes
were separated into two categories. Another stratification variable used
for those facilities with a bicycle lane on the approach was whether or
not the bicyclist had to shift to the left, across an auxiliary right-turn
lane, to travel straight through the intersection. The number of sites
selected in each of the cellsis shown in table 14, with the total number
being 19. Shown in figure 17 are four of the intersection sitesillustrating
the range of conditions included in the evaluation.

Table 14. Mumber of sites selacted for the
intersection study siratified by righi-tum volume
and type of approach lane,

Right- Type of Approach Lamns

Tum StandardWid Bicycle Lana
Volume & Gurb Lana

=270 3 2 4

= 270 4 4 2

' Sites in these cells ware designed such that the
thragh becydist bad o shall to the e, across an
auxiliary right-tum lane, to travel straight throwgh the
Interssction.
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High-volume,
low-speed
intersection with s
unique combined
right-turn/bicycle
lane

-

L ow-volume,
low-speed
intersection with
typical shared
through and
right-turn lanefor
motor vehicles
(i.e., no separate
right-turn lane)
and no bicycle
lane.
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Figure 17. Examples of sitesincluded in the inter section pilot study
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Data collection

The procedures followed for collecting data for the intersection locations
were similar to those followed for the midblock roadway segments (see
chapter 3). The one exception pertained to the filming of the
Intersection. For the midblock locations, the camera was positioned
along atangent section of roadway, aimed parallel to the roadway, and
set to "record” passing traffic conditions for 15 min. At the intersection,
the camera had to be positioned upstream of the intersection at a point
that would allow participants to observe the speed of approaching traffic
aswell as the lane-changing behavior of traffic into auxiliary right-turn
lanes (see figure 18). In some cases, the auxiliary lanes were extremely
long. With the camera positioned upstream of the beginning of the
auxiliary lane, it made viewing the detailed configuration of the
intersection difficult (seefigure 19). Thus, at the start of filming for each
location, the camera was zoomed out to show a close-up of the
intersection and then slowly zoomed in to the normal (non-zoom)
position for the 15 min of filming. This zooming sequence for each
Intersection was added prior to the 40-s clip used for rating the
Intersection.

Figure 18. For theintersection study, the camera was positioned
upstream of the inter section to allow participantsto observethe
approach speeds and lane-changing behavior s of motorists.

http://209.207.159.179/development/98072/ch05/ch05_02.html (1 of 2) [9/22/2000 1:37:23 PM]
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Figure 19. Siteswith high volumes of right-turning traffic sometimes
contained extremely long auxiliary turn lanes, which made viewing
the inter section proper difficult.
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Video production

The production of the video for the survey followed the same procedures
described in chapter 3 for the production of the video for the midblock
roadway segments. The only difference was in the volume counted and
used to select representative video clips. For the midblock locations, the
traffic volume of interest was the curb lane volume; for the intersection
locations, it was the right-turning traffic volume. Thus, the equation used
In conjunction with the right-turn volume counts for selecting
representative intervals was as follows:

Vit = (Virt/15 min)(40 s/60 s)
where:

V¢ = representative right-turn volume for the 40-sinterval,
and

V¢ = total right-turn volume observed during the 15 min of
videotape.
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Video survey

The video survey for the intersections included the same individuals in
the same cities who participated in the roadway segment survey. Once
the roadway segment survey was completed each evening, the
participants were provided with new rating forms and a new set of
instructions (see appendix C). They were instructed to rate each of the 19
Intersections using the same six-point scale with respect to how
comfortable they would be riding a bicycle through the intersection
shown in the presence of the right-turning traffic and the other conditions
shown.

The variables for which ratings were provided differed for approximately
half of the participants. It had been hypothesized in the early stages of
the study that the participants would make one overall comfort level
rating, and that the significant geometric and operational variables would
be reflected in that rating. This approach differed from that of having the
participants provide not only an overall rating, but ratings for other
variables believed to be important in terms of assessing the bicycle
compatibility of an intersection. In the latter case, it was possible that the
overal rating was influenced by the rating of one or more of the other
variables.

Using these two approaches, an additional experiment was carried out
within this intersection study. Approximately half of the participants
provided asingle overall comfort level rating for the bicycle maneuver in
question. The remaining participants provided not only an overall rating,
but also comfort level ratings based on four other factors. These factors
included the volume of right-turning traffic, the speed of approaching
traffic, the width or space available to them to maneuver through the
Intersection, and the clarity of signs and markings to guide the motorist
and bicyclist through the intersection.

http://209.207.159.179/development/98072/ch05/ch05_04.html [9/22/2000 1:37:24 PM]
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Data analysis

The analysis of the video survey data focused on the development of a model to
predict the bicycle compatibility of intersections with respect to the maneuver
selected for this pilot study. The objective of the analysis was to determine if the
video methodology could be applied at intersections and produce results that
could be used to assess the bicycle compatibility of intersections.

Differencesin overall comfort level ratings between subjects were examined by
computing an average overall rating score (across intersections) for each subject.
A regression tree model was then developed using the CART (Classification And
Regression Tree) procedure to identify subgroups of subjects over which the
overall ratings differed consistently.10 Independent variables in this model
included the questionnaire item responses and a variable indicating whether or
not the subject provided a single overall rating or an overall rating plus the other
four ratings.

The results of this analysis were quite consistent with those of the midblock
anaysisin that the primary subdivision of subjects was between those who made
alarge percentage of their trips for commuting purposes on major city streets
versus those who primarily rode for recreation largely on more minor streets with
less traffic and lower speeds or on bicycle paths. The average comfort ratings for
these two groups were 3.49 and 4.10, respectively. It was also of interest to note
that consistent differencesin overall scores were not found between those
subjects who provided the single overall rating versus those who also provided
the additional ratings.

As with the roadway segment analysis, regression models were used to
investigate relationships between intersection characteristics and comfort level
ratings. The geometric and operational variables collected in the field or from the
video and included in the regression modeling are shown in table 15. To estimate
the effects of these characteristics on the overall comfort level ratings, means and
variances of the overall ratings were computed for each intersection across all
subjects. A weighted regression model, where each case was weighted by the
inverse of its variance, was then developed using the mean overall rating as the
response variable and the intersection characteristics as independent variables.
Using combinations of the independent variables and eliminating all variables
and combinations that were not significant at the p < 0.01 level, the resulting
regression model is expressed as follows:

BCln) =2.22 - 0.76BL+ 0.49SHIFT
+0.003RVOL + 0.001TVOL

The variable having the greatest impact on the index was the presence or absence
of abicycle lane approaching the intersection. If abicyclelane (BL) is present,
theindex isreduced by 0.76, indicating a higher level of comfort. Another of the
significant variableswas SHIFT, which indicates if the bicyclist had to shift to
the left across an auxiliary lane to continue straight through the intersection. If
this scenario exists (see example in figure 20), the index increases by almost half
apoint (0.49), indicating that bicyclists are less comfortable when this maneuver
isrequired. The other significant variables were the right-turn volume (RVOL)
and the total approach volume (TVOL); both of these variables increase the
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index as volumes increase, again indicating a decrease in the comfort level of
bicyclists with higher traffic volumes. For each 100-vph increase in right-turn
volumes, the index increases by 0.30; for each such increase in total approach
volumes, the index increases by 0.10.

Table 15 Variables included in the regression modeling analyeis of intersections,

Variable Descrption Variabls CodesUnlts
Marms
ML Mumber of throwgh lanes in the Cine direction (1 ar 2)
direction ol trawval
OoT Mumber of fravel directions COine-way straet = 1
Two-way streal = 2
BL Presence of 3 bicyde lane Mo =0
approaching the infersecbon Yes =1
BF Presence of & bicyde pocket at the Mo =0
interaaction Yes=1
SHIFT Mead for blioydist to shift keft across | Mo shaflt required =0
an auxdiary nght-turn Ens (o Shuft requared = 1
confinue strarght through tha
interaaction
RTL Typa of right-turm lans 1= Sharad lans
2 = Mon-channehzsd auxliary [ans
3 = Mon-channelized right-tum-only lane
4 = Mon-channalizad righd-turm-
onhybicyde lane combination
5 = Channelized auxiliary lane
SPD g5l parcanble approach spead K/
RvOL Right-turn volume Hourly volume

http://209.207.159.179/development/98072/ch05/ch05_05.html (2 of 3) [9/22/2000 1:37:25 PM]

The model developed had an R2-value of 0.81, indicating that 81 percent of the
variance in the index value is explained by the four variables included in the
eguation. Thus, the use of these four variables can produce an index value that is
areliable predictor of abicyclist’s comfort level with performing the maneuver
studied, i.e., continuing straight through the intersection in the presence of
right-turning traffic. It appears then that this model is a good indicator of the
bicycle compatibility of an intersection for that particular maneuver. These results
also indicate that the use of the video methodology at intersections can be a
reliable means of developing a compatibility index for intersections. However,
more research is needed to fully develop an intersection index, including an
expansion of the scope of bicycle maneuvers and intersection characteristics.
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Figure 20. Theintersection index increased significantly (indicating a lower
level of comfort) if the bicyclist wasrequired to shift to theleft to proceed
straight through the inter section.
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Effect of bicyclist experience

In the prior research effort conducted by Sorton and Walsh, the experience level of the
bicyclist significantly affected the comfort level of the bicyclist.” For example, when
asked to rate their comfort level with respect to curb lane width (on afive-point scale),
the experienced riders produced a mean value of 3.00 while the casual riders produced
a higher mean rating of 3.34, indicating less comfort with the widths provided. Similar
results were found with respect to the motor vehicle speed and traffic volume
variables.

From these past results, it was reasonable to hypothesize that differencesin experience
levels would also be reflected in the comfort level ratings of participantsin this study.
Specifically, those bicyclists with the most experience would be most comfortable
with the geometric and operating conditions shown and thus would have lower ratings
when compared with the less experienced bicyclists.

Thefirst step in evaluating the experience levels of bicyclists on the comfort level
ratings was to produce clusters of bicyclists with similar experience. The responses to
the questionnaire completed by the participants served as the mechanism to produce
such groups. The final question on the questionnaire asked participants to classify
themselves into one of two specified categories according to their experience riding on
urban and suburban streets. A total of 60 percent stated that they were "comfortable
riding under most traffic conditions, including major streets with busy traffic and
higher speeds.”

A logistic regression analysis of this response on other questionnaire responses
indicated that the self-classification of ‘comfortable riding under most conditions’ was
positively associated with male gender, percent of cycling on mgjor streets, and miles
per week that they typically ride. With the exception of these factors, the
self-classification of experience did not appear to be related to other experience
response variables and thus was not used as the sole criterion in developing groups by
experience level.

Instead, cluster analyses were performed to determine clusters or homogeneous groups
of bicyclists. Two-cluster and three- cluster models were fitted using the centroid
method of ‘distance’ between clusters. The analyses produced clusters according to a
multivariate score based on all variables. While the definition of each cluster could not
be simply defined, the results did provide insight into which variables are most
important in terms of assessing experience level. Those variables included trip
purpose, number of trips/wk, distance ridden/wk, and types of facilities used.
Ultimately, these exploratory cluster analysis results were used as the basis for
defining three homogeneous groups (see table 6) of bicyclists as follows:

1) Experienced Commuter Bicyclists

Bicyclists in this group make the largest percentage of their trips (60 percent) for the
purpose of commuting to/from school or work. This group also rides more days/wk
than the other groups, longer distances, and makes more trips/wk. They also tend to
ride on major streets more often than the other groups.

2) Experienced Recreationa Bicyclists

Bicyclistsin this group make 80 percent of their trips for the purpose of recreation or
exercise. They tend to ride fewer days/wk than experienced commuter bicyclists but
more days/wk than casual recreational bicyclists. This same trend is also true for
number of trips/wk and distances ridden/wk. Finally, bicyclistsin this group are less
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likely than experienced commuter bicyclists to ride on major streets but more likely to
ride on bicycle paths.

3) Casual Recreational Bicyclists

Bicyclistsin this group are similar to experienced recreational bicyclists in that they
make the largest percentage of their trips (70 percent) for recreational/exercise
purposes. However, this group rides the fewest days/wk, makes the fewest number of
trips/wk, and rides the fewest number of mi/wk. This group also rides the least amount
of thelr trips on major streets and the most on bicycle paths when compared with the
other groups.

As previously described in chapter 3, each participant provided four ratings on ascale
of one (extremely comfortable) to six (extremely uncomfortable) for four variables:
width (or space available to ride), speed of traffic, volume of traffic, and overall.
Shown in figure 12 are the mean comfort level ratings for each of these variables and
each group of bicyclists. For all four variables rated, the experienced recreationa
bicyclists and the experienced commuter bicyclists had identical or very similar mean
values. On the other hand, the casual recreational bicyclists had slightly higher mean
ratings when compared with the other groups, confirming what had previously been
found by Sorton and Walsh.” The differences ranged from alow of 0.3 to ahigh of 0.5.
While these higher mean ratings by the one group of bicyclists were significantly
different from the other groups for all four variables rated, it is questionable as to
whether these differences can be considered practical. These differences also raise the
guestion of how to develop and apply the BCI model in the real world where bicyclists
of al levels may be riding on a given roadway. Thisissue is addressed in more detail
later in this chapter.
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Table & Characteristics of bicyclist groups used in the analysis,

Group 1 Giroup 2 Group 3
Charactaristic Experienced Exparigncad Casual
Commuier Recreafional Recreational
Mumbear of bicyclists 79 78 34
Percent mals a7 S5 41
Mean ags 34 36 3G
Trig purposs {parcant):
Reoeationaxercise 16 80 i
Commuting tofrom school or work i A 18
Shopping 14 4 3
Wisiting Othar 10 & B
Percent riding on
Major streets 45 35 20
Residential streets a5 33 44
Bicyclesmuliuss pathes iz 21 27
Sidawsalks/other 7 11 4
Parcenl inpsiwk:
= 5 tripsiwk | . ey 74
5-10 tripes Ak 42 41 18
=10 frips Ak A9 17 A
Avarage number of daysiwk
bicyde used 4.9 3.5 2.2
Parcant who nds:
= 5 mifwk 1] 0 100
G-20 ek 35 5 O
21-40 midwk 35 b Lt
= A0 b 28 24 O
Parcant who dassify thamsalves
as "expenenced" bicychists 73 59 o)
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Type of Bicyclist
BExperienced Commuter BExperienced Recreational MCasual Recreational

3.5 -+

™
]

31
21

Mean Comfort Lewel Rating

Cwerall Walume Speed ' idth
“Wariable Rated

Figure 12. Mean comfort level ratings by type of bicyclist for the four variables
rated in the video survey.
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Regional evaluation

One concern with the development of any model that is based on the perceptions of
individualsis that these perceptions may differ depending on the geographic region. If
thisistrue, then separate models must be devel oped for the various regions where such
differences occur. Thus prior to any model development in this study, the ratings from
the three survey cities (Olympia, WA; Austin, TX; and Chapel Hill, NC) were
compared. The distribution of bicyclists by type (experienced commuter vs. experienced
recreational vs. casual recreational) was similar in the three regions. As shown in figure
13, there were virtually no differences between locations in the comfort level ratings of
any of the variables. A statistical evaluation of the data confirmed the apparent lack of
differences, indicating that the groups participating in the three States generally
perceived comfort level, and thus bicycle compatibility, in the same way across the
Six-point rating scale.

State
EHNC HTx BuA

fMean Comfort Level Rating

YWolume i idth

Overall

Speed

Wariable R ated

Figure 13. Mean comfort level ratings by State for the four variables rated in the
video survey.
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M odel development

Determining the key roadway and traffic variables that may influence a
bicyclist’s decision to ride or not ride on a given roadway and
Incorporating those variables into a model was the primary objective of
the data analysis. The analysis approach was to use regression modeling
to determine all main effects, search for significant square and
Interaction terms, and ultimately eliminate all variables that were not
significant at the level of p < 0.01. Thus, the variable selection strategy
considered each candidate independent variable equally. Those that
appeared in the final model were the ones that were significantly and
independently related to the ratings (or outcome variable) after all other
variables were taken into account.

The geometric and operational variables collected in the field or from the
video clips and included in the regression modeling are shown in table 7.
Using these variables as independent variables and the mean rating for
each roadway segment (across subjects) as the response variable,
regression models were devel oped to predict the overall comfort level of
bicyclists. Models were developed for all bicyclists aswell asfor the
three separate groups of bicyclists previously defined. Shown in table 8
are the four models developed. Three of the four models include the
same eight significant variables; only the model for the experienced
commuter bicyclist is different in that respect. For that particular model,
the variables of bicycle lane width (BL W) and type of roadside
development (AREA) were not significant, but the simple presence of a
bicycle lane or paved shoulder accounts for a much greater decrease in
the index value, somewhat offsetting the effects of these variablesin the
other models.

As noted previoudly in this chapter, the mean comfort level ratings for
casual recreational bicyclists were significantly greater than for the other
groups of bicyclists. For that reason, models were produced separately
for each of the groups, as shown in table 8. In general, the model for
casual riders begins with a dlightly higher intercept value (3.83 vs. 3.62
and 3.65 for the experienced groups) and the coefficients for each
significant variable result in agreater impact on the BCI for this group.
For example, with all other variables held constant, each km/h increase
in the 85th percentile speed increases the index by 0.026 for casual riders
and 0.021 for experienced riders. While this increase appears to be very
small, the cumulative effect over all variablesin the model will generally
increase the BCl more for casual bicyclists than for all bicyclists. The
magnitude of this increase depends on the geometric and operational
characteristics of the roadway. As examples, consider the two sitesin
this study that produced the lowest and highest BCI values for all
bicyclistsat 1.19 and 5.60, respectively. Using the model for the casual
recreational bicyclist, these same sites produce values of 1.33 and 5.98,
respectively. Thus, the BCl model for casual bicyclists can be expected
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to produce BCI values that are typically between 0.14 (= 1.33 - 1.19) and
0.38 (= 5.98 - 5.60) greater than the values produced by the model for all
bicyclists.
Variable Description Variable Codes/Units
Name
NL Number of lanes Both directions (2
through 8)
DT Number of travel One-way street =1
directions
Two-way street = 2
CLW Curb lane width Meters, to the nearest
tenth
BL Presence of abicycle No=0
lane or paved shoulder
Yes=1
BLW Bicycle lane (paved Meters, to the nearest
shoulder) width tenth
CLV Curb lane volume Hourly volume
oLV Other lang(s) volume - | Hourly volume
same direction
SPD 85th percentile speed Km/h
SL Speed limit Km/h
PKG Presence of aparking No=0
lane with at least 30 3
percent of thespaces | Y&5=1
occupied
GP Presence of agutter No=0
pan
Yes=1
GPW Guitter pan width Meters, to the nearest
tenth
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MED Presence of amedian No=0
Yes=1
TWLTL | Presenceof a No=0
two-way-left-turn lane
4 Yes=1
DWD Driveway density O driveways/100 m=1
1 - 3driveways/100 m
=2
> 3 driveways/100 m =
3
SW Presence of sidewalks | No=0
Yes=1
SWS Sidewak separated No=0
from roadway
Yes=1
AREA Type of roadside Residential =1
development
P Other type=2

Table 7. Variables included in the regression modeling analysis.

Table 8. Bicycle Compatibility Index (BCI) models for all bicyclists and for the
three groups of bicyclists by experence level,

Bicycls Compatibdity Index kodel Re-valus

BCI {Al Bicyclists) =

367 - 0aecBL - 0.4108LW - 0.458CLW 0,89
+ 0.002CLY + 0.00040LY + 0.0225P0
+ 0.506PKG - 0,264 AREA

BCI {Experienced Commuter) = 3,65

- 1.8608L - 0,521CLW + .85
0,0018CLY
+ 0,00040LY + 0.0215PD + 0. 433PKG

BCI {Experienced Recreational) = 0.87

B2 - 0.846BL - 0.448BLW - 0.510CLW
O02CLY + 0.00050LY + 0.0215PD
S2EPKG - 0.278AREA

BCI {Casual Recreational) =

3.83 - 0.936BL - 0.539BLW - 0.510CLW 081
+ ODRCLY + CLOD050LY + 0.0265P0
+ (n583PKG - 0.2308HEA

l'..'l

More important than the differences between the models devel oped for
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the various experience levelsis the application of the appropriate model
in the real world. The most probable scenario is that bicyclists of all
experience levels will be riding on a particular segment of roadway, and
thus the bicycle compatibility of that roadway should be determined on
the basis of the average skills of al bicyclists. Thus, it is recommended
that the model developed for all bicyclists be used for most applications;
use of the model for the casual recreational bicyclist should only be done
when the practitioner knows that the majority of theridersalong a
specific route are indeed casual bicyclists.

Further examination of the model for all bicyclists reveals that the
variable having the greatest effect on the BCI is the presence or absence
of abicycle lane (or paved shoulder). If abicycle lane or paved shoulder
(BL) is present and al other variablesin the model are held constant, the
index is reduced by 0.966, indicating a higher level of comfort.
Similarly, asthe width of the roadway increases and all other variables
are held constant, so does the comfort level of the bicyclist. For each
meter of bicycle lane or paved shoulder present (BLW), theindex is
reduced by 0.410; for each meter of curb lane width (CLW), theindex is
reduced by 0.498.

The range of conditionsincluded in the development of the model

should be representative of most urban and suburban roadway
conditions. However, since the sites included in the devel opment
contained alimited range of widths, volumes, and speeds, the model
should not be extrapolated beyond the values shown in table 9. For
example, the model is only appropriate for bicycle lane or paved
shoulder widths between 0.9 and 2.4 m and curb lane widths between 3.0
and 5.6 m.

Variables that increase the BCI and thus have a negative effect on the
comfort level of bicyclists include speed, volume, and on-street parking.
In each example that follows, it is assumed that, with the exception of
the variable under consideration (e.g., on-street parking), all other
variables in the model are being held constant. With respect to the

Table 9. Ranges of variables included in the regression

model.

Variable Description Minimum | Maximum
CLwW Curb Lane Width 30m 5.6m
BLW Bicycle Lane/Paved 0.9 m 24m

Shoulder Width
L Curb Lane Volume 90 vph 900 vph
SPD 85th Percentile 40 km/h 89 kmvh
Speed
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latter, the presence of on-street parking (PK G) increases the BCI by
0.506, indicating a high degree of discomfort by bicyclists having to pass
parked vehicles. Asthe speed of motor vehicle traffic increases (SPD),
so does the BCI value; for each km/h increase in the 85th percentile
speed, the index increases by 0.022. This same pattern is true with
respect to traffic volume; for each 100 vehicles per hour (vph) increase
in volume in the curb lane (CL V), the BCI increases by 0.20. On
multilane roads, a similar increase in same-direction volume in lanes
other than the curb lane (OL V) increases the BCI by 0.04.
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Model sensitivity

To better understand the effects that changes in the variables within the model can
have on the BCI value, an exampleis provided in table 10 and described below. A
condition that is typical in an urban environment has been established as the
baseline condition. This particular street segment isatwo-laneroad in a
commercialy developed area with a peak-hour volume of traffic in the curb lane
equivalent to 250 vph. The lane widths are 3.4 m, and the 85th percentile speed of
traffic along this segment is 56 km/h. Under these conditions, the BCl is 3.68. If
this same street were in aresidentially developed area, the BCl would be 3.42 or
7.2 percent less. If this street segment contained on-street parking, the BCl would
be 4.19 or 13.8 percent greater. If the segment were a multilane street with
comparable volumes in the lanes other than the curb lane, the index increases by
just 1.6 percent to 3.74.

Changes or improvements to the baseline conditions of the roadway segment in
terms of motor vehicle speeds, traffic volumes, and lane widths can also
dramatically change the BCI. As shown in table 10, an increase in the lane width
of 0.3 m decreases the index by 4.1 percent to 3.53. Similar reductions can be
achieved by reducing the 85th percentile speeds by 8 km/h or the traffic volume
by 100 vph. The most dramatic effect occurs with the addition of a1.2-m bicycle
lane to the existing facility; this change reduces the BCI value by almost 40
percent to 2.22.

Table 10. Example of the efiects of variable changes within the Bicyde Compatibility Inclex
(BCI) madel,

Base Condition:  Tworlane street in commercially devaloped area with 3.4-m lanas, BSth
percentile speeds of 56 km'h, sand curb lane trafic valumes of 250 vehicles per
hour (vph

Changa/Condition B |CLW |BLW | PKG | SPD | CLY | O | AREA || BCI W

L L Change
W
Base Condtion 0 3.4 1] 0 o6 250 | 0 0 3.6
]

Increase lane width | 0 a7 1] 0 o6 250 | 0 0 35 -4.1

by 0.3 m 3

Diecraass vollme 0 3.4 1] 0 56 150 0 0 3.4 -5.4

by 100 wpin f

Decresse speed by 0 3.4 0 0 45 2640 0 0 35 -4 F

B kmvh 2

Add on-street 0 3.4 0 1 56 2650 0 0 4.1 +13.8

parkmng 3

Same street in 0 3.4 0 0 S 2640 0 i 3.4 7.8

resmdantal araa 2

Multilane strest w' 0 3.4 0 0 S 2540 i 0 ar +1.6

OLV=150 vh 5 |

0
Add a1.2-m bmoycda | 1 34 1.2 ] 5 2500 | O u] 22 9.6
lane 2
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Special circumstances

During the pilot phase of this study, several variables other than those traditionally
thought of asimportant (e.g., lane width, speed , and volume) were identified as being
important to the comfort level of bicyclists. These variables included the presence of
heavy trucks or buses, vehicles turning right into driveways, and vehicles pulling into or
out of on-street parking spaces. Asaresult, several video clipsillustrating these special
circumstances were included in the survey.

The clips illustrating these scenarios were taken from the same roadways for which
representative clips had been previously selected for inclusion in the survey. Thus,
comfort level ratings were obtained for the representative clip and for the clip showing
the special circumstances of interest. The analysis focused on the differencesin the
ratings between the "representative” clips and the "special circumstances’ clips. The
results (see figure 14) showed that all three special circumstances studied produced
higher overall mean comfort level ratings (indicating alower level of comfort) when
compared with the representative conditions. The circumstance that resulted in the
largest increase in the mean rating (0.60 increase for the group containing all bicyclists)
was vehicles pulling into or out of on-street parking spaces. The effect of large trucks or
buses resulted in avery similar increase of 0.50 for all bicyclists. The scenario showing
the least effect, but still significant, was vehicles turning right into driveways. This
situation resulted in an increase of 0.1 for all bicyclists.

Theresultsin figure 14 are a so shown for each of the three groups of bicyclists. For the
scenarios of large trucks/buses and right-turning vehicles, there are virtually no
differences in the changes in mean ratings between the groups. In other words, the effect
of these two special circumstances on comfort level issimilar, regardless of experience
level. However, for vehicles pulling into or out of parking spaces, there are significant
differences between the groups of bicyclists, with casua riders being the least
comfortable of the three groups (0.9 increase in the overall mean comfort level rating
compared with 0.7 and 0.5 for experienced recreational and experienced commuter
bicyclists, respectively). As discussed in the previous section, the use of the index value
for all bicyclistsis most appropriate unless it is known that the large majority of
bicyclists using a given facility are indeed, for example, casual bicyclists.
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Figure 14. Change (increase] in the overall mean comfort level ratings by type of
bicyclist for the special circumstances evaluated in the video survey.

Overadll, the results from these special circumstances indicate that bicyclists are
impacted by each of these scenariosto varying degrees. Thus, if the roadway segment
being evaluated has a significant number of large trucks or buses, or a high volume of
right-turning vehicles, or a high number of vehicles pulling into or out of on-street
parking spaces, the BCI should be adjusted to account for these situations. While the
sample of sites with these special conditions provided evidence of the effect on the
comfort level of bicyclists, the range of operational and geometric characteristics over
which these conditions were evaluated did not allow for analytical development of
adjustment factors.

Instead, a more qualitative approach was taken to devel op adjustment factors for each of
the three variables. The first step in this approach was to examine the volume of events
(e.g., number of large trucks or buses) shown to the participants during the 40-s video
clips and determine if the volume could be considered high, low, or somewherein
between. The theory hereisthat the volume of events will be correlated with an increase
in the mean comfort level rating. For example, if the number of large trucks (or buses)
seen in the 40-s video clip can be considered a high volume of trucks, then the increase
in the mean comfort level rating shown in the analysis (i.e., 0.50 for all bicyclists)
would be the maximum adjustment factor applied to the BCI model. For truck volumes
lower than those included in the video clips, smaller adjustment factors could then be
developed.

Thefirst variable to which this approach was applied was the presence of large trucks or
buses. The number of trucks traveling in the curb lane during the 40-s video clips
illustrating this condition was, on average, 1.7; this equates to 153 trucks/h in the curb
lane, which can be considered a high volume of trucks for urban/suburban streets.
Another means of expressing this effect isin terms of passing interactions; 153 trucks/h
equates to atruck passing a bicyclist, on average, every 24 s, which is quite often. In
fact, atruck passing a bicyclist every 30 sor less (equivalent to 120 trucks or more per
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hour) might be considered extremely uncomfortable for a bicyclist. Thus, the increasein
the mean overall comfort level rating of 0.50 should be considered the maximum
adjustment factor for large truck/bus presence and applied when the volume of trucksis
120/h or more. On the other end of the scale, atruck passing a bicyclist less often than
once every 6 min, on average, equivaent to less than 10 trucks/h, could be considered a
non-factor (relative to the other roadway conditions) in terms of the comfort level of a
bicyclist. For thislow level of truck volume, no adjustment factor should be applied to
the BCl model. By interpolating between these two extremes for average time between
bicycle/truck interactions, a series of truck adjustment factors based on interaction times
and equivalent hourly truck volumes in the curb lane has been developed, as shown in
table 11.

Tabla 11. Adjustment factors for large ruck volumes

Average Time Houry Curb Increasa the
batwean Lana B by
Truck/Bicycle Large Truck
Inferactions {min} Volume
=065 =120 0.50
0.51-1.0 B -119 0,443
11-20 30 - 59 0.30
21-30 20 - 28 0,20
31-60 10-19 0.1
= 6.0 < 10 0,00

For roadways with on-street parking, the issue related to comfort level is the frequency
of parking turnover. The video clips in which vehicles were pulling into or out of
parking spaces showed, on average, 1.5 vehicles performing such a maneuver over the
40-s period; this equates to 135 vph pulling into or out of on-street parking spaces. This
number represents an extremely high parking turnover rate, and thus the increase in the
mean overall comfort level rating of 0.6 for parking conditions should be the maximum
adjustment that needs to be made for parking turnover. In most cases, parking turnover
isdirectly correlated with the time limits placed on parking spaces and typically, the
shortest duration of on-street parking that isfound is 15 min. Thus, if the duration of
parking allowed is 15 min or less, an adjustment factor of 0.60 should be used. On the
other end of the scale, if the parking duration allowed is more than 8 h, there will be
very little turnover; thus, no adjustment should be made to the BCI value. By
interpolating between these two extremes, adjustment factors were developed for
parking turnover for sites with on-street parking, as shown in table 12.

Table 12, Adustimant factors for
orrsireal parking lurmovar

Parking Time Increasa the
Limii {min} BCI by

= 15
16 - 30
31 - 60
61 - 120
121 - 240
241 - 480
= 480

==

s
o
-
(L

2
1

[ =
!
[=E=

Finaly, the video clips showing right-turning vehicles averages three vehicles turning
right in 40s; this equates to 270 right-turning vehicles in an hour which, again, isa
relatively high number. Since the increase in the overall mean comfort level rating for
this particular variable was only 0.10 for all bicyclists, the adjustment factor will be
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equal to that value and applied only when right-turn volumes into driveways or minor
intersections along a midblock segment are equal to or greater than 270 vph.
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Level of servicecriteria

Presently, the Highway Capacity Manual does not define level of service (LOS) criteriafor bicycles. For
other modes of transportation, however, the term LOS is used to characterize the operational conditions of
aroadway with six designations (LOS A through LOS F). The descriptive terms in the written definition
of LOS include speed and travel time, comfort/convenience, traffic interruptions, and freedom to
maneuver. While this concept and the subsequent defining terms were originally developed for motor
vehicle applications, the qualitative descriptors of comfort/convenience and freedom to maneuver are
most applicable to bicyclists traveling on the roadway in the presence of motor vehicles.

The LOS definition also states that it isthe user’ s perception of the operational conditions within the
traffic stream that dictates the ranges of qualitative measures included in each LOS designation. The
perceived comfort level of bicyclists within a given set of operating conditions on the roadway is exactly
what the BCl model produces. Thus for bicycle LOS, the measure of effectiveness (MOE) should be the
BCI. Subsequently, each LOS designation should be defined by arange of values produced by the model.
To remain consistent with the Highway Capacity Manual, six LOS designations (A through F) should be
defined. A discussion of how these ranges were devel oped follows.

As a starting point, the distribution of overall mean comfort level ratings (averaged across all subjects) by
site was examined. The site with the lowest rating produced a mean of 1.24; the site with the highest
rating resulted in amean of 5.49. The conditions included in the video survey and rated by the participants
included a broad range of conditions. These sites were selected to range from environments that would be
comfortable for every adult bicyclist to those that would not be comfortable for even the most experienced
commuter bicyclist. Likewise, the participants in the study ranged from the very timid casual bicyclist
who might ride once a month and only on off-street facilities to the most savvy experienced commuter
who rode every single day in al types of traffic conditions. With thisin mind, the extreme values noted
above (1.24 and 5.49) are believed to represent the extremes that might be expected in practice. Shown in
figure 15 isaline drawn between these two extreme points, which approximates the distribution of
participant scores. On the lower end of the scale, the extreme value of 1.24 represents the point at which
virtually al bicyclistsfeel comfortable riding under a given set of roadway conditions. On the upper end,
the extreme value of 5.49 represents the opposite, i.e., the point at which virtually no bicyclists feel
comfortable riding. In between these extremes, percentiles along the line can then be selected and used to
represent the breakpoints between the various L OS designations. While the selection of these breakpoints
isarbitrary (as are the breakpoints used in the Highway Capacity Manual for other LOS designations),
they have been chosen to reflect the full range of site conditions and bicycling experience levels present in
most urban and suburban aresas.
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Figure 15. Distribution of mean overall comfort level ratings used in establishing level of service
{LOS) designations.

The 50th percentile aong the line corresponds to a mean overall rating of 3.40. Since there are six levels
of service (A through F), the rating corresponding to the 50th percentile (3.40) was selected as the
breakpoint in the middle of the scale between LOS C and LOS D (see table 13).

Table 13. Bicyele Compatibility Index
(BC1) ranges associated with level of
service (LOS) designations.

LOS BCl Range
Designation
A = 1.50
B 1.51 - 2.30
C 2.31-3.40
o 31.41-4.40
E 4.41-5.30
F = 5.30

The breakpoints between the other levels were selected to reflect a slightly greater concentration of scores
surrounding the 50th percentile and a very low concentration at the extremes. Extending 25 percent from
either side of the 50th percentile results in a 75th percentile along the line corresponding to a mean overall
rating of 4.40 and a 25th percentile corresponding to a value of 2.30. These values were selected asthe
breakpoints between LOSD and LOSE, and LOS C and LOS B, respectively.

To define the breakpoint between LOS E and LOS F, the 95th percentile was selected. From figure 15,
this percentile corresponds to the mean overall rating of 5.30. On the other end of the scale, the 5th
percentile was selected as the breakpoint between LOS A and LOS B, equivalent to a mean overal rating
of 1.50. Note, the LOS designations wer e established using the BCI model for all bicyclists (seetable
8). It isnot appropriateto usetheresultsfrom modelsfor specific experience levels(i.e.,
experienced commuter vs. experienced recreational vs. casual recreational) with these LOS
designations. A more complete discussion of how to use these LOS designations in cases whereit is
known that the magjority of bicyclists using a particular route are indeed "casual” is provided in chapter 6.
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Site selection

The sites that were filmed and included in the study were selected in several
cities within five distinct regions of the country, as shown in figure 7. These
cities represent arange of geographic conditions present in the United States
and included:

*Eugene and Corvallis, Oregon.

*Cupertino, Palo Alto, Santa Clara, and San Jose, California.
*Gainesville, Florida.

*Madison, Wisconsin.

*Raleigh and Durham, North Carolina.

Many of these cities have a variety of on-street bicycle facilities that range in
widths, traffic volumes, and motor vehicle speeds. Thisvariety in facility types
made it feasible to maximize the range of conditionsincluded in the video
survey.

Figure7. Sitesincluded in the video survey werefilmed in cities/regional
ar eas located throughout the United States.

Prior to selecting the sites, a matrix was developed that stratified several of the
geometric and operational characteristics (see table 5). The intent of the matrix
was to ensure that the sites selected did indeed represent the variety of
conditions a bicyclist may encounter in an urban/suburban environment. Asa
starting point, bicycle lane/paved shoulder facilities were separated from
standard/wide curb lane facilities. Bicycle lane facilities and paved shoulder
facilities were grouped into a single category for two reasons. First, the two
facility types are indistinguishable from each other on video unless the
pavement markings or signs designating the bicycle lane are visible in the video
frame. Being able to aways incorporate a bicycle lane marking or sign into the
video frame was not possible since these signs and markings are sometimes

spaced at very large intervals or are at locations where the filming could not be
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done (e.g, directly in front of a shopping center driveway or in the middle of a
horizontal curve). Second, prior research has shown that midblock interactions
between motorists and bicyclists on bicycle lanes and paved shoulders are
essentially identical; in other words, the two parties operate their vehiclesin the
same manner in the presence of each other regardless of facility type.® Other
variables that were used as site selection criteria included vehicle speed,
number of lanes, and lane or shoulder width. Asindicated in the table, two
levels for each of these variables were used to further stratify the sites.

Facility Bicycle Lane/Paved Standard/Wide Curb Lane
Type Shoulder (m) (m)

85th <56km/h | >56km/h | <56km/h > 56 km/h
%tile

Speed

Lane < > < > | <43 |>43 | <43 |>43
Width 12 | 12 | 12 | 12

(m)*

Two-Lane 5 6 4 5 4 3 3 3

Multilane 1 2 7 9 4 3 4 4

Table 5. Number of sites selected for the video survey stratified by type of
facility, speed, lane width, and number of lanes.

Altogether, 67 sites were selected for inclusion in the video survey. The number
of sitesin each of the matrix cellsis shown in table 5. The geometric and
operational characteristics also ranged considerably across the 67 sites and
included: 1) curb lane widths from 3.0 to 5.6 m; 2) motor vehicle 85th
percentile speeds from 40 to 89 km/h; traffic volumes from 2,000 to 60,000
vehicles/day, and 4) bicycle lane/paved shoulder widths from 0.9 to 2.4 m.
Other characteristics that varied included number of intersecting driveways,
type of roadside development (e.g., residential, commercial, etc.), type of street
(e.g., arteria, collector, etc.), number of through travel lanes, and the presence
or absence of gutter pans, sidewalks, and medians. Within severa of these cells,
sites with on-street parking were also selected to examine the effect of such
designson bicyclists comfort levels. Shown in figure 8 are four of the study
sitesillustrating the range of roadway conditions.

Multilane arterial with a
two-way left-turn lane.
85th percentile speed = 77
km/h

curb lane width =3.7 m
paved shoulder width =
0.9m

AADT = 26,500
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vehicles/day

Undivided multilane
arterial adjacent to the
University of Florida.
85th percentile speed =
48 km/h

1 curblanewidth=4.6m
AADT = 38,500
vehicles/day

no gutter pan

Two-lane collector in
residential area.

48 km/h

curb lanewidth=4.1m
bicyclelane width= 1.2
m

AADT = 8,000
vehicles/day

Two-lane
collector near
Oregon State
e University with
on-street parking.
85th percentile
speed = 48 km/h
curb lane width =
3.8m

bicycle lane
width=1.2m
parking lane
width=2.4m
AADT = 16,000 vehicles/day

Figure 8. The sites selected for the video survey included a broad range
and an extensive combination of geometric and operational characteristics,
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asillustrated by these four locations.
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Field data collection

The data collection effort in this study was conducted in three phases.
The first phase included videotaping the selected street segments and
collecting supplemental geometric or operations data. The second phase
included reducing the collected video datainto aformat that could be
used in the video survey and preparing the survey videotape. The final
phase included the video survey and reducing the survey responses into a
format for the analysis.

The procedures followed for filming each location were developed in the
pilot study, as described in chapter 2, and are briefly reiterated here. At
each of the selected roadway segments, 15 min of video were recorded.
All sites were filmed during off-peak hours (between 9 AM and 4 PM) to
make the data collection as efficient as possible and, at the sametime, to
provide the widest range of volume conditions. It was determined during
the pilot study that within 15 min of videotape from a given location,
there were a number of 40-sintervals that could have been selected to
reflect various volume conditions, from almost no traffic to rather
congested conditions. The video camerawas positioned at the same
height at each location, namely between 1.4 and 1.5 m above the road
surface to be representative of the eye height of abicyclist. At locations
without parking, the camera was positioned on the curb as close to the
lane as possible and aimed parallel to the roadway (previously shownin
figure 5 in chapter 2). At locations with on-street parking, the camera
was positioned at the left edge of the parking lane as close to the travel
lane as possible (see figure 9). Again it was aimed so that it was parallel
to the roadway. In addition to the videotaping at each location,
supplemental geometric or traffic operations data were also collected,
including additional speed data, confirmation of lane widths, and specific
pavement marking information.
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Figure 9. At locations with on-street parking, the camera was
positioned at the left edge of the parking lane as close to thetravel
lane as possible at a height of 1.4 to 1.5 m with thelensaimed
parallel to theroadway.
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Video production

After the videotaping was completed for each set of roadway segments
In each city, the video editing began, which consisted of viewing each
15-min video and selecting specific 40-s intervals that best conveyed the
variables of interest. (A 40-sinterval was determined to provide an
adequate amount of time for an individual to rate the roadway and traffic
conditions of interest in the pilot study.) The first step in this process was
to record the curb lane volumes and total volumes for each 10-s period
throughout the entire 15 min of videotape for each location. Any 10-s
intervals containing heavy trucks, buses, or bicycles were also noted (see
appendix C for an example of a completed form). The truck and bus
intervals were identified so that specific heavy vehicle clips could be
included in the survey that would allow for a comparison of the same
sites with and without heavy vehiclesin the scene. The intervals with
heavy right-turning volumes and vehicles pulling into or out of on-street
parking spaces were noted for similar reasons.

Intervals with bicyclists in the scene were also noted and discarded for
two reasons. First, it would not have been feasible to obtain video of all
locations with traffic stream bicyclists. Second, and more importantly,
the ratings of a given roadway segment by a subject should be based on
the subject’ s own interpretation of conditions and should not be
influenced by the fact that an unknown bicyclist with an unknown skill
level isriding on the roadway.

Once the volume counts were completed, representative 40-s intervals
were selected for each site that contained passenger vehicles and light
trucks only. Determining how many vehicles should be included in the
representative interval was done using the following equation:

V, = (V¢/15 min)(40 5/60 )
where:

V, = representative curb lane volume for the 40-sinterval,
and

V; = total curb lane volume observed during the 15 min of
videotape.

The selection of any supplemental intervals, e.g., ones with heavy
vehicles, was done after al representative intervals were selected. The
type and number of supplemental intervals selected included:

L arge trucks and buses - Seven clips were selected that included a
variety of large trucks and/or buses. An example of one of the sites
included in the survey where trucks and buses were prevalent is shown
in figure 10.
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Video production

*Right-turning vehicles - Two clips were selected that included a high
volume of traffic turning right into driveways or minor intersections
along the block.

*Parking vehicles - Two clips were selected that included vehicles
pulling into or out of on-street parallel parking spaces.

*Practice clips - Two clips were selected to help the subjects get
acclimated to the process and to indicate the range of conditions that
could be anticipated. One of the clips was a high-volume, high-speed
scenario with a moderate lane width while the other was a low-speed,
low-volume condition with abicycle lane.

Figure 10. Supplemental video clipswereincluded on the video
survey tape to examine the effects of large trucks and buses on
bicyclists comfort levels.

Once representative 40-s intervals and the supplemental 40-sintervals
were selected for al sites, the process of copying these intervalsto the
video survey tape began. With the exception of the practice clips, the
40-s clips were placed onto the survey tape in random order while
ensuring that no representative clip and special condition clip from the
same site appeared sequentially. Each 40-s clip was copied onto the
survey tape with 5 s of blank tape placed between consecutive clips. The
number of the upcoming clip was then placed in the 5-s blank intervals
as an aid to any participant who may have lost track of the appropriate
clip number during the survey. An audible beep was also added to each
video clip and placed on the tape so it could be heard when there were 10
s left on each 40-s clip; this beep reminded the subjects that they needed
to complete their ratings of the segment shown.
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Video survey

The final phase of the data collection effort was the conduct of the video survey. As shown infigure 11, the
survey was conducted in three cities that range in population and are geographically distributed, namely
Chapel Hill, North Carolina; Olympia, Washington; and Austin, Texas. One important criterion for a city
to beincluded in the survey was the availability of both experienced and casual bicyclists to participatein
the survey. All of the cities selected have a number of commuting bicyclists as well as casual and
recreational bicyclists. The survey participants were recruited in each city through newspaper
advertisements, radio announcements, posted flyers, and announcements at bicycle club meetings. Each
participant in the study received a $20 payment upon completion of the survey. The total number of
participants from all three cities was 202.

Partiip ant
Characteristics

+ Age Range: 19 - T4
+ Mean Age = 36
+ Gender: 60% male

| hapel Hill
S Rep4d 000
58 prarticip anis

g 30000
5 panticy ants

Figure 11. The video survey was conducted in three cities and included 202 participants with the
characteristics shown. |

The survey began with each participant completing a questionnaire (see appendix C). The results from the
guestionnaire were used to assess the bicycling experience level of each subject. It was hypothesized that
the less experienced riders would be less comfortable than their experienced counterparts under the same
geometric and operating conditions. Once the questionnaire was completed, the survey forms and rating
scales (see appendix C) were distributed. The rating scale used was a six-point scale in which aone
indicated that the individual would be "extremely comfortable” riding under the conditions shown and
would not hesitate to ride there while a six indicated that the individual would be "extremely
uncomfortable" riding under the conditions shown and thus would never ride there.

The participants were then given some background information regarding the study, including the
objectives of the research effort. Next, instructions for completing the video survey (see appendix C) were
distributed and read to the group, and questions were answered to further define or clarify the process.
Once everyone was comfortable with the instructions, the videotape containing the midblock locations was
started. The size of the projected image was approximately 1.2 m by 1.8 m, and the sound of the projector
was adjusted to emulate the sound of traffic one would hear if riding abicyclein the street. A short break
was taken at the midpoint of the survey, approximately 30 min into the videotape.

For each video clip, the participants provided four comfort level ratings using the six-point scale. They
provided arating with respect to how comfortable they would feel as abicyclist considering the number of
vehicles on that roadway (traffic volume). They provided arating based on how comfortable they would
feel considering the speed of the traffic. They provided arating based on how comfortable they would feel
considering the space available to ride abicycle in the road (width). Finaly, they provided arating for the
roadway as awhole that represented their overall comfort level based on the three measures just noted plus
any other measures that they considered important in determining their overall comfort level asabicyclist.
Per the instructions, volume, speed, and width could be rated in any order, and the overall rating was done
last.
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Site selection

With limited resources and an objective of comparing participants
ratings from watching a videotape with their ratings from seeing the
locations in the field, only those conditions believed to be the most
difficult to discern on the videotape were included in the pilot effort.
Preliminary observations by project staff showed that differencesin
motor vehicle speeds and volumes were relatively easy to recognize on
the videotape. Similarly, it was easy to determine the differences
between cross-sections with and without a paved shoulder or bicycle
lane. The most difficult of the cross-section elements to determine from
the videotape was lane width when there was no paved shoulder or
bicycle lane. Thus, the pilot study included only roadway segments with
standard or wide curb lanes and no paved shoulders or bicycle lanes, i.e.,
the most difficult situations for viewers to differentiate (see figure 2).

Figure 2. The pilot study focused on roadways with various curb lane
widths, exlcusive of bicycle lanes and paved shoulders, since thiswaste
variable believed to be most difficult for viewersto discern from the
video.

The pilot survey was conducted in Madison, Wisconsin. After examining
severa potential sites and collecting speed data to determine the 85th
percentile speeds, 13 locations were selected for inclusion in the pilot
survey. The distribution of sites by lane width and 85th percentile speed
Is shown in table 4. The geometric and operational characteristics
associated with each location are shown in table 35 in appendix B. Curb
lane widths ranged from 3.1 m to 5.5 m; 85th percentile speeds ranged
from 48 to 72 km/h; and traffic volumes ranged from 3,550 to 26,650
vehicles/day. The sites selected also represented an extensive range of
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combinations of these variables, from low-speed, low-volume,
narrow-lane locations to high-speed, high-volume, wide-lane locations.
Examples of two of the selected sites are shown in figures 3 and 4.

85th %tile Lane Width (m)
Speed
<34 3.7-4.0 >43
<56 km/h 3 1 3
> 56 km/h 2 2 2

Table 4. Distribution of sites selected for the pilot study by lane width

and 85th percentile speed.

Figure 3. High-volume multilane pilot study site with an 85th percentile

speed of 55 km/h and a curb lane width of 3.4 m.




Site selection

Figure 4. Low-volume two-lane pilot study site with an 85th percentile
speed of 48 km/h and a curb lane width of 5.5 m.
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Video production

Producing the videotape for the pilot survey consisted of filming each
location and editing the videotapes to find the appropriate selectionsto
be representative of each site. Since the participantsin the survey would
be visiting the sitesin the field in addition to viewing them on the
videotape, a schedule was developed so that each site was filmed at
approximately the same time the participants would be on location
making the field survey ratings.

Filming was conducted for 15 min at each location. The camera position
(seefigure 5), which had been thoroughly evaluated prior to the pilot
survey, was on the curb as close to the lane as possible with the lens
aimed parallél to the roadway such that the view seen was evenly
distributed with the roadway on the left side of the screen and the
roadside (sidewalks, houses, etc.) on the right side. The height of the lens
was between 1.4 and 1.5 m above the road surface to approximate the
eye height of abicyclist. Finally, the camera was positioned as far
upstream of any signalized intersections or driveways as possible to
ensure that the ratings were based on the geometric and operational
characteristics present along the typical roadway section and not on the
presence or characteristics of major downstream intersections or
driveways that were signalized.
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Figure 5. The camera was positioned on the curb as close to the lane as
possible at aheight of 1.4 to 1.5 m with the lens aimed parall€l to the
roadway.

Once the videotaping was completed, curb lane volumes and total
volumes were counted and recorded for each 10-s period throughout the
entire 15 min of videotape for each location. Two 40-sintervals
representing different volume conditions were then selected for each site.
The two volume conditions for each site included one that was the most
"“representative” of conditions during the 15 min of taping and one that
included exactly 4 vehicles passing in the curb lane during 40 s,
equivaent to 360 vehicles/h/ lane.

This selection process resulted in a "representative volume" 40-s
segment and a"uniform volume" 40-s segment for each of the 13 sites.
These 26 segments were included on the survey video twice, which
would alow for the examination of how consistent the participants were
in rating the same roadway conditions. In addition to these 52 clips (26 x
2), there were two clips at the beginning that were provided as practice
clips and would not be used in the evaluation. With the exception of the
two practice clips, the various clips were randomly ordered for
placement on the survey videotape, ensuring that the same location never
appeared in two sequential clips. Each 40-s clip of interest was then
copied onto the survey tape with 5 s of blank tape placed between
consecutive clips. The number of each consecutive clip was then placed
in the 5-s blank intervals; these numbers were added as an aid to any
participant who lost their place during the survey. An audible beep also
was added to each of the clips; the beep was placed on the tape such that
it could be heard when there were 10 s left of the 40-s clip and provided
an indication to the participants that they needed to complete their
ratings within the next 10 s.
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Video survey

The schedules for the participants were arranged such that half of the 24
participants would complete the video survey first and then the field
survey. The other half would complete the field survey first and then the
video survey. This approach allowed for an examination of any
differences that may have resulted due to the order of completing the
survey.

The video survey was conducted each of four evenings over a 2-h period,
with the number of participants ranging from three to eight per evening.
The participants began

by filling out a questionnaire (see appendix C) that was intended to
provide an indication of experience level with regard to riding on urban
and suburban streets. In the prior work by Sorton and Walsh, it had been
shown that less experienced bicyclists tended to have higher ratings, i.e.,
be less comfortable, than more experienced bicyclists.” Thus, it was also
possible that these differences in perception by experience level may be
afactor in any differences between the video survey ratings and the field
ratings.

Once the questionnaire was completed, the survey forms and rating
scales (see appendix C) were distributed, and the participants were then
given some background information regarding the study and told the
objectives of the research effort. Instructions for completing the video
survey were then read to the group (see appendix C) and questions were
answered to clarify or further define the process. Once everyone was
comfortable with the process, the videotape was started. The size of the
projected image was approximately 1.2 m by 1.8 m, and the sound of the
projector was adjusted to emul ate the sound of traffic one would hear
when riding a bicycle on the roadway.
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Field survey

The field survey was conducted over a 4-h period each of four mornings,
with the number of participants ranging from four to eight per morning.
The participants were given clipboards containing the survey forms and
rating scales (see appendix C) when they arrived at the meeting site. The
participants were then given some background information regarding the
study and told the objectives of the research effort. Instructions for
completing the field survey were then read to the group (see appendix C)
and guestions were answered to clarify or further define the process.
Once everyone was comfortable with the process, the participants were
taken to each of the 13 locations, in the order that was established prior
to the videotaping, to make the ratings. At each site, the van was parked
and everyone, as a group, walked to the point where they were to
observe the traffic and roadway conditions. This observation point was
the same location where the camera had been positioned to ensure that
conditions were being observed in the field and on the video from the
same vantage point. The participants were told which direction of traffic
to observe (the direction closest to them) and instructed to make their
ratings based on what they observed during the next 2 min. During this
2-min period, atraffic count was done in order to have arecord of the
volumes and types of vehicles being observed by the participants on
various days. A typical group making the ratings from the roadside
vantage point at one of the locationsis shown in figure 6.

Figure 6. Participantsin thefield survey of the pilot study stood

adjacent to thedirection of travel of interest and indicated how

comfortable they would beriding a bicycle under the condtions
obser ved.
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Data analysis

As previously noted, the primary objective of this pilot study wasto
validate the video methodology, i.e., determine how well the
participants comfort ratings recorded when watching the video matched
the participants' ratings when viewing the location in the field. Since
each of the 24 participants (subjects) viewed the 13 sites both from the
videotape and in the field, the most stable and reliable analyses are based
on the 312 (24 x 13) combined pairs (video vs. field) of observations.
Thus, the analysis primarily focused on the combined sample of comfort
ratings, including the overall rating as well as those related to curb lane
width, traffic volume, and traffic speed. For brevity, only a summary of
the results is provided below; a complete discussion of the statistical
analysisis provided in appendix B.

The results of the analyses indicated that the participants' video ratings
matched reasonably well to the field ratings for al four variables
examined (overall, speed, curb lane width, and volume). The number of
exact matches for the 312 site-by-participant pairs ranged from 30.8
percent to 43.6 percent, depending on the variable. However, the
percentage of pairs that differed by no more than one rating level
increased dramatically and ranged from 81.1 to 87.2 percent. These
numbers and the corresponding statistics produced as part of the analysis
indicate that the great majority of the video and field ratings were in
substantial agreement.

It should also be noted that for all variables examined, there were very
few values in the extremes of the contingency tables. For example, there
were no sites where any participant rated any variable as a one from the
video and asix in thefield or vice versa. Similarly, there were almost no
cases where variables rated as a two under one scenario wererated asa
five under the other scenario. Thislack of extremes, or conversely the
concentration of values along the main diagonal, is another indicator of
the reliability of the video methodology to accurately reflect the field
comfort ratings of bicyclists.
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Conclusions

Overadl, the results from the data analysis showed the video

methodol ogy to be a valid technique for obtaining realistic perspectives
of bicyclists pertaining to comfort levels under varying roadway
conditions. The pilot study was also used as a proving ground for the
survey procedures and provided insight into other issues that were
incorporated into the full-scale data collection effort. Some of the more
important issues and the resulting consequences for the study included:

 The video survey procedures employed were very efficient and resulted
in no problems. Similarly, the procedures employed in the videotaping,
editing, and production of the survey tape resulted in a quality product.
Thus, the same procedures were carried forward to the larger study.

* At the conclusion of the video survey, participants were asked to
discuss the variables other than volume, speed, and curb lane width that
influenced their comfort ratings. The variables that were commonly cited
included presence of large trucks or buses, heavy right-turning traffic,
and number of driveways in the scene. Thus, these variables were
examined in greater detail in the full-scale effort.

 During the initial stages of this study, considerable thought and
discussion went into the development of the rating scale to reflect the
bicyclists level of comfort. The project team ultimately decided that the
study participants should be evaluating their level of comfort asit related
to their perceived level of risk. Thus, asix-level scale was used in the
pilot study, where arating of one implied that the condition of interest
(e.g., lane width, speed of traffic, or traffic volume) represented virtually
no risk and arating of six implied that the condition represented
unacceptably high risk. Discussions with the participants in the pilot
study after the survey was completed indicated that the majority of the
subjects thought that "perceived risk" accurately reflected their comfort
level. However, afew of the more experienced bicyclists preferred a
scale with less of a safety connotation. The one term that the more
experienced riders seemed to like was "tolerance." A rating of onein this
case would indicate that the condition of interest would be tolerated for
an unlimited amount of time while a six would indicate that the
condition of interest would not be tolerated for any length of time.

The preferred alternative, however, was to ssimply use "comfort level” as
the rating term with some qualifying statements to indicate that comfort
does not refer to the smoothness of the ride. Thus, for the full-scale data
collection effort, a six-point scale incorporating "comfort level" was
developed and used (see chapter 3). The most important factor in the
development and use of any rating scale was that it was understood and
interpreted the same way by all participants. The ssmplicity of the term
"comfort level" was believed to have the best chance of achieving this
level of understanding and uniform interpretation.
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1. Introduction
Background

The goals of the United States Department of Transportation (USDOT)
as stated in the National Bicycling and Walking Study are: 1) to double
the number of trips made by bicycling and walking, and 2) to
simultaneously reduce by 10 percent the number of pedestrians and
bicyclistskilled or injured in traffic crashes.1 Meeting the first of these
goalswill require a substantial increase in the number of trips made by
bicyclists using on-road or shared facilities. This increased exposure
could, in turn, jeopardize the second goal of improved safety unless
careful consideration is given to the needs of both bicyclists and motor
vehicle operators in the enhancement of existing roadways or
development of new roadways. To develop or improve roadways for
shared use by these two modes of transportation, one must begin by
evaluating existing roadways and determining what is considered
"user-friendly" from the perspective of the bicyclist.

Presently, there is no methodology widely accepted by engineers,
planners, or bicycle coordinators that will allow them to determine how
compatible aroadway isfor allowing efficient operation of both bicycles
and motor vehicles (seefigure 1). Determining how existing traffic
operations and geometric conditions impact a bicyclist’s decision to use
or not use a specific roadway is the first step in determining the bicycle
compatibility of the roadway.

Figure 1. Practitioners need atool that will allow them to determine the
compatibility of their roadways for bicycling.
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In recent years, several studies have been undertaken to develop some
systematic means of measuring the operational condition of roadways for
bicycling (see appendix A for a detailed discussion). These efforts have
included the development of models based on the geometrics of roadway
segments and intersections, pavement conditions, traffic volumes, speed
limits, and other variables. Each of these models produces an index that
can be compared with a subjectively developed rating scale to assess the
specific roadway segment or intersection.2:3.4 Another effort developed a
series of recommended lane, shoulder, and bicycle lane widths that are
subjectively assigned on the basis of traffic volumes, motor vehicle
operating speeds, type of bicyclist, and other variables.>

The one missing element in each of these studiesisthe lack of
recognition of the bicyclists perspectives. After all, these are the
individuals who will ultimately decide if aroadway meets their personal
comfort level for riding in the presence of motor vehicle traffic.
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Bicycle stress level

In 1978, the Geelong Bikeplan Team in Australia understood the
importance of the bicyclist’s perspective and incorporated it into a
concept known as the bicycle stress level to better define the bicycling
suitability of roadways from the viewpoint of the bicyclist.6 This concept
was developed, in part, on the assumption that bicyclists not only want to
minimize the physical effort required when choosing a roadway on which
to ride, but that they also want to minimize the mental effort, or stress,
that results from conflict with motor vehicles, interaction with heavy
vehicles, and having to concentrate for long periods of time while riding
on high-volume and high-speed roadways.

The team members drew upon their personal bicycling experience with
specific roadways to quantitatively define the concept. The variables
considered to have the most impact on the stress level of abicyclist were
curb lane width, motor vehicle speed, and traffic volume. For various
combinations of these three variables, team members assigned values
from oneto five to reflect the amount of stress they experienced when
riding under those conditions. A value of oneindicated avery low level
of stresswhile afiveindicated avery high level. Shown intable 1 are
examples of the stress levels developed. While these values are subjective
(based on the experience of team members), it was the first attempt to use
the perspective of the bicyclist to assess the compatibility of roadways for
bicycling.
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Table 1. Example of stress levelk developad by the
Gealong Bikeplan Team. ©

AADT Trmaffic Adequate Stres

Spead Lare Width B

(km/h) Lewel ®
< 4000 T2 fas 1
T Mo 1
a6 fas 1
56 Mo 1
4000 - T2 fas 2
10,000 T2 Mo 3
a6 fas 1
56 Mo 2
10,001 - T2 fas 3
15,000 T2 Mo 4
a6 fas 2
36 Mo 3
= 15,000 T fas 4
T2 Mo 5
a6 fas 3
56 Mo 4

TAdequate lane widths: Two-lare, < 72 kmh=4.3m

Two-lans, 2z T2 kmfh=49 m

Multilane, < 72 kmdh = 3.7 m

Multilare, = 72 kmi/h = 4.3 m

“Strees bwels:  1=low, Z=low-moderate, 3Z=moderats,
d=high, Z=weary high

In 1994, Sorton and Walsh used the bicycle stress level concept in an
effort to relate bicyclists' perspectives on various types of roadways to
specific geometric and traffic operating conditions.” Their project
represented the first attempt to gather perspectives from persons other
than research team members; thus, the results were not based solely on
the subjective interpretations of researchers.

In asmall-scale research effort employing segments of videotape from
different street environments, three groups of bicyclists (experienced,
casual, and youth) were asked to rate several urban and suburban
roadway segments with varying degrees of traffic volume, motor vehicle
speeds, and curb lane, shoulder, or bicycle lane widths. The ratings were
to reflect the level of stress they would experience (i.e., how
uncomfortable they would be) riding on a specific segment with respect
to each of the variables noted above. The scale used for rating the
segments and the authors' interpretation of the scale is shown in table 2.
At the extremes, a stress level of one indicates that all types of bicyclists
(older than age 10) could safely be accommodated on the facility, while
at stress level five, virtually no bicyclists would ride on the roadway.

Table 2. Suggested interpretation of bicycle stresslevels (7)
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Stress
Level

| nter pretation

1-Veay
Low

Street is reasonably safe for al types of bicyclists
(except children under 10).

2-Low

Street can accommodate experienced and casual
bicyclists, and/or may need altering! or have
compensating conditions? to fit youth bicyclists.

3-Moderate

Street can accommodate experienced bicyclists, and/or
contains compensating conditions to accommodate
casual bicyclists. Not recommended for youth
bicyclists.

4-High

Street may need altering and/or have compensating
conditions to accommodate experienced bicyclists. Not
recommended for casual or youth bicyclists.

5-Very
High

Street may not be suitable for bicycle use.

For each of the three variables rated, the authors devel oped quantitative
values that they believed to be associated with each stresslevel. This step
involved examining the engineering literature for empirical datarelated
to the operations of bicycles or motor vehicles, determining the end
points for each variable that would be considered low and high stress
situations for the bicyclist, and then interpolating between these points to
assign quantitative values to the other stress levels. The values devel oped
and assigned to each of the stress levels are shown in table 3.
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Table 3, Quantitative geometric and
operational values developed and
assigned to each stress level, 7

Varlabla Sirass | Quantitativa
Leval Valus
Curk Lange i < 51
Volumea 2 150
(wehiclesmh] 3 250
4 350
L = 540
Curb Lans i = 4.8
Wickh (m) e, 4.4
3 4.0
4 a7
5 =33
Motor Vehicle i = 40
Spead (kmh) Z 50
3 6l
4 &5
8 « 7h

The ratings produced by the various groups of bicyclistsin the survey
were then compared with the empirically derived values. Ultimately, the
results showed a very high correlation between the values derived and the
ratings of the bicyclists, indicating that bicyclists can recognize
differencesin the levels of traffic volume, motor vehicle speed, and lane
width, and that these differences are consistently reflected in their
comfort or stress level. The results also indicate that the stress levels of
bicyclists are correlated to the real-world conditions present on the
roadways (e.g., changes in lane widths).
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Bicycle level of service

The Highway Capacity Manual defines levels of service (LOS) as
"...qualitative measures that characterize operational conditions within a
traffic stream and their perception by motorists and passengers."8

The terms used in describing each LOS (designated as A through F, with
L OS A being the most desirable) include speed and travel time, freedom
to maneuver, comfort/convenience, and traffic interruptions.

The concept of LOS was introduced to qualify the operational
characteristics associated with various levels of vehicles or persons
passing a given point during a specified time period. For this reason,
LOS inreality isaqualifier of conditions related to vehicle or person
through-put rather than a qualifier of conditions related to individual
comfort level. Thisfact isrevealed by examining the measures of
effectiveness (MOE’s) used to define the ranges of LOS for various
types of facilities. For freeways, the MOE is density (passenger
cars/mi/h); for signalized intersections, the MOE is average stopped
delay (s/vehicle); and for arterials, the MOE is average travel speed
(mi/h). Each of these MOE' sis directly related to vehicle through-put.

For bicycles, LOS criteria are not defined in the Highway Capacity
Manual. The discussion on bicyclesis primarily limited to the impact of
bicycles on motor vehicle LOS. If the implied definition of LOS (i.e., as
related to vehicle through-put) is used, there are very few on-street
facilitiesin the United States where LOS criteria would be needed
simply because of the low bicycle volumes. However, the descriptive
termsfor LOS used in the written definition are applicable to bicycle
transportation. For abicyclist, the qualitative terms comfort and
convenience and freedom to maneuver are critical factors with respect to
determining their quality of service on a given facility.

Referring back to the definition for LOS, the user’ s perception of the
operational conditions is an important element in terms of assigning a

L OS designation to afacility. The bicycle stress level concept
Incorporates the perceptions of bicyclists to assess the bicycle
compatibility of roadways on afive-point scale. In many ways, each
point on the scale can be thought of as representing a different LOS for
bicyclists. For example, aroadway with avery low stresslevel would be
considered by bicyclists to offer a high degree of comfort, which would
be represented by the LOS A designation.

In the current study, the bicycle compatibility index (BCl) reflects the
comfort levels of bicyclists on the basis of observed geometric and
operational conditions on avariety of roadways. The correlation of these
comfort levels with the conditions of the roadway in the development of
the BCl model alows the user to determine bicycle LOS for roadway
segments by incorporating these geometric and operational
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characteristics into the model. A compl ete discussion of the BCI model
and subsequent LOS designations is provided in chapter 4.
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Objectives and scope

The primary objective of the current study wasto develop a
methodology for deriving abicycle compatibility index (BCI) that could
be used by bicycle coordinators, transportation planners, traffic
engineers, and others to evaluate the capability of specific roadways to
accommodate both motorists and bicyclists. The BCl methodology was
developed for urban and suburban roadway segments ( i.e., midblock
locations that are exclusive of intersections) and incorporated those
variables that bicyclists typically use to assess the "bicycle friendliness"
of aroadway (e.g., curb lane width, traffic volume, and vehicle speeds).

A secondary objective of this study was to apply the devel oped
methodology used for rating midblock segments to intersections and
assess whether such an approach was valid for rating the bicycle
compatibility of intersections. Aswith the roadway segment
methodol ogy, those variables used by bicyclists to assess the "bicycle
friendliness’ of intersections were identified, and alimited amount of
data were collected and analyzed to assess the effectiveness of the
methodol ogy.

This research effort expanded upon the work of Sorton and Walsh and
the Geelong Bikeplan Team to produce a practical instrument that can be
used by practitioners to predict bicyclists perceptions of a specific
roadway environment and ultimately determine the level of bicycle
compatibility that exists on roadways within their jurisdictions. The
developed tool will allow practitioners to evaluate existing facilitiesin
order to determine what improvements may be required as well asto
determine the geometric and operational requirements for new facilities
to achieve the desired level of bicycle service.
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Organization of thereport

The results of this research effort are provided in two separate reports.
Thisfinal report contains the comprehensive results of the study. The
second report is the implementation manual and provides practitioners a
guide on how to apply the BCl methodology in response to planning and
engineering issues.

In thisfinal report, chapter 2 contains the development and validation of
the research methodol ogy, including the results of the pilot study.
Chapter 3 discusses the data collection efforts while chapter 4 provides
details on the data analysis. In chapter 5, the application of the devel oped
methodology to intersections is discussed. Finally, a summary of the
results, conclusions, and an applied example are provided in chapter 6.
There are also four appendices, one of which includes a detailed
literature review of those few studies that have attempted to model
bicycle safety or bicycle operating conditions on the basis of roadway
geometrics, traffic conditions, and other variables.
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