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Abstract 
Compared to other cities with a similar population, Tucson, Arizona, has a relatively 

higher active transportation engagement. However, the city has safety concerns for those who 

engage in active transportation methods such as cycling and walking. As a result, Tucsonans are 

hesitant to cycle or walk to their destination, so the city is not reaching its full active 

transportation engagement potential and reaping those environmental benefits. This research 

explored Tucsonans’ comfort utilizing specific cyclist and pedestrian facilities through surveys 

and interviews. The results concluded that Tucsonans’ felt the most comfortable utilizing 

protected infrastructures, which consist of barriers between automobile traffic and people. With 

this information, the Tucson Department of Transportation and Mobility (DTM) can address 

safety woes and encourage more cyclists and pedestrians by appropriately designing Tucson’s 

roads to support residents’ safety and comfortability. 
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Introduction 
Active travel such as cycling is a progressively growing method of travel. Between 2006 

and 2020, the number of U.S. citizens who cycle grew from 39.69 to 52.73 million, and bike 

trips more than tripled between 1997 and 2009 (Statista Research Department, 2022) (Pucher, 

Buehler , & Seinen, 2011). Meanwhile, walking as a method of travel is slightly declining, 

dropping from 2.8% of Americans walking to work in 2010 to 2.6% by 2020 (U.S. Census 

Bureau, 2020). Despite the increased cycling engagement, America’s transportation 

infrastructure does not prioritize cycling or walking, contributing to this decline. As a result, the 

lack of infrastructure contributes to the increase in cyclist and pedestrian mortalities, as shown in 

Figure 1 and the National Highway Safety Administration (NHTSA) data reports. 

To better support the influx of cyclists and ensure both cyclist and pedestrian safety, this 

study explores different types of cyclists and pedestrian facilities and the opinion of the residents 

of Tucson, Arizona, regarding their comfortability. This information is intended to influence the 

Tucson Department of Transportation and Mobility (DTM) and their street designs to better fit 

the needs and desires of Tucsonans.  

Literature Review 
In comparison to other countries, American cities lack basic cycling and pedestrian 

infrastructure, thus attributing to the high dependency on automobiles, especially to travel short 

distances (Buehler, Pucher, Merom, & Bauman, 2011). Tucson, Arizona, is a fitting example. 

Over half of the city’s major roadways lack complete sidewalks, and less than ½ of its high-

speed roads have bicycle facilities (Move Tucson, 2021) (The League of American Bicyclist, 

2021). This leads to 41% of Tucson’s streets being high stress for pedestrians and over 70% 
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being high stress for cyclists (Move Tucson, 2021). As a result, nearly 60% of Tucsonans drive 

less than 10 miles to work (Move Tucson, 2021).  

The lack of cyclist and pedestrian facilities also deters people from engaging in these 

activities. As supported by several studies, the built environment significantly influences active 

travel activity especially since it affects the perception of safety. Dill & Voros explains that “the 

perception of safety is perhaps one of the most important factors influencing the decision to 

bicycle” (Dill & Voros, 2007). The mere presence of bicycle facilities “reflect a substantial 

improvement in perception of safety from traffic crashes” (Sener, Eluru, & Bhat, 2009). In 

contrast, individuals found cycling in the presence of an unsigned shared street on their commute 

path dangerous (Sener, Eluru, & Bhat, 2009). Regarding pedestrian facilities, Budzynski et al. 

wrote, “safety perception may be a strong factor in whether communities will choose to walk in 

their local environment or in the neighborhood” (Budzynski, Gumińska, Jamroz, Mackun, & 

Tomczuk, 2019). As Dumbaugh et al, elaborate, “although there are a multitude of factors 

influencing pedestrian crashes, built environment characteristics and the design of road facilities 

play an integral role of pedestrian safety” (Dumbaugh, Joh, Li, & , 2013). 

Without cyclist and pedestrian facilities, cyclists and pedestrians are placed in harm’s 

way. According to the World Health Organization, more than half of all fatal traffic fatalities are 

motorcyclists, bicyclists, and pedestrians (Advocacy Advice, 2019). In 2009, the U.S. reported 

4,092 pedestrian fatalities and 59,000 injuries (Traffic Safety Fact: 2009 Data, 2010). Ten years 

later in 2019, this increased to 6,205 pedestrian fatalities and 76,000 injuries (Traffic Safety 

Facts, 2021). Similarly, the U.S. reported 630 cyclist fatalities and 51,000 injuries in 2009, which 

increased to 846 fatalities and slightly decreased to 49,000 injuries (Bicyclists and Other 

Cyclists, 2010) (Bicyclists and Other Cyclists, 2021). Tucson is following a similar trend of 



6 | P a g e  
 

increased severe injuries and fatalities amongst cyclists and pedestrians despite the decline in 

drivers and passengers’ severe injuries and death (Move Tucson, 2021). 

To decrease the number of cyclist and pedestrian fatalities and severe injuries occurring 

in Tucson, AZ, and the decline in people walking, the DTM should implement cyclist and 

pedestrian facilities that best fit the needs of the residents regarding safety and comfortability. 

With the extensive components that makeup cyclist facilities such as “bicycle facility network 

(lanes, paths, shared roads, etc.), bicycle parking, and support facilities (e.g., showers at work 

sites and racks on buses)” this study will focus on identifying the attributes that make up bike 

lanes (Dill & Voros, 2007). In addition, this study will identify sidewalk attributes regarding 

pedestrian facilities; sidewalk attributes have been shown to influence people’s choice to walk 

(Rowangould & Corning-Padilla, 2019).  

 

Figure 1: U.S. Active Travel Fatalities between 2000 – 2020 

(Bureau of Transportation Statistics, n.d.) 
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Methods 
To identify what type of infrastructure would have the greatest benefit to the residents of 

Tucson, we must first identify what type of cyclist and pedestrian most residents are. The survey 

is based on the work of Dill and McNeil categorizing types of cyclists (2013) but has been 

expanded to include types of pedestrians. The survey presents several statements for the 

participants to identify with, and based on their answers, they are placed into a cyclist group and 

a pedestrian group. These cyclist and pedestrian groups are the following: 

Cyclist Types Pedestrian Types 

• The Strong and the Fearless 
• The Enthused and the Confident 
• The Interested but Concerned 
• No Way No How 

• Leisure/Exercise Walkers 
• Destination Walkers 
• Inactive 
• Other 

Discussion/Results 
Cyclist 

32 participants agreed with the following, “I am interested in cycling but hesitant.” Those 

who identified with this statement were categorized in The Interested but Concerned group, 

making it the most common cyclist type amongst Tucson’s residents (Figure 2). With this group 

being the largest, it will represent the Tucsonans’ desire and needs for the city’s road design. The 

group breakdown largely mirrored the findings from Dill and McNeill’s work from the 50 largest 

U.S. metro areas.  
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Figure 2: A pie graph showcasing the results of participants’ cyclist types 

To identify what type of bike lanes aid in Tucsonans’ safety, several illustrations were 

presented to participants, and were asked to rate them from extremely comfortable to extremely 

uncomfortable. These illustrations included:     

• Shared Bike Lane  

• Standard Bike Lane  

• Painted Bike Lane  

• Protected Bike Lane  
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Figure 3:Illustrations of 4 types of bike lanes 

The protected bike lane, which includes a barrier between traffic and cyclists, was the most 

well-received type of bike lane. Shared bike lanes were the worst type, making more than half of 

Tucsonans extremely uncomfortable. The painted bike lanes were highly rated as somewhat 

comfortable. Meanwhile, the standard bike lanes make people feel somewhat uncomfortable 

(Figure 4). 

 

Figure 4: Bar chart of Tucsonans’ comfortability using different types of bike lanes 
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Pedestrian 
Just as the participants were divided into cyclist groups, they were divided into pedestrian 

groups based on which statements they identified with the most. 39 participants identified with 

the following statement, “I mainly walk for leisure/exercise,” and were therefore categorized into 

the Leisure/Exercise group. This group can be concluded as the most common type of pedestrian 

amongst Tucson’s residents (Figure 5) and will represent Tucsonans’ desires and needs just as 

the Interested but Concerned group did for cycling infrastructure. 

 

Figure 5: A pie graph showcasing the results of the participants’ division into a pedestrian 
group 

To identify what type of sidewalks Tucsonans are comfortable with, several illustrations 

were presented to participants, and they were asked to rate them from extremely uncomfortable 

to extremely comfortable. These illustrations included:     

• No sidewalk  
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• Wide sidewalk  

• Protected sidewalk  

 

Figure 6: Illustrations of 4 types of sidewalks 

Once again, the protected infrastructure, in this case, a protected sidewalk, is the most 

well-received kind of sidewalk for Tucsonans (Figure 7). Meanwhile, no sidewalk was found to 

make pedestrians extremely uncomfortable. Compared with a standard sidewalk to a wide 

sidewalk, most are more comfortable with the latter. 
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Figure 7: Bar chart showcasing Tucsonan’s comfortability using different types of sidewalks 

Interviews 
Three people were interviewed to express their concerns regarding cyclist and pedestrian 

facilities within their area of stay. These were the highlights of the conversation. 

Would you be willing to walk/cycle to your destination? 

Person A: In the city of Tucson, on the South Side! Not very comfortable. It’s kind of scary with 

the way people drive.” Not to mention doing so as a woman. As far as bike lanes there is “not a 

lot of space if something were to happen. One bad fall and you’re in the road. 

Person B: I don’t know how to ride a bicycle but if I did I still wouldn’t. Within my area there is 

a lot of traffic, people passing red lights, and reports of cyclist accidents just last year. With 
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cycling, I feel like it’s out of my control and I don’t trust the drivers enough to do so 

comfortably. 

What changes to your neighborhood would you like to see? 

Person A: I would like to see more bike lanes and sidewalks. I can’t recall a lot of sidewalks on the major 

streets, they seem only exclusive within neighborhoods. I think of my mom when she had my little sisters, 

she would have to push a stroller on a dirt path. 

Person B: Definitely more lights, it can get really dark out here. 

Person C: More lights! 

Majority of Tucsonans agree with Person B and Person C’s statements regarding lights (Figure 8)  

When asked to rank the facilities from 1- least comfortable to 4- most comfortable, each of them 

ranked them accordingly: 1- shared bike lane, 2- standard bike lane, 3- painted bike lane, and 4- protected 

bike lane, and 1- no sidewalk, 2- standard sidewalk, 3-wide sidewalk, and 4- protected sidewalk. This 

ranking is identical to the results of the survey. When asked if they would combine any feature from the 

option presented to make them the most comfortable, each interviewee combined these features together: 

a painted bike lane with a cyclist sign on the road and a barrier, and a wider sidewalk with a barrier. 

Based on these insights, a proposed street design was drafted to visualize what the ideal road 

design in Tucson may look like based on the survey results and the interviewees’ inputs. 
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Figure 8: Proposed Road Design based on findings 

Conclusion 
Cycling and walking are becoming increasingly popular modes of transportation. 

Unfortunately, the current installment of facilities is not enough to protect the cities’ residents 

from engaging in active modes of transportation. Several infrastructures were presented within a 

survey and individual interviews to explore what aids Tucsonans’ safety and comfort when 

cycling and walking. The research concluded that Tucsonans feel the most comfortable utilizing 

protected infrastructures when engaging in active transportation methods such as cycling and 

walking. The interviews revealed that visibility, combined with a physical barrier, is an asset that 

increases the feeling of safety. The consensus is that the city should have protected barriers along 

a painted bike lane and a barrier separating traffic from the sidewalk. With this information, the 

TDMT should design Tucson’s roads based on what makes the community feel the most 

supported/comfortable to ensure safety and maximize its active transportation engagement 

potential. 

Future research could overcome some of the limitations of this research project. For a 

more influential design, the TDMT could conduct a more thorough and site-specific research that 

allows for a customized design based on the needs of the residents/frequent visitors of said site. 
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Changes include utilizing a photograph of the different infrastructures to showcase instead of 

illustrations to capture a more accurate image of what these transportation infrastructures could 

look like. Or the involvement of volunteers to utilize these different infrastructures to rate and 

describe their comfort as opposed to having participants imagine how they would feel. There 

could also be the exploration of the types of barriers an area could benefit from, such as a natural 

barrier for its environmental and aesthetic benefits, a sturdier variant, or perhaps a strong 

streetlight since participants stated they felt safer in the presence of lights. 

Additionally, a major methodological contribution of this study is adapted Dill’s 4-types 

of riders survey to pedestrians. While the survey results were small, the responses matched with 

Dill and McNeil’s findings from the 50 largest metro areas in the U.S. Applying this survey to a 

larger sample could provide additional insight into design preference and test to see if the 

responses mirror those from cyclists. 

While considered a cycling and walking-friendly city, Tucson has a lot of room for 

improvement. By implementing protected infrastructure, the city can create safer spaces for 

people to walk and ride and further reduce the number of people driving. Focusing on low-stress 

infrastructure is critical for the city and could turn Tucson into the active mobility leader in the 

U.S. 
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Appendix 
Table 1: Cities with similar population to Tucson and the percentage of their population that 

cycle and walk to work 

City, State 2019 
Population 
Estimate 

Cycle 
(%) 

Walking 
(%) 

Tucson, 
Arizona 

541,482 2.4 3.1 

Albuquerque, 
New Mexico 

559,374 1.1 1.9 

El Paso, 
Texas 

679,813 0.2 1.4 

Omaha, 
Nebraska 

475,862 0.3 2.3 

(U.S. Census Bureau, Total Population & Commuting Characteristics by Sex, 2019) 

 

 

Figure 9: Bar charts showcasing the result of a true or false question regarding streetlights and 
safety for the Interested but Hesitant group and the Leisure/Exercise group 
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Survey 

Transportation [Capstone] 
Q1: Do you live in Tucson? 

o Yes  

o No  
 
Q2: Which statement applies to you? 

o I am not interested in cycling/physically unable to  

o I am interested in cycling but hesitant  

o I am comfortable cycling within bike lanes  

o I am comfortable cycling without bike lanes  
 
Q3: How comfortable are you riding a bike within a shared lane? Assume 35mph 

 Extremely 
uncomfortable 

Somewhat 
uncomfortable 

Somewhat 
comfortable 

Extremely 
comfortable 

Image of a shared 
lane  o  o  o  o  

 
 
Q4: How comfortable are you riding a bike within a bike lane? Assume 35mph 

 Extremely 
uncomfortable 

Somewhat 
uncomfortable 

Somewhat 
comfortable 

Extremely 
comfortable 

Image of an bike 
lane  o  o  o  o  
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Q5: How comfortable are you riding a bike within a painted bike lane? Assume 35mph 

 Extremely 
uncomfortable 

Somewhat 
uncomfortable 

Somewhat 
comfortable 

Extremely 
comfortable 

Image of a painted 
bike lane  o  o  o  o  

 
 
Q6: How comfortable are you riding a bike within a protected bike lane? Assume 35mph 

 Extremely 
uncomfortable 

Somewhat 
uncomfortable 

Somewhat 
comfortable 

Extremely 
comfortable 

Image of Protected 
bike lane  o  o  o  o  

 
 
Q7: How far are you willing to cycle to a destination? 
1 mile=6 minutes 

o 0-7 miles  

o 8-14 miles  

o 15-21 miles  

o 22-28 miles  

o 29-35 miles  

o 36+ miles  
 
Q8: Is there a desired location within the distance you’re willing to cycle? Would you feel comfortable 
cycling there? 

o Yes and I am comfortable cycling there  

o Yes but I am uncomfortable cycling there  

o No  
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Q9: Which statement applies to you?  
Note: Walking includes the use of assistive devices such as wheelchairs 

o I mainly walk to get to my destination (i.e work/school/store)  

o I mainly walk for leisure/exercise  

o I don’t walk  

o Other ________________________________________________ 
 
Q10: How comfortable are you walking without a sidewalk? Assume 35mph 

 Extremely 
uncomfortable 

Somewhat 
uncomfortable 

Somewhat 
comfortable 

Extremely 
comfortable 

Image of no 
sidewalk  o  o  o  o  

 
 
Q11: How comfortable are you using a standard sidewalk? Assume 35mph 

 Extremely 
uncomfortable 

Somewhat 
uncomfortable 

Somewhat 
comfortable 

Extremely 
comfortable 

Standard sidewalk  o  o  o  o  
 
 
Q12: How comfortable are you using a wide sidewalk? Assume 35mph 

 Extremely 
uncomfortable 

Somewhat 
uncomfortable 

Somewhat 
comfortable 

Extremely 
comfortable 

Image of a Wide 
sidewalk  o  o  o  o  
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Q13: How comfortable are you using a protected sidewalk? Assume 35mph 

 Extremely 
uncomfortable 

Somewhat 
uncomfortable 

Somewhat 
comfortable 

Extremely 
comfortable 

Image of a 
protected sidewalk  o  o  o  o  

 
 
Q14: True or False: Street lights make you feel safe. 

▼ True ... False 

 
Q15: Is there anything not previously mentioned that would make you feel safer walking or cycling on 
Tucson roads? 

________________________________________________________________ 
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