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CHAPTER I

INTRODUCTION

Bicyclists are vulnerable road users that share the roadway with vehicles and are
subjects of increased safety risk. With the increase in bicycle trips, the number of bicyclevehicle crashes has experienced some rise. Current data from the National Highway Traffic
Safety Administration (NHTSA) have shown that, nationally, bicyclist fatalities have
grown by 12.2% and are at their highest level since 1995 (NHTSA, 2017). In 2015, the
Alabama Department of Transportation (ALDOT) reported 260 bicycle crashes, with 185
injuries and nine fatalities (ALDOT, 2017). Overall, in a five-year period (2011 through
2015), there was a total of 1,332 bicycle vehicle crashes. Out of the total 1,311 reviewed
bicycle-vehicle crashes, 329 were severe crashes (“KA” type), while 982 crashes (of which
66 crashes had unknown injury level) were non-severe (“BCO” type). The injury levels for
the bicycle-vehicle crash severity include property-damage only (O), possible injury (C),
non-incapacitating injury (B), incapacitating injury (A), and fatality (K).
Table 1.1 displays the annual number of total, fatal, and severe bicycle-vehicle
crashes in Alabama normalized by Alabama population for years 2011 through 2015. The
most recent five-year bicycle crash pattern (2011 through 2015) shows a 78% increase in
fatalities. Figure 1.1 provides the annual fatal bicycle-vehicle crash rate (crash frequency
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normalized by 10 million population) distribution for the years 2011-2015. It can be
observed that there is an increasing trend in fatal bicycle-vehicle crash rates in Alabama.
Note that fatal crashes are of the “K” type. The aforementioned statistics show the
significance of conducting bicycle crash investigation in Alabama to understand the major
factors that contribute to bicyclist safety by examining patterns of bicycle-vehicle crashes
to help propose appropriate countermeasures.

Table 1.1: Annual Total, Fatal, and Severe Bicycle Crash Distribution by Alabama
Population

Population

2011
2012
2013
2014
2015

4,799,918
4,815,960
4,829,479
4,843,214
4,853,875

Fatal/ten million population

Year

Pop. (10
millions)

K

A

K+A

Total

0.479
0.482
0.483
0.484
0.485
Total

5
9
6
8
9
37

75
63
61
45
48
292

80
72
67
53
57
329

280
275
249
256
251
1,311

Total/
10
million
pop.
477.09
460.97
428.62
450.11
461.49

Fatal/10
million
pop.

10.42
18.69
12.42
16.52
18.54

Severe/
10
million
pop.
122.92
105.90
107.67
97.04
103.01

Annual Fatal Bicycle Crash Distribution by
Alabama Population
18.69

20.00

16.52

15.00

18.54

12.42

10.42
10.00
5.00
0.00
2011

2012

2013

2014

2015

Crash year

Figure 1.1: Annual Fatal Bicycle Crash Distribution by Alabama Population
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One significant objective of bicycle safety studies is to identify the causes, manners,
and patterns of bicycle-vehicle crashes while reviewing crash summary records. However,
crash summaries can be inaccurate and can include mistakes of recorded data from police
officers. These inaccurate data could lead to misleading high crash bicycle locations; thus,
reducing the effectiveness of safety improvement programs (Gan et al., 2017). The review
of police crash reports is thus an imperative alternative since police reports provide
additional data than that found in crash summaries (Gan et al., 2017). The narrative,
detailed descriptions, and sketch in the police crash reports are significant tools in
identifying the manner of bicycle crash and who is at-fault. This in turns helps to provide
more reliable countermeasures.
Another significant objective of bicycle safety studies is to identify the general
behavior of drivers and bicyclists on shared roadways, and not necessarily drivers or
bicyclists who have crashed. The understanding of such behavior is crucial in developing
the appropriate countermeasures and outreach programs to improve the safety of bicyclists
on shared roadways. An online stated-preference survey is thus an influential alternative to
examine bicyclists’ and drivers’ understanding of local biking regulations and to gain a
perspective of the difficulties that drivers and bicyclists encounter when sharing the road.
In summary, the objectives of this study are four-fold, as follows:
1. Analyze bicycle-vehicle crash data in Alabama, from 2011 through 2015, using
a detailed review of police reports to identify crash causes and patterns and
detect bicycle hot spots.
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2. Develop and conduct an online stated-preference survey to examine drivers’
and bicyclists’ behavior on shared roadways and their understanding of the
cycling regulations in the state.
3. Review previous bicycle safety studies from the literature.
4. Recommend countermeasures and outreach programs to improve bicycle safety
in Alabama using findings from the bicycle-vehicle crash analysis and the
stated-preference survey.

The chapters which follow are organized thematically. Chapter 2 features a
literature review of bicycle safety studies. Chapter 3 explains the review of police reports
and the crash data collection. Chapter 4 features a detailed crash analysis based on fiveyear crash data collected from the police reports (2011 to 2015). Chapter 5 highlights the
stated-preference survey design and how it was developed. Chapter 6 covers a
comprehensive analysis of the conducted stated-preference survey. Finally, Chapter 7
summarizes the main findings of the study and proposes recommendations and
countermeasures from the crash analysis and the stated-preference survey analysis.
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CHAPTER II

LITERATURE REVIEW

This chapter provides a review of literature on bicycle-vehicle crashes. The specific
areas covered include risk factors affecting frequency and severity of bicycle-vehicle
crashes, bike exposure methods and exposure to the environment, use of bicycles, helmet
use, hot spot identification methods, current bike safety countermeasures and outreach
programs, and analysis of bicycle-vehicle conflict and behavior.

2.1

Risk Factors Affecting Bicycle-Vehicle Crashes
This section summarizes studies related to risk factors affecting bicycle-vehicle

crashes like frequency, severity, and crash patterns.

2.1.1

Bicycle-Vehicle Crash Frequency Risk Factors
There have been numerous studies aimed at identifying significant factors affecting

frequency and severity of bicycle vehicle crashes. This section highlights studies that
investigate bicycle vehicle crash frequency risk factors. Isaksson-Hellman et al. studied
insurance claims of 882 bicycle - passenger car collisions in Sweden from 2005-2012. The
information was broken into categories and analyzed based on the type of collision and
severity. The authors found that accidents involving drivers and cyclists crossing paths
17

were most frequent, where accidents involving same/opposite direction travel on the same
roadway are less frequent but cause more severe injuries. Another type of accident that is
less frequent but still occurs are door opening accidents. Various types of countermeasures
like, improving road infrastructure and maintenance, developing active safety systems in
vehicles, intelligent transport systems (warning apps), and adapting training concepts were
suggested to improve road safety for cyclists.

2.1.2

Bicycle- Vehicle Crash Severity Risk Factors
In addition to the information Isaksson-Hellman et al. provides about bike vehicle

crash frequency, the authors also discussed crash severity. It was determined that
same/opposite direction travel on the same roadway caused the most severe injuries
including demise. Crossing accidents caused a high number of moderate injuries, e.g.,
fractures on the extremities and concussions. The additions of bicycle paths on roadways
have had a positive effect in reducing the number of fatal accidents and severe injuries.
The authors suggested further researching the design of bicycle lanes with parked cars in
mind to reduce the number of door opening accidents.

2.1.3

Bicycle-Vehicle Crash Patterns
Studies by Loidl et al. (2016), Fong (2013), Metroplan (2015), Beck et al. (2016),

and Alluri et al. (2017) identified bicycle-vehicle crash patterns and trends using crash
summary statistics. For example, Loidl et al. (2016) investigated bicycle crash patterns on
a city-scale level in Austria. Location and time of crash were found to be fundamental
characteristics, with crash locations highly clustered along major bicycle corridors with
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several connections. Similarly, Fong (2013) and Metroplan (2015) concluded that most
bicycle crashes happened at areas of high bicycle/motor vehicle volumes, which were part
of a multiple-corridor network. Beck et al. (2016) used crash reports from hospitalized
bicycle crash victims to develop patterns. Crashes mostly occurred during daylight hours,
clear conditions, and on-roads, where about one-quarter of on-road crashes happened in
designated bicycle lanes. Recently, Alluri et al. (2017) came to similar conclusions and
found that nighttime crashes were more severe than daytime crashes. They also discovered
that most severe crashes were for elderly persons (65 or older), those not wearing helmets,
or those riding along the roadway against traffic.

2.2

Bicycle Exposure Methods
According to Nordback et al. (2013) and the National Bicycle and Pedestrian

Documentation Project, bicycle exposure data (e.g., bicycle intersection volumes, bicycle
miles traveled, and the number of bicyclists) are not easily collected due to the difficulty
in collecting such measures, and the high cost associated with these data. For this, some
studies have been conducted to develop prediction models that can estimate such exposure
statistics, of which the bicycle traffic volume exposure was the most prevalent measure.
Count data gathered for fitting these models are collected by using non-motorized count
data collection methods. The National Cooperative Highway Research Program (NCHRP)
Report 797 (2014) summarizes the applications, accuracy, and usage of 14 existing and
emerging counting technologies and methods. These technologies and methods include
manual in-field counting, manual counts and automated counts from video, pneumatic
tubes, inductive loop detectors, passive and active infrared, piezoelectric strips, radio
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beams, thermal, laser scanners, pressure and acoustic pads, magnetometers, and fiber optic
pressure sensors.

2.2.1

Models to Estimate Bicycle Traffic Volume
The study by Carter et al. (2007) developed a model to estimate a Bicycle

Intersection Safety Index (or Bike ISI) while accounting for different exposure variables.
This index allows users to assign a safety index score to an intersection that meets certain
criteria. The criteria are three-leg and four-leg intersections, signalized, two-way stop and
four-way stop, traffic volumes from 600 to 50,000 vehicles per day, one-way and two-way
roads, one to four through lanes, and speeds limits from 15 to 45 mph. The safety index
score enables users to identify which intersections and approach legs are of greatest priority
to be evaluated for safety improvements.
Note that the model was developed per each intersection’s approach leg and not for
the entire intersection. In other words, each specific intersection leg could produce a
separate safety index score that is not necessarily equal throughout the intersection. This
could become vital in identifying areas that could possibly be improved and that may not
appear in a hot spot area. If desired, safety index values could be combined and averaged
to produce one safety index value to represent the whole intersection. The model can be
used on multi-leg intersections because they all have individual approaches. However, the
Bike ISI was not valid for midblock crossings or roundabouts.
While focusing on the bicycle intersection volume measure, Griswold et al. (2011)
used a loglinear ordinary least squares (OLS) method to develop regression models for
bicycle intersection volumes in Alameda County in California using data from two-hour
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bicycle counts performed at 81 intersections in the spring of 2008 and 2009. The models
showed that bicycle volumes were higher at intersections that were closer to a major
university, that were within 1/10 mile of commercial retail properties, that were within a
½ mile of flatter terrain, and that were connected to a more major roadway network.
Volumes also varied from weekdays to weekends, showing that bicycle volumes were
higher near commercial retail properties on the weekends, higher near universities on
weekdays, and the influence of bicycle facilities on bicycle volumes tended to be greater
on weekends.
Some studies have focused on daily, monthly, or seasonal variation in cycling
averages. Budowski et al. (2017) utilized two-hour bicycle counts to estimate seasonal
average daily bicyclists from May 1st to October 31st between 4 pm and 6 pm on Tuesday,
Wednesday, and Thursday. Eco-Counter inductive loops were used to count the bicycles
and three factoring methods were tested. The three factoring methods were: disaggregated
factoring, Traffic Monitoring Guide factoring, and National Bicycle and Pedestrian
Documentation Project factoring. It was found that the disaggregated factoring using oneweek count data outperformed other types of factoring used. When concentrating on twohour data, the disaggregated factoring method proved to be the most precise and accurate
in estimating seasonal average daily bicyclists. Similarly, Fournier et al. (2017) used a
sinusoidal model to estimate seasonal bicycle demand. The model is not applicable for all
locations and should not replace more established methods of data estimation. However, it
is useful when data are limited and strong seasonal patterns exist. The model can accurately
estimate the annual average daily bicycle (AADB) traffic and the and monthly average
daily bicycle (MADB) traffic.
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Using a different approach than other researchers, El Esawey et al. (2015)
developed an autoencoder model which targets locations where bicycle volume data are
missing, with a goal of improving individual counts. Automatic counters (loop detectors)
were used, which were subjected to periodic malfunctions. The autoencoder model allows
continuous bicycle traffic data to still be collected during the malfunction periods,
preventing as little impact as possible to the AADB. The model can be developed to
estimate missing volumes using the recorded volumes at nearby count stations and was
successful with satisfactory accuracy.
Another study by El Esawey et al. (2015) developed a cycling data model used to
estimate AADB and be presented as a visualization tool. The model was created using daily
bicycle volumes based on a 24-hour count or computed from short counts. The final model
output was the AADB and MADB counts. The visualization model was created using
Google Earth to display different Geographic Information Systems (GIS) layers such as
road networks, location of count stations, and location of collisions. A similar study
approach was conducted by Nordback et al. (2015) that targeted publicly-archived datasets.
The development and application of adjustment factors, e.g., the K factors (El
Esawey and Mosa, 2015), spatial and temporal factors (Gosse and Clarens, 2014), daily
and monthly adjustment factors (El Esawey et al., 2013; El Esawey, 2014), and day-ofyear scaling factors (Hankey et al., 2014), are used in the estimation of the AADB volumes.
For example, as part of the study by El Esawey and Mosa (2015), the two variations of the
K factor were calculated to estimate AADB using local data, which were the Kp/d and the
Kp/AADB (the “p” subscript in both K factors stands for “peak”, “d” stands for “daily”,
and AADB stands for the annual average daily bicycle traffic volume). The Kp/d factor was
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used to calculate the total daily volume which was then adjusted using the daily adjustment
factors to estimate AADB. The AADB was also estimated by dividing the peak hour
volume by the Kp/AADB factor. The authors found that the AADB estimation using the Kp/d
factor was more reliable than that using the Kp/AADB factor.
Studies performed by El Esawey et al. (2013) and El Esawey (2014) estimated the
AADB and MADB using daily and monthly adjustment factors that were calculated from
permanent count control station data. Monthly factors were used when a full month of data
was available with no missing days. On the other hand, daily and monthly factors were
used when only one day of data was collected. The best MADB results were obtained when
using daily factors that were disaggregated by weather conditions (El Esawey et al., 2013),
whereas the best AADB results were obtained when monthly factors were used (El Esawey,
2014).

2.3

Bicyclist Exposure to the Environment
Dekoninck et al. (2013) investigated bicyclists’ daily exposure to Black Carbon

(BC) during commuting trips using in-traffic noise measurements instead of traditional
mobile air pollution measurements and a spatiotemporal model. The authors found that it
is possible to predict BC concentrations based on in-traffic noise measurements. The model
is valid for different areas of the world since the parameters are chosen with physical
elements in mind. A countermeasure put forward was raising public awareness of BC
exposure and changing cyclists’ behavior to choose low exposure routes which may impact
personal health.
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2.4

Bicycle Use and Cycling
A study by Fowler et al. (2017) investigates how sex and ridership status correlates

with barriers and influences people’s decisions to bicycle. An online survey was conducted
of 1334 Baltimore City residents aged 18 to 75 from February to March 2014. Perceived
barriers included weather, destination, hilly terrain, safety due to drivers and traffic, safety
due to theft and crime, comfort level, difficulty of transporting items and other people, it
is not cool, hygiene reasons, not physically able to ride, do not know how to ride, and no
interest in riding. The results showed the biggest barrier for non-riding men and women
was safety due to traffic and the biggest barrier for riding men and women was weather
followed closely by safety due to drivers. The authors recommended developing a
countermeasure to address the barriers and reaching out with different messages to men
and women, and to those who ride regularly and those who may want to in the future.

2.5

Helmet Use
Bambach et al. (2013) studied the effectiveness of bike helmets in crashes involving

bicycles and motor vehicles in New South Wales, Australia from 2001 to 2009. A standard
multiple variable logistic regression model was used for cases where helmets were used
and people were admitted to the hospital. Controls were people submitted to the hospital
without head injury and those that did not go to the hospital. The study concludes that
helmet use reduced the risk of head injury by up to 74%. The reduction in risk increased
when the severity of the injury increased. The authors suggested that preventative actions
be addressed, especially to children and adolescents less than 19 years, due to the fact less
than half wore helmets while riding bicycles.
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Joseph et al. (2017) investigated the association of helmet use with the reduction in
traumatic brain injury (TBI) and facial fractures after bike related crashes. Regression
analysis was performed on data from 2012 from 900 trauma centers across the United
States. A total of 6376 patients were included, with only 1573 cyclists being helmeted. The
authors found that helmeted cyclists are at a 51% lower risk of developing TBI, 31% lower
risk for facial fractures, and overall have a lower risk for mortality from bike related
crashes. A proposed countermeasure was injury prevention programs to encourage bike
helmet use, especially among adolescents, where it was determined helmet use is lacking.

2.6

Bicycle Hot Spot Identification
This section summaries studies related to bicycle hot spot identification methods.

2.6.1

Density and Clustering Methods
Another significant aspect in any bicycle safety is the identification of hot spots,

i.e., areas with high bicycle crash areas. Recent research has proven GIS to be a highly
effective technique in identifying bicycle hot spots. Studies by Chimba and Musinguzi
(2016) and Thomas et al. (2009) discussed the use of GIS and Kernel Density Estimation
(KDE) to identify high priority locations. Kernel density is a GIS spatial tool that can be
used to calculate a magnitude per unit area from point features such as crash data (Chimba
and Musinguzi, 2016). The final density unit is crashes per unit area. This method helps
determine the spread of risk of a crash. The spread of risk can be defined as the area around
the cluster where such risk may increase due to an accident (Satria and Castro, 2016). The
Kernel method uses a density map feature on GIS to represent crashes per unit area. The
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Kernel density function “K(u)” of a random variable “u” is a non-parametric weighting
function to estimate random variables’ density function. It is a non-negative real value that
satisfies the following two conditions (Pulugurtha et al., 2007):

∞



∫-∞ K(u)du = 1, where u is a random variable.



K(-𝑢) = K(u) for all u values.

The result of KDE analysis is a map with the intensity of pedestrian crashes
represented on continuous surfaces, with darker shades representing locations
characterized by the highest crash density and lighter shades representing locations with a
lower crash density (Bulajića et al., 2014).
GIS is similarly used to identify spatial patterns using global measures such as
Ripley’s K-function, Getis-Ord G-statistic, and Moran’s I (Chimba and Musinguzi, 2016).
These measures are used for bicycle crashes that are influenced by geographical factors.
The Ripley’s K-function illustrates how the spatial clustering changes when the
neighborhood size changes (Esri, 2017a). It is given as:

𝐿(𝑑) = √

𝑛
𝐴 ∑𝑛
𝑖=1 ∑𝑗=1,𝑗≠1 𝑘(𝑖,𝑗)

𝜋𝑛(𝑛−1)

(2.1)

where: L is the common transformation of the K-Function, d is distance, n is total number
of points, i and j represent the points, A is the total areas of the points, and ki, j is a weighting
factor for i and j.
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The Getis-Ord G-statistic (𝐺𝑖∗ ) produces a Z-score that identifies features with
either high or low clusters spatially (Esri, 2017b). The Getis-Ord G statistic is given as:

𝑛
∑𝑛
̅ ∑𝑗=1 𝑤𝑖,𝑗
𝑗=1 𝑤𝑖,𝑗 𝑥𝑗 – 𝑋

𝐺𝑖∗ =

𝑆

2
𝑛
2
𝑛
√𝑛 ∑𝑗=1 𝑤𝑖,𝑗 –(∑𝑗=1 𝑤𝑖,𝑗)

(2.2)

𝑛−1

where: xj is the attribute value for j, wi, j is the spatial weight between point i and j, n is the
total number of points, 𝑋̅ is the average attribute value (refer to Equation (2.3)), and s is
the standard deviation of the attribute values and can be calculated using Equation (2.4).

𝑋̅ =

𝑠= √

∑𝑛
𝑗=1 𝑥𝑗

2
∑𝑛
𝑗=1 𝑥𝑗

𝑛

(2.3)

𝑛

− (𝑋̅)2

(2.4)

The Moran’s I statistic measures the feature similarity based on both the feature’s
locations and values simultaneously and clusters crash spots according to spatial patterns
(Satria and Castro, 2016; Esri, 2017c). Moran’s I is given as:

𝐼=

𝑛
𝑛
𝑛 ∑𝑖=1 ∑𝑗=1 𝑤𝑖,𝑗 𝑧𝑖 𝑧𝑗
2
∑𝑛
𝑆𝑜
𝑖=1 𝑧𝑖
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(2.5)

where: zi is the deviation of an attribute for point i from its mean, wi, j is the spatial weight
between point i and j, n is the total number of points, and So is the aggregate of all spatial
weights.
The Z-score for the statistic is computed as follows (Esri, 2017c):

𝑍𝐼 =

𝐼−𝐸[𝐼]

(2.6)

√𝑉[𝐼]

where:
𝐸[𝐼] = −1⁄(𝑛 − 1)

(2.7)

𝑉[𝐼] = 𝐸[𝐼 2 ] − 𝐸[𝐼]2

(2.8)

where: E[I] is the mean and V[I] is the variance.

2.6.2

Statistical Modeling Method
Poisson and negative binomial (NB) regression models are generalized linear

models commonly used to model the rare, random, sporadic, and non-negative collision
data of bicycles and vehicles (Wei and Lovegrove, 2011). The NB regression model uses
a Poisson-Gamma mixture as shown below:
1

𝑦𝑖 = 0,1,2 … 𝑤𝑖𝑡ℎ 𝑝𝑟𝑜𝑏𝑎𝑏𝑖𝑙𝑖𝑡𝑦

𝛤( +𝑦𝑖 )
𝛼

(

1

1
𝛤( )𝛤(𝑦𝑖 +1) 1+𝛼∗𝜇𝑖
𝛼
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1
𝛼

𝛼∗𝜇

) (1+𝛼∗𝜇𝑖 )𝑦𝑖
𝑖

(2.9)

where:
𝑦𝑖 = response/dependent variable (i.e., number of collisions) for the ith observation;
Γ = Gamma function;
α = over-dispersion parameter; and
𝜇𝑖 = exp(𝛽𝑖 𝑥𝑖 ), with 𝑥𝑖 being the covariate for the ith observation and 𝛽𝑖 being the
regression coefficient.

Sharma and Landge (2013) defined that the negative binomial regression model
allows for over-dispersion in the distribution and can be used to quantify various
parameters more effectively. Over-dispersion means that the variance of the crash data is
greater than the mean, which is the case in most crash data.

2.6.3

Relevant Studies
This section summarizes studies that identified bicycle hot spots. The study by

Kaygisiz and Hauger (2017) used the network-based KDE technique to examine hotspots
of bicycle crashes in Centre of Vienna, Austria from 2012-2014 using ArcGIS. Once the
hotspots were determined, their significance was tested using the Nearest-NeighborDistance (NND). The authors found that the hotspots varied in time and conditions (e.g.,
weather and lighting conditions). The KDE method proved to be more precise than other
methods investigated in their study. Similarly, Kundakci (27) concluded that the uniform
KDE method was more appropriate for identifying hot spots compared to Nearest
Neighborhood Hierarchical (NNH) clustering.
Regarding the partial patterns, Satria and Castro (2016) suggested that the Moran’s
I was best used to study crash occurrence, where Getis-Ord G-statistic was better used as
a measure of the clustering degree value in the spatial pattern. A study by Chimba and
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Musinguzi (2016) used Moran’s I to identify the significant block group clusters of high
and low bicyclist risk values. The authors also used the Ripley’s K-function to detect those
clusters that occurred at a maximum clustering distance.
Wei and Lovegrove (2011) used the NB model to develop bicycle-vehicle crash
predictions for urban areas. The model revealed that the number of bicycle-vehicle crashes
were directly related to total lane kilometers, bicycle lane kilometers, bus stops, signals,
intersection density, and arterial-local intersections. This indicates that the increase in each
of the aforementioned variables was associated with a crash frequency increase. On the
other hand, the number of crashes had an inverse relationship with the percentage of driving
commuters.

2.7

Bicycle Safety Countermeasures and Outreach Programs
Lachapelle et al. (2013) investigated the effects of a bicycling education program

implemented in New Jersey schools and summer schools. The program was designed to
evaluate two programs, one in a school setting with no on-road component and one in a
summer school setting with an on-road component. Approximately 699 children participate
in the study which assessed their preprogram knowledge of bike safety, helmet use, and
their biking behavior. Another test was preformed post program to determine improvement.
The authors concluded that children who bike with their parents had a higher
preprogram score and lower improvement rate from the pre-to post test. Overall the test
scores improved from pre-to post test and the results differed slightly if they took the
program in a school or summer school setting. The most difficult questions were multiple
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choice questions designed to test road safety and behavior. Improving these questions could
help in the overall development of the children in this program.
DiMaggio et al. (2016) investigated a federally funded program called Safe Routes
to School (SRTS), implemented in 2005, for its impact on lowering injuries and fatalities
in school aged pedestrians and bicyclists nationwide in the Unites States. The program was
designed to promote physical activity in school children commuting to and from school
through improvements of the built environment. Data was collected in 18 states over a 16year period (1995-2010) of crash records for school children aged 5-19 years old. A
multilevel negative binomial was developed to monitor the relationship between the SRTS
program and the data collected from the 16-year period. The authors concluded that the
SRTS program has been successful in encouraging physical activity in children and
improving their overall safety while doing so. The results show during school-travel hours
there has been a 14%-16% decrease in pedestrian and bicyclist injury risk, while there has
been a 13% decline in pedestrian ad bicyclist fatality risk.

2.8

Bicycle-Vehicle Conflict and Behavior Analysis
A study by Love et al. (2012) in Maryland, Baltimore investigates the

implementation of the new traffic law requiring more than three feet when passing a cyclist.
Data was collected from video footage and a multiple linear regression model was created.
The authors determined that most cyclists are still passed at a distance of three feet or less,
causing an unsafe environment for the cyclist. To increase compliance with the three-foot
law, the construction of cycling lanes was suggested as an infrastructure solution, as well
as education campaigns to change driver behavior.
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2.9

Literature Review Summary
This chapter presented a review of literature on bicycle-vehicle safety. Specifically,

studies in the following areas were reviewed: (1) risk factors affecting frequency and
severity of bicycle-vehicle crashes; (2) bike exposure methods and exposure to the
environment; (3) use of bicycles in transportation; (4) helmet use; (5) bicycle hot spot
identification methods; (6) bicycle safety countermeasures and outreach programs; and (7)
bicycle-vehicle conflict and behavior analysis. The literature review revealed that
researchers have used a number of different methods to analyze bicycle-vehicle crash
frequency, severity, exposure, and conflict and behavior, depending on data availability.
Furthermore, various methods were applied to identify bicycle hot spot locations.
Researchers have found that most bicycle crashes happened at areas of high
bicycle/motor vehicle volumes, nighttime crashes were more severe than daytime crashes,
and most severe bicycle crashes were for elderly persons (65 or older), those not wearing
helmets, or those riding along the roadway against traffic. Some studies have suggested
preventative actions and programs to encourage bicycle helmet use, especially in children
and adolescents. Others have investigated the effects of bicycle education programs
implemented in schools, which were successful in encouraging physical activity and
decreasing injury and fatality risk.
Some previous studies have developed prediction models used to estimate exposure
statistics, such as traffic volume, bicycle miles traveled, and number of bicyclists. For
example, one model was developed that allowed users to assign a safety index score to an
intersection that meets certain criteria. Other studies have used the loglinear ordinary least
squares method to develop regression models for bicycle intersection volumes. Some
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others have developed an autoencoder model which targeted locations where bicycle
volume data were missing, with a goal of improving individual counts.
The bicycle hot spot identification methods looked at two different types of
methods: density and clustering, and statistical modeling. Under density and clustering, the
Kernel method was used to identify high priority locations using a density map feature on
GIS to represent crashes per unit area. GIS was similarly used to identify spatial patters
using global measures, such as Ripley’s K-function, Getis-Ord G-statistic, and Moran’s I.
These measures were used for bicycle crashes that were influenced by geographical factors.
Under statistical modeling, Poisson and negative binomial regression models were the
most-commonly used count models to depict rare, random, and non-negative collision data
of bicycles and vehicles.
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CHAPTER III

REVIEW OF POLICE REPORTS AND CRASH DATA COLLECTION

This chapter describes the effort made to collect comprehensive amount of
information from the retrieved five-year police reports in Alabama from 2011 to 2015. This
review was the key to identify correct patterns and manners of bicycle crashes in Alabama.
A total of 1,311 bicycle-vehicle crashes were used in the analysis, which represents the
reviewed crash cases to-date. Data were collected from both the police report and Google
Maps to gain a full perspective of the crash and the nearby geometric, roadway, and traffic
characteristics of the crash area.
A total of 89 variables/features were collected. These include demographic
variables (driver and bicyclist sex, race, and age), crash variables (type/manner of crash,
crash location and time, at-fault road user, crash severity, distracted driving status, drivingunder-influence “DUI” status, bicyclist ejection status, and bicyclist helmet use), roadway
variables (surface type, surface condition, curvature, and grade), environmental variables
(lighting and weather conditions), traffic variables (speed limit and type of control),
geometric characteristics (intersection layout type, number of through lanes, and number
of turn lanes), and latitude and longitude of the crash. A sample list of variables collected
have included the following:
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1. Type/Manner of Crash: This variable explains the type of bicycle-vehicle crash.
The crash types include angle, head-on, rear-end, right-angle, and side swipe (same
and opposite directions). The crash type was confirmed from the narrative and
sketch provided in the report.
2. Primary Contributing Circumstance: This variable explains the cause of the crash
and it was confirmed from the narrative and sketch provided in the report.
3. Crash Location: This variable explains where the crash occurred and can include
travel lane, bike lane, paved shoulder, crosswalk, parking lot, non-paved shoulder,
driveway, and neighborhood driveway.
4. At-Fault Road User: This variable shows who was at-fault in the crash. This can be
the driver, bicyclist, both, none, or unknown. This variable was collected and
confirmed from the narrative and sketch provided in the report, as well as what the
police officer has indicated.
5. Crash Severity: This variable explains the extent of the crash injuries on the
KABCO scale. The levels include: K (fatal), A (incapacitating injury), B (nonincapacitating injury), C (possible injury), and O (property damage only).
6. Distracted Driving Status: This variable shows if the driver or bicyclist was
distracted before the crash.
7. Hit-and-Run: This variable shows if the crash was a hit-and-run crash, which
happens when either the driver or the bicyclist flees the scene.
8. Driver/Bicyclist Alcohol and Drugs Use: This variable shows if the bicyclist or
driving was DUI (either alcohol or drugs) at the time of the crash.
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9. Bicyclist Ejection Status: This shows the eject status of the bicyclist (when
applicable), which can be either totally or partially.
10. Type of Safety Equipment for Bicyclist: This variable shows if the bicyclist was
wearing any safety equipment in the crash. This includes helmet, reflective
clothing, helmet and reflective clothing, lighting, helmet and lighting, or none.
11. Number of Through Traffic Lanes (Major and Minor): This shows the total number
of through lanes on both major and minor roadway approaches (on both directions).
These data were available in the police reports but were also cross-checked using
Google Maps.
12. Turn Lane Presence: This variable shows if a turn lane is present on the major
roadway.
13. Number of Left- and Right-Turn Lanes (Major and Minor): This shows the total
number of left-turn and right-turn lanes on both major and minor roadway
approaches (from all approaches).
14. Intersection Layout Type: This variable shows the geometric layout of the
intersection (if applicable) where the crash happened. The types include midblock,
4-way intersection, multi-leg intersection, T-intersection, two T-intersection, onramp, off-ramp, roundabout, channelization, and other (e.g., parking lots and
residential areas). Figure 3.1 shows sample intersection layout types.
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(a) Midblock

(d) Multi-Leg Intersection

(b) 4-Way Intersection

(e) Channelization

(c) T-Intersection

(f) Other (Parking Lot)

Figure 3.1: Intersection Layout Types (Intersection Type (2017) and Google Maps
(2017))

Note that the police reports provide information other than the aforementioned
variables, e.g., the road surface condition and type, and lighting and weather conditions.
Along with the aforementioned variables collected from the police reports, Google Maps
was used to collect other significant variables. These include the type of control on the
minor road for intersection-related crashes (stop, yield, no control, or signalized), skewness
angle of the intersecting roadways’ centerlines, median type on the major road (closed,
directional, open, two-way left-turn lane, or undivided), median presence on the minor
road, bicyclist specific location at time of crash (in-roadway, crosswalk, non-physical
sidewalk, neighborhood driveway, sidewalk, paved shoulder, bike lane, non-paved
shoulder, or parking lot). The Google Street View option was used to investigate other
characteristics, e.g., whether there were sight distance (or vision obscurity) issues not
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specified in the police report, presence of parking on the major and minor roads, existence
of bicycle-related roadway signs, and existence of bus stops/shelters nearby the crash
location. Lastly, to investigate the spatial effect of nearby signalized intersections on
bicycle-vehicle crashes, Google Maps was used to measure the distance from the crash
location to the upstream and downstream signalized intersections.
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CHAPTER IV

STATEWIDE BICYCLE-VEHICLE CRASH ANALYSIS

4.1

Annual Total and Severe Bicycle Crash Distribution by Alabama Population
Overall, out of a total of 1,311 bicycle-vehicle crashes, there were a total 329 severe

(“KA” type) crashes. For non-severe (“BCO” type) crashes, there was a total of 982 crashes
(of which 66 crashes had unknown injury level). Table C-1 provides the distribution of the
total and severe annual bicycle-vehicle crash frequency and crash rate (crash frequency
normalized by 10 million population) for the years 2011-2015. It can be seen that the two
years 2011 and 2012 had the highest total crash rates, while 2013 and 2015 had the lowest
total crash rates. Furthermore, the two years 2011 and 2012 had the highest severe crash
rates, while 2014 and 2015 had the lowest severe crash rates. On average, the annual total
bicycle-vehicle crash rate was 543.13, while the annual severe bicycle-vehicle crash rate
was 136.35 per ten million population.
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Table 4.1: Annual Total and Severe Bicycle Crash Distribution by Alabama Population

Crash Severity Level (Injury Type)
Unknow
Severe
Non-Severe
n
Year
2011
2012
2013
2014
2015

Pop.
Total/
(10
B+C Unknow
10
K
A K+A B
C
O
Total
millions
+O
n
millio
)
n pop.
4,799,918
0.479
5
75
80
112 33 38
183
17
280 477.09
4,815,960
0.482
9
63
72
115 34 44
193
10
275 460.97
4,829,479
0.483
6
61
67
83 42 43
168
14
249 428.62
4,843,214
0.484
8
45
53
102 41 45
188
15
256 450.11
4,853,875
0.485
9
48
57
96 38 50
184
10
251 461.49
37 292 329 508 188 220 982*
66**
1,311
Total
* Total non-severe should sum up to 1,048 crashes (in other words, 66 crashes had
unknown/missing injury type in the police reports and could not thus be identified)
** 66 crashes had unknown/missing injury type in the police reports

Populatio
n

4.2

Annual Fatal and Injury Bicycle Crash Distribution by Alabama Population
Table 4.2 provides the annual fatal and injury bicycle-vehicle crash rate (crash

frequency normalized by 10 million population) distribution by for the years 2011-2015.
Note that fatal crashes are of the “K” type and injury crashes are those of the “ABC” type.
The average annual bicycle-vehicle fatal crash rate was 15.32 per ten million population.
On the other hand, the average annual bicycle-vehicle injury crash rate was 409.36 per ten
million population. Moreover, it is observed that 2011 had the highest injury bicyclevehicle crash rate, while 2012 had the highest bicycle-vehicle fatal crash rate. Overall, there
is an increasing trend in the fatal bicycle crash rates over the five-year analysis period, as
demonstrated from Figure 4.1. Figure 4.1 also shows an increasing trend (78% increase) in
the fatal bicycle crash rate between the first analysis year “2011” (having 10.42 crash rate)
and the last analysis year “2015” (having 18.54 crash rate).
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Severe/
10
million
pop.
122.92
105.90
107.67
97.04
103.01

Table 4.2: Annual Fatal and Injury Bicycle Crash Distribution by Alabama Population

Year
2011
2012
2013
2014
2015

Fatal/10 million pop.
10.42
18.69
12.42
16.52
18.54

Injury/10 million pop.
458.34
440.20
385.13
388.17
374.96

Fatal Crashes by Population/ten million per year
18.69

Crashes by (Population/ten million)

20.00

18.54

18.00

16.52

16.00
14.00
12.00

12.42
10.42

10.00
8.00
6.00
4.00
2.00
0.00
2011

2012

2013

2014

2015

Crash year
Figure 4.1: Fatal Bicycle-Vehicle Crash Rate Trend

4.3
Annual Total and Severe Bicycle Crash Distribution by Gender Population in
Alabama
Table 4.3 provides the annual total and severe bicycle-vehicle crash rate statistics
by gender population (males vs. females). Note that the bicyclist gender was used in this
analysis to quantify the corresponding crash frequency in each of the five years. The
average annual total and severe bicycle-vehicle crash rate for males were 947.40 and
247.06, respectively. For females, the average annual total and severe bicycle-vehicle crash
rate were 155.44 and 33.24, respectively. This demonstrates that males were more often
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involved in bicycle-vehicle crashes and they tended to be more severely injured than their
female counterparts.

Table 4.3: Annual Total and Severe Bicycle Crash Distribution by Gender Population in
Alabama

Gender
Male
Yea
r
201
1
201
2
201
3
201
4
201
5

Female

Populati
on

Pop. (10
mil)

Total/10
mil pop.

Severe/1
0
mil pop.

Populatio
n

Pop. (10
mil)

2,302,958

0.230

1046.48

290.93

2,444,466

0.244

147.27

49.09

2,317,520

0.232

1014.01

280.47

2,459,806

0.246

142.29

28.46

2,328,592

0.233

906.13

257.67

2,470,685

0.247

149.76

28.33

2,336,020

0.234

911.81

196.92

2,481,658

0.248

153.12

28.21

2,341,093

0.234

858.57

209.30

2,489,527

0.249

184.77

32.13

Total/10 Severe/10
mil pop. mil pop.

4.4
Annual Total and Severe Bicycle Crash Distribution by Age Group Population
in Alabama
Table 4.4 provides the annual total and severe bicycle-vehicle crash rate statistics
by age group population. Note that the bicyclist age group was used in this analysis to
quantify the corresponding crash frequency in each of the five years. The average annual
total and severe bicycle-vehicle crash rate for the very young/young age group were 740.64
and 168.23, respectively. For the middle age group, the average annual total and severe
bicycle-vehicle crash rate were 503.06 and 142.76, respectively. For the old/very old age
group, the average annual total and severe bicycle-vehicle crash rate for the young age
group were 165.29 and 40.18, respectively. This demonstrates that younger age group
bicyclists (0-25 years) were more often involved in bicycle-vehicle crashes and they tended
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to be more severely injured than other age groups. The second highest age groups were the
middle age groups, and finally the least were the older age groups.

Table 4.4: Annual Total and Severe Bicycle Crash Distribution by Age Group
Population in Alabama

Ye
ar

201
1
201
2
201
3
201
4
201
5

0-25 (Very Young & Young)
Pop.
Pop. Total/ Severe/ Pop.
(10
10
10
mil)
mil
mil
pop.
pop.
1,609,
346
1,610,
902
1,605,
939
1,599,
776
1,591,
269

4.5

0.161
0.161
0.161
0.159
0.159

845.0
6
807.0
0
709.8
7
668.8
4
672.4
2

236.12
173.82
193.03
112.52
125.69

2,490,
744
2,503,
119
2,512,
764
2,518,
641
2,520,
025

Age Group
26-64 (Middle)
≥ 65 (Old and Very Old)
Pop. Total/ Severe/ Pop.
Pop. Tota Sev
(10
10
10
(10
l/
ere/
mil)
mil
mil
mil)
10
10
pop.
pop.
mil
mil
pop. pop.
0.249 525.9 164.61 647,3 0.065 139. 15.4
5
34
03
5
0.250 527.3 167.79 663,3 0.066 105. 30.1
4
05
53
5
0.251 505.4 135.31 680,5 0.068 88.1 14.6
2
74
6
9
0.252 488.3 123.08 699,2 0.069 257. 57.2
6
61
41
0
0.252 468.2 123.01 719,3 0.072 236. 83.4
5
26
33
1

Temporal and Environmental Factors
Out of the 1,311 bicycle-vehicle crashes, 329 crashes (23.5%) were severe. A high

87.3% of the 1,311 crashes occurred in urban and suburban areas, with 22.4% of these
crashes being severe (refer to Table 4.5). On the other hand, 12.7% of the 1,311 crashes
occurred in rural areas, with 44% of these crashes being severe. Approximately one third
of the total crashes occurred in the fall (September-November), and had the highest
percentage of severe crashes (27.2%). Regarding the time of day, just over one third of
total crashes occurred during the afternoon peak (15:01-19:00). Interestingly, 33.3% of the
crashes that happened during night/dawn off peak hours (19:01-7:00) were severe (having
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the “KA” type). This finding is consistent with that of Poad (2014). This pattern shows that
bicyclists who ride at night are more likely to be involved in a severe crash.
A chi-square test of independence was performed to determine whether crash injury
severity is dependent on the season, land use type, and time of day. It was found that
severity was significantly correlated with the type of land use (P-value = 0.000), and time
of day of crash (P-value = 0.000). This indicates that the previous three factors were
influential on bicycle-vehicle crash severity at close to 5% significance. Equation (4.1)
shows the calculation of the chi-square test statistic (i denotes the specific cell and n
denotes the number of observations):

(4.1)
where,
X = chi-square statistic;
O = observed frequency; and
E = estimated frequency.

Table 4.5 summarizes the distribution of severe crashes by environmental/lighting
condition and land use type. Most bicycle-vehicle crashes happened during daylight hours;
however, 34.3% of nighttime crashes were found to be severe.
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Table 4.5: Distribution of Severe Crashes by Land Use Type and Lighting Condition

Variable Level
Rural
Urban and Suburban
Daylight
Nighttime (Dark, Dusk,
Dawn)

4.6

Total Severe Percentage of Severe Crashes
Land Use Type
166
73
44.0%
1,145
256
22.4%
Lighting Condition
21.8%
955
208
353

121

34.3%

Bicyclist/Driver-Related Factors
The following section analyzes crash data associated with bicyclist and driver-

related factors.

4.6.1

At-Fault Road User
Figure 4.2 gives the summary of the percentage of severe crashes for “who is at-

fault”. The highest percentage is for both drivers and bicyclists (27.69%), followed by
bicyclists (25.37%), and finally drivers (25.23%). When breaking down the at-fault road
users by gender, 67.5% of at-fault users were males and 70.2% of severe crashes involved
male at-fault users. When breaking down the at-fault road users by land use type, it was
found that both drivers and bicyclists were mostly at-fault for severe crashes in rural areas
(66.7%) and urban areas (23.7%). The chi-square test showed that the driver/bicyclist
gender and at-fault user were significantly correlated (P-value = 0.000).
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Who is at-Fault?*
* Percentages do not sum up to 100% due to the unshown "unknowns
and none" category

25.23%

27.69%

25.37%

Driver

Bicyclist

Both

Figure 4.2: Distribution of Severe Crashes by at-Fault Road User

The Z-test of proportions was used to assess whether there exists significant
difference between two proportions (e.g., the proportion of bicyclists who were at-fault in
rural and urban and suburban areas). The null and alternative hypotheses (for a two-tailed
test) are:
H0 (null hypothesis): P1 = P2
Ha (alternative hypothesis): P1 ≠ P2

where: P1 and P2 represent the proportions of the variable of interest (e.g., at-fault
bicyclists) from the two independent samples (e.g., “rural areas” and “urban and suburban
areas”).
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Afterwards, the Z-score can be calculated as shown below:

𝑍 − 𝑠𝑐𝑜𝑟𝑒 =

̂2
𝑃̂1 − 𝑃
̅
̅
√𝑃𝑞̅ + 𝑃𝑞̅
𝑛1 𝑛2

where,
𝑃̂1 =
̂2 =
𝑃
successes/n2);
n1 =
n2 =
𝑃̅
=
𝑞̅

=

proportion of success in the first sample (= number of successes/n1);
proportion of success in the second sample (= number of
sample size 1;
sample size 2;

number of successes in sample 1 + number of successes in sample 2
𝑛1 + 𝑛2

1 – 𝑃̅.

; and

The Z-test of proportions showed that there was significant difference between the
proportion of severe crashes (from at-fault bicyclists) in “rural” vs. “urban and suburban”
areas (P-value = 0.000, Z-score = 4.230). It should be noted that the greater proportion of
severe crashes (0.439) from at-fault bicyclist groups occurred in rural areas.

4.6.2

Age and Gender
Table 4.6 provides summary statistics of the bicyclist age by total and severe

crashes, and by bicyclist gender. As shown, middle age bicyclists had the highest
percentage of severity with 28.4%. This is due to the larger number of middle age drivers
who cycle than those older or younger age groups. The second severity-prone age groups
were the older age, followed by very young, and finally young age groups. This can roughly
indicate that as the bicyclist age increases, the probability of being involved in severe
crashes increases.
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As shown in Table 4.6, males were over-represented, accounting for 84% of total
bicycle-vehicle crashes. From the last two columns in the table, the percentage of severe
crashes for males was continuously higher than that for females for all age groups, with the
highest percentage being for middle age groups. This finding was also concluded by Alluri
et al. (2017) and Behnood and Mannering (2017).

Table 4.6: Bicyclist Age Distribution by Severe Crashes and Bicyclist Gender

Bicyclist Age

Total

Severe

Percent
Severe

Male

Female Percent Percent
Severe
Severe
(Male) (Female)
303
74
24.4%
249*
54*
83.8%
16.2%
Very Young (0-15)
291
61
21.0%
228*
61*
82.0%
18.0%
Young (16-25)
631
179
28.4%
563*
66*
91.1%
8.4%
Middle (26-64)
57
14
24.5%
51
6
78.6%
21.4%
Old (≥ 65)
* Numbers do not sum up to the total since some crashes had unknown gender

In Table 4.7, bicyclist age was broken down by land use (i.e., “rural” and “urban &
suburban” areas). It can be observed that in rural areas, the majority of severe crashes were
for the middle age group (45.8%), with males being the more severely injured in each age
group. In urban and suburban areas, the majority of severe crashes were for the older age
group (25.9%), with males being the more severely injured gender. In general, male middle
age groups had the highest percentage of severity in rural areas. This can be due to higher
number of male riders and the relatively high speeds in rural areas.
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Table 4.7: Bicyclist Age Distribution by Severe Crashes, Bicyclist Gender, and Land
Use

Land
Use
Type

Variable of
Interest

Very Young
(0-15)
40
18
45.0%
31
9
77.8%

Bicyclist Age
Young
Middle
(16-25)
(26-64)
25
96
11
44
44.0%
45.8%
21
91
4
5
81.8%
95.4%

Total
Severe
Percent Severe
Male
Rural
Female
Percent Severe
(Male)
22.2%
18.2%
4.5%
Percent Severe
(Female)
263
266
535
Total
56
50
135
Severe
21.3%
18.8%
25.2%
Percent Severe
Urban
218*
207*
472*
Male
and
45*
57*
61*
Female
Suburb
an
85.7%
82.0%
90.0%
Percent Severe
(Male)
14.3%
18.0%
9.6%
Percent Severe
(Female)
* Numbers do not sum up to the total since some crashes had unknown gender

Old (≥
65)
3
0
0%
3
0
0%
0%
54
14
25.9%
48
6
78.6%
21.4%

The Z-test of proportions showed that there existed significant difference between
the proportion of bicycle-vehicle crashes involving the young age group (P-value = 0.015,
Z-score = -2.441) in rural areas vs. urban and suburban areas. Moreover, there existed
significant difference between the proportion of bicycle-vehicle crashes involving the
middle age group (P-value = 0.010, Z-score = 2.556). The same results were reached when
testing for the proportion of severe crashes for the middle age group in rural areas vs. urban
and suburban areas.
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4.6.3

Bicyclist Safety Equipment
Helmets provide safety for bicyclists, while reflective clothing, lighting, or a

combination of both help make the bicyclist more visible, especially at nighttime. In
general, most crashes occurred where the bicyclist was not wearing any safety equipment.
Moreover, most crashes involving helmets occurred during daylight and on roadways
having a speed limit greater than 40 mph. As shown in Table 4.8, in rural areas, when
wearing a helmet in daylight at speed limits greater than 40 mph, 39.3% of the crashes
were severe, which is lower than crashes involving no safety equipment (44.4%).
Surprisingly, when wearing a helmet at nighttime in rural areas at speed limits greater than
40 mph, 83.3% of the crashes were severe, which is much higher than crashes involving
no safety equipment (40%). The results for helmet use in urban and suburban areas were
opposite to that in rural areas at speeds greater than 40 mph. Therefore, it can be concluded
that if a bicycle-vehicle crash occurs on a high-speed limit facility, the crash is expected to
be severe regardless if the bicyclist is wearing a helmet or not.
Regarding reflective clothing, it can be seen that wearing reflective clothing at
nighttime in rural and urban and suburban areas at speed limits greater than 40 mph was
associated with lower percentage of severe crashes compared to no safety equipment use.
Therefore, it can be concluded that wearing reflective clothing at nighttime on high speed
facilities (greater than 40 mph) is more effective than having no safety equipment. The chisquare test showed that safety equipment and severity were significantly correlated at a 5%
significance level (P-value = 0.033).
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When looking at low speed limit facilities (speed limits less than or equal to 25
mph) in urban and suburban areas during daylight hours, it can be seen that wearing a
helmet proves to cause more severe crashes than not wearing a helmet. Although this is
quite surprising finding, it can be attributed to the way bicyclists wear the helmets at low
speed limit facilities. There is a probability that bicyclists are not wearing their helmets
properly because these are areas where they feel comfortable and safe due to the reduced
speed limits.

Table 4.8: Safety Equipment Distribution by Land Use, Lighting Condition, and Speed
Limit

Land
Use
Type

Lighting
Condition

Speed
Limit (SL)
in mph
SL ≤ 25
25 < SL ≤
35

Daylight
35 < SL ≤
40
Rura
l
SL > 40

SL ≤ 25
Nighttime

25 < SL ≤
35

Variable
of
Interest
Total
Severe
Percent
Total
Severe
Percent
Total
Severe

Safety Equipment
Reflective
Helmet Clothing/Lightin
g
5
3
1
3
20%
100%
7
1
0
1
0%
100%
4
1
3
1

None
2
0
0%
4
3
75%
1
1

Percent

75%

100%

100%

Total
Severe
Percent
Total
Severe
Percent
Total
Severe
Percent
Total

28
11
39.3%
0
0
0%
0
0
0%
0

1
1
100%
0
0
0%
1
1
100%
0

9
4
44.4%
1
0
0%
1
0
0%
2
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Land
Use
Type

Lighting
Condition

Variable
of
Interest

35 < SL ≤
40

Severe

0

0

0

Percent
Total
Severe
Percent
Total
Severe
Percent
Total
Severe

0%
6
5
83.3%
38
11
28.9%
50
12

0%
8
3
37.5%
9
3
33.3%
14
6

0%
15
6
40%
99
15
15.2%
87
21

Percent

24%

42.9%

24.1%

Total
Severe
Percent
Total
Severe
Percent
Total

21
4
19.0%
41
14
34.1%
13

0
0
0%
3
0
0%
3

21
7
33.3%
17
5
29.4%
25

Severe

1

0

6

Percent
Total
Severe
Percent
Total
Severe

7.7%
7
1
14.3%
3
3

0%
9
4
44.4%
2
1

24%
32
11
34.4%
11
4

Percent

100%

50%

36.4%

Total
Severe
Percent

12
5
41.7%

9
3
33.3%

18
8
44.4%

SL > 40

SL ≤ 25

25 < SL ≤
35
Daylight
35 < SL ≤
40
SL > 40

Urba
n and
Subu
rban

Safety Equipment
Reflective
Helmet Clothing/Lightin
g

Speed
Limit (SL)
in mph

SL ≤ 25

25 < SL ≤
35
Nighttime
35 < SL ≤
40

SL > 40
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None

Table 4.9 shows the breakdown of bicycle safety equipment by signalized and
unsignalized intersections. It can be seen that at unsignalized intersections, wearing
helmets is a key in reducing severity, compared to no safety equipment use. This could be
since unsignalized intersections proved to be more hazardous than signalized intersections
(in terms of bicyclist safety).

Table 4.9: Safety Equipment Distribution by Intersection Type

Bicyclist Safety
Equipment

Signalized Unsignalized
S
U
S
U
(S)
(U)
Severe Severe Percent Percent

Helmet

41

96

10

21

24.4%

21.9%

Reflective
Clothing/Lighting

6

23

4

9

66.7%

39.1%

None
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158

11

35

19.0%

22.2%

4.6.4

Ejection
The Alabama police report provides two types of ejections, either totally or

partially. The analysis showed that 22% of bicyclists were ejected at the point of impact.
Of those 22%, 85.5% were totally ejected and 29.1% were severe crashes. Of those totallyejected bicyclists, the percentage of severe crashes was 95.2%. This shows that total
bicycle ejection is indeed hazardous.
Figure 4.3 compares the percentage of severe crashes (for those totally-ejected
bicyclists) by: (a) bicyclist age and (b) bicyclist gender. From Figures 4.3 (a) and 4.3 (b),
it is observed that middle age and male totally-ejected bicyclists had the highest severity
percentage (38.4% and 33.7%, respectively). The chi-square test showed a significant
correlation between the crash severity and ejection status (P-value = 0.000).
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Percentage of Severe Crashes

Age of Bicyclists Totally Ejected vs.
Percentage of Severe Crashes
45%
40%
35%
30%
25%
20%
15%
10%
5%
0%

38.4%
26.9%

25.0%

Young (0 to 25) Middle Age (26 to
64)

Old (≥ 65)

Age of Bicyclists Totally Ejected

(a)

Percentage of Severe Crashes

Sex of Bicyclists Totally Ejected vs.
Percentage of Severe Crashes
34%

33.7%

32%
30%

28%

26.3%

26%
24%
22%
20%
Male

Female

Sex of Bicyclists Totally Ejected

(b)
Figure 4.3: Distribution of Severe Crashes for Total Ejections by: (a) Bicyclist Age and
(b) Bicyclist Gender
4.6.5

Bicyclist and Driver Maneuver
The common bicyclist and driver maneuvers have included turning, going straight,

cutting across/changing lanes/overtaking, parked/reversing, and stopped/slowing. In
general, most crashes occurred when the bicyclist maneuver was going straight, while
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crashes involving a bicycle cutting across/changing lanes maneuver were more severe
(28.6%), as shown in Table 4.10. Parked or reversing type maneuvers did not apply to
bicyclists and only applied to drivers. When referring to driver maneuvers, the majority of
crashes occurred when the vehicle was going straight, with cutting across/changing
lanes/overtaking type maneuvers being the most severe (30.6%). From Table 4.10, it can
be inferred that the bicyclist and driver maneuvers with the least severe crash percentages
were parked/reversing and stopped/slowing.

Table 4.10: Maneuver Type Distribution by Road User

Roa
d
User

Bicy
clist

Driv
er

4.6.6

Variable of
Interest

Tur
ning

Total

86

Severe
Percent
Severe
Total
Severe
Percent
Severe

22
25.6
%
348
64
18.4
%

Stra
ight

Maneuver
Cutting across/ Changing
Lanes/ Overtaking

1,11
7
276
24.7
%
883
248
28.1
%

Parke
d/
Rever
sing

Stopped/
Slowing

98

0

8

28

0

1

28.6%

0%

12.5%

36
11

24
2

17
1

30.6%

8.3%

5.9%

Hit-and-Run, Impaired Riding, and Bicyclists Riding against Traffic
In a five-year span, 16.9% of the 1,311 bicycle crashes involved hit-and-run cases,

and 22.2% of those crashes were considered severe. Regarding impaired riding, it was
found that 3.7% of bicycle-vehicle crashes involved bicyclists with alcohol impairment. Of
these crashes, 34.7% resulted in severe crashes. It was also found that 13.3% (or 175
crashes) of the crashes occurred when the bicyclist rode against traffic on either the travel
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lane/shoulder (88 crashes), bike lane (5 crashes), and sidewalk/crosswalk/driveway (83
crashes). As shown in Figure 4.4, of these 88 against-traffic crashes on the travel
lane/shoulder, only 20 crashes were severe (i.e., 22.7%). Of the 83 against-traffic crashes
on the sidewalk/crosswalk/driveway, only 13 crashes were severe (i.e., 15.7%). It was also
found that a high majority (96%) of against-traffic crashes occurred in urban and suburban
areas. Furthermore, 78.9% of against-traffic crashes resulted in injury-type severity levels
(of the “KABC” type). When analyzing against-traffic crashes by injury-type severity
levels (of the “KABC” type), it was found that the highest percentage occurred on travel
lanes (84.3%), followed by bike lanes (80%), and finally sidewalks/crosswalks (72.8%).
This finding was also concluded by Alluri et al. (2017), and Behnood and Mannering
(2017), who found that bicyclists riding against traffic had more severe injuries.

Bicyclist against Traffic

15.7%
22.7%

Travel Lane/Shoulder

Sidewalk/Crosswalk/Driveway

Figure 4.4: Distribution of Severe Crashes by Bicyclist Riding against Traffic
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4.7

Bicycle/Vehicle-Related Factors
This section discusses results from crash data correlated with bicycle and vehicle-

related factors.

4.7.1

Vehicle Type
Vehicle types were aggregated into five categories: passenger car, pickup, truck

and van, sport utility vehicle (SUV), and others (including buses, motorcycles, station
wagons, and golf carts). Overall, most bicycle-vehicle crashes involved passenger cars
(53.8%). As shown in Figure 4.5, 40.4% of crashes involving other vehicle types were
severe, followed by trucks and vans (34.2%), pickups (30.8%), SUVs (25.6%), and finally
passenger cars (21.1%). This shows that larger-size vehicles are more hazardous than
normal size vehicles in bicycle-vehicle crashes, which was also found by Alluri et al.
(2017). At a 5% significance level, there was adequate evidence to conclude that crash
severity and vehicle type were correlated (P-value = 0.000).

Percentage of Severe Crashes

Vehicle Type vs. Percentage of Severe Crashes
45%

40.4%

40%

34.2%

35%

30.8%

30%
25%

25.6%
21.1%

20%
15%
10%
5%
0%
Passenger Car

SUV

Pickup

Truck & Van

Others

Vehicle Type
Figure 4.5: Distribution of Severe Crashes by Vehicle Type
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4.7.2

Manner of Crash
Common bicycle-vehicle crash types were right-angle, angle, head-on, rear-end,

and sideswipe. It was found that 36.8% of total crashes were angle crashes, followed by
right-angle (33.5%), sideswipe (13.7%), then rear-end (12.7%), and finally, head-on
(3.2%). While rear-end crashes accounted for 12.7% of total crashes they had the highest
severe crash percentage at 47.9% (as shown in Figure 4.6). This might be since 88.6% of
rear-end crashes occurred at segments (or midblocks) and midblock sections were found
associated with higher speeds. Specifically, 77.8% of midblock crashes had a speed limit
higher than 35 mph. The second highest crash manner (in terms of severe crash percentage)
was head-on (40.5%), followed by angle (22.2%), right angle (20.1%), and finally
sideswipe (19%).
Due to their associated high crash injury severity, rear-end crashes were further
broken down into whether the bicycle rear-ended the vehicle, or vice-versa. For crashes
involving vehicles hitting the back of the bicycle, the percentage of severe crashes was
high at 51.6%. For crashes involving bicycles hitting the back of the vehicle, the percentage
of severe crashes was only 7%. This shows the hazardous effect of vehicles rear-ending the
back of the bicycle. This finding is consistent with previous bicycle safety studies. For
example, Pai (2011) concluded that rear-end crashes were one of the most common
bicycle-vehicle crash types to occur in the UK. Furthermore, Schneider and Stefanich
(2015) found that over one third of fatal crashes on Wisconsin’s roadways have involved
a vehicle striking a bicyclist from behind (i.e., rear-end crashes).
Almost 87.5% of severe crashes related to rear-end crashes happened on these
midblock sections with speed limits higher than 35 mph. In rural areas, 29.3% of the 1,311
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crashes were rear-end crashes. Interestingly, 61.2% of rear-end crashes in rural areas were
severe. In urban and suburban areas, 70.7% of the 1,311 crashes were rear-end crashes.
Similar to rural areas, urban and suburban areas experienced a high proportion (42.4%) of
severe rear-end crashes.
A Z-test of proportions was performed for testing the significant difference in the
proportion of the different crash manners in rural vs. urban and suburban areas. It was
found that there existed significant difference in the proportion of four crash types in rural
vs. urban and suburban areas. These were for angle crashes (P-value = 0.000, Z-score = 5.363), rear-end crashes (P-value = 0.000, Z-score = 6.909), right-angle crashes (P-value
= 0.000, Z-score = -5.202), and sideswipe crashes (P-value = 0.000, Z-score = 7.790).
When testing for the significant difference in the proportion of severe crashes for each
crash type in rural vs. urban and suburban areas, it was found that there existed two crash
types with significant differences. These were the rear-end crashes (P-value = 0.000, Zscore = 6.870), and sideswipe crashes (P-value = 0.000, Z-score = 6.093).

Percentage of Severe Crashes

Manner of Crash vs. Percentage of Severe Crashes
60%
50%

47.9%
40.5%

40%
30%

22.2%

20.1%

19.0%

Angle

Right Angle

Sideswipe

20%
10%
0%
Rear-End

Head-On

Manner of Crash

Figure 4.6: Distribution of Severe Crashes by Manner of Crash
59

4.8

Geometric, Roadway, and Traffic Characteristics
This section discusses analyzed crash data related to geometric, roadway, and

traffic characteristics.

4.8.1

Crash Specific Location
Crash specific location is the location where the crash occurred. They could include

travel lane, shoulder (paved/non-paved), sidewalk, crosswalk, driveway, neighborhood
driveway, and parking lot. The two most common crash locations were travel lanes (74.1%
of the 1,311 total crashes) and crosswalks (11.2% of total crashes). As shown in Figure 4.7,
travel lanes were found to be have the highest percentage of severe crashes (28.7%),
followed by shoulders (either paved or unpaved) (24.4%), driveways/neighborhoods
(20.8%), crosswalks (14.3%), sidewalks (6.9%), and finally parking lots (4.8%).
Interestingly, no severe crashes were found to occur on bike lanes/paths, which shows the
importance of constructing dedicated bike lanes/paths for bicyclists.
In rural areas, 87.3% of the 166 crashes happened on the travel lane, while crashes
that happened on the shoulder (paved/non-paved) were 45.5% severe. In urban and
suburban areas, 72.3% of the 1,145 crashes occurred on the travel lane, while 26.3% of
those crashes were severe.
From Figure 4.7, it can be observed that a small percentage of severe crashes
occurred at sidewalks and parking lots. From the review of the police reports, it was found
that three severe crashes occurred at sidewalks and parking lots (all of the incapacitating
injury or “A” type). However, no fatalities were reported. The parking lot crash involved a
vehicle backing out of a parking space and running over the bicyclist who was riding
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through the parking lot. Both sidewalk crashes were angle crash types, where the vehicles
were leaving the parking lot and then hit the bicyclist who was riding across the parking
lot entrance. In all three crashes, the driver was at-fault. It should be noted that for both
sidewalk crashes, the bicyclists were riding on the sidewalk against traffic.

Crash Specific Location vs. Percentage of Severe Crashes
Crash Location Type

Travel Lane

28.7%

Shoulder (paved/unpaved)

24.4%

Driveway/Neighborhood

20.8%

Crosswalk

14.3%

Sidewalk

6.9%

Parking Lot

4.8%

Bike Lane/Path

0.0%
0%

5%

10%

15%

20%

25%

30%

35%

Percentage of Severe Crashes
Figure 4.7: Distribution of Severe Crashes by Crash Specific Location

4.8.2

Crosswalk Type
Crosswalks are divided into seven different types, and six of these types are shown

in Figure 4.8. These are: standard, ladder, continental, solid, zebra, and dashed. The last
crosswalk type is the non-physical crosswalk, which covers the extensions of sidewalks at
the entrance/exit of driveways/parking lots, where physical crosswalk lines are not present.
It should be noted that only four types were found during the review of the police reports.
These were standard, ladder, continental, and non-physical crosswalks.
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Most crashes occurred on standard crosswalks (34.7%), followed by ladder
crosswalks (31.3%), then non-physical crosswalk (29.3%), and finally continental
crosswalks (4.8%). Most severe crashes occurred on standard crosswalks (15.7%),
followed closely by ladder crosswalks (15.2%). The least percentage of severe crashes
occurred on non-physical crosswalks (11.6%). This proves that drivers and bicyclists might
be more cautious at locations with non-physical crosswalks and they cross more attentively
through these locations. This finding was also concluded by Alluri et al. (2017), who found
that a higher number of bicycle-vehicle crashes occurred at crosswalk locations.

Figure 4.8: Crosswalk Types (per SFMTA)
4.8.3

Speed Limit
Figure 4.9 shows the distribution of severe crashes by the four speed limit

categories. As shown in the figure, the highest number of severe crashes occurred at speed
limits greater than and equal to 40 mph. Furthermore, the highest percentage of severe
crashes happened at speed limits greater than 40 mph (at 36.7%). It should be noted that
whenever a crash occurred at an intersection, the speed limit with respect to the driver’s
traveling roadway was used to calculate the percentage of severe crashes for that specific
speed limit category. It can be concluded from the trendline that as the speed limit
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increases, the percentage of severe crashes increases, meaning that higher speeds cause
more severe crashes, as expected. This result was confirmed using the chi-square test,
where significant correlation was found between speed limits and crash severity (P-value
= 0.000).
In rural areas, most crashes happened at speeds greater than 40 mph, with the
highest percentage of severe crashes occurring at speeds of 40 mph (53.8%). In urban and
suburban areas, the majority of crashes happened at speeds of 25 mph or less, with the
highest percentage of severe crashes happening at speeds greater than 40 mph (33.3%).

Speed Limit vs. Number of Severe Crashes

Speed Limit

SL > 40
35 < SL ≤ 40
Percentage
25 < SL ≤ 35

Severe Crashes
Linear (Percentage )

SL ≤ 25
0

50

100

150

Number of Severe Crashes
Figure 4.9: Distribution of Severe Crashes by Speed Limit

4.8.4

Highway Classification
Roadways in Alabama are classified in seven categories. These are: County,

Federal, State, Interstate, Municipal (local roads maintained by the city), Private Property,
and Other. The largest number of crashes occurred on municipal roads, while the highest
percentage of severe crashes occurred on county roads (44.1%). In rural areas, most crashes
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occurred on county roads, while the percentage of severe crashes on federal roadways was
57.9%. In urban and suburban areas, most crashes occurred on municipal roads, while most
severe crashes happened on county roads (47.6%). While it is illegal to ride bicycles on the
Interstate, five crashes occurred on the Interstate with one being severe (20%). Figure 4.10
displays the breakdown of highway classification by crash severity. At a 5% significance
level, there was adequate evidence to conclude that crash severity and highway
classification were correlated (P-value = 0.000).

Percentage of Severe Crashes

Highway Classification vs. Percentage of Severe Crashes
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45%
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Figure 4.10: Distribution of Severe Crashes by Highway Classification

For county, federal, and state roads, when the speed limit was greater than 40 mph,
there was a higher number of crashes, with most of those being severe. For municipal road,
most crashes occurred at speed limits less than or equal to 25 mph, with most severe crashes
happening when the speed limit was greater than 25 mph and less than or equal to 35 mph.
This result was confirmed using the chi-square test, where significant correlation was found
between highway classification and speed limit (P-value = 0.000).
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4.8.5

Road Curvature/Grade and Intersection Skewness Angle
Most bicycle-vehicle crashes occurred at straight/level roadway sections, while

crashes on curved roadways accounted for only 5% of total crashes. Furthermore, most
severe crashes occurred at straight/level sections. When comparing upgrades and
downgrades, downgrades had more severe crashes percentage (at 31.6%). This shows that
it was harder for bicyclists to control their bicycles on roadways with downgrades,
potentially due to the steepness of the grade and the speed they gather when riding down
these slopes. Some bicyclists might struggle to stop at stop signs or traffic signals that are
downhill because they have gathered too much speed while going downhill, especially if
the slope is steep, making a dangerous situation for both the bicyclist and driver.
Table 4.11 shows the distribution of roadway curvature/grade by land use type. For
rural areas, it can be observed that most severe crashes occurred on curved sections
(54.5%), followed by straight downgrade sections (54.2%). On the other hand, straight
hillcrest stretches had the highest percentage of severe crashes (44.4%) and the highest
percentage of severe crashes in urban and suburban areas (44.4%). Regarding the
intersection skewness angle, it was found that skewed intersections experienced higher
severe crash percentage (20.5%) compared to their right-angled counterparts (19.7%),
which is an intuitive finding.
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Table 4.11: Road Curvature/Grade Distribution by Land Use Type

Land
Use
Type

Rural

Urban
and
Subur
ban

4.8.6

Variable of
Interest
Total
Severe
Percent
Severe
Total
Severe
Percent
Severe

Straight,
Level
93
38

Road Curvature/Grade
Straight,
Straight,
Straight,
Upgrade Downgrade Hillcrest
18
24
9
6
13
4

Curved
22
12

40.9%

33.3%

54.2%

44.4%

54.5%

895
198

47
14

109
29

9
4

44
9

22.1%

30.0%

26.6%

44.4%

20.5%

Intersection Layout Type
Regarding the intersection layout type, it was found that 31.4% of total crashes

occurred at 4-way intersections and 35.5% of total crashes occurred at midblock sections,
whereas 34.2% of severe crashes occurred at midblock sections. As previously discussed,
midblock sections experienced higher severe crashes at relatively high speeds. Figure 4.11
summarizes the distribution of severe crashes by intersection layout type. As shown, 34.2%
of the crashes occurring at midblock sections were severe. T-intersections experienced
slightly higher percentage of severe crashes (21.2%) compared to 4-way intersections
(18.7%). Note that “other” includes channelization, roundabouts, on/off ramps, and multileg intersections. In rural areas, the majority of crashes happened on midblock sections,
with 45.4% of those crashes being severe. Crashes that happened at “other” sections were
60% severe, while crashes that happened at T-intersections in rural areas were 44.4%
severe. In urban and suburban areas, the majority of crashes occurred at 4-way
intersections, with the highest percentage of severe crashes happening on midblock
sections (30.3%). When comparing rural to urban and suburban areas, it can be observed
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that midblocks experienced higher percentage of severe crashes in rural areas, as opposed
to urban and suburban areas. This might be due to the relatively higher speeds in rural
areas. The chi-square test indicated significant correlation between crash severity and
intersection layout type (P-value = 0.000).

Intersection Layout Type

Intersection Layout Type vs. Percentage of Severe
Crashes
4-Way Intersection

18.5%

T-Intersection

21.5%

Other

21.8%

Midblock

34.2%
0%

5%

10%

15%

20%

25%

30%

35%

40%

Percentage of Severe Crashes
Figure 4.11: Distribution of Severe Crashes by Intersection Layout Type

4.8.7

Intersection Type
Intersections have mainly included signalized and unsignalized intersections. It was

found that unsignalized intersections experienced higher percentage of severe crashes
(20.4%) than the same percentage at signalized intersections (18.5%). This shows that
signalized intersections were safer for bicyclists than their unsignalized counterparts.
When breaking down the intersection type by land use type, as shown in Table 4.12, it can
be seen that unsignalized intersections had consistently higher severe crash percentage than
signalized intersections in each of rural and urban and suburban areas.
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Table 4.12: Intersection Type Distribution by Land Use Type

Land Use
Type
Rural
Urban
and
Suburban

4.8.8

Variable of Interest
Total
Severe
Percent Severe
Total
Severe
Percent Severe

Intersection Type
Signalized
Unsignalized
4
33
1
12
25.0%
36.4%
207
530
38
103
18.4%
19.4%

Number of Through Lanes on Major Roadway
The number of through lanes on the major road was divided into three categories.

These are less than or equal to two lanes, three to four lanes, and greater than four lanes.
Table 4.13 breaks down the through lanes by the total and land use type. It can be seen that
the more the number of through lanes on the major roadway, the higher is the percentage
of severe crashes. This is true for the overall, rural, and urban and suburban areas. Table
4.14 shows the distribution of the number of through lanes by crash location type. It can
be seen that for unsignalized intersection, as the number of lanes increases, the percentage
of severe crashes increase as well. This implies that it is necessary for drivers to use caution
nearby unsignalized intersections and bicyclists should make sure to properly wear safety
equipment. For signalized intersections and segments, the highest percentage of severe
crashes occurred when there were three to four lanes on the major roadway.
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Table 4.13: Number of Through Lanes Distribution by Land Use Type and Total

Land Use
Type

Variable of Interest

Overall

Rural

Urban and
Suburban

Number of Through Lanes
≤2

3-4

>4

Total

800

423

67

Severe

196

114

18

Percent Severe

24.5%

27.0%

27.0%

Total

148

18

0

Severe

62

11

0

Percent Severe

41.9%

61.1%

0%

Total

652

405

67

Severe

134

103

18

Percent Severe

20.6%

25.4%

26.9%

Table 4.14: Number of Through Lanes Distribution by Crash Location

Number of
Through
Lanes

Signalized
Intersections
Tot Sever
e

≤2
3-4
>4

4.8.9

49
130
34

6
28
5

Unsignalized
Intersections

Perce Tot
nt
Severe
12.2% 383
21.5% 158
14.7% 19

Seve
re
71
35
9

Segments

Perce Tot Sever
nt
e
Severe
18.5% 317 105
22.2% 135
51
47.4% 14
4

Percen
t
Severe
33.1%
37.8%
28.6%

Turn Lane Presence
The chi-square test indicated significant correlation between crash severity and the

number of left-turn lanes on the major road at the 5% significance level (P-value = 0.05).
Table 4.15 breaks down bicycle crash statistics by the number of left and right lanes on the
major and minor roads for each intersection type and land use type. As seen from the table,
it is difficult to detect a specific trend in rural areas due to the limited crash sample size.
Although, in general, for unsignalized intersections, it can be concluded that the more turn
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lanes that exist, the greater the likelihood of having a severe crash. In urban and suburban
areas, the presence of two left-turn lanes on the major road was consistently associated
with an increase in the percentage of severe crashes at signalized intersections. In urban
and suburban areas, the higher the number of both left-turn and right-turn lanes on the
minor road at signalized intersections, the higher the percentage of severe bicycle-vehicle
crashes. This finding is more related to the increased complexity of the signalized
intersection with increasing the number of exclusive lanes across its influence zone.
Moreover, in urban and suburban areas, the higher the number of both left-turn and rightturn lanes on the minor road at unsignalized intersections, the higher the percentage of
severe bicycle-vehicle crashes (after excluding the zero severe crashes occurring at two
turn lanes).
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Table 4.15: Distribution of Number of Turn Lanes by Land Use Type and Intersection
Type

Rural
Signalized
Intersection
Perce
To Seve
nt
t
re
Sever
e
0
1
2

0
1
3

0
1
0

0%
100%
0%

0
1
2

1
1
2

0
1
0

0%
100%
0%

0
1
2

1
2
1

0
1
0

0%
50%
0%

0
1
2

3
1
0

0
1
0

0%
100%
0%

Urban and Suburban
Unsignalized
Signalized
Unsignalized
Intersection
Intersection
Intersection
Perce
Perce
To Seve
nt
Sev
nt
Sev Percent
Tot
Tot
t
re
Sever
ere Sever
ere Severe
e
e
Number of Left-Turn Lanes on Major
27
8
29.6% 35
7 20.0% 344 68
19.8%
4
2
50%
34
5 14.7% 66
12
18.2%
2
2
100% 117 24 20.3% 119 22
18.5%
Number of Right-Turn Lanes on Major
32
11
34.4% 139 21 15.1% 475 93
19.6%
1
1
100% 37
10 27.0% 41
7
17.1%
0
0
0%
31
7 22.6% 14
3
21.4%
Number of Left-Turn Lanes on Minor
32
11
34.4% 79
14 17.7% 503 97
19.3%
1
1
100% 49
7 14.3% 24
6
25.0%
0
0
0%
61
12 19.7%
1
0
0.0%
Number of Right-Turn Lanes on Minor
32
11
34.4% 108 19 17.6% 492 94
19.1%
1
1
100% 71
12 16.9% 34
9
26.5%
0
0
0%
27
7 25.9%
2
0
0.0%

Table 4.16 breaks down the bicycle-vehicle crash statistics on segments by the
number of left- and right-turn lanes on the major roadway and by land use type. As seen in
the table, it is difficult to determine a pattern for rural areas (due to the low crash sample
sizes). For urban and suburban areas, in general, as the number of turn lanes increases, the
crash severity tends to increase. This could be due to the increased crossing distances for
bicyclists on the segment/midblock and the higher speeds of vehicles traveling on
midblocks (e.g., traveling at 40 mph or greater). Generally, the presence of no left-turn or
right-turn lanes on the major road had better safety benefits in urban and suburban areas,
as opposed to rural areas (i.e., lesser percentage of severe crashes).
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Table 4.16: Distribution of Number of Turn Lanes by Land Use Type for Segments*

Rural
Segments
Severe

Urban and Suburban
Segments
Tot
Percent
Tot
Severe
Percent
Severe
Severe
Number of Left-Turn Lanes on Major
113
50
44.2%
225
71
31.6%
0
2
0
0.0%
43
8
18.6%
1
5
4
80.0%
76
26
34.2%
2
Number of Right-Turn Lanes on Major
119
54
45.4%
300
91
30.3%
0
1
0
0.0%
42
13
40.0%
1
0
0
0.0%
4
1
25.0%
2
*Yellow highlights indicate low sample sizes to reach reliable conclusions

4.8.10 Median Type
Three main median types on the major road were analyzed. These were divided,
undivided, and two-way left-turn lane. Divided medians have included closed, open, and
directional. Although 70.6% of total bicycle-vehicle crashes occurred on undivided
roadways, divided and undivided medians resulted in nearly the same percentage of severe
crashes (25%), while two-way left-turn lane had a slightly higher percentage (26.5%). In
rural areas, 90.4% of the 166 crashes occurred on undivided roadways; however, divided
roadways proved to be more hazardous with 46.2% of the crashes being severe. In urban
and suburban areas, 69.1% of the 1,123 crashes occurred on undivided roadways. It should
be noted that the number of crashes does not sum up to 1,311 since 22 crashes occurred in
parking lots or on neighborhood driveways where the median type was not recorded. When
looking at the severe crash percentages by different median types in urban and suburban
areas, as shown in Table 4.17, it was found that the highest percentage was for closed
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medians (28.6%), followed by two-way left-turn lanes (24.9%), undivided (21.9%), and
finally open medians (21.2%).

Table 4.17: Median Type Distribution by Severe Crashes and Land Use

Land Use
Type
Urban and
Suburban

Variable of Interest
Open
Total
Severe
Percent Severe

113
24
21.2%

Median Type
Undivided Two-way
Left Turn
776
177
170
44
21.9%
24.9%

Closed
56
16
28.6%

Due to the relatively high percentage of severe crashes on locations incorporating
closed medians, further investigation was carried out by looking in detail into these 16
closed-median severe crashes. The investigation showed that bicyclist age, intersection
layout type, speed limit, and bicycle maneuver were the main contributing factors of such
high percentage of severe crashes. Specifically, bicyclists (age 45 to 64) were more likely
to be involved in a severe crash on a midblock roadway section with a closed median. This
finding was also concluded by Alluri et al. (2017), who found that bicyclists (age 45 to 54)
experienced the highest fatality rate. Moreover, Schneider and Stefanich (2015) found that
almost half of the reported fatalities were bicyclists (age 45 to 65). The average roadway
speed limit for the 16 severe crashes was greater than or equal to 35 mph and the majority
of the 16 severe crashes occurred on roadways with speed limits of 50 to 55 mph. When
the bicyclist was cutting across the roadway or the median, such maneuver has shown to
be the most hazardous. Figure 4.12 shows a “cutting across” bicycle maneuver from a
sample police report, where the bicyclist was cutting across the closed median on a
midblock section and was severely injured after being hit by the passing vehicle.
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The Z-test of proportions showed that there existed significant difference in the
proportion of undivided roadway crashes, two-way left-turn lane crashes, and divided
roadway crashes on each of rural vs. urban and suburban areas (undivided crash
proportions: P-value = 0.000, Z-score = 5.685, two-way left-turn crash proportions: Pvalue = 0.000, Z-score = -4.841, and divided crash proportions: P-value = 0.012, Z-score
= -2.518). The greater proportion of crashes occurred in urban and suburban areas with
divided roadways (0.151) and two-way left-turn lanes (0.158), and in rural areas with
undivided roadways (0.904). Moreover, there existed significant difference in the
proportion of severe crashes (on undivided roadways) on each of rural vs. urban and
suburban areas. The greater proportion of severe crashes on undivided roadways occurred
in rural areas (0.386). The other two median types (divided and two-way left-turn lane)
were not significant at the 5% significance level. This shows that median types had higher
influence on severe crashes in rural areas, as opposed to urban and suburban areas.
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Figure 4.12: Sample Police Report for “Cutting across” Bicycle Maneuver on ClosedMedian Roadway Stretch/Segment

Table 4.18 breaks down the percentage of severe crashes for each median type in
urban and suburban areas by the manner of crash and intersection type. It can be seen that
segments constituted the highest percentage of severe bicycle-vehicle crashes (as opposed
to unsignalized and signalized intersections) for all median types (except for right angle
crashes on closed medians). The most hazardous manner of crash on segments for all
median types was rear-end crashes. Specially, the percentage of rear-end severe crashes on
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segments was (in order): 100% for open medians, followed by 85.7% for undivided
medians, then 52.6% for closed medians, and finally 47.1% for two-way left-turn lanes.

Table 4.18: Distribution of the Percentage of Severe Crashes on Urban and Suburban
Median Types by Manner of Crash and Intersection Type*

Urban and Suburban Median Type
Manner
Intersection Undivided
Open
Closed
Two-Way Left-Turn
of Crash
Type
Lane
Angle
Signalized
21.1%
13.8%
0.0%
22.2%
Unsignalized
24.9%
15.4%
0.0%
23.8%
Segment
34.0%
100.0%
50.0%
36.4%
Rear-End
Signalized
40.0%
50.0%
0.0%
0.0%
Unsignalized
0.0%
0.0%
0.0%
0.0%
Segment
85.7%
100.0%
52.6%
47.1%
Right
Signalized
14.5%
16.7%
0.0%
18.2%
Angle
Unsignalized
20.0%
36.4%
33.3%
14.6%
Segment
24.1%
100.0%
20.0%
38.5%
Sideswipe
Signalized
0.0%
0.0%
0.0%
0.0%
Unsignalized
0.0%
0.0%
0.0%
0.0%
Segment
35.8%
0.0%
17.6%
29.2%
Head-On
Signalized
50.0%
0.0%
0.0%
0.0%
0.0%
0.0%
Unsignalized
50.0%
25.0%
0.0%
0.0%
Segment
56.3%
66.7%
*Yellow highlights indicate low sample size to reach reliable conclusions

4.8.11 Parking Presence
Parking presence on the major roadway resulted in 14.7% of total bicycle-vehicle
crashes, while only 14.5% of these crashes were severe, as shown in Figure 4.13. When
parking was not present, 26.9% of crashes were severe. The chi-square test indicated
significant correlation between crash severity and parking presence on the major road (Pvalue = 0.000). Parking on minor roadways did not show significant impact on severe
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crashes; however, it slightly increased the percentage of severe crashes (15.9%) compared
to major roadways. This suggests that it is more dangerous to have parking on the minor
road, as opposed to the major road.

Parking Presence on Major Roadway vs.
Percentage of Severe Crashes*
* Percentages do not sum up to 100% due to the unshown
"N/A" category

14.5%

Yes
No

26.9%

Figure 4.13: Distribution of Severe Crashes by Parking Presence on Major Roadway

4.8.12 Bicycle and Bus Signage
Bicycle and bus signs were located along the roadway and were facing both
bicyclists and drivers, with some bicycle signs painted on the pavement. Common bicycle
signs/markings were shared lane markings, bicycle lane marking, bicycle crossing ahead
sign, 3 ft. passing distance sign, and shared lane sign. In addition, plain bus signs and bus
shelters and benches were sometimes located along roadways. Most crashes occurred when
there were no bus or bicycle signs on a roadway. When bicycle signs were present, crash
severity was 15%. Therefore, there was a 42.7% reduction in crash severity (i.e.,
improvement in safety) when bicycle signs were present. This shows that the presence of
bicycle signage helps reduces severity and increases drivers’ and bicyclists’ awareness.
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When bus signs were present, crash severity was 21.3% which was less than when no signs
were present. This shows that the presence of bus signs could attract the drivers’ and
bicyclists’ attention. When both bicycle and bus signage were present, crash severity was
17.4% compared to when both signs were not present (26.9%). So, we can conclude that
when any signage is present (either bicycle, bus, or both), the crash severity is significantly
reduced.

4.8.13 Traffic Control Type on Minor Road
The type of traffic control on the minor included signalized, uncontrolled, stop, and
mixed (i.e., stop sign from one approach and uncontrolled on the other approach). Stop
signs had the highest percentage of severe crashes (23.6%), which suggests that bicyclists
and drivers somehow disregarded stop signs. Uncontrolled intersections had the lowest
percentage of severe crashes at 13.9%, which suggests that at these types of intersections,
road users were more attentive because there was no traffic control present.

4.8.14 Crash Distance to Nearest Signalized Intersection
The upstream and downstream distances to the nearest signalized intersection from
the crash spot were identified using the measuring tool in Google Maps. Figure 4.14 shows
the distribution of severe crashes by the four upstream distance categories. It was found
that 35.7% of severe crashes occurred at distances greater than 2161 feet and less than or
equal to 5280 feet (as shown). When breaking down the upstream distance from the crash
location by land use type, it was found that the majority of crashes in rural areas occurred
at distances greater than 2161 feet and less than or equal to 5280 feet, with 51% of those
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crashes being severe. On the other hand, in urban and suburban areas, the majority of
crashes occurred at distances less than 1095 feet, with the highest percentage of severe
crashes happening at distances greater than 2161 feet and less than 5280 feet (30%). The
chi-square test indicated significant correlation between crash severity and the upstream
distance (P-value = 0.000). The trendline in Figure 4.14 shows a direct relationship
between the upstream distance and the percentage of severe crashes.
Figure 4.15 shows the distribution of severe crashes by the four downstream
distance categories. It was found that 32.2% of severe crashes occurred at distances greater
than 2317 feet and less than or equal to 5280 feet (as shown). Regarding the downstream
distance in rural areas, the majority of crashes occurred at distances greater than 2317 feet
and less than 5280, with 49.5% of those crashes being severe. For distances less than or
equal to 2317 feet, crashes were severe 50% of the time. In urban and suburban areas, the
majority of crashes occurred at distances less than 1183 feet, with the highest percentage
of severe crashes happening at distances between 2317 feet and 5280 feet (25.6%). The
chi-square test indicated significant correlation between crash severity and the downstream
distance (P-value = 0.002).
It should be noted that distances greater than 5280 feet (in Figures 4.14 and 4.15)
imply that the distance to the nearest upstream or downstream signalized intersection did
not exist. This is applicable when there existed a dead end, when the roadway ended at an
unsignalized intersection or in a parking lot.
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Upstream Distance to Nearest
Signalized Intersection

Upstream Distance to Nearest Signalized Intersection
vs. Number of Severe Crashes
d > 5280
2161 < d ≤ 5280
Percentage
1095 < d ≤ 2161

Severe Crashes
Linear (Percentage)

d ≤ 1095
0

50

100

150

Number of Severe Crashes

Figure 4.14: Distribution of Severe Crashes by Upstream Distance to Nearest Signalized
Intersection

Downstream Distance to Nearest
Signalized Intersection

Downstream Distance to Nearest Signalized
Intersection vs. Number of Severe Crashes
d > 5280

2317 < d ≤ 5280
Percentage
1183 < d ≤ 2317

Severe Crashes
Linear (Percentage)

d ≤ 1183
0

50

100

150

Number of Severe Crashes

Figure 4.15: Distribution of Severe Crashes by Downstream Distance to Nearest
Signalized Intersection
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4.9

Significant Variables Summary Table
This section summarizes the statistically significant variables (at the 5%

significance level) that were detected as part of the chi-square correlation test for the
bicycle-vehicle crash analysis in this chapter, as shown in Table 4.19. The insignificant
variables from the chi-square correlation test are also reported in Table 4.19. Table 4.20
summarizes the results from the Z-test of proportions for identifying the significant groups
(at the 5% significance level) and insignificant groups.

Table 4.19: Significant and Insignificant Variables from the Chi-Square Correlation Test

Variable of Interest
P-Value
Significant Variables from the Chi-Square Correlation Test with “Crash Injury
Severity”
Land Use Type
0.000
Crash Time of Day
0.000
Driver/Bicyclist Gender
0.000
Safety Equipment
0.033
Ejection Status
0.000
Vehicle Type
0.000
Manner of Crash
0.000
Highway Classification
0.000
Speed Limit
0.000
Intersection Layout Type
0.000
Intersection Type
0.000
Road Curvature/Grade
0.048
Parking Presence on Major Road
0.000
Distance to Upstream Signalized Intersection
0.000
Distance to Downstream Signalized Intersection
0.002
Insignificant Variables from the Chi-Square Correlation Test with “Crash Injury
Severity”
Crash Season
0.147
At-Fault User
0.937
Bicycle Maneuver
0.771
Number of Right-Turn Lanes on Major Road
0.810
Median Type
0.950
Intersection Skewness Angle
0.901
Type of Control on Minor Road
0.521
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Table 4.20: Significant and Insignificant Groups from the Z-Test of Proportions

Comparison between Proportion of:
Significant Groups from the Z-Test of Proportions
Urban Young Bicyclists (16 to 25) vs. Rural Young Bicyclists (16 to 25)
Urban Middle Age Bicyclists (26 to 64) vs. Rural Middle Age Bicyclists
(26 to 64)
Urban Severe at-Fault Crashes vs. Rural Severe at-Fault Crashes
Urban Angle Crashes vs. Rural Angle Crashes
Urban Rear-End Crashes vs. Rural Rear-End Crashes
Urban Right-Angle Crashes vs. Rural Right-Angle Crashes
Urban Sideswipe Crashes vs. Rural Sideswipe Crashes
Urban Severe Rear-End Crashes vs. Rural Severe Rear-End Crashes
Urban Severe Sideswipe Crashes vs. Rural Severe Sideswipe Crashes
Insignificant Groups from the Z-Test of Proportions
Urban Very Young Bicyclists (0 to 15) vs. Rural Very Young Bicyclists
(0 to 15)
Urban Old Bicyclists (≥ 65) vs. Rural Old Bicyclists (≥ 65)
Urban Head-On Crashes vs. Rural Head-On Crashes
Urban Severe Head-On Crashes vs. Rural Severe Head-On Crashes
Urban Severe Angle Crashes vs. Rural Severe Angle Crashes
Urban Severe Right-Angle Crashes vs. Rural Severe Right-Angle
Crashes
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ZScore

PValue

-2.441

0.015

2.556

0.010

4.230
-5.363
6.909
-5.202
7.790
6.870
6.093

0.000
0.000
0.000
0.000
0.000
0.000
0.000

0.244

0.810

-1.741
0.312
0.615
-0.788

0.082
0.757
0.535
0.430

0.601

0.549

CHAPTER V

SURVEY OF DRIVERS’ AND BICYCLISTS’ UNDERSTANDING OF CYCLING
REGUALTIONS

This chapter summarizes some background research in preparing the online survey
questions that target local drivers and bicyclists in Alabama. Specifically, some drivers and
bicyclists are unaware of local cycling rules and regulations in Alabama, especially at
sections that require sharing the road between multi modes (i.e., vehicles and bicycles).
This survey is designed to test the knowledge and understanding of bicyclists and vehicle
drivers in Alabama. The survey results are anticipated to help design the appropriate
outreach programs to better educate both drivers and bicyclists in Alabama.
For distributing the online survey, the research team coordinated with the ALDOT
Project Advisory Committee (PAC) to distribute and share the survey with the
Metropolitan Planning Organization (MPO) committees and bicycle club coordinators.
Participants of different ages were considered when distributing the survey. The official
number of received responses was 1,089 as of March 2nd, 2018, which was the official end
date of the survey. As to the author’s knowledge, there were no previous stated-preference
survey studies that targeted drivers’ and bicyclists’ safety and received a large number of
responses, as what was conducted in this research. Previous studies that received large
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number of responses did not target safety of bicyclists. For example, a study by NuStats
(2015) had 1,501 responses on a stated-preference study conducted to gain more
information on Interstate-75 in Georgia and respondents’ feelings about toll roads. Another
study by Sottile et al. (2015) had 486 responses on a stated-preference survey conducted to
gain information on the effect of pollution and traffic stress on mode choice (private car to
park and ride).
The research team finished a comprehensive list of survey questions which
consisted of nine sections, with a total of 66 questions. The full list of survey questions is
shown in the appendix of this thesis. In general, there are three types of questions in the
survey, which are multiple choice questions (i.e., radio-button and multiple answers “or
check all that apply”), ranking-type questions, and written-response (or open-ended)
questions. The nine sections in the survey are:

1. Cycling Regulation;
2. Helmet Use;
3. Nighttime Riding and Visibility;
4. Bicycle Parking;
5. Training and Outreach Programs;
6. Bicycle and Street Signs;
7. Bicyclist & Driver Behavior;
8. Cycling Difficulties; and
9. Suggested Improvements.
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For preparing the survey questions, several studies and websites were reviewed,
along with the Alabama Drivers Manual (June 2016 Edition). In the Demographics section,
some questions were developed from the study by Gan et al. (2012a). An example of such
these questions is the participant’s education level (What is your highest level of
education?). The OMNIBUS Household Survey Results Survey (2013) was used to
develop some questions in the General survey section. An example of such questions is
“Where do you mostly cycle on?”
The study by Schroeder and Wilbur (2013) was used to develop questions related
to general cycling, helmet use, nighttime riding and visibility, training and outreach
programs, cycling difficulties, and improvements. Examples of these questions are “In the
past five years, have you received any training in bicycle safety?”, as well as “When riding,
do you wear a helmet for…?”
Questions in the Cycling Regulations section were developed using the Alabama
Drivers Manual (2016 Edition) and the Alabama Statute (2017). The questions were
developed to examine drivers’ and bicyclists’ understanding of basic rules regarding
bicyclists and the roadway. For designing the Bicycle Parking section, the Queen Street
West Bicycle Parking Study (2015) and the Regional Bike Parking Study (2013) were used.
An example of these questions is “Is there a shortage of bicycle parking in the
city?” Two examples of bicycle-related signs are shown in Figure 5.1, where the first one
is extracted from the Manual of Uniform Traffic Control Devices (MUTCD (2009)).
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(a)

(b)

Figure 5.1: Sample Bicycle-Related Signs from: (a) the MUTCD (2009) and (b) Road
Traffic Signs (2017)
Other studies (e.g., Gan et al. (2012b), Bloomberg and Burden (2007), and
Patterson and Nesper (2013)) and various other websites were used to gather information
and opinions for developing the questions in the survey. The websites researched are as
follows:


Bicycle Accidents in Florida
(https://www.southfloridainjurylawyerblawg.com/2015/06/10/bicycle-accidentsin-florida/)



Bicyclists (https://www.nhtsa.gov/road-safety/bicyclists)



BIKESAFE: Bicycle Safety Guide and Countermeasure Selection System
(http://www.pedbikesafe.org/BIKESAFE/index.cfm)



Brad Hudson Safety Act of 1995. Alabama Bicycle Helmet Statute
(https://asci.uvm.edu/equine/law/helmet/helm_al.htm)



How to Not Get Hit by Cars (http://bicyclesafe.com)



Unscientific Bike Survey: Do Denver Residents Know the Cycling Rules of the
Road? (http://www.westword.com/news/unscientific-bike-survey-do-denverresidents-know-the-cycling-rules-of-the-road-5870507)



Pedestrian and Bicycle Information Center
(http://www.pedbikeinfo.org/index.cfm)
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Signs: Why is the Symbol of the Carpool Lane a Diamond?
(https://www.quora.com/Signs-Why-is-the-symbol-of-the-carpool-lane-adiamond)



Survey Finds Bicyclists and Motorists Ignore Traffic Laws at Similar Rates
(https://www.pri.org/stories/2015-07-18/survey-finds-bicyclists-and-motoristsignore-traffic-laws-similar-rates)



Traffic Light Sensors for Bicycles
(http://actionallen.blogspot.com/2011/08/traffic-light-sensors-for-bicycles.html)
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CHAPTER VI

SURVEY ANALYSIS

Overall, 1,089 respondents completed the survey. Out of the 1,089 respondents,
1,070 lived in Alabama in the last five years; therefore, they were able to successfully
complete the survey. However, 19 respondents have not lived in Alabama in the last five
years; therefore, the survey was terminated. It should be noted that the survey analysis in
the next sections involves using the 1,070 responses (and not 1,089 responses).

6.1

Demographic Questions
Table 6.1 shows the distribution of the cities of residence (in descending order) for

the 1,070 respondents. It can be noticed that the majority of respondents were from
Huntsville (16.6%), Mobile (12.7%), and Birmingham (9.7%). Figure 6.1 shows the
distribution of respondents by gender and it can be observed that the majority of
respondents were males (70.7%).
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Table 6.1: Distribution of Number of Respondents by City of Residence

City of Residence
Huntsville
Mobile
Birmingham
Fairhope
Madison
Tuscaloosa
Montgomery
Auburn
Dothan
Prattville
Unknown/Not AL
Hoover
Homewood
Daphne
Foley
Vestavia Hills
Athens
Cullman
Enterprise
Gulf Shores
Northport
Mountain Brook
Saraland
Dauphin Island
Decatur
Florence
Millbrook
Trussville
Harvest
Pelham
Troy
Alabaster
Guntersville
Theodore
Wetumpka
Anniston
Arab
Brewton
Chelsea

Number of Respondents
178
136
104
58
51
46
45
36
32
24
24
20
19
13
12
12
11
11
10
9
8
7
7
6
6
6
6
6
5
5
5
4
4
4
4
3
3
3
3
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City of Residence
Elkmont
Irondale
Leeds
Loxley
Orange Beach
Owens Cross Roads
Pell City
Pike Road
Silverhill
Spanish Fort
Calera
Gardendale
Grand Bay
Greenville
Hartford
Hartselle
Helena
Irvington
Opelika
Oxford
Pinson
Rainbow City
Robertsdale
Satsuma
Toney
Wilmer
Albertville
Attalla
Baldwin
Barnwell
Bay Minette
Bayou La Batre
Bessemer
Blountsville
Boaz
Brookwood
Brundidge
Butler
Centerville
Chatom
Chickasaw
Chunchula

Number of Respondents
3
3
3
3
3
3
3
3
3
3
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
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City of Residence
Citronelle
Clanton
Coker
Crane Hill
Crestwood
Deatsville
Elberta
Elsanor
Estillfork
Fort Mitchell
Fort Payne
Fort Rucker
Fultondale
Glencoe
Gordon
Gurley
Hanceville
Hazel Green
Hope Hull
Hueytown
Inverness
Jacksonville
Jemison
Kinsey
Lake View
Lapine
Letohatchee
Lincoln
McCalla
Meridianville
Moody
Mount Olive
Muscle Shoals
Newton
Odenville
Pinckard
Prichard
Rogersville
Semmes
Somerville
Southside
Steele

Number of Respondents
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
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City of Residence
Tallassee
Town Creek
Union Grove
Weaver
Total

Number of Respondents
1
1
1
1
1,070

Gender of Respondents

29.3%

70.7%

Male

Female

Figure 6.1: Distribution of Respondents by Gender

Table 6.2 breaks down the respondents by age, race, and highest level of education.
Age groups included under 18, 18-24, 25-34, 35-44, 45-54, 55-64, 65-74, 75-84, and 85 or
older. Race included White, Black or African American, American Indian or Alaska
Native, Asian, Native Hawaiian or Pacific Islander, Hispanic or Latino, and Other. Levels
of education included less than high school, high school diploma/GED, some college,
college degree, and advanced college degree. As seen from the table, the majority of
respondents were 25-44 years old (45%), white (93%), and have a college degree (about
43%).
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6.2

General Questions
Figure 6.2 demonstrates the different modes of transportation available for use in

the respondent’s household. The options were car, bicycle, motorcycle, electric bike
(moped), and truck. Depending upon how this question was answered, if a respondent
owned a bicycle, bicycle-specific questions were displayed afterwards. Otherwise, if no
bicycle was ever owned, no bicycle-specific questions were shown. It can be noticed from
the figure that cars (94.2%) were the most common mode of transportation, followed by
bicycles (80.9%), trucks (39.8%), and finally, motorcycles (8.3%).

Table 6.2: Distribution of Respondents by Age Group, Race, and Highest Level of
Education

Variable Level

Percentage
Age Group

Under 18
18-24
25-34
35-44
45-54
55-64
65-74
75-84
85 or older

0.7%
8.2%
22.8%
22.2%
20.6%
16.7%
7.5%
1.2%
0.1%
Race

White
Black or African American
American Indian or Alaska Native
Asian
Native Hawaiian or Pacific Islander
Hispanic or Latino
Other
Highest Level of Education
Less than high school
High school diploma/GED
Some college
College degree
Advanced college degree
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93.0%
1.7%
0.4%
1.0%
0.1%
1.2%
2.6%
0.5%
5.0%
18.5%
42.7%
33.3%

Mode of Transportation for Use

Mode of Transportation Available for Use in
Household
Car

94.2%

Bicycle

80.9%

Truck

39.8%

Motorcycle

8.3%

Electric bike (moped)

1.7%
0%

10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Percentage of Respondents

Figure 6.2: Distribution of Respondents by Mode of Transportation
Figure 6.3 establishes the respondents’ reason for most of their travel. The travel
reasons have included work, school, recreation, exercise, or other. Some examples of other
listed by the respondents are: errands (groceries, shopping), appointments, volunteer work,
dining out, church, and socializing. The highest percentage was for traveling to and from
work (81.6%), followed by recreation (59.4%), exercise (45.3%), school (15.3%), and
other (9%).
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Reason for Travel?
Percentage of Respondents

90%

81.6%

80%
70%

59.4%

60%
45.3%

50%
40%
30%

15.3%

20%

9.0%

10%
0%
Work

Recreation

Exercise

School

Other

Travel Reasons

Figure 6.3: Distribution of Respondents by Reason for Travel

Figure 6.4 displays whether the respondent was part of a cycling club or not and
Table 6.3 lists the names of the different cycling clubs the respondents were affiliated with,
along with the corresponding percentages. As seen in Figure 6.4, the majority of
respondents (53.4%) were members of a cycling club. From Table 6.3, it can be seen that
the highest percentage (11.5%) of respondents were from Montgomery Cycling Club,
followed by Birmingham Cycling Club (10.9%), and Dothan Area Cyclists (9.4%).
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Member of a Cycling Club?

46.6%
53.4%

Yes

No

Figure 6.4: Distribution of Respondents by Cycling Club Membership

Table 6.3: Distribution of Respondents by Cycling Club Name

Cycling Club Name
Montgomery Bicycle Club
Birmingham Bicycle Club
Dothan Area Cyclists (DAC)
Spring City Cycle Club
Mobilians on Bikes
Tuscaloosa Cycle Club
Auburn Flyers Cycling Club
Druid City Bicycle Club (DCBC)
Infinity Cycling
MoveDaddy Racing Team
Southern Off-Road Bicycle Association (SORBA)
South Alabama Mississippi Mountain Bike Association
(SAMMBA)
Alabama Wheelman
Shoals Cycling Club
Cycle Club – Huntsville
Mobile Fondo Club
Velo Vita
Drama Kings
Rocket City Tri Club
Vulcan Triathlete Club
BUMP – Birmingham
Rocket City Cycle Belles
Bikes & Brews
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Percentage of Respondents
11.5%
10.9%
9.4%
7.6%
6.6%
4.2%
3.9%
3.6%
3.3%
3.3%
3.0%
2.4%
2.1%
2.1%
1.8%
1.8%
1.8%
1.5%
1.5%
1.5%
1.2%
1.2%
0.9%

Cycling Club Name
LoDa Downtown Ride
Magic City Cycle Chix
Mountain Lakes Cycling Club
North Mobile Bicycle Club
Pro Cycle & Triathlon
Redemptive Cycles
Tour de Ham
Birmingham Urban Mountain Bikers
Birmingham Velo/ Infinity Racing Team
Gulf Coast Bicycle Club
International Mountain Biking Association (IMBA)
Murder Creek Crankers
North Alabama Cycle Club
Northeast Alabama Bicycle Association (NEABA)
Pursuit Cycling
River City Tri Club
SH!FT Racing
Slow Bicycling Society
Team Share the Road
Urban Assault
West Alabama Mountain Biking Association
Bayou Cycling
Black Girls Do Bike
Cahaba River Triathlon
CyclicAMP- Med School Cycling Crew
Eastern Shore
Etowah Roadies
Fort Rucker Cycling Club
HMA Cycling
IronGoat Endurance / Costal Endurance
Knight Riders
Laid Back Cycling
Mobile Roadies
Mobile Velo
Murfreesboro Bike Club
National Interscholastic Cycling Club – Bob Jones
Prattville Area Cyclists
Project Hero
Satsuma Bicycle Club
Southeast Alabama Mountain Bikers
Southside Cycling Club
Team LaSport
Team Redneck
Terra Firma Cycling
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Percentage of Respondents
0.9%
0.9%
0.9%
0.9%
0.9%
0.9%
0.9%
0.6%
0.6%
0.6%
0.6%
0.6%
0.6%
0.6%
0.6%
0.6%
0.6%
0.6%
0.6%
0.6%
0.6%
0.3%
0.3%
0.3%
0.3%
0.3%
0.3%
0.3%
0.3%
0.3%
0.3%
0.3%
0.3%
0.3%
0.3%
0.3%
0.3%
0.3%
0.3%
0.3%
0.3%
0.3%
0.3%
0.3%

Cycling Club Name
The Mohawk Foundation
Thomas Walters State Farm Team
Tortugaman Tri Club
Trailhead Inc
Trek
Tri Gulf Coast
University of Alabama in Huntsville (UAH) Cycling
Wabash River Cycling Club
Wiregrass Multisport

Percentage of Respondents
0.3%
0.3%
0.3%
0.3%
0.3%
0.3%
0.3%
0.3%
0.3%

For those respondents who answered “Bicycle” when asked about the mode of
transportation they were using in their household, Table 6.4 shows the distribution of
respondents by riding times per week, miles ridden per week, and type of infrastructure
used for bicycle trips. Similar to the crash pattern analysis (in Chapter 4), most bicyclists
ride on the travel lane (88.5%) which was where most bicycle-vehicle crashes occurred.
The second highest percentage of infrastructure used in bicycle trips was bike paths or trails
(42.9%), then shoulders of paved roads (39.3%), and bike lanes (33.0%). Note that other
types of infrastructure have included greenways, indoor spin class, and single track offroad trail. The results indicate that the majority of trips per week made by bicyclists were
20 or more miles long (57.1%). It should be noted that the type of infrastructure response
does not sum up to 100% because the respondents were asked to select “all that apply”,
meaning the respondent may have chosen more than one response.
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Table 6.4: Distribution of Respondents by Bicyclist Exposure

Variable Level

Percentage
How Many Times Bicyclists Ride per Week

0-2 times
3-4 times
5 or more times

44.7%
38.6%
16.7%
How Many Miles Bicyclists Ride per Week

4 miles or less
5-19 miles
20 or more miles

23.1%
19.8%
57.1%

Type of Infrastructure Used in Bicycle Trips
Paved roads
Sidewalks
Bike lanes on roadways
Shoulders of paved roads
Bike paths or trails
Grass
Unpaved roads
Other

88.5%
20.5%
33.0%
39.3%
42.9%
4.6%
14.1%
4.7%

Bicyclists were asked if they were injured while riding, if their injury was a result
of being hit by a motor vehicle, and if their injury was severe. The distribution is as shown
in Table 6.5. Approximately 50% of bicyclists have been injured; however, these injuries
were frequently not severe. Interestingly, more than half of the respondents were not hit by
a motor vehicle.
When asked how safe the respondents felt when cycling on the roadways, the
responses are as shown in Figure 6.5. Most respondents said they felt unsafe (29.9%) or
somewhat unsafe (38.2%). Interestingly, only 3.4% of the respondents felt safe when
cycling on roadways. This could be due to drivers not respecting bicyclists’ right to travel
on the roadways, bicyclists riding improperly on the roadways, or other factors like
unsuitable roadway conditions.
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Table 6.5: Distribution of Respondents by Injury, Injury Type, and Injury Severity Level

Variable Level

Percentage
Injury?

Yes
No

46.0%
54.0%
Was Injury a Result of Being Hit by a Motor Vehicle?

Yes
No

26.3%
73.7%
Injury Severity Level

Severe
Non-severe

20.5%
79.5%

Safety When Cycling on Roadways

How Safe Do You Feel When Cycling on Roadways?
Somewhat unsafe

38.2%

Unsafe

29.9%

Somewhat safe

28.5%

Safe

3.4%
0%

5%

10%

15%

20%

25%

30%

35%

40%

45%

Percentage of Respondents

Figure 6.5: Distribution of Respondents by Safety when Cycling on Roadways

All respondents were asked on who were more often at-fault in bicycle-vehicle
crashes (the driver, the bicyclist, or both). Figure 6.6 displays the results. As shown, 62.8%
thought that vehicle drivers were mostly at-fault, while bicyclists are least at-fault. This
finding does not match the results from the crash pattern analysis (in Chapter 4), where
most severe crashes occurred when both drivers and bicyclists were at-fault.
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Who is at-Fault?
5.0%

32.1%

62.8%

Bicyclist

Vehicle Driver

Both

Figure 6.6: Distribution of Respondents by “Who is at-Fault”

6.3

Cycling Regulation Questions
Respondents were asked a series of questions about cycling rules and regulations,

and the responses are summarized in Table 6.6. All questions were assembled from the
rules and regulations stated in the Alabama Drivers Manual (June 2016 Edition),
specifically the “Sharing the Road with Bicycles” section.
As shown in the table, most respondents correctly knew the rules of the road when
it came to bicyclists (corrected answers are highlighted in yellow), although a high
percentage of respondents did not know that they had to walk their bicycle in a crosswalk
and that riding a bicycle on the sidewalk is illegal in Alabama. Respondents also seemed
unsure if bicyclists were allowed to ride on the shoulder of a narrow roadway.
Figures 6.7 and 6.8 (respectively) show the percentage of respondents for two other
important rules of the road relating to bicyclists, which were the distance required when
overtaking a bicyclist and when to cross a designated bicycle lane. From Figure 6.7, the
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majority of respondents (76.5%) could correctly identify that the law is to give three feet
when overtaking a bicyclist on the roadway. From Figure 6.8, the majority of the
respondents selected the three correct answers when crossing into a designated bicycle
lane. These included to park where parking is permitted (60.1%), when preparing for a turn
(57.2%), and when entering/exiting the freeway (38.3%).

Table 6.6: Distribution of Respondents by Cycling Rules and Regulations*

Percentage
Answer “No”

Cycling Regulation

Answer “Yes”
Are bicyclists allowed to
17.4%
82.6%
ride on the sidewalk?
Are bicyclists allowed to
ride their bicycles in a
26.9%
73.1%
crosswalk?
Do bicyclists have to stop
at stop signs and red traffic 99.0%
1.0%
lights?
Are bicyclists allowed to
ride on the shoulder of a
84.2%
15.8%
narrow street or roadway?
Are bicyclists allowed to
2.0%
98.0%
ride on the Interstate?
Do Drinking Under the
Influence (DUI) laws apply 94.6%
5.4%
to bicyclists
Are texting or any other
distractions allowed when
7.5%
92.5%
cycling?
Alabama State Law
requires bicycles to have a
white light on the front and 87.8%
12.2%
a red reflector on the rear
for nighttime riding?
*Yellow highlights indicate correct answer for each question
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Space Required When Overtaking a Bicycle?
90%
80%

76.5%

70%
60%
50%
40%
30%
14.9%

20%

7.9%

10%

0.7%

0%
Three feet

Five feet

Ten feet

One foot

Figure 6.7: Distribution of Respondents by Overtaking Rules

When Can You Cross Into a Designated Bicycle
Lane?
To park where parking is permitted

60.1%

When preparing for a turn

57.2%

When entering or leaving the freeway

38.3%

When driving down the road

1.6%

To overtake another car

1.4%
0%

10%

20%

30%

40%

50%

60%

70%

Figure 6.8: Distribution of Respondents by Crossing Designated Bicycle Lane
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6.4

Helmet Use Questions
Respondents were asked about the frequency of wearing a helmet when cycling,

and the responses are summarized in Figure 6.9. The highest percentage of respondents
said they always wore a helmet (75.3%), while 9.8% of respondents said they rarely or
never wore a helmet. Although, from a safety point of view, it is recommended to always
wear a helmet when cycling in the State of Alabama, bicyclists are only required to wear a
helmet if they are 16 years of age or younger.

Do You Wear a Helmet?
5.5%
4.8%
4.3%
10.2%

75.3%

Always

Most of the time

Rarely

Sometimes

Never

Figure 6.9: Distribution of Respondents by Frequency of Helmet Use
Following up with the respondents’ responses in Figure 6.9, respondents’ reasons
for rarely or never wearing a helmet were: they forgot to wear it (15.2%), they did not like
the way it looks (17.7%), it was uncomfortable (45.6%), it obstructs their vision (10.1%),
they did not think it provides much protection (29.1%), too expensive (7.6%), and other
(26.6%). Those who selected “other” stated that they did not bike enough to justify buying
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one, they did not ride in areas that were dangerous or had a high crash risk (e.g., riding on
a university campus), helmets could potentially affect hearing and situational awareness,
and it was inconvenient to carry the helmet around when it was not in use.
In the opinion of the respondents, as shown in Table 6.7, they believed that helmets
provided a lot of protection (60.6%) or some protection (35.2%) against head injuries,
which is an optimistic finding. The majority of respondents believed that helmets could
provide protection against head injuries and the percentage of those who were always or
most of the time wearing helmets was high (85.5%), as shown in Figure 6.9.

Table 6.7: Distribution of Respondents by Helmet Effectiveness against Head Injuries

Level of Helmet Protection
A lot of protection
Some protection
Very little protection
No protection

Percentage of Respondents
60.6%
35.2%
4.0%
0.2%

Respondents were asked if they knew the age requirement for mandatory helmet
use in Alabama (Figure 6.10). Most respondents thought that all ages (36.7%) are required
to wear helmets, while in the State of Alabama, only those 16 years or younger (30.8%)
are required to wear helmets. This finding suggests that people may suggest that the helmet
laws be changed to all ages.
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Age Requirement for Mandatory Helmet Use in
Alabama?
40%

36.7%

35%

30.8%

30%
25%
20%
14.9%
15%

12.1%

10%
4.0%

5%

1.6%

0%
All ages

16 and under 15 and under

None

19 and under 21 and under

Figure 6.10: Distribution of Respondents Age Requirement for Mandatory Helmet Use

6.5

Nighttime Riding and Visibility Questions
Respondents who cycle were asked how much of their cycling was conducted in

dark or nearly dark situations, and the responses are summarized in Figure 6.11. The
highest percentage of respondents, 52.3%, have indicated that some of their cycling was
done in dark or nearly dark conditions, while 29.9% of respondents said they did not cycle
at night. The “Half” response received 14.8% of the responses and the “Most” response
received only 3.1%. Interestingly, the “All” response had zero responses. For those who
indicated “Most”, “Some”, or “Half” to cycling in dark or nearly dark conditions, they were
further asked if they did anything to make themselves more visible. Almost all respondents,
97%, have indicated that they did something to make themselves more visible during
nighttime riding, while 3% did not. This finding is not consistent with that from the crash
analysis, where not many bicyclists wore reflective clothing or had more lights on their
bicycles at night.

106

Time Spent Cycling When Dark or Nearly
Dark

How Much of Your Cycling is Done When Dark or
Nearly Dark?
Some

52.3%

None

29.9%

Half

14.8%

Most
All

3.1%
0.0%
0%

10%

20%

30%

40%

50%

60%

Percentage of Respondents

Figure 6.11: Distribution of Respondents by Cycling in Dark or Nearly Dark Situations

Respondents that made themselves more visible at nighttime were asked what they
did to make themselves more visible, and the responses are summarized in Figure 6.12.
The highest percentage of respondents said they used a bicycle headlight (91.9%), followed
closely by using a bicycle taillight (90.8%). Those who chose “Other” said they used wheel
lighting, helmet lights, and reflective accessories such as Noxgear. Those who cycle were
then asked if they would be willing to purchase reflective clothing or additional lights to
make nighttime riding safer. Most respondents were willing to do so (89.2%), while 7.5%
said they do not know, and 3.3% were not willing to do so.
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Percentage of Respondents

How Do You Make Yourself Visible When Dark or Nearly
Dark?
100%
90%
80%
70%
60%
50%
40%
30%
20%
10%
0%

91.9%

90.8%
77.8%

45.6%
21.6%

18.0%
4.7%

Use bicycle
headlight

Use bicycle
Wear
Ensure bicycle Add lighting Ride only in
taillight
fluorescent or has reflectors to belongings well-lit areas
reflective
clothing

Other

Safety Equipment

Figure 6.12: Distribution of Respondents by Safety Equipment for Nighttime Riding

6.6

Bicycle Parking Questions
Respondents were asked if there was bicycle parking available in their area. Most

respondents said “No” (54.4%), followed by “Yes” (32.7%), and lastly, 12.8% did not
know if there was any parking available in their area. Respondents who answered “Yes”
or “Do not know” were asked if there was enough parking located in their area. Almost
half of the respondents said “No” (43.7%), followed by “Do not know” (29.0%), and
finally, “Yes” (27.3%). This shows that there is an increased need for more bicycle parking
facilities, since respondents have indicated that there was not enough parking available.
Respondents were then asked to rank the types of bicycle parking options that they
would pay for (from “1” for most preferred to “4” for least preferred). The selections, as
shown respectively in Figures 6.13 to 6.16, were: outdoor bicycle cage, indoor bicycle
room, enclosed bicycle locker, and staffed bicycle station. Table 6.8 displays the actual
count of respondents’ preferences of paid bicycle parking facility options and Table 6.9 is
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a re-summarized layout from the data in Table 6.8. The mean in Table 6.9 represents the
weighted average of the ranking for each selection. From Table 6.9, it can be concluded
that the indoor bicycle room was the most preferred (having the least mean of rankings),
followed by the enclosed bicycle locker (having the second least mean of rankings), then
the outdoor bicycle cage (having the third least mean of rankings), and finally, the least
preferred was the staffed bicycle station (having the highest mean of rankings).

Figure 6.13: Example of Outdoor Bicycle Cage (Regional Bike Parking Study, 2013)

Figure 6.14: Example of Indoor Bicycle Room (Regional Bike Parking Study, 2013)
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Figure 6.15: Example of Enclosed Bicycle Locker (Regional Bike Parking Study, 2013)

Figure 6.16: Example of Staffed Bicycle Station (Regional Bike Parking Study, 2013)
Table 6.8: Count of Respondents’ Preference Ranking of Paid Bicycle Parking Options

Bicycle
Parking
Facility
Bicycle cage
(outdoors)
Bicycle room
(indoors)
Bicycle locker
(enclosed)
Bicycle station
(staffed)
Total

Most
Preferred

Second
Preferred

Third
Preferred

Least
Preferred

Responses

248

199

189

357

993

305

305

286

97

993

187

295

350

161

993

253

194

168

378

993

993

993

993

993
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Table 6.9: Restructured Respondents’ Ranking of Paid Bicycle Parking Options

Bicycle
Most
Second
Third
Least
Parking
Summation Mean
Preferred Preferred Preferred Preferred
Facility
Bicycle cage
3
3
3
2
11
2.66
(outdoors)
Bicycle room
1
1
2
4
8
2.18
(indoors)
Bicycle
locker
4
2
1
3
10
2.49
(enclosed)
Bicycle
station
2
4
4
1
11
2.68
(staffed)

A Spearman rank correlation test was performed to determine whether the most
preferred and least preferred bicycle parking facility options were correlated. The
Spearman rank correlation coefficient ranges from negative one to positive one, where zero
indicates no correlation, positive one indicates a strong positive correlation, and negative
one indicates a strong negative correlation. A positive correlation means there is an
increasing trend between the two variables of interest, whereas a negative correlation
means there is a decreasing trend (Conduct and Interpret a Spearman Rank Correlation,
2018). The test showed that the Spearman correlation coefficient between the most and
least preferred choices was -0.2. This indicates that the most and least preferred bicycle
parking facility options had a weak negative correlation, which shows the importance of
determining the specific ranking of each bicycle parking facility option (since the most and
least preferred rankings are independent and non-correlated).
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Equation (6.1) shows how to calculate the Spearman correlation coefficient “ρ”
(note that i denotes the specific observation):

(6.1)
where,
di = difference between two ranks of each observation; and
n = number of observations (or sample size).

6.7

Training and Outreach Program Questions
Respondents were asked if, in the last five years, they received any sort of training

in bicycle safety. The majority (76.0%) did not receive any training, while 24.0% received
some sort of training in the last five years. For those who received training, they were asked
who provided the training, and the responses are summarized in Figure 6.17. The highest
percentage of training came from bicycle clubs (66.9%), followed by bicycle stores
(47.9%), friends/family (25.0%), state/local bicycle programs (13.1%), other (12.3%),
police (5.9%), and finally, teachers/school (0.8%). Note that “other” in the responses
mostly included the Boy Scouts training, League of American Cyclists, online classes, and
internet videos.
Following up with the respondents’ responses in Figure 6.17, it was deduced that
there was a mixed opinion on the respondents’ perception towards cycling in the state, as
shown in Table 6.10. Surprisingly, the majority (48.6%) have indicated that training did
not change their perception towards cycling. Many respondents said that they found
training class beneficial and some respondents said they feel less safe after reading state
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laws and they acknowledged the inadequate cycling infrastructure that exists in Alabama.
A lot of respondents feel as if drivers are not educated enough to deal with bicyclists on
the roadway and feel this is a necessity for improved safety of bicyclists on shared
roadways in the future. For example, one respondent stated “It’s very difficult to get folks
to take bicycle safety classes. It would be better to make training a fun part of regular
school PE curriculum. I think 4th grade would be best.” This is a potential way to teach
today’s youth about bicycle safety and the rules of the road when it comes to bicyclists.

Bicycle Training Provider for Those Who Recieved
Training*

Percentage of Respondents

*Percentages do not sum up to 100% due to having "Select all that apply"
choice
80%
70%
60%
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40%
30%
20%
10%
0%

66.9%
47.9%

25.0%
13.1%

12.3%
5.9%

0.8%

Bicycle Training Provider

Figure 6.17: Distribution of Respondents by Bicycle Training Provider for Those Who
Received Training
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Table 6.10: Distribution of Respondents by Perception towards Cycling since Receiving
Training

Perception towards Cycling
Yes
No
Maybe

Percentage of Respondents
42.2%
48.6%
9.2%

Respondents were asked where they would look to receive training if they have not
already done so, and the responses are summarized in Figure 6.18. As shown, 75% said
they would look on the internet for potential training programs. Approximately 52% said
they would go to a bicycle club or bicycle store for more information about bicycle safety
and training. Interestingly, close to 23% indicated that would contact ALDOT for
additional information. Note that “other” in the responses mostly included: fellow
experienced bicyclists, books/magazines, and the League of American Bicyclists.
When respondents were asked if they knew of any bicycle safety programs in their
area, 86.5% said they were not aware of any, and 13.5% knew of bicycle safety programs
in the area. Of the respondents who knew of bicycle safety programs, 86.2% were able to
provide the names of one or more safety programs. It was found that 28.4% of these
programs were on the national or local level, while 5.3% were on the state level. The
majority of programs were located in Birmingham, Montgomery, Huntsville, and Mobile
(42.4%). Table 6.11 provides a list of bicycle safety programs there were listed by
respondents. Some programs that were listed did not exist in the state of Alabama. These
include Memphis Hightailers (Tennessee), Coast Riders Bicycle Club (Michigan), and
Chattanooga Bicycle Club (Tennessee).
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Potential Training Providers

Potential Bicycle Training Providers by Percentage of
Respondents
Internet

75.1%

Bicycle club

52.9%

Bicycle store

52.3%

Alabama Department of Transportation (ALDOT)

22.3%

Department of Motor Vehicles (DMV)

15.8%

Police

10.8%

Other

3.9%
0%
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Figure 6.18: Distribution of Respondents by Potential Training Providers

Table 6.11: List of Bicycle Safety Programs from the Received Responses

Bicycle Safety Programs Listed by Respondents
AlaBike (State Level)
America by Bicycle (National Level)
Auburn (City Campaign)
Bama Cyclists (State Level)
Bicycle Advisory and Safety Committee
(Huntsville)
“Bike to School Day” (National Program)
Birmingham Bicycle Club
Boy Scouts of America (National Level)
Cahaba Cycles (Birmingham)
Delta Bike Project (Mobile)
East Alabama Cycling Club
Fairhope Police Department
Fleet Feet (Huntsville)
Infinity Cycles (Gulf Shores)
League of American Bicyclists (National Level)
Local Bicycle School (Various Locations)
Magic City Cycle Chix (Birmingham)
Montgomery Bicycle Club
Opelika Bicycle Club
Pro Cycle and Triathlon (Gulf Shores)
Redemptive Cycles (Birmingham)
Safety City in Huntsville
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Bicycle Safety Programs Listed by Respondents
Spring City Cycling Club (Huntsville)
Team Share the Road (Mobile)
Travel with Care (Auburn)
University of Alabama (Tuscaloosa)
Vulcan Triathletes classes (Birmingham)

6.8

Bicycle and Street Signs Questions
Respondents were asked what the road marking in Figure 6.19 represents, and the

results are summarized in Figure 6.20. Most respondents thought that the marking
represented a bicycle lane ahead (57.1%), followed by shared lane marking (35.3%), then
bicycle crossing ahead (6.5%), and finally, bicycle parking available (1.1%). The correct
representation of this marking is a shared lane marking. This implies that more than half
of the respondents (57.1%) mistakenly answered the question and they did not know the
true meaning of the shown bicycle marking.

Figure 6.19: Shared Lane Marking (MUTCD, 2009)
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What Does this Road Marking Represent?
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Figure 6.20: Distribution of Respondents by Road Marking Meaning

Respondents were also asked what the road sign in Figure 6.21 represents, and the
results are summarized in Figure 6.22. Most respondents thought that the sign represented
a bicycle lane (55.6%), followed by bicycle crossing (32.7%), then must leave room to pass
(8.7%), and finally, rough area for bicyclists, use caution (2.9%). The correct
representation of this sign is a bicycle crossing. This again implies that more than half of
the respondents (55.6%) mistakenly answered the question and they did not know the true
meaning of the shown bicycle sign.

117

Figure 6.21: Bicycle Crossing Sign (Houston Bicycle Safety Plan Outlined, 2017)
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Figure 6.22: Distribution of Respondents by Road Sign Meaning

Respondents were then asked what the road sign in Figure 6.23 represents, and the
results are summarized in Figure 6.24. Most respondents thought that the sign represented
a bicycle lane (82.9%), followed by share roadway with bicyclists (15.7%), then bicycle
crossing (0.9%), and finally, steep downhill, use caution (0.5%). The correct representation
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of this sign is a bicycle lane. This implies that over three quarters of the respondents
correctly understood what the sign meant.

Figure 6.23: Bicycle Lane Sign (Road Traffic Signs, 2017)
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Figure 6.24: Distribution of Respondents by Road Sign Meaning
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Respondents were also asked what the road sign in Figure 6.25 represents, and the
results are summarized in Figure 6.26. Most respondents thought that the sign represented
a numbered bicycle route marker (73.1%), followed by mile marker (21.3%), then bicycle
detour (3.3%), and finally, bicycle wrong way (2.3%). The correct representation of this
sign is a numbered bicycle route marker. This implies that a high percentage of the
respondents (close to three quarters) correctly understood what the sign meant.

Figure 6.25: Numbered Bicycle Route Marker (MUTCD, 2009)
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Figure 6.26: Distribution of Respondents by Road Sign Meaning
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Respondents were further asked what the road sign in Figure 6.27 represents, and
the results are summarized in Figure 6.28. Most respondents thought that the sign
represented slippery when wet, use caution (72.0%), followed by steep downhill, use
caution (26.1%), then bicycle zone (1.3%), and finally, bicycle crossing (0.5%). The
correct representation of this sign is slippery when wet, use caution. This shows that most
respondents knew the correct meaning of the sign, although some interpreted it as a steep
downhill.

Figure 6.27: Steep Downhill, Use Caution Sign (MUTCD, 2009)
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Figure 6.28: Distribution of Respondents by Road Sign Meaning

Respondents were finally asked what the road marking in Figure 6.29 represents,
and the results are summarized in Figure 6.30. Most respondents thought that the marking
represented shared roadway with bicyclists (37.2%), followed by traffic signal sensor for
bicycles (36.3%), then bicycle lane (25.2%), and finally, bicycle parking ahead (1.4%).
The correct representation of this marking is traffic signal sensor for bicycles. These
sensors are basically used to trigger the traffic signal when a bicycle pulls up on them. The
sensors are needed because most bicycles are not heavy or lengthy enough to trigger the
sensors already in place for vehicular traffic. This implies that more than a high percentage
of the respondents (37.2%) mistakenly answered the question and they did not know the
true meaning of the shown marking, although a quite similar percentage (36.3%) correctly
figured out the marking meaning.
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Figure 6.29: Traffic Signal Sensor Marking for Bicyclists (Traffic Light Sensors for
Bicycles, 2017)
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Figure 6.30: Distribution of Respondents by Road Marking Meaning
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6.9

Bicyclist and Driver Behavior Questions
Respondents were asked, in general, if they think bicyclists follow the law in

Alabama. As shown in Figure 6.31, the majority of respondents said “Yes” (59.8%), while
40.2% said “No”. Those respondents who said “No” felt as if bicyclists mostly use their
bicycles as the primary means of transportation rather than as for sport or leisure. For this,
bicyclists are more likely to disobey cycling laws to reach their destination by any means
possible (for work commitments as an example). One respondent said, “The bicycle
infrastructure is so poor in Alabama, bicyclists have to do what they can to navigate their
routes. Also, many bicyclists ride with lack of respect for their surrounding because of
this.” Another respondent said, “Stop signs are an issue. It would be a lot safer if stops
could be used as a yield for cyclists and signals used as stop signs instead of waiting.” A
high percentage of respondents suggested the use of an “Idaho Stop”, where a stop sign
becomes a yield for a bicyclist as long as the intersection is clear (refer to Figure 6.32) and
a red traffic signal becomes a stop sign, where bicyclists can stop then proceed through the
intersection as long as there is no oncoming traffic. The Idaho Stop is meant to increase
traffic flow and benefit both drivers and bicyclists (Idaho Statesman, 2018).
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Do Bicyclists Follow the Traffic Law
in Alabama?

40.2%
59.8%

Yes

No

Figure 6.31: Distribution of Respondents by Opinion on Whether Bicyclists Follow
Traffic Law in Alabama

Figure 6.32: Sample Idaho Stop for Stop Sign (An ‘Idaho Stop’ for Florida?)

All respondents were asked, as drivers, if they feel comfortable overtaking a bicycle
on a shared roadway. Most respondents said “Yes” that they feel comfortable overtaking a
bicyclist on a shared roadway (80.6%), as shown in Figure 6.33, while 19.4% said “No”.
This information is consistent with what was found in the crash analysis, where only 2.75%
of crashes involved a vehicle overtaking a bicycle. However, of those bicycle crashes
involving overtaking maneuvers, 30.6% were severe, which was the highest percentage of
severe crashes of all driver maneuvers. Therefore, while people feel comfortable
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overtaking bicyclists, whenever a driver feels uncomfortable, there is a high probability
that a severe bicycle-vehicle crash can occur. Those who responded “No” were asked to
explain why they were uncomfortable overtaking a bicyclist on a shared roadway. Many
respondents felt bicyclists were inconspicuous and unaware of surrounding drivers. For
this, those respondents have indicated that the addition of bicycle infrastructure would
make them more willing to overtake bicyclists. One respondent stated, “No passing zones
create issues with slower cyclists.” Others were rather uncertain whether to cross the
double-yellow line or in other words, they felt uncomfortable without having an extra lane
to overtake the bicyclist.

Drivers Comfortablility with Overtaking
Bicyclists on Shared Roads

19.4%

80.6%

Yes

No

Figure 6.33: Distribution of Respondents by Drivers Comfortability When Overtaking
Bicyclists on Shared Roadways
Respondents were asked, as drivers, if they respect the bicyclists’ right to be on the
roadway. As shown in Figure 6.34, it is seen that almost all respondents said “Yes”
(93.1%), while only 6.9% said “No”. Those respondents who answered “No” were asked
to further explain their response on that question. Many stated that bicyclists have the right
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to ride on the roadway (since it is the law), but due to the disrespect they receive from
drivers it is unsafe for them to be on the roadway. One respondent stated, “I am fine with
them in bike lanes or shoulders of minor roads, but do not like them riding slowly down
major roads or in the middle of lanes as to not be passed.” Other respondents feel that as
along as bicyclists are riding with traffic and following the rules, then drivers can respect
them.

As a Driver, Do Drivers Respect a Bicyclist Right to
Be on the Roadway?
100%
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60%
50%
40%
30%
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93.1%
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Figure 6.34: Distribution of Respondents by Bicyclist Right to Be on the Roadway from
the Driver Perspective

Respondents who cycle were asked, as a bicyclist, if they feel drivers respect their
right to be on the roadway. The majority of respondents said “No” (78.2%), whereas 21.8%
said “Yes”, as shown in Figure 6.35. This perspective was opposite to what drivers feel.
Those who said drivers do not respect their right, as a bicyclist, to be on the roadway felt
that there was a lack of respect for bicyclist’s right-of-way and an ignorance on the cycling
law. Bicyclists were also frustrated with drivers passing too closely and illegally. Some
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even reported past experiences of abuse from drivers. For example, one respondent has
indicated, “I get treated badly by drivers, cussed, and almost run over”. Another
respondent has mentioned, “I’ve been run off the road, yelled at, people speed up and slow
down and tail me.” One respondent has reported the benefit of having bicycle awareness
programs and stated how they have improved their cycling experience. That respondent
has specifically stated, “Around Huntsville it is much better since the See and Be Seen
campaign in 2014.”

As a Bicyclist, Do Drivers Respect Your Right
to Be on the Roadway?

21.8%

78.2%

Yes

No

Figure 6.35: Distribution of Respondents by Bicyclist Right to Be on the Roadway from
the Bicyclist Perspective

Respondents were further asked if they have ever been verbally attacked by a driver
and/or a bicyclist. Responses were almost even at 50%, with “No” being slightly greater
(50.5%) than “Yes” (49.5%). Respondents were also asked if they have ever witnessed
another driver or bicyclist getting into an argument with each other. Once again, the
responses were almost even at 50%, although slightly higher percentage of respondents
said “No” (51.1%), while 48.9% have indicated that they have witnessed an argument.
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Respondents who have been verbally attacked were asked to follow up in further
detail. Most attacks happened to bicyclist from drivers. Respondents stated that they have
been yelled at/screamed at, cussed at, been run off the road, had items thrown at them, been
followed, had dogs sent after them, and been told they should not be on the roadway. One
respondent said, “I had a bottle thrown at my head and was told to buy a car, while riding
to a grocery store three blocks from my house.” Another respondent stated, “A driver was
not paying attention to the road and did not see me changing lanes ahead of her. When she
looked up she was then surprised to see me, and that made her angry. She followed me for
five or six blocks and repeatedly let me know how stupid I was for riding my bicycle in the
street.” Some respondents have also indicated seeing bicyclists running over pedestrians
on the sidewalk or cutting in front of vehicles and then blaming the driver.

6.10

Cycling Difficulties Questions
Respondents who cycle were asked to indicate the level of difficulty of cycling in

their community, and the responses are summarized in Figure 6.36. Most respondents felt
that cycling in their communities was “Somewhat difficult” (42.7%) or “Difficult”
(27.5%). On the other hand, only 29.8% felt it was “Somewhat easy” (24.9%) or “Easy”
(4.9%). This shows that improvements are needed to make cycling easier for bicyclists.
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Figure 6.36: Distribution of Respondents by Level of Difficulty of Cycling in
Community

Respondents who cycle were asked to rank some of the difficulties that they face
while cycling in their community on a scale of “1” to “4”, with “1” being the most difficult
and “4” being the least difficult. Table 6.12 displays the actual count of respondents’
preference, while Table 6.13 shows the ranked data from these data. As previously
indicated, the mean in Table 6.13 represents the weighted average of the ranking for each
selection.
The lack of the presence of bike lanes, shoulders, or narrow lanes was the overall
most difficult, followed by too busy road and too much traffic, then unsafe terrain, and
finally, the least difficult was the presence of too many hills or big hills. A Spearman rank
correlation test was performed to determine whether the most difficult and least difficult
cycling difficulties were correlated. It was found that the Spearman rank correlation was 0.6. This means there exists a negative correlation (since the absolute value is less than 0.7)
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between the most and least difficult cycling difficulties. This shows the importance of
determining the specific ranking of each cycling difficulty type (since the most and least
difficult rankings are independent and non-correlated).

Table 6.12: Count of Respondents’ Preference Ranking of Cycling Difficulties

Second
Third
Least
Most
Most
Responses
Difficult
Difficult Difficult

Cycling Difficulties

Most
Difficult

No bike lanes/no
shoulders/lanes too narrow

525

174

40

40

779

Too many hills/big hills

36

52

211

480

779

Unsafe terrain
Too busy roads/too much
traffic
Total

14

93

450

222

779

204

460

78

37

779

779

779

779

779

Table 6.13: Restructured Respondents’ Preference Ranking of Cycling Difficulties

Cycling
Difficulties
No bike lanes/no
shoulders/lanes too
narrow
Too many hills/big
hills

Most
Difficult

Second
Third
Least
Most
Most
Summation Mean
Difficult
Difficult Difficult

1

2

4

3

10

1.48

3

4

2

1

10

3.46

Unsafe terrain

4

3

1

2

10

3.13

Too busy roads/too
much traffic

2

1

3

4

10

1.93
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All respondents who cycle were further asked how often they change their route
due to obstacles, such as construction zones, heavy traffic, and poor road conditions. As
shown in Figure 6.37, most respondents said “Sometimes” (65.0%), followed by “Never”
(15.0%), then “Most of the time” (11.0%), and finally, “Nearly all the time” (9.0%). This
shows that while a high percentage of respondents chose to change their route, some other
respondents were more likely not to change their route due to the presence of obstacles.
This could be due to the fact that these obstacles did not significantly affect their cycling
activities.

How Often Bicyclists Change Their Route
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Figure 6.37: Distribution of Respondents by How Often Bicyclists Change Their Route
Due to Obstacles

Respondents who cycle were then asked what difficulties they encounter when
cycling and if these difficulties discourage them from cycling more often. Regarding the
second part of the previous sentence, the majority of respondents (45.4%) have indicated
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“Yes” that cycling difficulties discourage them from cycling more often. On the other hand,
31.5% said “No”, and 23.1% said “Maybe”.
The difficulties that the respondents experienced were mostly related to
infrastructure (35.9%), motorists (26.4%), traffic (16.5%), objects on the roadway (15.5%),
others (4.5%), and weather (1.1%). Difficulties with infrastructure have included narrow
roads, lack of bicycle lanes, lack of shoulders or sidewalks, lack of clear pedestrian
crosswalks, poor surfaced pavement, and no access to designated cycling routes. One
respondents stated, “No bike lanes, steep hills and terrain, and poor options for parking
bikes.” Difficulties with motorists have included excessive speeds, passing too closely, lack
of driver education, distracted drivers, and hostile and impatient motorists. One
respondents said, “Lack of driver education. For the most part drivers are very courteous
but unaware of the rules/laws that bicyclists have to obey. I've been told to get on the
sidewalk etc. You seem to be concentrating on bicyclist education which is important but
equally if not more so, there should be more concentration on the vehicle driver.”
Difficulties with objects on the roadway have included potholes, rumble strips,
railroad tracks, loose dogs (off-leash or in rural areas), debris on the shoulders, and
pedestrians. One respondent said, “Rumble strips on shoulders and loose dogs.”, while
another respondent stated, “Potholes or poor road surfaces and debris/glass in bike lanes
when they exist.” Other examples of difficulties have included lack of safety, unmonitored
roadways or lack of police enforcement, and high crime areas.
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6.11

Suggested Improvements Questions
All respondents were asked how satisfied they are with how their local community

is designed for safe cycling, and the responses are summarized in Figure 6.38. It is observed
that many respondents were generally dissatisfied, with a high majority being
“Dissatisfied” (21.0%), followed by “Very dissatisfied” (19.7%), and then “Somewhat
dissatisfied” (18.5%). Other respondents said they were “Somewhat satisfied” (16.8%),
followed by “Neither satisfied nor dissatisfied” (16.1%), then “Satisfied” (5.4%), and
finally, “Very satisfied” (2.5%). This shows that improvements are needed to improve the
satisfaction level of both drivers and bicyclists to make cycling safer in Alabama’s
communities.

Satisfaction Level with Design of Local Community for Safe
Cycling
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Figure 6.38: Distribution of Respondents by Satisfaction Level with Design of Local
Community for Safe Cycling
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Respondents were asked what improvements they feel could be made to improve
bicycle safety in the state of Alabama. Most respondents stated infrastructure (62.3%),
followed by education programs (25.3%), enforcement (11.2%), then any sort of
improvement (0.6%), and finally, nothing (0.4%). Infrastructure improvements included
more dedicated and wider bicycle lanes, greenways, more bicycle signage/markings, more
bicycle routes (main travel and feeder routes), more bicycle parking, and wider shoulders
or the addition of shoulders. A few respondents stated, “More greenways that can be used
as main cycling routes.”, “Protected bike lanes.”, and “Better network of bike lanes of
marked bike routes, bicycle parking in areas around destinations (downtown, shopping,
libraries, banks, post office, etc.).” Education program improvement suggestions included
public service campaigns on bicycle and vehicle rules and maintaining cordial shared use
of the roads, education for drivers and the community on bicyclists’ rights, and education
for bicyclists on how to ride with vehicles. As an example, one respondents said, “Driver
instruction, driver’s education, and driver’s license test questions dealing with bicycles
allowed on the road and passing bicycles.” Enforcement improvements included
enforcement of distracted drivers, enforcement of bicycle laws on drivers and bicyclists,
and enforcement on aggressive behavior towards bicyclists from motorists. Some
respondents would like to see any sort of improvement made to improve bicycle safety in
their community and make travel enjoyable for both drivers and bicyclists.
Respondents were also asked if they think Alabama should increase the helmet law
to “19 years and younger” from the current “16 years and younger” to help reduce the
number of youth not wearing helmets. Most respondents said “Yes” (49.7%), while 44.9%
said “No”. The remaining 5.4% were reluctant. Many respondents who said “Yes” felt that
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helmets should be worn at all ages. One respondent stated, “I agree with the law requiring
children to wear helmets and I think adults should be encouraged to wear helmets.”
Respondents would also like to see an increase in enforcement and disciplinary actions for
youth caught riding without a helmet below the proper age. Those who answered “No” felt
that parents should make an effort to enforce helmet use for their children; hence, raising
the age for helmet use will not help without more enforcement. Respondents also believed
that the age was not the problem and that helmet use education needs to be improved. For
example, one respondent stated, “I see a lot of people wearing helmets incorrectly, which
minimizes the effectiveness of helmets. I mainly see this in children with loose or
improperly fitted helmets.” Overall, respondents think enforcement of helmet laws,
whether by law enforcement or parents, needs more improvement regardless of the age of
the bicyclist.

6.12

Additional Comments

Over 1,000 respondents took time to fully complete this survey and give their honest
opinion and comments. Respondents were finally asked for any additional comments they
had before submitting the entire survey. Almost 76% gave positive suggestions, while
roughly 2% stated how they do not think bicyclist have the right to be on the roadways.
The remaining 22% did not have conclusive responses. Some of the positive suggestions
from the respondents are listed below:
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Improve and increase bicycle infrastructure. Examples of the participants’
responses have included: “Remove rumble strips where cycling may take place.”,
“Increase bicycle lanes and areas to bike.”, “Downtown speed limits are too high
and road conditions and lights, etc. do not assume or account for presence of
cyclists”, “More bicycle related signage.”, and “More bicycle parking.”



Cycling regulations education for both drivers and bicyclists (e.g., rules of the
road, and helmet and lighting laws). Examples of the participants’ responses have
included: “Drivers must learn to respect bicyclists on the roads and likewise
bicyclists must learn to respect drivers and follow the rules of the road.”, “More
outreach programs are potentially beneficial to require annual renewals of drivers’
test that include multi-modal questions.”, and “More education for young drivers
and more safety education for young bicyclists.”



Enforce bicycle laws and potentially adjust some laws to further accommodate
bicyclists on the roadways. Examples of the participants’ responses have
included: “Enforce the no texting and driving laws.”, “Enforce Idaho Stop.”,
“Lower speed limits.”, “The greatest threats to cyclists are distracted drivers and
the unwillingness of drivers to share the road.”, and “We need acceptance of the
three-foot law and common sense and courtesy by cyclists and drivers to just slow
down and share the road.”
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Promote and popularize cycling through some intelligent transportation
systems (ITS) applications. Examples of the participants’ responses have
included: “Should prepare for the growth of electric bicycle use and establishment
of shared bicycle system.”, “Encourage cycling in Alabama for health benefits and
improved quality of life.”, and “More cyclists in Alabama to help improve bicycle
infrastructure.”



Improve bicycle safety. One example of the participants’ responses has included:
“Improve bicycle safety and make cyclists feel comfortable riding alongside
vehicles.”
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CHAPTER VII

CONCLUSIONS AND RECOMMENDATIONS

Bicycle-vehicle crash patterns were conducted based on 1,311 statewide crashes in
Alabama, representing recent five-year crashes (2011 to 2015). A stated-preference survey
was also conducted to examine drivers’ and bicyclists’ behavior on shared roadways and
their understanding of cycling regulations in Alabama. A total of 1,070 responses were
received.

Temporal

and

environmental

factors,

bicyclist/driver-related

factors,

bicycle/vehicle-related factors, and geometric, roadway, and traffic characteristics were
considered in the crash analysis. Detailed review of the 1,311 police reports was performed
and an effort was made to collect other relevant variables from Google Maps that were
rarely explored in previous bicycle safety studies. Examples include presence of median
and number of turn lanes on both major and minor roads, parking presence, median type
on major road, detailed list of control type on minor road, and distance from crash location
to the nearest upstream and downstream signalized intersections.
A high 23.5% were severe bicycle-vehicle crashes. The majority of crashes
happened during afternoon peak hours (15:01-19:00), while nighttime riding (19:01-7:00)
resulted in more severe crashes. Crashes involving males were more severe than those
involving females. Crashes involving middle-aged individuals (26 to 64) resulted in more
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severe crashes. When a bicycle-vehicle crash occurred on a high-speed facility, the crash
was severe regardless if the bicyclist was wearing a helmet or not. When bicyclists were
totally ejected, 95.2% of the crashes were severe. Controlling for total ejections, middle
age and male bicyclists had more severe injuries. More than one third of severe crashes
(34.2%) happened on midblock sections (segments), with majority at speed limits higher
than 35 mph. For bicycle intersection-related crashes, skewed intersections had higher
crash severity than right-angled (or non-skewed) intersections. County roads were found
to have a higher percentage of severe crashes. When bicycle signage was present on the
roadway crash severity was reduced by 42.7%, showing that the presence of this signage
improved drivers’ and bicyclists’ awareness. Interestingly, no severe crashes were found
to occur on bicycle lanes.
An online stated-preference survey was developed using Qualtrics to examine the
understanding of drivers and bicyclists to cycling regulations in Alabama. In coordination
with the ALDOT Project Advisory Committee, the survey was distributed to the MPO
committees and bicycle club coordinators. A total of 1,070 responses were received, with
80.9% of the respondents indicating using the bicycle as a mode of transportation. Those
respondents who said they cycled found roadways in Alabama to be somewhat unsafe
(38.2%) and unsafe (29.9%), showing that there is a need to improve safety for bicyclists.
The majority of respondents knew the rules of the road when it came to sharing the road
with bicyclists, although there is room to improve respondents’ knowledge through
education programs (especially related to riding on sidewalks and crosswalks). When asked
about helmets, 75.3% of the respondents stated they always wore their helmets and 60.6%
felt that helmets give a lot of protection against head injuries. Just over 50% of the
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respondents said they did some nighttime riding and used a bicycle headlight, taillight,
reflective clothing, and reflectors to ensure they were seen on the roadways. Almost 90%
of the respondents said they would be willing to buy reflective clothing or additional
lighting to make themselves more visible at nighttime. Respondents felt there was not
enough bicycle parking and would like to see the addition of more parking especially in
downtown areas. Only 24% of the respondents have received training in the last five years,
which is an area that could be improved to help improve bicycle safety. Many respondents
felt that bicyclists follow the law in Alabama (59.8%). As drivers, 93.1% of the respondents
indicated that they respects bicyclists’ right to be on the roadway. As bicyclists, 78.2% of
the respondents felt that drivers did not respect their right to be on the roadway. Some of
the difficulties encountered by bicyclists were drivers passing too closely, speeding,
experiencing road rage, seeing loose dogs, presence of potholes and rumble strips, and nonpresence of adequate cycling infrastructure. Almost 60% of the respondents said they felt
either very dissatisfied, dissatisfied, or somewhat dissatisfied with the design of their local
community for safe cycling.
Some engineering, enforcement, and education recommendations (representing the
3 E’s) from the crash and survey analyses can be suggested to improve bicycle safety, as
follows:



Outreach programs to emphasize the importance of wearing more reflective
clothing at nighttime and having the proper bicycle lighting.



Enforcement of speeding in rural areas and on roadway segments with speed limits
higher than 35 mph.
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Outreach programs encouraging the use of helmets for all bicycle trips.



Whenever possible, adding parking spaces in high-dense urban areas (e.g.,
downtowns) on major roadways.



Avoiding skewed intersections.



Improving bicycle signage and markings (especially when sharing the road) to
remind drivers that there is a possibility of having bicyclists traveling around.



Outreach programs for bicyclist and driver education on understanding the rules of
how to share the roadway.



Improving and increasing bicycle infrastructure, e.g., adding more dedicated
bicycle lanes, bicycle parking, exclusive bicycle paths (or greenways), and bicycle
traffic signals.



Promoting cycling using some ITS applications, such as: displaying a dynamic
message sign on roadways with high cycling activities and on main bicycle routes
that says “SHARE THE ROADWAY” or “BICYCLES AROUND” and expanding
the use of traffic signal sensor markings for bicycles (to trigger the traffic signal
and give priority to bicyclists).



Enforcing bicycle laws (i.e., for drivers passing too closely to bicyclists, speeding
past bicyclists, and bicyclists traveling against traffic on non-safe locations).

142

APPENDIX

STATED-PREFERENCE SURVEY
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Alabama Department of Transportation
Survey of Drivers’ and Bicyclists’
Understanding of Cycling Regulations in Alabama
Thank you for accepting our invitation to complete the survey!
This survey is being conducted by the University of Alabama in Huntsville (UAH) on
behalf of the Alabama Department of Transportation (ALDOT). The main objective of this
survey is to identify the status of drivers’ and bicyclists’ understanding of cycling
regulations and rules in Alabama. The survey results will help design the appropriate
outreach programs to better educate both drivers and bicyclists.
The survey includes a number of questions addressing each of the following nine areas of
interest:
1.
2.
3.
4.
5.
6.
7.
8.
9.

Cycling Regulation
Helmet Use
Nighttime Riding and Visibility
Bicycle Parking
Training and Outreach Programs
Bicycle and Street Signs
Bicyclist and Driver Behavior
Cycling Difficulties
Suggested Improvements

Please note that the survey includes a mix of different types of questions, e.g., multiplechoice, radio button, rating, and essay questions. It would be beneficial for the study if you
explicitly express your input in opinionated-type questions. It is targeted that through this
survey, necessary needs and concerns regarding bicyclist safety in Alabama can be
identified.
The survey should take an average of about 30 minutes to complete. The deadline to submit
your responses is 3/2/2018. We greatly appreciate your contribution to improving traffic
safety in Alabama. If you have any questions, please do not hesitate to contact us.
Kirolos Haleem, Ph.D., P.E., PTOE, PMP
Department of Civil and Environmental Engineering
The University of Alabama in Huntsville
Phone: 256-824-7361
Fax: 256-824-6724
Email: kmm0058@uah.edu
Michelle Owens, P.E.
Bureau Chief, Research and Development
Alabama Department of Transportation
Phone: 334-353-6940
Email: owensm@dot.state.al.us
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Demographic Questions
Q1 Do you currently reside in Alabama? (If Yes, skip to Q3)

o Yes
o No
Q2 Have you lived in Alabama in the last 5 years? (If No, end survey. If Yes, continue to Q3)

o Yes
o No
Q3 Please indicate your City of Residence:
________________________________________________________________

Q4 Gender:

o Male
o Female
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Q5 Please select your age range:

o Under 18
o 18 - 24
o 25 - 34
o 35 - 44
o 45 - 54
o 55 - 64
o 65 - 74
o 75 - 84
o 85 or older
Q6 Please indicate your race:

o Black or African American
o White
o American Indian or Alaska Native
o Asian
o Native Hawaiian or Pacific Islander
o Hispanic or Latino
o Other
146

Q7 Please indicate your highest level of education:

o Less than high school
o High school diploma/GED
o Some college
o College degree
o Advanced college degree
General Questions
Q8 What is the reason for most of your travel? (Select all that apply)

▢
▢
▢
▢
▢

Work
School
Recreation
Exercise
Other: ________________________________________________
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Q9 What modes of transportation do you have available for use in your household? (Select all
that apply)

▢
▢
▢
▢
▢

Car
Motorcycle
Bus
Bicycle
Electric bike (moped)

Q10 Are you a member of a cycling club? (If No, skip to Q12)

o Yes
o No
Q11 Please indicate your cycling club name.
________________________________________________________________

Q12 If you own a bicycle, how many times a week do you ride?

o 0-2 times
o 3-4 times
o 5 or more times
o Does not apply
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Q13 How many miles do you ride a week on average?

o 4 miles or less
o 5-19 miles
o 20 or more miles
o Does not apply
Q14 Which type of infrastructure are your bicycle trips normally taken? (Select all that apply)

▢
▢
▢
▢
▢
▢
▢
▢
▢

Paved roads
Shoulders of paved roads
Bike lanes on roadways
Bike paths or trails
Unpaved roads
Sidewalks
Grass
Other: ________________________________________________
Does not apply
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Q15 In terms of traffic safety, how safe do you feel when cycling on roadways?

o Unsafe
o Somewhat unsafe
o Somewhat safe
o Safe
o Does not apply
Q16 Have you ever been injured while riding your bicycle? (If No or Does not apply, skip to Q19)

o Yes
o No
o Does not apply
Q17 Was this injury a result of being hit by a motor vehicle?

o Yes
o No
Q18 How was your injury?

o Severe
o Non-severe
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Q19 Who do you think is more often at-fault in bicycle-vehicle crashes?

o Bicyclist
o Vehicle driver
o Both
Cycling Regulations
Q20 Are bicyclists allowed to ride on the sidewalk?

o Yes
o No
Q21 Are bicyclists allowed to ride their bicycles in a crosswalk?

o Yes
o No
Q22 Do bicyclists have to stop at stop signs and red traffic lights?

o Yes
o No
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Q23 Are bicyclists allowed to ride on the shoulder of a narrow street or roadway?

o Yes
o No
Q24 Are bicyclists allowed to ride on the Interstate?

o Yes
o No
Q25 Do Driving Under the Influence (DUI) laws apply to bicyclists?

o Yes
o No
Q26 Are texting or any other distractions allowed when cycling?

o Yes
o No
Q27 Alabama State Law requires bicycles to have a white light on the front and a red reflector
on the rear for nighttime riding?

o Yes
o No
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Q28 How much room do drivers need to give bicyclists when overtaking them?

o One foot
o Three feet
o Five feet
o Ten feet
Q29 When can a vehicle cross into a designated bicycle lane? (Select all that apply)

▢
▢
▢
▢
▢

When driving down the road
When preparing for a turn
When entering or leaving the freeway
To park where parking is permitted
To overtake another car
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Helmet Use
Q30 If you cycle, do you wear a helmet? (If Does not apply, skip to Q32)

o Always
o Most of the time
o Sometimes
o Rarely
o Never
o Does not apply
Q31 What are your reasons for not wearing a helmet? (Select all that apply)

▢
▢
▢
▢
▢
▢
▢
▢

You forget to wear it
You do not like the way it looks
It is uncomfortable
Helmets obstruct your vision
You do not think helmets provide much protection
Helmets are too expensive
I wear a helmet
Other: ________________________________________________
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Q32 In the State of Alabama, what is the age requirement for mandatory helmet use?

o All ages
o 21 and under
o 19 and under
o 16 and under
o 15 and under
o None
Q33 In your opinion, how much protection do helmets provide against head injuries?

o A lot of protection
o Some protection
o Very little protection
o No protection
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Nighttime Riding and Visibility
Q34 How much of your cycling is done when it is dark or nearly dark outside?

o All
o Most
o Half
o Some
o None
o Does not apply
Q35 When you ride your bicycle after dark, do you do anything to make yourself more visible
to motorists? (If No or Does not apply, skip to Q37)

o Yes
o No
o Does not apply
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Q36 What do you do to make yourself more visible after dark? (Select all that apply)

▢
▢
▢
▢
▢
▢
▢
▢

Use bicycle headlight
Use bicycle taillight
Wear fluorescent or reflective clothing
Add lighting to belongings
Ensure bicycle has reflectors
Ride only in well-lit areas
Other: ________________________________________________
Nothing

Q37 Would you be willing to purchase reflective clothing or lighting to make nighttime riding
safer?

o Yes
o No
o Do not know
o Does not apply
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Bicycle Parking
Q38 Is bicycle parking available in your area?

o Yes
o No
o Do not know
Q39 Do you find there is enough bicycle parking located in your area?

o Yes
o No
o Do not know
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Q40 Please rank the types of bicycle parking options you would be willing to pay for per
month. (1 for most preferred to 4 for least preferred).

______ Bicycle cage (outdoors)

______ Bicycle room (indoors)

______ Bicycle locker (enclosed)

______ Bicycle station (staffed)

Training and Outreach Programs
Q41 In the past five years, have you received any training in bicycle safety? (If No, skip to Q44)

o Yes
o No
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Q42 Who provided the training to you? (Select all that apply)

▢
▢
▢
▢
▢
▢
▢

Bicycle store
Police
Friend/Family
Teacher/School
Bicycle club
State/Local bicycle program
Other: ________________________________________________

Q43 Since receiving training, have your perceptions towards cycling in the state
changed? Please explain.
________________________________________________________________
________________________________________________________________
________________________________________________________________
________________________________________________________________
________________________________________________________________
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Q44 If you want to learn about bicycle safety, where would you go or look for information?
(Select all that apply)

▢
▢
▢
▢
▢
▢
▢

Bicycle store
Department of Motor Vehicles (DMV)
Alabama Department of Transportation (ALDOT)
Police
Bicycle club
Internet
Other: ________________________________________________

Q45 Do you know of any bicycle safety programs in your area? If Yes, please explain.

o Yes ________________________________________________
o No
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Bicycle and Street Signs
Q46 What does this road marking represent?

o Bicycle crossing ahead
o Bicycle lane ahead
o Shared lane marking
o Bicycle parking available
Q47 What does this road sign represent?

o Bicycle lane
o Must leave room to pass
o Bicycle crossing
o Rough area for bicyclist, use caution
Q48 What does this road sign represent?

o Bicycle crossing
o Steep downhill, use caution
o Bicycle lane
o Share roadway with bicyclist
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Q49 What does this road sign represent?

o Bicycle wrong way
o Bicycle detour
o Mile marker
o Numbered bicycle route
Q50 What does this road sign represent?

o Steep downhill, use caution
o Slippery when wet, use caution
o Bicycle zone
o Bicycle crossing
Q51 What does this street marking represent?

o Bicycle lane
o Traffic signal sensor for bicycles
o Share roadway with bicyclists
o Bicycle parking ahead
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Bicyclist and Driver Behavior
Q52 In general, do you think bicyclists follow the law in Alabama? If No, please explain.

o Yes
o No ________________________________________________
Q53 As a driver, are you comfortable with overtaking a bicyclist on a shared lane roadway? If
No, please explain.

o Yes
o No ________________________________________________
Q54 As a driver, do you think drivers respect bicyclists? If No, please explain.

o Yes
o No ________________________________________________
Q55 As a bicyclist, do you feel drivers respect your right to be on the roadway? If No, please
explain.

o Yes
o No ________________________________________________
o Does not apply
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Q56 Have you ever been verbally attacked by a driver and/or cyclist? If Yes, please explain.

o Yes ________________________________________________
o No
Q57 Have you ever seen another driver or cyclist getting in an argument with each other?

o Yes
o No
Cycling Difficulties
Q58 Please indicate the level of difficulty of cycling in your community. (If Does not apply, skip
to Q63).

o Difficult
o Somewhat difficult
o Somewhat easy
o Easy
o Does not apply
Q59 Please rank the difficulties you experience while cycling in your community. (1 for most
difficult to 4 for the least difficult).
______ No bike lanes/no shoulders/lanes too narrow
______ Too many hills/big hills
______ Unsafe terrain
______ Too busy roads/too much traffic
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Q60 While cycling, how often do you have to change your route because of obstacles, such as
construction zones, heavy traffic, and road in poor condition?

o Nearly all the time
o Most of the time
o Sometimes
o Never
Q61 What difficulties do you regularly encounter when cycling?
________________________________________________________________
________________________________________________________________
________________________________________________________________
________________________________________________________________
________________________________________________________________

Q62 Do these difficulties discourage you from cycling more often?

o Yes
o Maybe
o No
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Suggested Improvements
Q63 How satisfied are you with how your local community is designed for making cycling safe?

o Very satisfied
o Satisfied
o Somewhat satisfied
o Neither satisfied nor dissatisfied
o Somewhat dissatisfied
o Dissatisfied
o Very dissatisfied
Q64 What improvements do you feel could be made to improve bicyclist safety?
________________________________________________________________
________________________________________________________________
________________________________________________________________

Q65 According to Alabama State Law, people 16 years or younger are required to wear bicycle
helmets when riding on public roadways, other public rights-of-way, public bike paths, and
public parks. Some studies have proven that helmets reduce traumatic brain injury and facial
fractures in accidents. The studies have also shown that children and adolescents under the age
of 19 years have shown least compliance in bicycle helmet use. Do you think Alabama needs to
increase their helmet law to help reduce the number of youth not wearing helmets? Please
explain.
________________________________________________________________
________________________________________________________________
________________________________________________________________
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Q66 Please use the lines below to provide any additional comments you have.
________________________________________________________________
________________________________________________________________
________________________________________________________________
________________________________________________________________
________________________________________________________________

End of survey. Thank you for your time.
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