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The primary focus of this study by Sprinkle Consulting Engineers, Inc.
is to develop a bicycle-quality, or level-of-service, model for applica-
tions in U.S. metropolitan areas. Although there are several model
forms being used throughout the United States that attempt to quantify
road suitability or the quality of service afforded bicyclists traveling the
street and roadway networks of urbanized areas, to date there have been
no statistically calibrated models published. The statistically calibrated
level-of-service model described here is based on real-time perceptions
from bicyclists traveling in actual urban traffic and roadway conditions.
The study’s participants represented a cross section of age, gender,
experience level, and geographic origin of the population of cyclists
that use the metropolitan road networks in the United States. The test
course is representative of the collector and arterial street systems of
North American urban areas. Although further hypothesis testing is
being conducted and additional studies are planned to test the need for
disaggregate models for central business district streets with high
turnover parking, truck routes, and two-lane high-speed rural high-
ways, the general bicycle level-of-service model reported here is highly
reliable, has a high correlation coefficient (R2 = 0.73), and is transfer-
able to the vast majority of United States metropolitan areas. The study
reveals that pavement-surface conditions and striping of bicycle lanes
are important factors in the quality of service.

As reported in Landis (1), there exist very few, if any, calibrated
and transferable models that estimate bicyclists’ perceptions of 
the quality of service in the on-road cycling environments in U.S.
metropolitan areas today. There are many applications for such 
a calibrated and transferable model. These applications range from
annual end-user applications, such as setting priorities for con-
struction projects and bicycle route suitability mapping using 
supply-side performance measures, to the less frequent travel-
demand forecast modeling and logit model refining for alternatives
testing in corridor studies.

Currently, the largest of the application needs for a bicycle 
quality-of-service model is in assessing roads and streets as a crite-
rion for setting bicycle-facility investment priorities and developing
a bicycle-suitability network map. Perhaps the most widespread
application demand for a statistically valid, mainstream evaluative
tool such as a bicycle-quality, or level-of-service, model is for set-
ting priorities for bicycle-facility construction projects. Currently 
in the United States, the choice between bicycle-facility projects 
is often made in the absence of an objective supply-side evaluation
of the existing roadway facilities. Because competition is fierce
among the various transportation modes for project construction
funding, a reliable, quantitative supply-side evaluation is needed for
bicycle-mode projects.

In the closely related and rapidly growing area of bicycle suitabil-
ity mapping, the current practice in many areas of the United States
is subjectively to evaluate roads to determine their compatibility for
bicycle travel. However, consistent evaluation of the roads among the
map updates is not possible without involving the same people in
every update year. As a result, either inconsistency or inaccuracy
results. A statistically calibrated, mathematically based model is thus
needed. Such an objective evaluation tool will eliminate a large por-
tion of the uncertainty in suitability mapping and will provide the
transportation system users with technically accurate information.

Although less often needed, one of the pressing needs for a 
quality-of-service model is to overcome one of the current barriers in
developing a sequential bicycle travel-demand simulation or fore-
casting model for urban-area utilitarian bicycling. This barrier is res-
ident in both the trip distribution and assignment steps of the classic
four-step transportation system model. Unlike the relatively straight-
forward trip distribution and assignment algorithms for motorized
vehicles, which include only a few impedance factors such as travel
distance (or travel time) and (if selected) vehicle-flow capacity 
constraint, route selection by bicyclists in the United States is influ-
enced by many additional factors (although it is not usually influenced
by bicycle flow-capacity constraints). Stated-preference survey work 
by Axhausen and Smith (2), the hypothetical-route choice model by
Bovy and Bradley (3), and the environmental-preference survey 
of experienced recreational cyclists by Antonakos (4) suggest that
bicycle-route selection for utilitarian trip purposes in an urban setting
is influenced by several additional factors, which include the 
perceived hazard of sharing the roadway with motor vehicles and 
the roadway surface condition, grade, and scenery (possibly for some
trip purposes). It is apparent that the first two factors can be combined
into a single mathematical function and that the resulting quality-
of-service function can be used as a travel impedance in both 
the trip-distribution and assignment algorithms of system-level travel-
simulation models. Thus refined, this mathematical function, 
or quality-of-service model, can remove one of the barriers to the
development of urban-area travel-demand models.

BACKGROUND

There are numerous local governments, metropolitan planning orga-
nizations, and state departments of transportation throughout the
United States that are applying various methods to describe the qual-
ity of service to bicyclists provided by their collector and arterial sys-
tems. The majority are basing their methods on either the separate or
combined works of Landis, Sorton, Epperson, and Davis (1,5–7).
Despite having different names for their models, these researchers
and other practitioners are generally headed toward developing a
model, or group of models, that describe the quality of service
afforded bicyclists in the shared-roadway environment. For the most
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part, they all take the approach of quantifying the bicyclists’ percep-
tion of the magnitude of the hazards (stress, or conversely comfort)
of traveling within the shared-roadway environment. Although offer-
ing different levels of precision and number of variables, the model
forms published by the researchers have one important thing in com-
mon: the lack of basis in a statistically robust number of observations
(1) for model calibration.

The perception of hazard, or alternatively safety or users comfort,
within the shared-roadway environment is a performance measure
(8). Although it has not yet been proved in the United States that the
perceptions of safety by transportation system users correlate with
actual safety, this perception is a reasonable measure of the quality
of service for the bicycle mode of travel and is in keeping with the
general guidelines according to the Highway Capacity Manual(9).
As with performance or quality measures for motor-vehicle facili-
ties, gradations in this quality of service are in levels of service. Thus
defined, the bicycle level of service (BLOS) is not a measure of
vehicular flow or capacity as is the convention for other travel
modes. Although methods do exist for quantifying bicycle flow and
capacity, such performance measures are generally not relevant for
mixed-mode collectors and arterials in the United States, at least in
the foreseeable future.

The BLOS is based solely on human responses to measurable
roadway and traffic stimuli, similar to the comfort and convenience-
type performance measures for other transportation modes.
Although motor-vehicle system performance measures are usually
based on single parameters such as time (average vehicle delay in
seconds for intersections) or speed (average travel speed for road
links), their gradations are solely based upon on operators’ expecta-
tions of performance, that is, human perceptions. For example, the
lower-bound level of service of signalized intersections is consid-
ered failure F or 60 sec of delay based upon a consensus on the
motorists’ tolerance threshold of travel delay. Although, the BLOS
score is a mathematical function of human perceptions of stimuli,
that is, a nondimensional value, it can be described in a similar man-
ner using measurable physical attributes of motor vehicle traffic and
roadway conditions. As demonstrated here, this has been done with
a high degree of statistical reliability.

DESIGN OF RESEARCH

The common expression of bicyclists concerning how well a par-
ticular street or road accommodates their travel is from a perspec-
tive of safety. “It’s very dangerous” or “it’s fairly safe” is the way
cyclists articulate their perceptions. Accordingly, this study placed
its participants in actual urban traffic and roadway conditions to
obtain feedback on real-time perceptions. Although a virtual reality,
or simulation, study was first considered by the researchers, due to
its advantage of safety to the participants, it was not pursued because
of its potential inability to include all response stimuli (i.e., opera-
tor and vehicle response factors) present in the on-road bicycling
environment.

Participants

The nearly 150 bicyclists who completed the course represented a
good cross section of age, gender, experience level, and geographic
origin. Figure 1 shows the distribution of age. Due to the potential
hazards of riding in urban-area motor vehicle traffic, children
younger than age 13 were not allowed to participate in the study.
The gender split of the study group was 47 percent female and 
53 percent male. The researchers also sought participant diversity in
both geographic origins and cycling experience, or skill level.
Accordingly, the study test course was located in Tampa, Florida, a
metropolitan area with significant in-migration. Nearly half of the
study participants had lived in areas other than the Tampa Bay
region for the majority of their adult life.

There was a considerable range of cycling experience among 
the participants. There was a significant number who did very little
bicycling and there were some who bicycle virtually every day. 
Figure 2 shows a histogram of the average annual bicycle distance
traveled by the sample population. Nearly 25 percent of the par-
ticipants ride less than 322 km (200 mi) per year. Despite consider-
able effort in soliciting participation from nonexperienced Group B
cyclists (10), the higher response was from the segment of the 
population who currently bicycle the most often, the club-level riders.

FIGURE 1 Age distribution of participants.
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FIGURE 2 Distribution of annual bicycle kilometers traveled by participants.

Urban-Area Course

The course included representative traffic and roadway conditions
and land development forms present in the urbanized areas of the
United States. Approximately 27 km (17 mi) in length, the looped
course consisted of 30 road segments with near equal lengths, but
varying traffic and roadway conditions. Although the majority of
the segments were collectors and arterials, several segments were
local streets. During the course run by the participants, traffic vol-
umes ranged from a low of 550 average daily traffic (ADT) to a
high of 36,000 ADT, with a mean of 12,000 ADT. The percentage
of heavy vehicles (as defined in the Highway Capacity Manual
[9]) ranged from 0 to 2 percent. Posted speeds ranged from 40 to
80 km/hr (25 to 50 mi/hr) with a mode of 72 km/hr (45 mi/hr). The
motor vehicle traffic lane configurations included divided, undi-
vided, and continuous left-turn median lanes. The number of lanes
ranged from two (undivided) to six (divided). The course included
both curb and guttered as well as open shoulder cross-sectioned
roadbeds.

There were a myriad of lane widths, bicycle-facility types, and
striping conditions (and combinations thereof) present on the
course. The width of outside motor vehicle through-lanes ranged
from 3.05 to 4.88 m (10 to 16 ft). Striped bike lanes and paved shoul-
ders ranged from nonexistent to 1.83-m (6-ft) wide. Pavement sur-
face conditions ranged from poor to very good [FHWA Highway
Performance Monitoring System (11) surface quality PAVECON
ratings from 2 to 5]. Neither rumble strips nor outside lane reflectors
were present on the course.

The course ran through the entire spectrum of land development
forms and street network patterns found in U.S. metropolitan areas.
Retail commercial development forms ranged from regional shopping
malls (with several high-volume driveways) to small convenience
strip centers (with numerous curb cuts). Modern community- and
neighborhood-scaled centers were prevalent; 1950s and 1960s small
retail-neighborhood centers with limited on-street parking were also
represented. Some segments had office buildings fronting them, 
others were fronted with hospitals and medical complexes. Some 
segments passed by modern sports stadiums and museums. Several

segments passed by elementary schools, a college, and a large state
university. Other land uses included churches, convenience stores, sit-
down and fast-food restaurants with drive-throughs, professional and
personal care businesses, laundromats, car repair shops, a salvage
yard, fire stations, city public works departments, golf courses, a
national-scale theme park, a neighborhood park, a natural forest, and
light industrial areas. The age of the development forms ranged from
the 1940s to the present day.

In the residential areas, there was also an extensive variety of
development forms directly adjoining the course. Residential
dwellings included high-rise apartment and condominium units
housing people from students to the managed-care elderly. Mid- and
low-rise apartments were present, as were townhomes and other
forms of attached dwelling units. Some course segments had single-
family homes directly fronting them and intersecting traditional
grid-pattern local streets. Others had entrance-drive connections
from curvilinear street-form (planned-development) residential sub-
divisions. The age of the residential land forms ranged from the
1940s to the present day. Neighborhoods represented a balanced
mix of upper, middle, and low household income levels. In sum-
mary, the majority of the nearly 1,000 land uses documented in the
ITE trip generation manual (12) directly adjoined the study course.

Participant Response

Participants in the study were solicited using a broad-based, area-
wide, multimedia approach that included newspaper notices and
articles, radio announcements, direct mailings by numerous organi-
zations and businesses, and brochure-registration form distribution.
Displays with registration forms were deployed at retail sports 
outlets, colleges and universities, public schools, museums, gov-
ernment office lobbies, major employers, and bicycle shops. The
real-time data collection activity of the study was promoted as 
an event entitled the Fun Ride for Science, with prize drawings 
and gifts as incentives for participation. The need to ensure a large
number of volunteer bicyclists (1) mandated a weekend testing
period. To ensure that uniform motor vehicle traffic volumes were
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experienced by all participants, the event was run during a single
time block. The course run (the event) was scheduled for the 
morning of one of the busiest (from a traffic-volume standpoint)
Saturdays of the year, April 27.

Approximately 150 people participated in the event. They first
completed registration forms that included a battery of questions to
generate individual profiles of the participants. Although the partici-
pants were being briefed on course configuration, instructions for
completing the response cards, and logistical matters, course proc-
tors were deployed. Consisting of staff from the Hillsborough
County (Tampa) metropolitan planning organization, the Center for
Urban Transportation Research, and Sprinkle Consulting Engineers
Inc., over 20 proctors were strategically located throughout the
course. The proctors ensured temporally spaced starts, individual
riding, independent response scoring among the participants, and
current completed response cards (participants were encouraged to
reflect on their accumulating experience and hence re-grade as they
proceeded through the course).

Similar to the separation between link and intersection analyses
in highway capacity and level-of-service determinations, the
study’s purpose was to evaluate the quality, or level of service, of
the roadway links, not the intersections. Accordingly, the partici-
pants were instructed to disregard the conditions at the termini of
the segments. They were instructed to exclude from their consider-
ation the aesthetics of the segments. They were to include only con-
ditions within, or directly adjoining, their right-of-way. The
participants evaluated on a 6-point (A to F) scale how well they
were served (how safe or how comfortable they felt) as they trav-
eled each segment. Level A was considered the most safe or com-
fortable (or least hazardous); Level F was considered the most
unsafe or most uncomfortable (or most hazardous).

ANALYSIS OF DATA AND INITIAL 
HYPOTHESIS TESTING

Considerable data on both the participants and the course attributes
were collected to permit extensive hypotheses testing. Although fur-
ther hypothesis testing is ongoing, two tests have been performed in
addition to the initial model development. First, a standard pooled
error statistical comparison was made between the mean bicycle
quality-of-service scores for females versus that of males. The
means, standard errors, and sample size were, respectively, 3.33,
0.83, and 68 for female cyclists and 3.17, 0.72, and 77 for male
cyclists. The computed t-test (1.23) was not significant at α = 0.05.
The second initial hypothesis test was for perception differences
associated with bicycle experience level. Using annual bicycle ki-
lometers (miles) traveled [BKT (BMT)] as a measure of experience,
incremental standard pooled error tests were conducted beginning
at the tails of the BKT (BMT) frequency histogram (Figure 2) and
working toward the middle of the distribution until a statistically
significant difference was encountered. Not surprisingly, a quality-
of-service score difference was encountered between the riders who
traveled less than 322 km (200 mi) per year and those with more
than 322 annual BKT (200 annual BMT). What was surprising was
that for the less-experienced riders, their average perception of the
hazards of bicycling in a shared-roadway environment was less than
that for the more experienced riders (2.75, a high C, versus 3.14, a
middle C). Although further testing of perception differences among
groups or subgroups is currently underway, the initial results sug-
gest that once they are traveling on a road segment (i.e., after over-
coming any impediment to traveling on an on-street network), the

less-experienced bicyclists are not perhaps as aware of the potential
hazards of traveling in a shared-roadway environment.

MODEL DEVELOPMENT

This study sought to mathematically express, for road or street links,
the roadway and traffic conditions that affect bicyclists’ perceptions
of the quality of service, or level of accommodation. The following
process in developing the preliminary model was applied: (a) iden-
tify which variables are relevant, (b) test for the best configuration
of each variable (or combinations thereof), and (c) establish the
coefficients for the variables (or combinations thereof) that result in
the best-fit regression model.

The perceived quality of service (BLOS) in a shared-roadway
environment was first hypothesized as a function of a set of variables,
which takes the general form:

Building upon the works of Landis, Sorton, Epperson, and Davis
(1,5–7), a comprehensive Pearson correlation analysis of the
extensive array of roadway and traffic variables with respect to
BLOS was employed. Subsequently, the following relevant vari-
ables were selected for consideration in the second step of the
model-development process, per-lane traffic volume, traffic speed,
traffic mix, cross-traffic generation (traffic flow turbulence),
pavement surface condition, and available roadway width for bicy-
cling. The variables that were dropped from further consideration
because of their poor correlation with the dependent variable
(BLOS) or their colinearity with the more strongly correlated vari-
ables listed above included presence of curbing, controlled inter-
sections (average through-movement green time to cycle-length
ratio was 0.69), and number of directional lanes. Accordingly,
Equation 1 can be rewritten as:

where

V = per-lane motor vehicle traffic volume,
S = speed of motor vehicles,

M = traffic mix,
X = potential cross-traffic generation,
P = pavement surface condition, and
W = width for bicycling.

Using a linear regression analysis technique, the model form
would be:

Because testing of variations in the construction of some variables
was planned prior to any transformations or combination of variables,
it would be more accurate to describe Equation 3 as:

The stepwise regression analysis was conducted using the approx-
imately 4,300 observations from the real-time course runs by the

BLOS b a f V a f S a f M

a f X a f P a f W

= + ( )[ ] + ( )[ ] + ( )[ ]
+ ( )[ ] + ( )[ ] + ( )[ ]

1 2 3
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TABLE 1 Model Coefficients and Statistics

study participants. Numerous variable transformations and com-
binations were tested. Table 1 shows just three of the many model
forms that were tested and the coefficients and t-tests. Model A
does not include a potential cross-traffic variable, and it has only
the total outside lane width as the “width for bicycling” variable.
Model B also does not have the potential cross-traffic variable, but
it does have a more comprehensive construction of the “width for
bicycling” variable. The correlation coefficient (R2) of the best-fit
model (Model C) is 0.73. (See Figure 3 for a plot of predicted ver-
sus mean observed BLOS values and Figure 4 for the residuals
plot.) The coefficients are all statistically significant at more than
the 95 percent level except for the curb-cut, on-street parking
(cross-traffic) term. Thus, the following model was developed 
for the total population of bicyclists and roads and streets in U.S.
metropolitan areas:

where

BLOS= perceived hazard of the shared-roadway environment,
Vol15 = volume of directional traffic in 15-min time period,

L = total number of through lanes,
SPDp = posted speed limit (a surrogate for average running

speed),
HV = percentage of heavy vehicles (as defined in the High-

way Capacity Manual),

BLOS a Vol L a SPD HV

a COM NCA a PC a W C

p

e

= ( ) + +( )[ ]

+ ( ) + ( ) + ( ) +−

1 15 2

3 4 5
2

5
2

1

5

ln ln %

ln ( )15 p

COM15= trip generation intensity of the land use adjoining the
road segment (stratified to a commercial trip genera-
tion of 15, multiplied by the percentage of the segment
with adjoining commercial land development),

NCA = effective frequency per mile of noncontrolled vehicular
access (e.g., driveways and on-street parking spaces),

PC5 = FHWA’s 5-point pavement surface condition 
rating, and

We = average effective width of outside through lane 
(We = Wt + Wl – ΣWr, where Wt = total width of out-
side lane (and shoulder) pavement, Wl = width of
paving between the outside lane stripe and the edge
of pavement, and Wr = effective width (reduction)
due to encroachments in the outside lane.

(Wr has not been statistically calibrated during this first phase of
the study.)

The cross-traffic COM15NCAterm has been retained (in Model
C) for institutional reasons. Although the course had an excellent
variety and range of the roadway and traffic variables typically
encountered by cyclists in metropolitan areas, only two segments
had substantial high turnover on-street parking. Thus, it is postulated
that the transverse turbulence created by on-street parking activity
(i.e., motor vehicle and pedestrian ingress-egress to the parking
spaces) may be a factor in the bicyclists’ perception of safety.
Although it is estimated that fewer than 1 percent of the total
mileage of U.S. metropolitan areas’ collector and arterial roadways
have high turnover on-street parking, it may be beneficial to some
urban areas to use BLOS Model C with this factor.
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FIGURE 4 Residual plot of predicted and standardized residuals.

FINDINGS AND APPLICATIONS

Bicycle Lane Striping: Does It Really Matter?

One of the secondary goals of this initial stage of the research was
to determine the effect of striping in conjunction with a bicycle lane
or a paved shoulder. It was expected and confirmed that extra pave-
ment width to accommodate bicycle travel affects the roadway’s
quality of service to bicyclists. However, preliminary analysis of the
data indicated that there might also be a relationship between the
presence of a stripe separating the areas designated for the two travel
modes and the perception of a safer condition.

For example, 30th Street had two segments in the course that were
similar in virtually all aspects (including paved width) except that
one had a striped bike lane and the other an unstriped, wide outside
curb lane. However, the difference between their average quality-of-

service scores was nearly 50 percent (2.45 and 3.65, respectively)
even though the segment with the striped lane had nearly double the
traffic volume of the other. Other segments with striped bike lanes or
paved shoulders were perceived as being better (i.e., safer or less haz-
ardous) than those without, all other traffic and roadway geometrics
being the same.

Accordingly, a variable width of striped bicycling cross section
(Wl) was introduced (Model B of Table 1) and transformations were
tested within its range. The final form resulted in the variable Wl

being a factor in the effective width We term, and its inclusion sub-
stantially increased the Model’s correlation coefficient (R2) from
0.61 to 0.73. As an example, Table 2 shows the effect of 
various lane widths and striping configurations using a 3.66-m (12-
ft) lane width as a baseline. Notice that for a 4.88-m (16-ft) wide out-
side lane, the BLOS score decreases only 13 percent. However, with
striping added, the quality of service is improved by 31 percent.

FIGURE 3 Regression plot of predicted and observed BLOS values.
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TABLE 2 Sensitivity Analysis for Lane Width, Striping, and Pavement Condition

Pavement Condition: Does It Have An Effect?

Although identified as being statistically significant in the stated-
preference survey work by Axhausen and Smith (2), the hypo-
thetical route-choice models of Bovy and Bradley (3), and the
environmental-preference survey of experienced recreational
cyclists by Antonakos (4), pavement condition is frequently dis-
missed by some practitioners as being insignificant. However, the
response to real-time stimuli captured in this study does confirm
that pavement condition plays an important role in bicyclists’
assessment of the shared-roadway environment. This study proves
conclusively that there is a statistically significant inverse mathe-
matical relationship between pavement condition and the depen-
dent variable BLOS (see Table 1). Poor surface conditions tended
to strongly affect the level of service; good surface conditions
played a lesser role (Table 2). This finding suggests that virtual
reality or other environment simulation techniques used for esti-
mating bicyclists’ perceptions of the on-road environment would,
in some cases, miss a significant factor in actual roadway condi-
tions. Epperson (6) was wrong in suggesting that a video simula-
tion (alone) could be used to calibrate a quality, or level-of-service
model. The data clearly reveal that only through placing bicyclists
in actual conditions, with real-time consequences of their inter-
actions with motor vehicle traffic and their bicycle’s response 
to the roadway pavement surface condition, can a bicycle quality-
of-service model be ascertained with confidence. Videocamera
simulation may prove to be an option, provided that it is calibrated
with real-time observations. It might be used with caution to esti-
mate perceptions in extreme traffic conditions where study bi-
cyclists might refuse to participate (e.g., high-speed facilities with
high-truck volumes).

Applications

The participants in this study represent a broad cross section of the
U.S. population of bicyclists, and the course’s segments are typical
of the collectors and arterials prevalent in the urban and suburban
areas of the United States. The initial result of this research is the
development of a highly reliable, statistically calibrated model suit-
able for application in the vast majority of U.S. metropolitan areas.
For individual validation, Table 3 may be used as a basis for strati-
fying the BLOS scores into bicycle level-of-service classes. Even as
further hypothesis testing of the data set is under way, additional
studies are being planned to test the need for separate models for
central business district streets with high turnover parking, truck
route segments, and two-lane high-speed rural highways.
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