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Definitions  
 

This dissertation contains numerous phrases or terminology that may not be commonly known. I am 
providing this glossary to increase the accessibility of the following papers to a broader audience.  
 
Athlete Cyclist | Someone who uses bicycles for training and sport. 
 
Bicycle Boulevard | A residential street designed to encourage walking and cycling by limiting traffic, 
slowing traffic with speed bumps and roundabouts, and using street trees to provide shade. 
 
Big Data / Crowdsourced Data | Data collected through some form of aggregation, such as shared 
statuses on social media or personal GPS activities shared to a common website. Strava.com is an example of 
a social media website for cyclists to share their workouts and crowdsourced data for cities when Strava 
removes personal data and aggregates rides into heatmaps.  
 
Commuter Cyclist | Someone who rides a bicycle to and from work or for errands.  
 
Complete Street | A street designed to provide safe and enjoyable access for all mobilities options for all 
ages, genders, and abilities through appropriate infrastructure design.  
 
Door / Door Zone | The area close to the driver or passenger door where a cyclist can be hit by the door if 
opened.  
 
Ethnographic Studies | A research method of observing and interacting with participants to explore 
cultural phenomena through their perspective. It can involve interviews, video/audio recordings, and 
observations.  
 
Lane Splitting | When a cyclist rides between stopped traffic at a light.  
 
Left Hook | When a driver turns left in front of a cyclist at an intersection. 
 
Naturalistic Studies | A research method of observing and collecting data from participants in their day-to-
day lives without altering their behavior.  
 
Path | A multi-use (walking, cycling, etc.) facility that is separated from the road. May have underpasses to 
eliminate at-grade crossings with roads.  
 
Painted Bicycle Lane | A lane striped with paint onto the side of a road, usually 5-6 feet in width. 
 
Peloton | A group of cyclists, typically not riding 2 by 2, but more of a blob shape.  
 
Protected Bicycle Lane | A bicycle lane separated from traffic by bollards, a curb, or other physical 
barriers. 
 
Recreational Cyclist | Someone who rides a bicycle for fitness, leisure, or social reasons. 
 
Right Hook | When a driver turns right in front of a cyclist at an intersection or driveway. 
 
Semi-structured Interviews | A research method of interviewing participants with a flexible set of interview 
questions that allows for new topics to be explored if they arise.   
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Sharrow | A lane marking used to remind drivers of the presence of cyclists.  
 
Strava| A social media and training website that tracks rider’s fitness and progress and also provides 
aggregated riding and running data to cities for planning purposes.  
 
Vehicular Cycling | A cycling training doctrine that states cyclists are safest riding with or in traffic.  
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Abstract 
 
City investments in bicycle infrastructure can improve residents' health and wellness, lower pollution, fight 
climate change, and reduce congestion. While transportation geography and planning have long focused on 
looking at how vehicles, goods, and services move across a region, there is a growing body of research 
focused on the movement of people through a city. This dissertation uses both the City of Tucson and Pima 
County, Arizona–– a region of low-density development, traditionally focused on the car and now trying to 
improve cycling rates––to explore how cyclists interact with other road users and the built environment and 
how we can use that information for better bicycle infrastructure planning. The original research presented in 
this dissertation answers this question through three interconnected papers that explore the history of cycling 
planning and the opportunities and barriers to bicycle planning in the region (Appendix A), factors that 
influence route choice (Appendix B), and an analysis of the lived experiences of cycling in the region 
(Appendix C). This dissertation helps advance bicycle planning by expanding on how multiple types of 
riders––people who commute via bicycle, who ride for leisure, or who ride for sport––move through and 
interact with the built environment to design and plan better infrastructure. The dissertation highlights 
opportunities to continue to expand on the use of video to understand cyclist behavior and interactions in the 
built environment to identify gaps in the infrastructure. Additionally, the dissertation demonstrates 
opportunities for planning scholars and university outreach departments to collaborate with practitioners to 
put research into practice.   
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Chapter 1: Introduction  
 
Transportation research and planning practice have traditionally focused on the transportation mode and not 
the person. The result is infrastructure designs that often fail to match the user experience and expectations, 
particularly for walking and cycling. Understanding how bicyclists move through the built environment is 
critical to designing infrastructure that promotes safe riding (P.S. Lin, Kourtellis, Katkoori, Chen, & Cruse, 
2017). Concerns for the environment and climate change, cost, and personal health have made cycling an 
increasingly popular transportation mode in the United States (U.S.) (Pucher & Buehler, 2012). However, city 
streets remain a dangerous place for cyclists because most infrastructure does little to protect riders from 
errant drivers and other hazards, with fatalities nationwide rising from 618 in 2010 to 846 in 2019 (NHTSA, 
2012, 2020). The City of Tucson, Arizona, had 16 pedestrian and four cyclist fatalities in 2016 (O’Gara, 2019) 
and 39 pedestrians (Conover, 2020), and six cyclist (Tarangioli, 2019) fatalities in 2019. 
 
How cyclists interact with the built environment is poorly understood because it is challenging to record their 
actions for more than just an intersection. Cameras at intersections rarely track bicyclist movements. 
Additionally, few local governments perform physical counts of ridership due to the methodological difficulty 
and costliness––Pima County, Arizona, is one of the few. Such conventional data provide limited knowledge 
due to sampling issues around the location, weather, time of day, and human error. Using Pima County as a 
case study, the question driving this body of research is: how are cyclists interacting with the built 
environment and how can we use that information to inform bicycle infrastructure planning? 
 
This chapter introduces the dissertation and the following three appendices, which comprise the study. First, 
I explain the motivation behind this research. Second, I detail the study context and driving questions. Next, I 
provide an overview of the relevant research in different fields most applicable to the study, including 
transportation geography, transportation planning, and science in decision making. Finally, I discuss the 
methods used for the research projects. Chapter two describes the study and summarizes the research 
outcomes.  
 

Research Motivation 
My background is deeply connected to cycling. Like many people, I learned to ride at a young age. The bicycle 
represented freedom- freedom to explore my neighborhood and small rural Texas hometown with friends. 
Unlike many people, the bicycle did not fall to the wayside when I turned 16. Instead, I became enamored 
with cycling for sport as well as for transportation. Throughout my undergraduate degree at Purdue 
University, cycling was my choice for running errands and my physical and mental outlet. In those early years 
of racing, cycling took me across the Midwest every summer. I quickly learned the best way to see a place is 
by bicycle. You feel the terrain under the wheels, the wind across your skin, and can soak in sights and smells 
slowly, unlike in a car.  
 
However, I wanted to do more than merely commute and race; I wanted to grow the sport and the number 
of people riding. I pursued a master’s degree at Purdue in health and kinesiology with a focus on sports 
psychology. My goal was to make the campus cycling-friendly and develop tools and policies to motivate the 
community to shift transportation modes. Through my cycling travels, I knew Tucson and the University of 
Arizona to be a bicycle haven––what better place to do a comparative analysis? I brought back to Purdue 
ideas such as a digital and physical map, fixed repair stations, better signage and wayfinding, and a bicycle 
master plan. Through these ideas, I discovered urban planning and its impact on the built environment and 
community. I found the University of Arizona offered a degree in planning, and I applied as I finished my 
work at Purdue.  
 
I’ve been a part of the Tucson cycling community since moving here in December 2012. Since then, I 
completed a Master’s in Urban Planning. During this time, investments in bicycle infrastructure became a 
popular thing for more cities to do. It was heartening to see an increase in striped lanes, paths, and bicycle 
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share programs. However, at the same time, the number of people being injured or killed while riding 
increased dramatically. It is not uncommon to read stories about hit-and-runs on both a national level, such 
as with Andrew Bernstein, an editor for Bicycling, in Boulder, CO in July 2019 (Missel, 2019), or in local news 
such as with Richard Ellwanger on A-Mountain in 2018 (Smith, 2019) or the six riders who died in Tucson in 
2019 (Tarangioli, 2019). Unfortunately, the police and the media both employ a “blame the victim” trope, 
rather than question our road designs (Tarangioli, 2019).  
 
Through my Master’s work, I learned we have a wealth of data on designing streets for motorists’ travel 
behavior; however, there is a lack of data on cyclists’ travel behavior. This lack of data is partially due to a lack 
of technology to capture it easily––although this has changed rapidly in the last year. Seeing how the research 
was progressing on bicycle planning, I decided to put my experiences as both a planner and a cyclist to work 
and contribute to the ongoing research. This decision lead me to pursue a Ph.D. in Geography with a minor 
in Urban Planning. I chose this route because geography provides ways to analyze and understand the spatial 
patterns in mobility and shares many commonalities with urban planning in studying the organization and 
creation of cities and how they impact residents. Through Dr. Woodhouse’s Science and Decision-Making 
course, I also learned there are often barriers between research and application. The class left me with a goal: 
to help bridge the divide between research and practice in bicycle planning to make cities safer for riding.  
 
This goal is also driven by my advocacy work in Tucson, both in competitive and non-competitive cycling. I 
serve on the Tucson Bicycle Advisory committee and have connections with the Tucson bicycle planning 
programs. I work closely with Tucson cycling groups by serving on the Arizona Bicycle Racing Association. I 
also commute by bicycle daily, race most weekends, and spend time exploring the region on two wheels each 
day. All of this provides me with a deep understanding of cycling behavior, access to participants, background 
information on the city’s efforts, and greater insight on how to dovetail this study into future endeavors. I 
want people to feel safe on a bike regardless of why they ride––cycling is for everyone! Moreover, I want 
more people to ride because it creates a healthier population and is one of the best tools to lower emissions 
and fight climate change. The following questions demonstrate my contribution to making Tucson a safer 
and more pleasant place to ride.  
 

Research Questions 
This dissertation explores cycling experiences, behaviors, route choice, problem areas, and how to make this 
information useful for planners. The Tucson region is a prime location to study cycling planning because of 
the large cycling community that has flourished since the 1970s. While ridership of 3% of commuters (LAB, 
2016) is higher than the national average of 0.5%, the year-round good weather for cycling, flat urban core, 
and increasing density at strategic points suggest the region is positioned to support a higher ridership. I have 
structured this work around three overarching questions: 

1.) How do Pima County and the City of Tucson plan for active transportation? Where do 
transportation planners receive information on bicycle planning, what barriers and opportunities do 
they face, who do they collaborate with, and what role could the University play in the process? 
Collaboration between researchers and local decision-makers helps ensure the results are produced in 
a usable and meaningful way and creates actionable steps for implementing the recommendations. To 
be successful, researchers must understand what problems the city and county departments of 
transportation (DOTs) are facing and how they utilize research to produce usable science.  

2.) How do different types of riders, commuters, recreational, and athletes, (a) route through the built 
environment, (b) perform behaviors, such as running stop lights, and (c) interact with drivers? This 
multipart question helps address the lack of understanding of how different cyclists behave in the 
built environment. 

3.) How do these different types of riders interact with the built environment and each other? This 
question contributes to a better understanding of the lived day-to-day experiences of riding in the city 
and the different infrastructure needed.  
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The following literature review will explain why these questions were selected and the state of research in 
bicycle planning.  
 

Literature Review 

Overview 

Most significant efforts around bicycle planning in the U.S. started in the 1970s. During that decade, a bicycle 
boom hit the U.S., with sales increasing from 9 million bicycles in 1971 to 14 million in 1972 and 15.3 million 
in 1973 (Reid, 2020). The boom was driven, in part, by the oil crisis, environmental concerns from car 
emissions (early concerns of global warming), and interest in better health (Reid, 2020; Varn, 1970). The U.S. 
sought a solution through what worked for peers in Europe: the bicycle. Interest in bicycle planning occurred 
at every level of government. The U.S. Department of Transportation sent staffers to Europe to learn how to 
build facilities from cities in The Netherlands and other cycling-friendly locations (Reid, 2020). As the saying 
goes, there is no need to reinvent the wheel. In many cases, similar issues are faced by peer municipalities or 
states, and learning from their work can provide a shortcut in policymaking and planning (Berry & Berry, 
1999; Shipan & Volden, 2018).  
 
The U.S. interest in cycling waned, partially due to oil prices dropping, making driving attractive again (Reid, 
2020), and due to John Forester and other riders, whose advocacy work stunted efforts to build separate 
cycling paths (Flax, 2019; Pucher, 2001). In the 1970s, cities in California were building separate paths and 
banning cyclists from using the road. Forester saw this as a dangerous move that placed riders at risk for 
injury at intersections and limited riders’ freedom (Flax, 2019). Forester rallied support from other 
experienced cyclists and succeeded in overturning the ban. His continued efforts resulted in design manuals 
favoring painted lanes over other facilities, particularly as top transportation officials who supported 
protected infrastructure left office (Reid, 2017). Forester’s work is complex. On one side, protecting the 
ability to ride on the road is key to ensuring accessibility to areas without paths. On the other, his work set 
back American cities by decades compared to European counterparts. His work lives on through groups such 
as CyclingSavvy, which promotes the view that the safest riding is where riders take command of their space 
on the road (Flax, 2019).  
 
While the U.S. lagged in bicycle planning and infrastructure, Europe, and especially The Netherlands and 
Denmark, embraced cycling. In Amsterdam, cycling has a 35% mode share, and car ownership remains at 
24% (Nello-Deakin & Nikolaeva, 2020). In Copenhagen, nearly 62% of trips are conducted by bicycle 
(Colville-Andersen, 2018). Residents in these cities fought against a rise in car planning in the 1960s and early 
1970s because of higher oil prices and increasing child fatalities resulting from increased numbers of cars 
(Colville-Andersen, 2018; Nello-Deakin & Nikolaeva, 2020). The long-term focus on cycling and walking 
means it is easier, faster, more fun, and far cheaper to cycle than drive in those places (Nello-Deakin & 
Nikolaeva, 2020).  
 
Other cities in Europe, such as Seville and Barcelona, Spain; Paris, France; and London, England, have 
followed Amsterdam and Copenhagen’s footsteps. In Seville, the investment of protected bicycle lanes 
between 2006-2013 resulted in cycling rates increasing from nearly zero to 6% of all trips (Marqués & 
Hernández-Herrador, 2017). In Paris, 140 KM of quick build protected bicycle lanes in 2020 resulted in 
cycling rates on enhanced corridors nearly doubling from ~1,000 an hour in the summer of 2019 to ~1,900 in 
the summer of 2020 (Île-de-France, 2020). Cities that develop cycling infrastructure and the policies to 
support it see the benefits of less traffic, less pollution, and healthier, more sustainable communities (Pucher 
& Buehler, 2010).  
 
Outside of Europe and North America, cycling has gained popularity as a mode of transportation. For 
example, Bogota, Colombia, built 344 km of separate paths between 1998 and 2000, created car-free zones, 
restricted driving on certain days based on license plates, and instituted Sunday closures of 121 km of 
roadways for Ciclovia, and saw ridership increase from 0.8% of trips in 1995 to 3.2% in 2003 (Pucher, Dill, & 
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Handy, 2010). In India, where bicycle ownership is between 33% and 65%, bicycling’s mode share is 13-21% 
in medium and large cities, but only 6-8% in mega-cities (Basu & Vasudevan, 2013). However, commuting by 
bicycle is found primarily within lower-income and student populations, although there are efforts to increase 
facilities to make it attractive to the middle and upper-classes (Basu & Vasudevan, 2013). In Beijing, China, 
cycling trips peaked at 62.7% in the 1980s and fell to 11.9% in 2014 due to a focus on car development; 
however, a focus on bicycle sharing programs aims to increase ridership to help decrease pollution (Hu & 
Yin, 2018). In rural Africa, bicycles decrease time to resources such as education, health care, water, and food 
(Overton, 1996; World Bicycle Relief, 2020). Conversely, many urban areas, such as Johannesburg, South 
Africa, struggle to identify and build routes to increase mode share (Morgan, 2019). Across these cases, 
cycling is a way to increase access to resources for marginalized communities while also encouraging a mode 
shift amongst the middle and upper classes in denser environments to improve health and curb CO2 
emissions.  
 
There are no true silver bullet solutions when promoting sustainability and addressing issues such as climate 
change and health risks. However, the bicycle may offer the next closest thing. Research has shown that the 
dependency on cars for transportation is associated with a lower quality of life (Steg & Gifford, 2005). Factors 
associated with car dependencies, such as increased pollution, larger roads, faster driving speeds, and an urban 
landscape that discourages walking or cycling, do little for residents' quality of life (Cervero & Duncan, 2003). 
A study in San Francisco, CA by Cevero and Duncan (2003) found that large block size and land use 
heterogeneity encouraged driving and discouraged walking or cycling, thus lowering the quality of life. 
Providing various transportation options and mixed land uses can lead to a diverse urban fabric, higher rates 
of cycling or walking, and thus higher quality of life (Cervero & Duncan, 2003; Steg & Gifford, 2005; Tumlin, 
2012). Research has also shown that installing bicycle infrastructure increased ridership and improved health 
across multiple income areas (K. M. Parker et al., 2011). 
 
Encouraging cycling across all populations can have demonstrable savings for society and individuals. 
Gössling et al. (2019) found that driving costs society €.11/km (~$.18/mile) due to health risks, pollution, 
accidents, road construction and maintenance, and land use devoted to cars. Operating a car costs drivers 
€.89/km (~$1.60 /mile) due to vehicle operating costs and time lost in congestion (Gössling et al., 2019). In 
the U.S., 35% of vehicle trips are less than three miles and could be easily ridable with the proper 
infrastructure (Mason, Fulton, & McDonald, 2015). Completing these trips by bicycle only costs the 
individual €.14/km (~$.26/mile) because of the lower operational and maintenance costs and can save society 
€.18/km (~$.32/mile) because of the health benefits and lower pollution levels (Gössling et al., 2019). 
Additionally, according to the EPA (2021), a passenger vehicle emits 4.6 tons of CO2 a year on average. 
Completing one trip a day more by walking or cycling for 200 days a year provides a reduction of 0.5 tons of 
CO2 emissions per person (Brand et al., 2021). 
 
To demonstrate the health and environmental benefits, consider a three-mile one-way commute. At 12 miles 
per hour, the trip would take 15 minutes or 30 minutes roundtrip. After five of these trips, a person would 
meet the recommended 150 minutes of weekly aerobic activity for adults in the U.S. (CDC, 2018). Many 
people struggle to find 30 minutes to work out each day, but often spend more than 30 minutes commuting 
(Fishman, 2016b). Meeting this requirement results in lower risks for cardiovascular disease, obesity, and 
diabetes (Fishman, 2016b; Pucher & Buehler, 2010; Sevick et al., 2000). Further, active adults that meet the 
recommendation for physical activity have a 30% lower risk of death from all causes (McLeod, 
Herpolsheimer, Clarke, & Woodard, 2018). This type of lifestyle intervention for physical activity saves time 
and money, roughly $32 a month, because exercise is rolled up into the commute compared to structural 
interventions requiring gym membership fees for use (Sevick et al., 2000). Additionally, if 14% of trips were 
completed on a bicycle, emissions from transportation could be reduced by 11% by 2050 (Mason et al., 2015), 
further impacting public health and savings. Finally, investing in cycling infrastructure is a low-cost way to 
reduce emissions and free up funds for other climate change mitigation strategies (Mason et al., 2015). With 
these kinds of benefits in mind, the issue is how to get more people cycling.  
 

https://www-sciencedirect-com.ezproxy1.library.arizona.edu/science/article/pii/S0921800918308097#!
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Interest in cycling for recreation and commuting is on the rise again in the U.S for similar reasons as in the 
1960s and 1970s: cost savings over driving, climate change concerns, and health benefits. Now there is an 
additional factor: cities are investing in cycling infrastructure and more than simple cycling lanes (Gatersleben 
& Haddad, 2010; Hood, Sall, & Charlton, 2011; K. M. Parker, Gustat, & Rice, 2011; Pucher, Komanoff, & 
Schimek, 1999). In 2009, 43.3 million people over the age of six rode once a year, and this number increased 
to 47.88 million in 2018, a 10.7% increase (Outdoor Foundation, 2019). Bicycle commutes increased from 
648,705 in 2010 to 784,707 in 2019, a 14.6% increase and about 0.5% of all commutes (U.S. Census Bureau, 
2021).  
 
New low-stress facilities such as bicycle boulevards on residential streets, complete streets, and new design 
guidelines from the National Association of City Transportation Officials (NACTO) have helped increase 
ridership in the U.S. (Broach, Dill, & Gliebe, 2012; Mekuria, Furth, & Nixon, 2012). Additionally, 40 of the 
50 most populous U.S. cities have a complete streets ordinance, and 49 of the 50 have bicycle master plans 
(McLeod et al., 2018). Cities such as Davis, CA, Madison, WI, Portland, OR, Fort Collins, CO, and Boulder, 
CO, lead the top of the League of American Bicyclists’ (LAB) rankings with an average ridership of 10.4% 
(McLeod et al., 2018). Other larger cities, such as Chicago, IL, New York City, NY, and San Diego, CA, 
average 1% ridership and have implemented protected bicycle lanes, bicycle share programs, and other traffic 
calming tools to increase ridership (Smith, 2021; McLeod et al., 2018). Planning efforts are not equally 
distributed, and LAB’s 2018 benchmarking report found cycling lagging in the parts of the south, with 
Mississippi and Alabama averaging only 0.1% of trips on a bicycle (McLeod et al., 2018).  
 
Even with efforts to provide safer infrastructure, a study on perceptions of cycling found that some 
respondents felt “uncool” doing so within their peer group (Hopkins & Mandic, 2017). Additionally, another 
study found feelings of inferiority or danger are common amongst those who cycle, “The whole thing with 
transport and not having a car, I do feel like a second-class citizen, there’s definitely a sense that as a 
pedestrian and a cyclist you are definitely second-class citizens” (Pooley et al., 2014). Unfortunately, these 
feelings of danger are demonstrated by cycling fatalities outpacing the recent increase in ridership. The 
National Highway Traffic Safety Administration data tracked 618 fatalities in 2010 to 846 in 2019, a 36.7% 
increase and 2.3% of all road fatalities in the U.S. (NHTSA, 2012, 2020). The increase in fatalities is a pressing 
issue and must be addressed. Creating safer and more comfortable cycling infrastructure is critical to prevent 
deaths and injuries and helps cities adapt for a healthier, low-emission future.  
 
The best way to plan better cycling infrastructure is to understand how cyclists interact and move through the 
built environment. While this is a U.S.-focused review and study, the findings can be applied to other 
locations. 
 

Transportation Geography, Transportation Planning, and Science and Decision-making 

Transportation geography and urban and transportation planning disciplinary perspectives are needed to 
understand how cyclists interact with the built environment. Transportation geography helps explain the 
movement of people, goods, and services across a spatial area. Urban and transportation planning builds 
upon this analysis and couples it with visions for a region’s future to create an actionable plan. However, 
research findings on cycling behavior need to be placed into usable planning information. Borrowing science 
and decision-making perspectives from the climate sciences provide a means to do so. Science and decision-
making practices can connect researchers and practitioners to form the foundation for collaborating on 
identifying and solving transportation issues.  
 
Until the last decade, understanding how mobility is “embodied and practiced” has not been a focus of 
transportation studies in geography or planning (Cresswell, 2010). Historically, transportation research has 
focused on “the mobility of people, freight and information and its spatial organization considering attributes 
and constraints related to the origin, destination, extent, nature, and purpose of movements” (Rodrigue, 
2017). While this definition includes people's mobility, this refers to people more as something moving and not 
as an individual doing the moving. Indeed, most transportation geography and transportation planning 
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research use the “four-step model” for travel demand (explained below) to analyze vehicle trips (Black, 2003), 
which typically excludes walking, cycling, and other movements.  
 
We should not consider transportation geography and transportation planning as separate fields. Both 
Rodrigue (2017) and Miller (2017) describe how the two areas often inform each other by sharing 
information, such as improved modeling. The work by transportation and regional development geographers 
Ed Ullman (Ullman in Boyce, 1980; Plane, 2020), A.G. Wilson (1967), and others established the gravity 
model for the flow of goods and services. This work served as a starting point for civil engineering and 
transportation planning to revise the gravity model to create the four-step model for transit and car planning 
projections and policies (Miller, 2017). This kind of improvement and collaboration should now be applied to 
the four-step model to make it applicable for bicycle planning.   
 
The four-step model is based on Ullman’s bases for spatial interaction: complementarity, intervening 
opportunity, and distance or transferability (Boyce, 1980; Plane, 2020). In other words, for a trip to occur, a 
demand must exist (complementarity), and there must be no other transportation option or similar 
destination that is faster or cheaper (intervening opportunity and distance). The four-step model takes trips 
generated by land use, matches origin and destination areas, assigns a mode (often vehicles and transit), and 
assigns a route based on the shortest travel time (Tumlin, 2012). 
 
Since the four-step model focuses on driving and often work trips, relating the model to cycling can be 
challenging. Assuming there is a trip demand, the potential cyclist would consider mode options available 
regarding time, cost, route availability, and safety. Black (2003) only considers time for a route in the model; 
however, safety, comfort, and directness of the route are vital factors to consider with active transportation, 
modes where the person is exerting physical effort, such as walking and cycling (Broach et al., 2012; Davison 
& Curl, 2014; Lawrence & Oxley, 2019; Mekuria et al., 2012). The lack of a safe and comfortable route means 
the potential cyclist would see riding as too high cost (i.e., possible injury or death) and choose another 
available mode. 
 
Urban planners often draw upon policies and ideas developed in economics to address congestion and safety 
issues, such as market theory, or in geography, such as activity theory (Miller, 2017). However, these theories 
tend to focus on driving and not active transportation. Work by Davison, Curl, Pucher, Parker, Dill, Oxley, 
Spinney, and many others––some geographers and some planners––have begun to fill the gap in how people 
interact with their built environment. In terms of cycling planning, recent research has focused on cycling 
route choice (Hood et al., 2011; Lawrence & Oxley, 2019; Sener, Eluru, & Bhat, 2009), cycling comfort and 
confidence (Bíl, Andrášik, & Kubeček, 2015; Dill & McNeil, 2013, 2016; Mekuria et al., 2012), and 
infrastructure design (Hochmair, Bardin, & Ahmouda, 2019; Le Dantec, Asad, Misra, & Watkins, 2015; K. M. 
Parker et al., 2011) to find ways to increase ridership.  
 
Additionally, public participation helps shape transportation projects. Stakeholder engagement in designing 
transportation infrastructure is a critical component of transportation planning because the residents are the 
end-users, it has long-term impacts on surrounding land uses and quality of life, and public funds build the 
projects (Arnstein, 1969; Bailey & Grossardt, 2010; Burby, 2003; Cogan, Sharpe, & Hertzberg, 1986). 
Determining the shared vision of a community’s future and the path to get there requires building consensus 
building with stakeholders (Innes & Booher, 2004). However, the process needs to attract stakeholders to 
work. If few stakeholders are engaged in the process, planners miss valuable local knowledge (Burby, 2003). 
Capturing local knowledge, such as how and where people ride, is key to planning cycling infrastructure 
(Afzalan & Sanchez, 2017).  
 
One means of gathering riding information is through digital sources. Digital information collection makes it 
possible for the public to share data on how they use infrastructure. For example, crowdsourced data from 
social media sources such as Strava can assist in planning for future conditions for cyclists as the data shows 
where are riding in near-real-time (Ferster, Nelson, Laberee, Vanlaar, & Winters, 2017; Jestico, Nelson, & 
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Winters, 2016; Le Dantec et al., 2015; Z. Lin & Fan, 2020; McArthur & Hong, 2019; Schneider, 2017). 
However, collecting Global Positioning System (GPS)information requires users to have a smartphone or 
GPS-capable computer on their bicycle and be willing to share it on these websites. This technological 
requirement means some communities are left out, particularly low-income residents. While data sources such 
as Strava provide more information than cities currently have on cycling, these considerations need to be kept 
in mind.  
 
Beyond the traditional means of collecting information for plans such as studying previous and existing 
conditions, stakeholder engagement, and professional experience, planners increasingly use basic and applied 
research (Krizek, Forysth, & Slotterback, 2009). There is a growing trend in planning research towards 
empirical studies of planning practice (Lauria & Wagner, 2006). While Brooks (1988) called for decreasing the 
gap between the academic and professional planning fields, there are numerous examples of “how work in 
the academy: a) fails to infiltrate its way into day-to-day planning decisions, b) is inapplicable, given the 
political pressures of the job, or c) is overly specific to a given time and locale” (Krizek et al., 2009). Krizek et 
al. (2009) are not discussing using evidence as the basis for policy. Instead, they are calling for evidence-based 
practice. Put another way, evidence-based practice encourages professional planners to integrate research 
evidence into their jobs while also encouraging academics to be concerned with the fit between planning 
theories and practice (Lauria & Wagner, 2006). 
 
Science and decision-making research is rooted in the development and use of climate science for end-users, 
such as planners. For example, engagement and collaboration between tree-ring researchers and water 
managers demonstrated how tree-ring data could meet water resource management and planning needs, such 
as understanding past hydrological conditions, including persistent droughts, to refine their water 
management models and plans (Rice, Woodhouse, & Lukas, 2009). Research results can play a crucial role in 
assisting planners in understanding the problems they face and in developing and implementing policies, if a 
partnership exists between researchers and practitioners. University cooperative extension programs are a 
good example of this.  These programs are designed to link research to practice via collaborations in which 
researchers work with ranchers and farmers to identify and address research questions relevant to agricultural 
decision-making and practices (Cash, 2001; Guston et al., 2000; J. Parker & Crona, 2012).  
 
However, as framed within science and decision-making studies, the challenge is that researchers often 
produce information on a topic and leave it at a decision maker's doorstep, hoping they use it, the so-called 
loading dock approach (Cash, Borck, & Patt, 2006). This method is a “push approach” to science, where 
researchers continue to produce solutions to problems that may not even be an issue to decision-makers and 
community members (Dilling & Lemos, 2011). Information may also be picked up but not used because it is 
not relevant to current policy goals (Dilling & Lemos, 2011). The lack of useful science integrated into 
decision-making is attributable to information overload; however, it is also related to work lacking saliency, 
credibility, and legitimacy for decision-makers (Cash et al., 2005; Lemos & Morehouse, 2005). These three 
aspects need to be addressed for information to be better utilized by decision-makers and community 
members.  
 
Beyond saliency, credibility, and legitimacy, research findings must also be delivered in a consumable fashion. 
Researchers must communicate with stakeholders from the onset and then produce work in terms they 
understand and can implement (Lupia, 2013). Doing so means breaking away from the rigid model for 
academic writing when communicating with stakeholders using a concise format that offers ready-to-go 
solutions that speak to them and their concerns (Dabelko, 2005; Lupia, 2013; Somerville & Hassol, 2011).  
Stakeholders can include community members who utilize research in advocacy groups to help push for 
desired changes and improved conditions.  
 
We can facilitate the use of science in decision-making in a bicycle planning context through increased 
collaboration, transdisciplinary research, and communicating findings in relevant terms with all stakeholders- 
all of which will lead to increases in salience, credibility, and legitimacy. Transdisciplinary research involves 
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multiple academic fields and stakeholders to conduct research that creates new knowledge (Tress, Tress, & 
Fry, 2005). Transdisciplinary work also involves communicating with stakeholders before, during, and after 
the research is completed. This type of work gives stakeholders an active role in the research; they feel 
empowered by it, and researchers can justify their work to public funders (Weichselgartner & Truffer, 2015).  
By engaging stakeholders throughout the research process, they may view the research as more salient, more 
credible, and legitimate because they provided information and helped develop it (Cash et al., 2005; Meadow 
et al., 2015). Additionally, successful transdisciplinary work means developing long-term relationships and 
continued open dialog between all parties involved (Meadow et al., 2015). These collaborations do not occur 
without effort on both sides and are easier said than done. However, there are opportunities to help 
practitioners solve issues they face ranging from data collection and processing to community engagement. 
Successful collaborations between planning and geography scholars and practitioners can address numerous 
bicycle planning gaps and play a pivotal role in creating safer, more enjoyable environments for cycling. These 
partnerships can be a win-win for researchers and practitioners.  
 

Current Cycling Research in the Context of Geography and Transportation Planning  

Transportation geography and planning is a field that has historically been dominated by the car, whose use in 
the U.S. has increased since the 1920s (Steg & Gifford, 2005). However, there is a growing body on active 
transportation, and specifically, on cycling; however, as Cresswell (2010) notes, the embodiment and practice 
of mobility are understudied. Research on increasing cycling rates addresses a multifaceted problem that ties 
together disciplines such as geography, public health, engineering, and urban planning. As Davison and Curl 
(2014) state, “geographers can, therefore, contribute by thinking in a more nuanced way about individual 
[field] limitations…by focusing at different scales, geographers also research the relationship between 
transport and health.” Geographers are uniquely positioned to tie together multiple disciplines at a local and 
regional level to positively change transportation habits. There is an increasing focus on understanding the 
types of cyclists and experiences in the built environment, modeling and understanding route choice, and 
determining infrastructural needs. 
 

Defining the Different Types of Cyclists and Their Experiences in the Built Environment 

Beyond Dill and McNeil’s (2013, 2016) four types of rides––strong and fearless, enthused and confident, 
interested but concerned, and no way no how––there have been some efforts to stratify types of cyclists, such 
as riding for exercise, riding for convenience, and riding for necessity (Jensen, 1999). The closest study found 
to stratify cyclists by culture is Gatersleben and Haddad (2010), who found four types: responsible, lifestyle, 
commute, and hippy-go-lucky. Responsible cyclists follow all traffic laws; lifestyle cyclists are more likely to 
ride for pleasure, join a team, and wear lycra; commuters are mostly younger professionals; and hippy-go-
lucky who use a bike to get around town for errands (Gatersleben & Haddad, 2010). There are issues with 
Gatersleben and Haddad’s work. For example, the responsible and commuter cyclist category could consist 
of any rider, and commuter cyclists are not only young professionals. Instead, responsibility should be 
measured within those groups and not as a separate set. Instead, we may need new terms to differentiate 
between cyclists––such as the Dutch with wielrenner (someone cycling for sport or fitness) and fietser 
(someone cycling for utility) 

 
There has been little work to date on differentiating between reasons for riding, i.e., an athlete rider, someone 
who rides for exercise and competing; a recreational rider, someone who rides for exercise and fun; and a 
commuter, someone who rides for transportation and exercise. These are fluid categories. Someone who is a 
competitive rider may also be a commuter on a different bicycle. How they perceive risk and interact with the 
built environment is different from someone who only commutes or rides recreationally. There is a huge 
range of ride and rider types, experience levels, and motivations within cycling participants.    
 
Additionally, there should be a consideration on the type of ride, such as a commute versus a recreational 
ride, and the potential for different bicycle selection, which influences speed, distance, and agility. The ride 
and the bicycle selected impact the route and duration (Sener et al., 2009). For example, a commuter may seek 
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the safest, flattest, and most direct way to their destination (Broach et al., 2012). However, someone riding for 
exercise may pursue a longer route, lower traffic volume, and hillier terrain (Sener et al., 2009). Anecdotally, 
there may also be differences in how a cyclist fits into Dill and McNeil’s typography based on the ride 
intention. For example, someone riding for sport may be strong and fearless; however, they may be enthused 
and confident when commuting. They may seek out different routes and different infrastructure based on the 
intention of the ride. Not all cycling trips are created equally, and this impacts planning infrastructure for 
cyclists. Two of the studies (Appendix B and C) in this dissertation are focused on exploring the differences 
and similarities in the cycling experiences of commuters, recreational riders, and athletes. 
 

Modeling and Understanding Cyclist Route Choice 

Another area where geography has impacted planning and cycling research is understanding and modeling 
cyclist route choice. While modeling transportation using the revised gravity model (Wilson, 1967) is a fairly 
common practice, using it for active transportation modes is a more recent development. One reason for this 
is that it can be challenging to model the myriad of factors riders consider, such as gradients, traffic volume 
and speed, parked cars, driveways, stops, and type of infrastructure present (Lawrence & Oxley, 2019). 
Additionally, it is complicated to integrate route preference based on comfort or skill into a model. Dill and 
McNeil's (2013, 2016) work found that strong and fearless cyclists often require no additional infrastructure; 
enthused and confident cyclists prefer bicycle lanes, protected bicycle lanes, or bicycle boulevards; and 
interested but concerned riders prefer separate paths or very low-stress streets (Dill & McNeil, 2013, 2016).  
 
Another challenge with modeling bicycle behavior is the lack of accurate count data of cyclists. There is 
ample data available through city and county transportation departments on vehicle counts on roadways; 
however, it is difficult to do so with bicycles because they do not activate traditional counters, which depend 
on weight. The lack of count data is often remedied with physical counts, as seen in Pima County (PAG, 
2020), or through optical scanners (Somasundaram, Morellas, & Papanikolopoulos P, 2010). Physical counts 
have their flaws, such as cost, workforce, and possibly location and time of year selection bias. Optical 
scanners can remedy these issues by providing continuous count data (Somasundaram et al., 2010). However, 
an optical scanner cannot discern the type of rider–which can influence route selection and behavior.   
 
With this in mind, most modeling studies have been done on a small scale, such as a university campus, which 
allows for quick bicycle counts, limited routes, and ease of comparing projected flows to counts (Ryu, Su, & 
Chen, 2015). However, at these small scales, the models do not incorporate trips generated outside the study 
area or trips with multiple destinations, leading to physical counts higher than projected flows (Ryu et al., 
2015). Larger scale models are being developed using GPS devices to solve this issue (Broach et al., 2012); 
however, monetary cost and time are limiting factors. Notably, Broach et al. (2012) found that cyclists are 
willing to detour to use a separated path or low-stress bicycle boulevard. The finding demonstrates the value 
cyclists place on safety over directness and confirms previous studies in Phoenix, Arizona (Howard & Burns, 
2001); various sites in Texas (Sener et al., 2009); and San Francisco, California (Hood et al., 2011). The value 
of safety over directness is vastly different from the traditional gravity model, which values the lowest time 
(Black, 2003). Nevertheless, there is still more to understanding the on-bike decisions that cyclists make 
regarding route choice, such as from interactions with drivers or missing cycling infrastructure, which is the 
focus of one of the studies (Appendix B) in this dissertation 
 

Recognizing, and Communicating the Different Infrastructure Investments Needed for Different Riders  

Not all bicycle lanes are equal. A bicycle lane on a busy road could be perceived differently depending on the 
rider. Again, Broach et al. (2012) have demonstrated that riders seek out the safest option first when riding; 
however, “safe” depends on the rider’s experience and confidence (Dill & McNeil, 2016; Mekuria et al., 
2012). Not every road needs a separate cycling path or protected bicycle lane–these would be costly 
endeavors. Instead, we need to understand where the different types of riders (recreational riders and 
commuters) are riding, including origins and destinations, and understand their confidence and experience, or 
where they fit in Dill and McNeil’s typography. Doing so would allow cities to build the appropriate 
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infrastructure for the corresponding user. Utilizing user-sourced GPS data (Le Dantec et al., 2015) from 
Strava or Garmin Connect (Fishman, 2016b; Schneider, 2017) can help with recognizing routes and needs on 
a large scale. Finally, there needs to be additional work to foster stronger collaboration between researchers 
and planners in applying these methods of identifying gaps in the infrastructure to ensure it addresses the 
problems their cities are facing (Appendix A and C).  
 
The above discussion represents the state of cycling planning research. The research gaps are also 
opportunities for collaboration with practitioners or advocates to answer some of the questions and 
potentially place the work into action. This dissertation focuses on types of riders, interactions in the built 
environment, route choices, and communicating the need for different types of infrastructure.  
 

Study Context  

 
The following section provides an overview of the Tucson region to help situate this study and provide 
grounding for why it was selected for the study. It is divided into the following sections: geographic location 
and demographic overview; a brief overview of bicycle planning in the region; and League of American 
Bicyclists ranking information.  
 

Geographic Context 

The City of Tucson is in eastern Pima County in southern Arizona (see Figure 1, Arizona County Maps, 
2021). Tucson covers roughly 226 square miles (364 kilometers), and Pima County over 9,000 miles (14,484 
kilometers), although most of this is uninhabited desert and mountains. 

Figure 1. Administrative Boundaries in Pima County (Arizona County Maps, 2021). 
 
The University of Arizona is near downtown, and Pima Community College has several campuses across the 
region. The towns of Marana and Oro Valley are to the north, South Tucson and Sahuarita to the south, and 
the Tohono O’odham and Pascua Yaqui Nations to the west. Each of these municipalities oversees 
transportation planning in their areas, including cycling. The county focuses on maintaining facilities for the 
unincorporated portion areas- including the roads on both First Nations. There is collaboration between the 
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municipalities and the county regarding funding for projects via bonding, pavement striping, and paving roads 
to ensure congruency. Additionally, these municipalities and the county form the Pima Association of 
Governments (PAG). This metropolitan planning organization manages the regional transit authority and 
receives federal funding to assist with transportation and environmental planning (PAG, 2021).  
 
Four mountain ranges surround Tucson: the Catalina Mountains (to the north), the Rincon Mountains (to the 
east), the Santa Ritas (somewhat further to the south), and the Tucson Mountains (to the west), but the urban 
core is flat with gentle slopes near washes. The flat urban core is excellent for commuting via bicycle, and the 
surrounding mountains are a key attraction to professionals and amateurs visiting for training. Tucson has 
mild winters, hot summers, and just over half of the rainfall occurs during summer monsoons (Table 1). 
 

Table 1. Climate Data for Tucson, AZ 
Month Average Temperatures (°F) Average 

Rainfall 
 

 High Low Average 

January 67.6 40.5 54.1 .94” 

February 70.1 42.9 56.5 .78” 

March 78.5 49 63.7 .29” 

April 84.6 54.3 69.4 .17” 

May 90.7 60.6 75.7 .14” 

June 103.1 72.4 87.7 .35” 

July 100.1 76.6 88.3 2.80” 

August 99.4 75.6 87.5 1.58” 

September 95.2 70.5 82.9 1.77” 

October 87.5 59.4 73.5 .71” 

November 76.1 48.5 62.3 .64” 

December 66.5 41.2 53.8 1.14” 

Annual 85 57.6 71.3 11.31” 

Source: National Weather Service (NWS), 2021 

 
The physical conditions, coupled with comfortable weather, create an ideal cycling location. Additionally, the 
region is home to several cycling events, including El Tour de Tucson, which started in 1983. It is now one of 
the U.S.’s largest one-day bicycle events and fundraisers (Levine, 2015). The event’s draw has contributed to 
local efforts for bicycle planning. Participants are then attracted to move to the area or visit over winter 
because conditions are good for riding (Ferguson, 2013). 
 
For facilities, the region has painted bicycle lanes, separated paths, a few protected bicycle lanes, and bicycle 
boulevards. Pima County maintains over 2,200 miles of roads, and 90% of arterial and collector roads have a 
bicycle lane (LAB, 2016). In comparison, most League of American Bicyclists platinum-friendly cities, the 
next level above Tucson’s gold rating, have bicycle lanes on 78% of arterial roads. The Chuck Huckleberry 
Loop, a network of paths following rivers and washes in the region, provides 136 miles of paved multi-use 
paths (County, 2021). In 2017, the City of Tucson began working on a 193-mile plan for bicycle boulevards 
to provide low-stress facilities (Tucson Bicycle and Pedestrian Program, 2017). The boulevards are ranked 
based on improving cycling conditions and accessibility to help prioritize funding (see Figure 2 for facilities).  
 
Tucson struggles with low-density sprawl and low tax revenue for project investments compared to other 
bike-friendly urban areas. Tucson’s low wages and low gas tax provide fewer tax dollars for infrastructure and 
services. The sprawling low-density land use makes it difficult for the limited funds to cover road 
maintenance and improvements (DeBonis, 2017). The scale of the region makes it challenging to encourage 
active transportation.  
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Compared to Portland, OR and Austin, TX, the Tucson region has more poverty and lower wages, home 
values, and population density. Interestingly, Austin’s ridership is relatively low, given their high League of 
American Bicyclists (LAB) ranking, but the fatality rate is lower than Tucson’s (Table 2).  
 
Nationally, ridership is 0.5%, so the Tucson region outpaces the national trend and some peers, but lags 
behind cities such as Portland (U.S. Census Bureau, 2021). Compared to Pittsburgh, PA, a more densely 
populated city with similar economic factors, Tucson has nearly a percentage point more ridership, which 
may be due to the more temperate winter weather. Unfortunately, however, the Tucson region had 13 cycling 
fatalities in 2019, six in the city and seven in the surrounding county. (Table 2). Within Tucson city limits, the 
fatality rate is 1.1 per 100,000 residents. This rate is nearly twice that of Austin (0.5) and Pittsburgh (0.6) and 
nearly four times that of Portland (0.3).  
 
Table 2. Population, Poverty, and Per Capita Income for Tucson Metro (Eastern half of Pima County); 
Tucson, AZ; Portland, OR; Austin, TX; and Pittsburgh, PA 

Location Austin, TX Pittsburgh, PA Portland, OR Tucson, AZ Tucson MetroE 

Population1 979,263 300,281 653,467 548,082 1,047,279 

Poverty Rate1 12.2% 19.1% 12.4% 19.1% 13.8% 

Per Capita Income1 $46,217 $37,278 $45,035 $24,808 $31,004 

Median Home Value1 $378,300 $148,200 $445,200 $172,700 $211,600 

Pop. Density1 3,061/mi 5,423/mi 4,898/mi 2,303/mi 114/mi 

Ridership2 1.4% 2.0% 6.5% 2.9% 2.9% 

LAB Ranking2 Gold Bronze Platinum Gold Gold 

2019 Cycling 
Fatalities3 

5 2 2 6 13 

2019 Cycling Fatalities 
per 100,000 

0.5 .06 0.3 1.1 1.2 

1. Demographic data from the U.S. Census (U.S. Census Bureau, 2019a, 2019b, 2019c, 2019d, 2019e).  
2. Ridership is the percentage of commuters who cycle in the League of American Bicyclists (LAB) 
Benchmark Report (McLeod et al., 2018).  
3. Fatality data for Austin from Vision Zero ATX (2021), Pittsburgh from Western Pennsylvania Data Center 
(2020), Portland from Bike Portland (2021), Tucson from Tarangioli (2019), and Tucson Metro from the 
Medical Examiner Report (2019). 

Figure 2. Excerpt of PAG 2020 Bicycle Map for Tucson. An interactive map is at: 
https://gismaps.pagnet.org/bikewaysmap/ 
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The Tucson region’s relatively high ridership, given economic and sprawl conditions, makes the area an 
interesting case study, particularly as it grapples with higher fatality rates than other cycling-friendly locations. 
With the flat urban core and nearly year-round excellent weather for cycling, ridership could be higher with 
further investments, especially compared to colder and wetter cities, such as Portland, OR (although, 
Portland’s more temperate climate may make it more rideable year-round considering Tucson’s hot 
summers). Given the limited funding available, identifying areas for improvements that improve safety and 
increase ridership is critical. To better understand where Tucson is heading, we need to understand the 
history of cycling planning in the region. 
 

Brief History of Cycling Planning in Tucson 

The Tucson region experienced the 1970s U.S. bicycle boom with “bicycles are swarming all over the 
University of Arizona as students take to pedals to avoid auto congestion. The ‘fad’ caught on as a personal 
campaign against air-polluting cars and as a handy means of exercise” (Varn, 1970). The city was quick to 
react to the growing interest in two-wheeled transportation.  
At first, Tucson provided simple striped lanes to serve the University of Arizona campus. Two routes were 
selected: Mountain Avenue, between Ft. Lowell and the University of Arizona, and Third Street east of 
campus (“Two Bike Plans Offered by PAG,” 1973). Beyond these initial offerings, PAG developed two plans 
for a bicycle network in 1973 (“Tell Tucson Where to Go!,” 1973; “Two Bike Plans Offered by PAG,” 1973). 
By January 1974, the county mandated space for bicycles on roads when constructed or repaved. Later, 
PAG’s selected plan of 411-miles of bicycle trails included upgrading facilities on Third Street and paving a 
new 6-mile path on Old Spanish Trail (Seper, 1974).  
 
The new facilities were not without issues. Old Spanish Trail had priority through intersections; however, the 
path was several feet from the road and did not have priority, which created dangerous crossings (Stiles, 
1975). In town, there was resistance to the idea of closing Mountain Avenue to through traffic or adding in 
bollards for increased protection (“Bikeway Plan Would Ban Mountain, 3rd Car Traffic,” 1974). The 
community expressed a preference for painted bicycle lanes and not paths, which was against the then-current 
FHWA recommendations (Reid, 2020; Stiles, 1975). Later guidance from the federal government supported 
striped bicycle lanes to reduce conflict points from separated paths (Pucher et al., 1999).  
 
At the county and regional level, PAG adopted a revised regional plan for cycling, which required new or 
reconstructed roads to provide space for a bicycle lane in 1981 (Dames and Moore, 1989, p. 2–2). PAG 
updated the plan with additional routes for improvement in 1985 and 1989 (Dames and Moore, 1989, p. 2–2). 
Recognizing the growing need for dedicated staff for planning and project management, the City of Tucson 
moved the alternative modes program into the Department of Transportation in 1988 (FHWA, 1992). The 
county developed a trail system master plan in 1989 to protect and expand trail access under threat from 
development pressures (Dames and Moore, 1989, p. 2–1). The 1989 plan also identified the Santa Cruz and 
Rillito rivers and the Pantano and Cañada del Oro washes for potential linear parks. Upon the completion of 
channelization, these are now the backbone of today’s Huckleberry Loop cycling and pedestrian trail (Dames 
and Moore, 1989, p. 1–6). This trail master plan would form the foundation for all future works in the region. 
During this period (1980-1989), daily cycling trips increased to three percent, “the highest level of bicycle use 
of any city in its size in the entire country” (Anderson, 2017; Dames and Moore, 1989, p. 2–2). 
 
Pima County and the cities within the county updated the regional trail system master plan in 2010 and 2012. 
The new plan highlighted collaboration with regional municipalities, the use of research on economic, social, 
and environmental impacts to support decisions to create enhanced greenways along several key arterial 
streets, connect parks, and complete the urban loop (HRD Engineering, Coffman Studio, & McGann and 
Associates, 2012, p. 2–7). A few years prior, PAG released its updated bicycle plan in 2009, drawing upon the 
1996 Eastern Trail Master Plan and ongoing updates for the 2010 version (PAG, 2009). The 2012 county plan 
and 2009 PAG plan are the most current plans at the regional level (HRD Engineering, Coffman Studio, & 
McGann and Associates, 2012; PAG, 2009).  
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Tucson announced 64 low-stress bicycle boulevards (totaling 193 miles) in 2017, based on the success of 
Third Street/University Boulevard and 4th Ave/Fontana, as well as the goals from Plan Tucson, the 
comprehensive plan, the 2045 Regional Mobility and Accessibility Plan, and the 2012 Pima Regional Trail 
System Master Plan (Tucson Bicycle and Pedestrian Program, 2017, pp. 3–5). Shortly after, the Living Streets 
Alliance, a local advocacy group that focuses on creating safer streets, helped pass the Complete Streets 
Ordinance in 2019 to ensure street design encourages walking, cycling, and a better environment (City of 
Tucson Department of Transportation, 2020). The Bicycle Boulevard Master Plan and the Complete Streets 
Ordinance represent the Tucson Department of Transportation holistically planning for mobility, its impacts, 
and the variety of transportation choices available to residents.  
 
Finally, Tucson’s Mobility Master Plan, Move Tucson, started in 2019 to “create a mobility blueprint for the 
City’s future in a rapidly changing world” across all modes. The plan emphasized outreach and participation 
from marginalized communities (City of Tucson Department of Transportation, 2021). Move Tucson 
represents the transportation department’s continued embracement of “mobility culture,” or how mobility 
impacts health, wellness, and the environment (Tschoerner-Budde, 2020). 
 
The Tucson region has embraced cycling planning for nearly 50 years and saw early success. The region’s 
governments and advocates are dedicated to improving walking, cycling, and transit conditions. One of the 
motivations for improvement is a ‘platinum’ designation by the League of American Bicyclists in its Bicycle 
Friendly Community program, a point of pride that could increase tourism in the area.  
 

League of American Bicyclists’ Ranking 

One important aspect of mobility culture is to create a safe and inclusive environment for all types of cycling. 
The League of American Bicyclists (LAB) offers a framework to guide and rate cities through its bicycle-
friendly program. The LAB bicycle-friendly program demonstrates a city or region’s commitment to cycling 
and provides a road map on how to improve. Further, cities often display their ranking on roadside signs 
entering the city limits and market their ranking on their tourism website (see: VisitTucson.org). Advocates, 
including the Tucson and Pima County Bicycle Advisory Committee, frequently refer to the 5 E’s metrics 
when reviewing projects and plans (LAB, 2020a): 

• Engineering: Creating safe and convenient places to ride and park 
• Education: Giving people of all ages and abilities the skills and confidence to ride 
• Encouragement: Creating a strong bike culture that welcomes and celebrates bicycling 
• Evaluation & Planning: Planning for bicycling as a safe and viable transportation option 
• Equity, Diversity, & Inclusion: A bicycle-friendly America for everyone. 

Implementation of the 5 E’s includes tangible actions and outcomes such as a well-connected street network; 
public awareness campaigns; driver education; easy to find information; data collection, evaluations, 
improvements; and a bicycle advisory committee to increase public input (LAB, 2020a).  
 
Tucson and Eastern Pima County are one of twenty-four ‘Gold’ cities and regions in the Bicycle Friendly 
Community rankings, the third-highest rating available of five, behind ‘Platinum’ and ‘Diamond’ (Table 2) 
(LAB, 2016). The Tucson region is committed to improving cycling across the region to reach ‘Platinum,’ as 
noted by the “Pedaling Toward Platinum” program coordinated between the Pima Association of 
Governments (PAG) and the Bicycle Advisory Committee (PAG, 2020). Platinum represents the next level of 
dedication and a willingness to lead the way on cycling and active transportation planning (LAB, 2016). 
However, only five cities have reached ‘Platinum’ status: Boulder and Ft. Collins, CO; Madison, WI; Davis, 
CA; and Portland, OR. Except for Portland, these cities are smaller college towns. These other cities could 
make good locations to study cycling and active transportation planning; however, Tucson makes a better 
location because of continued efforts to improve, despite the past car-centric planning and sprawling 
development. None of the current ‘Platinum’ communities face similar sprawling low-density land use.   
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While Tucson-Eastern Pima County has improved, it has failed to reach ‘Platinum.’ Table 3 summarizes 
commuters, crashes, fatalities, and bicycle networks in ‘Platinum’ communities compared to Tucson. 
 

Table 3. Summary of Platinum-friendly Community Metrics Compared to Tucson, AZ 
City (Year scored) Ridership Crashes  

(per 10k commuters) 
Fatalities  
(per 10k commuters) 

Bicycle 
Network 

Boulder, CO (2017a) 10.3% 327 0.3 34% 

Davis, CA (2020b) 20.13% 77.4  0.0 73% 

Ft. Collins, CO (2017b) 6.8% 285 1.0 52% 

Madison, WI (2019) 4.78% 155 0.58 28% 

Portland, OR (2017c) 6.4% 159 0.7 16% 

Tucson, AZ (Gold, 2016) 3% 458 6 22% 

Source: LAB Bicycle Friendly Scorecards (2016, 2017a, 2017b, 2017c, 2019, 2020b) 
 
According to the response to the latest application for ‘Platinum,’ the region fell short because of three 
reasons: 

1.) Not enough commuters. Tucson and Eastern Pima County only have 3% of work trips completed by 
bicycle (LAB, 2016; McKisson, 2016). Notably, 4 of these 5 locations have high levels of cycling rates 
despite adverse winter weather. Weather is less of a factor in Tucson, although the summer heat can be 
a disincentive. 
2.) Too many crashes and fatalities. Tucson and Pima County had 16 pedestrian and four cycling 
fatalities in 2016 (O’Gara, 2019) and 39 pedestrian and 13 cycling fatalities in 2019 (Conover, 2020; 
Office of the Medical Examiner, 2019; Tarangioli, 2019). 
3.) Total bicycle network miles to road network miles is too low.  

 
As the League pointed out, the Tucson region has a long way to go and several key issues to overcome to 
make the community a true cycling paradise and regain its spot as the nation's top cycling city. It is one thing 
to build a bicycle lane on every road; however, it is an entirely different mindset to build cycling infrastructure 
to match a rider’s skill and interaction with the environment while also increasing safety. Given the size and 
financial constraints of the region, it can be challenging to address these issues. What makes the Tucson 
region unique is the history of embracing cycling planning, quickly becoming one of the top cities for cycling, 
and now trying to build back to the top spot. This new effort to improve is carried out against the backdrop 
of decades of low-density urban sprawl, unlike the more compact ‘Platinum’ communities of Portland, OR, 
Boulder, CO, Davis, CA, or Madison, WI.  
 
The present study helps address gaps in the route selection, behavior, and communication areas by answering 
the following questions: 

1.) How do Pima County and the City of Tucson plan for active transportation? Where do 
transportation planners get information on bicycle planning, what barriers and opportunities do they 
face, who do they collaborate with, and what role could the University play in the process? 
Collaboration between researchers and local decision-makers helps ensure the results are produced in 
a usable and meaningful way and creates actionable steps for implementing the recommendations. 
Researchers must understand what problems the DOTs are facing and how they utilize research to 
produce usable science.  

2.) How do different types of riders, commuters, recreational, and athletes, (a) route through the built 
environment, (b) perform behaviors, such as running stop lights, and (c) interact with drivers? This 
multipart question helps address the lack of understanding of how different cyclists behave in the 
built environment. 

3.) How do these different types of riders interact with the built environment and each other? This 
question contributes to a better understanding of the lived day-to-day experiences of riding in the city 
and the different infrastructure needed. 
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Methodology 

 
In this naturalistic study, I use a mix of qualitative methodologies such as interviews, document analysis, and 
naturalistic video collection to answer these questions. The following section will overview naturalistic cycling 
research methods, stakeholder engagement in bicycle planning, and an overview of each dissertation paper's 
methodology.  
 

Naturalistic Bicycle Studies Overview 

This study uses naturalistic methods, “a nonexperimental, primarily qualitative research method in which 
organisms are studied in their natural settings” (Milliken & Salkind, 2010). Naturalistic research lends itself to 
qualitative methodologies to tell the story of riders’ experiences and places the researcher in the project 
(Creswell, 2007; Guba & Lincoln, 2005; Strauss & Corbin, 1998). The researcher acknowledges their 
background to create new meaning and understanding through the participants and a theory grounded in 
these experiences (Mills & Francis, 2006). Qualitative research “aims for understanding…and a personal role 
for the researcher” (Stake, 2010), and the researcher becomes a ‘passionate participant’ (Guba & Lincoln, 
2005). The participant's role allows for forming bonds with the other participants, allowing for more in-depth 
data (Guba & Lincoln, 2005). The researcher does the data collection and analysis and is deeply immersed in 
the study. Qualitative research is interpretive, and the results can be influenced by the researcher’s 
background (Creswell, 2007). I utilize this method in Appendices B and C to better understand the factors 
influencing route choices (Appendix B) and the lived experiences of riders (Appendix C). 
 
Collecting data, such as GPS and video, from bicycle rides is a relatively new method pioneered in Europe 
and Australia. Walker (2007) utilized video recording and sensors to measure how close vehicles passed him 
depending on riding position on the road, helmet use, vehicle type, and gender. The study concluded that 
riding further from the edge of the road caused drivers to pass closer, wearing a helmet caused closer passes, 
truck drivers were more likely to pass closely, and apparent female riders were given more space during a pass 
(Walker, 2007). Parkin and Meyers (2010) used a camera to measure the distance of vehicular passes with a 
bicycle lane present. They found drivers stayed within the confines of their lane and gave little recognition to 
passing a cyclist at a comfortable distance. Both studies were conducted in the U.K. and had only one 
participant. Chuang et al. (2013) confirmed the two U.K. studies by recruiting 34 participants in Taiwan and 
found similar results- motorists passed closely with the lack of a bicycle lane, passed closely when riders rode 
away from the edge of the road, and gave more room to female riders.  
 
Johnson, Charlton, Oxley, and Newstead (2010) was the first large-scale naturalistic study on cycling risks. 
The study collected 127 hours and 38 minutes of commuting riding data from 13 participants in Melbourne, 
Australia, and found sideswipes to be the most common incident (40.7%), intersections to be the most likely 
place of occurrence (70.3%), and drivers at fault 87% of the time (Johnson et al., 2010) Further research in 
Australia by Pink et al. (2017) used wearable GoPro cameras on 18 participants in Melbourne and Canberra 
to understand how participants move their bodies and bicycles through the city. Videos were reviewed with 
participants to understand the "flow of everyday life" as riders and participants explained different 
movements, motions, and behaviors (Pink et al., 2017). More recently, Lawrence and Oxley (2019) outfitted 
97 riders with frame-mounted cameras and GPS for two weeks or six hours of riding in Melbourne. Their 
work identified how cyclists might modify their routes based on the infrastructure available and factors such 
as congestion, stops, and perceived safety (Lawrence & Oxley, 2019). 
 
The most prolific research on naturalistic cycling has been in Sweden. Dozza, Werneke, and Fernandez 
(2012), Dozza and Fernandez (2012), and Dozza and Werneke (2014) focused first on creating a unique 
recording setup for bicycles. They then studied how participants interacted with the built environment and 
how motorists behaved around the participants. Both 2012 papers focused on establishing the technology's 
viability and how it could be connected to intelligent systems for cars and bicycles. Dozza and Werneke’s 
2014 work focused on analyzing riding risk and found intersections to be four times as dangerous as straight 
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roads and twelve times more dangerous if buildings or objects limited views. All three studies utilized 16 
participants riding bicycles given to them by the research team. The influence of riding an unfamiliar bicycle 
on riding behavior was not discussed.  

 

Figure 3. Commuter Bicycle Used by the Dozza Research Group (2012, 2014). 

Figure 4. Commuter Bicycle Used by Lin et al. (2017) 
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Gustafsson and Archer (2013) built on Dozza’s work in the Stockholm area by recording 16 commuter riders 
on 17 major routes during the morning and afternoon. Participants were asked to push a button to log 
incidents with vehicles or other issues while riding. Consistent with other studies, intersections were the most 
dangerous locations, along with poor signal timing and road surfaces. However, in this study, participants 
were prescribed a set route, which has implications for gathering data from other locations.  
 
Thus far, only two naturalistic bicycle studies have been conducted in the U.S. Chapman and Noyce (2012) 
used a camera-equipped road bicycle to determine passing distances on rural roads in Dane County, 
Wisconsin. The study recorded 1,151 passes and found only 0.5% of passes to be too close; however, drivers 
frequently passed in unsafe locations and violated a no-passing zone (Chapman & Noyce, 2012). This is one 
of the only studies to utilize a road bicycle instead of a commuting bicycle.  The other US-based study was 
completed in Tampa, FL, in 2017. Lin, Kourtellis, Katkoori, Chen, and Cruse (2017) outfitted 100 
participants, all commuters, with recording equipment and found 88.1% of participants followed traffic rules. 
The most common issue was drivers failing to yield right of way, and the lack of bicycle lanes added to the 
risk of close calls. Lin et al.'s  (2017) findings confirm those from earlier studies, such as Johnson et al. (2010) 
and Dozza and Werneke (2014), which found drivers to be at fault in the majority of incidents. However, all 
studies, except for Chapman and Noyce (2012), used a bicycle designed for short commutes around town. 
This study design eliminates data from other types of riders or people commuting on other types of bicycles. 
These naturalistic studies lay the foundation for the current research. This study goes beyond looking at 
commuter riders and incorporates different riders and their behavior.  
 

Stakeholder Engagement 

Stakeholder engagement can be a useful way to coproduce knowledge between researchers and those engaged 
with decision-making or impacted by policies that can result in usable science and outcomes (Meadow et al., 
2015). So far, stakeholder engagement is an underexplored area in bicycle planning research, save for 
Gustaffson and Archer (2013). The majority of the studies analyzed cyclist behavior with no clear 
expectations on how the findings could impact local infrastructure design or impact design theory. However, 
as Gustaffson and Archer (2013) demonstrated, a study designed in collaboration with the local DOT can 
result in real, positive changes from the findings. Gustaffson and Archer worked closely with the City of 
Stockholm, and their recommendations, such as improved signal timing for cyclists, have been implemented. 
This finding demonstrates the importance of working with decision-makers to design a study that provides 
information they can act on. As Cash et al. (2006) state, “…there is growing demand for more effective use of 
scientific and technical information,” yet that does not mean the information decision makers need is actually 
produced. This increasing demand for more effective/useful scientific information is not surprising, given the 
stereotype of research being conducted in an ivory tower. Research can often be difficult for practitioners to 
access, both in terms of physical access and the foundational knowledge required to interpret and apply it 
(Jacobs, Garfin, & Lenart, 2005). Stakeholder engagement is the primary focus of Appendix A, where I 
interview practitioners and an advocate to understand the bicycle planning decision-making context better.  
 

Research Approach, Design, and Methods 

This case study focuses on one location: Tucson, Arizona, and the goal is to obtain a richer understanding of 
a situation and its workings. As Yin (2013) describes, one case can provide ample opportunity for applicable 
outcomes. While specifically based in Tucson, the three papers' outcomes provide recommendations for 
applying the findings in other locations. Throughout this study, I attempted to engage with stakeholders at 
every step–from the study design, deliverables, and follow-ups (Cash et al., 2003; Jacobs et al., 2005). 
Scheduling meetings and follow-ups with stakeholders proved challenging, and it did not occur to the desired 
frequency. I am still not simply dropping the products of this dissertation off and calling it a day. I am 
avoiding that loading dock approach by presenting these findings to local advocates. In some ways, the 
Bicycle Advisory Committee (BAC) can act as a bridge between research and decision-makers when weighing 
in on projects and design options by assessing current research and making recommendations based on that. 
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In my role within the BAC, I can teach others how to perform similar analyses as done in this dissertation to 
help improve our advocacy work for safer designs. Further, my role can shift to a sort of information broker, 
or someone who spans multiple boundaries as a participant, researcher, and decision-maker on the 
committee.  
 
Interviewing the stakeholders and conducting a document analysis provided a deeper understanding of the 
decision-making context for bicycle planning in the Tucson region. This work also provided connections with 
stakeholders and allowed for follow-up conversations to occur. It also served as the base for the first paper 
(Appendix A) of this dissertation. Overall, conversations with stakeholders provided the following design for 
the naturalistic research conducted in two papers (Appendices B and C). Five participants over 18 were 
recruited from three different types of cycling groups: two commuters, defined as people who use a bicycle 
for commuting only; two recreational riders, defined as people who use cycling for exercise; and one athlete, 
defined as someone who rides a bicycle for sport. I also embedded myself as a commuter for the video 
recording portion of the study.  
 
There is some overlap within individuals–some recreational and experienced riders may also commute via 
bicycle. However, each of these groups differs in their riding habits and routes. There are parallels here 
between the groups selected and the Four Types of Cyclists typography from Dill and McNeil (2016): strong 
and fearless (less than 1% of a population), enthused and confident (approx. 7% of a population), interested 
but concerned (60% of a population), and no way no how (33% of a population). The athlete riders fall into 
the strong and fearless, recreational riders in the enthused and confident, and commuters between enthused 
and confident and interested but concerned. This allowed me to observe how different riders interact with 
the built environment.  
 
On-bicycle video recordings, interviews, document analysis, and surveys were used to create a robust data set 
from multiple perspectives using triangulation (Creswell, 2007; Patton, 2002). Triangulation ensures the 
research is rich, robust and allows for consensus to be reached across multiple data points (Creswell, 2007; 
Patton, 2002). Additionally, being an experienced cyclist and using the bicycle as my primary transportation 
mode helped me analyze cyclist behaviors (Spinney, 2011).  
 
The following data were collected and analyzed: 
 

Appendix A: Pedal the Old Pueblo | Centering the Community: Bicycle Planning in Tucson, AZ 

Document Analysis 

Document analysis allows researchers to track changes in policy, action, and perception over time (Bowen, 
2009). It is critical to understand Tucson’s past with bicycle planning to understand how decisions are made 
currently. For the first part of this chapter and in Appendix A, I collected and analyzed documents starting in 
the 1970s with the first bicycle boom with the terms “cycling,” “bicycle,” and “bicycle plan” in the county 
board of supervisor meeting minutes, Arizona Daily Star and Tucson Daily Citizen newspapers, City of Tucson 
and Pima County websites and reports, and local plans to track changes in bicycle planning. I reviewed the 
documents for themes such as public and elected officials’ support and perception (Innes & Booher, 2004), 
regional collaboration and shared policy (Berry & Berry, 1999), and collaboration with the University of 
Arizona. Several stakeholders were involved, including the University of Arizona, Pima County, and Tucson.  
 

Interviews 

By understanding how decision-makers interact and influence projects, we gain insight into how the process 
works and where researchers can assist. I revised questions revise from a similar planning paper focused on 
sources of information and actions for climate risk planning in the Southwest (Keith & Iuliano, 2019) based 
on the document analysis of bicycle transportation plans, comprehensive plans, and other policies (Bowen, 
2009). I interviewed transportation department staff members and local advocates for the primary data 
source. Interviewees included two planners from Pima County, three planners from the City of Tucson, one 
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planner from the University of Arizona, and one advocate from the Bicycle Advisory Committee. These 
interviews helped me establish a relationship with the stakeholders to ensure this research provides outcomes 
that will be useful for them in solving local issues (Cash et al., 2006; Jacobs et al., 2005). All interviews were 
recorded, thematically transcribed, and reviewed to identify patterns and repetition in the responses to aid in 
developing themes (Fereday & Muir-Cochrane, 2006). 
 

Appendix B: Pedal the Old Pueblo | Near Misses and Split Routes: Comparing Rider Behavior, Driver Interaction, and 

Route Choice for Cyclists in Tucson, AZ Video Recordings 

Video Data  

The commuters, recreational riders, and an athlete provided two weeks of video footage from their rides. 
Rides were anywhere from a short 3-mile errand to a 60-mile exercise ride. Riders who rode on a near-daily 
basis were selected. This overcomes previous issues in naturalistic bicycle studies where only commuters were 
studied, and a route was prescribed to participants (Gustafsson & Archer, 2013) or on bicycles proved by the 
research project (Dozza & Werneke, 2014).  
 
Each participant received a set of Cycliq Fly12 front and rear cameras installed on their bicycle. Participants 
recorded their rides on the Fly12 units and their GPS unit and provided a brief written description of the ride. 
I reviewed descriptions for notes from the riders on issues with drivers or infrastructure and reviewed each 
ride for driver interactions and rider behavior. Driver interactions included close passes (less than three feet), 
left and right turn hooks, exchanges with drivers, blocked travel and bike lanes, and evasive action such as 
emergency braking or swerving due to a stopped vehicle (Dozza & Werneke, 2014). Rider behaviors included 
slow rolling stop signs and red lights, wrong-way riding, lane splitting, access issues, not using the cycling 
infrastructure as designed, and miscellaneous such as avoiding an oncoming rider (Gustafsson & Archer, 
2013).  
 
GPS Data 
I compiled GPS data from the rides into a heat map. I also georeferenced and overlayed interactions, 
behaviors, and GPS routes in ArcGIS on a map with the Pima Association of Government's Annual Regional 
Bicycle Count data and the public Strava heatmap. The use of PAG Regional Bicycle Count and Strava 
heatmaps help estimate how many cyclists use the routes and may be experiencing similar conditions.  
 

Appendix C: Pedal the Old Pueblo | Where and How Tucsonans Ride and Implications for Cycling Infrastructure 

Using the same set of data from Appendix B, I reviewed the footage to document the differences and 

commonalities in the lived day-to-day experiences of commuting cyclists, recreational riders, and athletes and 

how the experiences relate to the built environment in Tucson, AZ. Learning from these experiences can help 

practitioners and elected officials understand how riders use their bicycles, bodies, and space in the city. This 

understanding can result in better support for the cycling community regarding policies and investments in 

infrastructure. This paper draws upon previous works of Albert (1991), Eichler (2017), Palmer (1996), Pink 

(2017), and Spinney (2006, 2008, 2009, 2011) in analyzing the choreographed dance of rider movements with 

other riders, traffic, and the built environment. 

Data Analysis 
Triangulation, or seeing consistent themes in the data from multiple perspectives, is key in qualitative research 
(Creswell, 2007; Fereday & Muir-Cochrane, 2006; Patton, 2002). Data were analyzed (see table below) to 
identify themes, then compared with other points in similar sets, and finally across data sets.  
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Table 4. Research Questions and Method of Inquiry 

Research Question Method Data Quantity Analysis 

How does the region plan for 
active transportation? Where 
do transportation planners 
get information on bicycle 
planning, what barriers and 
opportunities do they face, 
who do they collaborate with, 
and what role could the 
university play in the process? 

Interviews and 
document 
analysis 
 
 
 
 
 
 
 

Interview notes 
and transcripts 
 

7: 3 Tucson, 2 Pima 
Co., 1 UA, and 1 BAC 

Themes such as 
cooperation, feedback, 
partnership 
 
Look for ways different 
decision-makers interact 
with each other and 
how this impacts final 
projects.  
 
Map out the layers of 
decision making in 
transportation and 
construct an outlook on 
how decisions are made 

How do different types of 
riders, commuters, 
recreational, and athletes, (a) 
route through the built 
environment, (b) perform 
behaviors, such as running 
stop lights, and (c) interact 
with drivers?  

GPS + video 
recordings 
 

GPS files from 
riders. 
Video files from 
riders.  
Pima Co. Count 
Data 
Strava Heat Map 
 
 
 

6 riders (3 commuters, 
2 recreational, and 1 
athlete) for 2 weeks of 
riding 
 
 

Compile into heat map 
and flag problem areas 
with motorists (near 
misses and hits).  
 
Flag areas where 
bicyclists ran stop light; 
weaving in traffic… 
 
Overlay count data to 
compare use. 

How do these different types 
of riders interact with the 
built environment and each 
other? 

GPS + video and 
audio recording 
 
 

GPS files from 
riders 
Video + audio 
files from riders.  

6 riders (3 commuters, 
2 recreational, and 1 
athlete) for 2 weeks of 
riding 

Use the video footage to 
tell the riders’ story- 
what is it like to ride 
here? 

 

Contributions of the Present Study 
As discussed earlier, transportation geography has never made studying the embodiment and practice of 
mobility a priority (Cresswell, 2010). Instead, it has focused on the mode of transit––car, bicycle, walking––
and not the person performing the task. Because of this, the end design of infrastructure sometimes fails to 
meet user expectations. Understanding how cyclists interact with the built environment is a research gap that 
needs to be filled and allows us to design infrastructure to better serve a variety of users.  
 
Although the study was conducted in the Tucson region, the methods refined from previous naturalistic 
studies can be applied to other communities to promote cycling planning on a larger scale. Through an in-
depth qualitative analysis consisting of interviews, GPS data, and video recording, I determined how various 
types of cyclists interact with the built environment in Tucson, Arizona, and how research can help with 
cycling planning decisions. For example, there are opportunities for researchers and outreach programs to 
help break down barriers within the community and transportation departments regarding the science, 
terminology, and grounding for infrastructure design for active transportation planning. The naturalistic study 
on route selection, behaviors, and interactions demonstrated that the reliance on Strava or physical counts, 
while helpful, does not explain the underlying conditions influencing route choice. The video footage 
demonstrated why riders utilized riskier routes to avoid challenging intersections and identified frequent 
locations for negative interactions with drivers, such as busy shopping areas, and how the current 
infrastructure fails to protect riders. Finally, by exploring the lived experiences of riders in the city, I 
documented how riders utilize the space provided to them and that cities may need to provide multiple types 
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of infrastructure on the same road to match needs. The results provide insights that can help city and regional 
planners address problem areas, fill in network gaps, encourage safe route choice, and determine 
transportation project funding priority.  
 
The research draws from geography and transportation planning, making it an interdisciplinary and 
transdisciplinary study. In doing so, the project is uniquely positioned to be beneficial to both fields. For 
geography, the study adds value to transportation theory and data on how people move through space. 
Ideally, this study will lead to designing safer intersections, better evaluation of current planning practices, and 
better enforcement and education regarding motorist and cyclist behavior. Within urban planning, the study 
contributes to infrastructure design and promotes diverse transportation networks and communities. It also 
contributes to environmental planning by shifting transportation planning away from car-centric towards a 
more holistic approach to mitigating climate change. Additionally, these results will be shared with the 
decision-makers and advocates who participated in this study. Funding for transportation projects––especially 
active transportation––is always limited. With a better understanding of how people interact with their built 
environment, cities can use the limited funds to create healthier, cleaner, and more vibrant communities 
better prepared for a changing climate.  
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Chapter 2: The Present Study 

 
The following three papers represent the body of research conducted to complete this dissertation. While 
each paper has independent questions, goals, and analysis, together, the work informs a deeper understanding 
of the lived experience of bicycling in Tucson, Arizona, how practitioners can utilize the findings, and how 
researchers can build collaborative projects to improve bicycling planning outcomes. Together, the papers are 
my contribution to advancing both the research into bicycling planning and the application of such work. I 
am the primary author for each of these papers, and I ensured the congruency between them. The following 
sections provide a summary of each paper.  
 
Appendix A. Centering the Community: Bicycle Planning in Tucson, AZ 
 
Questions: How does the region plan for active transportation? Where do transportation planners receive 
information on bicycle planning, what barriers and opportunities do they face, who do they collaborate with, 
and what role could the university play in the process? The collaboration with local decision-makers ensures 
the results are produced in a usable and meaningful way and creates actionable steps for implementing the 
recommendations. We must understand what problems the DOTs face and how they utilize research so 
researchers can produce usable science.  
 
Abstract: In dealing with cycling, planners face a complex process from planning projects to final 
construction and evaluation. Planners coordinate with peers in neighboring cities, advocates, politicians, other 
policymakers, and researchers to implement cycling plans. Documenting this process and the sources of 
information that guide decisions can provide insight into creating cycling planning research and foster 
stronger collaborations. This article first examines bicycle planning in Tucson, Arizona, since the 1970s to 
contextualize current planning efforts and the shift towards mobility planning. Second, interviews with 
Tucson planners and advocates explore information sources, collaboration, and barriers, and opportunities 
for action for bicycle planning. Findings highlight the need for research presented in consumable ways, 
particularly through transportation professional networks, and the potential for university extension offices to 
assist in public participation and outreach, professional education, and collaboration on data collection and 
analysis of cycling projects. These lessons are applicable elsewhere to improve bicycle planning. 
 
Appendix B. Near Misses and Split Routes: Comparing Rider Behavior, Driver Interaction and 
Route Choice for Cyclists in Tucson, AZ 
 
Question: How do different types of riders, commuters, recreational, and athletes, (a) route through the built 
environment, (b) perform behaviors, such as running stop lights, and (c) interact with drivers? This multipart 
question helps address the lack of understanding of where cyclists ride and behave in the built environment. 
 
Abstract: The built environment, cyclist behavior, and driver interactions influence cyclist route choice. 
Recent efforts use crowdsourced data, such as Strava, to understand how cyclists select routes. However, 
aggregated data may not tell the entire story. I use videos of recorded rides and GPS files from six cyclists in 
three groups—commuters, recreational, and athletes—to explore route choices in Tucson, Arizona. Three 
participant cases based on an analysis of these videos highlight how intersection design, driver interactions, 
pavement conditions, and reason for riding lead cyclists to modify behaviors or select longer detours to avoid 
challenging intersections. Additionally, the use of Strava heatmaps and physical bicycle counts demonstrate 
the number of cyclists facing similar factors influencing route choice. By combining Strava heatmaps and 
video studies, urban planners can identify locations in need of targeted improvements, determine the 
underlying conditions, and implement changes to increase cyclist safety. 
 
 



34 

 

Appendix C. Where and How Tucsonans Ride and Implications on Cycling Infrastructure 
 
Question: How do these different types of riders (commuters, recreational, and athletes) interact with the 
built environment and each other?  This question contributes to a better understanding of the lived day-to-
day experiences of riding in the city and the different infrastructure needed.  
 
Abstract: Transportation planning focuses on access to destinations, getting from A to B; however, cycling 
creates a connection between the cyclist and movements during the journey. Drawing from cycling 
ethnographic work, I use video recordings of three groups of Tucson cyclists–commuter, recreational, and 
athletic–to contextualize their movements and interactions with the built environment, drivers, and other 
cyclists. Cycling can be utilitarian for commuters and a social, leisure, and athletic activity for recreational and 
athletic riders. Depending on their reason for riding, cyclists utilize infrastructure to suit their needs and 
protect themselves from drivers. Confidence levels also influence where and how people ride. Commuters 
rode defensively and sought out less-trafficked facilities. Recreational riders rode solo on paths and in groups 
on open roads. Athletic riders claimed space from drivers by riding in packs while being mindful of space 
within the group to ensure safety. By understanding the different reasons for cycling and experiences, 
planners can provide more accurate maps and overcome the vocal demands of vehicular cyclists by designing 
infrastructure accordingly—such as providing both a path and bicycle lane along the same corridor to serve 
various cycling needs.  
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Abstract 
In bicycle planning, planners face a complex process from planning projects to final construction and 
evaluation. Planners coordinate with peers in neighboring cities, advocates, politicians, other policymakers, 
and researchers to implement cycling plans. Documenting this process and the sources of information that 
guide decisions can provide insight into creating cycling planning research and fostering stronger 
collaborations. This article first examines bicycle planning in Tucson, Arizona, since the 1970s to 
contextualize current planning efforts and the shift towards mobility planning. Second, interviews with 
Tucson planners and advocates explore information sources, collaboration, and barriers, and opportunities 
for action for bicycle planning. Findings highlight the need for research presented in consumable ways, 
particularly through transportation professional networks, and the potential for university extension offices to 
assist in public participation and outreach, professional education, and collaboration on data collection and 
analysis on cycling projects. These lessons are applicable elsewhere to improve bicycle planning. 
 
Keywords: bicycle planning, bicycle policy, science and decision-making, active transportation 
 
Funding: The National Institute for Transportation and Communities (NITC), a U.S. DOT University 
Transportation Center, supported this work under Grant 1276. 
 

Introduction 
Bicycle planning is a complex process with multiple players, including, but not limited to, numerous local 
governments, regional planning authorities, state transportation agencies, neighborhood organizations, 
advocacy groups, and researchers. Research shapes bicycle planning (Pucher, Dill, & Handy, 2010), but only if 
it is salient, credible, and relevant to the issues practitioners and advocates are trying to address (Cash et al., 
2005; Lemos & Morehouse, 2005). Researchers need to avoid the loading dock approach described by Cash, 
Borck, and Patt (2006), where researchers make their work available to practitioners without engaging in or 
understanding the decision-making contexts. By engaging with and understanding the bicycle planning 
decision-making processes, researchers can assist with outreach efforts and tailor their work to suit the 
practitioners’ needs.  
 
Where do transportation planners get information on bicycle planning, what barriers and opportunities do 
they face, who do they collaborate with, and what role could university research play in the process? Answers 
to these questions can provide a deeper understanding of the decision-making process with bicycle planning 
and assist researchers in future collaborations and projects. To answer these questions, Tucson, Arizona, is 
used as a case study. A case study of one location allows for a rich understanding of the situation and its 
workings and can provide ample opportunity for applicable outcomes (Yin, 2013).   
  
The Tucson metropolitan area, in eastern Pima County, is a compelling case study for bicycle planning and 
decision-making because the warm, dry weather, flat central terrain, and cycling infrastructure investments 
have cultivated a large and diverse cycling community–despite the low-density development surrounding the 
densifying urban core. Additionally, like many U.S. cities that experienced rapid car-oriented development in 
the 20th Century, Tucson struggles to get residents to shift their transportation modes. While every city is 
unique, learning from the barriers and opportunities for action with bicycle planning in Tucson could help 
other cities improve their planning. 
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In order to investigate the barriers and opportunities to bicycle planning, I first examined the geographic and 
cultural ties to cycling to ground the study. I then reviewed the current and former bicycle plans, meeting 
minutes, reports, and newspaper articles that show the evolution of bicycle planning. This in-depth 
background informed the semi-structured interview questions used with local planners and advocates that 
focused on information sources, collaborators, and barriers and opportunities for bicycle planning. The 
interviews identify six themes: safety and political support; funding, data analysis, and size of the area; 
community and departmental culture; information sharing and communication; professional networks and 
peer learning; and collaborators. Throughout these themes, planners and advocates expressed ways for 
researchers and extension offices at the university to help implement better bicycle planning by collaborating 
with the city and county on data analysis, ongoing education, and public outreach. These outcomes provide 
helpful information for professional organizations and peer networks to improve collaboration between 
researchers and practitioners and best practices for user-driven bicycle planning research. The following 
section provides a geographic and demographic review followed by a bicycle planning overview for the 
Tucson metropolitan area. 

Geographic and Historical Context 
Tucson is in eastern Pima County in southern Arizona (Figure A-1). Tucson covers nearly 226 square miles 
and Pima County over 9,000 miles, although most of this is uninhabited. The University of Arizona is near 
downtown, the towns of Marana and Oro Valley are to the north, South Tucson and Sahuarita to the south, 
and the Tohono O’odham and Pascua Yaqui Nations to the west. The municipalities and the county form the 
Pima Association of Governments (PAG). This metropolitan planning organization manages the regional 
transit authority and receives federal funding to assist with transportation and environmental planning (PAG, 
2021). 
 
Several mountain ranges surround Tucson; however, it is primarily flat within the city limits with gentle slopes 
near washes. These conditions, coupled with comfortable temperatures for most of the year and mostly dry 
conditions, create an ideal location for cycling—for recreation and transportation. Additionally, the region is 
home to several cycling events, including El Tour de Tucson, which started in 1983 and is one of the 
country’s largest one-day bicycle events and fundraisers (Levine, 2015). The event’s national draw has 
increased bicycle planning efforts because participants may be attracted to move here or visit if conditions are 
good for riding (J. Ferguson, 2013). 
 
However, the Tucson area is comparatively less affluent than other bike-friendly areas, which presents some 
challenges. Compared to Portland, OR, and Austin, TX, the Tucson region has more poverty and lower 
wages and home values (Table A-1). The region struggled during the Great Recession, with the county losing 
$13.5 billion in the property tax base between 2009-2014 before returning to pre-recession levels in 2018 
(Huckelberry, 2019b). The funding decrease contributed to a backlog of road repairs. Additionally, Arizona 
has the 46th lowest state gas tax at $0.19 and a complex revenue-sharing equation, which provides fewer tax 
dollars to improve infrastructure and services (Huckelberry, 2019a). In return, the city and the county use 
various funding tools such as bonds and sales taxes to fund road repairs and cycling projects (DeBonis, 2017). 
Compared to Pittsburgh, PA, a denser city with similar economic factors, Tucson has nearly a percentage 
point more ridership. However, given the favorable weather and terrain, ridership remains lower than 
expected. Low-density land use makes it difficult for the limited funds to cover road maintenance and build 
infrastructure to support cycling across the region.  
 
Within Tucson city limits, the bicycling fatality rate is 1.1 per 100,000 residents. This rate is nearly twice that 
of Austin (0.5) and Pittsburgh (0.6), and nearly four times that of Portland (0.3) (Table A-1). The trend in 
Tucson has increased from 4 cyclist fatalities in 2016 (O’Gara, 2019) to 6 cyclists in 2019 (Tarangioli, 2019). 
Roadside memorials, or ghost bikes, are common (Figure A-2). The memorials are a remembrance of the 
fallen, a warning to drivers and cyclists of road dangers, and a protest against unsafe conditions (Dobler, 
2011). While these grim memorials are a national trend, their presence in Tucson meshes with the 
community’s Hispanic cultural ties, such as Dia de Los Muertos and other roadside shrines. Similar to the 
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cleaning and decoration of family graves during Dia de Los Muertos (Marchi, 2006), friends and family 
regularly adorn the bikes with flowers, pictures, and candles (Dobler, 2011). If our goal is to prevent deaths 
and increase ridership through better policy, planning, and projects, we need to understand previous planning 
efforts as a grounding for how we can move forward.  
 

History of Bicycle Planning in Tucson and Pima County  
The U.S. experienced a bicycle boom in the 1970s. Sales increased from 6 million bicycles in the 1960s to 9 
million in 1971, 14 million in 1972, and 15.3 million in 1973 (Reid, 2020). High oil prices, environmental 
concerns, and interest in better health were factors in the boom (Reid, 2020; Varn, 1970). In Tucson, the 
Tucson Daily Citizen noted the popularity, “bicycles are swarming all over the University of Arizona as students 
take to pedals to avoid auto congestion” (Varn, 1970). The city provided bicycle lanes along Mountain 
Avenue and Third Street to serve campus, and PAG announced a 411-mile system of bikeways with a 
demonstration along Old Spanish Trail (Seper, 1974; “Two Bike Plans Offered by PAG,” 1973). The facilities 
were popular, 1,000 people a day used the Mountain and Third routes, but the designs led to safety concerns 
(“Bikeway Plan Would Ban Mountain, 3rd Car Traffic,” 1974; Levine, 2015). The community desired a simple 
bicycle lane, even though this was counter to evidence from FHWA (Reid, 2020; Stiles, 1975). Later guidance 
from FHWA supported striped bicycle lanes to reduce conflict points that arose from separated paths and 
issues from barriers (Pucher, Komanoff, & Schimek, 1999). 
 
Since the 1970s and until the early 2000s, bicycle planning fell into an incremental pattern of short additions 
to the network. Incremental planning, or several smaller projects over time, results in small gaps in unknown 
outcomes, thus easier decisions (Abbott, 2005). The projects were grounded in master planning efforts to 
ensure regional congruency. The number of bicycle lanes increased daily cycling trips to three percent, at the 
time “the highest level of bicycle use of any city in its size in the entire country” (Anderson, 2017; Dames and 
Moore, 1989, p. 2–2). The 1989 regional plan identified the Santa Cruz, Rillito, Pantano, and Canada del Oro 
rivers for linear parks upon channelization, which is the backbone of today’s Huckleberry Loop (Dames and 
Moore, 1989, p. 1–6). Pima County and the neighboring cities updated the regional trail master plan in 
2009/2010 and 2012. The plan highlights collaboration with municipalities, using research to support 
projects, connect parks, and complete the urban loop (HRD Engineering, Coffman Studio, & McGann and 
Associates, 2012, p. 2–7).  
 
Beyond focusing on linear parks, the regional plans called for adding bicycle lanes on roads when space 
allows. Most arterial and collector roads in Tucson have bicycle lanes; however, riding on a six-lane arterial 
with only paint is unnerving at best and deadly at worst. To remedy this issue, the City of Tucson announced 
64 (193 miles) bicycle boulevards in 2017. The plan identified corridors based on public outreach and builds 
off the success of the Third Street/University and 4th Ave/Fontana bicycle boulevards and the goals from 
several regional plans (Tucson Bicycle and Pedestrian Program, 2017, pp. 3–5). Bicycle boulevards provide 
alternatives to busy streets and make it easier to ride by slowing and restricting traffic. Closely related are 
complete streets, which provide safe walking and cycling infrastructure coupled with green infrastructure to 
create enjoyable spaces for all residents (City of Tucson Department of Transportation, 2020). In 2019, the 
city passed a Complete Streets Ordinance with the guidance of Living Streets Alliance (City of Tucson 
Department of Transportation, 2020). These plans represent a significant shift from treating cycling as 
recreation and instead embrace what Tschoerner-Budde (2020) refers to as “mobility culture” or a focus on 
“everyday routines, structures, and norms of movement.” Creating a network for safe and efficient riding is 
still important; however, the primary focus is supporting riding as a valid means of urban transportation.  
 
Move Tucson, the city’s new Mobility Master Plan, aims to “create a mobility blueprint for the City’s future in 
a rapidly changing world” across all modes, with an emphasis on outreach and participation from 
marginalized communities (City of Tucson Department of Transportation, 2021). The plan incorporates best 
practices from other cities and research supporting active transportation and transit projects to reduce 
emissions. Determining the shared future and the path to get there requires building consensus with 
stakeholders (Innes & Booher, 2004). The focus on public participation through open houses, online and in-
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person surveys, and story maps is evident in this plan’s construction. Move Tucson represents the 
transportation department’s embracement of mobility culture. 
 
Despite the steady progress on increasing ridership and building infrastructure, Tucson has a long way to go. 
The region has the foundation to lead the pack again in promoting active transportation, and there are 
numerous avenues for collaboration between planners and researchers to help achieve this goal. However, it 
is critical to understand what barriers and opportunities there are for collaboration, and engaging with 
planners is a key step to shed light on these issues. The methods and approaches employed by this study to 
accomplish this are described in the next section. 

Methodology 
In order to gain a basis for the bicycle planning process in the Tucson region, the primary data collection 
focused on document analysis. I collected documents starting in the 1970s with the first bicycle boom with 
the terms “cycling,” “bicycle,” and “bicycle plan” in the county board of supervisor meeting minutes, Arizona 
Daily Star and Tucson Daily Citizen newspapers, City of Tucson and Pima County websites and reports, and 
local plans to track changes in bicycle planning (Bowen, 2009). I reviewed the documents for themes such as 
public and elected officials’ support and perception (Innes & Booher, 2004), regional collaboration and 
shared policy (Berry & Berry, 1999), and collaboration with the University of Arizona. Additionally, I 
collected data on population, poverty, income, home values, ridership, population density, incomes, and 
cycling fatalities from peer League of American Bicyclists (LAB) cities to contextualize Tucson with its peers. 
These themes and comparisons helped to revise a set of interview questions adapted from a similar planning 
paper focused on sources of information and actions for climate risk planning in the Southwest (Keith & 
Iuliano, 2019).  The document analysis also helped place the interview answers into context with what has 
historically occurred in the region with bicycle planning.  
 
I conducted interviews with planning decision-makers to gain key perspectives on bicycle planning. The 
interview questions focused on understanding bicycle planning concerns; sources of information for 
decisions; current projects and plans to encourage cycling and the opportunities and barriers to action; 
collaborators; and successfully implementing policies, projects, and plans (See Appendix A for questions). 
These interviews helped establish a relationship with the stakeholders for future research collaboration (Cash 
et al., 2006; D. B. Ferguson, Rice, & Woodhouse, 2014). I  reviewed the interviews to identify patterns and 
repetition in the responses to aid in developing themes (Fereday & Muir-Cochrane, 2006). After the first 
review, I established a codebook based on the repeated phrases and terms. I then organized quotes into the 
codes and then into similar themes.  
 
I sent interview invitations to organizations and departments in the City of Tucson and Pima County 
governments involved with transportation planning. Participants came from the City of Tucson Department 
of Transportation and Mobility Planning (2) and Planning and Development (1), Pima County Department of 
Transportation Planning (2), University of Arizona Parking and Transportation (1), and an advocate from the 
Bicycle Advisory Committee (BAC) (1). All the planners are involved in bicycle planning. Members of the 
BAC are involved in the planning process, meeting monthly with these planners to review documents and 
provide feedback on projects. I selected the mix of participants to look for similarities and differences at two 
different jurisdictional levels, city and county, and insights from the public side through the advisory 
committee. I conducted seven 45-60 minute semi-structured interviews from Fall 2019 to spring 2020 with 
six transportation department staff members and one local advocate. 
 
The interview sample is small and with one advocate whose views cannot represent all advocates in Tucson. 
However, mix and size are similar to other bicycle planning interview studies. Koglin (2015) reviewed 
planning department structure and collaboration in Copenhagen and Stockholm with nine participants. 
Afzalan and Sanchez  (2017) interviewed professionals in Cincinnati on crowdsourcing data for a bicycle 
share program. In both studies, the interviews analyzed how planners used their expertise, peers, and other 
information sources to make decisions. The following discussion provides an understanding of the barriers 
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and opportunities in bicycle planning to help researchers improve future collaborations and outcomes—in 
Tucson and more broadly. 

Results and Discussion 
The seven semi-structured interviews yielded information that covered various issues the participants were 
considering at the time.  These fell into six main themes: 1) safety and political support; 2) funding, data 
analysis, and size of the area; 3) community and departmental culture; 4) information sharing and 
communication; 5) professional networks and peer learning; and 6) collaborators. Overall, the mix of 
participants provided valuable insight into how they conduct bicycle planning in the region and the 
collaborations between governments and advocacy groups. Participants were consistent across employers and 
roles in information sources, their desires to increase cycling, and goals to provide better infrastructure. 
Differences arose in exactly how to improve cycling, especially in partnerships and sources of data. 
 

Safety and Political Support 
With numerous cycling fatalities each year, planners are pressured by elected officials and local advocates to 
create safer roads; however, they need support from the elected officials when residents push back on 
projects. Five of the planners (5/6) and the advocate mentioned cycling safety. One planner stated, “Safety is 
everybody’s biggest concern…I think we know that speed is an issue and separation is an issue- physical 
separation [of bicycles from cars]. These are not always the easiest to address from a political standpoint, 
from a funding standpoint, or from a right of way and space standpoint.” Another planner added, “Safety, 
followed by accessibility, equity, climate change. It is hard to address these factors when safety is such a huge 
concern.” Part of reducing roadway fatalities is the political support to implement the required changes. Four 
of the seven participants mentioned needing political support to move the region forward. The cycling 
advocate mentioned, “They will also realize if they want to keep people alive, and have it not become an 
epidemic of fatalities, they’ll have to provide better facilities for others.” Cycling advocates are the persistent 
voice holding elected officials responsible, which places pressure on staff. 
 
Beyond the pressure to improve safety, there is also pressure to address climate change, and increasing 
ridership is one way to reduce CO2 emissions via a reduction in vehicle miles traveled. Issues such as climate 
change and safety get attention when an elected official champions it and pressures the department to react. 
The Mayor & Council’s (2020) climate emergency proclamation, issued after these interviews on September 9, 
could increase planning efforts around cycling to reduce emissions and improve safety. However, the power 
structures within the department, a result of funding priorities based on political and social pressures, 
continue to support projects for driving. One planner mentioned needing “additional leadership support, 
consistent and continued, when making difficult decisions that may be unpopular with some. If we declared a 
climate emergency, yet we are putting funding towards capacity projects, there has to be a reckoning at some 
point.”  Other cities, such as Copenhagen, are successful with cycling because of broad social support 
reflected through department organization, funding, and political support (Koglin, 2015).  
 

Funding, Data Analysis, and Area Size 

Closely related to safety and political support is funding, data analysis, and the area size. The region spans 
several hundred square miles and has limited tax revenues, making it difficult to implement many planned 
cycling projects. Data analysis on ridership is needed to identify projects that provide the best returns in 
safety and ridership; however, this requires dedicated funding to conduct. All participants mentioned the 
difficulties funding presents for cycling projects, and three planners and the advocate mentioned needing data 
analysis. As one planner said, “It’s all about the funding. […] It’s better to say, ‘based on all of this data, these 
roads need the most improvements.’” Another planner added, “Better data/data analysis would be helpful in 
showing planners: 1) where investments are most needed, 2) how to best target new riders.” The cycling 
advocate supported these statements, adding, “It is very difficult to justify setting aside big chunks of 
money… especially when there isn’t the data to show “there are this many people out there every day riding 
their bikes.” So, how do you justify it?” One planner cautioned that they have access to so much information 
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that they need assistance analyzing it. The area’s size complicates data analysis with thousands of miles of 
roadways to monitor.  
 
Additionally, a project may span multiple jurisdictions or departments given the size of the area, which 
increases time, complexity, and planning and analysis costs. A planner shared, “[Network size?] Absolutely. 
[…] And it’s the process to get anything done. It’s 2-5 years just to get a project to go. And if you have 
federal funding, and they have the big money, it takes even longer. But those are nothing I can change.” The 
size of the areas managed by the municipalities makes it challenging to fund improvements. Projects can 
often get caught up between jurisdictions and departments, depending on funding and location. The region’s 
size makes it challenging to respond to issues, especially multiple ones, quickly and effectively.  
 

Community and Departmental Culture 
Four planners (4/6) and the advocate discussed culture within the department and the community. 
Community culture is tied to political support, and politicians often step in when residents push back on 
cycling projects that threaten parking and lanes. A planner shared, “The sort of culture push back, the car 
culture, push back we get around taking parking spots and narrowing travel lanes. People feeling like they are 
getting their rights taken away.” This car culture is slowly shifting, but many residents are used to driving 
single-occupant vehicles for trips and expect infrastructure, planning, and funding to support this choice. One 
planner described the struggle, “The main thing is the desire to do it because the built environment is difficult 
to change. Culture is difficult to change.” Changing culture ties back to power structures within the 
department, and while they are embracing mobility culture, they have traditionally focused on car travel. 
Accelerating the shift within the community means increasing education and outreach.  
 
However, there may also be resistance to transportation and land use projects from the Tucson community 
stemming from longstanding mistrust and gentrification. Another planner explained the importance of 
recognizing this mistrust, “learning how to acknowledge and respect that and move forward [effectively]. 
Also, realizing it is not a one-size-fits-all for parts of our community, and there are many layers to that.” 
Rebuilding relationships with Hispanic residents harmed from Tucson’s urban renewal projects of the 1960s 
is critical. A planner offered a potential solution: “Having information coming from trusted neighborhood 
groups would be huge.” For example, Familias Unidas Ganando Accesibilidad (FUGA) assists with some of 
this work and brings those communities into the planning process to elevate their voices, concerns, and ideas 
for cycling and community projects.  
 
Interestingly, there can be resistance from the cycling community on some projects. A planner mentioned 
some groups resisting a project near campus, “[We need] more people who are pro-biking working together, 
rather than focusing on their own situational needs…and saying ‘we need to grow the pie of people biking.’ 
And grow folks who will be advocates for biking.” The advocate agreed, “I would like to have a larger 
segment of commuters and especially people who are riding in town and who maybe are riding as their sole 
means of transportation. Because they have different impacts.” As a community, cyclists should support 
projects that enable more people to ride, not just projects that benefit their peers. More riders mean more 
funding for future projects and more voices to push for improvements.  
 
In the Tucson region, the focus is shifting away from traffic and levels of service and towards mobility 
culture. A planner described a few changes in embracing mobility and cycling, “We got a new traffic engineer, 
and it is a world of difference in terms of moving things forward and having support and willingness to be 
creative with certain things.” Additionally, the shift is evident in the future mobility master plan, adding 
mobility to the transportation department name, and the new director in Tucson also rides a bicycle. The new 
director supported creating the mobility master plan, Move Tucson, after seeing the need to plan for mobility 
and not just transportation. While changing a department’s culture cannot occur overnight, an internal 
champion can press for changes.  
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Information Sharing and Communication Challenges 
Communicating and sharing information, both internally and with the public, is challenging due to language 
barriers. Two planners (2/6) and the advocate discussed technical jargon on cycling projects as a hindrance. 
Access to continuing education and workshops is essential for professionals. One planner mentioned, “We 
need continual access to information and workshops because the information is always changing.” Advocates 
also face issues with education, “When the city comes in and asks about something, […] it is very helpful if 
we have an understanding of the [National Association of City Transportation Officials] NACTO standards.” 
While those on the BAC are generally knowledgeable about planning and design, a gap in the knowledge is 
still evident, which can hinder participation and feedback quality. Onboarding tools and education could 
lower this barrier to new members.  
 
When engaging the community, the barrier becomes more pronounced. A planner shared, “I don’t expect 
people to know the difference between a bike boulevard and a protected bike lane. […] We don’t even want 
to call them bike boulevards anymore and trying to shift to […], calling them biking and walking safety 
improvement projects because of the amount of backlash we get just hearing bike boulevard, where they’re 
like, ‘Oh I don’t bike and why are you spending my money on this?’” Here, language serves as a barrier and 
undermines community and political support (Burby, 2003). However, explaining cycling projects in clear 
terms and hosting project open houses in non-traditional settings, such as a park on the weekends, can 
bolster understanding, attendance, and feedback.  
 

Information Sources- Professional Networks and Peer Learning 
Participants discussed potential solutions to some issues in the form of information sources and 
collaboration. Participants listed multiple information sources for decision-making and problem solving for 
bicycle planning, ranging from professional groups to social media (Table A-2). Studies show planners rely on 
professional knowledge, education, consensus with community members, and evidence from other cases to 
guide plans (Innes & Booher, 2004; Krizek, Forysth, & Slotterback, 2009). One participant stated, “I look to a 
lot of other cities in terms of who is leading the way. I feel like it’s Portland and Seattle who stand out. But 
also Austin and Boston, and different cities.” Other planners (5/6) described the importance of peer 
exchanges on bicycle planning, “The network (of peer cities) has been huge, and seeing what is possible has 
been important.” In these examples, the planners sought out information from leading cities in bicycle 
planning. These quotes demonstrate the regional diffusion of ideas and solutions (Berry & Berry, 1999; 
Shipan & Volden, 2018). As Tucson improves, it can become a continual source of information for other 
aspiring locations.  
 
Other notable sources of information were NACTO, the social media of professional planners and other city 
transportation departments, and directly from residents. Learning from social media, provided the source 
documents are shared, could be another form of peer learning in informal ways instead of on official listservs. 
Three planners (3/6) mentioned relying on residents for information through web-based reporting tools or 
advocacy groups. Crowdsourcing information through participatory GIS platforms and big data such as 
Strava could provide planners with more access to resident’s ideas and concerns (Afzalan & Sanchez, 2017). 
However, caution is needed because the lack of access to computers or the internet may hamper participation 
from low-income and marginalized communities.  
 
Only three planners (3/6) mentioned published research as an information source for bicycle planning; 
however, current and previous plans use research to support projects (HRD Engineering et al., 2012). Five of 
the planners (5/6) discussed collaboration with the University of Arizona on bicycle planning research as 
desirable. One planner described the need for usable research, “Research from UA [University of Arizona], 
such as CAPLA, [College of Architecture Planning and Landscape Architecture] is helpful. Arlie’s work on 
crosswalks and race, as well as housing and transportation, are useful. Research can always be helpful if it is 
presented in a consumable way.” This quote is consistent with the literature. Any collaboration must consider 
how to deliver a product in a concise format with ready-to-go solutions that speak to decision-makers’ issues 
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or goals (Dabelko, 2005; Dilling & Lemos, 2011; Lupia, 2013; Somerville & Hassol, 2011). As Cash et al. 
(2005) and Lemos and Morehouse (2005) describe, the work must be salient, credible, and legitimate to be 
utilized by practitioners. Peer exchanges and professional organizations such as NACTO and APBP are 
excellent avenues for researchers to present case studies and are key for cities without a university or strong 
advocacy groups for partnerships.  
 

Collaborators 
Planners discussed working with other local governments on bicycle plans and projects frequently (Table A-
3). As described in the history and context section, the municipalities are close collaborators due to 
geographic proximity, shared goals, and issues (Berry & Berry, 1999). Collaboration across departments is also 
standard in other cities, such as Copenhagen, to avoid conflict between land use planning and transportation 
(Koglin, 2015). Additionally, five planners (5/6) mentioned reliance on the bicycle advisory committee and 
the public for concerns. One participant said, “I do rely a lot on the public and members of the Bicycle 
Advisory Committee (BAC) to bring us issues. We can’t be everywhere. I always tell all of my constituents 
this. It is important for the public to bring issues and let us know.” The advocate participant mentioned how 
the BAC could “provide that conduit between local government” and concerned residents. The BAC 
provides invaluable feedback to the city and county on projects and acts as a direct forum for residents to 
have issues heard by decision-makers.  
 
Four planners (4/6) described collaboration with local advocacy groups, such as Living Streets Alliance (LSA) 
and Familias Unidas Ganando Accesibilidad (FUGA). LSA spearheaded the Complete Streets Policy and 
coordinates the Cyclovia event twice a year. These events showcase neighborhood culture by closing off a 
few miles of roads to allow people to ride, walk, perform art, eat, and shop in a car-free environment for a 
few hours. Each event attracts around 40,000 people and generates roughly $1.2 million in economic activity 
(LSA, 2019). One planner stated, “We’re kind of unique in the bike-ped program in that we hire LSA to do 
our education and encourage activity. So funding Cyclovia, safe routes to school programs, and that whole 
encouragement piece, community bike rides, I do see that as an extension of our program.” FUGA is a 
cycling advocacy group on the south side of Tucson. The group plays a vital role in increasing participation in 
planning projects, identifying areas of need, and increasing ridership. Collaborations with LSA and FUGA 
demonstrate the shift towards mobility culture rather than cycling as a recreational activity. Additionally, local 
knowledge from advocates on projects can complement expert knowledge from planners, resulting in 
projects that better serve the community (Afzalan & Sanchez, 2017). 
 
Five planners (5/6) discussed collaboration with the University of Arizona as an information source and 
partners in building bicycle projects. These views align with historical bicycle plans, which incorporate the UA 
as a partner for projects impacting campus. University outreach organizations serve a critical role in 
facilitating the co-production of knowledge between scientists, stakeholders, and decision-makers by 
providing a common ground to meet, discuss, and build trust (D. B. Ferguson et al., 2014; Guston et al., 
2000). Organizations working with bicycle planning and design could bridge the divide between professional 
planners and academics, which is sorely needed (Brooks, 1988). There is potential for a mutually beneficial 
relationship, with planners receiving assistance on data analysis and community outreach and researchers 
putting their theories into practice (Brooks, 1988). One planner mentioned the “Drachman Institute (the 
research and outreach program for the College of Architecture, Planning and Landscape Architecture) could 
be super helpful—the potential is there through research, access to students, tools, etc., that could be applied 
to solve community issues. But, the community must be at the core of this approach and driving the needs.” 
Centering on the community for stakeholder engagement and empowerment is critical (Arnstein, 1969; 
Burby, 2003), and the university could assist the city and local cycling advocacy groups here.  
 
Notably, three planners (3/6) mentioned how numerous research requests make it difficult to collaborate and 
balance work. One mentioned, “in my case, I can only partner on so many research efforts and still do the 
rest of my job. But, I want them to happen, so I try to do so.” These collaborations require effort on both 
sides, and it takes time to grow the relationship. Due to the high number of requests, planners are selective in 
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partnerships, meaning it takes time to establish new ones. Research exploring the oversaturation of research 
collaboration in popular areas could identify locations seeking partnerships. For example, the county planners 
expressed interest in increased collaboration with the university. There may be untapped research 
partnerships beyond the city.  
 
Overall, the key is centering the community by educating, empowering, and listening to their concerns. Doing 
so can identify quick wins to improve safety and ridership while building political support for larger projects 
and plans. The process for these best practices and collaborations needs to be shared through peer networks 
to serve as a model for other locations (Figure A-3). 

Conclusion 
Understanding how information is used and decisions are made around cycling infrastructure can help 

improve the planning process and outcomes. This paper explored the decision-making process with bicycle 

planning to assist researchers in future collaborations and projects with planners using Tucson, Arizona, as a 

case study. Interest in bicycle planning in Tucson gained traction in the 1970s, stabilized in the 1980s and 90s, 

and gained increased attention in the 2000s. The current plans have shifted towards mobility culture, or 

understanding movements and how cycling is more than a way to get from A to B. Overall, planners in 

Tucson, Pima County, and the University of Arizona expressed concerns over safety, funding, and political 

support, three interrelated concerns. The region has seen an increase in road fatalities in recent years, so 

addressing safety is a top priority (O’Gara, 2019). However, as with many cities, public funds are limited, 

meaning identifying projects that significantly impact safety. 

Other closely related issues are the region’s scale, community and departmental culture, and language barriers. 

Like other post-war American cities, single-use land development has contributed to significant urban sprawl 

and a community culture that expects to drive quickly and easily. Overcoming car culture is not unique to 

Tucson; however, the culture is slowly changing with the bicycle boulevard master plan and mobility master 

plan. Shifting transportation planning towards mobility is a move other locations should consider. These 

planning documents move the discussion towards mobility as a topic encompassing land use, zoning, and 

other lifestyle impacts (Tschoerner-Budde, 2020). 

Additionally, the challenge of changing culture and the built environment represents an opportunity for 

researchers and outreach programs at the University of Arizona. Researchers can selectively partner with 

planners on cycling projects to produce usable science and assist in data collection or analysis. However, it is 

crucial to consider the number of existing partnerships, if those could be improved, or if another local 

jurisdiction could benefit. The challenge becomes managing these partnerships to ensure they perform as 

intended without overburdening staff. 

Meanwhile, the outreach programs can host continuing education seminars for professionals and programs to 

break down barriers to understanding the science of bicycle infrastructure design with the public while 

serving as a conduit for feedback to planners. Solving many of the issues faced by riders requires centering 

the community and understanding cycling’s nuances in the city. Empowering residents through advocacy 

groups and better public participation is critical for addressing their needs. We need to rely on this feedback 

and channel it into a helpful tool. By strengthening relationships with outreach programs that center the 

community, the region could become a model for others. Future research can track how barriers and 

opportunities to action, sources of information, and collaborators change over time to tweak outreach 

programs, facts sheets, and presentations to stakeholders to match the new needs. 

There are limitations in the broader applicability of findings with a single location. Tucson benefits from 

having a university with an academic planning program, and some solutions discussed may be challenging to 

apply in locations without one. In areas without a university, turning towards peer and professional networks 
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represents one of the best ways to find new research and collaborate with other decision-makers facing 

similar issues. Five of the six planners referenced the importance of peer learning and information from 

professional networks. Researchers should engage with the peer networks prior to research to help determine 

needs and then distribute summaries of projects and collaborations, especially if they do not currently, to help 

other regions implement successful public outreach, education, and involvement programs.  

The culture in cities is changing to address issues such as climate change and sustainability.  Enacting change 

requires all of us, researchers, planners, outreach organizations, and advocates, to work together to move our 

cities towards a more sustainable future. Increasing bicycle ridership by building the right infrastructure plays 

an important role. One participant summed up our goal, “At the end of the day, we’re all working on getting 

people out of their cars.”  
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Tables 

Table A-1. Population, Poverty, and Per Capita Income for Austin, TX, Pittsburgh, PA, Portland, OR, and 
Tucson, AZ. 
 

Location Austin, TX Pittsburgh, PA Portland, OR Tucson, AZ 

Population1 979,263 300,281 653,467 548,082 

Poverty Rate1 12.2% 19.1% 12.4% 19.1% 

Per Capita Income1 $46,217 $37,278 $45,035 $24,808 

Median Home Value1 $378,300 $148,200 $445,200 $172,700 

Pop. Density1 3,061/mi 5,423/mi 4,898/mi 2,303/mi 

Ridership2 1.4% 2.0% 6.5% 2.9% 

LAB Ranking2 Gold Bronze Platinum Gold 

2019 Cycling Fatalities3 5 2 2 6 

2019 Cycling Fatalities per 100,000 0.5 .06 0.3 1.1 

1. Demographic data: U.S. Census Bureau, 2019a, 2019b, 2019c, 2019d 
2. Percentage of commuters who cycle in McLeod et al., 2018.  
3. Vision Zero ATX (2021), Western Pennsylvania Data Center (2020), Bike Portland (2021), and Tarangioli 
(2019). 
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Table A-2. Sources of Bicycle Planning Information 

 

  

Source of Information Mentions 
(out of 7) 

Professional Groups  

American Planning Association (APA) 3 

National Association of City Transportation Officials (NACTO) 5 

NACTO Listservs 1 

Association of Pedestrian and Bicycle Professionals (APBP) 2 

Federal   

Federal Highway Administration (FHWA) 2 

Manual for Uniform Traffic Control Devices (MUTCD) 1 

American Association of State Highway and Transportation Officials (AASHTO) 1 

Community  

Residents 3 

Pima Association of Governments (PAG)  1 

Living Streets Alliance (LSA) 1 

Research  

University of Arizona- School of Landscape Architecture and Planning 2 

Transportation Research Board (TRB) 2 

Google Scholar 1 

Conferences 1 

Social Media (professional planners) 5 

Peer Cities 5 
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Table A-3. Collaborators on Cycling Projects 

Collaborators Mentions 
(out of 7) 

Governments  

PAG  3 

Pima County 3 

Planning and Development (Tucson) 2 

South Tucson 1 

Sun Tran 1 

Governmental Citizen Groups   

Pedestrian Advisory Committee (PAC) 1 

Bicycle Advisory Committee (BAC) 5 

Complete Streets Coordinating Council (CSCC) 1 

Neighborhood Associations  2 

Advocacy Groups  

Greater Arizona Bicycle Association/Cycling Advocates of Southern AZ 
(GABA/CASAZ) 

1 

LSA 3 

People for Bikes 2 

Tucson Clean and Beautiful 1 

Familias Unidas Ganando Accesibilidad (FUGA) 1 

University of Arizona 3 

Peer Cities 1 
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Figures  

Figure A-5. Administrative Boundaries in Pima County (Arizona County Maps, 2021). 
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Figure A-6. A Ghost Bike at Campbell and Ft. Lowell (Johnson, 2011). 
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Figure A-3. Best Practices Model: Centering the community by educating, empowering, listening to their 

concerns, and building projects that improve their safety.   
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Appendix A-1: Interview Questions: 
1. In your experience, what are the primary concerns about transportation planning and active 

transportation in Tucson? 
 

2. Where do you get information about active transportation planning to help inform planning and 
policymaking? What type of information is most often used?  
 

3. What specific planning or policy decisions does your department make that works to encourage active 
transportation?  

 
4. What events or circumstances might increase planning efforts around active transportation planning?  

 
5. What are the barriers to these actions?   

 
6. What groups do you work with to design and implement policies and projects to encourage active 

transportation? To what degree do you collaborate with other government offices?  
 

7. What would help you better plan for and implement active transportation policies and projects? 
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Appendix B: Pedal the Old Pueblo | Near Misses and Split Routes: Comparing Rider 

Behavior, Driver Interaction, and Route Choice for Cyclists in Tucson, AZ 
Prepared for the Journal of Transport Geography (4,000-6,000 words) 
 

Abstract 
The built environment, cyclist behavior, and driver interactions influence cyclist route choice. Recent efforts 
use crowdsourced data, such as Strava, to understand how cyclists select routes. However, aggregated data 
may not tell the entire story. I use videos of recorded rides and GPS data from six cyclists in three groups—
commuters, recreational, and athletes—to explore route choices in Tucson, Arizona. Three participant cases 
based on an analysis of these videos highlight how intersection design, driver interactions, pavement 
conditions, and reason for riding lead cyclists to modify behaviors or select longer detours to avoid 
challenging intersections. Additionally, the use of Strava heatmaps and physical bicycle counts demonstrate 
the number of cyclists facing similar factors influencing route choice. By utilizing both Strava heatmaps and 
video recordings, researchers can identify locations in need of targeted improvements, determine the 
underlying conditions, and collaborate with practitioners to implement changes to increase cyclist safety. 
 
Keywords: naturalistic cycling, route choice, safety, route planning 
 
Funding: Supported by the National Institute for Transportation and Communities (NITC) Grant 1276. 
 

Introduction 
Cycling for health, recreation, and commuting are on the rise in the U.S. People over the age of six riding at 
least once a year grew from 43.27 million in 2009 to 47.88 million in 2018, a 10.7% increase (Outdoor 
Foundation, 2019). Bicycle commutes increased from 684,705 in 2010 to 784,707 in 2019; however, cycling 
represents only 0.5% of all U.S. commutes (U.S. Census Bureau, 2021). The increase in riding is due to better 
cycling infrastructure, health benefits, cost savings over driving, and environmental concerns (Parker, Gustat, 
& Rice, 2011; Pucher, Komanoff, & Schimek, 1999). Planners and transportation departments have helped 
increase ridership by designing and building low-stress infrastructure, such as protected bicycle lanes, paths, 
“slow streets,” and bicycle boulevards (Broach, Dill, & Gliebe, 2012; Dill & Carr, 2003; Dill & McNeil, 2013, 
2016; Mekuria, Furth, & Nixon, 2012).  
 
Road improvements to accommodate cyclists are not present everywhere, and cycling fatalities have increased 
in recent years. National Highway Traffic Safety Administration (NHTSA) data show an increase from 618 
fatalities in 2010 to 846 in 2019, with accidents involving cyclists accounting for 2.3% of all U.S. road 
fatalities (NHTSA, 2012, 2020). Cyclists have limited personal protection equipment versus vehicles and are 
at risk when sharing the road with traffic (Lawrence & Oxley, 2019). In shared spaces, such as joint-use lanes 
or bicycle lanes, speed is a factor contributing to injuries and deaths (NHTSA, 2020). The chance of death 
following a collision for vulnerable road users increases from 25% at an average vehicle speed of 32.5 mph to 
75% at 48 mph (Tefft, 2013). Distracted driving is another factor for injury or death, resulting in 77 cycling 
fatalities in 2018 (NHTSA, 2019).  
 
Avoiding roads with high traffic volume and speed is critical for the safety of riders. Cyclists weigh multiple 
factors in route selection, including traffic speed, traffic volume, ease of turns, number of lights or stop signs, 
pavement quality, gradients, perceived safety, presence of driveways, parked cars, and route directness 
(Broach et al., 2012; Lawrence & Oxley, 2019). GPS route models show cyclists may deviate between 10% to 
18% of the total ride distance for a low-stress route depending on the trip purpose (Broach et al., 2012). 
Many U.S. cities use GPS datasets, such as Strava heatmaps which aggregates where people are riding, to track 
this behavior (Hochmair, Bardin, & Ahmouda, 2019; Jestico, Nelson, & Winters, 2016; Z. Lin & Fan, 2020; 
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Livingston, McArthur, Hong, & English, 2020; McArthur & Hong, 2019). While Strava provides ridership 
trends, it does not show the entire picture. Missing from the data are the ground conditions that influence 
route decisions, such as poorly designed intersections or excessive traffic speed (Lawrence & Oxley, 2019). 
These factors need observations to be uncovered; however, in-person observations are difficult to conduct on 
a large scale and are time-consuming.  
 
The naturalistic methodology helps solve this missing data by combining GPS and video footage from rides 
to understand cyclist behavior, driver behavior, and route choices to identify locations for infrastructure 
improvements or policy changes (Dozza & Fernandez, 2012; Dozza & Werneke, 2014; Gustafsson & Archer, 
2013; Johnson, Charlton, Oxley, & Newstead, 2010; Lawrence & Oxley, 2019; P.S. Lin, Kourtellis, Katkoori, 
Chen, & Cruse, 2017). Most studies focus on bicycle commuters and do not discuss other cyclists’ 
experiences. This paper further develops previous naturalistic cycling studies by examining three types of 
cyclists—commuters, recreational, and athletes—in Tucson, Arizona, to explore differences in behavior, 
driver interactions, and route choice through selected case studies. These case studies use physical counts of 
cyclists and Strava heatmaps to show how other cyclists may select similar routes, experience similar issues 
with drivers, or perform behaviors such as not using infrastructure as designed. The generated information is 
used to discuss potential solutions to issues identified in these select cases.  

Naturalistic Cycling Studies 
Naturalistic research draws upon qualitative techniques to analyze a participant’s daily activities through 
artifacts such as observation notes, videos, audio, diaries, and mapping to develop an understanding of their 
lived experiences within and across participant groups by identifying common themes (Milliken & Salkind, 
2010; Strauss & Corbin, 1998). Using video and GPS provides the opportunity to study participants in 
motion and to track routes and behavior. Applying this methodology to cycling is a developing area, 
pioneered in Europe and Australia since 2007. Cyclists are challenging to study with cameras due to camera 
size and bicycle frame construction, which researchers have tried to overcome.  
 
Bicycles come in various sizes, types, and materials with weight and space limits, and the larger cameras used 
in some studies limited bicycle frame types and participants. Early studies in the United Kingdom (U.K.) 
deployed one cyclist on a hybrid bicycle with camcorders and sensors mounted to rear racks and handlebars 
to measure vehicle pass distances. Walker (2007) found riding further from the road edge and wearing a 
helmet caused drivers to pass closer, whereas female cyclists received additional space. Parkin and Meyers 
(2010) found drivers passed closer if a bicycle lane was present.  
 
In the U.S., Chapman and Noyce (2012) used a camera-equipped aluminum road bicycle to study passing 
distances in rural Wisconsin and found drivers frequently passed in unsafe locations (Chapman & Noyce, 
2012). Notably, Chapman and Noyce were the first to use a road-style frame. In Tampa, Florida, Lin, 
Kourtellis, Katkoori, Chen, and Cruse (2017) outfitted 100 participants with custom auto-recording 
equipment to study cyclist behavior and driver interactions, finding 88% of cyclists followed traffic laws. 
However, Lin et al. could only fit the cameras on beach-cruiser bicycles, typically used for short trips on 
slower streets;  they explicitly excluded road cyclists, which may limit the applicability of their findings. 
 
Newer, smaller, and more powerful cameras remove the limitations on bicycle frames, allow for longer ride 
times, and increase participation beyond commuters. In Australia, Johnson, Charlton, Oxley, and Newstead 
(2010) used helmet-mounted cameras on 13 commuters and found intersections to be the most common 
location for incidents such as sideswipes. In 2017, Pink et al. used wearable GoPro cameras on 18 participants 
in Melbourne and Canberra to understand the "flow of everyday life" as cyclists (Pink, Sumartojo, Lupton, & 
Heyes LaBond, 2017). In 2019, Lawrence and Oxley outfitted 97 cyclists with frame-mounted cameras and 
GPS for two weeks or six hours of riding. Their work identified how cyclists modify their route to and from a 
destination based on the infrastructure available and factors such as congestion (Lawrence & Oxley, 2019).  
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The technology presents some hurdles as cameras do not sense motion and start recording and instead 
require participants to start and stop data collection. In Sweden, the Dozza group (2012; 2014; 2012) 
developed a system with cameras, brake sensors, GPS, and automatic recording. All three studies provided 
bicycles with the system installed to 16 participants to monitor driver interactions at intersections. It is unclear 
if riding unfamiliar bicycles impacted participants' behavior. Gustafsson and Archer (2013) used a similar 
system with 16 commuters on prescribed routes. Participants pushed a button to log incidents with vehicles 
or other issues while riding, potentially impacting data collection. Additionally, participants may have 
modified their behavior if the route was unfamiliar. Consistent with other studies, intersections were the most 
dangerous locations, especially those with poor signal timing.  
 
Finally, naturalistic studies have focused on commuting cyclists, with few recreational and athletic participants 
(Lawrence & Oxley, 2019). This may be due to some commuter bikes being large enough to handle the 
custom recorded equipment developed in previous studies. However, commuters, recreational riders, and 
athletes all ride for different reasons. These different cyclists may need or seek various infrastructure because 
of differences in behavior and driver interactions. For example, identifying locations in the urban core where 
commuters and recreational cyclists overlap may require both protected and on-street cycling facilities to 
meet different needs (Iuliano, In Prep.).  

Methodology 
This study builds on Lawrence and Oxley's (2019) work by selecting adult commuters, recreational cyclists, 
and athletes to explore differences in behavior, driver interactions, and route choice. I sought to look for 
differences in behavior, driver interactions, and route choice compared to physical counts of cyclists and 
Strava heatmaps. I recruited participants from the cycling community via e-mail lists and group rides. 
Participants were eligible if they fit one of the categories, rode primarily on paved surfaces, owned a GPS 
recording device (smartphone or cycling computer), and were over 18 years old. I recruited five participants 
from the Tucson, Arizona, cycling community (Table B-1) (Data collected during my pilot-study phase, when 
I was riding as a commuter, is also included).  
 
I collected three types of data from participants: GPS, video, and a written summary of their rides. Each 
participant received a Cycliq Fly12 front and Fly6 rear camera for video and audio recording installed on their 
bicycles on the University of Arizona campus. Due to the small size, 8-hour battery, and 256 GB storage 
capacity, there were no limitations on frame size, material, or ride length. During installation, I showed 
participants how to operate the cameras, including removal to prevent theft and for charging. I reminded all 
participants to ride normally and record their rides for two weeks. At the end of the two weeks, participants 
returned the units. Due to the limited number of cameras and the participants' availability, recordings took 
place over fifteen weeks. Participants shared the written summaries and GPS files via e-mail or Strava 
download. 
 
I compiled the GPS data from each rider in ArcGIS to analyze routes. Lawrence and Oxley (2019) define a 
route as “the path taken between an origin and destination, independent of direction” of travel. These origin 
and destination nodes are different for commuters, such as from home to work and back. For recreational or 
athletic riding, the origin and destination nodes may be the same, such as leaving and returning home for a 
workout. Routes may remain consistent, retracing the same roads, or there may be variations at the start and 
end of trips resulting in a different route. These deviations were noted for video analysis to determine the 
factors influencing the decision to change course. Video footage helped confirm routes, which was key in 
areas cycling infrastructure paralleled the road. 
 
I reviewed the summaries for descriptions where riders felt unsafe or had noted issues with infrastructure. I 
then reviewed the videos for driver interactions and rider behavior to determine the impact on route 
decisions. I developed a codebook based on previous naturalistic studies (Appendix A). Driver interactions 
included close passes (less than three feet), left and right turn hooks (when a driver turns in front of a rider), 
exchanges with drivers, blocked travel and bike lanes, and evasive action such as braking or swerving due to a 
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stopped vehicle (Dozza & Werneke, 2014). Rider behaviors included slow rolling stop signs and red lights, 
wrong-way riding, lane splitting, access issues, not using the cycling infrastructure, and miscellaneous 
behaviors such as avoiding an oncoming rider (Gustafsson & Archer, 2013). Finally, I georeferenced driver 
interactions, rider behavior, and GPS routes in ArcGIS on a map of the Pima Association of Government's 
Annual Regional Bicycle Count data, collected from 80 locations around the region during October, and the 
public Strava heatmap to show how many cyclists use the same routes and could be experiencing similar 
driver interactions.  

Results and Discussion 
Participants rode for a collective total of 541 miles, with individual rides ranging from a short errand to over 
60 miles. Four front recordings were cut short due to low batteries; however, the rear cameras served as 
backup recordings. Most rides were solo, although a few by the athlete and recreational cyclists took place in 
groups. These group rides frequented the quieter parts of the region to the south and west. Commuter routes 
took place downtown and near the University of Arizona. Participants used various road types and 
infrastructure, ranging from paths to arterial roads with no bicycle lanes (Figure B-1). In the following 
sections, I discuss rider behaviors, driver interactions, and differences in route choice across the rider types. I 
then use three cases to illustrate the impacts of driver interactions and the built environment on route choice 
and behavior. 
 
Rider Behavior and Driver Interactions 
I documented a total of 119 rider behaviors and 56 driver interactions by rider type (Table B-2). The majority 
of rider behaviors(103) occurred on residential streets, and driver interactions (49) occurred on the streets 
downtown and bicycle routes to the University of Arizona campus: the most congested areas traveled by 
participants (Figure B-2). All participants, at some point, routed through one of these areas on every ride. A 
higher concentration of issues is expected near downtown and campus, given the number of intersections for 
interactions or route choice.  
 
All riders performed various behaviors on the bike, ranging from somewhat risky, such as riding through a 
red light, to mostly harmless, such as slowly rolling neighborhood stop signs around five mph or less (Table 
B-2). While only one athlete participated, this rider performed 46 notable actions, nearly the same rate as the 
three commuters combined (48, or an average of 16 per rider). Since athletes may perform maneuvers to 
maintain speed, further study with more athletes is needed to see if this finding remains consistent. For 
example, the athlete rolled through red lights during the morning (6:30 AM) part of their rides. Traffic is light, 
and it can be difficult to trigger the light without a vehicle on the sensor or using the crosswalk. This behavior 
occurred along a bicycle boulevard, so sensors should detect cyclists. One commuter on a fixed-gear bicycle 
(a bicycle with one gear, a fixed hub, and no brakes) accounted for most (8 out of 11) of the lane splitting or 
riding between two vehicles. Such potential hazardous maneuvering might be expected from a fixed-gear 
rider, as this is purportedly a group that tends to attract thrill-seekers (Eichler, 2017). 
  
A prevalent behavior across all riders was slowly rolling stop signs. Cyclists desire to conserve momentum as 
it takes considerable effort to regain speed after a stop, highlighting the importance of yield signs on bicycle 
routes. Across all riders, there were 65 examples of slowly rolling through stop signs on campus, residential 
streets, and bicycle boulevards serving campus (Figure B-2). Vehicles were not present on the cross street, 
meaning there was little risk to the rider. Adopting the "Idaho Stop" law, allowing cyclists to treat stop signs 
as yields, when clear, is a legal innovation that matches how people ride (Caldwell, O’Neil, Schwieterman, & 
Yanocha, 2016). Elected officials should explore adopting it for the region.  
 
The route west of campus through a small shopping district (Figure B-2, “campus”) is concerning due to the 
confluence of cyclists, pedestrians, drivers looking for back-in parking, a streetcar, and no cycling 
infrastructure. Six driver interactions occurred here, including blocked lane (3), drivers yelling (1), and 
swerving around a suddenly stopped car (2). Pima Association of Governments (PAG) counts show 674 
cyclists accessed this space in 2019 between 7-10 AM and 5-6 PM, meaning many cyclists likely experience 
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similar issues with drivers. Considering this route is one of the major east-west cycling thoroughfares in the 
region, further efforts to reduce vehicle traffic could significantly improve cyclist safety.   
 
 
Route differences 
All participants used more than one route for their rides. The athlete (seven routes) and recreational cyclists 
(five and six routes) had the most route differentiation, with commonalities occurring on the streets nearest 
home. Extended observations of these cyclists may show route overlap and repetition; however, selecting 
different routes may align with these cyclists’ fitness and training goals. Similar to Lawrence and Oxley's 
(2019) findings, commuters (four to six routes) selected routes with slight variation between the inbound and 
outbound trips. These cyclists changed the beginning or end of their route, in part, due to a lack of 
infrastructure, difficulty turning, and chance of injuries. Since these commuters repeat similar routes each day 
through dense locations, they may experience more driver interactions and repeat the same behavior, such as 
slow-rolling the same stop sign.  
 
Illustrative Cases 
Three selected cases show route selection and behavior.  
 
Case 1.  The first case shows a commuter's routes to and from campus on a major bicycle route (Figure B-3). 
This cyclist sometimes had trouble turning left to retrace their morning route (circled in Figure B-3). 
Moreover, a driver nearly hit this cyclist on two occasions. Other evening commutes saw the rider detour 
through campus to make an easier right turn. This outbound detour adds 0.6 miles to the 3-mile inbound trip. 
The 20% increase in length exceeds the findings from Broach et al. (2012) for cyclists seeking lower stress 
routes. The route may not be lower stress because of additional stop signs, cross-traffic, pedestrian traffic, 
and tram tracks to negotiate. However, these factors did not outweigh the difficulty and dangers of turning 
left at the non-signalized intersection in this rider’s mind. They could select the longer detour in the afternoon 
since they may be less pressed for time; however, it is difficult to judge from the footage. Others may 
experience similar conditions and decisions. The PAG annual physical bicycle count points to a similar 
pattern (Table B-3, intersections 1 and 2). 
 
In Figure B-3, Points 1-3 and 2-5 offer a tunnel under a six-lane arterial road, and point 4 requires crossing 
the arterial at-grade with a traffic light. Using the tunnels eliminates risks from the arterial, but has high 
pedestrian activity and moderate traffic on the smaller side streets. The Strava heatmap (Figure B-3) shows 
the three-way split at the intersection, and the PAG counts suggest an even split between the tunnels in the 
morning; however, nearly 100 fewer cyclists use points 1-3 in the evening (Table B-3). Neither the physical 
counts nor the heatmap explains the split; reviewing the video shows the underlying conditions and 
interactions. The participant’s experiences of nearly being hit are likely shared by others, resulting in them 
using the eastern route (or a variant) to make a right. Cyclists appear to accept the risks from detouring 
through campus for ease of turns. Redesigning the intersection to limit vehicle turns could reduce conflict 
points, and traffic enforcement could limit errant driver behavior.  
 
Case 2.  The second case shows a commuter facing three decisions to access campus: proceed south on an 
arterial with a bike lane and smooth pavement, south on a parallel road with a bike lane, rough pavement, and 
a parking garage and hospital entrance, or around the health campus on new pavement adding 0.1 miles 
(Figure B-4). Out of seven rides, the rider opted for the rougher pavement for the inbound commute five 
times and all seven for the outbound. A green light and a clear intersection may explain why they opted to 
turn left on the arterial twice. They avoided the longer route around the campus because they said speeding 
work trucks made them feel unsafe. PAG counts do not cover these intersections, but the public Strava 
heatmap shows a split. The video and audio at decision points show how pavement quality, traffic speed, and 
traffic volume may influence route selection based on rider tolerances. In this case, the rider felt safer on the 
rougher road, despite vocalizing frustration with two drivers blocking the travel lane when exiting the 
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hospital. New pavement, a larger buffer, and signage could provide a safer option for cyclists selecting the 
same route.   
 
Case 3.  The third case shows an athlete not using the bicycle infrastructure when crossing an arterial three 
times (twice in the morning and once in the afternoon) out of seven rides (Figure B-5). This decision was not 
immediately evident in the GPS trail due to the road's proximity to the path and high GPS interference. 
Reviewing the on-bike footage revealed the difference. The designed route for cyclists involves a two-way 
path parallel to the road and a signal-controlled crossing. The rider’s occasional path used the left turn lane on 
the road, merging across several traffic lanes. The maneuver is faster than waiting for the signal if traffic is 
light. While the designated path makes it easier to turn, a rider must navigate three driveways potentially 
blocked by vehicles (Figure B-5). The decision to use the infrastructure or the left turn lanes depends on the 
rider's confidence, time of day, and traffic levels. No PAG counts are available at this location; however, the 
Strava heatmap indicates others may perform similar left turns (Figure B-5). Analyzing how cyclists avoid 
infrastructure may show flaws in the design. Improvements to this intersection, such as bollards, better 
signage, and limiting vehicle turns, could result in a safer environment for cyclists choosing this option versus 
the road. 
 
Lessons Learned from the Three Cases.  Planners and engineers may learn valuable lessons about how cyclists use 
infrastructure and where risk-mitigation measures may be needed by analyzing the flow of cyclists along 
routes. There may be conflict points where flows split, causing cyclists to seek other routes, even if there are 
increased risks. The PAG bicycle counts and Strava heatmaps can start this analysis; however, video footage 
identifies the underlying conditions influencing behavior. In cases 1 and 2, driver interactions influenced the 
route choice. In case 3, the rider’s desire to maintain speed and a poorly designed path influenced their 
choice. While enhancing cycling infrastructure is often welcomed, restricting drivers’ ability to turn or travel at 
excessive speeds can improve safety in nearly all cases. 
 
This study has several limitations: participant selection, the spatial coverage of routes, and the digital divide. 
Athletic cyclists were difficult to recruit because many are uninterested in adding weight to their bicycles, 
which limited this group’s perspectives. The small sample is also not representative of all behaviors of cyclists 
in the region. Conducting the study over a longer period or with more cameras could provide further insights. 
Because recruitment relied on personal contacts, many routes were through campus and downtown and 
excluded some lower-income areas with fewer cycling infrastructure investments. Recruiting participants 
specifically from marginalized communities could provide needed data on ridership in those areas. Finally, a 
broader participation pool may have been recruited by providing GPS units, instead of requiring them, to 
overcome the digital divide faced by lower-income community members. Despite these limitations, this work 
demonstrates the viability of these methods to understand and identify cycling issues and problem areas.  

Conclusion 
The naturalistic study of cyclists provides a clearer picture of how cyclists move through the built 
environment, complementing the work done by researchers on big data sets such as those provided by Strava. 
This study explored the patterns of six participants with different reasons for riding—commuting, 
recreational, and athletic—in Tucson, Arizona, to discuss how factors such as rider behavior and driver 
interactions can impact route decisions. While the sample of cyclists was small, the data generated disclosed 
that commuters selected different routes based on ease of access and negative interactions with drivers. 
Commuters detoured and opted for less comfortable routes with potentially higher risks to avoid complicated 
intersections. These detours were sometimes longer than the 20% increase in length identified by Broach et 
al. (2012). The athlete occasionally did not use the provided cycling infrastructure depending on the time and 
traffic volumes. All cyclists slowly rolled through stop signs in residential areas that posed little risk to cyclists. 
These clips could be helpful in convincing elected officials and decision-makers to adopt an “Idaho-Stop” 
law. Finally, all cyclists experienced negative interactions with drivers such as close passes, near misses when 
turning, or passengers opening doors.  
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The PAG bicycle counts and Strava heatmap demonstrated other cyclists might experience similar issues. 
While several studies indicate Strava data correspond to physical counts and Census data (Jestico et al., 2016; 
Livingston et al., 2020; Whitfield, Ussery, Riordan, & Wendel, 2016), neither the PAG counts nor Strava data 
show why cyclists choose different routes at certain intersections. The best way to see how cyclists interact 
with a road or intersection is to observe them over time (Lawrence & Oxley, 2019). A large-scale study could 
recruit participants broadly from the community or use cameras at intersections to monitor driver or rider 
behavior, determine the scale of the problem, and help develop solutions to prevent future issues. 
Understanding these behaviors and experiences can help create better policy and target areas for improved 
infrastructure because it allows designs to meet rider behavior.  
 
The 37 hours of footage provided a richness in the lived experiences of the cyclists, which is far more in-
depth than surveys or activity journals. Video captures every interaction, beyond the rider’s, and how design 
influences behaviors. Video helps advocates, planners, and engineers understand the factors underpinning 
behaviors and aids in developing appropriate solutions. For example, the videos documented the dangerous 
driving behavior cyclists face frequently. It shows how cyclists navigate the unsafe environment created by a 
lack of cycling infrastructure and conflicting modes. While coupling this footage with Strava or counts can 
help estimate the scale of an issue, numerous documented dangerous scenarios should warrant a review of 
how all users are interfacing with a location to prevent an injury or death. Overall, sourcing videos from 
cyclists can provide an in-depth look at how current policies and infrastructure impact cycling and feed 
directly into the evaluation and planning process to spur improvements.  
 
There are several considerations for future studies in this promising research area. The cost of the equipment 
may prove difficult to scale up beyond a few sets. As camera and GPS technology becomes cheaper, these 
methodologies will become more affordable. Another consideration is mounting issues and participants 
remembering to record and charge the devices. Alloy mounts provide a secure hold and taping a reminder to 
record and charge could help prevent cutouts. The third consideration is the time needed to review the 
footage and georeference the incidents. A local university could review the videos and heatmaps to make 
recommendations for improvements. Finally, camera companies such as Cycliq offer users a website 
(https://upride.cc/incidents/) to upload short video clips of incidents. Crowdsourced footage, coupled with 
Strava data, could provide a steady stream of information for practitioners if cyclists broadly adopt it. 
Implementing these methods can offer insight into local rider behavior and experiences, creating safer cities 
that encourage more riding.  
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Tables 
Table B-3. Summary of Participants and Total Footage. 

Rider Gender (Age) Hours of Footage 

Commuters  2 Males (32; 29); 1 Female (29) 11 hrs and 53 mins 

Recreational 1 Male (37); 1 Female (27) 11 hrs and 39 mins 

Athlete 1 Male (32) 13 hrs and 32 mins 

Total 4 Males; 2 Females 37 hrs and 4 mins 
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Table B-4. Summary of Rider Behavior and Driver Interactions. 
 

 Athlete- 1 
13 hrs 32 mins 
224.7 miles 

Commuters- 3 
11 hrs 53 mins 
138.58 miles 

Recreation- 2 
11 hrs 39 mins 
177.6 miles 

Totals 
37 hrs 4 mins 
540.88 miles 

Rider Behavior     

Slow Roll Stop 
Sign 

21 25 19 65 

Roll Red Light 10 2 2 14 

Does not Use Bike 
Infra.  

7 2 0 9 

Lane Split 3 8 0 11 

Wrong-Way 0 4 0 4 

Access Issues 2 6 3 11 

Misc. 3 1 1 5 

Total Rider 
Behavior 

46 48 25 119 

Driver Interactions     

Evasive Action 0 3 2 5 

Close Pass 2 5 2 9 

Bike Lane Block 0 13 2 15 

Left Turn  
(Hook) 

0 2 0 2 

Right Turn 4 3 3 10 

Driver Exchange 1 4 0 5 

Lane Block 2 3 5 10 

Total  
Driver Interactions 

9 33 14 56 

Total 55 81 39 175 
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Table B-5. PAG AM and PM Count at the Helen-Mountain Split (PAG, 2020).  

Intersection (count year) AM Counts (7 AM – 10 AM) PM Counts (4 PM – 6PM) 

1. Helen and Freemont (2019) 201 91 

2. Helen and Highland (2017) 226 191 

3. Olive and 2nd (2019) 291 196 

4. Mountain and 2nd (2019) 167 287 

5. 2nd and Highland (2019) 241 277 

See Figure B-3 for a map of the intersection  
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Figures 

 
  

Figure B-7. All Roads Used by Participants in Tucson, Arizona. 
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Downtown 

Campus 

Figure B-8. Driver interactions, Rider Behaviors, and Roads Used in Midtown Tucson, Arizona. 
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Modified outbound route 

Inbound route 

Figure B-9. Analysis for Case 1.  
Top and Center: This rider modified their outbound route due to inattentive drivers. Bottom: The Strava 
heatmap at Helen and Mountain and evening PAG counts (PAG, 2020; Strava, 2021).  PAG counts occur 
for three weeks in October and are conducted in an AM shift (7 AM – 9 AM weekdays and 7 AM – 10 AM 
weekends) and PM shift (4 PM – 6 PM). 
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Figure B-10. Analysis for Case 2. 
Top: Decision points entering the health campus. Bottom: Strava heatmap and PAG counts at Elm-Campbell-Ring Rd 
split. The participant’s route is green, with alternative routes in red (PAG 2020; Strava, 2021). 
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Figure B-11. Analysis for Case 3. 
Top left: two-way designed (yellow) versus actual route (red). Top right: GPS trail. Center left: the 
rider setting up for the left turn, verifying the GPS trail. Center right: Strava Heatmap indicates 
others avoid the crossing (Strava, 2021). Bottom: Several entrances cross the cycling path (Images 
from Google Street View). 
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Appendix B-1: Codebook  
Lane Splitting: 

 

 

Right Hook 
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Left Hook 

 

 

Lane Blocked (Plus Emergency Stop) 
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Close Pass 

 

 

Door (Driver Exchange) 
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Object in the Bike Lane (Blocked Bike Lane) 

 

 

No Curb Cut- Access Issue (forced to ride on the sidewalk) 
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Other incidents: slow roll stop sign, slow roll red light, riding the wrong way, swerves, and not using 

infrastructure involve video clips. Miscellaneous includes: near misses with other riders, near misses with 

pedestrians, riding over the yellow line, or something else that did not fit the above  

Miscellaneous (near-miss with another rider) 

 

Example of Yellow Line Crossing  
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Appendix C:  Pedal the Old Pueblo | Where and How Tucsonans Ride and 

Implications for Cycling Infrastructure 
Prepared for Mobilities (ca. 8,000 words) 
 

Abstract 
Transportation planning focuses on access to destinations, getting from point A to B. Yet, cycling does more 
and creates a connection between the cyclist and movements during the journey. Drawing from cycling 
ethnographic work, I use video recordings of three groups of cyclists, commuter, recreational, and athletic, in 
Tucson, Arizona, to contextualize their movements and interactions with the built environment, drivers, and 
other cyclists. Cycling can be utilitarian for commuters and a social, leisure, and athletic activity for 
recreational and athletic riders. Depending on their reason for riding, cyclists utilize infrastructure to suit their 
needs and protect themselves from drivers. Confidence levels also influence where and how people ride. 
Commuters rode defensively and sought out less-trafficked facilities. Recreational riders rode solo on paths 
and in groups on open roads. Athletic riders claimed space from drivers by riding in packs while being 
mindful of group safety. Video ethnography helps improve the understanding of the different reasons for 
cycling and those experiences. With this information, planners can provide more accurate maps and 
overcome pushback from some cyclists by designing infrastructure accordingly—such as providing both a 
path and bicycle lane along the same corridor to serve various cycling needs.  
 
Keywords: cycling, transportation planning, built environment, video ethnography 
 
Funding: This work was supported by the National Institute for Transportation and Communities (NITC), 
Grant 1276. 

Introduction 
Transportation researchers often look at why and how a person moves. Cycling research focuses on 
understanding how and where people ride to help practitioners plan and design infrastructure (Broach, Dill, 
& Gliebe, 2012; Dill & Carr, 2003; Lawrence & Oxley, 2019; Mekuria, Furth, & Nixon, 2012; Spinney, 2008, 
2009). Additionally, some research looks at behavior and risk while riding (Dozza & Werneke, 2014; 
Gustafsson & Archer, 2013; Johnson, Charlton, Oxley, & Newstead, 2010). Transportation researchers often 
do not consider what makes riding meaningful for the rider. Spinney (2009) describes it as “what cycling could 
be instead of what it should be.” Cycling creates a connection between place and movement during the journey 
(Spinney, 2009). The non-places between point A and point B, such as road gradients, the connection 
between effort and motion, and interactions with other road users, become part of our kinesthetic sense while 
completing a ride (Spinney, 2006, 2009). Cycling can be more than transportation or leisure. It can be a way 
for people to explore and understand their community, the environment, and themselves.  
 
For many people, cycling represents freedom to see and feel the city and landscapes outside the confines of a 
car. In a transportation sense, cyclists are free from congested travel lanes, and, unlike driving, the journey is 
door-to-door—no searching for parking, just a secure place to lock the bicycle. Cycling saves time by 
combining transportation and exercise into one activity. A 15-minute commute doubles as a workout to help 
reduce cardiovascular disease, obesity, and other health concerns (Fishman, 2016; Sevick et al., 2000). 
Freedom from driving also decreases emissions by removing vehicles from the road (Ekblad, Svensson, & 
Koglin, 2016; Lin & Fan, 2020; Pucher & Buehler, 2012). In short, cycling saves time and money, improves 
health, and reduces greenhouse gas emissions from vehicles.  
 
For these reasons, many cities have focused on increasing ridership. In Tucson, AZ, the local governments 
embraced cycling infrastructure starting with the 1970s bicycle boom (Seper, 1974; Stiles, 1976) and rose to 
one of the top communities for cycling commuting in the nation at three percent of trips in the 1980s 
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(Anderson, 2017; Dames and Moore, 1989, p. 2–2). Thanks to the terrain, weather, and El Tour de Tucson 
and other major cycling events, the city cemented its reputation as a top cycling destination for winter training 
among amateurs and professionals (Ferguson, 2013; Levine, 2015). However, bicycle lanes only go so far, 
commuting rates have stalled, and the city is playing catch-up to peers such as Portland, OR, where all-ages 
cycling infrastructure is the default (Anderson, 2017).  
 
In 2013, Tucson residents and leaders adopted the Plan Tucson comprehensive plan, which outlines goals to 
place the city on a more sustainable path to address climate change and expressly incorporates cycling 
infrastructure (Plan Tucson, 2013, p. 3.141). In September 2020, the Tucson Mayor and Council declared a 
climate emergency to spur efforts to reduce greenhouse gas emissions (Tucson Mayor and Council, 2020). 
One effort to address greenhouse gas emissions is the 193 miles of planned low-stress bicycle boulevards 
(Tucson Bicycle and Pedestrian Program, 2017). Another effort is the city’s first mobility master plan that 
considers how and why people move about the region (City of Tucson Department of Transportation, 2021). 
These efforts shift transportation way from a means from A to B and towards mobility as a culture by 
understanding “routines, norms, and structures” involved in movement through our spaces (Tschoerner-
Budde, 2020). 
 
If Tucson is to fully embrace a “mobility culture” (Tschoerner-Budde, 2020), planners and engineers need to 
understand “the line between A and B” (Spinney, 2009). I embarked on this research because my experience as 
a cyclist spans multiple cycling communities. I have raced road cycling at an elite level for fifteen years and 
commute most places on a bicycle. Through a decade of riding in the area, I have become familiar with 
Tucson’s commuting and training routes. During this time, I have noticed how my perceptions of safety on 
the road have evolved, from relatively fearless to not trusting drivers. I wanted to know what the daily 
experiences were like—that “line between A and B”—for other riders to help practitioners better understand 
and improve mobility for cyclists.   
 
This paper explores differences and commonalities in the lived day-to-day experiences of commuting cyclists, 
recreational riders, and athletes and how the experiences relate to the built environment in Tucson, AZ. I use 
video ethnography to explore these aspects with six riders. Commuters use bicycles as their primary mode of 
transportation. Recreational riders use bicycles for exercise, social interaction, and enjoyment. Athletic riders 
use bicycles as a means for sport, competition, and social interaction. Different reasons for riding provide 
distinct experiences. Learning from these experiences can help practitioners and elected officials see how 
riders use their bicycles, bodies, and space in the city. This understanding can result in better support for the 
cycling community regarding information, policies, and infrastructure.  
 
First, the paper reviews video ethnography and previous studies to ground the current methodology and 
show the field’s evolution. Then, it draws upon previous cycling studies from Albert (1991), Eichler (2017), 
Palmer (1996), Pink (2017), and Spinney (2006, 2008, 2009, 2011) in analyzing the choreographed dance of 
rider movements with other riders, traffic, and the built environment from the collected video footage to 
understand these behaviors. The analysis of rider behavior and experiences are used to discuss the value of 
understanding differences for riding and how they relate to policy recommendations such as improving 
mapping information and infrastructure improvements. 

Cycling and Ethnography Overview 
One way to understand lived experiences is through ethnography. Ethnography typically relies on the 
researcher being present in the field; however, this is difficult to do with cycling as the field is often a moving 
location (Palmer, 1996). Previous works have drawn upon personal knowledge and embedding in the study 
group. For example, Albert (1991), a former racer, and Palmer’s (1996) work focused on understanding the 
road racing community’s culture and norms. They explored the movements and expectations from riding and 
racing in a group (Albert, 1991; Palmer, 1996) and how cycling can become an immersive culture and lifestyle 
(Palmer, 1996). Eichler (2017) focused on the community and culture within fixed-gear riders, a 
countercultural group that uses riding as a form of protest against the dominant car culture.  
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Outside of embedded work, auto-ethnography can be used to explore the act and sensations of cycling. For 
example, Spinney (2006) explored the kinesthetic experience of space in professional and recreational cycling 
on the iconic climb up Mont Ventoux in France by documenting his training and riding the mountain on 
multiple occasions. Spinney’s work demonstrated how cyclists create meaning, the melding of mind, body, 
and machine, through landscapes and shared experiences with other riders.  
 
Beyond these forms of ethnography, mounting cameras on bicycles have opened ways to explore how cyclists 
create space in the city through interactions with road infrastructure (Pink et al., 2017; Spinney, 2008, 2009, 
2011). These works demonstrated how riders try to maintain speed by weaving between traffic or use 
benches, curbs, and walls for tricks (Spinney, 2008, 2009, 2011). These motions become a part of the rider’s 
kinesthetic experience in the city. Using cameras to record rides can provide an avenue to collect this 
information without the researcher being present. While it is feasible to ride along and record interviews with 
participants, it requires the researcher to be in shape to do so (Spinney, 2009). However, it is not safe or 
plausible to record interviews in an urban environment when riders need to remain in a state of heightened 
awareness to stay safe. Additionally, a growing number of riders are interested in recording rides to document 
“cool” tricks (Spinney, 2011), share insight on social media into races and the racer’s embodied experiences 
(Myerson, 2019), or to capture and share experiences in the city (Pink et al., 2017, or see Upride.cc).  
 
While video allows researchers to ride along from their computers, it is crucial to acknowledge that it acts as a 
proxy for in-person observations. Video provides an avenue to see what participants observe; however, it 
leaves out other contextual information that may impact behavior and limits our ability to co-construct 
understanding (Spinney, 2009). The camera serves as the researcher’s “disembodied eye” on the subject, a 
way of “seeing there without being there” (Laurier, 2010; Spinney, 2011). However, the camera cannot 
capture smells, the feeling of wind, and other occurrences outside the frame. The camera preserves 
information for review and what is seen and interpreted is dependent on the observer (Pink, 2007a, 2007b; 
Spinney, 2011).  
 
In some ways, understanding the small movements and decisions of riders in the videos is easier for a 
researcher who rides—similar to how an experienced dancer can interpret the expression in moves better 
than a lay observer (See: Jarvinen, 2006 in Spinney, 2011). However, this requires the researcher to participate 
in the riding types recorded due to differences in movement and behavior. As a remedy, Pink (2007b) says 
interpreting videos requires “learning to see” through the participants’ eyes to extract meaning. Patience is 
critical, especially with hours of footage collected, much of it unremarkable; however, a careful review can 
reveal nuanced information (Laurier, 2010). 

Methodology 
This study expands on Spinney’s (2008, 2009, 2011) work by purposely recruiting riders with three different 
reasons for riding: commuting, recreational, and athletic to show their lived experiences in Tucson, Arizona. I 
recruited participants within the cycling community through e-mail and group rides. Participants were eligible 
if they were over 18, rode primarily on paved surfaces, owned a GPS recording device (such as a cycling 
computer), and fit one of the categories. The requirements did limit participation, and future work that targets 
riders in marginalized communities and provides GPS devices could give additional insight into experiences, 
especially those on the other side of the digital divide. Three commuters (2 males, 1 female), two recreational 
riders (1 male, 1 female), and one athlete (1 male) participated. Participants ranged in experience from five 
years of riding up to sixteen years. I gave pseudonyms to all participants in the discussion (Table C-1). I 
embedded myself as a commuter in the pilot portion of the study to help the analysis come from a place of 
embodied experience (Lorimer & Lund, 2003). These reasons for riding are not mutually exclusive, and some 
riders partake in multiple forms of cycling. Five participants ride for multiple reasons; however, they 
participated in only one type for this study.  
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While I could ride with the participants, I agreed with Spinney in this being dangerous in urban spaces and 
sometimes outside of my comfort zone. Additionally, my presence and focusing cameras on them could 
impact their behaviors. Even with cameras mounted on their bicycles, there is a concern that cameras may 
alter the narrative provided by participants by changing their behavior (Pink, 2007b). For example, a rider 
may not yell at drivers if they are aware of the camera. However, using the cameras passively for entire rides 
may help them forget about the camera presence. Additionally, looking for trends in behavior during the 
analysis could identify if riders remained consistent in actions. 
 
I collected video, audio, and GPS data from participants. A Cycliq Fly12 front and Fly6 rear camera were 
used for video and audio recording, and I installed them on participants’ bicycles on the University of 
Arizona campus. The Cycliq’s built-in lights, small size, 8-hour battery, and 256 GB storage removed 
restrictions on frame material, size, time of day, and ride length. I showed participants how to use the 
cameras, charge them, remove them to prevent theft, and reminded them to ride normally for their two 
weeks of recording. After two weeks, participants returned the units for data extraction and for the next rider 
to use. Recording took place over fifteen weeks due to only two sets of cameras and participant availability. 
Finally, participants shared the GPS files via e-mail or Strava download, a social media website where riders 
share and track rides.  
 
Thirty-seven hours of video footage was collected (Table C-1). I reviewed the videos in total and logged 
actions, such as track stands, rolling through stop signs, finding smooth lines in the pavement, and errant 
drivers, to compare the rider types. These actions were selected based on Dozza and Werneke’s (2014) and 
Gustafsson and Archer’s (2013) works, which identified rider behaviors and interactions with other road 
users to inform bicycle planning. The video analysis of these behaviors helps explain bodies in motion and 
how they utilize space while riding through the city (Pink et al., 2017; Spinney, 2011).  
 
Beyond analyzing the video recordings, I rode some of my participants’ routes to place myself in their 
mindset; however, I did not feel comfortable riding all routes, such as arterial roads without a bicycle lane. 
Replicating their routes helped narrow, but does not eliminate, the gap between “seeing there and being 
there” (Laurier, 2010; Spinney, 2011). Riding the routes also ensured a similar embodied experience, which 
helps with the video interpretation process and “learning to see” (Pink, 2007b; Spinney, 2009). However, as a 
male rider, I cannot experience the same conditions as female riders in this study in how they view space and 
safety. It is also impossible to forget my learned skills from years of riding and experience the city as a newer 
rider. Audio from the cameras can help address these concerns by allowing the riders to provide additional 
context in the moment. 

Lived Experiences 
Overall, the video footage demonstrated using space on roads and paths for utilitarian trips, social comradery, 
and physical challenges, but often with an eye towards potential harm from drivers. All the participants are 
experienced riders, and this experience helped them avoid injury from errant drivers. Reviewing the rides 
allowed me to pause, re-watch, and reflect on events that placed riders close to harm and consider how such 
an event would impact a newer rider. In their study, Pink et al. (2017) found reviewing the riders’ footage an 
immersive experience with the sounds of passing cars, the rushing wind, and the rattling of the cameras on 
the rough roads. These sights and sounds meshed with my embodied experiences dealing with drivers, 
potholes, and other issues. While I entered into the analysis with some expectations of what I would see 
based on riding the routes, I still felt my body tense and a sense of concern and fear when watching a rider 
weave between traffic or select a route with no bicycle lane. The following sections discuss and analyze the 
riders’ experiences to provide policy and infrastructure improvements. 
 

Commuters 

The commuting group consisted of three participants. There are two subgroups: Susan and myself, who used 
road or modified mountain bicycles, and Mick, a fixed-gear commuter. This distinction is important because 
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fixed-gear riding is a countercultural group within cycling (Eichler, 2017). These bicycles lack a freehub and 
cannot coast–the rear gear is ‘fixed’ on the hub, and most riders opt to remove brakes and use reverse 
pedaling to slow the bicycle. The focus on a fixed-gear bicycle is efficiency, both for power transfer and 
maintaining speed (Eichler, 2017).  
 
Mick purposely selected a route through downtown, with only shared lane, or sharrow, markings rather than a 
lower-stress alternative. Comments during the video alluded to doing so for the rush, but it is also a form of 
tactical riding by “invading the car-zone” to remind drivers they “own a car and not the road” (Eichler, 2017). 
Spinney (2011) noted that riders often track stand—or come to a near stop at lights—to maintain a sense of 
movement. Conserving momentum pushed Mick to create space with his body and bicycle where other riders 
may not see any, such as between cars at stops and lights, rather than queue behind cars (Figure C-1, top 
photos). Creating space in this manner, by avoiding behaving like a vehicle, is a way of asserting rights to the 
city and urban spaces (Eichler, 2017). However, this behavior places immense trust in the surrounding drivers 
to not merge or exit their vehicles. Skill and experience on the rider’s part can mitigate these dangers by 
looking for driver head movements or vehicle movements.  
 
Unfortunately, lane splitting, or riding between stopped cars, does not always go according to plan. In Figure 
C-1 (bottom), Mick attempted to maintain his speed, or state of flow (Eichler, 2017; Spinney, 2011), to catch 
the green light. Mick’s experience allowed him to notice the door cracking open, and he was able to maneuver 
quickly around. In this case, Mick is consistently looking for exits in the event of an errant driver or 
passenger. I often ride Mick’s routes, and I practice a heightened sense of awareness, scan for outs, and 
anticipate driver behavior. I did not perform lane-splitting due to my distrust of drivers, and new riders may 
find his routes nerve-wracking due to the lack of infrastructure. 
 
The other commuters dealt with day-to-day hassles of aggressive or inattentive drivers around the midtown 
area. Susan commuted most days using the same route to the medical campus at the University of Arizona. 
Her daily route consisted of navigating through residential streets and a construction zone on campus using 
the sidewalk. She selected this route because she felt safer than dealing with speeding campus work trucks on 
the alternative back road. The residential street provided a few close passes near stop signs (Figure C-2, 
bottom). While low speed, these close passes can be unnerving to experience.  
 
Susan’s route also involved riding on the failing pavement on the hospital’s east side—the pavement’s 
roughness rattled the cameras. The road passes the hospital’s main entrance, which drivers occasionally 
blocked in the afternoon. On January 24, Susan entered the entrance intersection only to be cut off by a 
driver (Figure C-2, top left). Exasperated, she exclaimed, “Really! Unreal!” while waiting until the intersection 
cleared. Other videos show these types of interactions with cars are not uncommon. A few days earlier, Susan 
had another interaction with an inattentive driver. In this case, the driver (Figure C-2, top right, white car) 
stopped and then swung left into Susan, who yelled, “HELLO!” and braked hard to avoid a collision. While 
Susan used roads with low-speed limits and moderate traffic, she experienced close passes or other poor 
behavior from drivers almost daily. These experiences are heard in her voice when she yells at drivers, not in 
fear but anger and disbelief. 
 
My experience and footage detailed similar experiences with drivers blocking bicycle lanes, turning in front of 
a small group I was in, yelling and honking horns, and other actions (Figure C-3). Such behavior from drivers 
serves as a constant reminder of the precariousness of riding with traffic. While the city often provides bicycle 
lanes, paint cannot stop a distracted driver. In these encounters, rather than creating space as shown by the 
fixed-gear commuter, riders protect the space provided. Whereas Mick created space by invading the car 
domain (Eichler, 2017), here the cars were the invaders, unwelcome and dangerous guests whose presence 
reminds us of how quickly a ride can end. Their aggressive actions undermine confidence, frustrate riders, and 
instill a sense of hostility. A separate protected space in dense urban areas would provide a welcome reprieve 
from this daily grind, although they may not attract riders like Mick.    
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Recreational Riders  
The two recreational riders, Vinny and Sara, often sought safety and companionship in numbers and used 
less-trafficked roads or The Chuck Huckelberry Loop path system. The recreational riders’ experiences with 
drivers were similar to the commuters and the athlete, with errant drivers invading bicycle lanes, turning 
without looking, or stopping unexpectedly. Recreational riders protected their space from drivers by grouping 
up, alerting others to approaching cars, and yelling at errant drivers. 
 
A notable difference from commuters is that recreational riders navigate the urban space while also creating 
and maintaining space within the group for themselves (Figure C-4, top left). Cycling as a group activity has 
social norms and queues that dictate riders' interactions, such as speed, handling, and communicating dangers 
(Albert, 1991; Palmer, 1996). Riding with others requires placing trust in them to ride in a smooth, steady, and 
predictable manner. The group’s safety and returning home injury-free requires adhering to these norms 
(Albert, 1991). Failure to do so, and presenting a danger to others, results in being ostracized from the group. 
 
There is often a mix of recreational riders and athletes on these group rides. Recreational riders straddle a line 
between cycling as the priority in life and having a life outside of the sport—although embracing the cycling 
culture can be just as strong (Palmer, 1996). Vinny straddles this line by riding sparingly during the week due 
to work and family, but long on the weekends—the classic “weekend warrior.” Sara uses riding for errands, a 
break from work, catching up with friends, and fitness for weekend adventures. Peak fitness is not always 
their goal; however, building social comradery or having alone time to relax is often a motivating factor. 
 
In this way, riders are creating not only physical space in the group but also social space. Regardless of size, 
there is a hierarchy based on years of riding and seniority within the group. The senior riders are responsible 
for ensuring the ride proceeds safely and helping others if needed. In Figure C-4 (top right), riders stopped to 
help Vinny, who had a flat, and later Vinny stopped to help others on a smaller weekday ride (Figure C-4, 
bottom center). Vinny ended his ride early on the smaller weekday ride to help the rider with a broken bicycle 
get home safely. Stopping for others is a way to build relationships and support within the community.  
 
The social comradery of cycling, which I have experienced on the same routes as Vinny and Sara, can be one 
of the strongest pulls into the sport. Most weekend rides saw Vinny stop at a local bakery and café to swap 
stories with other riders. Weeknight sunset rides saw Sara sharing stories and views with a friend. The shared 
experiences of enjoying a sunset, a coffee, or conquering a hill with friends through a common interest create 
deep social bonds. It makes sense these riders seek out paths, low-stress streets, wide bicycle lanes, access to 
rural roads, and access to destinations such as cafés or pubs to enjoy both exercise and friendships.  
 

Athlete 
There is substantial overlap between the experiences of Rob, the athlete, and the recreational riders. The 
larger group rides are a mix of both, and riders follow the same norms and expectations to earn a place within 
the group. There is a subtle difference for athletes because rides serve a purpose beyond social comradery—
they are training for competitions. Here, life is the bicycle, both on and off it (Palmer, 1996). Along with this 
emphasis on training comes a focus on selecting routes suited for the day’s training. A bicycle lane is not 
needed but is welcomed, and similar to fixed-gear riders, athletes often create space in the car’s domain.  
 
On group rides, some groups’ size may crowd riders out of bicycle lanes on rural roads. The riders will bunch 
up in a peloton, or a pack of riders (Figure C-5, top), for riding efficiency and safety (Albert, 1991; Palmer, 
1996). Rather than follow the expected norms and laws of riding two abreast, which would create a long line 
of riders nearly impossible to pass on some roads safely, the peloton makes passing quicker and easier for 
drivers. It also forces drivers to wait for a safer moment and to give more space instead of trying to squeeze 
by. However, riders will often get pushed over into the oncoming traffic lane during the group’s constant 
motion (Figure C-5, upper right), leading to dangerous moments.  
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While there is safety in numbers on training rides, there are risks of group norms and expectations breaking 
down, especially when the pace is elevated on hills outside city limits on challenging rides. On these hills, 
riders struggle to stay in the group; their heart rate is near the max, and tunnel vision may set in. They are in 
an immense struggle between their physical limits and mental determination, and they take risks such as 
cutting off other riders to close gaps. Rob experienced this on a ride with another rider darting in front of his 
wheel (Figure C-5, bottom). The struggle to stay in the group is multipart: to win the battle of mind over 
body, to show your ability to your peers, to push to a new level of suffering, and to stay safe from drivers in 
the group. Interpreting these moments can be difficult for the non-cyclist and can appear more dangerous 
than they are. Only by experiencing and performing these painful practices can one understand what is 
occurring in the rider’s mind (Palmer, 1996, p. 135). 
 
Outside of the group ride, Rob selected routes to meet his training needs. These routes often took him 
through downtown on the way to less trafficked roads. In doing so, Rob faced busses cutting him off, 
passenger doors opening, and unkept bicycle lanes (Figure C-6). These experiences were similar for 
commuters and recreational riders. Other days saw Rob select routes without bicycle lanes and minimal 
shoulders. A wider shoulder would provide a safer environment, and enhanced infrastructure such as 
protected bicycle lanes could provide additional safety for other riders. However, as noted with the fixed-gear 
rider, these riders may not use those protected facilities because speed is an incentive. Riding behind and 
around slower riders may not be desirable. Planners may need to offer both painted lanes and protected 
infrastructure to accommodate all users.  

Applications for Information Sharing and Planning 
Understanding riders’ experiences provide opportunities for planners to develop better information and 
infrastructure that suits their needs. One outcome could be better maps. Special purpose cycling maps 
highlight low-stress streets, parks, libraries, and other destinations and are a crucial source of guidance for 
cyclists to know where to ride. However, maps are a social construct, and the final product depends on what 
the cartographer wants to show (Crampton, 2001; Crampton & Krygier, 2006; Monmonier, 2018; Pinder, 
1996). Creating a map involves striking a balance between information overload and too little information 
(Macey, Greenberg, Wesimantel, & Carmack, Lloyd, 1988). 
 
For riders, selecting a route is a complex process, which includes the reason for riding, traffic, the presence of 
bicycle infrastructure, type of infrastructure provided, pavement conditions, gradients, parked cars, driveways, 
ease of turns, and route directness (Bíl, Andrášik, & Kubeček, 2015; Broach et al., 2012; Hood, Sall, & 
Charlton, 2011; Lawrence & Oxley, 2019; Mekuria et al., 2012). The rider’s confidence and experience with 
cycling are also factors. As Dill and McNeil (2013, 2016) describe through surveys of 3,000 residents in 50 
large Metropolitan Statistical Areas (MSAs) in the U.S., strong and fearless riders (7% of a population) are 
comfortable on a nonresidential street without a bicycle lane; enthused and confident riders (5%) are 
comfortable on nonresidential streets with a bicycle lane; and interested but concerned riders (51%) are 
comfortable riding on residential streets. The remaining (37%) are not interested in riding. Depending on 
what maps display, interested but concerned riders may find it challenging to create routes that suit their 
comfort level.  
 
The bicycle map for Tucson shows various types of cycling facilities available, but the map does not 
differentiate between some road types  (Figure C-7). Arterials, which carry significant traffic and connect to 
major commercial centers, and collector roads, which connect neighborhoods to arterials (Forbes, 2000), are 
both described as a “painted lane on higher traffic streets with higher speeds.” These two types of roads have 
very different riding conditions (Figure C-8). In general, the participants in this study avoided riding on 
arterial streets except for short periods to connect to other facilities. Unfortunately, the map could lead some 
to believe the roads are the same; however, collector streets could be a lower-stress option for some riders. 
Revising the map to show colors based on traffic volume and speed may provide additional context for 
riders. 
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To fill this gap in cycling information, a local Tucson cartographer, Dylan Scott, developed a map showing 
lower stress facilities–predominantly residential streets and light-controlled crosswalks (Figure C-9). Instead 
of a dense network, the city becomes almost unrecognizable without the prominent arterials and superblock 
grid. This map shows the city from the viewpoint of a cautious rider, not a place of unlimited options, but 
rather limitations determined by their location. For some, the current road conditions and infrastructure may 
not allow them to ride to their destinations safely or comfortably.  
 
Comparing the low-stress routes to the standard bicycle map highlights Pinder’s (1996) description of 
constructing reality. In one map, we see a city that meets the League of American Bicyclists (LAB) Gold level 
ranking on their Bicycle Friendly Communities scoring system, with ample lanes and facilities (LAB, 2016). 
On the other, we see conditions for those less comfortable riding with traffic. If the goal is to increase 
ridership, we need to provide accurate information on cycling conditions. The information displayed on maps 
can impact how and where cyclists ride, which impacts their lived experiences.  
 
Increasing ridership requires more than good maps—better and more infrastructure is required. A small 
bicycle lane is not enough. Not only is paint a poor form of protection from errant drivers, but rides’ 
utilization of infrastructure differ, ranging from a competitive ride to a spin to work. Asking this wide range 
of use, abilities, and experiences to share one space may lead to conflict. For example, San Diego recently 
constructed over 60 miles of protected bicycle lanes (Smith, 2021). The San Diego Union-Tribune detailed 
pushback on the projects from recreational and athletic riders, who felt forced into the protected lanes. They 
saw the lanes as dangerous because their speeds carry them into intersections faster than drivers can react, 
and slow-moving riders may block the path (Smith, 2021).  
 
The pushback against protected infrastructure is rooted in John Forester’s vehicular cyclist doctrine that all 
cyclists are safest riding in traffic, and bicycle lanes and paths pose a danger (Flax, 2019; Pucher, 2001). 
Forester’s views stem from his defense of riding on the road in the 1970s when city governments in 
California attempted to ban riding on roads in favor of paths, which he found to be “1,000 times” more 
dangerous (Flax, 2019; Pucher, 2001). His work resulted in cities allowing cyclists on the roads; however, it 
squashed attempts to build cycle paths, and some advocates argue it set the U.S. back decades compared to 
Europe (Flax, 2019). Forester’s views on cycle paths do not consider today’s design standards or how these 
facilities increase ridership (Pucher, 2001). Instead, groups such as Cycling Savvy, which carry on Forester’s 
work, advocate for teaching cyclists how to command and create space in travel lanes as the best way to 
increase ridership (Flax, 2019). Teaching cyclists how to create space around vehicles is not bad, and several 
riders in this study rode confidently in traffic. However, we need to move beyond the views of vehicular 
cyclists to create spaces that support all types of riders.  
 
A similar conflict may play out in Tucson, as planners explore adding protected bicycle lanes along two 
bicycle-heavy utilized streets west of campus to improve commuters’ safety and experiences. Both streets are 
part of routes used by athletes and recreational riders. Like the pushback in San Diego, a group of 
recreational and athletic riders opposed the idea because it was unclear if they would be forced to use the 
facilities, impeding their group rides. However, on both streets, lane markings could be used with the 
protected lanes. Doing so provides space for these riders during the group rides, which occur early in the 
morning when traffic is light and provides better connectivity for other riders seeking protected spaces.  
 
Other cities have found success in providing more and better infrastructure by listening to riders’ concerns. 
In Paris, France, cycling rates increased modestly from 1.6% (650,000 trips a day) in 2010 to 1.9% (840,000 
trips a day) in 2019 (Île-de-France, 2020). The onset of the 2019 transit winter transit strike, followed by the 
COVID-19 pandemic, spurred a flurry of activity on separated cycle paths in May 2020. 50 KM were 
constructed after ten days (May 11, 2020) and  140 KM four months later (Île-de-France, 2020). Ridership 
rates effectively doubled post-lockdown in 2020. A survey of 600 riders found that 44% started riding after 
the lockdown, 41% were women, and 87% want to see the paths remain and made permanent (Île-de-France, 
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2020). The investment shows that new riders and commuters want and utilize protected cycling facilities. As 
shown by this study’s participants, commuters avoid the day-to-day struggle of fighting drivers for space.  
 
By understanding different riders’ experiences and needs, planners can identify conflicts in facility use and 
carefully design our streets to meet the diverse reasons to cycle in the city. As shown in San Diego and 
Tucson, we cannot allow a small number of strong and fearless riders to dictate infrastructure design. These 
riders raise a valid concern if cities force them to use the protected lanes. These lanes can be hazardous if 
faster, more confident riders try to maintain their speed and group size. Protected bicycle lanes and separated 
paths better serve riders whose goals are lower-stress routes. The solution is not to remove the protected 
lane; instead, planners should provide additional space within protected lanes and paths, or provide a painted 
lane for more confident riders. Offering multiple types of cycling infrastructure on the same road may 
increase ridership and justify the investment. 

Conclusion 
This paper presents the differences in lived experiences between commuting cyclists, recreational riders, and 
athletes and the insights on infrastructure and policy using video ethnography. Since cycling requires studying 
participants in motion, being there may not be physically possible or dangerous. Using video ethnography 
provides researchers a way of “seeing there without being there” (Laurier, 2010; Spinney, 2011). Additionally, 
the videos capture events that may be forgotten or overlooked in journals or interviews. This methodology 
provides an excellent avenue to understand rider’s experiences of cycling in the city.  
 
Experiencing the city includes maps showing cycling infrastructure. Maps should show differences between 
roads based on ground conditions, such as the number of lanes and speed, not just the bicycle infrastructure 
present. Maps can influence where people ride; however, videos show the riders experienced the city 
differently. For commuters, cycling is often solo and utilitarian. For recreational riders and athletes, cycling is 
both an individual, relaxing activity and social activity with norms that regulate behavior in a group, and the 
social value was evident through interactions during and after group rides. The fixed-gear commuter, 
recreational riders, and the athlete often broke away from expected norms and infrastructure designed for 
them to take space from drivers. The fixed-gear commuter regularly shifted between cycling and vehicle space 
to maintain momentum and to assert control. Athletes and recreational riders sometimes formed a group or 
peloton on the road for safety and social aspects. The other commuters were less likely to leave the space 
dedicated for them and rode defensively to protect it from errant drivers through quick motions, yelling, and 
gestures. 
 
All participants experienced negative interactions with drivers during their rides and expressed anger in the 
moment. As evidenced by the audible frustrations, the daily grind of constant intrusions from drivers builds 
up a sense of anger and mistrust towards both drivers and the city for not doing enough. Cyclists may feel 
vulnerable, forgotten, and marginalized as the incremental planning and construction process drags on for 
cycling infrastructure, while news reports cover rising injuries and fatalities (Conover, 2020; O’Gara, 2019). 
Locations that invest in quick build infrastructure projects have seen dramatic increases in ridership (Île-de-
France, 2020), and it can show that decision-makers are listening to concerns.  
 
However, decision-makers must balance various demands for cycling: people looking for safe routes to 
work/school, safe places to ride with friends, and places to train. Studies that explore the daily experiences 
and the social underpinnings of riding can help planners position cities to develop better maps, infrastructure, 
and policies. Planners should not design infrastructure to satisfy the behavior and demands of just the bold 
cyclists. As shown by the wide variety of experiences and behavior, bicycle infrastructure should match by 
providing various options to meet riders’ needs. Doing so creates spaces that encourage more people to ride 
by allowing them to select the facility they are most comfortable with for experiencing the city.  
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Tables 
Table C-1: Rider Demographics, Pseudonyms*, and Ride Times 

Rider Gender (Age) Hours of Footage 

Commuters  
Joey 
Mick* 
and Susan* 

 
Male 32, 16 years riding 
Male 29, 10 years riding  
Female 29, 5 years riding 

Total: 11 hrs and 53 mins 
6 hrs 34 mins 
1 hrs 58 mins 
3 hrs 21 mins 

Recreational 
Vinny*  
Sara* 

 
Male 37, 5 years riding 
Female 27, 15 years riding 

Total: 11 hrs and 39 mins 
7 hrs 34 mins 
4 hrs 5 mins 

Athlete 
(Rob*) 

 
Male 32, 8 years riding 

Total: 13 hrs and 32 mins 

Total 4 Males; 2 Females 37 hrs and 4 mins 
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Figures 
 
 

 
Figure C-1: Mick Splitting Traffic 
Top left and right: Creating space between parked cars and stopped cars at a light in downtown Tucson. 
Bottom: Mick before an emergency swerve to avoid a passenger door.  
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Figure C-2. Susan’s Daily Commute 
Top left: The image shows the driver pulls in front of Susan as they approach the intersection. Top right: A 
driver swings into Susan. Bottom: A close pass near a stop sign, which the driver ran. 
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Figure C-3. Near Misses with Drivers. 
Left: A driver blocks the travel lane, forcing the group to merge across the tracks. The passing driver 
accelerated and honked at this moment. Right: A driver exiting the freeway fails to stop.  
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Figure C-4: Vinny’s Recreational Rides 

Top left: Vinny ‘taking pace’ in the group and making his usual rounds conversing with riders. Top right: 

Others stop to help him with his flat- his second for the day (rider is behind the camera repairing the flat). 

Center bottom: On a separate, smaller ride, the group stops to help someone who broke their rear derailleur 

on a hill.  
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Figure C-5. Examples of Group Rides 
Top left: An example of a peloton on a training ride. Top right: Riders pushed into the oncoming traffic lane. 
Center bottom: Norms, and expectations, such as holding a straight line (Albert, 1991), can break during 
critical points on hills as riders struggle to stay in contact. 
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Figure C-6: Rob’s Training Rides. 
 Upper right: Rob dealt with busses merging in front of him. Upper left: A passenger opens a door in Rob’s 
path. Bottom center: Rob faced cluttered bicycle lanes on his training rides.  
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Figure C-7. PAG Bicycle Map for the City of Tucson and Surrounding Areas. Note: Pop-up legend has been 
movedto the bottom to not obscure routes in the city's urban core (PAG, 2020).  
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Figure C-8. Comparing Two Streets with the Same Symbology on the PAG Bicycle Map. 
 Left: Columbus north of Speedway (a 2-lane collector, speed limit 30 mph). Right: Speedway east of 
Columbus (a 6-lane arterial, speed limit 35 mph, Source: Google Maps). Compared to Speedway, riding 
conditions are less stressful on Columbus due to less traffic, lower speeds, and fewer driveways. 
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Figure C-9: Low-stress Cycling Routes and Crossings. 
The streets on display in grey are residential streets with speed limits under 20 MPH and the faint white roads 
are the major street grid (Scott, 2020). The yellow dots are signalized midblock pedestrian and cycling 
crossings. 
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