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Cycling is a convenient, and affordable mode of active transportation linked to increased 

physical and mental health, as well as environmental and socioeconomic benefits. 

However, cycling represents a marginal mode of commuter transportation in Canada, 

undertaken primarily by men with high levels of income and education. The factors that 

deter women in low-income neighbourhoods from engaging in utilitarian cycling are 

poorly understood. This study employs parametric modeling software Grasshopper to 

develop an analytical tool capable of generation optimized cycling route 

recommendations, based on input parameters hypothesized to encourage greater 

female ridership. To evaluate the parameters, the analytical tool is used to connect a 

residential low-income neighbourhood in Guelph to utilitarian destinations such as 

grocery stores, schools, childcare services, and existing cycling networks. The results 

indicate that more direct routes, greater separation from vehicular traffic, and lower 

speed limits are required to encourage equitable access to utilitarian cycling.
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1.0 Introduction 

1.1 Overview 

The sleek bodies of the motorized vehicles form tightly knit queues along the highway. 

Their heavy forms edge forward, steadily covering the asphalt road in a rainbow-

coloured blanket of metal. Heat radiates from their engines and the smell of gasoline 

fills the air. Any emerging gap in the sea of silver, white, red, blue, and gold is quickly 

swallowed up, each driver determined not to lose even a second in the desperate race 

home after a long day of work. This scene is all too familiar in North American cities 

during peak traffic hours. Traffic congestion, rising fuel costs, air pollution, and 

environmental degradation are among the growing number of challenges that many 

North American cities are currently grappling with, after decades of reliance on 

motorized vehicles as the primary mode of commuter transportation. 

 

The mounting pressure of climate change, road safety concerns, and rising rates of 

chronic illnesses stemming from sedentary lifestyles have stimulated a growing interest 

in adapting our transportation planning approach towards active modes of 

transportation, such as walking and cycling.1 While both walking and cycling are linked 

to health benefits including increased cardiovascular health and weight-loss,2 cycling is 

 
1 Audrey de Nazelle et al. “Improving Health through Policies That Promote Active Travel: A Review of 
Evidence to Support Integrated Health Impact Assessment.” Environment International 37, no. 4 (2011): 
pp. 766. 
2 Hamer, M., and Y. Chida. “Active Commuting and Cardiovascular Risk: A Meta-Analytic Review.” 
Preventive Medicine 46, no. 1 (2008): pp. 12.  



2 

the faster and more efficient option over long distances. Cyclists can reach average 

speeds of 10-25km/h in urban conditions.3 Meanwhile, pedestrians average only 4km/h 

on foot.4 Considering the median commute distance for most Canadians is 8.7km,5 the 

bicycle is much better equipped to compete with motorized vehicles as a mode of short 

and mid-distance transportation.  

 

The health, environmental and socioeconomic benefits of utilitarian or transport cycling 

have been well documented in recent literature. Cycling is recognized for its capacity to 

reduce greenhouse gas emissions, noise, air pollution and road congestion. 6 7 

Furthermore, cyclists engage in regular physical exercise that supports both 

socioeconomic and personal health benefits.8 At a societal level, a more physically 

active population reduces the burden on our healthcare systems9 and eases our 

reliance on gas-powered motorized vehicles.10 Relatively inexpensive to purchase and 

operate, cycling represents a more convenient,11 and flexible mode of transportation 

that most Canadians can afford. However, cycling does pose certain risks to the 

 
3 Harpa Stefansdottir, “A Theoretical Perspective on How Bicycle Commuters Might Experience Aesthetic 
Features of Urban Space,” Journal of Urban Design 19, no. 4 (2014): pp. 500. 
4 Kay Fitzpatrick, Marcus Brewer, and Shawn Turner, “Another Look at Pedestrian Walking Speed,” 
Transportation Research Record 1982 (2006): pp. 28. 
5 Statistics Canada, “Study: Long Commutes to Work by Car,” 2019, pp. 1. 
6 Ipek N. Sener, Naveen Eluru, and Chandra R. Bhat, “An Analysis of Bicyclists and Bicycling 
Characteristics: Who, Why, and How Much Are They Bicycling?,” Transportation Research Record: 
Journal of the Transportation Research Board 2134, no. 1 (2009): pp. 63. 
7 Jeroen J. de Hartog et al., “Do the Health Benefits of Cycling Outweigh the Risks?,” Epidemiology 22 
(2011): pp. 8. 
8 Sener et al., “An Analysis of Bicyclists and Bicycling Characteristics,” pp. 63. 
9 “Physical Activity,” World Health Organization, November 26, 2020, https://www.who.int/news-room/fact-
sheets/detail/physical-activity. 
10 de Hartog, “Do the Health Benefits of Cycling Outweigh the Risks,” pp. 1. 
11 Adrian E. Bauman and Chris Rissel, “Cycling and Health: An Opportunity for Positive Change?,” 
Medical Journal of Australia 190, no. 7 (2009): pp. 347. 



3 

individual. Some examples include increased inhalation of pollutants due to heightened 

breathing rates, and risk of serious injury associated with traffic collisions.12 Cyclists are 

much more vulnerable in the instance of a traffic collision. However, current healthcare 

studies support the conclusion that the health benefits provided by cycling substantially 

outweigh the potential risks at both an individual and societal level.13  

 

Although the benefits of cycling are widely recognized by the global community, cycling 

represents a diminishing percent of the mode share in Canada.14 From 1994-1995, 29% 

of Canadians over the age of 12 reported cycling, however, by 2013-2014 that number 

had fallen to 24%.15 According to census data from 2016, cycling accounts for just 1.6% 

of daily utilitarian or commuter trips in central metropolitan areas.16 While utilitarian 

cycling still represents only a marginal share of transportation trips,17 18 this marks a 

significant rise from 1.2% in 1996, suggesting that not all types of cycling are 

necessarily in decline in Canada. However, this achievement is dwarfed by Northern 

European countries, such as Germany, the Netherlands, and Denmark, where utilitarian 

cycling mode shares reach 30%, 32% and 35% respectively.19 Meanwhile, in major 

urban centres such as Copenhagen, 62% of journeys to work and school are made by 

 
12 de Hartog, “Do the Health Benefits of Cycling Outweigh the Risks,” pp. 1. 
13 Ibid, pp. 8. 
14 Pamela Ramage-Morin, “Cycling in Canada,” Health Reports, Statistics Canada 8, no. 4 (2017): pp. 3. 
15 Ibid, pp. 3. 
16 Jason Gilmore, “Commuters Using Sustainable Transportation in Census Metropolitan Areas” 
(Government of Canada, Statistics Canada, 2017), pp. 2. 
17 John Pucher and Ralph Buehler, “International Overview: Cycling Trends in Western Europe, North 
America, and Australia,” in City Cycling (Cambridge, MA: MIT Press, 2012), pp. 9. 
18 John Pucher and Ralph Buehler, “Why Canadians Cycle More than Americans: A Comparative 
Analysis of Bicycling Trends and Policies,” Transport Policy 13, no. 3 (2006): pp. 278. 
19 John Pucher and Ralph Buehler, “Making Cycling Irresistible: Lessons from the Netherlands, Denmark 
and Germany,” Transport Reviews 28, no. 4 (2008): pp. 499. 
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bicycle.20  Here, cycling is undertaken primarily for utilitarian purposes, such as school, 

work, and shopping.21 Meanwhile, attempts to promote cycling for daily travel have been 

less successful in Canada, and cycling is undertaken mainly for recreational purposes 

among select demographics.22 Similar to other auto-dominated countries with 

underdeveloped cycling cultures, such as the United States, the United Kingdom and 

Australia, cycling in Canada is more popular among young to middle-aged men with 

high levels of income and education.23 24 Canadian women comprise a 

disproportionately small percentage of utilitarian cyclists,25 and while many Canadian 

cities are actively promoting investment in cycling infrastructure, research suggests that 

the distribution of cycling routes, and other cycling amenities such as secure bicycle 

parking is concentrated in affluent neighbourhoods or neighbourhoods in the process of 

gentrification.26 

 

  

 
20 “2019 Copenhagenize Index,” Copenhagenize, accessed November 30, 2021, 
https://copenhagenizeindex.eu/cities/copenhagen 
21 Pucher, “Making Cycling Irresistible,” pp. 499. 
22 Pucher et al., “Why Canadians Cycle More than Americans,” pp. 278. 
23 Jan Garrard, Susan Handy, and Jennifer Dill, “Women and Cycling,” in City Cycling (Cambridge, MA: 
MIT Press, 2012), pp. 211. 
24 Ramage-Morin, “Cycling in Canada,” pp. 3. 
25 Pucher et al., “International Overview,” in City Cycling, pp. 14. 
26 Flanagan, Elizabeth, Ugo Lachapelle, and Ahmed El-Geneidy. “Riding Tandem: Does Cycling 
Infrastructure Investment Mirror Gentrification and Privilege in Portland, OR and Chicago, IL?” Research 
in Transportation Economics 60, no. Complete (2016): pp. 14.  
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1.2 Research Goal  

The goal of this research study is to use ‘Research For Design’ as a methodology to 

develop an analytical tool that optimizes cycling network design to prioritizes women 

and connects a residential low-income neighbourhood in Guelph to utilitarian 

destinations. Regular cycling represents an active mode of transportation linked to 

personal and communal health, environmental, and socioeconomic benefits. These 

advantages should be convenient and accessible to all, not just Canada’s elite. 

 

1.3 Objectives  

1. Identify motivators and deterrents that influence women’s cycling mode share in 

low-income neighbourhoods; 

2. Analyze cycling routes in the case study city, Guelph, to establish the locations of 

areas with poor access to utilitarian cycling networks; 

3. Enlist key informant feedback to determine which cycling route features are most 

important to develop as part of the analytical tool;  

4. Develop an analytical tool that optimized cycling network design and connects a 

residential low-income neighbourhood in Guelph to utilitarian destinations, and; 

5. Compare the results of the analytical tool with the existing cycling networks in 

Guelph. 
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2.0 Literature Review  

2.1 Contextual Background 

2.1.1 The 1890s Bicycle Boom 

The first “Bicycle Craze” in North American history began during the 1890s with the 

development and subsequent popularization of the safety bicycle. In contrast to the 

conventional high-wheeler bicycles, known colloquially as penny-farthings, the safety 

bicycle typically had two thigh-high wheels of equal size, pneumatic tires, a rear-wheel 

drive, and a chain-driven transmission.27 28 The cyclist’s feet could touch the ground, 

granting the rider the ability to slow him or herself down at will. Moreover, the high seat 

of the penny-farthing, paired with the demands of maintaining balance from on high 

made these bicycles challenging to ride.29 Uneven surfaces and road obstructions 

presented serious safety hazards, and riders were very much prone to falling.30 Popular 

brands such as the English Rover Safety Bicycle could match the speed of the high-

wheeler, without significant risk to the rider.31 More secure and easier to learn, the 

safety bicycle or “safety” quickly gained popularity among North Americans audiences, 

all but replacing the high-wheeler within a few years of its appearance on the market.32  

 
27 Trine Agervig Carstensen and Anne-Katrin Ebert, “Cycling Cultures in Northern Europe: From ‘Golden 
Age’ to ‘Renaissance,” in Cycling and Sustainability (Bingley (UK): Emerald, 2012), pp. 26. 
28 Margaret Guroff, “The Wheel, the Woman and the Human Body,” in Mechanical Horse: How the Bicycle 
Reshaped American Life (UNIV OF TEXAS Press, 2018), pp. 35. 
29 Carstensen et al., “Cycling Cultures in Northern Europe,” in Cycling and Sustainability, pp. 26. 
30 Ibid, pp. 25. 
31 Guroff, “The Wheel, the Woman and the Human Body,” in Mechanical Horse, pp. 36. 
32 Carstensen et al., “Cycling Cultures in Northern Europe,” in Cycling and Sustainability, pp. 26. 
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Figure 1. Rudge 'Ordinary' or 'Penny-Farthing' 
bicycle, 1884 (Science Museum Collection Group) 

 

Figure 2. Rover 'Safety’ bicycle, 1885 (Science 
Museum Collection Group) 

 

Today the safety bicycle is recognized for its role in making cycling more accessible to a 

wider demographic, particularly women.33 The safety bicycle is credited for contributing 

to women’s emancipation, including its role in reversing repressive fashion trends in 

women’s clothing, such as long dresses, bulky undergarments and corsets.34 Women 

were given the wheels to quit the domestic home sphere and gain some amount of 

transportation independence on the road.35 Critics, including medical professionals, 

cited fears that cycling posed detriments to women’s physical and sexual health.36 

Despite the widespread media attention and controversy drawn by female ridership, 

there is little evidence to suggest that women engaged extensively in the sport.37 

 
33 Garrard et al., “Women and Cycling,” in City Cycling, pp. 213. 
34 Ibid, pp. 213. 
35 Ibid, pp. 213. 
36 Ibid, pp. 213. 
37 Carstensen et al., “Cycling Cultures in Northern Europe,” in Cycling and Sustainability, pp. 28. 
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However, the cycling boom did help to dispel the negative image of the woman as 

weak, fragile, passive and incapable of intense physical exertion.38  

 

Moreover, the early safety bicycles were expensive. Viewed as a symbol of wealth and 

status and health, cycling was mainly pursued by young, unmarried men from the upper 

and middle class as a recreational hobby.39 40 While the average wage of an American 

worker was $12 a week, the original safeties were priced at around $150,41 easily three 

month’s wages. By 1895, prices had dropped to a more reasonably $75, and the safety 

bicycles themselves became lighter and more comfortable.42 While more affordable, 

mass-produced bicycles flooded the European market at the turn of the century, the 

bicycle fervour was already beginning to wane in Britain and America.43 In Europe, the 

bicycle became a transport tool for the working class, meanwhile, in North America it 

became a recreational vehicle for children’s sport and play.44 

 

2.1.2 Post-War: Modernism and the Introduction of the Automobile 

The introduction of the first automobiles in North America during the 1920s signaled the 

start of a new era of urban planning, hostile to both the pedestrian and the cyclist.45 As 

 
38 Carstensen et al., “Cycling Cultures in Northern Europe,” in Cycling and Sustainability, pp. 29. 
39 Ibid, pp. 27. 
40 Carlton Reid, Bike Boom: The Unexpected Resurgence of Cycling (London: Island Press, 2017), pp. 
19. 
41 Guroff, “The Wheel, the Woman and the Human Body,” in Mechanical Horse, pp. 39. 
42 Ibid, pp. 39. 
43 Reid, Bike Boom,” pp. 19.  
44 Ibid, pp. 19. 
45 Michael Southworth, “Designing the Walkable City,” Journal of Urban Planning and Development 131, 
no. 4 (2005): pp. 247. 
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motorized vehicles became more affordable during the post-war years, urban planners 

began to design systems which prioritized them above all other modes of transport.46 47 

Capable of traveling much greater distances than any previous mode of transportation, 

the automobile broke up fine-grained pedestrian networks and pushed our urban 

centres apart.48 Rapid suburban growth defined the post-war years in North America.49 

At the same time, Modernism, pioneered by Swiss architect Le Corbusier, was making 

its grand debut in urban planning. Modernism promised efficient, orderly cities where 

‘form follows function.’ The automobile epitomized many of the core tenets of 

Modernism, including efficiency, functionalism, mechanization and rejection of 

traditional methods and values. North American cities built during the early post-war 

years were characterized by larger block sizes, sweeping multi-lane highways, 

sprawling low-density suburbs, and segregated land-use.50 51 Due to the high cost of 

construction and maintenance, sidewalks were absent from most residential 

neighbourhoods.52 The motorized vehicle became a necessity to navigate the 

increasing distance between work, live and play destinations, which neither bicycle, nor 

streetcar could close. Once a ubiquitous feature on the streets of Canadian cities during 

the first two decades of the 20th century, the bicycle fell even further into decline, as 

dependence on the automobile took root in North America. 

 
46 Igor Vojnovic, “The Environmental Costs of Modernism,” Cities 16, no. 5 (1999): pp. 308. 
47 Polonca Andrejčič Mušič and Ilka Čerpes, “A Holistic Approach to the Integration of Bicycle Traffic into 
the Urban Landscape,” Igra Ustvarjalnosti - Creativity Game, no. 3 (2015): pp. 78.  
48 Southworth, “Designing the Walkable City,” pp. 247. 
49 Vojnovic, “The Environmental Costs of Modernism,” pp. 302-03. 
50 Southworth, “Designing the Walkable City,” pp. 247. 
51 Vojnovic, “The Environmental Costs of Modernism,” pp. 303. 
52 Southworth, “Designing the Walkable City,” pp. 247. 
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2.1.3 Cycling Revival: 1970-1974 

The auto-oriented city continued to dominate in North America and Europe over the 

next two decades. Meanwhile in the post-boom era, cycling was relegated to a sports 

and recreational role, dominated by children and adolescents.53 However, by the 1970s, 

the cracks in Modernism were beginning to show. North Americans were growing 

frustrated with the sterile streets, expansive parking lots and empty downtown cores, 

devoid of any trace of public life. Promising efficiency, Modernism had failed to address 

the needs of the city at a human scale. Public disillusionment was spurred on by 

growing environmental concerns, complaints of traffic congestion and road safety 

fears.54 Adding more fuel to the flames, the 1973 oil embargo proclaimed by the 

Organization of Arab Petroleum Exporting Countries (OAPEC) targeted the United 

States, Canada, the United Kingdom and the Netherlands among other countries that 

supported Israel during the Yom Kippur War.55 An oil shortage ensued.56 Motorized 

vehicles retreated from the streets as oil prices spiked.57 The bicycle returned, finding a 

place among the slow-moving vehicles that lingered on the roads. With fewer motorized 

vehicles on the road, cycling became much safer, fueling even more public demand for 

improved cycling infrastructure. From 1970 to 1974, bicycle sales in the United States 

and Canada exploded, causing a “bike boom.”58 While children’s bicycles dominated the 

market in previous decades, an astonishing 60% of the sales were commissioned for 

 
53 Reid, Bike Boom,” pp. 19. 
54 Melissa Bruntlett and Chris Bruntlett, Building the Cycling City: The Dutch Blueprint for Urban Vitality 
(Washington, DC: Island Press, 2018), pp. 10. 
55 Ibid, pp. 10. 
56 Ibid, pp. 10. 
57 Ibid, pp. 10. 
58 John Pucher, Charles Komanoff, and Paul Schimek, “Bicycling Renaissance in North America? Recent 
Trends and Alternative Policies to Promote Bicycling,” Transportation Research Part A: Policy and 
Practice 33, no. 7-8 (1999): pp. 630. 



11 

adult bicycles at the height of the boom in 1974, a far cry from the 12% of 1969.59 In the 

United States, bicycle sales jumped from 6 million pre-shortage, to 15.3 million in 

1973.60 The Time proclaimed the 1970s boom as the “bicycle’s biggest wave of 

popularity in its 154-year history.”61 

 

The 1970s oil crisis caused a permanent shift in ideology among some European 

countries such as the Netherlands and Denmark, as they began to adapt their urban 

transportation policies to promote energy independence and environmental 

sustainability.62 ‘Car-Free Sundays’ were introduced in the Netherlands, along with 

expanded sidewalks, single-direction cycle-tracks, investment in public transit projects, 

and more relaxed zoning codes which allowed apartment-style housing to be 

reintroduced to the downtown core.63 Post-war European cities rebuilt in the image of 

the automobile were retrofitted to accommodate the pedestrian and the cyclist once 

again.64 In Denmark, Germany and the Netherlands, elementary school children, most 

of whom cycle to school, benefit from mandatory training and education in cycling 

safety.65 In order to gain the privilege of roaming the streets on two wheels, they must 

pass a mandatory police-administered exam.66  Meanwhile, infatuation with the bicycle 

in North America would be short-lived, lasting only four years.67 To the disappointment 

 
59 Reid, Bike Boom, pp. 109. 
60 Ibid, pp. 110. 
61 Ibid, pp. 109. 
62 Pucher et al., “Why Canadians Cycle More than Americans,” pp. 277. 
63 Bruntlett et al., Building the Cycling City, pp. 11. 
64 Bruntlett et al., Building the Cycling City, pp. 11. 
65 Pucher et al., “Why Canadians Cycle More than Americans,” pp. 278. 
66 Ibid, pp. 278. 
67 Reid, Bike Boom, pp. 141. 
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of cycling advocates and enthusiasts, ambitious plans to implement improved cycling 

infrastructure were abandoned by the second half of the decade as the momentum of 

the bicycle movement was waning.68 Cycling interest fizzled out and by 1975, bicycle 

sales had fallen by 50%.69  

 

2.1.4 Health and Environmental Activism during the 21st Century 

By the turn of the century North America was grappling with air pollution, road 

congestion and rising obesity rates, the consequences of a decades-long devotion to 

the automobile. The Great Pacific Garbage Patch, a massive accumulation of oceanic 

plastic and debris floating within a 1.6 km² zone in the Pacific Ocean, was discovered by 

racing boat captain Charles Moore in 1997.70 71Meanwhile, by the mid-2000s American 

politician Al Gore’s documentary “An Inconvenient Truth” and Morgan Spurlock’s 

“Super-Size Me” had brought widespread media attention to North American audiences 

concerning the climate crisis and the obesity epidemic respectively. Renewed interest in 

active modes of transportation spawned a profusion of literature associated with cycling. 

North American planning agencies began looking to cycling-oriented European cities for 

inspiration. In the years surrounding the turn of the century, European cities 

Copenhagen (1995), Helsinki (2000), Oslo (2002), and Stockholm (2006) had 

implemented bicycle rental systems aimed at stimulating utilitarian cycling over short 

 
68 Reid, Bike Boom, pp. 141. 
69 Ibid, pp. 141. 
70 “Great Pacific Garbage Patch,” National Geographic Society, October 9, 2012. 
https://www.nationalgeographic.org/encyclopedia/great-pacific-garbage-patch/.  
71 L. Lebreton et al., “Evidence That the Great Pacific Garbage Patch Is Rapidly Accumulating Plastic,” 
Scientific Reports 8, no. 1 (2018): 4665. 
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urban distances.72 As an alternative to motorized vehicles, bicycles produce no carbon 

emissions during use, and relatively little to manufacture, transport and dispose of. 

Research suggests that they help to alleviate some of the negative effects associated 

with automobiles, including traffic congestion, noise, air pollution, and reliance on 

foreign fuel supplies.73 In crowded urban centres and during peak travel times, cycling 

presents a quicker and more flexible transit option.74  

 

Research from the World Health Organization (WHO) indicates that a quarter of the 

world’s adult population is sedentary, a trend which is significantly more pronounced in 

high-income countries.75 This pattern is reflected in Canada, where just over one 

quarter of Canadians live with obesity,76 a number which is projected to rise to one third 

by 2031.77 Meanwhile, cycling has been linked to improved cardiovascular health, 

weight control, and mental well-being.78 Regular physical exercise, such as cycling to 

work, school or shopping can be an effective way of incorporating the recommended 30 

minutes of daily exercise.79 In a study conducted by Hamer et al., active transportation, 

including cycling and walking was positively associated with an 11% reduction in 

cardiovascular risk.80 In addition to the health benefits to the individual, a more 

 
72 Jeroen J. de Hartog et al., “Do the Health Benefits of Cycling Outweigh the Risks?” Epidemiology 22 
(2011): pp. 1. 
73 Sener et al., “An Analysis of Bicyclists and Bicycling Characteristics,” pp. 63. 
74 IBI Group, “Guelph Cycling Master Plan,” Guelph Cycling Master Plan § (2012), pp. 10. 
75 “Physical Activity,” World Health Organization, November 26, 2020, https://www.who.int/news-
room/fact-sheets/detail/physical-activity. 
76 “Overweight and Obese Adults,” Health Reports, Statistics Canada, March 2018, pp. 3. 
77 C. Bancej et al., “Evidence Brief – Trends and Projections of Obesity among Canadians,” Health 
Promotion and Chronic Disease Prevention in Canada 35, no. 7 (2015): pp. 110. 
78 Bauman and Rissel, “Cycling and Health,” pp. 347. 
79 Hamer et al., “Active Commuting and Cardiovascular Risk,” pp. 9. 
80 Ibid, pp. 12. 
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physically active population will alleviate pressure on our healthcare system, saving 

billions of Canadian dollars over the long-term.81 Women stand to gain more from 

commuting by bicycle, since they are less likely to be as physically active as men.82 

 

Relatively inexpensive to purchase and operate, cycling represents a convenient,83 and 

flexible mode of transportation that most Canadians can afford. The cost of maintaining 

a bicycle is about $120 annually, while the cost of maintaining an automobile is closer to 

$8,000.84 More affordable than an automobile, cycling also presents an alternative for 

people with mobility issues that render them incapable of operating an automobile, 

including senior citizens, individuals with disabilities, and children and adolescents 

under  the age of 16.85  However, cycling does pose certain risks to the individual. Some 

examples include increased inhalation of pollutants due to heightened breathing rates, 

and risk of serious injury associated with traffic collisions.86 Cyclists are much more 

vulnerable in the instance of a traffic collision. Nonetheless, current healthcare studies 

support the conclusion that the health benefits provided by cycling substantially 

outweigh the potential risks at both an individual and societal level.87 

 
81 Bancej et al., “Evidence Brief – Trends and Projections of Obesity,” pp. 109. 
82 Garrard et al., “Women and Cycling,” in City Cycling, pp. 212. 
83 Adrian E. Bauman and Chris Rissel, “Cycling and Health: An Opportunity for Positive Change?,” 
Medical Journal of Australia 190, no. 7 (2009): pp. 347. 
84 IBI Group, “Guelph Cycling Master Plan,” pp. 10. 
85 IBI Group, “Guelph Cycling Master Plan,” pp. 11. 
86 de Hartog, “Do the Health Benefits of Cycling Outweigh the Risks,” pp. 1. 
87 Ibid, pp. 8. 
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2.1.5 Opposition from the Business Sector 

Despite the growing popular demand for cycling infrastructure, including cycling lanes, 

tracks, and boulevards, as well as bicycle parking and bike-share programs in North 

America, local governments and transportation agencies often face fierce opposition 

from some factions of the community.88 The contention associated with this topic has 

made city planners and politicians reluctant to implement cycling infrastructure 

projects.89 Some of the most vocal critics include local merchants, who are concerned 

that pedestrian and cycling infrastructure will reduce valuable space for on-street 

parking and commercial loading zones. 90 91 The North American retail and services 

sector was rebuilt in the image of the automobile in the post-war years, and local 

merchants are concerned that sales revenues collected from cyclists and pedestrians 

will not be enough to offset the losses forfeited by decreased automobile user 

patronage.92 However, these claims are largely unsupported by academic research. A 

growing body of literature indicates that active transportation facilities, such as cycling 

lanes and pedestrian sidewalks generate a positive to neutral economic impact on local 

businesses in the United States and Canada, even when vehicular lanes and parking 

are removed.93 Compared to auto-users, cyclists and pedestrians typically spend more 

per month in retail corridors and urban downtowns, stimulating both cycling growth and 

 
88 Jamey M. Volker and Susan Handy, “Economic Impacts on Local Businesses of Investments in Bicycle 
and Pedestrian Infrastructure: A Review of the Evidence,” Transport Reviews 41, no. 4 (2021): pp.402. 
89 Daniel Arancibia et al., “Measuring the Local Economic Impacts of Replacing on-Street Parking with 
Bike Lanes,” Journal of the American Planning Association 85, no. 4 (2019): pp.463. 
90 Raleigh McCoy, Joseph A. Poirier, and Karen Chapple, “Bikes or Bust? Analyzing the Impact of Bicycle 
Infrastructure on Business Performance in San Francisco,” Transportation Research Record: Journal of 
the Transportation Research Board 2673, no. 12 (September 2019): pp. 277,  
91 Arancibia et al., “Measuring the Local Economic Impacts,” pp.463. 
92 Kelly Clifton et al., “Examining Consumer Behavior and Travel Choices,” Civil and Environmental 
Engineering Faculty Publication and Presentation, 2013, pp. 23. 
93 Volker, “Economic Impacts on Local Businesses,” pp.424. 
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revenues for local businesses.94 A study conducted by Arancibia et al. (2019) on Bloor 

Street, Toronto, confirmed that both customer spending and visit frequency rose 

following the addition of temporary cycling lanes along 2.4 km of the commercial 

corridor.95 Retail, food, bar services and other gentrified commodities abutting or within 

a short distance from the Bloor Street cycling lanes were positively impacted.96 This is 

consistent with the findings of other researchers who have cited retail, food and bar 

services among the businesses most positively impacted by the introduction of cycling 

infrastructure. 97 98  

 

However, it must be noted that not all businesses stand to gain equally from the 

introduction of cycling infrastructure, and there are some exceptions to the rule.99 While 

most local businesses, including retail, food and bar services benefit from proximity to 

cycling infrastructure, auto-oriented businesses, grocery stores and home goods stores 

saw neutral to negative economic impacts. 100 Auto-oriented businesses, including gas 

stations, auto-parts and repair shops depend on customer access via automobiles. 

According to a study conducted by McCoy et al. (2019) city planners should avoid 

placing cycling infrastructure through corridors with high concentrations of home goods 

establishments, such as furniture stores, which carry large, heavy and fragile items that 

 
94 Volker, “Economic Impacts on Local Businesses,” pp.404. 
95 Arancibia et al., “Measuring the Local Economic Impacts,” pp.477. 
96 Ibid, pp.477. 
97 Volker, “Economic Impacts on Local Businesses,” pp.409. 
98 Thomas Blondiau, Bruno van Zeebroeck, and Holger Haubold, “Economic Benefits of Increased 
Cycling,” Transportation Research Procedia 14 (2016): pp. 2311. 
99 McCoy, “Bikes or Bust?” pp.286 
100 Volker, “Economic Impacts on Local Businesses,” pp. 427. 
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are difficult to transport by foot, bicycle or public transport.101 In a report conducted by 

Clifton et al. (2013) on 89 businesses in Portland, both cyclists and pedestrians spent 

less per visit, but visited grocery stores more frequently that auto-dependent 

commuters.102 However, even with frequency accounted for, automobile users still 

spend more per month at grocery stores, unburdened by the carrying capacity limits 

imposed on other modes of transportation.103 104  

 

Investment in cycling infrastructure has been linked to job creation, particularly within 

the cycling sector.105 Employment in the cycling sector includes, but is not limited to 

work in bicycle retail, production, infrastructure, tourism and repair services.106 

Introducing cycling infrastructure to a neighbourhood attracts more cyclists to the area, 

creating business opportunities for local merchants.107 Research conducted by Blondiau 

et al. (2016) has quantified the employment effect of cycling infrastructure at 1.28X 

higher than the employment effect of general transportation.108 Furthermore, most 

employment in the cycling sector does not require high levels of education or training, 

creating easily accessible employment opportunities for a number of groups within the 

community.109  

 
101 McCoy, “Bikes or Bust?” pp.286. 
102 Clifton et al., “Examining Consumer Behavior,” pp. 23. 
103 Ibid, pp. 23. 
104 Volker, “Economic Impacts,” pp. 407. 
105 Blondiau, “Economic Benefits of Increased Cycling," pp. 2307. 
106 Blondiau, “Economic Benefits of Increased Cycling,” pp. 2308. 
107 Clifton et al., “Examining Consumer Behavior,” pp. vii. 
108 Blondiau, “Economic Benefits of Increased Cycling,” pp. 2310. 
109 Ibid, pp. 2311. 
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Understanding which types of businesses benefit from the inclusion of cycling 

infrastructure will help us identify the corridors that could benefit the most from this type 

of infrastructure.110 Equally important is understanding what types of cycling 

infrastructure attract cyclists. The provision of cycling infrastructure, such as bike paths, 

boulevards, secured shelters and corrals are significant indicators of bicycle mode 

share.111 According to research conducted by Volker et al. (2021), cycling infrastructure 

with greater separation from vehicular traffic, such as class II (Figure 4) and class IV 

(Figure 6) are more effective indicators of cyclists than the sharrows and signed routes 

associated with class III bikeways (Figure 5).112  

 

  

 
110 McCoy, “Bikes or Bust?” pp.277. 
111 Clifton et al., “Examining Consumer Behavior,” pp. vii. 
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Figure 3. Class I Bikeway: Bike Paths (Caltrans). 

 

 

Figure 4. Class II Bikeway: Bike Lanes and Buffered Bike Lanes (Caltrans). 

 

Figure 5. Class III Bikeway: Bike Routes and Bicycle Boulevards (Caltrans). 

 

Figure 6. Class IV Bikeway: Separated Bikeway/Cycle Track (Caltrans) 
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2.1.6 Renewed Interest During the Pandemic 

Since the onset of the COVID-19 global pandemic in 2020, utilitarian cycling has 

maintained a steady mode share in Canada, according to government statistics. While 

commuting by private vehicle has dropped from 75% to 67%, public transit has been 

affected even more adversely, dropping from 13% to a mere 3%.113 Walking and cycling 

(grouped together) has dropped from 7% to 6%, and 2% used an alternative mode of 

transportation.114 Meanwhile, the remaining 22% of the workforce telecommuted.115 In 

contrast to other countries such as New Zealand and South Korea, pandemic lockdown 

restrictions have been relatively subdued in Canada and the United States. 

Recreational exercise continues to be encouraged here, and both countries have 

experienced increased numbers of cyclists on the roads.116 Bicycle sales have risen 

sharply since the initial lockdown in June 2020, however, higher cycling numbers on 

weekends suggests that the influx is primarily centred around recreational cycling.117 

Several Canadian cities, including Vancouver, Calgary, and Toronto, have installed 

temporary bike lanes to accommodate the newfound demand for cycling infrastructure. 

These are not without controversy though. Cycling advocates are petitioning local 

governments to make these lanes permanent, while their adversaries are calling for 

their immediate removal. In March of 2021, the Canadian government announced a 

federal fund to help build new and expanded networks of pathways, bike lanes, trails 

 
113 “More Commuters Now Walk or Bike to Work than Take Public Transit,” Statistics Canada, 2020, pp. 
1. 
114 Ibid, pp. 1. 
115 Ibid, pp. 1. 
116 Ralph Buehler and John Pucher, “Covid-19 Impacts on Cycling, 2019–2020,” Transport Reviews 41, 
no. 4 (2021): pp. 393. 
117 Ibid, pp. 393. 
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and pedestrian bridges across the country.118 Boasting a budget of $400 million over 

five years, this is the first active transportation fund to specifically target cycling 

infrastructure in Canada.119 Although cycling ridership has risen during the pandemic, it 

is uncertain whether these numbers can be sustained in the post-pandemic world as 

people return to in-person work and learning. Will the pandemic cause a lasting effect 

on transportation mode share in Canada? Or will the cycling fever diminish, 

disappearing as quickly as the 1970s “Bike Boom.” 

  

 
118 “Government of Canada Announces First Federal Fund for Cycling Paths and Trails across the 
Country,” Canada.ca (Government of Canada, March 12, 2021). 
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2.2 Bicycle-Friendly Environments 

The term “bicycle-friendly” appears frequently in literature surrounding cycling 

infrastructure, yet rarely is it defined. The term can be understood as any environment 

that accommodates, encourages, and prioritizes utilitarian and recreational cycling. 

Zayed (2017) defines the term “bicycle-friendly” as an environment “that has efficient 

infrastructure, transportation policies and societal consensus to make cycling a main 

transport mode.”120 Meyer et al. (2018) adds that a bicycle-friendly community consists 

of a well-connected cycling network, complete with facilities that permit cyclists of all 

abilities to reach their destination safely and conveniently.121 To elaborate on that 

definition, bicycle-friendly cities are often characterized by high-density urban 

developments, diversified land-use planning, traffic calming measures, an even gender 

split, and a safe and comfortable transportation network that prioritizes pedestrians and 

cyclists over motor vehicles.122   

 

Meanwhile, Danish urban planning consultancy Copenhagenize Design Co. has 

developed conceivably the most comprehensive and holistic ranking system to date. 

Originally intended as an internal tool to support governments interested in developing 

more bicycle-friendly environments, the Copenhagenize Index now recognizes and 

evaluates the cycling infrastructure of over a hundred cities biannually. The top twenty 

 
120 Mohamed Anwer Zayed, “Towards an Index of City Readiness for Cycling,” International Journal of 
Transportation Science and Technology 5, no. 3 (2016): pp. 213. 
121 Joel L. Meyer and Jennifer C. Duthie, “How GPS Route Data Collected from Smartphones Can Benefit 
Bicycle Planning,” Bicycle Urbanism, July 2018, pp. 183. 
122 Zayed, “Towards an Index,” pp. 213. 
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scoring cities are published on the Danish consultancy’s website. The Copenhagenize 

Index is based on a 12-point system which examines three broad categories: 

streetscape, culture, and ambition. These categories are further aggregated into the 

following 13 items: 

1. Bicycle infrastructure  

2. Bicycle facilities  

3. Traffic calming  

4. Gender split  

5. Modal share for bicycles  

6. Modal share increase over the last 10 years  

7. Indicators of safety  

8. Image of the Bicycle  

9. Cargo bikes  

10.  Advocacy  

11. Politics  

12. Bike Share 

13. Urban Planning  

Since its initial publication in 2011, the Copenhagenize Index has been released five 

times. In the most recent publication in 2019, the index recognized Copenhagen, 

Amsterdam, and Utrecht as the top three most “bicycle-friendly” cities in the world. 

Outside of Europe, Taipei, Bogota, and Vancouver were recognized as welcome 

“newcomers.” The Copenhagenize Index is one of the few international benchmarks 

that targets social issues, including gender disparity.  
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2.3 Cycling for Utilitarian vs. Recreational Purposes 

To discern between different types of cycling engagement, two typologies have been 

used; recreational cycling and utilitarian cycling (alternatively referred to as commuter or 

transport cycling). Recreational cycling encompasses all forms of cycling for leisure and 

sports activities.123 It is the more popular cycling typology in low-cycling, English-

speaking countries such as Canada, and the United States,124 and has been positively 

associated with employment, high level of income, high educational attainment, and 

likelihood of cyclists being young to middle-aged men.125 126 Recreational and utilitarian 

cycling are not mutually exclusive however, and research conducted by Habib et al. 

(2018) revealed that many Canadians living in Toronto engage with both cycling 

typologies for different purposes.127 This is consistent with findings from Heesch et al. 

(2014) which cite a substantial overlap between recreational and utilitarian cyclists.128 In 

a survey conducted in Guelph, Ontario, 55% of respondents cycled for recreational 

purposes, and 11% for utilitarian purposes.129 The remaining 34% cycled for both 

recreational and utilitarian purposes.130 

 

 
123 Kristiann Heesch, Billie Giles-Corti, and Gavin Turrell, “Cycling for Transport and Recreation: 
Associations with Socio-Economic Position, Environmental Perceptions, and Psychological Disposition,” 
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125 Heesch et al., “Gender Differences,” pp. 9. 
126 Ibid, pp. 30. 
127 Khandker Nurul Habib et al., “Synopsis of Bicycle Demand in the City of Toronto: Investigating the 
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Transportation Research Part A: Policy and Practice 70 (2014): pp. 77. 
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129 IBI Group, “Guelph Cycling Master Plan,” pp. 17. 
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Meanwhile, utilitarian, transport or commuter cycling is defined as any cycling 

undertaken as a means of transport, such as trips to work and school, visiting friends, 

shopping, attending church and medical appointments, or running other errands.131 

Utilitarian cycling is the earliest known and most common form of cycling in the world. In 

many developing countries, the bicycle remains a popular mode of transport because it 

is the most affordable and convenient option. For instance, in India, cycling has 

traditionally played an important role in transporting agricultural produce and other 

essential commodities across short distances.132 Meanwhile, in urban contexts, it has 

granted cyclists access to schools, work and shops among other essential services.133 

More affordable than public transit, 45% of Indian households own a bicycle.134  

 

In affluent countries with high rates of automobile ownership, such as the Netherlands, 

Denmark and Germany, utilitarian cycling remains a popular means of transportation, 

albeit for different reasons.135 Although automobile ownership has been consistently 

linked to decreased levels of cycling in academic literature,136 the two are not 

necessarily mutually exclusive. In many European countries, heavy taxes on car 

ownership and investment in cycling infrastructure have bolstered utilitarian cycling.137 

For instance, despite maintaining 20 percent more cars per capita, Germany boasts 
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bicycle mode share ten times greater than those seen in the United Kingdom.138 

Furthermore, as of 2016 the number of bicycles outnumber people (22.5 million to 18 

million) in the Netherlands.139 Meanwhile. in countries with lower taxes on car 

ownership, such as Canada, the United States and Australia, utilitarian cycling mode 

shares remain extremely low.  

 

According to data from the 2016 census, utilitarian cycling accounts for less than 2% of 

Canadian commuter mode shares in central metropolitan areas. Considering that 24% 

of Canadians reported cycling within the past three months,140 this represents a 

diminishing percent of the cycling population. Moreover, current literature indicates that 

Canadian women were much less likely to engage in utilitarian cycling compared to 

men.141 A 2006 survey conducted by the City of Calgary revealed that only 25% of the 

commuter cycling population was female.142 Meanwhile studies in Vancouver and 

Montreal estimate that women account for 1/3 of cycling-commuters.143 These results 

are consistent with the findings of Pucher and Buehler (2012) from the United States 

and Australia, where women constitute 1/3 of recreational cyclists, but less than ¼ of 

utilitarian cyclists.144 145 In a study conducted by Habib et al. (2018), data revealed that 
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individuals with safety concerns were less likely to be utilitarian cyclists.146 Considering 

that women are generally more deterred by unsafe cycling environments, many 

scholars have drawn a parallel here. However, there are a myriad of factors that 

continue to preclude higher female-mode shares among utilitarian cyclists.    

 

2.4 Bicycle-friendly environments that target the needs of Women 

Regardless of age, income and education, North American men are more likely to cycle 

than women.147 Although women account for half of the commuter population in major 

Canadian cities,148 they comprise only 28% of commuter cyclists.149 While some 

researchers have hypothesized that women are simply not interested in cycling or other 

forms of physical exertion,150 evidence from European countries does not support this 

conclusion. In other affluent, industrialized, democratic countries with high levels of car-

ownership, such as the Netherlands, Denmark and Germany, cycling is an inclusive, 

population-wide activity that attracts large numbers of men and women of all ages, 

abilities and income levels.151 152 As a result of the well-established cycling culture and 

facilities, cycling ridership falls only slightly by age, and Dutch seniors make on average 
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24% or their journeys by bicycle.153 Women cycle as much as men do, if not more.154 In 

Germany, women comprise 49% of commuter cyclists, meanwhile in Denmark and the 

Netherlands, that number climbs to 55% and 56% respectively.155 Here, there is little 

evidence to support claims that women are inherently averse to cycling.156 However, in 

English-speaking countries with low cycling modal share, such as Canada, the United 

States, Australia and the United Kingdom the gender difference is significantly more 

pronounced, especially among commuter cyclists.157 Similar to trends in recreational 

cycling,158 utilitarian cycling is largely dominated by young to middle-aged men.159 160 

 

Several studies have cited women as an “indicator species” for cycling-friendly 

environments,161 because they are more heavily impacted by environmental and 

infrastructural deterrents, such as poorly lit or isolated routes and proximity to traffic.162 

In short, the presence of large numbers of women on bikes is associated with high-

quality cycling environments.163 Meanwhile, areas of declining cycling modal share have 

been positively associated with falling levels of gender equity among cyclists.164 Some 
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researchers have speculated that increasing overall cycling ridership will naturally 

induce more women to partake in the activity. However, research conducted by Aldred 

et al. (2015) indicates that rising levels of cycling are not necessarily associated with 

greater female participation. This suggests that greater cycling modal shares do not 

automatically translate into greater gender parity,165 and the needs of women must 

specifically be targeted.166 Women are generally more risk-averse than men, and cycle 

more cautiously.167 Increasing evidence supports the idea that issues of gender 

disparity subside where the requirements for safe cycling infrastructure are met and 

cycling rates are high (at least 7%).168  

 

2.4.1 Traffic Safety 

Transportation and land use policies in North America have rendered cycling 

inconvenient, unpleasant, and perhaps most importantly, unsafe.169 170 Cyclists 

habitually share roads with fast-moving motorized vehicles such as cars, buses, and 

trucks, often without the provision of cycling infrastructure. Bicycles do not provide the 

same level of physical protection as automobiles do, and the traffic risks presented to 

cyclists are significant.171 Compared to their Dutch counterparts, American cyclists are 

30 times more likely to be injured, and three times more likely to be killed in traffic 
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collisions.172 Traffic volume is one of the obstacles most frequently cited by cyclists,173 

174 particularly among women.175 176 177 Furthermore, a study conducted by Heesch et 

al. (2012) cited uneven surfaces, rough textures, potholes, and poorly maintained road 

shoulders along roads and cycle paths as serious disincentives.178 In the same study, 

participants asserted that interactions with motor vehicles were rendered inevitable 

given the poor road and cycle path conditions.179 Much of our existing planning literature 

operates under the false premise that with enough cycling experience, all users will 

become comfortable cycling alongside traffic. 180 181 However, this assumption fails to 

consider gender differences in comfort with traffic. 

 

Given their sensitivity to environmental deterrents, poor cycling conditions have an 

adverse effect on women’s perceptions of safety and pose a significant barrier. 182  In a 

study conducted in Calgary, men reported more cycling collisions per unit of exposure 

than women did.183 However, male and female respondents reported similar numbers of 
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falls.184 In low-cycling countries, women are more likely to wear a helmet,185 less likely 

to use advanced stops, such as bike boxes (Figure 7) or merge through lanes of traffic 

and tend to cycle closer to the curb.186 Although evidence suggests that traffic risks are 

equal across both genders, Canadian men are significantly more likely to be fatally 

injured in traffic collisions.187 188 189 Between 1994 and 2012 men comprised 84% of 

cycling casualties recorded in Canada.190  Men and women display different perceptions 

of risk, and this has a marked effect on the types cycling of routes that they prefer and 

others that they avoid. Overwhelming evidence supports claims that male cyclists are 

more prone to risk-taking and consequently more comfortable cycling in dangerous 

conditions, such as alongside motor vehicles on shared roads. Meanwhile, evidence 

suggests that women are more inclined to cycle in a neighbourhood if automobile 

drivers in the community were reported to behave safely towards cyclists.191 Along with 

concerns about motor vehicle traffic, women are also more sensitive to environmental 

risks associated with personal safety.192 
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Figure 7. Advanced Bicycle Stop or Bike Box (City of Waterloo) 

 

Traffic volume has been negatively associated with cycling ridership, and both male and 

female cyclists have cited preferences for separation from motor vehicle traffic,193 

although women are more likely to go out of their way to reach their preferred route.194 

In a study conducted by Krizek et al. (2005), women were on average, willing to divert 

5.43 more minutes to a detour, compared to men.195 Meanwhile, in studies conducted 

by Abasahl et al. (2018), and Heesch et al. (2012), female respondents displayed a 

stronger preference for maximum separation from motor vehicle traffic, compared to 

male respondents. While women favoured off-road cycling paths (Figures 8 and 9), 
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men were much more likely to choose on-road bike lanes as their route of choice 

(Figures 10 and 11),.196 197 However, the evidence that women always prefer off-road 

cycling paths over on-road bike lanes is inconclusive. Some studies have concluded 

that both male and female cyclists prefer on-road cycling lanes, 198 while others have 

posited that both genders prefer on-road cycling lanes, but only if they are buffered from 

traffic. 199 This has led some researchers to hypothesize that women enjoy the security 

of off-road cycling paths but prefer the convenience of on-road bike lanes. In countries 

with well-established cycling culture and facilities, separated cycling routes, which 

include off-road paths and on-road buffered lanes, have been linked to increased levels 

of female cyclists.200 However, separated cycling facilities are less common as transport 

routes in many low-cycling countries such as Canada, and take the form of off-road 

paths, which tend to be located in rural areas, parks, or along recreational routes, which 

follow rivers, lakes or other natural land features.201 202 In a study conducted in 

Australia, respondents claimed that off-road paths did not provide direct routes to 

destinations, and were frequently congested with pedestrians.203 Participants expressed 

strong desires for dedicated cycling-only paths separated from both motor vehicles and 

pedestrians.204 Scenic cycling routes are appreciated by members of the cycling 
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community, but only if they provide direct routes to work, school, shopping or other 

practical utilitarian destinations.205 206  

 

 

Figure 8. Bicycle Path along the Seawall, Vancouver 
(Destination Vancouver) 

 

Figure 9. East Bay Bike Path, Providence to 
Bristol (Getty Images) 

 

 

Figure 10. Bike Lane, USA 
(Pedbikeimages) 

 

Figure 11. Conventional Bike Lane (NACTO). 
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Figures 10, depicts a typical painted bike lane in North America, while Figure 12 

depicts higher quality bike lane protected by bollards in Toronto, a dense metropolitan 

area. Painted bike lanes and on-road bike lanes protected by removeable bollards are 

popular low-cost utilitarian cycling facilities commonly found in North America, along 

with paved shoulders (Figure 13), and sharrows. However, the efficacy of these 

rudimentary cycling facilities is questionable, especially considering the low levels of 

cycling ridership in North America and the steep gender divide. In a Vancouver study 

conducted by Teschke et al. (2019), proximities to painted on-road bike lanes were not 

associated with higher cycling mode share.207 Similarly, sharrows (sometime referred to 

as shared-use arrows or marked bike lanes) on major streets have been consistently 

ranked as a low priority, beneath on-road bike lanes and paths.208 Strategies that rely 

on painted on-road bike lanes and sharrows on busy arterials are unlikely to attract 

female cyclists.209 
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Figure 12. One-Way Bicycle Lane with Bollards, 
Toronto (City of Toronto) 

 

Figure 13. Paved Shoulder, United States 
(Iowa Bikes) 

 

Meanwhile, the Netherlands, Denmark and Germany have each developed a well-

connected network of cycling infrastructure that relies on buffered on-road cycling lanes 

and off-road paths.210 The provision of numerous off-street short-cut connections 

ensures that cyclists are able to take the most direct route possible to their 

destination.211 Sidewalks are wide, and one-way bike paths are regularly present on 

both sides of the road, fully separated from motor vehicle traffic.212  Figure 14 depicts a 

typical protected one-way bicycle lane in the Netherlands, while Figure 15 depicts a 

two-way bicycle lane. These spacious, fully separated on-road bike lanes, are a far cry 

from the rudimentary painted lanes and bollards seen in North America. On lightly 

traveled residential streets where separated cycling routes are not feasible, traffic-

calming features are employed, including road narrowing, raised intersections and 

crosswalks, speed bumps, and roundabouts, chicanes (Figure 16), chokers (Figure 
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17)), and traffic diverters.213 214 Modified intersections, including advanced stops for 

cyclists, cyclist-activated traffic signals and roundabouts with bike lanes (Figure 18) 

have ensured safer road conditions for pedestrians and cyclists. The provision of safe, 

comfortable, convenient, high-quality cycling infrastructure in the Netherlands, Denmark 

and Germany has been credited for its ability to create a cycling environment that is 

attractive to nearly everyone.  

 

 

Figure 14. Protected Bicycle Lane, the Netherlands (Modacity) 
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Figure 15. Two-Way Bicycle Lane, the Netherlands (Bicycle Dutch) 

 

Figure 16. Chicane (Dan Burden). 

 

Figure 17. Choker (NACTO). 

 

Figure 18. Typical Roundabout, the Netherlands (Bicycle Dutch) 
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2.4.2 Social Safety 

 Xie et al. (2018) classifies safety concerns into two broad categories: traffic safety, 

which has been heavily researched, and social safety, which is less well recognized and 

understood.215 While traffic safety concerns itself with perceptions of risk associated 

with motor vehicle, pedestrian, and cycling traffic, social safety concerns itself with 

perceptions of crime and risk in a neighbourhood. Research suggests that perception of 

high crime rates in a neighbourhood are tied to diminishing levels of cycling ridership, 

particularly among women.216 217 Although women report stronger preferences for 

separated bike lanes or paths during regular daylight hours, perceptions of risk and 

priorities change after sunset. The scenic off-road cycling paths that cut through parks 

and the quiet, residential neighbourhood streets become dark, and still. The bustle of 

chattering pedestrians, dogs barking, and automobile engines fades out. The dappled 

tree cover and vegetation which provided a serene visual and noise buffer during the 

day takes on a more sinister role during the night, as a shroud for would-be sexual 

predators and muggers to conceal themselves. The off-road cycling paths that female 

utilitarian cyclists often favour during the daytime, become isolated at night. Because 

many greenways also have visibility issues at night,218 perceptions of danger are 

heightened.  Meanwhile, the alternative of on-road bike lanes presents the same traffic 

concerns seen in the day, with the added layer of dim lighting and potentially fatigued 

drivers. While men dislike poor nighttime lighting and isolation as well, research 

 
215 Xie et al., “I Won’t Cycle on a Route like This,” pp. 198. 
216 Ibid, pp. 207. 
217 Heesch et al, “Cycling for Transport and Recreation,” pp. 32. 
218 Xie et al., “I Won’t Cycle on a Route like This,” pp. 208. 



40 

indicates that this preference is not enough to deter them.219 In an observational survey 

conducted by Xie et al. (2018) all nine female participants unanimously ranked the 

isolated, poorly lit cycling path surrounded by vegetation as the least safe option.220 

Meanwhile, the male participants were much more likely to rank this route as the safest 

option, ahead of on-road cycling lanes and shared roads.221  

 

Planning agencies in low-cycling countries tend to prioritize cycling infrastructure on 

main arterials during peak traffic hours, when commuters are making their journeys to 

and from work, and roads are most congested. However, this strategy 

disproportionately disadvantages women and others whose journey do not revolve 

around regular nine to five commuter work schedules.222 Considering that women’s 

travel patterns support more household and childcare responsibilities, such as grocery 

shopping, running errands, and transporting children and relatives after work,223 there is 

strong reason to assume that evening and nighttime journeys may be unavoidable in 

some instances. Meanwhile, men’s journeys are more likely to revolve around typical 

work hours.224 Furthermore, isolated, or poorly lit routes have frequently been cited by 

female cyclists as serious deterrents at night.225 226 In Canada, the United States and 

the United Kingdom, lack of awareness and inadequate provision of nighttime cycling 
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present a serious safety concern. Xie et al. (2018) contends that social safety is often 

classified as an “aesthetic” rather than a necessity in cycling literature and guidelines.227 

The absence of safe, nighttime cycling options may cause women to make lengthy 

detours, choose less sustainable modes of transportation, or expose themselves to 

potentially more serious traffic risks.228 Improved lighting on cycling routes must be 

addressed in planning and policy decisions so that women do not need to choose 

between the lesser of the two evils; traffic or social safety. Instead of measuring 

stretches of darkness as simply “long” or “short,” as many guidelines do, an objective 

length is required.229 Xie et al. (2018) recommends a maximum of 10 meters of 

darkness.230  

 

In addition to concerns surrounding personal security, studies in the United States and 

Canada have cited risk of theft as a significant deterrent among female cyclists.231 232 

The financial incentive and availability of large quantities of minimally secured bicycles 

makes them a very appealing prospect to thieves.233 In a recent study in Montréal, Van 

Lierop et al. (2015) estimated that between 2% and 10% of cyclists reported bicycle 

theft in a given month.234 In the same study, participants revealed high levels of 
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dissatisfaction with the current bicycle parking facility security and availability.235 Similar 

to cycling routes, end-of-trip cycling facilities, such as secure bicycle storage remain a 

neglected area of transportation planning. In Canadian cities short-term bicycle storage 

facilities, are the dominant typology, and often the only publicly available option.236 

Short-term storage facilities are defined by Transport Canada (2010) as “simple outdoor 

stands or racks with no weather protection and limited security measures.” Examples 

can be seen in Figures 19 and 20. In rain-heavy Canadian cities such as Vancouver, a 

perpetually wet seat can be a serious inconvenience.  

 

 

Figure 19. Bicycle Racks, Ryerson University 
(Ryerson University) 

 

Figure 20. A bicycle is locked to a parking 
meter, Montréal (Allen McInnis) 
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Canadian researchers have been quick to cite the inadequate provision of long-term 

bicycle storage, defined as partially or fully-enclosed bicycle parking which provides 

protection from the weather, vandalism and theft.237 Some high-quality long-term 

storage facilities may offer additional end-of-trip facilities as well, including change 

rooms, lockers and showers.238 Long-term bike stations have been implemented to 

great success in Europe, many of them located at major transit nodes such as train 

stations. The bike station adjacent to Muenster central train station (Figure 21), features 

secure, indoor storage for 3,300 bicycles, in addition to repairs, washing, cycle-touring 

services, and direct access to all the rail platforms.239 Meanwhile, Copenhagen’s Karen 

Blixens Plads provides an expansive underground bicycle storage facility (Figure 22), 

with capacity for 2,000 bicycles. Situated between the University of Copenhagen and 

Amager Common, the popular plaza is often the venue for public events and concerts.  
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Figure 21. Secure, indoor bicycle storage, Muenster, Germany (John Pucher). 

 

Figure 22. Bicycle Parking, Karen Blixens Plads, Copenhagen, Denmark (Dezeen). 
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However, long-term bicycle parking facilities do not need to be large-scale, expensive, 

or sophisticated. Figures 23 – 25 feature typical long-term bicycle parking outside of 

residential buildings in Europe. These facilities provide secure, covered bicycle parking 

close to the housing destination in well-illuminated environments. Meanwhile, Figures 

26 and 27 feature cage-style bicycle parking with controlled access and clear sightlines 

from the residential buildings. These typologies do not have significant operating costs 

and are better suited for residential neighbourhoods, university campuses, on-route 

locations, and smaller communities where access is limited, and can be monitored.  

 

 

Figure 23. Pitched bicycle shelters outside apartment buildings, Cambridge, UK (Brendan Stewart). 
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Figure 24. Covered bicycle parked outside apartment buildings, Stockholm, Sweden (Brendan Stewart) 

 

Figure 25. Covered bicycle storage, Copenhagen, Denmark (Brendan Stewart) 
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Figure 26. Bicycle lockers, Rotterdam, Netherlands 
(Brendan Stewart) 

 

Figure 27. Bicycle shed, Sweden (Brendan 
Stewart) 

 

Paradoxically, most theft occurs during daylight hours (63%), and women’s bicycles are 

less likely to be targeted by thieves.240 Van Lierope et al. (2015) have hypothesized that 

because many cyclists have secure storage at home, theft is most likely to occur when 

bicycles are parked in public areas.241 This suggests that there is an opportunity for city 

planners and policy makers to curtail bicycle theft by providing high quality, secure 

short- and long-term bicycle storage located near destinations such as work, school and 

shopping.242 “Fly-parking” is a term coined by researcher Adam Thorpe to describe the 

phenomenon of cyclists locking their bicycles to street furniture such as railings, 

benches, parking meters, lamp posts and other street features.243 Cyclists have cited 

ease of locking, proximity to destination and well-lit areas among their priorities when 
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looking for a location to secure their bicycles.244 Meanwhile, women’s bicycles may be 

less attractive to thieves because of the diminished resale value of the style, or perhaps 

because women take more care to secure their bicycles. However, research indicates 

that perception of crime, if not actual crime, is a powerful deterrent.  

 

 

Figure 28. Fly-parking, Toronto (Rachel Levy-McLaughlin) 

  

 
244 Van Lierop et al., “Breaking into Bicycle Theft,” pp. 497. 



49 

2.4.3 Cultural Expectations 

North American culture has changed a lot since the days when the Rover safety bicycle 

first stirred controversy for its capacity to transport women beyond the bounds of the 

domestic sphere. As more women enter the work force, the travel patterns of men and 

women have converged to some degree, although significant differences are still very 

present. Research indicates that North American women work closer to home than men 

do, and make both fewer and shorter trips.245 246 Women are still more likely to shoulder 

household and childcare responsibilities and may not have as much time to dedicate to 

travel during the day. 247 248 In a Canadian study conducted by Teschke et al. (2017), 

commute travel times were shown to have a greater impact on women compared to 

men.249 Women were unlikely to choose cycling with short commutes, where walking 

was comfortable, or long trips, where public transit and driving could cover the distance 

more quickly.250 Women were most likely to cycle at intermediate commute times, 

ranging from 20 to 29 minutes.251 This suggests that introducing cycling infrastructure in 

closer proximity to homes will help support intermediate distance cycling journeys for 

women.252 
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Even among full-time workers, women are more likely to transport passengers, usually 

children or senior relatives, and trip chain.253 254 Trip chaining involves grouping a set of 

errands or activities into a single journey, rather than returning home between each one. 

In a study conducted by Zhao et al. (2015) in China, women were more likely to use 

bikeshares to complete multiple activities throughout the day, such as work, grocery 

shopping and errands255. Meanwhile, men were more likely to use bikeshares to go 

between work and home.256 Planning agencies and policymakers should prioritize the 

development of well-connected network of cycling facilities, including bicycle routes, 

parking, and other end-of-trip facilities that supports everyday cycling in urban and 

suburban environments.257 A network which supports short, direct, and safe trips that 

serve a variety of purposes is more likely to attract women to transport cycling.258  

 

In many work environments, women face greater pressures to appear well-dressed, 

neat, and professional. In some work environments styled hair, make-up and high heels 

may even be expected or part of the dress-code. In a study conducted by Krizek et al. 

(2005), men were significantly more likely to cycle to work than women were (10.2% of 

men’s cycling trips vs. 6.24% of women’s).259 However, when it came to other utilitarian 

journeys, such as running errands, shopping, dropping children off at school, or visiting 
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friends or relatives, women were much more likely to engage in the activity.260 This 

suggests that workplace social constraints on attire and appearance limit women’s 

commuter transportation options and may contribute to their reduced cycling levels.261 

Although cycling route conditions vary greatly by location and type, cycling can be more 

physically taxing than walking. In a study conducted by Twaddle et al. (2010) on 

university campuses, women, particularly among older demographics cited the need to 

fix hair as a barrier significantly more frequently than men did.262 Helmets, which are 

mandatory in Canadian provinces including British Columbia, and Nova Scotia,263 have 

experienced a sharp rise in popularity in recent years. Helmet use in Canada has more 

than doubled in the last two decades.264  However, helmet legislations have been 

criticized and cited as cycling deterrents because of the inconvenience and cost 

present. While some researchers have argued that mandatory helmet laws grant a false 

sense of protection and encourage risk-taking behaviour, there is strong evidence to 

supports claims that wearing a helmet reduces cycling deaths and injuries in Canada.265 

In a study-conducted by Ramage-Morin (2017), cyclists who reported “always” wearing 

a helmet were associated with other safety-conscious behaviours, such wearing a 

seatbelt while driving, getting an annual flu shot, and drinking alcohol only in 

moderation.266 It is difficult to imagine relaxing helmet laws in the context of the 

dangerous cycling environments that exist in Canada today.  
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264 Ramage-Morin, “Cycling in Canada,” pp. 6. 
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Compared to commuting by public transit or private vehicle, the bicycle provides little 

protection the elements, and cyclists are exposed to mud, dust, road salt and snow. In a 

study conducted by Heesch et al. (2012) women, particularly among utilitarian cyclists 

were more likely to cite weather and climatic conditions as barriers, including rain, wind, 

humidity, heat, and presence of hills.267 Arriving to work sweaty, disheveled or with a 

foul smell is not considered professional in most workplace environments. Furthermore, 

women in low-income brackets may not have the privilege of flexible work hours, a 

relaxed dress code or end-of-trip facilities available at their place of employment. Strong 

evidence supports the idea that women are more willing to engage in utilitarian cycling if 

there are end-of-trip facilities provided. In a Toronto study, participants reported a 

stronger inclination to cycle if their place of employment provided secure bicycle parking 

facilities.268 Meanwhile, in a study conducted on Canadian university campuses, 

change-rooms and showers were the most requested on-campus facility across both 

genders, followed by secure bike storage and improved rack location.269 Cycling 

facilities including bicycle parking, showers, change-rooms, lockers and repair stations 

are recommended for various locations including workplace, school, university 

campuses and commercial centres. 

 

In Canada and the United States cycling is seen as a recreational sport, reserved for 

the fitness and health-enthusiasts among us.270 This image is reinforced by popular 
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media presentations. The cover image of Canadian Cycling Magazine, seen in Figures 

29 and 30, typically features a fit, young to middle-aged man decked out in fitted bike 

shorts, pristine white running shoes, wraparound sunglasses, and a helmet, hunched 

over the handlebars of a road bike, cycling fearlessly on the road. This type of imagery 

is consistent with findings from Aldred et al. (2015), who stresses the importance of 

advertising cycling as inclusive activity that attracts a wide range of riders, rather than 

just the stereotypical MAMIL (middle-aged man in lycra).271 If the goal is to engage 

groups that do not regularly participate in cycling, cities must direct advertisement 

towards more inclusive imagery.272 Women are much more likely to be drawn to cycling 

if they can see others who look like themselves, wearing dresses or totting children, 

riding comfortably and safely on practical bicycles.273  
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Figure 29. Canadian Cycling Magazine, Jun/Jul 
2019 (Toronto Public Library) 

 

Figure 30. Canadian Cycling Magazine, Aug/Sep 
2021 (Toronto Public Library) 

 

High-cycling countries such as the Netherlands have not only established a safe, 

convenient network of cycling infrastructure that prioritizes cyclists and pedestrians over 

motorized vehicles, but they have also successfully branded cycling as an inclusive 

form of everyday travel, rather than a serious sport.274 Here, cycling appeals to a broad 

audience of women of all ages, abilities, in-come levels and ethnicities.275 Part of the 

appeal lies in design of the bicycles themselves, which favour comfort, safety, 

convenience and utility over speed.276 Instead of light, slender road bikes, with curved 
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handle bars and narrow wheels, many Dutch bicycle models are designed in a 

comfortable, upright riding position and a heavier frame for stability. The Dutch use 

bicycles to transport groceries, furniture and even passengers. Many popular bicycles 

brands come equipped with features such as racks (Figure 31), baskets (Figure 32), 

and passenger seats (Figure 33). Chain guards enable women to cycle in a variety of 

apparel, including dresses, skirts, loose clothing, and even work attire, instead of 

lycra.277 Cargo bikes, which emerged in the Netherlands during the early 20th century as 

delivery vehicles, have continue to enjoy popularity in Europe for their flexible nature 

and ability to transport everything from furniture to passengers (Figure 34 and 35).278  
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Figure 31. An upright, unhelmeted Dutch rider (Modacity)  

 

 

Figure 32. A Dutch cyclist with a basket 
(Modacity). 

 

Figure 33. Dutch cyclist with a passenger rack 
(Modacity). 
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Figure 34. Dutch Man Transporting a Mattress via Bicycle (Modacity). 

 

 

Figure 35. A woman transports children in The Hague, Netherlands (Jasper Juinen). 
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2.4.4 Knowledge 

Because cycling is less popular among adult women in North America, some  

researchers have speculated that women require more support, motivation and 

instruction to engage in cycling compared to men.279 Cycling is most common among 

Canadians between the ages of 12 and 15, and adults over 50.280 According to Garrard 

et al. (2012) a targeted approach is necessary to address the sharp drop off in cycling 

usership among adolescent girls.281 Meanwhile, Twaddle et al. (2010) noted that women 

expressed a greater desire for features such as bicycle maps and literature.282 In the 

same study, women were also considerably more likely to cite not knowing a safe route 

to their destination as a barrier.283  

 

2.5 Bicycle-friendly environments that target the needs of low-income 

communities  

In the context of North America, the bicycle faces two stigmas: one as a recreational 

vehicle reserved for the most affluent members of society and the other as a necessary 

mode of transport for the most impoverished among us.284 While environmentally and 

socially conscious members of middle- and upper-class households enjoy cycling as a 
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recreational hobby, low-income households may rely on it as an affordable means of 

accessing essential services, such as education, health care and food.285 286 In cities 

where the bicycle enjoys high levels of ridership, cycling infrastructure has fostered 

environments where individuals of all abilities, income levels and gender have access to 

cycling opportunities and services.287 However, studies suggest that low-income 

neighbourhoods are less likely to receive public funding or private investment in cycling 

infrastructure, even though they stand to benefit the most.288 289 The result is that 

marginalized communities, including low-income households, have disproportionately 

lower access to safe and convenient cycling infrastructure and thus incur higher cycling 

fatality rates. This inequitable distribution is consistent with findings which describes a 

systemic trend in transportation policy and planning, whereby members of low-income 

communities must shoulder the burden of travel routes which are less safe, and more 

costly or inconvenient.290 Considering that women are more affected by environmental 

and infrastructural conditions, low-quality or absent cycling facilities disproportionately 

restricts their access to cycling. Uneven distribution of quality cycling infrastructure 

impedes the mobility of women in low-income neighbourhoods, including their access to 

jobs, social opportunities, and independence.291  
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2.5.1 Symbol of gentrification 

Building cycling infrastructure entails a considerable dedication of public resources and 

time, and so it is crucial that city planners and decision-makers consider the needs of 

the entire community are met. Oftentimes it is the voices of the most disadvantaged 

groups that are the least heard. Recent years have seen a growing concern in popular 

media and academic literature that the presence of cycling lanes has been linked to the 

first wave of gentrification.292 Flanagan et al. (2016) define gentrification as 

“reinvestment in formerly marginalized communities.”293 Gentrification is achieved 

through a series of actions, beginning with the influx of young, educated and artistic 

individuals, dubbed by researchers as the “creative class,” looking for low-rent dwellings 

in exciting neighbourhoods.294 295As the city is injected with new wealth and amenities 

are introduced, the cost of living rises,296 and the existing population is pushed out.297  

 

Research indicates that individuals living in low-income neighbourhoods display the 

same preferences in cycling infrastructure, including a strong desire for cycling routes 

with maximum separation from motor vehicles, safe and direct routes, as well as secure 

bicycle storage. Women, the elderly and other minority groups are much more sensitive 

to environmental conditions than others, and specific criteria must be met before they 

will take to the roads on bicycles. The need for high quality cycling infrastructure cannot 
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be underscored enough. However, low-income neighbourhoods are less likely to 

received financial support for public transportation projects and are often left with the 

cheapest and least safe types of cycling infrastructure, such as painted lanes and 

sharrows on busy arterials.298 Furthermore, in studies conducted in Vancouver and 

Toronto, low-income earners were more likely to be utilitarian cyclists. 299 300 However, 

these findings are inconsistent with research conducted by Twaddle et al. (2010) in 

Calgary. The reasons for these inconsistencies are not well understood.  

 

2.5.2 Engagement with the local community 

Many individuals living in low-income neighbourhoods balance multiple jobs, irregular or 

unpredictable work hours, and unreliable means of transportation.301 Women may also 

be managing household and childcare responsibilities. Others may not be connected to 

the social and information networks that direct planning decisions and are thus unaware 

of how to get involved.302 Practitioners must make concerted, context-specific efforts to 

ensure that members of low-income communities are able to participate in the decision-

making process through its entirety to ensure that their needs and desires are 

understood.303 Doran et al. (2021) cites participatory budgeting, a democratic process 

whereby members of the community decide how to spend parts of the public budget, as 

an effective way to engage all members of the community, as well as Citizen Action 
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Groups. Citizen Action Groups are defined as alliances formed by members of the local 

community to effect change or bring broader public attention to issues that affect the 

public.304 Furthermore, city planners and decision-makers must consider the social 

context to establish whether cycling infrastructure is a suitable investment for the 

community. To achieve equitable transportation networks within communities, 

practitioners must evaluate internal, as well as external structures.305 In short, city 

planners and decision-makers must evaluate the structural and systemic organization of 

our institutions.306  

 

2.6 Data Visualization Tools 

2.6.1 Visual Communication 

The ability to explore design ideas with our collaborators, communicate concepts to 

clients, and finally to translate those ideas into construction documents for the 

landscapers to build, is crucial to the success of any design project involving landscape 

architects and designers. Landscape architects collaborate with several groups during 

the design process, including clients, contractors, architects, urban planners, and 

others. Transdisciplinary communication can be challenging, and so it falls to landscape 

architects and other designers to translate technical information into a language that 

can be understood by the intended audience. While a dancer might use body language, 
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or an author might depend upon written expression, landscape architects rely primarily 

on visual representation tools to communicate design ideas, present data, and 

persuade their audience to buy into an idea. Visual representation techniques are 

uniquely suited to landscape architecture, urban planning, architecture, and other 

design professions, since participatory and transdisciplinary activities, which involves 

the role of both designers and non-designer collaborators, play an active role in the 

design process.307  

 

Landscape architects use plans, sections, elevations, details, isometric drawings, image 

boards, and perspectives to build a narrative around a design concept. The tools used 

by landscape architects and designers to create visual representations can range from 

analogue tools, such as charcoal, hand sketches and models, to digital mediums such 

as digital collages, 3D photorealistic renderings and animations. Using these visual 

representation techniques, landscape architects and designers are effectively engaging 

in knowledge construction.308 The credibility of that knowledge depends heavily on the 

designer’s ability to effectively communicate the knowledge through data visualization 

techniques.309 Furthermore, the appropriateness of the graphic medium will influence 

the audience’s ability to understand and engage with the concept.310 In addition to 
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communicating ideas, data visualization techniques can also be used as a research 

method to inform design decisions.  

 

2.6.2 Creative Mapping 

Mapping landscapes allows landscape architects and designers to “describe, 

understand and interpret spatial-visual properties of landscape.”311 Even before the 

days of digital tools, landscape architects have been using analogue methods, including 

hand-drawings and sketches to develop maps that effectively visualize data and inform 

design decisions.312 With the introduction and subsequent popularization of digital map-

making Geographic Information Systems (GIS) software during the latter part of the 

20th century, landscape architects and other designers became increasingly capable of 

separating site characteristics and organizing them into layers of information.313 

Creative mapping, as defined by Amoroso, employs a hybrid approach which combines 

technical geo-information, with artistic techniques and design processes to produce 

innovative, alternative set of landscape maps.314 Creative or hybrid maps are used to 

visualize complex data and inform practical design solutions.315 
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2.6.3 Parametric Design 

Parametric design, sometimes known as associative geometry, is defined by Caetano et 

al. as a code-based “design approach based on the use of parameters (measure of a 

variable that can be altered) to describe a set of designs.”316 These parameters define 

the relationship between design intent and result. Elghandour describes it as a process 

“that facilitates the generation of several design instances without manually recreating 

the models.”317 Meanwhile, Kolarevic asserts that in parametric design it is “the 

parameters of a particular design that are declared, not its shape.”318 Parametric design 

rejects the idea of one fixed solution, and instead explores the possibility of infinite 

solutions that can adapt to changing circumstances and contexts.319 Designers versed 

in parametric design can rapidly generate multiple prototypes in parallel, simply by 

adjusting the design parameters. New project information and client feedback can be 

incorporated, and past decisions revisited at any point in the design process. Each time 

a parameter is altered, the model simply regenerates to reflect the new value.320 Instead 

of manually modeling two or three different design options, parametric modeling 

software allows users to automate the prototyping process, saving both time and cost.  
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The term “parametric” originates in mathematics. Used predominantly to express the 

coordinates of points on a curve, parametric equations employ at least two dependent 

variables which are continuous functions of a third independent variable, referred to as 

a parameter.321 Coined by Italian architect Luigi Moretti, the term parametric 

architecture entered the architectural lexicon during the 1940s322 although the 

application of parametric equations in architectural design predates Moretti’s research 

by several decades. Contemporary parametric design typically employs digital 

processes to compute parameters, however, early iterations, such as Catalan Modernist 

architect Antonio Gaudí’s 1880s string model of the Church of Colònia Güell (Figure 36) 

were analogue. To design the Church’s elaborate ceiling Gaudí developed an upside-

down model, built from weights and strings.323 Placing a mirror underneath, Gaudí could 

alter the shape of the vaulted ceiling and arches simply by adjusting the position of the 

weight along the length of the string.324 Parametric design is recognized in the design 

community for its ability to generate complex, organic geometry and produce multiple 

prototype options in parallel. With the advent of digital modeling software in the 1990s, 

form-finding parametric design was popularized by celebrity architects Frank Gehry 

(Figure 37) and Zaha Hadid (Figure 38). While parametric design has been popular in 

the architecture community since the mid-1990s,325 in recent years it has been steadily 

gaining traction in landscape architecture and urban planning circles as well. 
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Figure 36. Analogous parametric design: string model of the Church of Colònia Güell (K. K. Clark). 

 

 

Figure 37.  Frank Gehry’s Guggenheim Museum, Bilbao (Parametric Architecture). 
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Figure 38. Zaha Hadid’s Heydar Aliyev Cultural Center, Baku (Hélène Binet). 

 

While parametric design in architecture has been criticized for its high cost and failure to 

respond to human needs, the application of parametric design extends beyond form-

finding and can also respond to functional or performance-related requirements.326 

Parametric design has been used in sustainable architecture projects to improve 

building performance by optimizing energy consumption and views.327 328 Daylight 

analysis algorithms, such as Grasshopper’s Ladybug plugin can be used to select the 

optimal size and location for windows and solar panels. Parametric design can also be 

used to streamline material requirements calculations, saving resources and conserving 

budget. Meanwhile, in landscape architecture application, it can be used to respond to 

parameters such as terrain elevation, contours, slope, and solar conditions.329 

 
326 Gu, “Parametric Design,” pp. 1372. 
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Parametric modeling software can be used to analyze surface water runoff, helping 

landscape architects to understand the source flow of rainwater and establish 

appropriate rainwater treatment measures to optimize grading and drainage on site.330 

In city planning, it can be used to optimize transportation networks, calculate urban 

density, and prevent wind tunnels.   

 

2.6.4 Data-Visualizations Used to Analyze Mobility Networks 

Data visualization, which is an interdisciplinary field of study that deals with the graphic 

representation of data sets, has been gaining traction since the late 1990s.331 Lauded 

for their ability to break down complex data into more manageable representations, data 

visualization techniques have become popular tools to study mobility networks.332 

Because of their ability to combine geospatial and temporal information, data 

visualization techniques are uniquely suited to the study of transportation networks.333 

They can be used to help city planners and policy-makers analyze travel patterns, track 

accident rates and identify areas of concern.334 In the context of mobility networks, early 

iterations of data visualization relied on Geographic Information Systems (GIS) software 

and conventional visualization methods, such as bar charts, line plots and map-based 

representations such as heat-maps and choropleths.335 However, data visualization 
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designers are continuously pushing the boundaries. Quartuccio et al. (2014) used 

historical collision data from the Chicago Police Department and the Illinois Department 

of Transportation, in addition to user information from Chicago-based bike-share 

program to communicate potential cycling infrastructure problems and improve safety. 

Using Bayesian modeling and geospatial mapping, the researchers were able to 

develop a set of graphics that represent collision location hot spots (Figure 39), and 

bicycle trip data by time of day, week, and month (Figure 40). Furthermore, they were 

able to combine the data to calculate collisions frequency by time of day, week, and 

month (Figure 41).  

 

 

Figure 39. Estimated Use Locations 
over Historical Accident Hot Spots 
(Quartuccio et al.) 

 

Figure 40. Number of bicycle trips by time of day, week & 
month (Quartuccio et al.) 
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Figure 41. Accidents by time of day, week & month (Quartuccio et al.). 

 

Other researchers have employed interactive elements. For instance, in Spain the 

MadridCycleTrack initiative launched by tGIS Research Group developed an interactive 

online map (Figure 42) to analyze cycling mobility patterns, in addition to a short 

animation clip (Figure 43) which visualizes activity peaks between casual cyclists 

(yellow) and bike-messengers (blue). Using data collected from smartphones GPS 

tracks and routes designed by volunteer cyclists through participative online mapping 

platform ‘Design your route,’ researchers Romanillos and Austwick were able to collect 

demographic information on cyclists and evaluate the impacts of different elements, 

such as slope, route type and traffic density on cyclist route choice.336  

 
336 Gustavo Romanillos and Martin Zaltz Austwick, “Madrid Cycle Track: Visualizing the Cyclable City,” 
Journal of Maps 12, no. 5 (2015): pp. 1225. 
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Figure 42. Interactive Online Map of 
volunteer cyclists (Romanillos et al.). 

 

Figure 43. Visualization flow of casual cyclists and bike-
messengers (Romanillos et al.). 

 

2.6.5 Literature Review Summary 

In summary, there are a number of factors that discourage women from engaging in 

utilitarian cycling. These include concerns surrounding traffic, and social safety, as well 

as cultural expectations. When it comes to traffic, women tend to be more risk-averse 

than men and are more likely to make detours to avoid busy or dangerous roads. 

Concerns surrounding social safety, such as poor lighting, isolation, visibility 

obstructions, inadequate exits along cycling routes, and theft limit women’s cycling 

mobility at night. Meanwhile, cultural expectations in North America pose their own set 

of challenges. Women are more likely to trip chain, and transport passengers such as 

children or elderly relatives. Women also face more pressure to appear well-dressed, 

clean and put-together at work. This can be a challenge for women in low-income 

neighbourhoods who may not enjoy the benefit of flexible work hours, a relaxed dress 

code, or end-of-trip facilities such as showers and change rooms at their place of 
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employment. The inadequate provision of high-quality cycling infrastructure and facilities 

such as buffered on-road bike lanes, off-road connectors, traffic-calming measures, 

nighttime lighting, secure bicycle parking, and end-of-trip facilities limits the number of 

women who cycle. Furthermore, in Canada cycling is marketed as sports activity, rather 

than a casual, inclusive form of everyday travel. Women will naturally be more inclined 

to cycle if they can see others who look like themselves, represented in marketing 

media. Low-income neighbourhoods are less likely to receive financial support for public 

transportation projects and are often left with low quality cycling infrastructure and 

facilities that appeal to only a marginal percentage of the population.  

 

Data visualization techniques are well-suited to the study of mobility networks due to 

their ability to synthesize complex geospatial data layers into simple graphics. Although 

parametric design is well-established as a form-finding tool in major architecture 

projects, it can also be used to optimizes functional and performance-related 

requirements. Parametric design can be used to improve building performance by 

maximizing solar gain, streamlining material calculations, and analyzing surface water 

runoff. Meanwhile, it can also be used to optimize transportation networks.  
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3.0 Methods 

This chapter describes the research methods used to achieve the research goal and 

objectives. The chapter begins with an overview of the methodological approach that 

informed the research design and the selection of methods. This discussion is followed 

by a summary of how the data was collected using three methods: case study, survey, 

and the development of an analytical tool.     

 

3.1 Methodology 

This study used ‘research for design’ as the methodological approach. Research for 

design was introduced into the academic lexicon in 1993 by Sir Christopher Frayling in 

his seminal publication “Research in Art and Design,’ alongside two other categories: 

research into design and research through design. Research for design is defined as 

the process by which designers gather reference material to inform a design or 

product.337 It is the knowledge-finding and analyses step that designers undertake to 

ensure their design is appropriate for the context.338 In this approach, the end product is 

an artefact, rather than conventional verbal or written communication.339 Dubbed by 

Frayling as research with a small ‘r,’ research for design has been steadily gaining 

traction in the academic community as non-traditional research methods and outcomes 
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are becoming more recognized as legitimate research.340 341 Research for design is a 

methodology that is used by designers in both academic and professional research 

settings, such as commercial product design and UX design. Baytas argues that 

research for design is an essential part of any design process, and that without it we are 

not designing; we are just producing pictures, models, or prototypes.342   

 

Furthermore, this study employed a mixed methods’ approach, using exploratory 

sequential design. Creswell (2008) defines exploratory sequential design as an 

approach which begins with a phase of qualitative data collection and analysis, which 

informs a second quantitative phase.343 As opposed to convergent or concurrent 

designs, which merge the two phases together for the purposes of comparison, 

sequential designs operate in succession so that second method builds on the first.344 In 

the context of this study, the first research phase included the development of a mixed 

methods survey, which included both qualitative and quantitative questions. This phase 

served as an initial exploratory period, where the foundation and rationale for the 

second phase of the study, the development of an analytical tool, would be explored. 

The purpose of the survey was to inform the type of analytical tool that would be built 

and establish which utilitarian destinations were most important to prioritize. A flowchart 

 
340 “Research Methodologies for the Creative Arts & Humanities: Practice-Based & Practice-Led 
Research,” Library Guides (Edith Cowan University, March 11, 2022). 
341 T. Juliff et al., “Praxis Now: Frayling’s 'Research in Art and Design' 24 Years On,” in ACUADS 
Conference Program (University of Tasmania, 2017). 
342 Research For, Into and Through Design, 2021. 
343 John W. Creswell, “Editorial: Mapping the Field of Mixed Methods Research,” Journal of Mixed 
Methods Research 3, no. 2 (2008): pp. 103. 
344 Michael D. Fetters, Leslie A. Curry, and John W. Creswell, “Achieving Integration in Mixed Methods 
Designs-Principles and Practices,” Health Services Research 48, no. 6.2 (2013): pp. 2136. 
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(Table 1) was developed to guide the study and ensure that the goals and objectives 

were met. 

 

 

Table 1. Methodology flowchart.  
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3.2 Summary of Methods 

Table 2. Summary of objective and associated methods 

Objectives 

Objective 

Methods 

1 Identify obstacles that deter 

women in low-income 

neighbourhoods from 

participating in utilitarian 

cycling; 

Conduct a focused literature review to identify and 

analyze contemporary cycling network design 

2 Analyze cycling routes in 

Guelph to establish the 

locations of areas with poor 

access to utilitarian cycling 

networks; 

Develop criteria for the selection of a case study 

Perform a document analysis of Guelph’s Cycling 

Masterplan (2012) and the proposed AAA Cycling 

Network (2022) 

3 Enlist key informant feedback 

to determine which cycling 

route features are most 

important to develop as part of 

the analytical tool;  

Develop criteria for the selection of key informants 

Develop and issue a questionnaire to be evaluated by 

key informants 

Analyze the data in SPSS to establish the relative 

importance of the cycling route features 

4 Develop an analytical tool that 

optimized cycling network 

design to connect low-income 

neighbourhoods in Guelph to 

utilitarian destinations, and; 

Collect geospatial data to build an analytical tool  

Use the survey results to program cycling route priorities 
into the analytical tool 

Apply the analytical tool to the case study location 

5 Compare the results of the 

analytical tool with the existing 

cycling networks in Guelph. 

Overlay the existing cycling network with the top ten 

routes produced from each destination category (grocery 

stores and libraries, schools, childcare service, and 

proposed AAA cycling network extensions).  
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3.3 Case Study: Guelph 

3.3.1 Case Study Selection 

Case study is a popular research method within the social sciences and is distinguished 

for its ability to provide an in-depth and holistic understanding of contemporary issues in 

real-world contexts. Zainal (2007) defines the case study method as the investigation of 

contemporary phenomenon through a comprehensive contextual analysis of events, 

conditions, and their connection with one another.345 To establish a suitable case study 

location, criteria were developed. A case study location with low utilitarian cycling 

ridership and a distinct gender divide was crucial for the study. An existing cycling 

master plan and intentions for future development were also considered advantages. In 

terms of data access and analysis, a suitably small urban area within Canada was 

considered ideal. Analyzing geospatial data requires a substantial allocation of 

computational resources and time, therefore, a smaller and more manageable area was 

preferred. Furthermore, urban data is much easier to acquire, compared to remote or 

rural data. The criteria used to establish an appropriate case study is summarized in 

Table 3.  

 

 

 

 

  

 
345 Zaidah Zainal, “Case Study as a Research Method,” Kemanusiaan: The Asian Journal of Humanities 9 
(2007): pp. 2. 
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Table 3. Case study selection criteria 

Case Study Selection Criteria 

1 Canadian city 

2 Area <100 km² 

3 Population <300,000 

4 Cycling mode share <7% 

5 Utilitarian cycling mode share <2% 

6 Female cycling ridership <50% 

7 A low-income neighbourhood 

8 An existing cycling master plan, and plans for future development 

 

A document analysis revealed that several municipalities within the Greater Toronto 

Area (GTA) met the criteria requirements. However, the City of Guelph, Ontario (Figure 

44) emerged as the strongest contender due to its advantageous location, which was 

near enough that ground-truthing would be possible, if required. Known colloquially as 

the ‘Royal City,’ Guelph is a small municipality located in Southwestern Ontario just 

north of the Carolinian boundary.346 The city was founded in 1827 by Scottish novelist 

and Canada Company Superintendent John Galt and named in honour of the British 

royal family.347 A 2016 census revealed a growing population of 131,794 across an 

87.22 km² area of land.348 Guelph’s downtown sits at the convergences of two major 

rivers, the Speed and Eramosa, and it is located on the traditional territory of the 

Mississaugas of the Credit First Nations.349  

 
346 “About Guelph,” City of Guelph, January 20, 2022, https://guelph.ca/living/about-guelph/. 
347 “Ibid. 
348 “Census Profile, 2016 Census,” Statistics Canada (Government of Canada, October 27, 2021) 
349 “About Guelph,” City of Guelph, January 20, 2022, https://guelph.ca/living/about-guelph/. 



80 

 

Figure 44. Guelph, Ontario (GeoDataHub) 

 

 

3.4 Survey 

3.4.1 Survey Development  

 

Although the literature review identified the primary factors that discouraged female 

utilitarian cycling ridership in Canada, another research method was required to fill in 

two more research gaps. First, a ranking system to evaluate the relative importance of 

each feature, and second, the qualitative data acquired from the literature review 

needed to be converted into quantitative terms for the analytical tool to interpret. While 
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separation from motor vehicle traffic, low traffic volume and speed limits, open sightlines 

and well-lit cycling paths are all cycling route conditions that support strong, inclusive 

cycling cultures, there has been no consensus in the research community regarding 

their relative importance to one another. Professional opinion from landscape architects 

and city planners with experience designing and implementing cycling infrastructure 

was required to establish a ranking order, and to assess the feasibility of implementing 

these features in a Canadian context where budgetary resources for cycling 

infrastructure are limited. Meanwhile, the variable parameters needed to be defined as a 

fixed range for the analytical tool to interpret. As an algorithm, the analytical tool was 

unable to understand loose terminology such as “short distance,” or “fast.” Instead, the 

analytical tool required a defined, ordinal range, such as “<10km>50km/h.” 

 

Although a focus group was initially considered, a survey was selected as a more 

suitable tool for this research project. While focus groups are known for their ability to 

generate rich sets of data by providing the opportunity for in-depth discussions and 

natural debate between participants, it is often challenging for the researcher to gather a 

statistically significant sample size. Especially given the limited amount of time 

available, the concern was that a small sample size (<5 participants) would not provide 

an accurate representation of the study population. Furthermore, a virtual focus group 

might have been an inevitability given the uncertain conditions surrounding COVID-19 

restrictions. The virtual setting may have hindered the natural rapport between 

respondents and impeded the flow of spontaneous dialogue, arguably the greatest 

advantages of this research method. As an alternative to a focus group, an online 
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survey had a greater reach and required a much shorter commitment of time on the part 

of the participants.350 While a focus group might take place over the course of an hour, 

a short online survey can be completed in a few minutes. In this study, a 5–10-minute 

questionnaire was developed. The survey method mitigates interviewer bias and 

automates data entry, saving the researcher the arduous work of recording and 

transcribing data manually.351 Another advantage of the survey is the confidentiality of 

the data. Respondents are much more likely to share honest opinions if the survey is 

administered privately and the dimension of peer judgement is removed.  

  

A nine question, web-based survey was developed in American experience 

management platform Qualtrics. The mixed-methods survey contained 6 drag-and-drop 

rank questions, 2 multiple choice questions, and 1 open-ended question. A ‘force 

response’ requirement was added to each question, apart from the open-ended 

question.  

 

3.4.2 Key Informant Criteria 

Criteria was established to select potential key informants to participate in the survey. 

Ideal candidates were landscape architects with experience in cycling network design in 

urban settings, however, this criterion was broadened to include urban planners and 

professionals with experience in trail design as well. The criteria were revised as 

follows: 

 
350 Martine Van Selm and Nicholas W. Jankowski, “Conducting Online Surveys,” Quality and Quantity 40, 
no. 3 (2006): pp. 438. 
351 Ibid, pp. 438. 
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Table 4. Key informant selection criteria 

Key Informant Criteria 

1 Landscape architects and/or urban planners 

2 Experience designing and implementing cycling networks 

 

 

3.4.3 Survey Distribution 

A private e-mail was sent out to the fourteen potential key informants in mid-March 

2022, inviting them to participate in the online survey (see Appendix I). A brief 

introduction of myself and the research topic were included. If an individual responded 

in the affirmative, a follow-up email was sent out via Qualtrics with a personalized link to 

the survey. Personalized links associated with the name of a participant can only be 

used once. This strategy was used to keep track of which responses belonged to whom, 

and to prevent the survey from being shared with individuals who did not meet the key 

informant criteria for this study. Using the personalized link, key informants were 

redirected to the Qualtrics website where the questionnaire was hosted. A more 

comprehensive introduction to the research study was presented at the onset of the 

questionnaire, along with a confidentiality statement and consent form (see Appendix I). 

An e-mail reminder was sent out one week after the initial invitation. The goal was to 

acquire at least five responses by the end of the month. 
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3.5 Analytical Tool Development 

3.5.1 Geospatial Data Collection 

Together, the case study and survey informed the next phase of the research study. 

While the case study data provided a location and context, the survey data provided the 

groundwork for geospatial data collection. Geospatial shapefile data was downloaded 

from Scholar’s GeoPortal (SGP) and the City of Guelph’s GeoDataHub (GDH). 

Additional data was also provided by the City of Guelph’s Engineering and 

Transportation Service Department upon request. The GIS data was analyzed using 

ArcMap 10.8.1 (ESRI Canada, Toronto, ON) and projected to NAD 1983 UTM Zone 

17N coordinate system. Table 5 details the geospatial data layers used in this study. 

These geospatial layers were clipped to a r=3km circle prior to being imported into the 

Grasshopper environment. Grasshopper will be defined in the next chapter. 

 

 

Table 5. Geospatial data sources 

 

Source Type Year Format 

City of Guelph  CS Childcare 2018 shapefile 

City of Guelph  CS Health Services 2018 shapefile 

City of Guelph  CS School Boards 2018 shapefile 

City of Guelph Cycling Trails 2010 shapefile 

City of Guelph Hydrology 2016 shapefile 

City of Guelph Parks 2018 shapefile 

City of Guelph Tree Inventory 2021 shapefile 

DMTI Spatial Inc. Building Footprints Region 2020 shapefile 

DMTI Spatial Inc. Major Roads 2020 shapefile 

OCHPP Material Resources 2016 xlsx 

Statistics Canada Census Subdivisions 2016 shapefile 

 
Statistics Canada  Road Networks 2016 shapefile 
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To determine the locations of low-income neighbourhoods in Guelph, this study used 

data from the 2016 Canada marginalization index (CAN-Marg.). The 2016 CAN-Marg. 

was created by researchers at MAP Centre for Urban Health Solutions at St. Michael’s 

Hospital, and McMaster University. Using data from Statistics Canada’s 2016 Census of 

Population profiles, the CAN-marg. seeks to understand social and health inequalities in 

population groups and geographical areas in Canada. The index categorizes variables 

into four dimensions: household and dwelling, material resources, age and labour force, 

and immigration and visible minority. This study was interested in establishing the 

locations of low-income neighbourhoods in Guelph; therefore, the dimension of material 

resources was chosen for further analysis. Material resources refers to household 

access and deprivation (among individuals 15+); the specific variables are described in 

Table 6.  

 

Table 6. Canada Marginalization Index, Material Resources 

Material Resources 

1 Income  

 
2 Unemployment 

3 Quality of Housing 

 
4 Educational Attainment (with a high school diploma or more) 

5 Family structure characteristics (proportion who are single parents) 
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4.0 Results  

4.1 Case Study 

4.1.1 Guelph Cycling Master Plan (2012) 

The City of Guelph published a transportation planning document in Guelph Cycling 

Master Plan 2012 to help guide future cycling growth in the municipality. With health, 

environmental and socioeconomic benefits in mind, the goal was to foster a “safe, 

efficient, convenient and sustainable transportation system” to encourage active modes 

of travel such as cycling and walking.352 Prior to making recommendations, the master 

plan gathered a repository of contextual information to guide planning decisions. Even 

when compared to other Canadian cities, cycling mode share was low in the Royal City, 

comprising only 1% of daily trips.353 Consistent with findings from other studies in North 

America, most cycling trips were undertaken for recreational purposes (Figure 45), and 

that the preferred cycling route type within the community was on-road bike lanes 

(Figure 46).354 Furthermore, the plan revealed that most individuals who cycled for 

utilitarian purposes were young (<25 years old), relied more heavily on public transit, 

and resided in low-income neighbourhoods.  

 
352 IBI Group, “Guelph Cycling Master Plan,” pp. 17.   
353 Ibid, pp. 14.   
354 Ibid, pp. 17. 
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Figure 45. Cycling trip purpose, Guelph (Guelph Cycling Master Plan) 

 

 

Figure 46. Bikeway type preference, Guelph (Guelph Cycling Master Plan) 

 

With a goal of tripling cycling mode share from 1% to 3% of daily trips, by 2022, the plan 

recommended further development to link cycling networks to existing transportation 

networks and expand provisions for end-of-trip facilities, including artistic bicycle 

parking, showers, and change-rooms.355 The master plan recommended cycling routes 

along roads in Guelph, including signed routes, bicycle boulevards, sharrows, advisory 

 
355 IBI Group, “Guelph Cycling Master Plan,” pp. 9. 
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lanes, bike lanes/paved shoulders, multi-use boulevard trails, or fully separated bike 

lanes, depending on the road type, traffic volume and other contextual factors. For 

streets, multi-lane collectors or arterials with speed limits of 50km/h or less, ‘sharrows’ 

(or shared-use lanes) were recommended.356 Meanwhile, for collector or arterial streets 

with speed limits of 60km/h or less and more than 5,000 AADT/day, painted bicycle 

lanes were recommended.357 High quality cycling routes, such as multi-use boulevard 

trails and fully separated bicycle lanes were recommended sparingly, on Woodlawn 

Road W., Edinburgh and Stone Road W.  

      

 

4.1.2 Proposed All Ages and Abilities Cycling Network in Guelph (2022) 

In November of 2021, the City of Guelph launched a study to explore the idea of a 

protected cycling network to encourage greater cycling ridership in Guelph. The 

proposed 13km AAA (all ages and abilities) cycling network will run along three 

corridors: Eramosa Road, College Avenue, and Gordon Street, one of Guelph busiest 

north-south corridors which connects the University of Guelph to the downtown core.358 

The proposed network is shown in Figure 47. The City is accepting public feedback 

until January 2022 on five options: 1) do nothing, 2) one-way cycle tracks on either side 

of the road, physically separated from motor traffic by a 2m planting strip, 3) wide multi-

use path shared by cyclists and pedestrians, physically separated from motor traffic by 

a 2m planting strip, 4) one-way protected bike lanes on either side of the road, 

 
356 IBI Group, “Guelph Cycling Master Plan,” pp. 30.  
357 Ibid, pp. 32. 
358 “Cycling Network Study,” Have Your Say Guelph (City of Guelph), accessed December 5, 2021, 
https://www.haveyoursay.guelph.ca/cycling-network-study. 
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physically separated from motor traffic by a curb, planter box or bollard, 5) hybrid 

approach of the previous three options.359 Following a review of public feedback, the 

plan is slated for implementation in the Summer of 2022. 

 

 

Figure 47. Proposed AAA Cycling Network Plan (City of Guelph). 

 
359 “Cycling Network Study,” Have Your Say Guelph (City of Guelph), accessed December 5, 2021, 
https://www.haveyoursay.guelph.ca/cycling-network-study. 
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4.2 Survey 

The survey received a relatively high response rate of 57%, and a completion rate of 

89%. The quantitative results were analyzed using SPSS, a statistical software suite 

developed by IBM for data management and analysis. The Friedman’s test, sometimes 

referred to as the Friedman’s two-way ANOVA was performed to evaluate the ranking 

questions. The Friedman’s test is a non-parametric, repeated measures test used to 

determine whether three or more variables are significantly related to one another. The 

dependent variables must be ordinal or continuous. In this study, the Friedman’s test 

was used to establish a mean rank for each variable and test the likelihood of these 

results arising through pure chance. As the results of all the ranking questions (1;4-8) 

produced significant results (p>0.05), the null hypothesis was rejected. Meanwhile, a 

Pearson chi-square test was chosen to analyze the multiple-choice questions. The 

Pearson chi-square test is a non-parametric statistics test used to determine if a 

significant correlation exists between categorical variables. Post hoc tests were used to 

analyze the results. Pairwise comparisons were performed to establish which variables 

had significant differences based on their rank means. The Bonferroni adjustment was 

used to alter the p values, reducing the probability of a false positive (i.e., mistakenly 

rejecting the null hypothesis). The Bonferroni adjustment is ideally suited for multiple 

comparison analysis, as the likelihood of a false positive or a Type I error increases as 

more comparisons are made with the same dependent variable.  

 

Participants ranked separation from motor vehicle traffic as the highest cycling route 

priority (Table 7). Desires for maximum separation between cyclists and motor vehicle 
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traffic were emphasized in the open-ended question response section as well, indicating 

a marked preference among participants. Direct routes and low traffic volume were 

ranked as second and third priorities respectively. Meanwhile, flat, or gently sloping 

terrain, open sightlines and well-lit routes were ranked as the least important priorities. 

With regards to on-road bike lanes, participants displayed a marked preference for 

maximum separation from motor vehicles along arterials (Table 9). However, on 

collectors they preferred on-road bike lanes separated by bollards (Table 11). 

Meanwhile, on local and private roads, participants ranked on-road painted bike lanes 

as the preferred option, and fully separated cycling lanes as the least (Table 13). This 

pattern suggests that participants view greater separation from motor vehicle traffic as 

most important on roads with greater traffic volumes, more lanes, and higher speed 

limits. On both roads with low and medium traffic volumes, participants indicated 

50km/h was the maximum speed they considered appropriate for cycling routes without 

buffers (Table 18). 

 

 
Table 7. Ranking: preferred cycling route features. 

Cycling Route Feature Mean Rank 

separation from motor vehicles 1.13 

direct routes 3.13 

low traffic volume 3.25 

flat or gently sloping terrain 4.13 

speed limit <50km/h 4.13 

well-lit at night 5.88 

open sightlines 6.38 

p = <0.001 
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Table 8. Pairwise: preferred cycling route features. 

Sample 1 Sample 2 Test Statistic Std. Error Adj. Sig.a 

separation from motor 
vehicles 

direct routes 2.000 1.080 1.000 

separation from motor 
vehicles 

low traffic volume 2.125 1.080 1.000 

separation from motor 
vehicles 

speed limit 
<50km/h 

3.000 1.080 .115 

separation from motor 
vehicles 

flat or gently 
sloping terrain 

-3.000 1.080 .115 

separation from motor 
vehicles 

well-lit at night -4.750 1.080 .000 

separation from motor 
vehicles 

open sightlines -5.250 1.080 .000 

direct routes low traffic volume -.125 1.080 1.000 

direct routes speed limit 
<50km/h 

-1.000 1.080 1.000 

direct routes flat or gently 
sloping terrain 

-1.000 1.080 1.000 

direct routes well-lit at night -2.750 1.080 .229 

direct routes open sightlines -3.250 1.080 .055 

low traffic volume speed limit 
<50km/h 

-.875 1.080 1.000 

low traffic volume flat or gently 
sloping terrain 

-.875 1.080 1.000 

low traffic volume well-lit at night -2.625 1.080 .317 

low traffic volume open sightlines -3.125 1.080 .080 

speed limit <50km/h flat or gently 
sloping terrain 

.000 1.080 1.000 

speed limit <50km/h well-lit at night -1.750 1.080 1.000 

speed limit <50km/h open sightlines -2.250 1.080 .782 

flat or gently sloping 
terrain 

well-lit at night 1.750 1.080 1.000 

flat or gently sloping 
terrain 

open sightlines 2.250 1.080 .782 

well-lit at night open sightlines -.500 1.080 1.000 
Each row tests the null hypothesis that the Sample 1 and Sample 2 distributions are the same. 
Asymptotic significances (2-sided tests) are displayed. The significance level is .050. 
 
a. Significance values have been adjusted by the Bonferroni correction for multiple tests. 
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Table 9. Ranking: preferred cycling route on arterials. 

Cycling Route Mean Rank 

 fully separated bike lane (separated by a buffer strip) 1.13 

 on-road bike lane (separated by bollards) 2.0 

on-road bike lane (painted) 2.88 

sharrow 4.00 

p = <0.001 

 

 
Table 10. Pairwise: preferred cycling route on arterials. 

Sample 1 Sample 2 Test Statistic Std. Error Adj. Sig.a 

fully separated bike lane 
(separated by a buffer 
strip) 

on-road bike 
lane (separated 
by bollards) 

.875 .645 1.000 

fully separated bike lane 
(separated by a buffer 
strip) 

on-road bike 
lane (painted) 

1.750 .645 .040 

fully separated bike lane 
(separated by a buffer 
strip) 

sharrow 2.875 .645 .000 

on-road bike lane 
(separated by bollards) 

on-road bike 
lane (painted) 

.875 .645 1.000 

on-road bike lane 
(separated by bollards) 

sharrow 2.000 .645 .012 

on-road bike lane 
(painted) 

sharrow 1.125 .645 .488 

Each row tests the null hypothesis that the Sample 1 and Sample 2 distributions are the same. 
Asymptotic significances (2-sided tests) are displayed. The significance level is .050. 
 
a. Significance values have been adjusted by the Bonferroni correction for multiple tests. 

 

 
Table 11. Ranking: preferred cycling route on collectors. 

Cycling Route  Mean Rank 

 on-road bike lane (separated by bollards) 1.75 

 fully separated bike lane (separated by a buffer strip) 2.13 

on-road bike lane (painted) 2.5 

sharrow 3.63 

p = 0.024 
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Table 12. Pairwise comparison: preferred cycling route on collectors. 

Sample 1 Sample 2 Test Statistic Std. Error Adj. Sig.a 

on-road bike lane 
(separated by bollards) 

fully separated bike 
lane (separated by 
a buffer strip) 

-.375 .645 1.000 

on-road bike lane 
(separated by bollards) 

on-road bike lane 
(painted) 

.750 .645 1.000 

on-road bike lane 
(separated by bollards) 

sharrow 1.875 .645 .022 

fully separated bike 
lane (separated by a 
buffer strip) 

on-road bike lane 
(painted) 

.375 .645 1.000 

fully separated bike 
lane (separated by a 
buffer strip) 

sharrow 1.500 .645 .121 

on-road bike lane 
(painted) 

sharrow 1.125 .645 .488 

Each row tests the null hypothesis that the Sample 1 and Sample 2 distributions are the same. 
Asymptotic significances (2-sided tests) are displayed. The significance level is .050. 
 
a. Significance values have been adjusted by the Bonferroni correction for multiple tests. 

 

 
Table 13. Ranking: preferred cycling route on local and private roads. 

Cycling Route  Mean Rank 

on-road bike lane (painted) 1.50 

sharrow 1.63 

on-road bike lane (separated by bollards) 2.88 

fully separated bike lane (separated by a buffer strip) 4.00 

p = <0.001 
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Table 14. Pairwise comparison: preferred cycling route on local and private roads. 

Sample 1 Sample 2 Test Statistic Std. Error Adj. Sig.a 

on-road bike lane 
(painted) 

sharrow .125 .645 1.000 

on-road bike lane 
(painted) 

on-road bike lane 
(separated by 
bollards) 

-1.375 .645 .199 

on-road bike lane 
(painted) 

fully separated bike 
lane (separated by a 
buffer strip) 

-2.500 .645 .001 

sharrow on-road bike lane 
(separated by 
bollards) 

-1.250 .645 .317 

sharrow fully separated bike 
lane (separated by a 
buffer strip) 

-2.375 .645 .001 

on-road bike lane 
(separated by 
bollards) 

fully separated bike 
lane (separated by a 
buffer strip) 

-1.125 .645 .488 

Each row tests the null hypothesis that the Sample 1 and Sample 2 distributions are the same. 
Asymptotic significances (2-sided tests) are displayed. The significance level is .050. 
 

a. Significance values have been adjusted by the Bonferroni correction for multiple tests. 

 

 
Table 15. Cycling Route Preference by Road Type 
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Table 16. Maximum speed limit on unseparated routes - low volume 

Speed Count 

never suitable 0 

30km/h 2 

50mk/h 4 

60km/h 2 

>70km/h 0 

Total 8 

p = 0.065 

 

 
Table 17. Maximum speed limit on unseparated routes - medium volume 

Speed Count 

never suitable 0 

30km/h 2 

50mk/h 5 

60km/h 1 

>70km/h 0 

Total 8 

p = 0.012 

 

Table 18. Maximum speed limit on unseparated routes 
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With regards to key destinations, participants prioritized connection to public amenities, 

including grocery stores, commercial centres, and libraries (Table 19). Schools and 

childcare services were ranked as secondary and tertiary priorities respectively, 

Meanwhile, transportation and healthcare services were ranked as the least important 

utilitarian destinations. With regards to long term bicycle parking facilities, participants 

prioritized locations near rental apartment buildings in low-income neighbourhoods 

(Table 21). Participants also favoured long-term bicycle parking near major institutions, 

such as libraries, schools, and commercial centres. Although this was not included in 

the questionnaire, participants expressed interest in bicycle parking at the workplace. 

Long-term bicycle parking near both major and minor transportation services was not 

ranked highly. While the ranking and multiple-choice questions received a perfect 

completion rate, only 50% of participants responded to the open-ended question. The 

intended thematic analysis was not deemed necessary for such a modest pool of data. 

 

 

Table 19. Ranking: destination priority in low-income neighbourhoods. 

Location Mean Rank 

public amenities such grocery stores, commercial centres, and libraries 1.75 

schools 2.13 

childcare services 3.13 

bus stops and other transportation nodes 3.88 

health care services 4.13 

Overall p = 0.007 
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Table 20. Pairwise comparison: destination priority in low-income neighbourhoods. 

Sample 1 Sample 2 Test Statistic Std. 
Error 

Adj. Sig.a 

public amenities schools .375 .791 1.000 

public amenities childcare services 1.375 .791 .820 

public amenities transportation nodes 2.125 .791 .072 

public amenities health care services -2.375 .791 .027 

schools childcare services -1.000 .791 1.000 

schools transportation nodes 1.750 .791 .269 

schools health care services -2.000 .791 .114 

childcare services transportation nodes .750 .791 1.000 

childcare services health care services -1.000 .791 1.000 

transportation nodes health care services -.250 .791 1.000 

Each row tests the null hypothesis that the Sample 1 and Sample 2 distributions are the same. 
Asymptotic significances (2-sided tests) are displayed. The significance level is .050. 
 

a. Significance values have been adjusted by the Bonferroni correction for multiple tests. 

 

 
Table 21. Ranking: location of long-term bicycle parking in low-income neighbourhoods. 

Location Mean Rank 

rental apartment buildings 1.50 

major institutions, such as libraries schools, and commercial centres 2.13 

major transportation centres, such as train stations 3.00 

local transportation, such bus stops 3.38 

Overall p = 0.016 
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Table 22. Pairwise comparisons: location of long-term bicycle parking in low-income neighbourhoods. 

Sample 1 Sample 2 Test Statistic Std. Error Adj. Sig.a 

rental apartment buildings  major institutions -0.625 0.645 1.000 

rental apartment buildings  major 
transportation 
centres 

-1.500 0.645 0.121 

rental apartment buildings local transportation -1.875 0.645 0.022 

major institutions major 
transportation 
centres 

-0.875 0.645 1.000 

major institution local transportation -1.250 0.645 0.317 

major transportation 
centres 

local transportation -0.375 0.645 1.000 

Each row tests the null hypothesis that the Sample 1 and Sample 2 distributions are the same. 
Asymptotic significances (2-sided tests) are displayed. The significance level is .050. 
 

a. Significance values have been adjusted by the Bonferroni correction for multiple tests. 

 

 

4.3 Analytical Tool Development 

4.3.1 Importing Data into the Grasshopper Environment  

The geospatial shapefile data was brought into Grasshopper, a visual programming 

language and environment developed for McNeel and Associates’ Rhinoceros 3D 

(Rhino) by David Rutten. Initially known as Explicit History in its formative years, 

Grasshopper was released 2007 as a plugin to extend the capabilities of Rhino 3D. In 

2018 it became part of the standard software package. As a visual scripting language, 

Grasshopper is a versatile and user-friendly tool used by a variety of professions for 

parametric modeling and generative design. As opposed to RhinoScript, no prior 

knowledge or experience with programming is required to operate the software. The 

active and welcoming community surrounding Grasshopper is one of its greatest 

strengths. Hundreds of plugins have been developed by members of the community for 

Grasshopper, many of them available at no cost via food4rhino, a plugin community 
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service hosted by McNeel and popular development platform GitHub. This has allowed 

the software to continuously expand its capabilities in various directions as it adapts to 

the needs of diverse communities.  

 

The GhShp plugin developed by Hiteca was used to bring in the ESRI shapefile data. 

An earth anchor point was set up in the Rhino environment to ensure the correct 

geospatial coordinates were preserved. A clean tree component was used to remove 

any null or invalid items from the data set, and regular data dam components were 

inserted into the script to prevent delays associated with larger definitions continuously 

updating. Figure 48 depicts the script used to import major shapefile data for roads, 

buildings, and trees. 
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Figure 48. Geospatial data import with the Hiteca plugin. Grasshopper (above) and Rhino 
(below) environments (Author). 

 



102 

XML-formatted data from the CAN-Marg. Index was analyzed using ArcMap 10.8.1 and 

converted into shapefile data. The index ranks census metropolitan areas on a scale 

from 1 to 5, with 1 being the most material resources and 5 being the least. Using this 

criteria, two areas in Guelph were identified as low-income (Figure 49). Ground truthing 

confirmed the validity of this hypothesis. To establish the location of a residential ‘origin’ 

location, an investigation of online rental apartment listings was employed. This study 

identified an area bounded by Willow Road to the North, Edinburgh Road to the East, 

Mercer Street to the South, and Alma Street to the West, as a suitable study area, with 

sizeable numbers of inexpensive rental apartment listings. The study area is featured in 

Figures 49 and 50.  

 

Figure 49. 2016 CAN-Marg. (Author). 
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In addition to an origin location, several destinations were established as part of the 

analysis. Informed by the survey analysis, these destinations were defined as grocery 

stores and libraries, schools, and childcare services. A fourth destination, the proposed 

AAA cycling network which will run along Gordon Street, College Avenue and Eramosa 

Road was included in this stage of the analysis. As transportation nodes and healthcare 

services were not ranked very highly by participants, these categories were not pursued 

with the analytical tool. Figure 50 depicts the origin, destinations, and cycling route 

parameters established by the survey response analysis, which informed the type of 

analytical tool that was built for the purposes of this study.  

 

Figure 50. Analytical tool origin, destinations, and cycling route parameters (Author). 
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Research indicates that women are more likely to choose the bicycle as a means of 

transportation for intermediate time frames (20 to 29 minutes).360 Meanwhile, a beginner 

cyclist can cycle at an average speed of 16-22km/h, traveling between 8-11km in a half 

hour time frame. While an 8-11km radius would have been more suitable for this study, 

the processing power of the available computers would not accommodate such a large 

area. Therefore, a radius of 3km from a centre point in the low-income residential 

neighbourhood was established as the study limit.  

 
360 Teschke et al., “Proximity to Four Bikeway Types,” pp. 708. 
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Figure 51. Study area, 3km radius from the low-income neighbourhood (Author). 
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4.3.2 Vehicular Speed Limit Analysis 

Prior to importing the street network shapefiles into the Grasshopper environment, 

roads were aggregated into three categories: 1) very safe, 2) moderately safe, and 3) 

unsafe, as depicted in Table 23. These categories were informed by participant 

feedback from the survey. Roads with greater challenges such as high speed limits and 

greater traffic volume were grouped into the moderately safe category. These roads 

were considered suitable only if buffered, on-road cycling lanes could be 

accommodated by the road width. Meanwhile, roads with lower speed limits and traffic 

volumes were grouped in the very safe category. While buffered on-road cycling lanes 

are always the preferred option, unseparated cycling lanes were considered suitable as 

well. Roads which fell into the categories of very safe and moderately safe were 

imported into Grasshopper with Hiteca’s GhShp plugin. Meanwhile, roads with speed 

limits >60km/h and traffic volume >3,000 AADT were deemed as undesirable for cycling 

and were culled from the list in ArcMap. However, since no data was available 

regarding the availability of road space for buffered on-road cycling lanes, only the 

roads categorized as “very safe” were used in the next part of the analysis.  

 

Table 23. Cycling routes by road type 

Safety Level Speed Limit Traffic Volume Cycling lane type (on-road) 

Very safe ≤50km/h AADT >400<3, all cycling lanes 

Moderately safe >50km/h≤60k
m/h 

AADT >400<3, 000 only buffered cycling lanes 

Unsafe >60km/h AADT >3,000 unsuitable 
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4.3.3 Shortest Distance Analysis 

The residential low-income neighbourhood was defined as the origin area. An evaluate 

surface component linked to two number sliders, representing the x and y coordinates, 

were used to allow the analytical tool to cycle through coordinates within this area. 

Meanwhile, utilitarian destinations including grocery stores and libraries, schools, and 

childcare services were imported as separate categories (Figures 52 and 55). The 

geospatial coordinates were expressed as points and linked to a single number slider. 

Here, the number sliders allowed the analytical tool to cycle through different destination 

coordinates. For instance, if there were 26 childcare services within the 3km study 

radius, a number slider ranging from 1 to 26 would be used to allow the analytical tool to 

cycle from Willowdale Childcare to Learning to Noah’s Ark Childcare. Meanwhile, a 

divide curve component was used to partition the proposed AAA cycling network into 60 

points along the curve. An evaluate curve component and number slider were used 

again to allow the analytical tool to cycle through these points for the optimal location. 

Meanwhile, a line component was used to connect the origin to the destination.  

    

 The generate network component, developed as part of Lorenzo Greco’s Dodo plugin, 

was used to generate a street network from the road shapefile curves. Meanwhile, the 

shortest walk plugin was plugged in between the line component to the generate 

network component to calculate the shortest distance between the origin and 

destination along the street network defined by the generate network component. 

Developed by giulio@mcneel, the shortest walk plugin analyzes a network of curves 

and establishes the shortest route between point A and point B. Finally, Galapagos, a 
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native Grasshopper component which appeared in the 2019 release of the software, 

was used to select the optimal path. The Galapagos component is an evolutionary 

solver which searches for either a “maximum” or a “minimum” number. Inspired by the 

theory of natural selection, the Galapagos component requires two numerical inputs, 

‘genomes’ and ‘fitness’ to produce a solution.361 The genomes represent the variables, 

while the fitness represents the goal of the evolutionary solver. For the purposes of this 

study the genomes were defined as the origin and destination coordinates, defined by 

the number sliders. Meanwhile, the fitness was defined as the output minimum distance 

defined by the shortest walk component. Galapagos is attached to the number sliders 

and cycles through them until the combination produces the minimum distance. The 

algorithm will continue to cycle indefinitely unless specified otherwise (Figures 53 and 

56), with each solution generally improving over time To this end, Galapagos may never 

discover the “minimum” solution, and the user must be satisfied with the lowest number 

produced in a predefined time frame. Given the relatively low level of complexity in this 

study, a defined period of 30 minutes was established as the maximum allotted time for 

the operation, although most scripts concluded within 20 minutes. The results are 

depicted in Figures 54 and 57, and the script used to develop the shortest distance 

algorithm is shown in Figure 58. While the analytical tool produced hundreds of results 

for each destination, another script was built to record the top ten results from each 

category. A list item component attached to a number slider was built into the recorder 

to cycle through the results sequentially from most to least optimal routes. These results 

were ‘baked’ or converted into geometry in the Rhino environment.  

 
361 David Rutten, “Evolutionary Principles Applied to Problem Solving,” Grasshopper: Algorithmic 
Modeling for Rhino, September 25, 2010. 
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Figure 52. Grocery stores near the low-income neighbourhood, Guelph (Author). 

 

Figure 53. Galapagos cycles through potential routes (Author). 

 

Figure 54. Optimal cycling route from low-income neighbourhood to nearest grocery stores (Author). 
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Figure 55. Childcare services near the low-income neighbourhood, Guelph (Author). 

 

 
Figure 56. Galapagos cycles through potential routes (Author). 

 

 
Figure 57. Optimal cycling route from low-income neighbourhood to nearest childcare services (Author). 
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Figure 58. Shortest walk script (Author). 
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4.3.4 Visibility Analysis 

To establish the routes which provided the greatest visibility, an ‘isovist’ was employed. 

An isovist is a mathematical spatial analysis tool, which measures the visibility area 

from a given point in the landscape.362 Popularized as an architectural spatial analysis 

tool by Michael Benedikt in his seminal study “To Take Hold of Space: Isovists and 

Isovist Fields” in the late 1970s, an isovist is typically represented as a closed polygon 

with no holes, which radiates from a single point.363 This point is defined by Benedikt as 

the vantage point and represents the position of the observer. Radials or radial lengths 

radiate out from the vantage point to the boundary, representing light traveling 

outbound. The size and shape of the polygon change as the vantage point is 

repositioned in the environment, as seen in Figures 59 and 60.364 The occlusivity, 

which is the area not defined by the isovist, represents that space which is not visible 

from the vantage point. Isovists, which can be 2D or 3D are used by architects to 

evaluate privacy and predict human responses to spatial configurations in buildings and 

urban developments.365 They are used by city planners to predict pedestrian movement, 

and by landscape architects to place amenities, position views and hide unpleasant 

features.366 Due to the mobile nature of cycling networks and the limited range of vision 

 
362 M. L. Benedikt, “To Take Hold of Space: Isovists and Isovist Fields,” Environment and Planning B: 
Planning and Design 6, no. 1 (1979): pp. 48. 
363 Alasdair Turner et al., “From Isovists to Visibility Graphs: A Methodology for the Analysis of 
Architectural Space,” Environment and Planning B: Planning and Design 28, no. 1 (2001): pp. 103. 
364 Benedikt, “To Take Hold of Space,” pp. 48. 
365 Michael J. Ostwald and Michael J. Dawes, “Isovists: Spatio-Visual Mathematics in Architecture,” in 
Handbook of the Mathematics of the Arts and Sciences, ed. Bharath Sriraman (Cham: Springer, 2018), 
pp. 1. 
366 Katerina Ruzickova, Jan Ruzicka, and Jan Bitta, “A New GIS-Compatible Methodology for Visibility 
Analysis in Digital Surface Models of Earth Sites,” Geoscience Frontiers 12, no. 4 (2021): p. 1.  
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on a bicycle, an isovist path, with vantage set at regular intervals along the route was 

chosen as the analysis method.   

 

Figure 59. Occlusivity = 1 (Author). 

 

Figure 60. Occlusivity > 0 < 1 (Author). 

 

The visibility analysis was conducted in the Grasshopper environment using the native 

isovist component. To build the isovist simulator, several important parameters needed 

to be established. First, a path for the isovist to analyze, second, a set of obstacles to 

block visibility, and third a visibility range. To define the path, the shortest distance 

script, which was discussed in the previous section, was reversed to lead from origin to 

destination. The divide length component was used to create points along the route at 

100m intervals (Figure 61). These would represent vantage points along the route. A 

line SDL component was used to create lines tangent to the points along the curve. The 

rotate component was used to rotate the tangent line 90° to face forward (Figure 62). 

The path was then connected to the isovist component as the plane input. The second 
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isovist input was the range. Based on visibility analyses methods used by Othman et al. 

(2019), a range of 137m was set (Figure 63).367 At 12m the human eye can distinguish 

facial features, and at up to 24m it can recognize the face of a friend.368 Meanwhile, at 

137m it can perceive a gesture, and beyond 1219m people become imperceptible.369 

The human-scale, real-time approach employed by Othman et al. (2019) was inspired 

by the “eye on the street” approach coined by Jane Jacobs, which posits that vibrant 

street life reduces crime in a neighbourhood.370   

 

The third isovist input was the obstacles, which were defined as the surrounding 

buildings and existing tree canopy. As the geospatial shapefile data for the trees was 

presented as a series of points, rather than exact canopies, a random variation 

component was built to simulate natural diversity. The points were converted into circles 

and the domain component was used to establish the circle radius. An overlay of 

imagery from Google Maps was used to establish a tree canopy, which ranges between 

2.5 and 6 meters in radius. Both the tree and building shapefile data were connect to 

the isovist component as obstacles inputs (Figure 48). The typical macular field 

demonstrated by most human beings is 170° at low acuity, however, by tilting the head 

from left to right that cone expands to 230°.371 Meanwhile, this cone can be expanded 

as far as 300° by rotating the hips and shoulders. For the purposes of this study, a cone 

 
367 F. Othman, Z. Mohd Yusoff, and A. R. Abdul Rasam, “Isovist and Visibility Graph Analysis (VGA): 
Strategies to Evaluate Visibility along Movement Pattern for Safe Space,” IOP Conference Series: Earth 
and Environmental Science 385, no. 1 (January 2019): pp. 4. 
368 Ibid, pp. 4. 
369 Ibid, pp. 4. 
370 Ibid, pp. 4. 
371 Ostwald et al., “Isovists,” pp. 6. 
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of 170° was set as the isovist angle, as shown in Figure 64. The path and the angle 

were woven together with the weave component. A polyline component was used to 

define the cone borders, and surface component was used to create a surface to be fed 

into an area component. A mass addition component was used to calculate the total 

area. 

 

To calculate the visibility of a given route, the algorithm built up to this point was 

duplicated. The obstacles (trees and buildings) were removed from the duplicate, and 

the results of the mass addition component were multiplied by 0.10 to establish a 

threshold of 0.9 occlusivity or 10% visibility. The larger than component, paired with the 

dispatch and list item components were used to sort routes into two categories The 

analytical tool was used to assess the visibility of 40 routes. These routes were selected 

as the top ten routes recommended by the shortest distance algorithm, connecting the 

low-income neighbourhood to the following destinations: grocery stores and libraries 

(Table 24), childcare services (Table 25), schools (Table 26), and the proposed AAA 

cycling network (Table 27). 

 

Considering the low priority of visibility relative to other cycling route features such as 

speed limit and traffic volume, the script used to build this part of the analytical tool 

differs from the one used to develop the shortest distance algorithm. Rather than 

looking for the path with the greatest visibility, this algorithm instead operates as an “if 

statement” in tandem with the shortest distance algorithm. An if statement is a term 

used in computer sciences to describe a programming conditional statement, whereby 
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the script will perform a function if the statement is proven to be true. In this case, if the 

area of the route exceeded a maximum occlusivity of 0.9, then the route was sorted into 

the “true” list by the dispatch component, and Galapagos performed the minimum 

distance algorithm. If the route did not meet this minimum requirement it was sorted into 

the “false” list and Galapagos would not run the algorithm. The results are depicted in 

Figures 65-67, and the script used to develop the visibility analysis algorithm is shown 

in Figure 68.     
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Figure 61. Vantage points. 

 
Figure 62. Tangents 

 
Figure 63. Isovist plane and range set. 
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Figure 64. Visibility analysis: low-income neighbourhood to proposed AAA cycling network along 
Suffolk Street and Woolwich Street (Author). 
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Figure 65. Visibility analysis: low-income neighbourhood to nearest grocery store along Willow Road and 
Silvercreek Parkway North (Author). 

 

 
Figure 66. Visibility analysis: low-income neighbourhood to nearest childcare services along Willow 
Street (top) and Alma Street and Paisley Street (bottom) (Author). 
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Figure 67. Visibility analysis: low-income neighbourhood to nearest schools along Alma Street and 
Guelph Street (Author). 
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Figure 68. Visibility analysis script (Author). 
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Table 24. Optimal Routes from low-income neighbourhood to nearest grocery store. 

Distance Area with obstacles Area without obstacles Visibility 

738 104,344 
 

235,703 
 

44.3% 

827 112,722 265,166 42.5% 

863 53,300 265,166 20.1% 

869 112,183 265,166 42.3% 

931 125,205 294,629 42.5% 

952 59,385 294,629 20.2% 

993 61,311 294,629 20.8% 

1,015 118,343 324,092 36.5% 

1,025 113,319 324,092 35.0% 

1,048 139,836 324,092 43.1% 

 

 
Table 25. Optimal Routes from low-income neighbourhood to nearest childcare services. 

Distance Area with obstacles Area without obstacles Visibility 

79 12,952 29,463 44% 

168 25,099 58,926 42.3% 

210 32,538 88,389 36.8% 

272 32,538 88,389 36.8% 

357 31,334 117,852 26.6% 

366 25,140 117,852 21.3% 

382 14,988 117,852 12.7% 

390 48,912 117,852 42.5% 

436 61,471 147,314 41.7% 

451 25,165 147,314 17.1% 
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Table 26. Optimal Routes from low-income neighbourhood to nearest schools. 

Distance Area with obstacles Area without obstacles Visibility 

183 20,003 58,926 33.9% 

260 22,660 88,389 25.6% 

372 22,428 117,852 19.0% 

382 14,988 117,852 12.7% 

431 23,612 147,314 16.0% 

438 16,652 147,314 11.3% 

459 17,388 147,314 11.8 

507 26,771 176,777 15.1% 

533 17,098 176,777 9.7% 

570 22,229 176,777 12.6% 

 

 
Table 27. Optimal Routes from low-income neighbourhood to proposed AAA cycling network. 

Distance Area with obstacles Area without obstacles Visibility 

1,445 45,278 441,943 10.2% 

1,450 45,278 441,943 10.2% 

1,476 51,930 441,943 11.6% 

1,481 51,930 441,943 11.6% 

1,507 57,132 471,406 12.1% 

1,512 56,095 471,406 11.9% 

1,513 56,095 471,406 11.9% 

1,518 56,095 471,406 11.9% 

1,522 57,132 471,406 12.1% 

1,538 62,521 471,406 13.3% 
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4.3.5 Comparison with Existing Cycling Network 

Figure 69 features a comparison of the existing on-road cycling routes in Guelph, 

based on shapefile data from 2010, in addition to the 40 routes produced by the 

analytical tool. These routes represent the top ten optimal routes from the low-income 

neighbourhood to the following destinations: grocery stores and libraries, schools, 

childcare services, and the proposed AAA cycling network. Routes which did not meet 

the minimum visibility requirement of 10% were not included in the data set. A 

comparison of the results revealed similarities between the existing cycling network and 

the routes produced by the analytical tool. Major recommended routes along Willow 

Road, Silvercreek Parkway, Alma Street, and Paisley Road were reflected in the 

existing routes. However, the analytical tool did generate routes along Suffolk Street 

and Cork Street, which connect the low-income neighbourhood to the downtown core, 

and Bagot Street within the residential neighbourhood itself. The analytical tool also 

proposed an alternate route to the nearby commercial plaza via Applewood Crescent, a 

quiet residential road on the North side of Willow Street. The analytical tool 

recommended more cycling routes along quiet residential streets, especially within the 

low-income residential neighbourhood itself. Perhaps one of the greatest differences 

between the routes recommended by the analytical tool and the existing on-road cycling 

routes is the route type. While the analytical tool operated under the assumption that 

buffered on-road cycling routes would be prioritized if spatial and budgetary constraints 

permitted it, the existing cycling routes within the study area are composed entirely of 

on-road cycling routes without buffers (on average 1.2m wide), sharrows and signed 

routes.  
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Figure 69. Analytical Tool Findings Overlayed on Existing Cycling Routes, Guelph (Author). 

 

Although it was beyond the scope of this study to perform a comprehensive assessment 

of which roads met the spatial requirements to accommodate buffered cycling lanes, on-

site observations revealed a 4.3m greenspace buffer between the on-road cycling lane 
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and the sidewalk along Silvercreek Parkway (Figure 70). Meanwhile, on Willow Road 

the greenspace buffer spanned 6m (Figure 71). Here, there is certainly enough room to 

accommodate either uni- or bi-directional buffered cycling lanes. The survey and 

literature review confirmed that fully separated cycling routes are preferred by most 

cyclists and required to attract higher levels of female cyclists. Buffer strips or even 

bollards assuage fears of motor vehicles drifting into the bike lane (Figure 72).  

 

Figure 70. Willow Rd. and Alma St. (Author). 

 

Figure 71. Silvercreek Pkwy and Greengate Rd. 
(Author). 

 

Figure 72. Tractor drifts into the on-road bike lane,  
Willow Rd., and Alma St. (Author). 



127 

While the Guelph Cycling Master Plan recommended widening existing cycling lanes 

along major arterials in the study area, such as Willow St., Edinburgh Rd., and Paisley 

St. to a minimum of 1.5m (preferably 1.8m), it did not address the need for buffered on-

road bike lanes. The document did not address any differences in gender preferences, 

and nor did it address the safety conditions necessary to attract female cycling 

ridership. The document emphasized the concept of ‘safety in numbers’ and operated 

under the assumption that improving cycling conditions for the broader community 

would naturally attract cycling minority groups. The Guelph Cycling Master Plan relied 

too heavily on sharrows and painted on-road bicycle lanes, which are known for their 

narrow appeal.372 Physically separated bicycle lanes were recommended only for Stone 

Road West, between the University of Guelph and the neighbourhoods with the most 

material resources (Figure 49) Moreover, a study conducted by Teschke et al. (2017) 

confirmed that proximity to painted bicycle lanes did not increase cycling mode share in 

communities.373 Perhaps one of the master plan’s greatest drawbacks was its reliance 

on a piecemeal implementation approach. Rather than actively implementing cycling 

routes on the recommended roads, the City of Guelph though it prudent to wait until a 

convenient road renovation project was scheduled before beginning construction. While 

this approach appeared to be a sensible, cost-saving decision, the timeframe was not 

reasonable. Many of the recommended cycling routes have not been implemented, 

even a decade later. 

 

 
372 Teschke et al., “Proximity to Four Bikeway Types,” pp. 708. 
373 Ibid, pp. 707. 
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The City of Guelph provides bicycle parking for the downtown core on an as-needed 

basis. Outside of this boundary, bicycle parking is the responsibility of the private 

landowner or property manager. The master plan recommended both short and long-

term bicycle parking, in addition to high-visibility artistic parking. Like the cycling route 

recommendations, the end-of-trip cycling facilities goals are modest at best. While the 

document recommended a minimum of 6 long-term bicycle parking spots for 

developments with over 20 units, this number does not scale beyond the 20-unit 

threshold. Moreover, many of the rental apartment buildings in the low-income 

neighbourhood are decades old and were built before the City mandated the provision 

of a minimum number of bicycle parking spots. A review of rental apartment listing did 

not reveal any details about long-term bicycle parking in the neighbourhood. Long-term 

bicycle parking was either uncommon or not considered an advertisement priority. 

Either way, a policy provision to incentivize landlords to provide long-term bicycle 

parking might alleviate the shortage of bicycle parking at these apartment buildings. 

Figure 73 depicts the typical, limited short-term bicycle parking outside the high-rise 

rental apartment buildings in the low-income neighbourhood.  
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Figure 73. Bicycle parking outside rental apartment building,  
low-income neighbourhood (Author). 
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5.0 Discussion 

The goal of this study was to develop an analytical tool which used input parameters to 

optimize cycling network design. Women were chosen as the target user group, and 

their preferences for direct routes, low speed limits and traffic volume, as well as 

visibility were used as the input parameters. The low-income residential neighbourhood 

in Guelph was chosen as a suitable study site, due to its low cycling mode share, and 

poor cycling infrastructure among other characteristics. The following objectives were 

developed to realize this goal: 

 

1. Identify motivators and deterrent that influence women’s cycling mode share in 

low-income neighbourhoods; 

2. Analyze cycling routes in Guelph to establish the locations of areas with poor 

access to utilitarian cycling networks 

3. Enlist key informant feedback to determine which cycling route features are most 

important to develop as part of the analytical tool;  

 

 

4. Develop an analytical tool that optimizes cycling network design and connects a 

low-income neighbourhood in Guelph to utilitarian destinations, and; 

5. Compare the results of the analytical tool with the existing cycling networks in 

Guelph. 

 
 

A robust collection of recent literature provided me with the ideal background 

information to begin my exploration of women’s access to cycling networks and 
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infrastructure in low-income communities. The literature provided the necessary 

background information to develop a research survey and key informant criteria. 

Meanwhile, the case study worked equally well as a research method. Case studies are 

particularly well-suited to research studies such as this one, where contextual variables 

are required to simulate real-world application. As a Canadian city with low cycling 

mode share, low female ridership, a low-income residential neighbourhood, and poor 

cycling infrastructure, Guelph was the ideal location to test the analytical tool. This study 

employed a single case design, involving only the City of Guelph. Rowley describes a 

single case design as akin to a single experiment.374 The results of a single case study 

may not provide any generalizing conclusions,375 however, they do provide an important 

baseline for future research. While a multiple case design involving several comparable 

communities would have been an excellent way to assess the flexibility and efficacy of 

the analytical tool, it was not feasible within the time frame of this study. Moreover, the 

City of Guelph provided open access to the most recent cycling master plan (2012), and 

the proposed AAA Cycling Network, as well as geospatial data via the Guelph 

GeoDataHub website. Upon request, the city’s engineering department also provided 

closed-access traffic and streetlight data. Gathering geospatial data early in the study 

was a crucial step, as this data would inform the nature of the analytical tool. While the 

literature review provided a comprehensive list of factors that influenced Canadian 

women’s decisions to cycle, not all of them could be modeled, due to the limited 

 
374 Jennifer Rowley, “Using Case Studies in Research,” Management Research News 25, no. 1 (January 
2002): pp. 21. 
375 Zainal, “Case Study,” pp. 2. 
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availability of geospatial data. For instance, off-road cycling paths were not included in 

the development of the analytical too, as the geospatial data was not acquired.  

 

The survey received an unexpectedly high response rate, with 8 out of 14 participants 

completing the questionnaire. The results of the survey were consistent with findings 

from the literature review, which suggested that separation from motor vehicle traffic, 

and direct routes are most important cycling route features favoured by both men and 

women. Moreover, a statistical analysis of the survey results was used to establish the 

parameters which would be used to develop the analytical tool, as well as a ranking 

system. Although separation from motor vehicle traffic was ranked as the most 

important cycling route priority, this parameter was not included in the analytical tool, as 

this study was unable to establish which streets had enough room to accommodate the 

preferred route type, buffered on-road cycling lanes. Manually taking measurements on 

site was deemed too time-intensive for a single researcher. However, direct routes, low 

traffic volumes and low speed limits were the primary parameters developed as part of 

the analytical tool. Due to its moderate ranking, and the predominately flat terrain of 

Guelph, slope was also omitted from the analysis stage of the research. Meanwhile, a 

nighttime illumination analysis was ruled out due to lack of data.  

 

Although the survey was distributed equally across both genders, women were both 

less likely to agree to participate in the survey and less likely to complete the survey, in 

some cases, despite greater experience and qualifications. While it is impossible to 
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provide a generalizing conclusion, given the small sample size, in retrospect it might 

have been more effective to approach a higher proportion of women as potential key 

informants. While research indicates that male and female cyclists generally value the 

same cycling route features, such as direct routes and separation from motor vehicle 

traffic, this may explain why visibility and nighttime illumination ranked surprisingly low, 

relative to the other cycling route features. Evidence from existing literature suggests 

that visibility is an important consideration for female cyclists,376 therefore, a visibility 

analysis component was developed in the analytical tool, albeit as a secondary feature.   

 

The survey was met with a positive response from most participants, who expressed 

excitement at the prospect of an analytical tool which could optimize cycling network 

design. However, participants did express concerns over the ambiguous terminology 

and images in the survey. While four categories (fully separated cycling lanes separated 

by buffers), on-road cycling lanes (separated by bollards), on-road cycling lanes 

(painted), and sharrow, were listed as potential options, participants expressed 

concerns over the broad categorization of cycling routes. For instance, one participant 

suggested the need for distinction between uni-directional and bi-directional cycling 

lanes. Survey participants also expressed concerns over the ambiguity surrounding 

whether pedestrian traffic would be permitted along fully separated cycling routes. In 

retrospect, the survey would have benefited from more precise terminology or perhaps 

a greater emphasis on images over text. Moreover, if the timeframe of this study had 

 
376 Xie et al., “I Won’t Cycle on a Route like This,” pp. 208. 
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been extended to accommodate an ethics review, an additional survey distributed 

directly to the women living in the case study neighbourhood would have provided 

important insight from the perspective of the residents of the community themselves.   

 

One limitation of the survey method was its failure to collect enough qualitative data to 

provide any generalizing conclusions. While the multiple choice and ranking questions 

received a perfect turnout, the written response questions received a low response rate. 

Multiple choice questions are much more intuitive than short answer or open-ended 

questions and involve less effort on the part of the participant. In hindsight, it is 

unsurprising that the respondents gravitated towards the questions which posed the 

least challenge to answer. However, one of the benefits of allowing participants to 

answer in their own words, is that they may share insight or suggest something that the 

researcher has not considered. In retrospect, perhaps a virtual interview might have 

been more successful here. 
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6.0 Conclusion  

The on-going global pandemic and increasing awareness of sexual violence against 

women on crowded buses, sky trains and subways has eroded confidence in crowded 

public transportation systems. Commuting by public transit has dropped from 13% to 

3% in Canada since the onset of the pandemic,377 and cities are looking towards 

alternative modes of utilitarian transportation. Cycling represents a healthy, 

environmentally sustainable, and affordable mode of transportation. However, as it 

exists in the North American context access to cycling networks is not evenly 

distributed. A more inclusive approach to cycling infrastructure which specifically targets 

women in low-income neighbourhoods will ensure that women do not lose out on the 

health benefits that cycling offers. Poor cycling infrastructure which deters women from 

engaging with cycling reduces their mobility and negatively impacts their access to jobs, 

social opportunities, and independence.378 

 

The purpose of this study was to explore the potential of parametric design to connect 

women in a low-income residential neighbourhood in Guelph to essential utilitarian 

destinations, including grocery stores, libraries, schools, childcare services, as well as 

existing and proposed cycling networks. This study did not aim to perform a holistic 

investigation of cycling networks in Guelph, and nor did it aim to propose an alternative 

cycling masterplan. Instead, this study aimed to develop an automated, flexible 

 
377 “More Commuters Now Walk or Bike to Work than Take Public Transit,” Statistics Canada, 2020, pp. 
1. 
378 Grudgings et al., “Why Don’t More Women Cycle,” pp. 281. 
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approach to cycling network design that could be tested in the City of Guelph but 

adapted to a variety of conditions. In a different geographical and cultural context, the 

parameters of the analytical tool could be adjusted to reflect the unique needs of the 

population. For instance, in a community with an aging population and natural inclines, 

slope might take precedence over shortest distance or nighttime illumination. 

Meanwhile, in a colder climate, major routes which benefit from regular snow ploughing 

might be prioritized over routes with low traffic volumes.  

 

6.1 Limitations 

Furthermore, some of the analytical tool’s drawbacks must be acknowledged. First, 

while both clean tree and delete consecutive components were programmed into the 

script, it was not able to detect routes which differed marginally by a meter or two. The 

result is that the several routes exist within the dataset that are near duplicates of one 

another. To resolve this issue, the top ten results from each category were used in the 

analysis featured in Figure 69. This study acknowledges that this number is excessive 

relative to the study area size and population. And second, the algorithm is not able to 

differentiate direction, and operates under the assumption that all roads are two-way. 

While the visibility analysis allowed the analytical tool to eliminate several unsuitable 

options, this part of the algorithm is still in development. The minimum visibility 

threshold of 10% set the bar very low. This study aimed to use this threshold as a 

placeholder until a defined visibility threshold beyond which women choose not to cycle 

is establish. While the isovist is a popular spatial analysis tool employed by architects, 
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landscape architects and urban planners, it is unable to perform a holistic analysis of all 

the environmental features. For instance, the isovist employed in this study does not 

consider weather conditions such as fog, rain, snow, or overcast skies. Furthermore, it 

does not take into account the potential permeability of obstacles such as vegetation. 

Nor does it consider the dynamic nature of vegetation permeability across the seasons. 

While recent studies conducted by Ruzickova et al. (2021) have explored the potential 

assigning permeability scores to different trees, dependent on species and season, this 

study did not have the time or resources to develop the visibility analysis to this level of 

detail.    

 

Although this study has selected women in low-income neighbourhoods as the target 

study group, it must be acknowledged that other demographic groups also experience 

inequitable access to cycling opportunities and infrastructure, including the elderly, 

children, and individuals with physical disabilities. Furthermore, access to transport 

cycling infrastructure in low-income neighbourhoods cannot be understood 

comprehensively in isolation. This study operates under the assumption that the target 

demographic is composed of physically able individuals. For instance, the visibility 

analysis operates under the assumption that the cyclist enjoys 20/20 vision and makes 

no provision for individuals with vision or other physical impairments. A holistic 

understanding would require an exploration of other dimensions including race, 

ethnicity, immigration status, and educational attainment. Moreover, this study has 

explored the experiences of cyclists self-identifying as “male” and “female,” and 
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acknowledges the limitations implied by these binary terms, however, it is beyond the 

scope of this paper to explore these limitations.     

 

6.2 Future Research 

If time and resources has permitted further exploration, an ideal next step would have 

been to set up a MySQL server, an open-source relational data management system, to 

house a larger body of geospatial data. Nathan Miller’s Slingshot plugin would have 

been a strong candidate to facilitate the connections between the MySQL server and 

Grasshopper. This would have freed up computational resources in Grasshopper and 

allowed the scope of this study to be expanded beyond the 8km radius. This impact of 

this study is modest in scale, however, if future research were to expand the parameters 

of this study, and beyond the confines of Guelph, there is certainly potential for this to 

be more.  

 

Furthermore, this study has limited itself to a small number of parameters identified by 

survey participants. These include direct routes, low speed limits and low traffic volume, 

and visibility. However, there are several parameters identified in the literature review 

which where beyond the scope of this study, such as nighttime illumination, slope, and 

separation from motor vehicle traffic. Grasshopper scripts, written as an if statements, 

which establishes minimum nighttime illumination and slope thresholds would provide a 

welcome addition to the algorithm developed in this study. There are several phone 

applications, such as Lux Meter, which could potentially be used to calculate nighttime 
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illumination on site. Mathias Bernhard and Ilmar Hurkxkens’s Docofossor plugin for 

Grasshopper would be the ideal candidate to analyze the existing topography. 

Meanwhile, a ground-truthing analysis could provide data on which roads could be 

potentially accommodate fully separated cycling lanes, both uni-direction and bi-

directional.  

 

This study has focused on the experiences of women in low-income neighbourhoods; 

however, this is not the only group with inequitable access to cycling opportunities and 

infrastructure. Research on the experiences of other marginalized communities, 

including older women and recent immigrants would be an interesting direction for 

future studies to pursue. While the purpose of this study has been to develop an 

analytical tool to be tested in Guelph, a more comprehensive and holistic study of both 

the city itself and all the existing demographic groups within Guelph would provide the 

necessary data to use the analytical tool to propose a new cycling masterplan for 

Guelph.       
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APPENDICES 

Appendix 1: Questionnaire 

Welcome to the research study!     

    

My name is Sonia, and I am a graduate student in the Landscape architecture program 

at the University of Guelph. I am conducting research on utilitarian (transport or 

commuter) cycling infrastructure in Guelph. My study investigates why Canadian 

women in low-income neighbourhoods are less likely to engage in utilitarian cycling 

compared to their male counterparts. Research indicates that both men and women 

display similar cycling route preferences, such as desires for direct routes and minimal 

motor vehicle traffic. However, female cyclists are much more sensitive to 

environmental obstacles, such as heavy motor vehicle traffic, poorly lit cycling routes 

and lack of end-of-trip facilities.  

 

 

The purpose of this survey is to collect data from landscape architects with experience 

designing and implementing cycling infrastructure. This data will be used to inform the 

parameters of my analytical tool, an evolutionary solver that I am developing in 

Grasshopper. In this survey you will be asked to evaluate the relative importance of 

several cycling route features. This data will be used to establish a numerical value or 

weight for each category, which will allow the analytical tool to prioritize specific cycling 

route features over others. My goal is to use this tool to identify optimal locations for 

cycling infrastructure that can connect women in low-income neighbourhoods to 

essential utilitarian destinations, along the quickest, safest, and otherwise most 

desirable routes in the city.  

 

 

Thank you so much for agreeing to take part in this short survey, your feedback is 

important to my research. The Qualtrics survey contains 9 questions and will take 

approximately 5-10 minutes to complete. Your participation in this research is voluntary. 

You have the right to withdraw at any point during the study, for any reason, and without 

any prejudice. Your responses are confidential. Only the researcher and advisory 

committee will have access to raw data and responses that can be linked to individuals. 

Your name will not appear in the thesis document.  

 

I am aiming to have my data collected near the end of the month (March 25, 2022). If 

you could aim to finish this survey within the next week, I would really appreciate it. 
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Please let me know if you have any questions or concerns. Thanks in advance for your 

time and consideration. 

o I consent, begin the study  

o I do not consent, I do not wish to participate 

 
 

 

Q1 Studies have linked the following items to increased levels of cycling in Canada. In 

your experience, what cycling route features take priority? Please rank the following 

items in order of most (1) to least (7) important. 

(1) direct routes  

(2) low traffic volume  

(3) speed limit  

(4) separation from motor vehicles  

(5) well-lit at night  

(6) open sightlines  

(7) flat or gently sloping terrain  

 

 

Q2 Studies indicate that women display a marked preference for direct cycling routes 

with low speed limits and separation from motor vehicle traffic. In your experience, what 

is the maximum automobile speed beyond which cyclists perceive sharrows, painted 

bike lanes and other unseparated on-road cycling routes as unsafe? Please select the 

best option for roads with low traffic volumes (<400 AADT). 

o >70km/h 

o 60km/h 

o 50km/h 

o 30km/h 

o sharrows, painted bike lanes and other unseparated on-road cycling routes are 

never suitable 
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Q3 Studies indicate that women display a marked preference for direct cycling routes 

with low speed limits and separation from motor vehicle traffic. In your experience, what 

is the maximum automobile speed beyond which cyclists perceive sharrows, painted 

bike lanes and other unseparated on-road cycling routes as unsafe? Please select the 

best option for roads with medium traffic volumes (>400 < 3,000 AADT) 

o >70km/h 

o 60km/h  

o 50km/h 

o 30km/h 

o sharrows, painted bike lanes and other unseparated on-road cycling routes are 

never suitable 

 

 

Q4 Research suggests that cyclists prefer on-road cycling routes with maximum 

separation from motor vehicle traffic. However, budgetary and spatial constraints limit 

the number of fully separated cycling routes. In your experience, what is the most 

appropriate on-road cycling route options for arterials (moderate to large volumes of 

traffic, medium speed, 2-6 lanes). Please rank the following items in order of most (1) to 

least (4) appropriate. Drag and drop the items to reorder them. 
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(1) sharrow  

 

 

(2) on-road bike lane (painted)  

 

 

(3) on-road bike lane (separated by bollards) 

 

 

(4) fully separated bike lane (separated by a buffer strip)  
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Q5 Research suggests that cyclists prefer on-road cycling routes with maximum 

separation from motor vehicle traffic. However, budgetary and spatial constraints limit 

the number of fully separated cycling routes. In your experience, what is the most 

appropriate on-road cycling route options for collectors (low to moderate volumes of  

traffic, medium speed, 2-4 lanes). Please rank the following items in order of most (1) to 

least (4) appropriate. Drag and drop the items to reorder them 

 

(1) sharrow 

 

 

(2) on-road bike lane (painted) 

 
 

(3) on-road bike lane (separated by bollards) 
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(4) fully separated bike lane (separated by a buffer strip)  

 
 

 

Q6 Research suggests that cyclists prefer on-road cycling routes with maximum 

separation from motor vehicle traffic. However, budgetary and spatial constraints limit 

the number of fully separated cycling routes. In your experience, what is the most 

appropriate on-road cycling route options for local and private roads (low volumes of  

traffic, slow speed). Please rank the following items in order of most (1) to least (4) 

appropriate. Drag and drop the items to reorder them. 

 

(1) sharrow  

 

 

(2) on-road bike lane (painted) 
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(3) on-road bike lane (separated by bollards) 

 

 

(4) fully separated bike lane (separated by a buffer strip)  

 

 
 

 

Q7 Research indicates that cyclists prefer well-connected cycling networks which 

connect to various utilitarian destinations. This is especially important for female cyclists 

who are more likely to make trips that include multiple destinations, such as work and 

grocery shopping. In your experience, what destinations take priority in low-income 

neighbourhoods? Please rank the following items in order of most (1) to least (5) 

important. Drag and drop the items to reorder them. 

(1)  bus stops and other transportation nodes 

(2) schools 

(3) childcare services 

(4) public amenities such grocery stores, commercial centres, and libraries 

(5) health care services 

(6) if other, please specify 
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Q8 Research indicates that safe, long-term bicycle parking located conveniently within 

50m of the destination with clear sightlines and a well-lit environment attracts more 

cyclists. In your experience, what are the most ideal locations for long-term bicycle 

parking? Please rank the following locations in order of most (1) to least (4) 

important. Drag and drop the items to reorder them. 

(1) near rental apartment buildings, most low-income neighbourhoods do not provide 

any type of bicycle storage  

(2) near major institutions, such as libraries schools, and commercial centres  

(3) near major transportation centres, such as train stations  

(4) near local transportation, such bus stops  

(5) if other, please specify  

 
 

 

Q9 Do you have any further comments for this survey? 

________________________________________________________________ 

 
 

 

Q10 Would you like to submit this form? 

(5) Yes 

(6) No 
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Appendix 2: Grasshopper algorithm 

 

 
 


