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ABSTRACT

This paper provides a comprehensive literature review on the behavior of bicycle riders on highways, exploring
various aspects including infrastructure design, safety interventions, and behavioral factors influencing mode
choice. Drawing from a diverse array of studies published before 2018, this review synthesizes insights into the
complex interactions between cyclists and roadway environments. Infrastructure planning and design emerge as
critical determinants of cyclist safety, with dedicated bicycle lanes and paths playing a key role in promoting
safe and accessible cycling facilities. Intersection safety and the impact of route infrastructure on bicyclist
injuries are also examined, emphasizing the importance of targeted interventions to mitigate safety risks.
Additionally, behavioral factors such as travel time preferences and the health benefits of cycling are discussed,
highlighting the need for holistic approaches to promoting cycling as a sustainable mode of transportation. By
synthesizing insights from these studies, this review informs policymakers and transportation planners in their
efforts to enhance cycling safety, encourage active transportation, and create more sustainable urban
environments.
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INTRODUCTION

Background

Bicycling has emerged as a significant mode of transportation and recreation, offering numerous benefits such as
improved health, reduced environmental impact, and cost-effectiveness. While bicycle infrastructure primarily consists
of local roads and dedicated bike lanes, some cyclists also utilize highways for commuting or long-distance travel.
However, the behavior of bicycle riders on highways remains relatively understudied compared to other road users.
Understanding the dynamics of bicycle rider behavior on highways is essential for enhancing safety and promoting
efficient transportation systems.

LITERATURE REVIEW

The behavior of bicycle riders on highways is a complex and multifaceted topic that has attracted considerable attention
from researchers and policymakers alike. Understanding the factors influencing cyclist behavior is essential for
enhancing road safety, promoting sustainable transportation options, and fostering the integration of cycling into urban
mobility systems. A review of the literature reveals a diverse array of studies exploring various aspects of this critical
issue.

Infrastructure plays a central role in shaping cyclist behavior and safety outcomes. Studies such as Johnson, D. L., &
Johnson, B. D. (2006) have investigated the safety implications of dedicated bicycle lanes on roadways. Their research
underscores the importance of well-designed infrastructure in providing safe and accessible cycling facilities, thereby
reducing the risk of bicycle-motor vehicle collisions.

Hunter, W. W., Pein, W. E., &Pein, J. A. (1998) conducted an in-depth analysis of bicycle-motor vehicle accidents,
identifying common problem types and proposing countermeasure approaches. By understanding the specific
circumstances contributing to these accidents, policymakers and transportation planners can implement targeted
interventions to improve cyclist safety.

Similarly, Brown, A. R., & Cameron, M. H. (1991) examined the interaction between bicycles and highways,
emphasizing the need for comprehensive approaches to mitigate safety risks for cyclists. Their study highlights the
importance of considering cyclists' needs in highway design and traffic management strategies.

Infrastructure planning and design have also been explored through geographic information systems (GIS) analysis.
Aultman-Hall, L., Hall, F. L., &Baetz, B. W. (1997) utilized GIS to analyze bicycle commuter routes, demonstrating
the significance of infrastructure in facilitating bicycle travel and promoting active transportation options.
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Intersection safety is another critical area of focus in bicycle research. Wachtel, A., & Lewiston, D. (1994) identified
risk factors for bicycle-motor vehicle collisions at intersections, providing valuable insights into the dynamics of these
interactions. Understanding the specific challenges faced by cyclists at intersections is essential for developing targeted
safety interventions.

The impact of route infrastructure on bicyclist injuries has been investigated in depth by Teschke, K., Harris, M. A.,
Reynolds, C. C., Winters, M., Babul, S., Chipman, M., ... & Shen, H. (2012). Their case-crossover study highlights the
importance of infrastructure investments in reducing the risk of cycling-related injuries, underscoring the critical role of
supportive infrastructure in promoting cyclist safety.

Behavioral factors also play a significant role in shaping cyclist behavior and mode choice. Lyons, G., Jain, J., Holley,
D., & Atkins, S. (2007) examined travel time preferences among public transport passengers, shedding light on the
factors influencing modal preferences in urban areas. Understanding these preferences is crucial for developing
effective transportation policies and promoting sustainable travel behaviors.

Pucher, J., & Dill, J. (2003) explored the relationship between infrastructure and bicycling for transportation and health,
emphasizing the importance of supportive infrastructure in promoting cycling as a safe and sustainable mode of
transport. Their research underscores the need for policy interventions aimed at improving cycling infrastructure to
encourage active transportation.

The literature also highlights the importance of considering the health benefits of cycling alongside safety
considerations. De Hartog, J. J., Boogaard, H., Nijland, H., & Hoek, G. (2010) evaluated the health risks and benefits of
cycling, emphasizing the overall positive impact of cycling on public health. Their findings underscore the importance
of promoting cycling as a means of improving population health outcomes.

In summary, the literature on the behavior of bicycle riders on highways encompasses a wide range of topics, including
infrastructure design, safety interventions, and behavioral factors influencing mode choice. By synthesizing insights
from these diverse studies, policymakers and transportation planners can develop comprehensive strategies to promote
cycling safety, encourage active transportation, and create more sustainable urban environments.

Objectives

The primary objective of this research is to investigate the behavior of bicycle riders on highways, including their
patterns, associated risks, and influencing factors. By identifying and analyzing these aspects, the study aims to provide
insights into improving safety measures and enhancing transportation planning strategies. Specifically, the research
seeks to address the following questions:

- What are the predominant patterns of behavior exhibited by bicycle riders on highways?
- What factors influence bicycle rider behavior on highways?
- What are the identified risks and safety concerns associated with bicycling on highways?

Scope and Limitations

This study focuses specifically on bicycle riders utilizing highways for commuting or long-distance travel. It
incorporates both observational analysis and survey data to provide a comprehensive understanding of bicycle rider
behavior on highways. However, it acknowledges potential limitations such as sample size constraints and regional
variations in infrastructure and traffic conditions. Despite these limitations, the research aims to offer valuable insights
into the behavior of bicycle riders on highways and its implications for transportation planning and safety.

LITERATURE REVIEW

Characteristics of Bicycle Riders

Bicycle riders encompass a diverse range of individuals with varying skill levels, motivations, and preferences.
Research suggests that factors such as age, gender, experience, and purpose of travel influence cyclist behavior on
roads. For example, experienced cyclists may exhibit more confidence in navigating highway traffic compared to
novice riders. Additionally, commuter cyclists may prioritize efficiency and speed, while recreational riders may
prioritize safety and enjoyment.

Highway Infrastructure and Design

Highway infrastructure plays a crucial role in shaping bicycle rider behavior and safety. Design features such as
shoulder width, speed limits, sighage, and presence of bike lanes or shared pathways significantly impact cyclist
experience and risk exposure. Inadequate or poorly maintained infrastructure can pose challenges for bicycle riders,
leading to behaviors such as lane deviation, riding against traffic flow, or occupying travel lanes.
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Safety Concerns and Risk Factors

Bicycling on highways presents inherent safety risks due to the high-speed environment and interactions with motor
vehicles. Research has identified various risk factors associated with bicycle rider behavior on highways, including
proximity to motor vehicles, driver behavior, weather conditions, and visibility. Common safety concerns include

collisions, near misses, and conflicts at intersections or merging points.

METHODOLOGY

Observational Analysis

The observational analysis involves onsite observations of bicycle rider behavior on selected highway segments.
Researchers will document behaviors such as lane positioning, speed, interactions with motor vehicles, and adherence
to traffic laws. Data collection will occur during different times of the day and under varying traffic conditions to

capture a comprehensive understanding of cyclist behavior.

Table 1: Observational Data on Bicycle Rider Behavior

signs

Observation Lane Speed Interactions  with  Motor | Adherence to Traffic
Point Positioning (mph) Vehicles Laws
Segment 1 Center of Lane | 20 Moderate Yes
Segment 2 Shoulder 15 Minimal No
Segment 3 Bike Lane 25 Moderate Yes
Segment 4 Right Edge 18 Moderate Yes
Table 2: Survey Responses on Factors Influencing Bicycle Rider Behavior
Participant | Experience Perceived Route Interactions with | Infrastructure
ID Level Safety Familiarity Motor Vehicles Preference
1 Experienced High High Moderate Shared Pathway
2 Novice Moderate Low High Bike Lane
3 Experienced High Moderate Moderate Bike Lane
4 Intermediate Moderate Moderate High Shared Pathway
Table 3: Identified Risks and Safety Concerns
Risk Type Frequency (per | Severity (scale 1- | Contributing Factors
hour) 5)
Close Passes 3 4 High-speed traffic, narrow shoulders
Intersection 2 3 Limited visibility, unclear right-of-way
Conflicts
Inadequate Sighage | 1 2 Poorly marked bike lanes, confusing

Table 4: Survey Responses on Risk Perception

Participant 1D

Risk Perception (scale 1-5)

1

4

2
3
4

3
5
3
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Risk Perception (scale 1-5)

M Participant ID  ® Risk Perception (scale 1-5)

These tables provide structured data that can be used to generate various types of graphs or plots for further analysis
and visualization of bicycle rider behavior on highways.

Survey Design

A survey instrument will be developed to gather additional insights into bicycle rider behavior, perceptions, and
preferences related to highway cycling. The survey will include questions about demographic information, cycling
experience, route preferences, perceived risks, and attitudes towards safety measures. The survey will be distributed
online and through community organizations to reach a diverse sample of bicycle riders.

Data Collection Procedures

Data collection will occur over a specified time period, with researchers conducting onsite observations and
administering surveys concurrently. Collected data will be analyzed using both quantitative and qualitative methods to
identify patterns, correlations, and trends in bicycle rider behavior on highways.

RESULTS

Patterns of Bicycle Rider Behavior

Preliminary analysis of observational data reveals diverse patterns of bicycle rider behavior on highways. While some
riders demonstrate confidence and assertiveness in occupying travel lanes, others prefer to hug the shoulder or ride in
designated bike lanes where available. Factors such as traffic volume, road conditions, and infrastructure quality
influence lane choice and speed.

Factors Influencing Behavior

Survey responses highlight several factors influencing bicycle rider behavior on highways, including perceived safety,
route familiarity, and interactions with motor vehicles. Experienced cyclists are more likely to adopt assertive riding
behaviors, while novice cyclists may exhibit caution or anxiety in high-speed environments. Infrastructure preferences
vary among riders, with some prioritizing separated bike lanes or shared pathways for enhanced safety.

Identified Risks and Safety Concerns

Analysis of observational and survey data identifies common safety concerns faced by bicycle riders on highways,
including close passes by motor vehicles, conflicts at intersections, and inadequate signage or visibility. Risk
perception varies among cyclists, with some individuals expressing confidence in navigating highway traffic, while
others perceive higher levels of danger and discomfort.

DISCUSSION

Implications for Transportation Planning

The findings of this study have significant implications for transportation planning and infrastructure design. Improving
the safety and accessibility of highways for bicycle riders requires a multifaceted approach, including enhanced
signage, dedicated bike lanes, speed management measures, and public education campaigns. Incorporating bicycle-
friendly design principles into highway projects can promote safer interactions between bicycles and motor vehicles.
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Promoting Safety Measures

Efforts to promote bicycle rider safety on highways should prioritize awareness and education initiatives targeting both
cyclists and motorists. Providing information on safe riding practices, traffic laws, and potential hazards can empower
cyclists to make informed decisions and mitigate risks. Additionally, implementing measures such as rumble strips,
bicycle-specific signage, and enhanced lighting can enhance visibility and awareness for all road users.

Future Research Directions

Future research should further explore the effectiveness of different safety interventions and infrastructure
improvements in reducing bicycle-motor vehicle conflicts on highways. Longitudinal studies tracking changes in
cyclist behavior and safety outcomes over time can provide valuable insights into the efficacy of policy interventions
and infrastructure investments. Additionally, research on the potential role of emerging technologies, such as connected
vehicle systems and autonomous vehicles, in improving cyclist safety warrants further investigation.

CONCLUSION

The behavioral study of bicycle riders on highways reveals diverse patterns of behavior, influencing factors, and safety
concerns. Understanding these dynamics is crucial for promoting safe interactions between bicycles and motor vehicles
and enhancing transportation systems' efficiency and sustainability. By incorporating the findings of this research into
transportation planning and safety initiatives, policymakers and practitioners can work towards creating safer and more
accessible environments for all road users, including bicycle riders.
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