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Abstract 

Mobility limitation that often accompany population aging results in an increase in the 
use of mobility scooters, which comes with benefits and safety risks.  The Human 
Activity Assistive Technology model served as a guiding framework to explore the 
interrelationship between individual, assistive technology (scooter) and environmental 
factors.  Fifteen scooter users from four Metro Vancouver municipalities participated in a 
mixed-methods study that focused on scooter use and safety, and environmental factors. 
Through interviews and observations, data were collected on the perception of scooter in 
the pedestrian-vehicle continuum, knowledge of the rules of road, and perception of 
barriers and facilitators within the physical and social environment.  Most scooter users 
saw themselves as pedestrians but had limited knowledge regarding scooter/pedestrian 
rules.  Environment factors that created barriers and safety concerns included design of 
street infrastructure as well as, social behaviour of pedestrians.  These findings can 
inform education, training and policy development around scooter use. 
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Chapter 1.  
 
Introduction 

 Background Context 

Mobility is defined by the World Health Organization (2001) as “moving by 
changing body position or location or by transferring from one place to another, by 
carrying, moving or manipulating objects, by walking, running, or climbing, and by using 
various forms of transportation” (p. 135).  As people age, they commonly experience 
mobility limitations and functional decline (Melzer, Gardener, & Garulnik, 2005; 
Statistics Canada, 2006).  The use of an assistive mobility device, such as a mobility 
scooter, provides a means of overcoming mobility limitations, maintaining independent 
community access, and continuing to perform necessary and meaningful activities 
(Edward & McCluskey, 2010; Johnson, Rose, & Oxley, 2013; May, Garrett, & 
Ballantyne, 2010). 

Mobility limitations and the use of assistive mobility devices (e.g. cane, walker, 
manual and power wheelchairs, and mobility scooters) increase as people age.  Mobility 
disability increases from approximately 33% among those who are 65 and older to 
upwards of 45% among those 75 years and older (Statistics Canada, 2006).  Mobility 
difficulties are associated with a range of medical conditions, and incidence increases 
with a number of comorbidities.  Indeed, the likelihood of a mobility limitation increases 
from 2.15 for older adults with one medical condition to 5.18 for those with three or more 
comorbidities.  In addition, the number of adults with three or more comorbidities 
increases with age from 48% among those aged 65-79 years to 70% for those over 80 
(Melzer et al., 2005).   Similarly, approximately 10% of older adults 65 years of age and 
older use a mobility device; this figure increases to 75% for women and 58% for men 90 
years of age and older (Gell, Wallace, Lacroix, Mroz, & Patel, 2015).     

The use of an assistive mobility device enhances mobility but not necessarily 
independence.  For many older adults, the use of a manual wheelchair results in 
dependence on others, especially for longer distances, due to limited strength and 
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endurance (Barker, 2005; Hoenig, Pieper, Zolkewitz, Schenkman, & Branch, 2002).  In 
contrast, older adults who use a power mobility device, such as a power wheelchair or a 
motorized scooter, report enhanced independent mobility (Korotchenko & Hurd Clarke, 
2013; Mortenson et al., 2005).  Both power wheelchairs and scooters allow older adults 
with mobility limitations to participate in the same community activities as those who do 
not have a mobility impairment (Brandt, Iwarsson, & Ståhle, 2004).  

Scooter use is common among older adults and increases with age.  Studies from 
Canada and Australia show that the average age of scooter users is higher than power 
wheelchair users: 81 vs 57 in Australia (Edwards & McCluskey, 2010), and 67 vs 56 in 
Canada (Smith, Giesbrecht, Mortenson, & Miller, 2016).  In addition, these Canadian 
data demonstrate that use increases with age. Approximately 0.1% (26,940) of adults who 
are between 65 and 75 years of age use scooters, but this number increases to 1.5% 
(34,470) for those 75 years of age and older.  Older adults are one of the fastest growing 
demographics in Canada, and their preference for mobility scooters over power 
wheelchairs is anticipated to result in an increase in the number of scooters present in our 
communities.   

As noted above, older adults represent the fastest growing segment of the 
population in Canada and other developed countries (Chappell, McDonald, & Stones, 
2008).  The number of older adults in Canada is expected to increase from 4.9 million in 
2011 to 9.1 million by 2031 (Wister, Sixsmith, Adams, & Sinden, 2009).  In the U.K, 
scooter sales have increased between 5 and 10 % annually since 2007 (Barton, Holmes, 
& Jacobs., 2014).  Older adults may experience several benefits from using a mobility 
scooter to overcome mobility limitations.  Older adults may choose scooters because they 
enable independent community access, participation in activities, socialization (Edward 
& McCluskey, 2010; Johnson et al., 2013; May et al., 2010), and an overall increase in 
life-space (Auger, Demers, Gélinas, Miller, Jutai, & Noreau, 2010).  However, scooter 
use is not completely risk free (e.g., Gibson et al., 2011; Mortenson & Kim, 2016; 
Murphy, Murphy, O’Rourke, & O’Shea, 2014; Paparone, 2013).  The factors that 
contribute to scooter use and its related safety concerns are the subject of this study.   
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 Purpose of Research and Research Questions 

Data for this thesis were collected as part of a larger national project, the 
Canadian Disability Participation Project (CDPP), which is a multi-year, mixed-method 
Social Science and Humanities Research Council (SSHRC) funded project.  The CDPP 
has three domains: employment, mobility, and sport and exercise. This scooter-safety 
study falls with the mobility domain project, the “Enabling Mobility And participatioN 
among those with Disability” (dEMAND).  As a research trainee in the dEMAND 
project, my thesis was informed by the main project; however, the research in this thesis 
specifically focused on a sub-sample, mobility scooter users, and was refined to examine 
scooter safety.  In so doing, this research builds on and expands the findings of the 
dEMAND project.  Details of the dEMAND study are provided in Chapter 3.  

This thesis research drew upon the perspectives of mobility scooter users in order 
to develop an understanding of the factors that impact mobility scooter use and safety in 
outdoor environments.  This research is intended to provide insight into some key issues 
affecting mobility scooter use and to help to identify guidelines or policies that require 
review or development to enhance the use of these devices.  The goal of this research is 
to examine several key factors related to scooter use and safety in the outdoor 
community:  

1. To explore scooter users’ perceptions of safety issues related to factors such as the 
built environment, other people (pedestrians, bicycles, and motor vehicle drivers), 
and scooter design.  

2. To examine participants’ knowledge of the rules for scooter use in B.C. and their 
perception of the appropriateness of these rules.  

3. To understand and compare the observational ratings of the study sites in Metro 
Vancouver with regards to factors such as wheelability (comfort and ease of 
travel), accessibility (presence of accessibility features such as curb ramps to 
support community access) and safety (exposure to vehicle and bicycle traffic, 
and general personal safety) for scooter users. 
 
This study explores scooter safety primarily through qualitative interviews.  

However, a quantitative environmental assessment tool was also used by each participant 
to evaluate their neighbourhood.  This audit tool was used to gather micro-environmental 
data on the type, frequency, and perceived benefits and barriers of outdoor environmental 
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conditions that can impact scooter use.  The questions that guided this research are as 
follows: 

1. What safety concerns, if any, do older adults report in relation to their use of a 
scooter for community access? 

2. What environmental (physical and social) barriers and facilitators do they 
experience when accessing their community using a mobility scooter?   

3. How are safety concerns related to environmental barriers? 
4. What knowledge do mobility scooter users have regarding the existing rules and 

regulations? 
5. What changes in the environment and/or rules and regulations related to scooter 

use and safety would enhance scooter users’ mobility and participation in the 
community? 

 Thesis organization and content 

This chapter has both highlighted the importance of and need for research in the 
area of scooter safety and articulated the objectives of the present study.  Chapter 2 
provides an overview of the present state of the literature.  Empirical studies specific to 
mobility scooters are limited and the literature is predominantly descriptive; the topics 
commonly explored include reasons for using a scooter, perceived benefits, and common 
environmental barriers.  Government reports reveal a growing concern regarding mobility 
scooters and the need to examine the existing legislation and regulations (Blais, 
Rutenberg, & Suen, 2011).  Chapter 2 also presents the theoretical frameworks that 
guided this research project.  The study methods are described in Chapter 3. This section 
includes information on the study sites, as well as the sample and data collection 
strategies that were employed.  Details of the broader dEMAND Study are also provided 
in this chapter.  Chapters 4 through 6 detail the results of the study.  Chapter 4 presents an 
overview of the participants’ demographics, their medical and functional statuses, scooter 
information (e.g. type and years of use) from the dEMAND survey, interview data on 
their perceptions as pedestrians, their knowledge of the rules of the road, and how scooter 
technology is related to safety.  Social and physical environment data are presented in 
Chapters 5 and 6.  Chapter 5 presents data obtained from the Stakeholder’s 
Walkability/Wheelability Audit in Neighbourhood (SWAN), while Chapter 6 presents the 
interview data, which is augmented by data from the SWAN secondary observation form 
and photographic examples.  Chapter 7 provides a comparative analysis of some of the 
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findings, for example, the qualitative and quantitative data on the social and physical 
environments.  The final chapter, Chapter 8, highlights the key findings and provides 
information on policy and practice implications, as well as suggestions for future 
research. 
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Chapter 2.  
 
Literature Review 

This chapter provides a review of the literature related to mobility scooter use and 
safety.  The first section defines/differentiates the mobility scooter from other mobility 
devices and provides an overview of the various types of mobility scooters and some of 
their available features.  This is followed by a synopsis of the findings from empirical 
studies and government reports focusing on older scooter users; in addition to an 
overview of these findings, the strengths and gaps in this body of literature are also 
highlighted.  Since there is limited research available on this subject, there remain many 
areas of enquiry that must be addressed in order to develop a more robust understanding 
of it (Mortenson & Kim, 2016).  One such gap, the relationship between scooter 
engineering/technology and safety, is also discussed.  Furthermore, one section of this 
chapter is dedicated to outlining Canada’s scooter rules and regulations.  Due to a lack of 
Canadian data on accidents and injuries with mobility scooters, some limited 
international data on scooter accidents are also discussed to highlight the importance of 
research on safety.  Finally, the theoretical frameworks that guide this research are 
summarized at the end of this chapter.  

 Characteristics of Mobility Scooters 

Mobility scooters are electrically powered assistive mobility devices that are 
designed to support those with mobility limitations, and to facilitate their mobility in both 
indoor and outdoor environments. The standard features of mobility scooters include: 
battery power; a platform with space for the feet and a seat; handle bars (tiller) for 
steering; and two throttle levers attached to either side of the tiller for moving the scooter 
in the forward or backward direction. Braking is achieved by releasing the lever and 
allowing the electromagnetic brake to engage.  

Scooters come in a variety of makes and models that vary in size, number and 
configuration of wheels, and features. (e.g., Invacare Canada, 2015; Pride Mobility 
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Products Corp, n.d.).  Some of the smallest scooters are designed to be disassembled for 
ease of transport in a vehicle.  These scooters, which are most compatible with indoor 
use, have a ground clearance of 1-2”, can travel at speeds of up to 7.5 km/h, and have a 
single-charge travel distance of 10-16 km. The largest scooters, which are generally 
considered to be for outdoor use, have a ground clearance of 3-5”, maximum speeds 
ranging from 15 to 22 km/h, and travelling distances of up to 50 km.  Mid-sized scooters 
are considered to be most appropriate for both indoor and outdoor use.  Scooters have 
either three or four wheels.  Four-wheeled models with wheels that are equidistant in the 
front and back and are classified as four-wheel scooters; however, on some models, the 
two front wheels are positioned very closely together, which makes them more similar to 
a three-wheel scooter. These scooters are referred to as three-/four-wheel scooters.  
Battery indicators are present on all scooters, but odometers and speedometers are less 
common. Some commonly available safety features include rearview mirrors, lights, turn 
signals, anti-tippers, horns, and seat belts.  Some of the newer larger scooters also include 
an emergency hand brake that resembles those found on bicycles.  The presence of these 
features varies across models.   

Three-wheel scooters are generally considered to be more maneuverable but less 
stable than four-wheel models.  Research on indoor scooter use has demonstrated that 
scooter type is a key factor that affects maneuverability in these environments (Dutta, 
King, Holliday, Gorski, & Fernie, 2011; King, Dutta, Gorski, Holliday, & Fernie, 2011; 
Koontz, Brindle, Kankipati, Feathers, & Cooper, 2010).  Dutta et al. (2011) found that the 
three/four-wheel scooter (four-wheel scooter with front wheels configured close together) 
was better at maneuvering through indoor spaces than three-wheel and four-wheel 
scooters.  These studies highlighted how current building codes do not allow sufficient 
space for many scooters to maneuver indoors.   

Scooter stability and other safety issues (e.g., type of controls, maximum speeds, 
stopping distance, etc.) have received minimal attention in the academic literature.  Souza 
et al. (2013) evaluated twelve three-wheel scooters, representing four models from two 
manufacturers, for stability on impact, as well as under specific environmental 
conditions. They reported that, while certain models performed better on some tests, none 
of these devices appeared to meet the standards set out by American National Standards 
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Institute/Rehabilitation Engineering and Assistive Technology Society of North America.  
Rentschler and Cooper (1999) compared the dynamic and static stabilities of power 
wheelchairs and scooters, finding that “Scooters are more statically stable when facing 
downhill because they have longer wheelbases than most power wheelchairs. This also 
improves their stability when braking downhill” (p. 613).  They did not, however, provide 
insight into how this impacts their use in the real world where one must go both up and 
down hills.  Another study, which surveyed both scooter users and non-users, explored 
how “user friendly” older adults found scooter controls to be (Pullicino & Holmes, 2013).  
Scooter controls were found to be a confounding safety variable for the following 
reasons: they are unlike those on bicycles, motor bikes, or vehicles, and, as such, are 
unfamiliar to people; there is wide variability in the design of the controls, which may 
cause confusion; and the different controls require different physical abilities to operate, 
which could result in some people purchasing scooters that are unsuitable for them.  
These studies indicate that scooter technology has an impact on scooter safety. 

 Reasons for using a scooter 

The most common reasons for obtaining a scooter are difficulty walking and 
limited motor vehicle use due to declining health status (Edwards & McCluskey, 2010; 
Gibson et al.,2011; May et al., 2010; Sullivan, La Grow, Sridhar & Schneiders, 2014).  
Studies have found that difficulty with walking is the most commonly reported reason for 
acquiring a scooter, with 67% to 80% respondents identifying it as their main reason for 
doing so (Gibson et al., 2011; Sullivan et al., 2014).  In a larger study of scooter and 
power wheelchair users, approximately two-thirds (61%) of participants cited difficulty 
with walking as their primary reason for using a power mobility device, while one-third 
(34%) reported using a power mobility device due to their inability to walk (Edwards & 
McCluskey, 2010).  The scooter users in their sample were older (mean age of 81 years) 
and were more likely to state that they had difficulty walking, for instance, due to age-
related conditions such as arthritis. In contrast, the power wheelchair users in the study 
were younger in age and more likely to say they were using a mobility device because 
they were unable to walk.  The other common reason for acquiring a scooter is declining 
health, which is often related to no longer being able to drive.  In a number of studies 
related to assistive device use, driving cessation was cited by 40 % (Sullivan et al., 2014), 
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25% (Edwards & McCluskey, 2010), and 18% (Gibson et al., 2011) of participants as a 
major reason for obtaining a power mobility device.  In one such study (May et al., 
2010), participants who had been “forced” to give up driving reported experiencing 
feelings of “despair and isolation” (p. 1224), and that these feelings played a large role in 
obtaining a scooter.  This finding suggests a relationship between scooter usage among 
mobility impaired older adults and improvements in quality of life.  

 Benefits of using a scooter 

Scooter use enhances mobility, and this improves other aspects of people’s lives.  
The use of scooters has been found to facilitate a variety of activities, including shopping, 
visiting friends, and attending doctor appointments (Fomiatti, Moir, Richmond, & 
Millsteed., 2013; Hoenig, Pieper, Branch, & Cohen, 2007; Petterson, Hagberg, 
Fredriksson, & Hermansson, 2015; Samuelsson & Wressle, 2014; Sullivan et al., 2014).  
Two studies—a randomized control study of patients with arthritis and a pre- and post-
study—found that people who used power mobility devices did not change the places that 
they visited; rather, these studies found that persons using power mobility devices 
actually increased the frequency of their visits to these places (Hoenig et al., 2007; Sund, 
Iwarsson, Anttila, & Brandt, 2015).  High satisfaction with scooter use for access to the 
community and for leisure/recreation activities was also reported by Hoenig et al., (2007) 
and Sullivan et al., (2014).  A pre- and post-study of patients with cardiovascular risk 
factors reported an overall increase in quality of life factors, including enhanced activity 
engagement (Zogol & Krasuski, 2010). Despite the undeniable benefits of increased 
independent community mobility and participation in activities, many studies also 
identify a number of barriers faced by scooter users.  

 Environmental Challenges and Barriers  

2.4.1. Physical Environment 

Scooter users commonly voice concerns related to various challenges and barriers 
in the physical environment, with uneven sidewalks and roads and poorly designed curb 
ramps (e.g., Edwards & McCluskey, 2010; Hoenig et al., 2007; May et al., 2010) being 
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the two most typically cited.  Hills and slopes are also frequently reported as being 
problematic (Edwards & McCluskey, 2010; Sullivan et al., 2014).  Obstacles on 
sidewalks (e.g., signs, garbage cans, and poles) have been identified both as barriers and 
safety risk factors because they force scooter users off the sidewalk and onto less safe 
surfaces, such as grass or roads (May et al., 2010). Two concerns related to curb ramps 
have been reported: narrow curb ramps that increase the risk of tipping (May et al., 2010; 
Steyn & Chan, 2008) and curb ramps that lead the scooter user toward the flow of traffic 
rather than into the crosswalk (May et al., 2010).  Travel in parking lots has also been 
identified as a safety concern, as motor vehicle drivers backing out of parking stalls may 
have difficulty seeing scooter users (Steyn & Chan, 2008).  Although Steyn and Chan 
(2008) did not explore the nature of this concern, it is obvious that this is a complex issue 
that is influenced by multiple factors, such as scooter design, motor vehicle design, and 
operator error.  For example, scooter users can be difficult to see because the scooter 
design situates them at a lower height than a standing adult.  Blind spots are inherent in 
the design of motor vehicles and have led to the development of back-up cameras and 
obstacle detection systems on newer vehicles.  Finally, scooter and vehicle drivers may 
not take sufficient care to view their surroundings in order to maximize their safety.    

2.4.2. Social Environment 

Scooter users come into contact with other people who are walking, cycling, or 
driving motor vehicles, and, under some conditions, they may perceive these people as 
barriers to scooter mobility.  The presence or density of other people in busy or multi-use 
areas has been identified as an area of concern for scooter users (Fomiatti et al., 2013; 
Sullivan et al., 2014).  For example, one study found that the majority (70%) of surveyed 
scooter users viewed pedestrians as hindrances; in contrast less than 25% stated that 
motor vehicle drivers were impediments, while only a minority (10%) considered other 
scooter users to be problematic (Sullivan et al., 2014).  Unfortunately, these findings 
provided no elaboration as to why scooter users viewed these other sidewalk and road 
users as barriers.  However, scooter users in another study commented that walking 
pedestrians in busy locations, such as shopping malls, were inattentive and the scooter 
user must be cautious to avoid a collision when they step out in front of them (Fomiatti et 
al., 2014).  
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Non-scooter users’ perceptions or attitudes about scooter users were also a 
concern.  May et al. (2010) found that some respondents reported that, while most people 
are accepting of mobility scooters in pedestrian environments, some scooter users been 
recipients of “insensitive or prejudiced comments about scooter users” (p.1229).  
However, there are no studies to my knowledge that explore non-scooter users’ 
perceptions directly.    

 Scooter Accidents 

National data on scooter injuries and accidents are limited.  In Canada, scooter 
accidents are recorded under the broad classification of pedestrian accidents, which 
makes it impossible to understand the nature or extent of scooter accidents (Blais et al., 
2011).  The only national data and statistics located for this research comes from 
Australia (Gibson et al., 2011).  These data demonstrate an increase in scooter-related 
accidents and injuries, with an annual increase of 13.5 % in emergency room visits 
between 2000 and 2009.  The majority of these accidents involved the user falling from 
their scooter, but the nature of these falls was infrequently reported.  Older adults 
between the ages of 75 and 85 were admitted to the hospital most often, and those over 
80 years of age were more likely to die, reflecting the higher vulnerability of the old-old.  
These data also only include those accidents that resulted in an injury severe enough to 
require a hospital visit.  Therefore, the percentage of accidents is likely higher, as less 
serious injuries are not captured in this data.   

Scooter accidents have been examined in several studies and have been found to 
be common (e.g., Edwards & McCluskey, 2010; Hoenig et al., 2007; Steyn & Chan, 
2008).  A scoping review by Mortenson and Kim (2016) suggests that the way in which 
accidents are defined and reported is variable and this makes it difficult to compare study 
results.  The self-reported accident rates in various studies ranges from 18% (Hoenig et 
al., 2007) to 30% (Steyn & Chan, 2008).  Edwards and McCluskey (2010) reported that 
21% of respondents had an accident in the past year, and that 11% (n=5) of those who 
had an accident also required hospitalization.  The most common accidents reported 
included running into things, such as doorways or walls (Edwards & McCluskey, 2010), 
and tipping the scooter (Barton et al., 2014).  Collisions and near collisions with motor 
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vehicles, bicycles and pedestrians were also reported but less frequently (Barton et al., 
2014; Edwards & McCluskey, 2010).  However, Steyn and Chan (2008) reported that 
30% of their participants mentioned that they had had an accident, and that more than 
half of these accidents involved a collision with a motor vehicle.  A random control study 
of new users found that 18% had an accident within the first three months of using a 
scooter, with a small percentage reporting multiple accident (Hoenig et al., 2007).  These 
accidents occurred despite participants receiving some training and education in relation 
to scooter use.   

Training/education has been explored in some studies, with considerable variation 
in training rates being reported.  Although 59 % of survey respondents in a U.K. study 
(Barton et al., 2014) reported receiving training, other survey studies found that only 25 
% of new scooter users had received training.  Moreover, the amount of training received 
and the content were highly variable (Australian Competition and Consumer 
Commission, 2012; Mortenson, Hoag, Higgins, Emery, & Joyce, 2014). This suggests 
that training is highly variable both in extent and content.    

A substantial number of scooter users have had an accident, and a significant 
proportion of these accidents have involved motor vehicles.  Given that collisions and 
tipping over have the potential to result in serious injury or death, they pose a major 
safety risk factor for scooter users.  Furthermore, since the circumstances related to 
accidents are generally not documented, they remain poorly understood.  In one study, 
Barton et al. (2014) asked scooter users to describe the reasons for their accidents. The 
respondents cited causes such as error on the part of the other person and issues regarding 
the scooter technology (e.g., stopping distance or sensitivity of the controls).  However, 
most studies fail to provide details regarding how the accident occurred or what the 
precipitating factors may have been. The occurrence of accidents, even when some 
education and training are provided (Hoenig et al., 2007), suggests that the specific nature 
of this education/training may be an important aspect in scooter safety. 



13 

 Regulations and Rules: Role in Scooter Safety  

2.6.1. Scooter Manufacturing  

Rules and regulations pertaining to mobility scooters sold in Canada are lacking. 
Two recent reports have explored these issues: one by the Motorized Personal Mobility 
Devices Working Group (MPMDWG) (2010), and another by Rutenberg, Suen, Little, 
and Mitchell (2011).  The Canadian Council of Motor Transport Administrators 
examined the regulations regarding Motorized Personal Mobility Devices, which include 
power wheelchairs and scooters (MPMDWG, 2010).  This report indicated that, unlike 
motor vehicles, the federal government has no mandate to regulate or enforce safety 
requirements for power wheelchairs or mobility scooters.  Moreover, since most scooters 
are imported from outside Canada, there is considerable variation in the available 
designs, durability, and safety features (Blais et al, 2011), which may also contribute 
scooter safety. 

2.6.2.  Scooter procurement process   

Mobility scooters are widely available from a variety of sources, thus making 
them easy to obtain for many people.  During my time as a healthcare professional 
involved in mobility device procurement, I have noted the myriad of sources where 
people obtain their scooters. For example, a person can purchase a scooter from a 
department store or over the internet, or they can rent one, borrow one, or buy one second 
hand.  This observation is consistent with studies from other countries (Barton et al., 
2014; Gibson et al., 2011).  Assessment and training are often not required when 
acquiring a scooter.  Commonly, training is provided by the retailer, but the nature of this 
training is unknown (Barton et al., 2014; Gibson et al., 2011).  In British Columbia, 
certain funding sources, such the Department of Veterans Affairs, require documentation 
from a health care professional (usually an occupational therapist or a physical therapist) 
outlining the need and justification for power mobility.  However, this process is not 
standardized, and there is no requirement for the health care professional to provide 
education and training.   
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2.6.3. Pedestrian rules  

The rules for scooter use vary between countries, and, within Canada.  Some 
countries, such as the U.K., Denmark, Sweden, the Netherlands, and France, allow 
mobility scooters and power wheelchairs to use roads under some conditions (see Steyn 
& Chan, 2008 for a summary).  Most of Canada, Israel, and Australia classify scooter 
users as pedestrians; therefore, scooter users must follow the pedestrian rules of the road.  
However, the Province of Quebec and the City of Cornwall, Ontario have enacted laws 
and bylaws that regulate use of power mobility devices on roads, bike lanes, and 
sidewalks (Corporation of the City of Cornwall, 2004; Société de l’assurance automobile 
Québec, 2018).  These laws place power mobility devices into two different rule 
categories.  When on the road, they are required to drive on the right-hand side like a 
cyclist; however, they are also allowed to occupy pedestrian areas.  These laws also 
specify that certain equipment (e.g., lights and rearview mirrors) are required for road 
use.  A Transport Canada study recommended that a scooter’s classification as either 
pedestrian or vehicle should be determined by factors such as its maximum speed and its 
dimensions (Blais et al., 2011).  Under this system, larger and faster scooters would be 
classified as a vehicle, and owners/users would be required to licence and register their 
scooters and obey the rules of the road.  Scooters falling under the pedestrian designation 
would need to have a maximum speed of 10 km/h and dimensions that are compatible for 
use on public transportation.    

In British Columbia, scooter users are classified as pedestrians.  As pedestrians, 
scooter users are not required to have a vehicle license, insurance, or a driver’s license, 
and they are only required to follow pedestrian rules of the road (ICBC, 2016).  
Individual cities may have additional guidance or may enact bylaws regarding scooter 
use.  For instance, Vancouver has provided further guidance and clarification on where 
personal mobility devices are allowed.  Figure 2.1 indicates that motorized wheelchairs 
are not allowed on roads or protected bike lanes; however, it does not clearly identify 
mobility scooters as being in the same category as motorized wheelchairs.  In fact, some 
might incorrectly include mobility scooters in the same category as motorized 
skateboards or scooters.  Although similar information could not be found for other lower 
mainland municipalities, some have developed pamphlets to inform scooter users of the 
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provincial rules and safety recommendations (City of Richmond, n.d.; City of Victoria, 
n.d.).  It is hard to gauge how this information is shared with scooter users across the 
lower mainland; thus, scooter users’ levels of knowledge regarding the rules of scooter 
usage are unknown.  

Vehicle Roads Sidewalks Seawall and 
park paths 

Protected bike 
lanes 

Bikes P x P1 P 
Electric-assisted bikes P x x P 
Skateboard, push 
scooters, rollerblades, and 
skates 

P2 x x P 

Motorized skateboard or 
scooters 

x x P3 x 

Segways x x x x 
Hoverboards x x x x 
Motorized wheelchairs  x P P x 
Motorbikes and limited-
speed motorcycles 

P x x x 

 
Figure 2.1 Legal use of mobility devices in Vancouver, B.C. (modified from City 

of Vancouver, n.d.c) 
Legend  
x – device not allowed 
P - device allowed 
1: Where signs permit 
2: Local streets only 
3: Technically not allowed under the Parks Control Bylaw, but not enforced 
Highlighted section pertains to both power wheelchairs and mobility scooters 

 Scooter Domain: Pedestrian or vehicular   

There is some question of whether scooters are more similar to other mobility 
devices and pedestrians, or to vehicles and bicycles, and under what circumstances this is 
the case.  The existing mixture of rules among different countries supports this 
uncertainty.  One study provides some discussion regarding the use of scooters as 
vehicles.  An observational study from Israel reported that 63-68 % of scooter users drove 
on the road rather than the sidewalk (as required by law in Israel), and that 56-63 % 
crossed intersections on the road like a vehicle (Gitelman, Pesahov, Carmel & Chen, 
2016).  The authors also raised concerns that the flow of traffic was affected by scooter 
users in 31% of these situations, which they deemed to be an unsafe condition.  
Unfortunately, this study only provides observational data and does not explore the 
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reasons why these scooter users chose to drive on the road in a manner that contravenes 
the rules.   

Some studies suggest that scooter users may use the roads rather than the 
sidewalks due to factors related to the built environment or scooter technology.  Built 
environment conditions may not support scooter use; for example, poorly designed or 
maintained sidewalks and obstacles may expose scooter users to adverse conditions that 
could cause discomfort (Steyn & Chan, 2008) or increase their risk of accidents (Barton 
et al., 2014).  This may cause scooter users to abandon sidewalks to ride on smoother 
road surfaces (May et al., 2010; Steyn & Chan, 2008).  Barton et al. (2014) found that 
those who drove on the road had a slightly lower rate of accidents than those who used 
sidewalks (18 vs. 21 %).  The reasons for this are unknown, but the authors speculate that 
those who drive on the road may be more confident in their driving skills, or that 
sidewalks expose scooter drivers to more adverse conditions.  Another line of thought 
comes from Dolling (2002), who suggests that the design of scooters themselves alter 
users’ perception of this device.  The design positions them somewhere between 
wheelchairs and a bike or car, which creates “mixed messages” regarding their use 
(Dolling, 2002, p. 350).   

The role of scooter users’ knowledge of the rules of the road has gone largely 
unexamined.  While participants in one focus group study acknowledged that knowing 
the rules of the road is important for safety, their own level of knowledge about the rules 
was never explored (May et al., 2010).  Two studies recommended that both scooter users 
and the general public receive education regarding the rules that pertain to scooters (Blais 
et al., 2011; Gibson et al., 2011).  Gibson et al. (2011) found that 40 % of key informants 
from various government and community sectors thought that both scooter users and non-
users were unclear about the rules of the road pertaining to scooter use; however, only six 
percent of scooter users said these rules needed to be clarified in order to improve safety.  
This lack of clarity on this important aspect of scooter use highlights the need for further 
studies to address this gap. 
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 Theoretical Frameworks guiding this study 

The consideration of community access issues, combined with safety concerns of 
older adult mobility scooters users, is complex and multi-dimensional.  The theoretical 
lens required to explore this issue must consider the aging individual, the role of the 
physical and social environments, as well as the existing legislation and regulations.  This 
research project is guided by three theoretical frameworks: The Human Activity Assistive 
Technology model; the Ecological Model of Aging; and the Social-Ecological Model of 
Injury Causation.  

2.8.1. Human Activity Assistive Technology (HAAT) Model 

The HAAT model by Cook and Hussey (Cook & Miller Polgar, 2008) was 
developed to provide a framework for both clinical work and research regarding assistive 
technologies (AT) used by persons with disabilities.  This model is based on the human 
performance model, but it also draws from the International Classification of 
Functioning, Disability and Health and the Canadian Model of Occupational Performance 
(Cook & Miller Polgar, 2008).  The authors of this model state that there are three 
interacting components—human (person), activity (occupation), and assistive 
technology—that are embedded in and influenced by the context (environment) in which 
the AT is used (Figure 2.2) 

 
Figure 2.2  HAAT Model 
The three interacting components imbedded within the environmental context of AT usage. From “HAAT 
model” by Cook & Miller Polgar, 2008, retrieved from https://goo.gl/images/bJZYrp  
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Human – In this model, human refers to the individual with a disability.  Each 
person possesses unique abilities (physical, cognitive, emotional) and skills that influence 
which type of AT will best support them.  The level of “occupational competence” (Cook 
& Miller Polgar, 2008, p. 38) changes over time, as does the person’s ability to adapt to 
his/her situation.  Thus, the individual’s level of experience in using the technology is 
also important.  

Activity – the model classifies all activities that are part of our daily lives, and 
that occur within the occupation performance areas of self-care, productivity, and leisure 
as activity.  Mobility, independent or assisted, is a prerequisite for accessing the 
community to engage in activities.   

Assistive Technologies (AT) – are devices that act as “extrinsic enablers” (p.44), 
according to this model.  These devices assist a person in overcoming their disability, 
thereby facilitating their engagement in the desired activity.  There are several aspects of 
AT that influence the ease with which the user can operate the device and obtain a 
satisfactory outcome.   

Context – refers to the multi-dimensional environment: physical, social, cultural, 
and institutional.  This aspect of the model recognizes that while a medical condition may 
limit functional ability, the environment plays a role in the disablement process 
(Verbrugge & Jette, 1994; WHO, 2001).  When the physical environment creates 
barriers, the person’s ability to access their community and engage in activities becomes 
limited.  The institutional environment is also an important aspect of this model.  This 
refers to organizations that are responsible for rules and regulations regarding, for 
example, the use of AT devices, equal access to services, funding for AT devices, and AT 
design and safety standards.   

This model is appropriate as a guiding framework for this study because it 
informs us that a person’s level of occupational performance may be enhanced through 
the use of assistive technology.  This model identifies that there are multiple factors that 
impact AT device usability.  Usability refers to how effective and efficient the AT 
supports the user to engage in activities in their environment of use (International 

Organization for Standardization, 1999 in Arthanat, Nochajski, Lenker, Bauer, & Wu, 
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2009).  Therefore, usability is the degree to which the multiple components interact to 
create a satisfactory outcome for the user.  Safety is an important aspect of usability of 

some AT devices such as powered wheelchairs and scooters (Arthanat et al., 2009).  

Safety in this context includes the “individuals’ awareness of safety issues…, [device] 

stability, and the incidence of falls and accidents…” (Arthanat, Nochajski, Lenker, Bauer, 

& Wu, 2009, pg. 753).  These aspects correspond to human, technology and 
environmental factors in the HAAT model.  Therefore, while safety is not explicitly 
identified as a component of the HAAT model, it is an important outcome that occurs due 
to the interaction of these factors. 

2.8.2. Ecological Model of Aging 

Lawton’s ecological model of aging has two major components: competence and 
environmental press (Lawton & Nahemow, 1973).  This model is represented by the 
diagrammatic representation presented in Figure 2.3.  Competence can range from low to 
high and influences ones’ ability to adapt to the demands of the environment.  Decreased 
competence can occur with aging due to decline in the sensory, physical, or cognitive 
function.  Environmental press is related to the demands of the environment.  The 
environment extends from the home environment to the larger community that the person 
occupies, and includes the social environment (Lichtenberg, MacNeill, & Mast, 2000) as 
well as the organizational environment where applicable (e.g., organizational factors in 
an assisted living environment).  The degree of environmental press also ranges from 
weak to strong.  One’s ability to adapt to the environment is dependent on the interaction 
between the environment and the individual’s competence.  This is a dynamic process 
that older adults are continuously negotiating.   
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Figure 2.3 Press-competence model of aging 
Relationship between competence and environmental press on affect and behavior. From “Press-
competence model” by Lawton & Nahemow, 1973, retrieved from https://slideplayer.com/slide/4826925/.   

When older adults experience decreased competence in one or more realms, they 
become more vulnerable to the effects of the environment, which Lawton refers to as the 
docility hypothesis.  When the fit between the person and their environment no longer 
supports optimal adaptation, the individual may exercise agency and choose to modify 
either the environment or their competence level to re-establish optimal adaptation.   

The interaction that occurs between the older adult and their environment has 
been represented as  

B = f (P,E, PxE) 
(B=behaviour, P= person, E=Environment) (Lawton, 1982, pg. 37) 

The behaviour of the person is a function of the person and their environment and the 
interaction that occurs between them (Lawton, 1982).  Declining physical competence 
commonly occurs with advancing age (Webber, Porter, & Menec, 2010).  When mobility 
is challenged, the older adult experiences declining physical competence and become 
more vulnerable to environmental press.  If unable to adapt to this P-E misfit they may be 
unable to access their community without assistance, become more dependent on others, 
and housebound without assistance.  This would be considered a maladaptive behaviour.  
Conversely, an adaptive response might include the adoption of a scooter to enhance 
mobility in the outdoor environment.  The scooter may be considered both a component 
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of the environment and an extension of the person.  That is to say that the person must 
possess level of competence (sensory, perceptual, cognitive and motor) that allow them to 
drive a scooter effectively and safely.  In addition, the social and physical environments 
in which the person uses the device must offer a tolerable level of press.  This 
relationship might be represented as    

BS = f(P,E) (PxAT) ((P+AT) xE)) 

In this scenario, safety becomes an important aspect of the behavioural outcome of this 
equation (BS).  Therefore, power mobility devices may provide a mechanism by which 
balance can be re-established between the aging person and their environment assuming 
the behaviour can be safely implemented.  

2.8.3. Social-Ecological Model of Injury Causation 

Hanson, Vardon, and Lloyd (2002) suggest that the study of safety and injury 
prevention benefits from a social-ecological perspective.  The authors draw upon multiple 
frameworks in the medical, public health, engineering, and social domains that have only 
been used independently in the past.  Independently, each perspective provides a unique 
but narrow view of safety and injury prevention; however, together they provide depth 
and breadth.  A social-ecological lens emphasizes the dynamic interaction between the 
individual, the physical environment, and the social environment at multiple levels 
(interpersonal, intrapersonal, organisational, community, and societal) and is represented 
as nested triangles indicating the interaction within and between the levels (Figure 2.3).  
Therefore, safety cannot be considered a personal problem.  Individual injury is the 
merely “tip of the injury iceberg” (p. 31) and causation must be examined from a broader 
lens that also incorporates aspects of the physical and social environments (Hanson et al., 
2002)   
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Figure 2.4 Social-ecological model of injury causation  
Model presented as each level nested within each higher level to demonstrate the interaction both within 
and between levels of intervention. From “The injury iceberg – An ecological model of injury causation by 
Hanson, 2002, retrieved from Hanson, 2002. 

This model informs us that multi-level intervention strategies are required to 
address the numerous levels that influence injury causation and prevention.  Both 
research and intervention require an “eclectic approach” (Hanson et al., 2002; p. 25).  
Successful community-based interventions need to employ multiple strategies (Klassen, 
MacKay, Moher, Walker, & Jones, 2000).  Education and training at the individual and 
community level may promote increased awareness or behaviour change. Advances in 
engineering and technology may be utilized to modify the physical environment or 
enhance safety features.  Changes to, or the more stringent enforcement of legislation, 
rules, and regulations may be required to support changes at the societal level.  
“Attempts to modify injury risk at one level in isolation (e.g., individual behaviour) will 

be resisted by the rest of the system, which will attempt to maintain its own internal 
stability (homeostasis)” (Hanson et al., 2002, p. 28). 

This model was used to explore potential areas of intervention within the safety 
system of mobility scooter use in outdoor environments.  This lens emphasizes that direct 
intervention strategies have the greatest impact when they are directed broadly.  
Individuals possess unique abilities, skills, and knowledge that influence their ability to 
safety use a mobility scooter.  Interventions at the intrapersonal level focus on those areas 
that influence the individual directly such as education and training.  The physical 
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environment includes features that impact scooter use, such as the presence and design of 
pedestrian and accessibility features.  Guidelines and policies for creating accessible 
community design are a component of the physical environment but require intervention 
at the community or society level.  Scooter technology might also be included in the 
physical environment, as engineering advances can facilitate the enhanced safety of the 
device.  The outdoor social environment includes the people that the scooter user comes 
into contact with and their interactions with them.  It also includes the rules and 
regulations developed and enforced at the organisational, community, and societal levels.  
This model supports an exploration of the multiple factors within and between domains 
(Hanson et al., 2002). 

All three models employ an ecological perspective but use differing frames of 
reference.  The HAAT model is beneficial to understanding how assistive technology 
supports occupational performance.  The ecological model of aging is important for its 
emphasis on how the environment impacts the aging adult and their vulnerability to 
environmental change.  Finally, the social-ecological model’s focus on injury prevention 
provides guidance regarding interventions and policy change recommendations.  

 Summary 

This chapter provided an overview of the current literature on mobility scooters. 
Mobility scooters are commonly utilized by older adults with mobility limitations and 
declining health.  These devices are important to maintaining independence and allowing 
older adults to engage in activities that are necessary and meaningful.  However, the 
physical and social environments are not always conducive to safe community access. 
Some of the factors that are reviewed in the literature include barriers in the built and 
social environments, the wide variety of scooter models and features and the role of 
government regulations. While there are limited data available on scooter accident rates, 
there is sufficient evidence to suggest that a more in-depth understanding of the factors 
that impact scooter safety is important.    

This project explored mobility scooter use and safety utilizing three theoretical 
frameworks to guide data collection and analysis.  First, the HAAT model provides a lens 
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for understanding the multiple factors that influence occupational performance within the 
context of the use of assistive technology—in this case, the mobility scooter.  Second, the 
ecological model of aging supports an understanding of the dynamic interaction that 
occurs between the aging older adult and their environment, the resulting environmental 
press and associated need for modification to support adaptation.  The focus on safety 
concerns related to scooter use by older adults also benefits from a social-ecological 
focus to injury prevention.  The social ecological model of injury prevention stresses the 
importance of a multi-dimensional approach to injury prevention that considers micro-, 
meso-, and macro-level interventions.  

Chapter 3 documents the methodology that was used in this study.  It covers the 
methods used, describes the study site and sample, and outlines the data-analysis 
strategies that were employed.   
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Chapter 3.  
 
Research Methods 

A constructivist grounded theory approach guided this research.  This approach is 
based upon the original Grounded Theory that was introduced by Glasser and Strauss in 
1967 as a systematic approach to enhancing rigor in qualitative research and theory 
development (Charmaz, 2006).  Charmaz has expanded and modernized this early 
approach; she maintains its systematic nature, while emphasizing flexibility and 
providing practical guidance in order to demystify the process (Charmaz, 2002, 2006).  
As she notes, the guidelines and strategies are not meant to be rigidly implemented: “I 
treat these methods as tools to use rather than as recipes to follow. I advocate gathering 
rich-detailed and full-data and placing them in their relevant situational and social 
contexts” (Charmaz, 2006, p. 10).   

The complex nature of scooter use and safety and the necessity of situating 
participants’ subjective experiences within the physical and social environmental context 
support the use of this approach.  The main goal of this research was to gain an in-depth 
understanding of scooter usage in the outdoor environment, which includes its physical 
and social aspects.  In addition, there has been limited research in this area that provides a 
framework to study the multiple factors associated with scooter use and safety.  The 
constructivist grounded theory approach provides guidance into how to analyze and 
understand these multifaceted data.   

This constructivist approach is about understanding people’s experiences by 
asking, “What is happening here?” (Glaser 1997, in Charmaz, 2002).  The underlying 
premise is that the researcher co-creates the data with the participants and these data 
facilitate understanding of the phenomenon (Charmaz, 2002, 2006).  Based on Blumer’s 
(1969) concept of “sensitizing conceptions”, Charmaz recognizes that researchers often 
choose a topic due to their extensive knowledge in the area and, as such, the process 
cannot be purely inductive (Charmaz, 2006).  This knowledge provides the researcher 
with a specific perspective and it is essential to maintain an open mind, or bracket one’s 
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knowledge (Morrow, 2005), in order to “see” the data.  In addition, reflecting on one’s 
perspective is an important part of the process. 

In qualitative research, the background, knowledge, values, and beliefs of the 
researcher can influence the research question and process.  For these reasons, I present 
my background, interest, and knowledge regarding the chosen topic.  My interest in the 
use of mobility scooters by older adults stems from my background as a female 
Occupational Therapist (O.T.) working with people who have mobility limitations.  In 
this role, I am often involved in assessing whether power mobility is appropriate for 
meeting my clients’ mobility needs, as well as in supporting them in acquiring these 
devices and providing them with education and training.  Many of the clients I have 
worked with were not aware that scooter users are considered to be pedestrians and are 
required to follow pedestrian rules of the road.  Many are also unaware that there are risks 
to using a scooter, such as tipping hazards.  The goal of my involvement is to ensure that 
the user has the required abilities, information, and training that will allow them to 
evaluate the hazard risks of environmental situations and identify the appropriate actions 
to maintain safe scooter use.  Despite this process, these scooter users will be exposed to 
difficult or unsafe situations, and some will have adverse outcomes.  I believe that the 
many benefits of using a scooter often outweigh the risks; however, I also believe that it 
is important to understand the nature of these risks and to work towards minimizing them.   

My socioeconomic status and cultural background are not dissimilar from the 
participants.  In fact, the characteristics of the research sample are quite homogeneous.  I 
differ from these participants primarily by my non-disabled status and my employment as 
an O.T.  Despite my abled status, through my education and my more than 20 years as an 
O.T., I have a good understanding of people who experience disability.  As an O.T. I 
work in a collaborative and respectful way with my clients.  Similarly, I approached the 
research interviews with the participants using a respectful, non-judgemental manner and 
took an active listening role in order to understand and appreciate their lived experience.  
I also tried to maintain a conscious awareness of not imposing my biases or my presumed 
understanding of the phenomenon.  Additionally, in the context of this research, my role 
was as a researcher not an O.T. and, as such, I introduced myself as a graduate student to 
the participants.  A few participants asked me about my interest in this research and I 
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honestly informed them of my employed occupation.  This question was posed by only a 
few participants and usually at the end of the interview.  One participant had previous 
knowledge of me as an O.T. and as a member of the local community.  Three participants 
were referred by an O.T. colleague and potentially may have been informed of my 
occupational role.  This knowledge of my employment may have influenced the 
responses given but there were no obvious differences in the way these participants spoke 
about scooter use compared to others who would have no knowledge of my work role.    

The research methods and procedures utilized in this study are presented in this 
chapter.  An overview of the research design is presented first.  This includes a discussion 
of the dEMAND project and how this scooter study is embedded within this larger 
project, as well as a description of the study sites, recruitment process, and ethics 
approval requirements.  Following this overview, the measurement, data collection, and 
analysis procedures used in this study are detailed. 

 Research Design 

Mixed-method research is often recommended to overcome the limitations and 
biases inherent in any single method (Green, Caracelli, & Graham 1989).  This study 
utilized a mixed-method approach to explore the topic of mobility scooter use and safety.  
The intention was to explore the multiple factors, as outlined in the HAAT model (Cook 
& Miller Polgar, 2008), that influence scooter use and safety, and to examine the complex 
interaction that occurs between them.  A concurrent triangulation design (Creswell, 2003) 
was employed wherein quantitative and qualitative data were collected at the same time, 
the qualitative data were analyzed separately from the quantitative data, and data 
integration occurred during the interpretation phase. 

A qualitative research approach is the primary means of data collection.  Its 
primary purpose is “to establish the meaning of a phenomenon from the views of the 
participants” (Creswell, 2003, p. 20).  It “assumes that individuals have unique and 
important knowledge” (Hess-Bibber & Leavy, 2006, p.119).  It is a process whereby the 
researcher co-creates the data and gains an understanding of the participant’s lived 
experience in their own words.  As discussed above, an important consideration is the 
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position that the researcher brings to this process (Hess-Bibber & Leavy, 2006; Stallar, 
2010).  The researcher needs to consider how their beliefs, values, and attitudes influence 
the interview relationship, the perspective from which questions are asked, and one’s 
understanding of the phenomenon under study (Hess-Bibber & Leavy, 2006).   

In this study, the primary source of qualitative data was semi-structured 
interviews that were designed to gain a broader understanding of scooter users’ 
perspectives regarding the use of scooters and their safety in the outdoor community.  An 
interview guide was used, but participants were given latitude on the topics they chose to 
discuss.  However, it is important to be cognizant of the challenges associated with 
retrospective interviews.  Randall and Pheonix (2009) suggest that information based on a 
person’s memories is unreliable, and that “memory itself can hardly be considered an 
exact reflection of our life as lived.  At best, memories are trimmed-down, summed-up 
and backward looking facsimiles of actual events” (p. 128).   

Gaining access to the best or most accurate account of the phenomenon can be 
enhanced by using more than one methodology.  This is not because one method is 
somehow more adept at gathering the information; rather, the data obtained from 
supplementary methods may help to overcome weaknesses and provide a broader 
understanding of the subject being studied (Randall & Pheonix, 2009).  In this study, the 
use of an observational audit tool was chosen to complement aspects of the qualitative 
methodology discussed above.  A participant-led environmental audit tool combined with 
photographic examples was used to evaluate specific aspects of the environment that 
influenced scooter mobility and safety.  The goals and benefits of this type of 
participatory research are presented in the SWAN dEMAND research report (Mahmood, 
Bigonnesse, & Mahal, July 2017).  They reported that this method facilitates the direct 
involvement of participants in the research process and enhances the gathering of 
information from the participant’s perspective. 

A mixed-method design is useful for topics that are too complex for a singular 
approach.  Therefore, such designs are utilized to “increase the scope and 
comprehensiveness of the study” (Morse, 2003, p. 192).  Greene, Caracelli, and Graham 
(1989) suggest that there are five reasons that a mixed-method might be employed.  In 
this study, the use of mixed-methods allowed for data triangulation, discovery of 
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complementarity in the data, and the expansion or broadening of knowledge.  An explicit 
data comparison process, which was based on the work of Erzberger and Prien (1997) 
and Farmer, Robinson, Elliott, and Eyles (2006), was utilized to establish transparency 
and clarity.  This process allowed a clear display of how the data obtained from different 
methodological sources are congruent, complementary, or divergent.  This data 
comparison deepens our knowledge on the subject.     

3.1.1. Study Overview 

This study is part of a larger research study, the dEMAND project, which in turn 
is part of a larger national multi-year SSHRC grant funded project, the CDPP.  The 
dEMAND project is run by the CDPP’s mobility research team, and its aim is to collect 
data exploring mobility and participation of people who use assistive devices.  The other 
two CDPP teams are the work/job participation team and the recreational participation 
team.  The study design of the dEMAND project involves a mixed-methods approach that 
includes six phases of data collection:1) baseline survey; 2) global positioning system 
(GPS) tracking and activity diary completion; 3) photovoice and focus group discussion; 
4) qualitative interviews; 5) built environmental audit using a modified version of the 
user-led SWAN, and a community forum; and 6) built environmental audit of urban 
infrastructures using the researcher-led Measure of Environmental Accessibility (MEA) 
tool (Routhier et al.,  2018).    

All participants who consented to participate in the dEMAND project and/or the 
scooter safety study completed the intake survey and the qualitative interview.  They 
were also invited to participate in one or more of the remaining three parts of the study 
(the GPS activity log, photovoice, and the SWAN environmental audit).  The participants 
received a $25 honorarium for each phase of data collection they chose to participate in.    

dEMAND participants who reported using a mobility scooter were recruited for 
this study on scooter safety.  Demographic and assistive device related data collected as 
part of the dEMAND study were utilized in this study to complement the qualitative 
interview and SWAN audit findings.  The specific data utilized is presented in section 
3.2.   
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3.1.2.  Study sites 

The dEMAND research project was conducted in three cities in Metro Vancouver: 
Vancouver, North Vancouver, and New Westminster.  This scooter study also included 
these three municipalities but was expanded to the Tri-Cities area to include the cities of 
Coquitlam and Port Moody.  The Tri-Cities are a lower density, suburban region of Metro 
Vancouver.  Their inclusion allowed for a comparison of urban and suburban areas.   

The city of Vancouver is the largest and most densely populated of the 
municipalities, with a population of 603,502.  In fact, it is considered to be one of the 
most densely populated areas in North American (Briney, 2016), with a density of 
5,249.1 people per sq. km (Statistics Canada, 2011a).  The city’s urban plan includes “... 
many parks, walkable streets, and public spaces, combined with an emphasis on 
sustainable forms of transit” (City of Vancouver, n.d.a).  The city also operates under the 
Vancouver Charter, which, unlike all other municipalities that are covered by the B.C. 
Municipalities Act, gives Vancouver different authority with regards to passing bylaws 
(City of Vancouver, n.d.b).   

North Vancouver is located north of the City of Vancouver and extends from the 
shores of Burrard Inlet to the North Shore Mountains.  The city has a population of 
48,196 and a population density of 4,073.8 persons per sq. km (Statistics Canada, 2011b).  
The topography of this area is dominated by steep mountainous terrain.   

New Westminster is located along the north shore of the Fraser River, east of 
Vancouver and North Vancouver.  The population is 30,568, and the population density 
is 4,222.2 persons per sq. km (Statistics Canada, 2011c).  The city centre is situated on a 
steep hill just north of the riverbank, but the topography flattens out as the city 
approaches Burnaby to the North.  

The cities of Coquitlam and Port Moody are two of the three primary 
municipalities that comprise the Tri-Cities.  They are east of the other municipalities 
included in the dEMAND project but are still considered to be part of Metro Vancouver.  
These municipalities are adjacent to the cities of New Westminster and Burnaby, and 
they are bound on the south by the Fraser River, on the east by the Coquitlam River, and 
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on the north by the Burke, Eagle Ridge, and Coquitlam mountains. Although Port 
Coquitlam and the rural townships of Belcarra and Anmore are also included in the Tri-
Cities, they were not included in the study.  The combined population and average 
population density of Coquitlam and Port Moody are 58,181 and 1,153.9 persons per sq. 
km, respectively (Statistics Canada, 2011, d, e).   

 
Figure 3.1 Map of Metro Vancouver study sites: Vancouver, North Vancouver, 

New Westminster, and Port Moody and Coquitlam in the Tri-Cities 
(Metro Vancouver municipal boundaries.  Esri. “Topographic [Base Map]. Scale not given.  Data layer: 
Esri Topographic Map; Greater Vancouver municipal boundaries, Metro Vancouver Open Data catalogue. 
[computer files]. Using ArcGIS online [GIS]). 

 

3.1.3.  Recruitment and Sample  

Participants for the dEMAND study were recruited via notices posted at GF 
Strong, the iCord Centre at Vancouver General Hospital, senior centers, and independent 
living communities, as well as through referrals from medical vendors who sell mobility 
devices and by snowball referral. Verbal consent was first obtained over the phone, and 
the participants were then asked to complete a consent form at their first face-to-face 
meeting.  Eligibility criteria included the abilities to speak English, participate in the 
study using that language, and give consent.  The participants who used a mobility 
scooter in the community were purposefully selected for inclusion in the scooter study.   
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Four participants from Vancouver and one participant from North Vancouver 
agreed to participate in the scooter safety interview. These participants had been recruited 
by the dEMAND project team and had completed the survey and interview for that study.  
Three of these participants had also previously completed the SWAN audit.  The other 
two participants were invited to complete the SWAN audit and consented to do so.   

The remaining participants—two from North Vancouver, four from New 
Westminster, and four from the Tri-Cities—were recruited by posting notices, through 
referrals from medical vendors and O.T. colleagues working in private practice, 
contacting MS society offices, and by snowball referral.  Protocols established for the 
dEMAND project were utilized to obtain consent, to set up initial meetings, and to collect 
survey and interview data.  These participants were also invited to participate in other 
aspects of the dEMAND project, and their names forwarded to the dEMAND team.  Two 
participants participated in a SWAN focus group in New Westminster.  Notably, two 
participants who consented to be involved in the scooter study withdrew prior to 
completing any aspects of the study.  One withdrew for medical reasons, while the other 
withdrew for reasons unknown. 

The goal was to obtain four participants from each of the four study sites for a 
total of 16 participants.  Four participants were obtained from each of Vancouver, New 
Westminster, and the Tri-Cities, and three participants came from North Vancouver; this 
yielded a total sample of 15 participants.  All of these participants completed the 
dEMAND survey and interview, the scooter safety interview, and the SWAN audit.   

 Measurement 

3.2.1.  Survey 

The dEMAND survey includes questions regarding demographics, mobility status 
and assistive devices used, home environment, medical and functional status, and 
scooter-related data (see Appendix A for the full survey).  The survey also includes 
standardized measurement scores, such as the Functional Independence Measure, the 
Hospital Anxiety and Depression Scale, the Life Space Assessment, and the Wheelchair 
Use Confidence scale (modified for use with any mobility device and renamed the 
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Mobility Device Confidence Scale). The variables included in the scooter study related to 
demographics (age, gender, marital status, employment status, living situation, education, 
and income), diagnosis leading to use of a scooter, functional mobility, frequency and 
duration of scooter use, and receipt of formal training. 

3.2.2.  Qualitative Interviews 

The qualitative interviews consisted of two components: 1) the dEMAND 
participant interview, and 2) the scooter safety interview.  The dEMAND interview 
explored the lived experience of using a mobility device.  The topics were related to daily 
mobility device use and explored questions such as: where people go and what they do; 
people’s feelings, impression, and satisfaction with their mobility device; barriers and 
difficulties experienced; desired changes/alterations to their device; and how people’s use 
and confidence changed with experience. For the scooter study, dEMAND interview data 
related to the study questions were extracted for coding and analysis.  The scooter safety 
interview questions aimed to capture scooter users’ perceptions of safety as it relates to 
environmental and technology factors, their knowledge/understanding of the 
rules/regulations and their perceived appropriateness or need for change to existing rules, 
and strategies that they use to enhance their safety.  Interview guides are presented in 
Appendix B. 

3.2.3.  Environmental Audit – Seniors Walkability Audit in Neighbourhoods 
(SWAN)  

The SWAN is an environmental audit tool that allows participants to record 
objective and subjective data related to aspects of their neighbourhood that influence 
mobility and social participation (Mahmood, Bigonnesse, Mahal, Mortenson, & Martin 
Ginis, 2018; Routhier et al., 2018).  This tool, modified from the original version, is 
designed for use by people using any kind of an assistive mobility device.  The SWAN 
has two main components—a checklist and a secondary observation tool—and it explores 
five key domains: functionality of street crossings and sidewalks; street safety and 
personal safety; appearance and maintenance; land use or destinations; and social aspects.  
The check list allows for a “Yes,” “No,” or, where appropriate, “Not Applicable” 
response. Some questions also include “One Side” or “Both Sides” to identify where the 
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feature is present or absent.  Some questions related to destinations (shops, banks, 
recreation centers, etc.) also ask if the building in question is accessible.  At the end of 
each domain section, the participant is asked to rank the area on a 5-point Likert scale 
from poor to excellent.  This questionnaire is then augmented with photographs of 
relevant environmental features.  The secondary observation tool consists of open-ended 
questions that explore the participant’s overall knowledge and impression of the broader 
neighbourhood. The SWAN is presented in Appendix C. 

The updated SWAN has not yet been evaluated for reliability.  However, the 
original SWAN was evaluated for inter-rater reliability using a percentage agreement 
method (Mahmood, Chaudhury, Oswald, & Konopik, 2015).  Chaudhury et al. (2011) 
note that this method has been utilized effectively in other research by comparing the 
results obtained from two independent audits of the same street segment.  The paired 
results of multiple street segments are then compared.  While agreement of 95% or better 
is interpreted as high reliability, agreement of less than 80% is considered to represent 
low reliability.  Mahmood et al. (2015) reported good inter-reliability between paired 
auditors, with percentage agreements of between 74% and 86%.  In addition, they 
reported that 25% to 31% of the audit items had high inter-rater reliability (percentage 
agreements of 95% or more).  While inter-rater reliability has not been established for 
this modified version of SWAN, similar results are anticipated. 

For this scooter study, select sections of the check list and questions from the 
secondary observation were chosen a priori for extraction and analysis.  Check list and 
photographic data for the scooter study came from two domains: functionality of street 
crossings and sidewalks, and street and personal safety. These quantitative data are used 
to provide descriptive data of the selected street segments in each participant’s 
neighbourhood.  Additional descriptive information was obtained via qualitative data 
obtained from comments made and photographs taken during the audit, as well as from 
data from the secondary observation tool regarding pedestrian safety and traffic-related 
concerns. 
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 Data Collection 

3.3.1. Survey 

The survey could be completed on-line using an IPAD or computer, or a paper 
copy could be provided, depending on the participant’s preference.  The survey could be 
completed by the participant independently or with the assistance of a member of the 
research team.  Participants who completed the survey on-line independently were also 
advised to email the date and time they completed it to ensure that it was accurately 
attached to the participant code.  If participants lacked access to a computer, they were 
offered a paper copy of the survey or were offered assistance in completing the on-line 
version.  The survey data was then compiled and transposed into an Excel file by a 
member of the dEMAND team.  Data for inclusion in the scooter study were then 
extracted and compiled into an Excel file for analysis.   

3.3.2. Qualitative Interviews  

The interviews were conducted at a location convenient for the participant, for 
example, their home, a local library or coffee shop, Simon Fraser University’s Vancouver 
campus, the G. F.  Strong Rehabilitation Centre, or the Vancouver General Hospital.  
While the interview was supported by an interview guide, the direction of the interview 
was allowed to stray depending on what the participant identified as being important to 
the topic.  Each participant was advised that the interview would be recorded, and their 
consent was obtained before recording commenced.   

3.3.3. Environmental Audit 

The protocol for the SWAN as part of the dEMAND project stipulated three 
sessions per participant and included training, data and photograph collection, and 
community engagement.  Community engagement was a component of the dEMAND 
project, but it was not included in this scooter safety study.  

Training session: Training was provided in a small group session or individually.  
Details (date, time, location) of the training session were provided by e-mail and/or a 



36 

phone call.  Each participant received a copy of the Training Manual, which provided 
clarification of the questions, and they were given an opportunity to practice using the 
tool on a nearby street.  A Google map of the neighbourhood around the participant’s 
home was also provided to assist them in selecting the street segments to be audited.  
Each participant was instructed to identify four one-block segments based on the 
following criteria:  

a) Choose segments that are representative of their neighbourhood and have 
environmental features that act as barriers or facilitators. 

b) Choose segments that they use frequently. 
c) Segments that are not located too far apart to ensure that they can be 

completed in 2-4 hours. 
d) Segments do not need to be close to the participant’s home.  Car traffic on 

the segment is not required. 
e) A segment that has a temporary closure of a sidewalk or crosswalk, for 

example, can still be audited, but closed areas will not be included in the 
audit. 

f) The segments originally chosen can be changed on the day of the audit but 
must meet the above criteria. 
 

Data collection: Each participant was accompanied by a member of the research 
team during the data collection phase.  The purpose of accompanying the participant was 
to answer questions, to facilitate the completeness of the audit, to time crossing signals, to 
assist with taking photos, and to complete a parallel audit of the same segments.  
Participants were asked to identify what aspects they wanted to be photographed, and 
photographs were then used to provide complementary qualitative information in the 
analysis process.  The parallel audit allowed for cross checking of data.   

Since most of the participants in the scooter study were recruited later in the 
process, the group training and community forum sessions were not available to them.  In 
these cases, an individual training session of the audit process and a Google map of the 
area around their home were provided at the first face-to-face contact.  Participants were 
encouraged to review the audit instruction manual and to identify street segments to be 
audited prior to the next session when the audit would occur.  The SWAN was completed 
by all of the participants; however, one participant declined to have any photos taken.    
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 Data Analysis 

3.4.1. Survey Data 

Survey data were analyzed, and descriptive statistics (mean and standard 
deviation, range and percentage) were calculated using Microsoft Excel.  These data are 
presented in Chapter 4.  The data provide context regarding the study population in terms 
of factors such as age, gender, medical diagnosis, functional status, and type of mobility 
scooter being used.  Survey data were also used to explore patterns in the qualitative data.  
For example, some responses related to safety and the built environment were found to 
differ by the type (three- or four-wheel) of mobility scooter used by the participant.  
However, no strong patterns were found regarding the gender or age of the participant, or 
if they reported receiving training or not.   

3.4.2. Qualitative Data 

All interviews were recorded and then transcribed verbatim.  The dEMAND 
interviews with the four Vancouver participants and one North Vancouver participant 
were conducted and then transcribed by other members of the dEMAND team.  The 
safety interview corresponding to each of these participants was conducted and 
transcribed by me.  All of the other participants had their dEMAND and safety interviews 
conducted by me and then transcribed by the dEMAND team.  Interview transcripts and 
qualitative data from the SWAN audit (comments, responses from the secondary 
observation, and photographs) were analyzed using NVivo11 software.  Qualitative data 
analysis is presented in Chapters 4 (human factors and scooter technology) and 6 
(physical and social environments). 

Analysis of the data began when the first transcriptions became available.  After 
the transcription process, the next step was to explore and reduce the data (Hesse-Biber & 
Leavy, 2006).  To this end, the dEMAND interview was read in its entirety, and any data 
that did not align with this study’s objectives were highlighted for potential removal. On 
subsequent readings, this content was reviewed and segments were removed where 
appropriate.  The dEMAND interview and the safety interview were then combined, if 
necessary, and imported into NVivo.  Comments made during the audit and answers to 
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the secondary observation from the SWAN were reviewed for inclusion in the data 
analysis and prior to being imported into NVivo.  Photos that were associated with the 
functionality and safety domains were also imported into NVivo.   

Analysis was informed by the Grounded Theory approach of Charmaz (2002) and 
began with initial or open coding, which was followed by selective or focused coding.  
Coding is a process that facilitates the identification of “key themes, patterns, ideas and 
concepts” in the data (Hesse-Biber & Leavy, 2006, p. 349).  Coding was conducted using 
an inductive approach in order to “discover the participant’s view” (Charmaz, 2002, p. 
684) and to understand what is happening in the data.  Memo writing was also part of the 
initial coding process, as it allowed us to begin to make comparisons and to develop 
categories and themes that linked the data together. This approach helped to facilitate a 
broader understanding of the data. 

The data was initially coded by focusing on what the data was saying, I 
consciously avoided categorizing the data into the components of the HAAT model and 
the SWAN domains.  This was done to ensure that the data drove the process of 
discovery and understanding.  After the completion of this initial coding and theme 
generation process, the themes were examined for how they fit into the HAAT factors 
and the SWAN domains.   

Rigor/Trustworthiness 

Scientific rigor refers to establishing reliability and validity in the research 
process.  Lincoln and Guba (1985), in their pioneering article on rigor in 
qualitative study, used the term “trustworthiness” and established criteria and strategies 
for achieving rigor.  According to Lincoln and Guba (1985), trustworthiness is 
established by addressing four areas: truth value, applicability, consistency and neutrality.  
These principles were given terms that parallel those associated with quantitative 
research: credibility (internal validity), transferability (external validity), dependability 
(reliability) and confirmability (objectivity).   

More recently, qualitative researchers have argued for alternate terminology and 
frameworks for establishing qualitative rigor.  Some argue to use the same terminology as 
quantitative research (rigor, validity, reliability, and generalizability) (Morse, 2015).  
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While others suggest alternate frameworks and terminology.  For example, Morrow 
(2005) outlined an alternate framework that they suggest offers utilization regardless of 
the qualitative paradigm that guides the study (post-positivist, constructivist, interpretivist 
or critical inquiry).  They introduced the following criteria: adequacy of data, adequacy of 
interpretation, subjectivity and reflexivity, and social validity.  Many of the strategies 
outlined in Lincoln and Guba (1984) are also included in this framework.  One defining 
difference is that Morrow (2005) made explicit the importance of reflexivity.  Morrow 
considered this process as essential to ensure the researcher brackets their presumptions 
and biases in order to present an accurate representation of the participants’ lived 
experience.  Others suggest that while this debate on alternate frameworks continue, it is 
more important that the researcher identify which framework they are using and the 
methodological strategies associated with their chosen framework that they have 
incorporated into their research methodology to facilitate scientific rigor (Koch, Niesz & 
McCarthy, 2014; Rubel & Villalba, 2009). 

I have chosen to follow the framework of Lincoln and Guba (1985) but include 
Morrow’s (2005) emphasis on reflexivity.  Therefore, in keeping with Lincoln and Guba, 
rigor is evaluated by demonstrating trustworthiness in the methodological process by 
incorporating strategies that support credibility, dependability, transferability and 
confirmability.  The criteria and strategies for rigor or trustworthiness utilized in this 
study are presented below.   

Credibility refers to the degree to which the data present reality or “truth value”, 
while dependability is equated with the reliability of the study (Lincoln & Guba, 1985, p. 
215).  Lincoln and Guba (1985) suggest that credibility and dependability are interrelated 
such that “a demonstration of the former is sufficient to establish the latter” (p. 376).  
They outline the strategies that can be utilized to establish credibility and dependability.  
In this study, triangulation, peer debriefing, member checking, thick description, and 
maintaining an audit trail were employed.  Reflexivity is another recommended strategy 
for enhancing credibility (Creswell & Miller, 2000; Morrow, 2005) that was used in this 
study.   

a) Triangulation was possible due to the use of a mixed-methods approach 
(survey, interview, and environmental audit) and multiple study sites 
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(Vancouver, North Vancouver, New Westminster, and Tri-Cities).  A 
comparative analysis of the survey and interview data was conducted to 
identify any relationships between the two datasets.  One relationship that 
was observed was a connection between scooter type and safety concerns 
about some aspects of the physical environment.  There were also some 
notable patterns identified between the different study sites.  An explicit 
triangulation process was also employed to examine the overlap in the 
physical and social environment data gathered from the interview and the 
environmental audit. The data integration methodology consisted of the 
development of a triangulation protocol and a convergence coding matrix 
(Farmer et al., 2006). 

b) Peer Debriefing - regular meetings were scheduled with my senior 

supervisor to discuss data collection and analysis throughout the research 

process.  Other members of the dEMAND team (Ph.D. students and a 

research assistant) were also consulted regularly and to discuss findings. 

c) Member checking – both informal and formal opportunities for member 

checking occurred.  Time spent with each participant during the interview 

and the audit process created opportunities to confirm that my 

understanding accurately reflected their reality.  Formal opportunities were 

also created by meeting with two participants near the end of the research 

analysis to obtain their feedback.  Key findings, and policy and practical 

recommendations were discussed. 

d) Audit trail – provides a detailed account of the processes and procedures 

used in the study and allows other researcher to evaluate the research 

methodology or to replicate the study (Lincoln & Guba, 1985; Shenton, 

2004).  
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e) Reflexivity – requires that the researcher “self-disclose their assumptions, 

beliefs and biases” (Creswell & Miller, 2000, p. 127) in order to reduce 

researcher bias (Morrow, 2005).  The purpose of reflexivity is to become 

aware of one’s biases and “bracket” them during the research process to 

help ensure that the study reflects the reality of the participants, thereby 

enhancing validity.  I reflected on and presented my position on this topic in 

Chapter 3, and I continued to reflect and examine my biases as the research 

proceeded. 

Transferability refers to the generalizability of the study.  According to Lincoln 
and Guba (1985), transferability cannot be identified by the researcher of the study; 
rather, it can only be determined by the reader.  They suggest that thick description and 
detailed accounts of the research intent, context, and process are required, as these 
methods enable the reader to draw their own conclusions about the study’s 
generalizability.  Therefore, thick descriptions of the study sites, sample, and qualitative 
data (interviews and photographs) have been provided.   

Confirmability is the level of confidence that the findings represent the 
perceptions of the participants.  This is also established by maintaining an audit trail.  The 
audit trail is maintained in a database that includes the raw data (audio recording, 
transcripts, maps, and photographs), data reduction for analysis, products of the analysis 
process (codes, themes and memos), notes related to process and methods, personal 
reflections, and all instruments used (survey, interview guidelines, environmental audit).   

3.4.3. Quantitative data  

The SWAN environmental audit has five domains.  Although the participants 
completed the audit in its entirety, only two domains, functionality and safety, were 
included for analysis in this scooter safety study.  These domains were identified a priori, 
as they are congruent with the study’s objectives.  The SWAN gathers mostly objective 
data on the presence/absence of environmental features.  These two domains of the audit 
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checklist consist of 59 items, of which, 73% explore objective elements.  The remaining 
27% of the questions are more subjective, asking participants about their perceptions of 
various subjects, such as whether the curb ramp is easy to use, or if they feel safe at night.  
In addition, the Likert scale also gathers subjective data on the participants’ overall 
impressions of the street segment, using ratings ranging from poor to excellent for each 
domain.  The SWAN environmental audit checklist and rating data were input into an 
Excel worksheet.  The SWAN code book was created by members of the dEMAND 
research team.  This code book was utilized to convert text answers into numerical 
representations and for calculations as described in the following section.  

Coding 

Checklist answers (Yes, No, or N/A) and the rating scale (Poor, Fair, OK, Good, 
Excellent) were converted to numerical representations in a manner that maintained 
consistency with the larger dEMAND project.  The code book stipulates that when 
presence of a feature is considered to be positive or facilitates community access then 
presence or a Yes answer becomes “1,” No becomes “0,” and N/A is coded as “97”.   
When the presence of a feature is considered to be negative or creating a barrier (for 
example, the presence of steep/sloped areas), reverse coding is employed: Yes is 
converted to “0” and No is “1”.  In some cases, the person was also asked to identify 
whether the feature is present on one or both sides.  When the feature was present on both 
sides, the answer was coded as “2”; when the feature was only present on one side, the 
answer was coded as “1”. If the feature was absent (“No”) or not present on both sides, 
the answer was coded as “0”.  The rating scale was also converted to a numeric scale 
wherein 1=poor and 5=excellent.   

Calculations 

Two types of calculations were conducted using the quantitative data from the 
SWAN.  The proportions of street segments with each feature and the average subjective 
rating of each sub-domain were calculated and then presented graphically for analysis.   
These data allowed for an analysis of the frequency of occurrence of audited features and 
perceptions, and to expose patterns that may differentiate the study sites.  These data are 
presented in Chapter 5.  
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The proportion of street segments with the audited feature was calculated using 
the following formula: 

!"!#$	#	"'	'(#!)*(+	,*(+(-!
!"!#$	#	"'	+!*((!	+(./(-!+ − #	/1++1-.	2#$)(+ − #	"'	3/5	 		6	100 

An overall percentage and a percentage for each municipality were calculated for 
each environmental feature.  These were calculated as the percentage of the total number 
of times the element is present divided by the total number of observations.  Missing data 
and N/A data were removed prior to calculation.  For example, one question asks if curb 
ramps are present and then if the ramps are easy to use.  When no curb ramp exists at the 
location, the answer to ease of use is recorded as N/A (“97”) and this line is removed.  
This calculation provides the frequency of easy-to-use curb ramps relative to all the curb 
ramps that are present and assessed for ease-of-use. 

The average subjective ratings were calculated for each SWAN sub-domain for 
each of the study sites as follows: 

∑:*#!1-.5 	6	100<
#	"'	*(+,"-+(+  

 Ethical consideration 

Ethics approval for this project was included within the ethics approval for the 
dEMAND project.  Ethics approval was obtained through the ethics review boards of the 
University of British Columbia, Simon Fraser University, and the Vancouver Coastal 
Health Authority.  These documents are currently in the custody of the dEMAND project 
and are not included here.   

Informed consent and confidentiality protocols developed for the dEMAND 
project were also followed for this study.  Each participant was provided with a consent 
document that outlines the dEMAND study.  This document clearly related the purpose 
of the study, any risks and benefits, and that consent to participate can be withdrawn at 
any time.  Confidentiality was maintained by assigning each participant a unique 
identifier, and this code was used on all data collection and data management files. 
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Moreover, pseudonyms were used in this study to further ensure the privacy of the study 
participants.  During the research process, all contact information was kept in a secured 
and locked location.  Audio recordings and consent documents were provided to the 
dEMAND team at UBC for secure storage.  Hard copies of the SWAN were maintained 
in a secure and locked location until completion, after which they were transferred to 
SFU Gerontology department for secure storage.  Digital raw data and transcripts were 
kept in a password-protected computer and back-up copies maintained on the SFU 
university servers.  All documents will be stored securely and shredded 5 years after the 
results are published or presented as per dEMAND protocol.    
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Chapter 4.  
 
Human Factors and Perception of Scooter Technology and 
Safety 

This chapter presents information about the participants and the scooters that they 
use.  The unique characteristics and the knowledge of scooter users influence scooter use 
and safety.  In addition, the type of scooter used by the person and their understanding of 
how the design and safety features impact use and safety are important considerations.  
Section 4.1 of this chapter presents information regarding participant demographics, 
mobility and health data, and information related to scooter training and experience.  
Section 4.2 presents the themes that emerged during the qualitative interviews regarding 
scooter users’ understandings of the rules and their role on city streets, as well as their 
perceptions of how scooter technology contributes to safety (overview of themes and 
content can be found in Figure 4.1).  Finally, Section 4.3 provides a synthesis and overall 
summary of the findings presented in this chapter.  A detailed discussion of these results 
and their links to theory are discussed later in Chapter 8.  

 Demographics, medical and physical characteristics and 
experience using a scooter.  

The study participants were recruited through a convenience sample of English-
speaking adults who use a scooter.  The sample was composed of six females and nine 
males living in the community, and they ranged in age from 48 years to 95 years, with a 
mean age of 69.5 years.  The majority of the participants were retired (n=10; 67%).  Only 
60% (n=9) of the participants disclosed their income; income ranged between less than 
$15,000 to $74,000.  Almost half (n=7, 47%) of the participants were quite well-
educated, having graduated from trade school, college, or university.     

Participants were asked about medical diagnoses and their functional and mobility 
status.  The majority reported a neurological disorder (n=10, 67%) as the primary 
diagnosis that led to them needing a scooter for mobility, while the others reported 
osteoarthritis or Chronic Obstructive Pulmonary Disease.  In terms of mobility, a 
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majority reported being able to stand and take two steps without assistance (n=9, 60%); 
13% (n=2) were unable to stand without assistance and were also unable to take two 
steps.  More than half required the use of a walking mobility aid (n=10, 60%), and most 
used more than one assistive mobility device (n=14, 93%).  87% (n=13) reported that 
their scooter was their primary mobility device. 

Scooter experience ranged from less than one year to 28 years (mean=9.8 years).  
While most (n=13, 87%) participants used their scooter for four or more hours per day, 
less than half (n=6, 40%) had received any formal scooter training.  A table on 
demographics and participant characteristics is included in Appendix F.    

 Qualitative Themes - Individual and technology factors 

This section provides participants’ understanding of the rules for scooter use and 
their perception of how scooter technology impacts scooter safety.  An overview of the 
themes is presented first in Table 4.1 followed by a detailed presentation of these data. 

Table 4.1 Individual and technology factors - Qualitative themes and content  
Topic Theme Content 
Individual 
factors and 
knowledge 

The dilemma – where do 
scooters belong?: Pedestrian or 
vehicle 

Explores if scooter users consider themselves 
to be pedestrians, vehicles, or a hybrid. 

Rules? What rules?: 
Scooter/Pedestrian rules of the 
road. 

Participants’ knowledge of the rules of the 
road that apply to scooter use or driving rules 
they follow. 

Scooter 
type and 
features 

“There’s no question about it. 
Four-wheel scooters, are more 
stable”: Stability or 
maneuverability 

How participants view the dichotomy of 
stability vs maneuverability of four- and 
three-wheel scooters. 

“They don’t know that I’m 
here.” 

The relative importance of scooter features. 
Participants discuss lights, rearview mirrors, 
flags and horns.   

“I go the speed of a jogger”: 
scooter speed and safety. 
 

Maximum scooter speeds range from 5 to 15 
km/hr, but most go the speed of someone 
jogging. 

“The scooter stops within one 
second”: Scooter brakes. 

Brakes are important safety. Brakes are 
counter-intuitive for new users.   

Maximum incline. Scooters on an incline: few comment on this 
limitation. 
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4.2.1. Mobility scooter rules 

The B.C. Motor Vehicle Act (British Columbia, 1996) defines the status of 
mobility scooters and regulates their use. By law, mobility scooter users are considered to 
be pedestrians and, as such, are required to follow pedestrian rules of the road.  These 
rules provide information regarding rights and responsibilities with the goal of facilitating 
safe travel.  Definitions, rules, and regulations for mobility scooter use in British 
Columbia can be found in both provincial and municipal documents (overview in 
Appendix G).   

It is critical to understand scooter users’ levels of knowledge of the rules of the 
road pertaining to scooter use.  Thus, participants were asked if they considered 
themselves to be a pedestrian, a vehicle, or if they used some other classification.  They 
were also asked about their knowledge of any rules related to mobility scooter use and the 
need to create new rules or change existing ones.  The following section presents the data 
generated from the responses to these questions.   

The dilemma – where do scooters belong?: Pedestrian or vehicle 

Provincial and municipal documents provide definitions for the category, 
“pedestrian”.  For example, the province defines a pedestrian as “a person afoot, or an 
invalid or child in a wheelchair or carriage” (British Columbia, 1996).  These definitions 
are embedded within the documents and are not only difficulty to find, but are also 
unclear in relation to scooter use.  When participants were asked to define their status, 
approximately half (n=8, 53%) identified themselves as pedestrians.  Others were either 
unsure or viewed a scooter as something between a pedestrian and a vehicle.  One 
participant indicated that neither he nor other people know what he is when he is on his 
scooter.  Another participant expressed her uncertainty in the following way: 

Well, in my mind, we’re sharing the same space; but no, of course 
not…just a dangerous pedestrian.  And when I’m walking with somebody, 
I don’t feel different; I feel that I’m—as if I’m a pedestrian and my 
scooter’s just my legs.  That’s how I feel.  Chris, Tri-Cities 

Regardless of whether they viewed themselves as pedestrians or not, all the 
participants knew that scooters are either allowed on the sidewalk or supposed to be used 
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on the sidewalk.  For some, this included an understanding that they are not allowed on 
the road or bike paths.  One participant reported, “I was told I was considered a 
pedestrian, it shouldn’t be [on the road], because you’re considered a pedestrian”.  
However, this status as a pedestrian did not deter some from driving on the road or in 
bike lanes.  One participant describes driving his scooter like a bicycle on the right side of 
the road. 

I think [mobility scooters are] for pedestrian use, it should be on the 
sidewalk. But I’ve never been told by anybody when I have been on the 
road…So I come out of lane or street, I go out onto that street, and I go all 
the way up and at the top of the hill…they’ve got the little push button for 
bicycles, so I push that button, and I sit there and wait for the walk signal 
to come on, while the light changes and all the rest of it.  Danny, New 
Westminster 

All of the participants viewed scooters as having a legitimate place on the sidewalks, 
alongside walking pedestrians.  However, many were unsure whether they truly are 
pedestrians, or if they fit into some other mobility category.   

Rules? What rules?: Scooter/pedestrian rules of the road 

The rules that pertain to pedestrians, and scooters as pedestrians, are contained in 
the same provincial and municipal documents noted above.  The rules in these documents 
lack consistency and the differences are highlighted in Appendix G.   

Participants were asked about the rules pertaining to scooter use.  One-quarter 
(n=4) of participants considered themselves to be pedestrians and clearly articulated some 
of the pedestrian rules of the road.  Half (n=8) reported there were no rules, or that they 
were not aware of any rules, although some reported driving their scooter in ways that 
coincided with the rules.  Two of these participants reported that they have tried to find 
out if there are rules, but that they have not been successful.  This led one participant to 
suspect that rules for scooters do not exist: 

So, if I go looking for something and I still can’t find it, then you’re not 
trying hard enough to get your message to me.  And so, I think [if] there is 
a regulation, then whoever is responsible for that just hasn’t tried hard 
enough to disseminate it.  More likely, though, it just hasn’t been properly 
addressed yet.  Andy, Vancouver 
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However, almost half of the participants reported that they are supposed to use the 

sidewalk.  One-quarter (n=4) of participants reported that, when there is no sidewalk, 

they are required to travel on the far left-hand side of the road facing traffic.  Other 

participants agreed that this was a good practice.  One participant reported that, while he 

knows of this rule and considers it to be important for safety, he was concerned that other 

scooter drivers may not be aware of it:  

Then you’re supposed to, like other pedestrians, as you know, are 
supposed to be on the left side facing oncoming traffic rather than on the 
right side with traffic coming behind them.  But I have met scooter drivers 
who don’t understand that.  They always go on the right.  And I say no, 
it’s not good. Ben, Vancouver 

The use of bike lanes was discussed by nine of the participants, with two-thirds 
(n= 6) indicating that they travelled in the bike lanes or on bike paths at least 
occasionally.  One participant stated that they were allowed to use bike lanes, but 
questioned the safety of doing so.  Only one participant reported definitively that there is 
a rule that restricts the use of bike lanes to bicycles.  Despite knowing this rule, he does 
use bike lanes because “It’s more convenient and there are fewer pedestrians on the bike 
lanes”.  Two participants who regularly use bike lanes reported that they had been unable 
to locate any rules regarding this subject. 

If it is addressed by a regulation, I’m not aware of that regulation even 
though I’ve gone looking for it.  Andy, Vancouver 

Despite many participants being unaware of any rules for scooters, only a few 
identified a need for new or additional rules.  The most common recommendation was for 
sidewalk rules that mimic driving rules; they recommended that all people using the 
sidewalks should walk/ride on the right except to pass.  Some participants (n=3) thought 
this was an existing rule, but that walking pedestrians either did not know about it or did 
not abide by it.  

As far as I’m concerned, it’s keep right except to pass. It should be the 
very same as the street or as a car.  But there are so many people who 
don’t know they have to keep to the right… Alice, Vancouver 
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Some participants identified education and clarification of the existing rules to be 
more important than creating additional rules.  One participant stated that “[the rules] 
would be [effective] if they were followed… I think that if people follow the rules, 
they’re quite adequate.”  Others recognized that enforcing the rules would not be a 
policing priority.  Another participant expanded on the idea of education for the general 
public:  

So, I think rather than rules or regulations—which I think can be very 
difficult, and difficult to follow and difficult to enforce and all that—there 
should be education. That there are people that have mobility issues and 
they are in your community in a scooter, and how you should expect 
safety for yourself and for them, and how they should expect safety.  
Chris, Tri-Cities  

These interview data demonstrate that the rules for mobility scooter use are not 
well known to scooter users.  Most participants’ knowledge of these rules is limited to 
knowing that they can or should use the sidewalks.   

4.2.2. Perception of the role of scooter technology in safety 

As discussed in Section 2.1, mobility scooters vary in size, configuration, and 
maximum speed.  The scooters used by the study participants ranged from small, 
portable, three-wheel scooters to large, four-wheel models (see Appendix H for 
participant scooter details).  This section presents the data generated by asking 
participants about the aspects of scooter technology that affect use and safety.   

Theme One: “There’s no question about it. Four-wheel scooters, are more stable”: 
Stability or maneuverability 

The number of wheels and their configuration is an important factor when 
discussing scooter safety.  The participants discussed their perceptions of safety and their 
reasons for selecting scooters with different wheel configurations.  The general consensus 
among participants was that four-wheel models are more stable, but three-wheel scooters 
offer better maneuverability.  The three/four-wheel scooter users (n=3) said they 
preferred these models because they offered comparable maneuverability to the three-
wheel models, but better stability.  A three-wheel scooter user explained his perspective 
of three-wheel vs four-wheel scooters as follows:    
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Four-wheeled scooters, they are more stable. There’s no question about it. 
‘Cause actually you’ve got four wheels and if any one wheel goes over a 
big bump of some sort it doesn’t necessarily mean that you’re going to go 
down… with a three-wheel [scooter], you have a better turning radius. 
You can get on and off more buses with a three-wheeled scooter than with 
a 4-wheeled scooter. So, having a tighter turning radius is the reason that I 
always want to have a three-wheeled scooter.  Andrew, North Vancouver 

Maneuverability and a desire to access the bus were reasons that some scooter 
users were willing to forego stability.  Three/four-wheel scooters do not appear to be 
commonly used, but those who did use them believed that they offer scooter users 
improved stability without sacrificing maneuverability.  

Theme Two: “They don’t know that I’m here” 

Lights, mirrors, and flags were discussed when exploring the topic of how 
technology impacts safety.  Lights were present on all of the mobility scooters in the 
study; however, several did not have rearview mirrors.  Safety flags are available for 
purchase but are not included as a standard item.  Almost three-quarters (n=11) of the 
participants discussed the presence of lights on their scooter.  The majority felt that the 
lights were important to ensure they were visible to others.  Several participants 
commented that the headlights are not strong enough to light the scooter user’s path.  One 
participant declared, “The headlights on these are pretty meager.  I do [have a headlight] 
but it’s mainly so that people won’t hit me”.  Three participants also expressed their 
interest in obtaining an additional lighting system to further increase their visibility to 
others when out at night. These responses suggest that some scooter users do not consider 
the existing lights to be adequate. 

The participants had varying opinions about the importance of rearview mirrors 
for safety, with 60 % (n=9) discussing this feature in their interviews.  Approximately 
half of these participants considered rearview mirrors to be impractical or of limited use 
for various reasons, such as poor adjustment options, the need for constant readjustments, 
their tendency to obstruct view or movement, and distorted images due to vibration.  
Participants who considered them important for safety reported using them to observe 
vehicle or pedestrian traffic coming up behind them.  One participant described his use of 
rearview mirrors when driving on the road as follows: “With the mirrors, I can see if 
somebody’s coming behind me, and [if] there’s a car parked, I will just stop behind the 
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parked car. When it’s clear then I’ll go around it and keep going”.  However, not all 
participants who regularly drive on the road had the same opinion: “I’m able to look 
around behind me well enough that to attach rearview mirrors…to a scooter just seems to 
be of minimal benefit.”   

While the majority of participants did not have a flag on their scooter, two thirds 
mentioned them as a feature that might enhance visibility.  However, about half of these 
respondents did not want a flag, stating: “I took it off… I like to be invisible”; “I hated it 
because, they always look trashy”; and “I think it almost makes a false sense of 
confidence”.  The others thought having a flag was a good idea.  One participant who did 
not have a flag noted that, “They definitely are a good thing to have.  Because if you’re 
crossing in front of a big truck that’s way up here, like they can’t see me.  If they’re up 
there and I’m below their hood”.   

Mobility scooters are inherently quiet devices because they are battery operated.  
Forty percent (n=6) of participants expressed how this quietness often makes pedestrians 
unaware of an approaching scooter.  One participant articulated this problem as follows: 
“I think that scooters…run so quietly that when you’re in pedestrian traffic you can 
be…right behind or right next to somebody who doesn’t know that I’m there.” Others 
spoke about surprising or startling a walking pedestrian and the need to make their 
presence known.  Though horns were present on all the scooters, less than one-third (n=3) 
of participants commented on using theirs.  These participants reported that the sound 
was not loud enough for other pedestrians to hear them: “Dogs can hear it, kids can hear 
it, but most [adult] people…can’t hear it.”  Some mentioned using their own voice to 
notify other pedestrians of their presence.   

 Theme Three: “I go the speed of a jogger”: scooter speed and safety 

The scooters in this study had top speeds that ranged from five to15 km/h.  
Participants were asked whether they knew what their scooter’s top speed was, and how 
fast they usually drive.  Forty percent (n=6) of the participants did not know their 
scooter’s top speed, but most said that it was comparable to a fast walk or jog:  
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I don’t know how fast it goes.  I know that someone who’s walking fast or 
like a little bit of jog, I know they can go faster than me.  So I don’t know 
how fast that is.  Beatrice, Vancouver 

Participants with scooters capable of going 15 km/h were more often aware of their top 

speed, as most of these devices were equipped with a speedometer.  All of these 

participants talked about the safety benefit of using the governor to keep their speed 

down when driving near walking pedestrian. As one respondent noted, “I always push 

[the governor] when I come onto a sidewalk at the mall here, or in [store name]. So that I 

don’t have the chance of going the 15 kilometres”.  Another participant reported that they 

always drive in the lower speed range.  Some participants described the top speed of 

these faster scooters as “almost too fast”, “less controllable”, or “a bad idea”. However, 

some reported having driven at full speed when no one was in sight, just for fun, or when 

on the road.  Regardless of the top speed, the majority of participants reported driving 

their scooters at or below a fast walking or jogging speed most of the time, but slowing 

when around walking pedestrians or inside a building.    

Several factors related to the speed of scooters were identified.  Most of the 
scooters did not have a speedometer, and most users did not know their scooter’s 
maximum speed or their typical driving speed.  They were only able to estimate their 
travel speed, with most considering their usual speed to be similar to a fast walk or a jog, 
even when they were able to travel at higher speeds.  The presence of a governor to 
restrict the speed was viewed as a positive feature when traveling on the sidewalk or 
inside buildings, as it was seen as a way of eliminating the potential for error.  The use of 
higher speeds was generally considered to be unsafe.   

Theme Four: “The scooter stops within one second”: Scooter brakes 

The ability to stop a scooter in a quick and reliable manner is important for safety.  
The scooter’s primary electromagnetic braking system is activated by releasing the hand 
control.  The addition of a hand brake, similar to a bicycle brake, is a feature available on 
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some of the larger scooter models.  Brakes do not appear to be something scooter users 
think about, as the majority of participants did not talk about them.  

Only one-third (n=6) of the participants discussed scooter brakes.  Several points, 
both positive and negative, were mentioned: 

1. Scooter stops quickly when brake is engaged (+) 
2. Action to engage the brake is counter intuitive (-) 
3. Brakes can fail on an incline (-) 
4. Hand brake may be beneficial (+) 

 
Some participants liked that the scooter stops quickly when the control is released. They 

considered this to be a positive feature that gave them a sense of security.  A few scooter 

users with less than 2 years of experience said that the braking mechanism—which 

engages when the user releases the control—was counter intuitive, as it was very 

different from their previous experiences with vehicles or bicycles. One respondent 

described trying to stop the scooter in a manner similar to stopping a vehicle:  

…instead of just letting go of the [hand lever], I hung onto it and just put 
the brake on (demonstrated pushing her foot on a non-existent brake).  
And so I kept going, and I didn’t crash into anything, but I could’ve.  
Freda, New Westminster.  

This type of confusion creates an unsafe situation for both the scooter user and others 

nearby.   

Brake failure rarely occurs, but the results can be catastrophic when it does (P. 
Mundy, personal communication, February 14, 2018).  One participant described an 
incident that occurred when they were travelling down a steep hill and the 
electromagnetic brake failed.  The scooter began to gain speed and he had no ability to 
slow or stop. His only recourse was to tip his scooter to avoid a more serious outcome.  
Few scooters have a secondary hand brake, but this is an example of a situation when a 
hand brake may have been useful to avoid personal injury.  A few of the users had a hand 
brake, but only one participant commented on its presence. 
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Stopping speed, which is dependent on effective and efficient scooter brakes, is 
essential for safety.  Stopping speed is based on both the actual stopping speed of the 
scooter and the user’s reaction time in releasing the throttle and allowing the brake to 
engage.  Some participants reported the quick stopping speed as a positive feature.     

Theme Five: Maximum incline 

Scooters have a maximum recommended incline for travel on slopes.  For the 
scooters in this study, this specification ranged from six to 12 degrees (10.5% to 21.3%) 
(see Appendix H), with smaller scooters generally having a lower maximum incline.  
Only one participant discussed the fact that scooters have a maximum recommended 
incline, which suggests that this information is not commonly known.  This participant 
reported that,  

…the maximum incline that I do is about 10 percent, and the scooter is 
equipped to do 14 percent.  I don’t remember if it’s a percentage or the 
degrees, but code is 14…I don’t tend to go up steep inclines …there’s a 
ramp at the back of this building …That’s the steepest incline I go up, 
‘cause it’s to code.  Edith, Port Moody 

For this participant, steep hills become a barrier when they appear to exceed the building 

code-specified incline.  Two other participants reported attempting to drive on steep hills 

and their scooters not performing well.  These situations are further discussed in Section 

6.2.2.2.  

Scooter technology has limitations when negotiating steep hills.  It is not known if 
scooter users are familiar with these limitations as, the majority of participants did not 
discuss this topic.   

 Summary 

This chapter presented participant demographics and personal characteristics (e.g., 
medical and functional status related to mobility scooter use), as well as their knowledge 
of the rules pertaining to scooter use and their views on various aspects of scooter 
technology as they relate to safety.   
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All of the participants used a scooter due to mobility difficulties, which was 
consistent with other research (e.g., Barton et al., 2014; Sullivan et al., 2014; Steyn & 
Chan, 2008).  Similar to other research (Smith et al., 2016), most participants were able 
to walk short distances, and the majority used more than one mobility device.  Most of 
the participants considered their scooter to be their primary mobility device, thus 
emphasizing its importance.   

This study explored the status of mobility scooters and driving rules.  All of the 
participants identified their right to occupy pedestrian spaces, but many did not consider 
themselves to be pedestrians. Aside from this, the participants appeared to possess 
minimal knowledge of the rules of the road pertaining to scooters, which further 
contributed to this confusion around status.  This uncertainty may contribute to some 
participants driving their device in ways more similar to bicycles, using bike lanes or 
streets, rather than as pedestrians, which they are classified as by law (Dolling, 2002).  In 
addition, with the increase in bike lanes in some cities, this situation has become more 
complex and ambiguous, resulting in the potential for conflict over multi-modal rights of 
way.  In contrast to the results obtained by May et al. (2010), knowing that scooters were 
allowed on the sidewalk did not restrict most of the participants from using roads at least 
some of the time.  However, similar to previous findings (May et al., 2010), the majority 
of the participants were unaware of rules that prevented them from using bike lanes and 
paths.  

The rules that pertain to mobility scooters are poorly worded, lack clarity around 
status (pedestrian or vehicle), and may be difficult to find on the B.C. Government, 
ICBC, and municipality websites.  These ambiguous and hard-to-find rules may 
contribute to uncertainty among mobility scooter users with regards to their rights and 
responsibilities.  This uncertainty forces them to make a judgement call on where and 
how they should drive their scooters. 

The need for sidewalk rules to facilitate space sharing was identified by some 
scooter users.  A previous study recommended a “code of ethics” for scooter users that 
includes driving on the far right, driving at the speed of the slowest pedestrian, and the 
use of a horn or voice to alert walking pedestrians (Steyn & Chan, 2008, p. 26).  
Similarly, participants in this project also identified a need for sidewalk rules; however, 
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the recommendation was for rules that would be applicable to all pedestrians, and, 
following Steyn and Chan (2008), that would mimic driving rules (drive on the right, pass 
on the left).  This brings to question whether scooters are more like pedestrians or if they 
are verging on classification as a vehicle, as suggested by Dolling (2002).  Recognizing a 
need for everyone to take responsibility for safety, educating both scooter users and the 
general public of the existing rules was also recommended.    

There are many makes and models of scooters to choose from, with each offering 
different features.  The most important scooter technology factors identified were the 
dichotomy of stability vs maneuverability and lighting.  Some less-common safety issues 
discussed were the braking systems and scooter limitations when negotiating hills. 

When purchasing a scooter, one must choose between a three- or four-wheel 
model, which is also a choice between stability and maneuverability.  There is limited 
publicly available research on the stability and maneuverability of mobility scooters (e.g., 
Dutta et al., 2011; Street & Le, 2006).  This research supports the generally accepted 
view that three-wheel scooters are less stable but more maneuverable than four-wheel 
scooters.   

Visibility is an important safety issue for scooter use in the outdoor community.  
ICBC recommends, but does not require, that pedestrians increase their visibility to 
vehicular traffic by using reflective clothing or carrying a flashlight (ICBC, n.d.a).  In 
contrast, bicycles are required to have lighting for riding at night. (ICBC, n.d.b).  The 
importance of visibility cannot be argued.  It is important that scooter users, other 
pedestrians, and cyclists are visible to others, especially motor vehicles.  All of the 
scooters in this study had lights, and the consensus was the lights were an important 
safety feature that helped ensure that others could see the participants.  The participants’ 
perceptions regarding the benefit of other safety features (rearview mirrors, turn signals, 
horns, and safety flags) were ambiguous at best.  These findings are not supported by 
previous studies that have reported agreement among participants regarding the need for 
these safety features; however, these studies disagree on whether regulations are needed 
that stipulate the presence of these features (Blais et al., 2011; Steyn & Chan, 2008).  For 
example, Dolling (2002) suggests that the presence of these items may not only give 
users a false sense of safety, but they may also cause them to see themselves less as 
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pedestrians and more like something akin to a bicycle, consequently influencing how they 
drive their scooter.   

Many mobility scooters are able to travel at speeds that exceed those of a typical 
pedestrian.  A comfortable walking speed for the average adult is approximately five 
km/h (Bohannon, 1997), which is similar to the speed of small scooters.  Larger scooters 
can travel at speeds of up to 22 km/h (e.g. Pride Mobility Products Corp, n.d.).  Speed is 
an existing criterion that is used to classify scooter users as either pedestrians or vehicles 
in some jurisdictions, such as the U.K., Australia, and Sweden (Steyn & Chan, 2008). 
However, the maximum speed to be considered a pedestrian is between four and 10 
km/hr.  A Canada Transport study also recommended that the scooters with maximum 
speeds of 10 km/hr or less be classified as pedestrians (Blais et al., 2011).  Speed was not 
identified as an important factor by the participants.  Few drove their device at its 
maximum speed, and most considered the highest speeds to be unsafe.  The usefulness of 
a speedometer was unclear given the current lack of rules regarding speed, though this 
may become an important factor if these rules change.  The presence of a governor for the 
larger, faster scooters was seen as positive feature that could help eliminate any potential 
for error.   

Scooter stopping speeds vary among scooter models (Souza et al., 2013).  
Scooters must be able to stop quickly, but not so quickly that it jolts the user and throws 
them from the device (Souza et al., 2013).  Brakes are important for safety but were 
discussed by few participants.  Similar to the findings of Pullicino and Holmes (2013), 
some new scooter users found the hand controls confusing because they are different 
from vehicle or bicycle braking.   

The incline tolerance of scooters varies by make and model.  The actual slope that 
a scooter can negotiate is not absolute; rather, it is dependent on other factors, such as the 
weight of the user (Street & Le, 2005).  A scooter’s maximum recommended incline is 
available in the user’s manual and may be given in as degrees, percentage, or both.  This 
information is not consistent across the industry.  The lack of participant comments 
suggests that scooter users may not be aware of this important limitation. 
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The HAAT model was used a guiding framework.  A discussion of how these 
results link to the HAAT model is presented in Chapter 8.   
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Chapter 5.  
 
Physical and social environment factors - SWAN 
observational data analysis 

Prior research has demonstrated that scooter users experience challenges in both 
the physical and social environments when traveling in the outdoor community (e.g., 
Edwards & McCluskey, 2010; Hoenig et al., 2007; May et al., 2010; Sullivan et al., 
2014).  While this study also explores physical and social factors, it uses a different 
methodology than those employed in previous studies.  A built and social environment 
observation audit was conducted by the study participants using the SWAN tool 
(described in Chapter 3).  This chapter presents the data from that audit.  The SWAN 
results related to two domains, functionality and safety, were analyzed for this scooter 
study.  As mentioned earlier, these data were collected using a checklist that mostly 
gathered objective data regarding the presence/absence of environmental urban features.  
However, 27% of the items collect participants’ perceptions of these features (e.g., if the 
curb ramp is easy to use, if the sidewalk is safe to use in inclement weather, or if one 
feels safe at night).  The five-point Likert scale also gathers participants’ overall 
subjective evaluations of the domain.  The functionality domain examines street crossings 
and sidewalks.  The safety domain consists of street features, traffic, and personal safety.  
Appendix I provides an overview of the topics included in each domain.  

In this chapter, data analysis is presented in the following order: Section 5.1 
presents data analysis on the functionality domain, and Section 5.2 presents data related 
to the safety domain.  In each section, the observational data is presented first before 
being followed by the Likert scale data.  The small sample size (N=15) and the 
corresponding limited number of audited street segments (four per participant for a total 
of 60) reduce the ability to compare results across the study sites.  The findings are 
presented as the overall average percentage and the percentage for each study site.  
Comparisons between the study sites were made with caution due to the small sample 
size; as such, they should be considered emerging patterns that require further study using 
a larger random sample.    
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 SWAN – Functionality Domain 

This section presents scores and ratings associated with the functionality domain.  
This data is presented both as a discussion and graphically in Figures 5.1 and 5.2.  The 
graphs show the average scores for all the study sites combined as well as for each study 
site.  The average subjective rating for each sub-domain is discussed, and graphs for each 
study site are presented in Figure 5.3.   

5.1.1. Function of street crossings 

Wayfinding refers to the ease with which one can navigate an intersection.  All 
study sites have scores of 70% or better (mean=89 %) in this respect.   

Curb ramps provide access between the sidewalk and the roadway.  They are 
evaluated for presence/absence (at both intersections associated with the segments, and 
on one or both sides of the street), ease of use (easy to use and level), directionality (e.g., 
if the curb ramp leads the user towards the crosswalk or into the street), and design 
features (e.g., have a distinguishing texture or colour).  The best situation for curb ramps 
is that they are present on both sides of the intersection.  Problematic curb features occur 
when the intersection does not have a curb ramp on both sides and the scooter user is 
unable to use that crossing for their mobility as a pedestrian.  In these scenarios, if they 
plan to continue their journey, they either have to move into the street or turn around and 
find another route to their destination.  On average, 79% of the intersections in the study 
areas had curb ramps on both sides of the audited segments.  However, this ranged from 
68% in the Tri-Cities to 96% in North Vancouver.  Additionally, North Vancouver curb 
ramps were considered to be more difficult to use and less often to have a level landing 
(67% and 79%, respectively) than other locations.  Scores for ease of use range from 63% 
to 91%, with an average of 72.25%.  Seventy-three percent of the curb ramps in the study 
sites led the user directly across the street, and not toward the centre of the intersection 
and into oncoming traffic.  This means that almost 30% of curb ramps led pedestrians 
unsafely toward vehicle traffic.  The Tri-Cities were found to have the lowest proportion 
of all curb ramp features: 68% of intersections had curb ramps on both sides; 63% were 
easy to use; 56% had a level landing; and 65% directed the user across the street and not 
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toward the intersection.  Changes in the colour or material at the curb ramp help people to 
discern the curb ramp from the surrounding sidewalk and roadway.  New Westminster 
curb ramps most often had a distinguishing feature (75%), while the majority of 
Vancouver curb ramps lacked these features (77%).  

The section on crossing controls asked about the presence of stop signs, marked 
crosswalks, traffic/crossing signals, and if the amount of time allotted for crossing was 
long enough.  There were very few intersections audited that lacked any type of traffic 
control, and these were generally found in residential areas: Vancouver had six (19%); 
North Vancouver had one (4%); New Westminster had one (3%); and the Tri-Cities had 
five (16%).  Stop signs are more typical of low-traffic residential areas and were present 
at 44% of the intersections.  Vancouver and the Tri-Cities were reported to have the 
highest percentage of stop signs.  Conversely, traffic signals were more common on main 
thoroughfares, and, as such, were present on only 29% of audited crossings in the Tri-
Cities and 52% in Vancouver.  Compared to the other two study sites, the participants for 
the Tri-Cities and Vancouver chose more street segments in residential areas. Marked 
crosswalks were common in all study sites.  On average, 70% of crossings were marked, 
but their presence ranged from 52% to 98%.  The majority (87%) of the signals were 
perceived to allow for sufficient time for participants to complete the crossing safely.  
However, almost 30% of the signals in North Vancouver were seen as providing 
inadequate time to allow scooter users to cross safely.   

Aspects related to traffic included having good visibility and vehicle drivers 
giving pedestrians the right of way when no traffic signal is present.  Visibility on both 
sides of the intersection was considered the only scenario that provided a safe situation 
for pedestrian crossings.  Failure to have clear sight lines between the scooter user and 
motor vehicle drivers creates unsafe conditions for pedestrian crossings.  The proportion 
of intersections that provided good visibility on both sides of the intersection was 85% 
with minimal variation among the study sites.  However, this means that 15% of the 
studied intersections did not offer unobstructed sight lines.  Scores for being given the 
right of way by motor vehicle drivers was based on the participant’s experience living in 
the area, not on the events that occurred during the audit.  Right of way was reported to 
be given to pedestrians, on average, at 65% of crossings, but the scores given on this 
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aspect varied considerably among the study sites.  Drivers in North Vancouver were 
reported to give right of way at only 33% of intersections; however, in New Westminster 
this was 100%.  
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A. 

 
B. 
Figure 5.1 Functionality – Street Crossing Features 
Graph has been separated into two parts for convenience only.  Graph A presents data for wayfinding and 
curb cuts.  Graph B presents data for crossing controls and traffic.  Scores for the presence of curb cuts and 
visibility are for presence on both sides only due to their importance vis-a-vis safety.  

5.1.2. Function of sidewalks 

The majority of the questions in this sub-domain were designed to allow for the 
collection of data that indicates whether the feature was present on one or both sides of 
the street.  The question regarding the presence of steep or sloped areas that are difficult 
for walkability or wheelability is the only one that does not capture whether one side of 
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the street differs from the other.  Therefore, the majority of these data allow for analysis 
at two levels: both sides having the feature, and at least one side having the feature. The 
best scenario is to have sidewalks that allow for easy and safe use on both sides of the 
street.  However, having at least one side of the street that is easy and safe is also an 
indicator of having a safe travel route.  It is also important to note that some of the 
audited street segments did not have sidewalks on both sides but this information was not 
captured in the SWAN audit.  Instead this was taken into account by considering 
instances where at least one side was easy and safe to use.  These data are presented in 
Figure 5.2 as “Both Sides” and “At Least One Side” for comparison.   

Ease of sidewalk use includes the sidewalk being wide enough for two people to 
pass, being level, and being free of steep or sloped portions.  Sidewalks were considered 
to be wide and level on both sides about 50% of the time.  This increased to 90% when at 
least one side of the street was considered.  The presence of steep or sloped areas varied 
between study sites.  On average, only 30% of the audited sidewalks were considered to 
be free of steep or sloped areas.  The sidewalks in New Westminster fell below this 
average (13%), while Vancouver exceeded it at 44%, perhaps reflecting their differing 
topographies.   

Various permanent and temporary obstacles may be present on the sidewalks, 
including vehicles and litter.  The presence of obstacles on the sidewalk varied between 
study sites.  54% of the audited sidewalks were considered to be free of obstacles on both 
sides of the street, with 84% being considered clear on at least one side of the street.  
North Vancouver sidewalks were rarely obstacle free.  Rates improved only modestly 
when comparing both sides to at least one side of the streets, with figures of 25% and 
47%, respectively.  Vehicular obstacles primarily consisted of bicycles parked on the 
sidewalk, except in North Vancouver where participants included the presence of bike 
racks, with or without bicycles.  Only one vehicle was observed to be blocking a sidewalk 
when it was parked in a driveway.  The majority of sidewalks in the study area were 
reported to be free of litter.  

The influence of the weather on sidewalk travel was evaluated by considering 
whether the sidewalk is easy to use in all seasons and how poor weather, such as snow 
and heavy rain, impacted ease of use and safety.  Overall the ease of use and safety of the 
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sidewalks in all seasons was found to be almost 40% for both sides and 75% for at least 
one side.  When considering heavy rain or snow, fewer street segments were considered 
easy and safe to use (both sides, 29%; at least one side, 55%).  
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Figure 5.2 Functionality of Sidewalks – Both Sides and At Least One Side   
Graphs A - Elements representing sidewalk ease of use – wide, level, no steep areas.  
Graphs B - Elements representing sidewalk clear of obstacles – permanent, temporary, vehicles, or litter. 
Graphs C – Elements related to use of sidewalks in different weather – all seasons, snow, or rain. 
Each graph duo includes Both Sides and At Least One Side.  
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5.1.3. Functionality - Likert scale rating 

A five-point Likert scale was used to obtain an overall subjective rating of the 

domain.  The ratings for street crossing and sidewalk functionality are illustrated in 

Figure 5.3.  The mean percentage rating for each city was calculated.  North Vancouver 

was rated the lowest compared to the other cities for both sub-domains at 47%, while 

New Westminster was rated the highest with street crossing and sidewalks scores of 

83.75% and 82.50%, respectively.  The ratings for Vancouver and the Tri-Cities fell 

between these extremes at approximately 60% and 50%, respectively, for both ratings.  It 

is interesting to note that, in each city, the overall rating for each sub-domain are similar. 

A  

B  

Figure 5.3 Average Likert scale rating of functionality by study site 
A. Function of Street Crossings  

B. Function of Sidewalks 
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 SWAN – Safety Domain 

This section presents the SWAN data associated with the safety domain.  Similar 

to the organization of the functionality domain above, this section begins with a 

discussion of the scores calculated for each topic, the graphs of these data (Figure 5.4), 

Likert scale ratings, and then graphs (Figure 5.5) of the average rating for each study site.  

5.2.1. Safety of street features and traffic 

Several topics were explored under the topic of street safety, including: whether 

the site consists of one- or two-way streets; whether the street materials and conditions 

provide a safe and easy surface to ride on; whether the amount of space between the 

sidewalk and the road is sufficient for safety; and whether there is sufficient time to cross 

at intersections.  Figure 5.4 demonstrates the proportion of safety features found in the 

audited segments in all of the study sites.  

In all the municipalities, two-way traffic was the norm.  There was only one street 

audited that was restricted to one-way traffic, which resulted in low scores for all 

municipalities on this element.  All of the streets were constructed from asphalt, with 

90% being considered smooth and easy to walk on.  On average, potholes or other 

deficiencies were observed only 20% of the time.  However, Vancouver and New 

Westminster scored the lowest, while over 90% of the streets in North Vancouver and the 

Tri-Cities were considered to be in good condition.  There was sufficient space between 

the sidewalk and traffic on both sides of the street in 65% of the audited sites, with nearly 

90% of audited segments having at least one side with sufficient space.  The remarkable 

difference in this respect in the Tri-Cities reflects the fact that it is more common for 

there to be a sidewalk on only one side of the street in this area.  Traffic lights were 

considered to be long enough for safe crossing in 84% of audited segments.  However, 

40% of participants from North Vancouver reported that they did not think they had 

sufficient time to cross safely.  This compares to 100%, 100%, and 75% percent in the 

other study sites.   

Aspects related to traffic speed included identifying whether: the posted speed is 

appropriate; traffic is travelling at the posted speed; traffic calming features are present 
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(speed bumps, traffic circles, traffic bulges); and whether present traffic calming features 

are necessary.  Posted speed limits were considered to be appropriate on most street 

segments, but concerns were raised regarding the high number of speeding vehicles.  The 

speed limit on streets was thought to be appropriate on over 90% of audited streets, and 

all study sites had scores that exceeded 80%.  However, drivers only observed the speed 

limits on 56% of audited streets.  North Vancouver streets received the lowest score on 

this element (25%).  Traffic calming features were not common in any of the 

municipalities with fewer than 20%.  Participants’ opinions regarding the need for these 

traffic calming features ranged from zero to 100%: participants in Vancouver and North 

Vancouver said that all of them were unnecessary, one-half of them were needed in the 

Tri-Cities, while all in New Westminster were viewed as necessary.  

Safety around cyclists was examined by asking participants if designated bike 

lanes are present, if cyclists use the bike lanes or roads rather than sidewalks for travel, 

and if they are careful near pedestrians. Very few audited segments had bike lanes: 8% in 

North Vancouver, 12% in Vancouver, 25% in New Westminster, and 31% in the Tri-

Cities.  Despite the relatively low proportion of segments with bike lanes, on the majority 

of segments (60%) participants reported that cyclists use the roads rather than the 

sidewalks.  However, participants identified more street segments in Vancouver and 

North Vancouver where cyclists are more likely to use the sidewalk.  Similarly, the 

perception of participants in Vancouver and North Vancouver was that cyclists are 

careful only 40% of the time when traveling around pedestrians.  This increased to over 

90% in New Westminster and the Tri-Cities.  Scores given for use of sidewalks by 

cyclists and degree of care when traveling near pedestrians reflect the participants’ 

experiences over time, not the situation on the day of the audit.   
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Figure 5.4 Safety: Street features and traffic – Street safety, speed of traffic and 
cyclists 
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5.2.2. Personal safety 

Personal safety explores how safe participants feel at night versus during daylight 

hours, as well as the presence of street and sidewalk lighting at night.  The presence of 

negative (suspicious people, signs of vandalism or graffiti) and positive elements (places 

to seek help and leashed dogs) that may affect one’s feeling of safety are also explored.  

The proportion of audited segments with the indicated personal safety features are 

presented in Figure 5.5.  

Feelings of safety when out in community alone during the day or night were 

generally high, but participants in all municipalities reported feeling safer during the day; 

78% of segments were considered to be safe at night, while 94% were seen as safe for 

someone alone during the day.  North Vancouver participants reported the least number 

of segments where they felt safe both day and night (75%).  In contrast, participants in all 

other municipalities reported feeling safe during the day for 100% of the audited 

segments.  Lower night safety scores may be affected by insufficient lighting.  While 

adequate lighting on the street (83%) and sidewalk (72%) was present for the majority of 

audited segments, North Vancouver streets were found to have the lowest presence of 

both street and sidewalk lighting at 73% and 55%, respectively.  In contrast, the Tri-

Cities had the highest presence of sufficient lighting at 100%.  There were few or no 

negative elements reported in all of the municipalities.  Participants reported that there 

were very few places that one might seek help if needed, so this did not appear to be a 

requirement for feeling safe.  The few dogs that were observed during the audit were all 

on leashes, and the participants reported that, overall, dogs were safely secured on the 

majority of street segments (99%).   



 74 

 

 

Figure 5.5 Safety: Personal safety – Night and day, and other safety elements  

5.2.3. Safety Likert scale rating 

The participants were asked to rate the traffic safety and personal safety of each 

audited segment using a five-point scale that ranged from poor to excellent.  Figure 5.6 

presents the average rating for each municipality.  Participants from New Westminster 

rated their municipality the highest on the safety subdomains; street and traffic safety 

received 74% and personal safety was rated at 87%.  North Vancouver was given the 

lowest ratings at 45% for traffic safety and 48% for personal safety.    
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A  

B   

Figure 5.6 Average Likert scale rating of safety by study site 
A. Street features and traffic safety. 

B. Personal safety of pedestrians. 

 Summary 

In this chapter, SWAN observation data on the physical and social environments 

was presented.  These data allowed for a micro-level analysis of the environmental 

features present along street segments chosen by participants.  These data provide an 

overview of the prevalence of certain urban design features.  They also allow for some 

comparison of the study sites.  However, interpretation across sites must be done with 

caution due to the small sample size and segment numbers at each site.  

In one study site, North Vancouver, all of the participants independently chose 

one main area to include in their audits.  It is important to note that they all chose to 

include the same street in their audits, which attests to the importance of this street in the 

community.  The actual street segments audited had little overlap between the 



 76 

participants (see Appendix J – SWAN audit maps).  This resulted in a high degree of 

consistency that did not occur in the other study sites. For example, over 90% of 

intersections have marked crosswalks and curb ramps, and over 80% have pedestrian 

crossing signals.  This is a noticeable difference from the other study sites.  Furthermore, 

it is interesting that, despite the high presence of these features, North Vancouver 

participants were more likely to consider crossing times as being sufficient for safe 

crossing.  One factor that may have exacerbated these concerns was that vehicles in this 

site tended to travel over the speed limit and often did not give right of way.  Another 

situation unique to this area was the presence of obstacles along the sidewalks of this 

busy commercial area.  The other audited segments were located in quieter residential 

areas.  These data demonstrate the need to articulate the nature and nuances of an area 

before comparisons can be made.   

Other notable comparisons include some safety items, such as the presence of 

calming features.  Overall, there were very few traffic calming features present in all 

sites, but participants varied in their perceptions of how necessary these features were 

across the sites; for example, in New Westminster, all of the traffic calming features were 

seen as being necessary, whereas in Vancouver and North Vancouver none were deemed 

as being warranted.  Although the question was not asked, some participants also 

identified segments where traffic calming was needed but not present.  This occurred 

more often in Vancouver and North Vancouver.  It is impossible to know the reasons for 

these discrepancies from the data, and clarification would require further study.  Average 

Likert scale ratings also produced interesting comparisons.  New Westminster residents 

consistently had more positive opinions of their municipality compared to other areas.  

The ratings are noticeably different, but we cannot rule out that these differences may be 

an artifact of the small sample size in each study site.  

This chapter presented the SWAN data.  The next chapter addresses the 

qualitative themes that arose from interviews and the SWAN secondary observation 

form.  
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Chapter 6.  
 
Physical and social environment factors: Qualitative 
Themes  

This chapter presents the qualitative themes that emerged during this study in 

relation to environmental factors linked to scooter use and safety. The data analyzed in 

this chapter were mainly derived from the semi-structured interviews, but they were also 

supplemented with qualitative data from the SWAN secondary observation form and 

comments made during the audit.  Additionally, photographs taken during the audit were 

used to illustrate the quotes and findings from the qualitative data. As mentioned before, 

the secondary observations include questions on one’s familiarity and knowledge of the 

local area.  The participants also discussed the importance of the photographs.  Thus, 

when photographs are included in the qualitative themes section, the accompanying 

comments are summarized and included to contextualize the qualitative theme being 

discussed.  These qualitative data provide depth and clarity regarding the impact that 

environment has on scooter use and safety. 

Participants were asked to identify the physical and social environmental factors 

that served as facilitators or barriers, or posed safety concerns for them during their 

experience of mobilizing in the outdoor environment.  Four major themes arose from the 

data.  Two of these themes explore the physical environment from a functional 

perspective, while the other two themes examine topics around safety.  Table 6.1 

provides an overview of the themes and sub-themes discussed in this chapter, including 

information on the content of each sub-theme.   
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Table 6.1  Qualitative Themes – Functionality and Safety 
Topic Theme Sub-Theme Content 
Functionality Theme 1: It’s not always easy to 

get around: negotiating the built 
environment. 

“You’ve got to figure out where that ramp is 
before you push the button”: Pedestrian 
features. 

The placement and alignment of pedestrian features 
can hinder scooter travel.  

“If you’ve never ridden a scooter, you don’t 
know how bad sidewalks are”: Sidewalks and 
curb ramps. 

Sidewalk and curb ramp design, and maintenance 
issues that create difficulties for scooter users.   

“It’s smoother and more predictable than the 
sidewalk”: Other/better surfaces for travel. 

The use of back lanes, multiuse paths, bike paths, 
bike lanes, and the road for scooter travel. 

The little steps towards improved community 
access and mobility: Urban renewal. 

The fragmented approach to community 
improvements can be positive or negative.   

“What is that blocking my way?”: obstacles 
and construction. 

Temporary and permanent obstacles that can affect 
scooter access and visibility. 

Theme 2: Forces of nature: 
Weather and hills. 

Snow is a hardship, rain is a nuisance: 
Weather challenges. 

Weather conditions that affect scooter travel and 
overcoming the challenges. 

“Around here the hills are horrible”: 
Challenges of topography. 

Where you live impacts choice of scooter, scooter 
travel, and safety. 

Safety Theme 3: Sharing spaces with 
others. 
 

“Pedestrians are very poor drivers”: The 
varied behaviours of walking pedestrians. 

Scooter users report having a range of experiences 
when encounter walking pedestrians: helpful, 
distracted, and accusatory.    

“Crazy cyclists zooming around me”: 
Encounters with cyclists. 

Scooters share spaces with cyclists on sidewalks, 
multiuse paths, and bike paths/lanes.  Their varied 
experiences are discussed. 

“I’m trying to cross and he has no idea that 
I’m even there”: Negotiating motor vehicle 
traffic. 

Factors that influence scooter users’ perceptions of 
safety around motor vehicles are discussed.  

Theme 4: Feeling safe day and 
night. 
 

“I feel extremely safe. I don’t worry about 
anything”: Neighbourhood safety.  

Overall feeling of safety. 
 

“Nicely accessible in the daylight” but…: 
Hazards after dark. 

Low light situations that may affect scooter driving 
safety. 
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 Qualitative themes – Functionality of the environment 

Two major themes emerged in the area of functionality: one that dealt with the 

path of the journey, and another that dealt with factors related to weather and topography.  

The first theme, “It’s not always easy getting around”: Negotiating the built environment, 

relates to data about aspects of the built environment that affect scooter travel (e.g., 

sidewalks, curb ramps, roads, location of pedestrian features, and various obstacles).  The 

second theme, Forces of nature: Weather and hills, highlights participants’ views on the 

impact of natural environment on scooter travel. 

6.1.1. Theme One: “It’s not always easy to get around”: Negotiating the built 
environment 

The built environment can facilitate or hinder scooter travel.  The complex range 

of conditions that scooter users experience during their daily travels in their local 

neighbourhoods is highlighted in the study findings under this theme.  This theme is 

further divided into five sub-themes.  These themes cover a range of issues including 

knowledge of street design, and awareness of safety, traffic, sidewalk conditions and 

obstructions.  In the following section each of these sub-themes and their corresponding 

quotes and photographic examples are presented. 

6.1.1.1 “You’ve got to figure out where that ramp is before you push the button”: 
Placement and alignment of pedestrian features  

Difficulties related to the placement or alignment of pedestrian features was 

commonly identified, with 40% (n=6) of participants discussing these issues.  For 

example, some participants noted that the location of the pedestrian crossing button 

sometimes makes access difficult.  Participants who were using larger scooters reported 

insufficient space to maneuver their scooters.  One participant explained: 

…you’ve got to figure out where that ramp is before you push the button 

to walk…, you have to get yourself lined up on the ramp and some cases, 

you couldn’t do that. And the way the intersections are designed, you push 

the button, and by the time you get yourself steered around so you’re 

gonna go down the ramp [and] the light changes!  Frank, Tri-Cities 



 80 

In some cases, there is a need to adjust and readjust a couple of times to properly align 

with the curb ramp and street crossing before they could cross the street.  This can result 

in not having enough time to complete the street crossing safely.  Figure 6.1 highlights 

how the curb design and placement of the crossing button impact access.  One can see 

that the sidewalk narrows at the approach to the intersection due to the placement of a 

utility pole.  The scooter user must drive cautiously past the pole, then past the curb ramp 

and towards the crossing button that is located beyond its edge.  After pushing the 

crossing button, the user must then back their scooter into this narrow space to access the 

curb ramp.  Thus, one can see that a combination of limited space, use of a large scooter, 

and moderate to high traffic at this intersection jeopardizes the scooter user’s crossing 

experience. 

 

Figure 6.1 Difficult intersection: Narrow sidewalk and poor placement of 
crossing button in relation to curb ramp. 

Another concern identified was difficult-to-reach crosswalk buttons that require 

the scooter user to either dismount or use extended reach to access:   

…you have to get off your scooter to go and push the button! And if you 

don’t walk too good, that’s not too good. And you have to get back on 

your scooter and get settled and get the armrest back down again, and by 

then the light has changed.  Frank, Tri-Cities 

Figure 6.2 shows a drop at the edge of sidewalk, which requires the scooter driver to 

avoid the curb edge or risk tipping the scooter and use an extended reach to access the 
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crosswalk button.  This requires scooter users to have good balance and range of motion, 

and the strength to perform the whole sequence; however, many older adults may lack 

these abilities, which puts them at risk of a fall.    

 

Figure 6.2 Pedestrian crossing button with drop off at sidewalk edge 

The misalignment between curb ramps and crosswalk markings was discussed by 

one-third (n=5) of the participants.  One participant gave an example wherein the curb 

ramp was incorrectly positioned between the crosswalk marking and the vehicle stop line 

(Figure 6.3).  This type of curb ramp poses two potential issues for vehicle drivers: the 

curb ramp is difficult to see because of the poor contrast between the ramp and the road, 

and drivers are not likely to anticipate that the curb ramp will be located in this forward 

position. 

  

Figure 6.3 Curb ramp located between vehicle stop line and crosswalk line 

The participants noted that crosswalk lines act as a visual guide for scooter users, 

especially in busy pedestrian traffic zones where the curb ramps cannot be seen.  Thus, 

when curb ramps and crosswalk lines do not align it becomes difficult for scooter users to 

correctly estimate where to enter the curb ramp.  Unlike walking pedestrians, scooter 

users do not have the ability to “step” off the curb and continue moving forward with the 
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other pedestrians.  This creates the potential for an unsafe situation.  The scooter user 

needs to back up and reposition the scooter while navigating around walking pedestrians 

who may be continuing to move forward to cross the street.   

Curb ramps that were oriented towards the centre of the intersection created 

concerns for scooter users.  Two concerns were identified: the scooter driver has to move 

toward oncoming traffic rather than toward the crosswalk, and such configurations create 

confusion for motorists because it is unclear in which direction the scooter driver is going 

to be crossing the street.  This concern increased with traffic volume.  The participants 

who reported this scenario used larger and less maneuverable scooters.  It may be that 

these larger scooters have to move farther into the traffic lane, which may make them feel 

more vulnerable to moving vehicles.  Figure 6.4 depicts a 5-road intersection and poor 

placement of the NE curb ramp.  The NW curb ramp directs the user into the crosswalk. 

 

 

Figure 6.4 5-way intersection with poorly designed curb ramp on NE corner.   
Satellite photo of intersection (Image from Imagery © 2017 Google Canada) with direction of travel 
dictated by curb ramp design indicated. 

Another example of poor curb ramp design that forces the scooter user into the 

vehicle traffic lane is shown below in Figure 6.5.  Image A. shows the intersection with 

the location of the curb ramps highlighted.  The SW corner has a single broad curb ramp 

that directs the user toward the centre of the intersection, while the NW and NE corners 

have narrow curb ramps that face directly E and W, respectively.  The curb ramp is 

absent on the SE corner.  Image B. shows a participant driving into the oncoming traffic 

lane when traveling north in order to have a safe approach to the curb ramp and reduce 

the risk of tipping the scooter.  Participants reported avoiding these problematic crossings 

and being forced to take a more circuitous route to their destination.   
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Figure 6.5 Dangerous and confusing intersection due to absent and poorly 
oriented curb ramps.  

Image A.- Image of intersection with curb ramps and travel path highlighted (Base image obtained from 
Map Data © 2017 Google Canada)  
Image B. –Participant traveling north and accessing curb ramp on NW corner 

This theme demonstrates that the placement and alignment of pedestrian 

infrastructure features can be a concern for scooter users.  These placement issues include 

access to a pedestrian infrastructure feature, space requirements for larger scooters, and 

orientation and alignment of pedestrian infrastructure.   

6.2.1.2 “If you’ve never ridden a scooter, you don’t know how bad sidewalks are”: 
Design and maintenance of sidewalks and curb ramps 

The most commonly mentioned built-environment concerns were associated with 

the design and maintenance of sidewalks and curb ramps. Ninety-three percent (n=14) of 

participants provided examples of problems they have encountered with sidewalks and 

73% (n=11) discussed curb ramps.   

Half of the participants (n=8) brought up issues relating to the roughness of their 

riding experience.  The reasons for this bumpy ride on sidewalks can be separated into 

three groups: construction materials (e.g., concrete, asphalt, etc.) and sidewalk design, 

raised areas due to uneven surfaces or maintenance issues, and the design of driveways 

intersecting the sidewalks. 



 84 

The sidewalks used by study participants were constructed of bricks, asphalt, or, 

most commonly, concrete.  The design of concrete sidewalks includes cut lines at regular 

intervals.  A few (n=4) participants discussed their dislike of the bumpy ride created by 

the sidewalk cracks.  One participant stated that the “[sidewalks cuts] are not always well 

matched; there are bumps that are maybe an inch. It’s a rough ride”, while another 

described the ride as “keklunk, keklunk, keklunk”.  The other common material for 

sidewalk construction is inlaid brickwork.  This was identified as an issue by only 20% 

(n=3) of the participants.  One participant stated, “they’re bumpy, and I don’t like them.”  

Figure 6.6 is a photo of a typical sidewalk in West Vancouver.  Inlaid bricks can become 

broken and dislodged creating a hole that can be difficult to see and can be large enough 

to tip a scooter. 

 
Figure 6.6 Typical sidewalk construction in the west end of Vancouver. 

Asphalt was the least common construction material used for sidewalks.  This material is 

discussed in Section 6.3.1.3 regarding smooth surfaces for scooter travel.  

Raised areas due to tree growth or patching to repair damage were another cause 

of sidewalk irregularity, with 20% (n=3) of participants identifying this as an issue.  One 

participant explained how tree roots impacted sidewalk travel:   

Some sidewalks are very bumpy from the rooting from trees. And um 

there was a big, very uneven kind of hump in the side walk.  The sidewalk 

was angled this way and the hump went up and down so it was also 

angled.  That was scary.  I didn’t tip but I felt that I very easily could 

have…  Beatrice, Vancouver 

Similarly, sidewalk repair patches were seen as problematic when they created high 

ridges.  A sidewalk patch in line with the curb ramp, shown in Figure 6.7, was reported to 
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create a tipping hazard for one three-wheel scooter user.  The raised patch created a 

bumpy surface and increased the slope angle of the curb ramp.   

 

Figure 6.7 Sidewalk patch in line with safe travel path on curb ramp 

One-third (n=5) of participants agreed that the “the dippy driveways of different 

shapes” were a concern.  Every driveway has two directions of slope: a dip to enter the 

driveway and the driveway’s slope towards the road. The slope of driveways vary and 

some were reported to be too steep.  When the downhill slope is too steep, the scooter 

driver must lean away from it to create a counter balance to enhance scooter stability.  

This maneuver may be difficult for some older adult scooter users.   

The design, maintenance, and absence of curb ramps was also discussed by three-

quarters of the participants.  Half (n=8) of them talked about the inconvenience of 

arriving at a corner and discovering that there is no curb ramp.  “I’ve gone all this way 

now…I have to go back, the whole way back [up] the block to go to the next curb ramp 

to get around.”  For those using larger four-wheel scooters, there was also the risk of 

tipping the scooter off the curb edge when attempting to turn around or back up.  One 

participant described this type of incident:     

A lot of sidewalks don’t have a lead off and you gotta be careful… I was 

trying to turn around on the sidewalk; I just went a little too far and the 

back wheel got off and boom.  Ed, Tri-Cities 

Drivers of smaller three- and three/four-wheel scooters talked about the increased 

tipping risks associated with curb ramp design and inadequate maintenance.  The design 
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concerns largely related to curb ramps that are too narrow or too steep.  These scooter 

drivers tended to emphasize the importance of aligning their scooter in relation to curb 

ramp as demonstrated in the quote below:  

…my biggest fear… is that I’m going to go down, I’m going to go over. 

Even if I’m really careful about getting the approach right because you 

have to go, to get straight onto this curb ramp…  Andrew, North 

Vancouver 

When a curb ramp is designed such that a tight turn is required at the top of the 

slope, the concerns expressed by drivers of larger 4-wheel scooters and smaller 3-wheel 

scooters differed.  Participants who were using larger 4-wheel scooters said these 

configurations made it more difficult to access the sidewalk due to a lack of space for 

turning.  In contrast, drivers of the smaller 3-wheel scooters were more often able to 

perform tight turns, but the steep curb ramps meant an increased risk of tipping.   

6.2.1.3 “It’s smoother and more predictable than the sidewalk”: Back lanes, multiuse 
paths, bike lanes, and roadways 

The majority (n=12) of participants reported that they frequently travelled in 

places other than sidewalks, such as back lanes, multiuse paths, bike lanes, and roads.  

Some expressed a preference for these paths because they offer a smoother ride and have 

fewer obstacles.  However, as one participant reported, less traffic can also be worrisome: 

It’s quieter, there aren’t so many bumps, and it’s a smoother ride for the 

most part…the only back alley I take is my back alley because it’s familiar 

territory…I feel safe in my back alley but then you never know…I 

wouldn’t want to do it at night…  Beatrice, Vancouver 

Multi-use paths tend to be associated with, but are not limited to, greenspaces.  

They offer a shared pathway for cyclists and pedestrians, they are usually constructed of 

asphalt, and they tend to be wider and smoother than sidewalks.  The following quote and 

photo (Figure 6.9) were provided by a participant who enjoyed using a multi-use path.  

It’s wide enough for bicycles, scooters, people walking.  It’s wide and it’s 

smooth, it’s blacktop all the way there.  There isn’t the sidewalk bumps to 

drive over all the way.  And that is nice.  I would like to see more of the 

streets done this way.  Frank, Tri-Cities 
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Figure 6.8  Multi-use path  - wide and smooth travel path 

Despite bike lanes being restricted, by law, for bicycle use only, 40% (n=6) of 

participants reported driving in bike lanes at least some of the time.  These paths were 

identified as being more convenient, offering a more direct route, or being safer.  One 

participant explained his preference for using bike lanes as follows:  

I’m very thankful for bike lanes because bike lanes are an 

excellent…hybrid…between the sidewalk and the full on-road…the newer 

bike lanes are even better … are made with like a barrier between the lane 

and the traffic in many places… but you know there is an added sense of 

safety in confidence when they put up those…cement abutments. Andy, 

Vancouver 

However, others considered bike lane/paths unsafe for scooter travel due to potential 

conflicts with cyclists.   

Roadways are the domain of motor vehicles and bicycles.  Few scooter users 

reported using roads regularly except in areas where sidewalks are not present or when 

curb ramps force them to onto the road.  Only three participants reported a preference for 

using the road over sidewalks, and that they regularly drove on the road.  Their reasons 

for using the roads were that “sidewalks come with unpredictability…like different 

qualities of the curb ramps plus, plus the problem of the dippy driveways of different 

shapes”, and “…’cause it’s a lot smoother riding on the road.” 

The majority of participants reported using other travel routes in addition to 

sidewalks; however, only a few said they used these alternate routes because of concerns 

related to the unevenness or unpredictability of sidewalks.  Most scooter users accept or 

take for granted that sidewalks are uneven and bumpy, but they also appreciated when 

they were able to take advantage of smoother travel paths.  The majority did not choose 
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to use the road as a better alternative and limited their use of roads to circumstances 

where sidewalks were not present or useable. 

6.2.1.4 The little steps towards improved community access and mobility: Urban 
renewal 

Upgrades to existing infrastructure that can potentially enhance community 

mobility were discussed by a few participants.  Remediation of a previously inaccessible 

bus stop was identified by one participant as a positive improvement for wheelchair and 

scooter users.  Figure 6.10 shows the bus stop with the new cement slab.  Prior to the 

addition of the cement slab, people in wheelchairs and scooters had to drive onto the 

grass and come dangerously close to the ditch.   

 

Figure 6.9 Addition of cement slab improved bus stop accessibility 

Others expressed ambivalence about changes that have occurred in their neighbourhoods.  

For example, one participant reported the following regarding a new curb ramp that had a 

tipping hazard: 

So I was so thrilled—and even the day they were doing it (creating a curb 

ramp at Cumberland) we were cheering them on and clapping at them 

when we went by—and then when it dried and we tried it, “ugh, too bad 

that stupid manhole cover is right there”. This is really awkward.  Hannah, 

New Westminster 

Sidewalk improvements in front of new developments were discussed.  These sidewalks 

may be wider and smoother than their predecessors or have other improvements, such as 

a boulevard separating the sidewalk from the roadway; however, these improved 

sidewalks may be immediately adjacent to the older, narrower sidewalks with variable 
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maintenance needs, or they may end abruptly, forcing the scooter user to find an alternate 

route or move onto the road.  As one participant explained: 

I’ve spotted it before I got to the end of the sidewalk and back up all the 

way. That happened about 2 or 3 times and beautiful new sidewalk and the 

new subdivisions you figure it’s gonna go for miles. It just stops because 

they stop building there. So, you don’t expect that.  Ed, Tri-Cities 

Urban renewal is an ongoing process.  Some changes bring about immediate 

improvements for accessibility or mobility.  Unfortunately, other changes are completed 

in a fragmented manner, which may result in the change being minimally beneficial or 

even detrimental to accessibility and safety.  Some municipalities require that the 

sidewalk bordering a property be upgraded to current standards when a new building is 

constructed or an existing one is upgrading (e.g., City of Coquitlam, n.d.).  While this 

requirement supports the process of urban renewal and reduces city costs, it also results in 

sidewalks being renewed in a random and intermittent manner.   

6.2.1.5 “What is that blocking my way?”: Obstacles that affect access and visibility   

The presence of temporary and permanent obstacles was commonly reported, with 

80% (n=12) of participants identifying obstacles that affected access or reduced visibility.  

The most commonly identified obstacles were related to construction, overgrown 

vegetation, and businesses.  Some obstacles were common to all study sites, but others 

were site specific.  

Construction zones create mobility difficulties for scooter users.  Forty percent 

(n=6) of participants reported concerns regarding construction debris (nails, other sharp 

objects, dirt and mud) and impassable sidewalks.  Construction sites were generally 

avoided due to debris and slippery surfaces.  This requires previous awareness of the 

construction or advance warning that redirects pedestrians. One participant discussed how 

a lack of warning about construction areas can create inconvenience or unsafe situations: 

…as I turned the corner there was a sign there that said ‘Sidewalk 

Closed’…they’ve got it fenced off so that kind of narrows the side walk 

that much more. And the fencing has feet … And I’m trying to back up on 

a narrow [sidewalk].  Beatrice, Vancouver 
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The benefits of having a flag person to guide them around the obstruction were discussed 

by some participants: 

Most of those flag people who see you coming, and they’re very good 

about stopping the traffic and getting you through…and I find that very 

helpful.  Frank, Tri-Cities 

This assistance was preferred because it provides safe passage without the risks 

associated with having to back up or turn around and the inconvenience of finding an 

alternate route to their destination.   

Overgrown bushes and hedges that encroach on the sidewalk were identified as 

concerns by one-third (n=5) of participants.  Large hedges planted close to the sidewalk 

edge were considered unsafe for scooter users and other pedestrians.  For example, one 

participant stated his concern regarding his and others’ safety:   

…you knock little branches and things off them and liable to get them in 

your eye, or whatever, you know. It’s just not safe.  [these large hedges] 

force(s) you out to the curb. And then there’s cars going by there, and 

there’s other people to consider. If you have another person on that block, 

they either have to step off the curb, which is not very safe for them. 

Frank, Tri-Cities 

Figure 6.11 provides two photographic examples of hedges forcing the scooter user 

towards the curb edge and a potential safety risk.  Image a. shows a hedge that impinges 

on the sidewalk, forcing the scooter closer to the curb edge of a busy road.  In Image b., 

one can see that the sidewalk width tapers to only two feet, making it impassable for even 

the smallest scooters used in this study.  This situation was further complicated by the 

absence of curb ramp at the corner or another way to exit the sidewalk safely.  The 

scooter driver has to back up around the corner and continue up the street approximately 

200 feet to find sufficient space to turn around.  Those who are familiar with the area can 

avoid this situation, but anyone new to the area would be unnecessarily exposed to a 

dangerous situation.  
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A 

 
B 
Figure 6.10 Overgrown hedges that narrow sidewalk making scooter travel 

difficult or dangerous 

Image A. - Hedge impinging on sidewalk and causing scooter user to drive closer to curb and busy road. 
Image B. - Sidewalk gradually narrows and becomes impassable. (Base picture from Map Data © 2017 
Google Canada) 

Overgrown foliage and parked vehicles can also make it more difficult for scooter 

users and motorists to see one another.  One-third (n=5) of participants reported visibility 

limitations at intersections, at driveways, and along streets without sidewalks.  Figure 

6.11 shows an example where visibility was hindered.  

 
Figure 6.11 Overgrown folliage hinders visibility for scooter and vehicle drivers.   
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These situations are a source of concern because they put scooter users at an increased 

risk of collisions with motor vehicles and, as a result, serious injuries.   

Garbage cans on sidewalks were identified as an issue in the Tri-Cities.  One 

participant accepted the inconvenience stating, “It’s kind of difficult, but you just get a 

new route, that’s all.”  For others, it was viewed as more of a hindrance.  Figure 6.12 

demonstrates a typical placement of garbage cans on the sidewalk.   

 

Figure 6.12 Temporary obstacle - Garbage can blocking sidewalk 

All the participants from North Vancouver were concerned about the presence of 

multiple obstacles along Lonsdale Avenue, including goods for sale, sandwich boards, 

bike racks, restaurant patio furniture, planters, and trees.  Figure 6.13 provides views of 

this street with typical obstacles.  One participant explained how the presence of both 

permanent and temporary obstacles, combined with heavy pedestrian traffic, creates a 

challenging environment for scooter mobility:   

…the sidewalk is here, and then a restaurant has been given a permit for a 

patio and then they decide to put a planter with lovely plants, but there’s a 

tree here that’s been put there by the city.  So this sidewalk goes from 

[wide] to [narrow] with the same volume of people trying to get 

through…Not that you can get rid of the patio, but you know, there’s 

certainly no room – there’s no need to have – it’s a slalom course of 

sandwich boards on the sidewalk …These sandwich boards in tandem 

with retail displays, trees, bike racks create an accordion funneling thing.  

Hugh, North Vancouver 
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Figure 6.13 Permanent and temporary obstacles - views along Lonsdale Ave 

The consensus among North Vancouver participants was that sandwich boards should not 

be allowed.  While participants in other municipalities also talked about the presence of 

sandwich boards, they were less concerned about their presence.  Some reported that they 

were “annoying”; others provided examples of sandwich boards that were not an issue 

because they were located where they did not hinder sidewalk travel (Figure 6.14).  

 

 

Figure 6.14 Sandwich board located on boulevard and sidewalk clear of obstacles 

Utility poles as obstacles were generally not raised as a concern.  This issue was 

not discussed during the interviews and was noted by less than one-quarter of the 

participants during the environmental audit.  Figure 6.15 provides an example of a utility 

pole positioned towards the centre of the sidewalk.  This type of situation requires the 

scooter user to slow down, but it does not impede travel.  However, it may become an 

issue if the hedge growth is not curtailed.   
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Figure 6.15 Utility pole and foliage reduce sidewalk width 

The participants identified a variety of obstacles, including: construction, 

overgrown foliage, garbage cans, and sandwich boards.  The impact of these obstacles 

ranged from being a nuisance to creating a safety hazard, depending on the specific 

situation.   

6.1.2. Theme Two: Forces of nature: Weather and hills 

This theme focuses on natural environmental conditions that create challenges for 

scooter travel.  This section provides an overview of the climate and topography of the 

Metro Vancouver region, and then a discussion of the data that gave rise to this theme.  

This theme is separated into two sub-themes.  The first sub-theme highlights how snow 

and rain impact scooter use, while the second sub-theme presents data related to the way 

in which local topography, specifically hills, influences scooter choice and use.   

The Metro Vancouver area has a moderate maritime or oceanic climate, which 

results in moderate temperatures, with dry conditions in the mid-summer months and 

rainy conditions the rest of the year (Climate of Vancouver, n.d.).  Throughout the area, 

the majority of precipitation occurs during the winter months in the form of rain; 

however, snow also occurs, with accumulations increasing with elevation (Climate of 

Vancouver, n.d.).  Vancouver and New Westminster have the lowest amounts of 

precipitation; North Vancouver has the highest precipitation, predominately in the form 

of rain, and the Tri-Cities has the most snow accumulation (these data and sources are 

summarized in Appendix K.   

The topography in Metro Vancouver is variable.  The topographic map in 

Appendix L shows the relatively flat topography of Vancouver compared to the 
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surrounding areas.  The landscape of North Vancouver is dominated by the North Shore 

Mountains and ski hills immediately to the north, and the Burrard Inlet to the south.  

There is considerable elevation gain as one travels north towards the mountains.  New 

Westminster’s city centre is perched on the side of a steep hill that comes up from the 

Fraser River and then flattens towards Burnaby.  There are a few blocks where the terrain 

is so steep that walking is difficult.  The Tri-Cities have more rolling terrain with the 

landscape dominated by the Burrard Inlet, Fraser River, and mountainous terrain to the 

north.   

6.2.2. 1. Snow is a hardship, rain is a nuisance: Weather challenges 

The presence of snow and inadequate snow removal on pedestrian sidewalks were 

identified as problematic by 40% (n=6) of participants.  Only North Vancouver and Tri-

cities participants discussed this issue.  Some suggested that, in terms of snow removal, 

sidewalks and bus stops are given a lower priority by the cities than secondary roads and 

bike lanes. For example, one participant stated that, “in the middle of the winter storms, 

the secondary sidewalks have snow and ice packed that thick, but the bike paths have 

been cleared and de-iced”.  As he further noted, he felt justified in using the cleared 

bicycle paths under these winter conditions, as they provided the safest option.  

Some scooter users continued to access their community despite the hazardous 

conditions, while others reported the snow to be a barrier to community access.  All 

participants from North Vancouver commented on the risks of using their scooters in the 

snow.  For example, one participant stated that “you’ve got to be careful you don’t slide 

off the [sidewalk]- ‘cause very often it’s sloping for the rain, so you have to be extra 

careful.” The difficulty of becoming housebound due to the snow was expressed by 

another participant: 

 …since before Christmas, I haven’t been able to go out at all because of 

the snow. I mean, it’s just not a snow device, that’s all there is to it. I 

really…knew what it’s like to miss the scooter, miss transport, because I 

couldn’t get out of here at all.  Frank, Tri-Cities 

Berms created by snowplows at driveways and bus stops were particularly problematic.  

One participant who uses the bus frequently reported that these berms make it impossible 
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for the bus to lower the ramp, thus rendering it inaccessible to those who require the ramp 

to board.   

Rain is a common occurrence all year long in this region.  Half of the participants 

(n=7) discussed how rain influences their scooter use.  Rain was considered to be a slight 

inconvenience by most, with only a minority saying they do not go out in the rain.  Some 

participants reported going out daily with little concern for the weather, but they had also 

adopted strategies to stay dry, such as using a scooter canopy, wearing rain gear, or using 

an umbrella: 

[I go out daily] rain or shine. You certainly get awful wet.  [I] have a 

canopy…and it helps…but the rain, as you’re moving forwards, you’re 

creating a wind and the rain’s coming in, so my knees get wet.  So I take a 

… black plastic bag…spread that over my knees so I can…keep my knees 

dry…I have a plastic jacket that’s rainproof too.  Henry, North Vancouver 

Participants reported that their ability to use their scooters in the community was 

definitely impacted by snow and, to a lesser degree, rain.  Snow, combined with 

inadequate snow removal, created significant mobility challenges for scooter users.   

6.2.2.2. “Around here the hills are horrible”: Challenges of topography 

The majority (n=13) of participants reported that hills affect their scooter travel.  

Their concerns were largely related to aspects of scooter technology, such as battery 

capacity and the limitations of scooter technology on hills.  Hills cause a drain on the 

battery, which reduces the scooter’s range and speed.  One participant discussed the 

impact of reduced range as follows:  

...you can go probably an hour or so longer than if you’re climbing hills 

and so on, so you gotta watch where you are, and keep an eye on your 

battery, how it’s using up as you’re going, and that you have enough to 

come home.  Ed, Tri-Cities  

Some participants reported that they needed a scooter with more power because of the 

hills in their area, or that they used public transportation to travel.  Some also recognized 
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that having more power would require them to get a larger scooter, which would mean 

sacrificing maneuverability: 

It’s a large scooter, and it will do my hills, but that makes it large.  The 

size is a barrier because I need a larger scooter to do the hills, and a larger 

scooter doesn’t fit on transit.  Chris, Tri-Cities 

As discussed in Section 4.2.2, scooters have limitations on the maximum incline 

that can be safely negotiated.  The majority of participants did not mention this, nor did 

they discuss experiences of trying to negotiate a slope that was too steep.  Only two 

participants reported experiencing adverse outcomes due to driving their scooters on a 

steep hill.  One reported an incident when travelling downhill, while the other had an 

experience while going uphill.  Their experiences are presented below.   

Around here the hills are horrible and sometimes your brake will blow, 

and it’s the only option, to put your scooter over… the brake can all of a 

sudden disengage and you can go flying 150 miles down a hill in that 

thing.  Cam, New Westminster 

I went up a hill one time that was just too steep. What I didn’t realize was 

my motor will still push me but then … my front wheel came off of the 

pavement. …[and] now I was leaning back on the 2 plastic wheels (the 

anti-tippers) and now the slightest little shift … the front of my 

scooter…went left. And then what happens is my centre of gravity is way 

way beyond where it should have been. So I went over. I slammed into the 

ground. The scooter fell right on top of me.  Andrew, North Vancouver 

Their experiences are different, but both examples demonstrate that scooters have 

limitations when it comes to hills and slope angle.   

  Qualitative Themes - Safety    

The safety domain in the SWAN includes topics on vehicle and bicycle traffic and 

personal safety.  Traffic safety examines the topics of traffic direction and speed, the 

condition of the street, and the riding behaviour of cyclists.  The topics included in 

personal safety include lighting, general perceived safety, and the presence of positive 

and negative elements.  Two qualitative themes had a safety focus.  The first theme, 

sharing spaces with others, explores aspects of the social environment including safety.  It 
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presents scooter users’ experiences around walking pedestrians, cyclists, and motor 

vehicles.  The second safety theme, feeling safe day or night, discusses subjects such as 

overall feelings of safety and poorly lit conditions.  

6.2.1. Theme Three: Sharing spaces with others 

Scooter drivers share spaces with other pedestrians, cyclists, and motor vehicle 

drivers.  Participants in this study were asked how other people affected their scooter 

mobility and safety.  The answers to this question generated three sub-themes that 

addressed encounters with pedestrians, cyclists, and motor vehicle drivers.  Each sub-

theme and their corresponding qualitative data are presented in the following sections.   

6.3.1.1 “Pedestrians are very poor drivers”: The varied behaviours of walking 
pedestrians 

Scooter users are expected to drive their scooters on sidewalks, and they are 

allowed to drive in all areas where pedestrians are allowed.  As a result, people using 

scooters regularly encounter walking pedestrians.  All of the scooter users spoke about 

their encounters with walking pedestrians, both positive and negative.  

Most people go out of their way 

One-quarter (n=4) of participants spoke about the positive behaviours that other 

people exhibit toward them when they are using their scooters.  Some of them reported 

that most people are “very obliging” and will make room for the scooter to pass.  The 

following quote is an example of a positive response: 

…if there’s somebody coming towards you, that wants to pass, and the 

people are generally…very good.  They will step aside and wait for you to 

pass. And even young kids on bicycles and women with baby carriages 

and things, they’re very very good when they see me coming, they’ll stop.  

Hugh, North Vancouver 

In contrast, an equal number reported negative interactions with other pedestrians that 

that left some of them thinking that these people “resent” scooters.   
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I was trying to get through the turnstile for the handicap and he went out 

of his way to confront me …[stating] “you have a motorized vehicle in a 

pedestrian zone”.  Hugh, North Vancouver 

The participants suggested that positive interactions with other pedestrians were 

more common than negative ones.  Negative interactions were described as single, 

uncommon events, which suggests that some members of the general public are simply 

uninformed with regards to the rights of mobility scooters.   

“Somebody will cut in front of me or stop suddenly”: Distracted and erratic walkers 

The majority of participants (87%, n=13) spoke about the challenges of sharing 

spaces with walking pedestrians.  They identified two related issues: distracted walking 

and erratic walking behaviours.  Distracted walking refers to people multi-tasking (eating, 

reading, talking) while walking (Mwakalonge, Siuhi, & White, 2015).  Distracted 

walking is associated with inattentional blindness, which refers to a reduction in 

awareness of “new and distinctive stimuli” due to a reduced ability to engage in divided 

attention (Hyman, Mathew Boss, Wise, McKenzie, & Caggiano, 2010, p.598).  On the 

other hand, erratic walking behaviour, which may or may not be accompanied by a 

distractor, is the failure of pedestrians to follow an organized or consistent path of travel 

(Hyman et al., 2010).  Examples of erratic walking behaviour may include walking 

patterns such as weaving and changing direction or stopping unexpectedly.   

Concerns related to walking pedestrians being distracted by their cell phones or 

other technologies were expressed by over half of participants (n=8).  Pedestrians focused 

on their phones (texting, talking, or listening through head phones) were reported to be 

“oblivious” to their surroundings, which resulted in them walking into the scooter or 

stopping in its path.  One participant’s recollection of an encounter with a distracted 

pedestrian is presented below:  

I was in the middle, crossing the road, and a lady in front of me stopped to 

use her cell phone. She was right in the curb cut. And so I made it across 

the road and I sat there [at the edge of the road]…  Alice, Vancouver 
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Several participants also mentioned situations where the walking pedestrian demonstrated 

inattentional blindness when they were preoccupied by their phone and failed to notice 

the person or their scooter.  As one participant recounted: 

I just remember being amazed someone saying they didn’t see me. I was 

wearing this…pink poncho…it was very fluffy or stringy would be a good 

way to describe it.  Basically, I looked like a big pink teddy bear…and I’m 

thinking how can you not see me? I’m a big woman with this pink thing 

and you can’t see me?  Beatrice, Vancouver 

Pedestrians using head phones or ear buds posed an additional problem.  These 

pedestrians can neither hear the scooter approaching, nor can they hear an auditory 

warning from the scooter driver.  For example, “…if you come up behind them and 

they’ve got they’re earplugs…in they can’t hear you if you ask them to move. [I need to 

be] patient. Eventually it resolves itself”.  The pedestrian either leaves the sidewalk, turns 

the corner, or is notified by another pedestrian of the scooter’s presence.   

The use of cell phones or other technologies by scooter users may be less 

common than with walking pedestrian.  Only two participants volunteered information on 

their own technology use while driving their scooters.  One participant reported only 

trying this once and has since refrained, as he thought it was not a good idea.  The other 

reported that “…they haven’t made any rules, so I’m playing by them. I enjoy my tunes, I 

like blocking out the world [but] I try to be aware as possible”.   

The erratic walking behaviours of pedestrians were also discussed.  As one 

participant explained, walking pedestrians often fail to follow the “unspoken etiquette of 

organization in terms of path of travel on the sidewalks, people don’t always keep to the 

right”, rather, they “cross over here or cross over there, or they walk in diagonal lines or 

whatever it is.”  Other terms used by the participants to describe pedestrian walking 

patterns included “zig zag”, “change lanes without looking”, “poor drivers”, and “never 

look”.  The participants provided many examples of their experiences with erratic 

walking, with one participant relating the following incident: 

This woman, she nearly sat on my knee, she suddenly decided to back up. 

I was right behind her, she was looking this way…and she suddenly 

started to back up, almost on top of me.  Henry, North Vancouver 
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Some participants reported that these erratic and distracted walking behaviours 

had created unsafe situations that required them to act in order to ensure their own safety. 

Two strategies for reducing the risk of a pedestrian collision were discussed: 

1. Drive with heightened awareness – being constantly vigilant for these 

behaviours. 

2. Stop and remain stationary until the other pedestrian becomes aware of 

their presence. 

One-quarter (n=4) of the participants reported having had a collision with a walking 

pedestrian.  Most of these accidents were attributed to pedestrian inattention.  In one case, 

the pedestrian was knocked to the ground but no injuries were sustained.    

The consensus was that pedestrians and their distracted and erratic walking 

behaviours are problematic.  Participants spoke about how they felt responsible to 

exercise greater caution to reduce the potential for a collision with pedestrians.  They also 

recognized that the walking pedestrian was at greater risk for injury than the scooter user.   

6.3.1.2 “Crazy cyclists zooming around me”: Encounters with cyclists 

Approximately half (n=7) of the participants talked about cyclists, voicing a range 

of opinions.  One participant who regularly uses bike lanes stated that “bikes, generally 

speaking, have a logical approach to organization of traffic” and their more predictable 

behaviour was one reason he preferred to use bike paths/lanes rather than sidewalks.  

Others, however, spoke about cyclists riding too fast and not observing rules of the road, 

with one participant describing her experience as “crazy cyclists zooming around me”.  

Opposing opinions were found regarding the riding of bicycles on the sidewalk.  One 

participant felt strongly that cyclists should not be on the sidewalk.  Another reported the 

heavy traffic in some areas made bicycle travel on the roads dangerous and “if they use 

the sidewalk I just say that’s fine. As long as they do so responsibly”. 

There was no agreement among participants regarding sharing spaces with 

cyclists.  This could pose a problem in the future as the number of both scooter drivers 

and cyclists is likely to increase: scooter use is anticipated to increase with our aging 

society, and cycling is being promoted in many communities for its environmental and 

personal health benefits.   
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6.3.1.3 “I’m trying to cross and he has no idea that I’m even there”: Negotiating 
motor vehicle traffic 

Scooter users come into contact with motor vehicle drivers when they are riding 

on the road or on a sidewalk crossing a driveway.  Participants had differing opinions 

about whether going with or against vehicle traffic was safest when driving on the road.  

Some considered driving against traffic to be less safe than with traffic.  The few 

participants (n=3) who regularly travelled on the road with traffic, like a bicycle, 

expressed no concern with vehicle traffic.  One participant explained why he considered 

it safer to travel with traffic:    

When I first started … I was driving against traffic based on the logic that 

it’s easier, theoretically, for traffic to see you ...and for you to see each 

other really...  But…after a long time of experience with that I found it 

generally safer, actually, to drive … with the traffic on the right hand side 

of the road.  The main reason for that is if you’re on… the left of the road 

and you’re coming to a corner and there is a car that wants to turn 

in…right into where you are that can be a really treacherous ...  So now 

because I don’t want to end up with those …situations where traffic is 

facing me that we didn’t know that each other was going to be there, I tend 

to go right with the traffic.  And that has been much … safer.  Andy, 

Vancouver 

Participants living in residential areas that lack sidewalks also reported feeling vulnerable 

when driving facing traffic.  For example, Figure 6.16 shows that vehicles parked on the 

road not only obscure scooter visibility, but they also force the scooter user to drive into 

the oncoming traffic lane.  This concern is further exacerbated when the vehicle is parked 

close to an intersection, as vehicles turning right onto the street are likely not anticipating 

a scooter to be on the road.   
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Figure 6.16 Travel on right side of road as a pedestrians when sidewalk not 
present – visibility blocked by parked vehicle 

When scooter users ride as pedestrians on the sidewalk, most vehicle-scooter 

interactions occur when crossing the road.  One-third (n=5) of participants reported that 

negotiating vehicle traffic was not a concern as along as “You get a driver’s eye before 

you cross the intersection…”  However, three-quarters (n=11) had experienced unsafe 

situations.  The most common concern was related to vehicles turning right, with half 

(n=7) of the participants saying that this safety issue occurred due to the driver’s attention 

being diverted towards the traffic flow.  One participant described the following incident:  

He was wanting to come right and he’s looking left, he’s not looking right. 

I’m trying to cross and he has no idea that I’m even there.  So he sees an 

opportunity to go and he’s turning right and I’m like right there [and I] 

knocked on his car.  Beatrice, Vancouver 

Excessive speed on the part of motorists was another concern.  One participant explained 

that “there are parts … that are definitely used by commuter traffic and they’re not as 

careful, they’re speeding”.  A few also noted that drivers of large trucks were limited in 

their ability to see scooters, mainly due to the scooter’s relatively low profile. As one 

participant explained, “if you’re crossing in front of a big truck that’s way up here, like 

they can’t see me… I’m below their hood”.   

Collisions involving scooters and motor vehicles are rare but the risks are great.  

Two motor vehicle accidents and three near misses were reported.  The scooter user was 

injured in both of the reported accidents: one sustained minor injuries and the other 

reported being badly bruised with pain in his shoulder, hip and knees and was transported 

to hospital but not admitted.  All of these incidents occurred when the scooter should 

have been given the right of way, with three taking place at a marked or signaled 

crosswalk, and the other two occurring at a parking lot entrance.  

Scooter users come into frequent contact with motor vehicles, and most 

participants reported safety concerns due to traffic speed and driver inattention.  It is 

interesting that participants who frequently drive on the road like a bicycle reported the 



 104 

least concern around motor vehicles.  All of the reported incidents occurred in pedestrian 

zones where the scooter should have been given the right of way.  

6.2.2. Theme 4: Feeling safe day or night 

6.3.2.1 “I feel extremely safe. I don’t worry about anything.”: Neighbourhood safety 

The SWAN secondary observation form includes a question that asks if 

participants feel safe in the local community.  Everyone reported that they felt 

“completely” or “reasonably” safe.  A few participants spoke about feeling equally safe 

day or night because other people in the area. 

6.3.2.2 “Nicely accessible in the daylight” but…: Hazards after dark  

Low light (after sunset or in inclement weather) was discussed by three-quarters 

(n=11) of the participants, with a mixture of opinions being reported.  The majority stated 

that they never or rarely go out at night.  Some had no particular reason for this except for 

the simple explanation of “I don’t go out after dark”.  In contrast, others reported no 

concerns.  A few participants identified areas that can be safely negotiated during 

daylight but become hazardous at night due to inadequate lighting.  Hazards were 

exclusively related to the built environment. One participant described this relationship as 

follows:  

There are several places that are, ah, nicely accessible in the daylight, but 

when you go back and look at places at night, you know. There is an 

absence of street lights…[or] insufficient maintenance of streetlights 

where the bulbs have gone out…. [if] I’m sidewalking into darkness, I 

can’t always tell when the curb ramp is coming up. Andy, Vancouver  

One strategy that participants used to reduce exposure to unexpected situations or hazards 

was to limit their travel to well-known routes.  However, familiarity with the area may 

not be sufficient to eliminate risk.  Figure 6.17 depicts a sidewalk circumventing a grassy 

area surrounding a pole.  The edge is reportedly difficult to see at night, and the height 

difference between the sidewalk and the grass/dirt area is sufficient to tip a three-wheel 

scooter.   
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Figure 6.17 Sidewalk diverted around post.  Tipping hazard due to poor contrast 
differentiation between surfaces at night and ~1.5” height difference 

 Many of the participants chose not to drive in their community at night.  Those 

who want or need to go out may encounter increased safety risks, including insufficient 

contrast between adjacent surfaces, which may be exacerbated in poor lighting.  A need 

for enhanced street lighting was suggested by only two participants.  Surprisingly, better 

scooter head lights was not identified as a possible solution by any of the participants.  

 Summary  

This chapter presented the qualitative themes that emerged from the data obtained 

in the participant interviews and the secondary observation form of the SWAN.  This data 

was also complemented with photographs to provide context.  In the outdoor 

environment, the physical environment includes both built and natural elements, and the 

social environment includes interactions with other pedestrians, cyclists, and motorists.  

All of these factors are important in scooter mobility.   

Similar to previous studies (Edwards & McCluskey, 2010; Fomiatti et al., 2014; 

May et al., 2010; Steyn & Chan, 2008; Sullivan et al., 2014), the most commonly 

reported built-environment concerns were elements of sidewalks and curb ramps that 

create mobility difficulties for scooter users.  These conditions made scooter use 

uncomfortable, inconvenient, or unsafe for the participants.  However, there were 

differences noted for three- and four-wheel scooters.  Previous studies have reported that 

narrow and steep curb ramps are problematic for scooters in general (Steyn & Chan, 

2008; May et al., 2010).  This study, however, demonstrated that these issues are a 

difficulty only for those using three-wheel scooters.  This study also found that larger 

four-wheel scooters are more difficult to turn around in limited spaces, for example, at a 
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corner that lacks a curb ramp, or when sidewalk travel becomes blocked by an obstacle.  

These data demonstrate that the type of scooter needs to be evaluated when discussing 

environmental barriers and facilitators.  

The participants identified a variety of obstacles that create challenges for scooter 

travel.  Construction zones were identified as a concern in previous studies (Steyn & 

Chan, 2008) but this study provided clarity around why construction zones are a concern.  

The participants reported that they create temporary but sometimes long-term, obstacles 

and hazardous zones that affect sidewalk travel.  When sidewalks become blocked, 

scooter users cannot just “step” onto the road or easily turn their scooter around in order 

to bypass the construction zone.  A flag person to direct people onto a safe route around 

the construction was a solution that some found helpful.  The use of signage to forewarn 

scooter users of an impassable sidewalk has also been suggested (Prescott, 2018b).  

Overgrown vegetation was the only obstacle identified in all of the study sites.  Metro 

Vancouver is an oceanic region where rain fall levels are high and plant growth is fast; as 

such, keeping plants trimmed back may be a challenge for property owners.  

Municipalities have bylaws that address boulevard maintenance that make it the 

responsibility of the property owner to keep sidewalks unencumbered (see Appendix G) 

The placement of sandwich boards is also addressed in bylaws (see Appendix G).  

However, some participants expressed their frustration with the apparent lack of 

enforcement of these bylaws.  Although a complaint about overgrown foliage or the 

position of other obstacles, such as sandwich boards, may not be a high priority for city 

staff, these seemingly trivial situations can have serious consequences for some residents. 

There is limited research on how scooter use is impacted by natural environment 

conditions such as weather and slopes.  According to prior research, the outdoor use of 

wheeled mobility devices (wheelchairs and scooters) declines during the winter months 

and the type of activities that people engage in differ by season (Brandt et al.,2004; Steyn 

& Chan, 2008; Ripat & Colatruglio, 2016).  In this study, participants reported that poor 

snow clearance was found to be a safety concern for some and a barrier for others.  

Difficulties due to snow and inadequate snow removal may be exacerbated for scooter 

users in Metro Vancouver because of the area’s limited experience with snow and its lack 

of capacity to handle large snow falls compared to other regions in Canada (Clarke, Yan, 
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Keusch, & Gallagher, 2015).  Hilly terrain was also identified as a concern in previous 

studies (Edwards & McCluskey, 2010; Sullivan et al., 2014); however, these authors did 

not explore the nature of the problem.  In this study, hills were also identified as a 

concern.  The need for larger, more powerful scooters in hilly areas resulted in personal 

hardships in the form of reduced maneuverability or personal costs (e.g., purchase of a 

more expensive scooter or public transportation costs).  Steep hills are not accessible with 

a scooter, but few participants were aware that their scooter had incline limitations.  

Those who were aware of these limitations largely learned about them due to an incident 

on a slope that had a negative outcome. 

The social environment is also known to support or hinder scooter use.  Scooter 

users reported positive and negative interactions with other people, pedestrians, and 

motor vehicle drivers (Fomiatti et al., 2014; May et al., 2010; Steyn & Chan, 2008; 

Sullivan et al., 2014).  Inattention and unpredictable walking behaviours on the part of 

pedestrians were concerns identified in Fomiatti et al. (2014) and May et al. (2010).  Data 

from this study suggest that increased cell phone use may have exacerbated these 

concerns.  In addition, similar to previous studies (Gibson et al., 2011), collisions 

between scooters and walking pedestrians were considered rare, but may be increasing 

concomitant with the increased use of cell phones.  In other studies, concerns regarding 

motor vehicle drivers have included negative attitudes, lack of knowledge of the rights of 

scooters, and risk of collisions (Steyn & Chan, 2008).  In this study, participants who 

drove their scooter like a pedestrian cited concerns related to vehicles drivers speeding 

failing to give the right of way.  Risk of collision due to these behaviours was a concern.  

In contrast, those who drove on the road expressed no concern about sharing it.  Similar 

to the findings related to stakeholders’ opinions in Steyn and Chan (2008), opposing 

opinions were voiced regarding the safety of driving with or against vehicle traffic when 

on the road.  Sharing sidewalks or bike lanes with cyclists was also discussed by some of 

participants.  Most of the municipalities in this study have transportation plans that 

include a focus on enhancing cycling routes (e.g. City of Vancouver, 2016).  Given these 

scenarios, cyclists and scooter drivers may find themselves sharing spaces more often 

and, consequently, may experience increased interactions. 
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Similar to other research (e.g., Edwards & McCluskey, 2010; Hoenig et al., 2007; 

Steyn & Chan, 2008), this study also found that scooter incidents/accidents are common.  

When asked about accidents, 80% (n=12) of the participants reported experiencing some 

kind of incident or accident and several having had two or more.  These 

incidents/accidents ranged from minor incidents to vehicle collisions with injury to the 

scooter driver.  While Edward and McCluskey (2010) reported some of the most common 

cause of accidents was due to running into doors, walls or store displays, none of the in 

participants in this scooter study identified this as an issue.  Consistent with previous 

research (Barton et al., 2014; Gibson et al., 2011), tipping the scooter was the most 

commonly reported accident and these were usually due to adverse physical environment 

conditions.  Most of these tipping incidents resulted in the scooter user sustaining either 

no injury or only minor injuries such as cuts and minor bleeding.  One participant 

reported being treated by ambulance paramedics after tipping his scooter but did not 

require additional medical intervention.  Six of these incidents involved pedestrians with 

one pedestrian being knocked to the ground but no injuries were sustained.  Eight percent 

of the participants (n=2) were involved in motor vehicle collisions.  While one participant 

reported sustaining injuries that required him to be transported to the hospital where he 

has treated and released, the other had only a minor bump to his elbow. 

Consistent with pedestrian-motor-vehicle collision data from Vancouver, B.C. 

(Sayed, 2012), most of these motor vehicle collisions and near misses occurred when the 

scooter user was in a marked or signaled crosswalk and the vehicle driver failed to give 

them right of way.  In contrast, whereas Sayed (2012) found that the majority of 

collisions were due to left-turning vehicles, the scooter users identified right-turning 

vehicles as their primary concern.  It is unclear if scooter users are at greater risk to right-

turning vehicles or if their concerns are misdirected.  Without the collection of scooter 

accident data, it is not possible to clarify this information.    

The data gathered from the surveys, interviews, and audits were presented in 

Chapters Four, Five, and Six.  The integration and triangulation of the findings from the 

different data sources are presented in the following chapter.    
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Chapter 7.  
 
Data Integration 

In this chapter, the interrelationship of the different factors that influence scooter 

use and safety are discussed through a comparative integration of qualitative and 

quantitative data.  In the earlier chapters, two related concepts were explored: scooter 

users’ understanding of their classification as pedestrians or motorized vehicles, and their 

knowledge of the rules for scooter use.  The first section of this chapter examines the 

associations between these two concepts and their influence on where a scooter user 

chooses to drive.  This discussion is followed by a comparative analysis of the data 

gathered from interview (Chapter 6) and SWAN observational data (Chapter 5) on the 

physical and social environmental factors that serve as barriers or facilitators for scooter 

users.  A convergence coding matrix is used to showcase this comparative data.  The 

matrix is presented first and is followed by a discussion on the relationships between the 

qualitative and quantitative data. 

 Pedestrian or vehicle: Perception and knowledge of the rules 
that influence scooter use.  

By law, scooter users in British Columbia are classified as pedestrians and are 

required to follow pedestrian rules of the road.  Table 7.1 presents data regarding each 

participant’s self-identification as a pedestrian or a vehicle-pedestrian hybrid, whether 

they received formal training for scooter use, their knowledge of the rules related to 

scooter use, and their usual path(s) of travel (sidewalk, road, bike path/lane).  Half of the 

participants (n=8) considered themselves to be pedestrians, one-quarter (n=4) identified 

as something in between or a pedestrian-vehicle hybrid, and the remaining (n=3) did not 

know what they were.  All understood that they have the right to occupy pedestrian 

spaces, and thus travel on sidewalks regularly.   
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Table 7.1 The relationship between participants’ perceptions of whether they are pedestrian or a vehicle and their 
knowledge of the rules of the road related to path of travel.   

Data from both the qualitative interview and base-line quantitative survey were used to generate this table. 

Participant Pedestrian or 
Vehicle 

Formal 
Training 

Knowledge of Scooter Rules 
of the Road 

Usual Location of Travel 
Sidewalk Road Bike lane/path 

VA0046 Don’t know Yes On sidewalk  
On road if marked as bike route 

X X  
with traffic 
(preference)  

X 

VA0059 Don’t know Yes No rules X X  
facing traffic 

 

VA0065 Don’t know No No rules X  X off-road path 
only 

VA0063 Hybrid No response No rules X  X with traffic 
VA0062 In between Yes No rules 

On sidewalk 
X   

VA0007 In between or 
more like a cyclist 

No No rules X X  
with traffic 
(preference)  

X (preference) 

VA0018 In between or 
more like a cyclist 

Yes No rules 
On sidewalk 

X X  
with traffic 

 

VA0019 Pedestrian No response On sidewalk X X (preference - only 
with light traffic) 

X 

VA0064 Pedestrian No On sidewalk X   
VA0022 Pedestrian Yes On sidewalk 

On road facing traffic 
Not allowed on bike path 

X  X 

VA0023 Pedestrian No Don’t know X   
VA0045 Pedestrian No On sidewalk 

On road facing traffic 
X   

VA0058 Pedestrian Yes On road facing traffic X   
VA0060 Pedestrian No On sidewalk 

On road facing traffic 
X   

VA0061 Pedestrian No No rules 
Safer on road facing traffic 

X   
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In the interviews, the participants discussed their preferences in relation to these 

questions as it pertained to their day-to-day mobility.  The preference expressed by the 

majority was to maintain their status as pedestrians and to use sidewalks for their travel, 

provided they were present and safely accessible.  However, sharing pedestrian spaces 

with walking pedestrians was viewed a challenge by almost everyone.  A few participants 

clearly expressed a preference for driving on the road or bike lanes rather than on the 

sidewalks. 

Inaccessible or absent sidewalks forced scooter users to leave the sidewalk and 

travel on the roads or paths designated for vehicle or bicycle travel.  The data represented 

in Table 8.1 show that those who self-identified as a pedestrian and had some knowledge 

of pedestrian rules of the road (for example, to travel on the far left facing traffic when on 

the road) were less likely to report using roads or bike lanes except when necessary.  As 

can be seen in Table 7.1, only three participants expressed a preference for driving on the 

road.  Two participants said that they had been unsuccessful in finding any rules for 

scooter use and were operating under the assumption that such rules did not exist.  The 

use of bike paths and lanes was more common than actual street use, with almost half of 

the participants using them.  However, most were uncertain if they had a legitimate right 

to occupy these spaces.  Although 40% of participants reported receiving formal scooter 

training, there was no association demonstrated between training and knowledge of the 

rules.  While the dEMAND survey included questions that asked whether the respondent 

had received any training and how much (hours), it does not provide any data on the kind 

of information that was included in the training, for example, scooter driving skills vs 

education on rules and etiquette.    

 Physical and Social Environments: Triangulation and 
Convergence Matrix 

The use of multi-methods research allows for an analysis of the relationships 

between the different data sources, also known as data triangulation.  Erzberger and Prein 

(1997) argue that data triangulation can be used to explore three relationships between the 

qualitative and quantitative data: complementarity, convergence, and dissonance.  They 

suggest that agreement between the data enhances research validity.  However, 



 112 

dissonance occurs when the data sources have findings that disagree.  Analysis of the 

underlying theoretical framework is required in order to determine the reasons for this 

disagreement.  Farmer et al., (2006) also emphasized the need to examine the data for 

each of these relationships, but they also included an analysis of silence.  They used this 

term to describe situations wherein a theme is present in only one of the data sources.  

They suggested that silence is a product of differences in the data collection 

methodologies and that it can provide additional insight into the phenomenon, or identify 

areas in need of further study.  These terms and their definitions are presented in Table 

7.2 below.  

Table 7.2 Triangulation terminology and definitions 
Terminology Definition 
Convergence Partial or full agreement between the data but gives no additional 

information. 
Complementarity Data from one source provides additional information that enhances the 

data obtained from the other source, thereby increasing understanding 
and clarity. 

Dissonance Data from the sources disagree or are contradictory. 
Silence When one data source provides information on a topic, but this 

information is absent in the other data source.  Recognition of this 
silence is important, as further exploration on these topics may be 
required.  

 

Farmer et al. (2006) utilized a procedural approach to their data analysis that 

explicitly documents the process used to compare the findings.  Their documentation 

incorporated two processes: the development of a triangulation protocol that provides a 

detailed account of how triangulation was conducted, and a convergence coding matrix to 

display the data comparison and analysis. 

The findings from the SWAN observations and the environmental 

barriers/facilitator findings from the interviews were triangulated in order to obtain an in-

depth understanding of what the barriers/facilitators are and why they are perceived in 

this way.  The primary assumption was that the data would provide complementary 

information on overlapping topics, demonstrating the strength of triangulation and data 

collection.  However, in keeping with Farmer et al. (2006), cases of convergence, 

dissonance, and silence were also examined in order to fully understand the relationships 

that exist.   
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Following Farmer et al. (2006), a triangulation protocol was developed (see 

Appendix M).  The convergence matrices are presented in Appendix N.  These matrices 

are organized according to the SWAN domains/sub-domains and their corresponding 

elements.  Themes that were discussed by participants but that were not included in the 

SWAN are placed in parentheses in their associated SWAN sub-domains.  The analysis 

demonstrates the convergence, complementarity, and silence between the data sources. 

There were no examples of dissonance.  The following section provides a discussion of 

these findings.   

7.2.1. Complementarity 

The assumption of this triangulation is that complementarity will be demonstrated 

in overlapping topics, and that “quantitative and qualitative research methods do not 

investigate the same reality, but construct different objects” (Erzberger & Prien, 1997, p. 

144).  Complementarity between the data provide a “more complete picture” (Erzberger 

& Prien, 1997, p 144) of how physical and social environments impact mobility scooter 

use.  The environmental audit provided both objective and subjective quantitative data on 

the environmental features in the participants’ local neighbourhoods, while the interviews 

and qualitative data from the SWAN provided more contextual information.   

Complementarity was evident in 31% of the topics: 33% of topics in functionality of 

street crossings, 78% in sidewalk functionality, and 10% in safety.   

SWAN Domain: Functionality of Street Crossings 

Curb features are important for all wheeled mobility devices (walkers, 

wheelchairs and scooters), as they are a key feature that facilitates crossing at 

intersections.  Data gathered from the SWAN audit demonstrated that 80% of audited 

crossings had curb ramps on both sides of the street.  During their interviews, the 

participants spoke about the difficulties they experience when curb ramps are absent, 

poorly designed, or inadequately maintained.  Some spoke about feeling unsafe when 

forced to drive in the road next to motor vehicles.  This generally occurred when a curb 

ramp was absent, which required the participant to exit the sidewalk at an earlier access 

point, such as a driveway.  Those using larger four-wheel scooters reported an increased 

risk of tipping over the edge of the curb when trying to back up or turn around in limited 
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space after discovering the corner lacked a curb ramp.  Regardless of scooter type, the 

inconvenience of finding another route was commonly reported. 

Based on the SWAN audit, 72% of curb cuts were considered easy to use, with 

73% leading the user straight across the road rather than into the street.  The interviews 

provided insight into the factors that determine whether a curb ramp is perceived as being 

easy or difficult to use.  Steep, narrow, and poorly maintained curb ramps were seen as 

being difficult or unsafe for those using three-wheel scooters.  Two concerns were 

identified regarding curb ramps that lead users into the intersection rather than the 

crosswalk: first, four-wheel scooter users said they felt vulnerable in this situation, and 

second, there was a general concern that such crossings did not give motor vehicle drivers 

a clear indication of the scooter user’s direction of travel. 

SWAN Doman: Functionality of Sidewalks 

As pedestrians, all of the participants traveled on the sidewalk at least some of the 

time. Thus, sidewalks are an important infrastructure to examine in relation to 

wheelability.  Only half of the sidewalks audited by participants using the SWAN were 

considered to be wide or level/smooth, and free of obstacles.  In the interviews, the 

participants did not speak about the general width of sidewalks; rather, this subject was 

discussed primarily in relation to cases where width becomes restricted, often 

unnecessarily, by obstacles that reduce access and make passage difficult or impossible.  

The interviews clarified the type of obstacles encountered and when they become 

problematic.  The most common concerns reported were: 1) overgrown greenery that 

obstructs the sidewalk or reduces visibility; 2) construction-site debris and sidewalks 

blocked off without warning around the site; and 3) in one study site, the presence of 

multiple obstacles creating sidewalk navigation challenges.   

 Steep or sloped areas were common in the segments audited by the participants, 

occurring in about 70% of cases.  The “up and down” of driveways was probably the 

most common cause of sidewalk slopes, but these were either taken for granted or were 

considered to be more of a nuisance than a problem.  The most common concern 

regarding hilly terrain was the increased draw on the scooter’s battery and the resulting 

reduction in range and speed.  Some participants said they needed a larger scooter to 



 115 

manage these terrain challenges and, as a result, had to sacrifice the maneuverability and 

accessibility afforded by a smaller three-wheel scooter.   

The SWAN audit data also indicated that 75% of sidewalks were perceived to be 

safe to use in all seasons, but this number declined to 55% in heavy rain or snow.  While 

the interview data revealed that rain was rarely a concern, snow was seen as problematic 

because access was often made difficult or impossible by poor clearing practices and the 

creation of berms from street plowing.  Icy conditions were also cited as a safety concern 

that some were willing to try to negotiate.  However, concerns regarding snow and ice 

were limited to the participants residing in North Vancouver and the Tri-Cities, 

coinciding with these municipalities having higher snow fall accumulations (see 

Appendix K) 

SWAN Domain: Safety 

Only two topics in the SWAN safety domain were found to demonstrate 

complementarity: crossing time at signaled crossings and being given right of way by 

vehicular traffic.   

The topic of sufficient crossing times at signaled intersections was explored in 

both the functionality and safety domains of the SWAN.  Similar results were obtained in 

both sections for all municipalities.  The majority (87%) of signaled crossing were 

considered to provide enough time for scooter users to safely cross.  Figure 7.1 presents 

the crossing time scores for each municipality.  North Vancouver received the lowest 

scores, but it also had the longest average crossing times at 24 seconds.  This is in 

contrast to crossing times of 22, 20, and 19.5 seconds in Vancouver, New Westminster, 

and the Tri-Cities, respectively.   
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Figure 7.1 Average Crossing Time Scores by each municipality 

The participants identified two factors that influenced their perception that intersections 

provided insufficient time to cross without worry:   

1) Poor positioning of the crosswalk button relative to the curb ramp 
resulted in additional time to maneuver the scooter into position. 

2) Impatient vehicle drivers caused them to feel the need to rush.  This 
situation was only expressed by participants living in North 
Vancouver.   

The interview data elucidates that extraneous factors, not the actual crossing time, were 

responsible for creating a sense of insufficient time.  

The failure of traffic to yield the right of way to scooters was a common concern, 

with 65% of crossings being identified as problematic in this respect during the SWAN 

audit.  During the interviews, many participants reported right of way violations by right 

turning vehicles, sometimes in combination with high speed, as the most common traffic 

safety concern they encountered.  Others reported a need to be extra vigilant when 

crossing the street.  These concerns were found to be greatest in North Vancouver in both 

the audit and interview data. 



 117 

7.2.2. Silence 

Farmer et al. (2007) noted that silence occurs when a topic or theme is present in 

only one of the data sources.  In mixed-methods approaches, silence is to be expected due 

to the difference in the methodologies used.  However, it is necessary to determine 

whether methodological differences explain the silence, or if there are other potential 

explanations.  These authors also suggest that a topic that is present in only one data 

source can be helpful in identifying areas in need of further study.   

Comparative triangulation data analysis found that 48% of the topics were silent 

in one data source.  Silence was interpreted under two conditions: 1) when there was no 

data given in one data source, and 2) when there was insufficient data to make a 

determination.  For example, on two SWAN topics (space between sidewalk and road, 

and traffic calming) only one participant discussed the topic during their interview; this 

was considered to be insufficient to discern the triangulation relationship and, therefore, 

recorded as silence.  Silence occurs almost exclusively due to the topic being an element 

of the SWAN and not being discussed in the interviews.  Only three themes discussed in 

the interviews lacked a counterpart in the SWAN data: the alignment of curb cuts and 

crosswalks markings; large truck visibility; and sidewalk traffic safety.  These themes are 

interpreted as being important for scooter users and may warrant further study to more 

fully understand their impact.  

Misalignment between the curb ramp and the crosswalk markings was also 

identified as an important safety factor.  Some participants explained that the crosswalk 

markings provide visual cues to both scooter users and vehicle drivers.  When these 

markings are not aligned with the curb ramp, confusion and safety concerns are created 

for both scooter users and motor vehicles, as it becomes unclear where the crossing 

should occur.  For some scooter users, the height differential between them and large 

trucks created feelings of vulnerability.  These participants felt that their relatively low 

position increased the risk that truck drivers may not see them, and that having a flag 

might be helpful to mitigate this risk.  Sidewalk traffic and sharing space with walking 

pedestrians was an important safety topic reported by the majority of participants.  

Distracted and erratic walking behaviours were a commonly cited complaint and a 

significant safety concern.  
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7.2.3. Convergence 

Convergence occurs when one data source supports or confirms the data from 

another source, thereby enhancing validity (Erzerberger & Prien, 1997).  Since 

convergence provides no additional information on the topic, it does not enhance our 

understanding of the phenomenon.  This triangulation relationship was found in 22% of 

the topics, all of which were within the SWAN safety domain. 

The topics that were interpreted as being convergent included: street 

material/condition, the driving speed of motor vehicles, the presence of cycling lanes and 

the use of these lanes rather than sidewalks by cyclists, and topics related to feelings of 

safety during the day and at night.  For example, road construction and maintenance 

received high scores in all of the study sites, with 90% of the streets being considered 

smooth and easy to walk on.  During interviews, a few participants commented that roads 

were better maintained and more predictable than many sidewalks.  Another example of 

convergence emerged in the data on feelings of safety. Although all participants reported 

feeling safe in their communities, the SWAN scores indicated that they considered the 

audited segments to be safer during the day than at night.  Most of the participants 

reported not going out at night, but none stated that this was due to feeling unsafe.  Some 

of those who do go out at night reported concerns related to poor lighting.  This is 

consistent with the SWAN data, as adequate sidewalk lighting was present on only 70% 

of streets.    

 Summary 

This chapter presented data integration analyses related to the human factors 

influencing scooter use, as well as a data triangulation analysis of the quantitative and 

qualitative data relating to the physical and social environment.  These analyses 

demonstrate that mobility scooter use is complex, and that their use is affected by many 

factors.   

The first analysis demonstrates that a high proportion of scooter users are unaware 

that they are considered a pedestrian, with even more not having any knowledge about 

the pedestrian rules that apply to them.  These factors are associated with the places they 
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choose to ride their devices.  The reasons for this lack of understanding are not known, 

but these data allude to inadequate access to information about rules for pedestrians.  The 

inclusion of this information in scooter training could be beneficial for those who receive 

such training, but it will also be important to consider ways of disseminating this 

information to others who may not have access to training.  

 The SWAN audit quantified the presence and perception of environmental 

features, while the interviews provided more contextual information.  Half of the topics 

were found to demonstrate either congruence or complementarity; the other 50% of the 

topics were only included in one data source, and there were no examples of dissonance.  

Complementarity between the data was anticipated given the known overlap between the 

data sources.  The qualitative data added contextual information that enhanced our 

understanding of the topics related to the functionality of street crossings and sidewalks, 

as well as those related to safety vis-a-vis motor vehicles.  For example, this comparative 

analysis demonstrates that a high percentage of crossings have positive curb ramp 

features.  However, even their occasional absence exposes scooter users to potentially 

difficult or unsafe situations.  In addition, insight was gained regarding the specific 

environmental situation and the impact on the different styles of scooters.   

When silence occurs in one data source, it is important to evaluate other possible 

non-methodological causes (Farmer et al., 2006).  When silence occurs in the qualitative 

data, the degree of importance remains unclear and we can only postulate some of the 

reasons for silence without further research.  One possible reason why these topics were 

not discussed by scooter users is that the SWAN instrument used in this study was 

designed to capture environmental conditions that impact both walkability and 

wheelability.  The version used in this study was adapted from the original SWAN, which 

was designed to evaluate walkability.  This version was modified to include persons 

using any mobility device (cane, crutches, walker, wheelchair and scooter) and included 

features important for both walkability and wheelability.  Therefore, some topics that are 

more important to those using walking mobility aids may be less relevant for wheeled 

mobility.  For example, changes in the colour and texture on curb ramps are a design 

feature intended to support those with reduced vision (Canadian Standards Association, 

2004); however, the benefits, or lack thereof, to scooter users is not known.  Additionally, 
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some environmental features that make travel challenging for manual wheelchair users 

will not have the same impact for those using power mobility devices.  For example, 

manual wheelchair users may find it difficult to avoid rolling when the landing at the top 

of a curb cut is not flat; in contrast, this is not an issue for power mobility devices as their 

braking systems are capable of holding on a slight incline.   

Some topics were discussed by the participants but not included in the 

environmental audit, which suggests that these topics may be important for scooter use 

and safety.  Specifically, three key topics were identified by scooter users.  The first topic 

relates to the misalignment between curb cuts and crosswalk markings.  Discussions on 

this topic were more nuanced than the question in the SWAN allowed for, which simply 

asked about the direction that the curb ramp leads the scooter user—directly across the 

road or into the street.  As shown in Figure 6.3, the curb ramp can lead the user across the 

road and yet not be positioned between the crosswalk markings.  An additional question, 

or a rewording of the present question to include alignment between the curb ramp and 

crosswalk markings, is recommended.  The other two themes (sharing sidewalk spaces 

with walking pedestrians and visibility limitations of drivers of large trucks) could be 

explored more quantitatively by adding questions that address these topics.  The concerns 

regarding sharing sidewalks with walking pedestrians could be addressed by adding a 

question in the social aspects domain that asks if other pedestrians are careful when 

moving around those using mobility devices.  Limited visibility on the part of large-truck 

drivers could be explored in the safety sub-domain of street and traffic safety.  The 

inclusion of these topics in the SWAN audit would provide a mechanism for gathering 

quantitative data and for gaining a further understanding of how prevalent these 

difficulties are for mobility device users.   
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Chapter 8.  
 
Discussion and Conclusion 

Cook and Hussey’s HAAT model (Cook & Miller Polgar, 2008) was used as the 

primary guiding framework for this research. According to this model, four 

components—humans, assistive technology, activity and context—work together as an 

interdependent and integrated system.  The first section of this chapter provides an 

overview of how the data links to the conceptual HAAT model.  This includes an 

integrative discussion on the key findings from Chapters Four to Six, as they link to the 

HAAT model and are organized in sequence with the three HAAT factors.  Chapter Four 

presents data related to the human and technology factors, and Chapters Five and Six 

provide information on the social and physical environmental context.  While the activity 

component is not directly explored in this study, the use of a scooter to enhance mobility 

and the safety considerations associated with scooter use are essential for supporting 

activity engagement.  The policy and practical implications of the study are discussed in 

the latter part of the chapter using the social-ecological lens of injury prevention (Hanson 

et al., 2002).  The chapter concludes with a discussion on theoretical implications, 

limitations, and directions for future research. 

 Linkage of HAAT model to findings 

The themes and observational data presented in this study are linked to the three 

HAAT factors, namely, human/individual, assistive technology, and environmental 

context (Cook & Miller Polgar, 2008).  Table 8.1 provides an overview of how the model 

and the data are linked.  The first column shows each HAAT factor that was addressed.  

The next column presents the SWAN domains (functionality and safety) and their links to 

the HAAT model’s environmental context.  The final column presents the qualitative 

themes and their alignment to both the HAAT model factors and the SWAN domains.  
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Table 8.1 HAAT, SWAN and qualitative themes 
HAAT SWAN 

Audit 
Qualitative Themes 

Human/Individual   Theme 1: The dilemma – where do scooters belong? 
Theme 2: Rules? What rules?: Scooter/pedestrian rules 
of the road. 

Assistive 
Technology 

 Theme 1: “There’s no question about it. Four-wheeled 
scooters, are more stable”: Stability or 
maneuverability 
Theme 2: “They don’t know that I’m here.” 
Theme 3: “I go the speed of a jogger”: Scooter speed 
and safety. 
Theme 4: “The scooter stops within one second”: 
Scooter brakes. 
Theme 5: Maximum incline. 

Context: 
Physical & Social 
Environments 

Functionality Theme 1: It’s not always easy to get around”: 
Negotiating the built environment. 
Theme 2: Forces of nature: Weather and hills. 

Safety Theme 3: Sharing spaces with others. 
Theme 4: Feeling safe. 

The findings chapters of this thesis were arranged according to three key factors 

of the HAAT model explored in this study.  In the following sections, a summary and 

discussion of the key findings in these chapters is presented in order to elucidate the 

interrelationships between the different factors and how these connections affect scooter 

safety. 

8.1.1. Human Factors 

Human factors are one of the primary components of the HAAT model, and these 

factors include demographic and personal data (e.g., age, diagnosis, functional status, and 

scooter experience) and knowledge of the rules.  The human factors that were important 

for this study were the participants’ awareness of their status as a pedestrian, and their 

knowledge of the rules of the road.  The results in Chapter 7 demonstrated that where 

people choose to ride their scooters is influenced by their perceptions of where a scooter 

belongs in the street network, (e.g., in the pedestrian area or with cars and/or bikes) and 

their knowledge of the relevant provincial and municipal laws.  All participants knew that 

they are allowed in pedestrian areas (e.g. sidewalks), but many were unsure whether they 

were classified as a pedestrian or which pedestrian rules pertained to them.  This 

uncertainty also resulted in them sometimes using vehicle and bicycle infrastructure for 

travel.  Those who considered themselves to be pedestrians and knew the pedestrian-
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related rules were most likely to restrict their driving to pedestrian infrastructures 

(sidewalks and crosswalks), except where there was no alternative.  Other factors that 

seemed to influence participants’ perceptions of their role within the street/pedestrian 

infrastructure included ease of access to the rules and their previous experiences.   

As identified in Chapter 4, the rules are difficult to find and, when they can be 

found, are vague in how they are written.  These rules are embedded within provincial 

and municipal documents and usually refer to motorized wheelchairs, not to scooters 

specifically.  While ICBC and certain municipalities have assumed some responsibility 

for disseminating this information through informational pamphlets (e.g., ICBC, 2011; 

City of Victoria, n.d.), none of the participants indicated that they were aware of these 

information sources. Therefore, it is unclear how scooter users and members of the 

general public obtain this information.  The limited availability of clear information is 

problematic, as it is potentially responsible for the confusion about where scooters can be 

driven on the part of scooter users, other sidewalk users, and road users.  

In the absence of access to clear rules, some scooter users may rely more on their 

experience as a motor vehicle driver and their knowledge of driving rules and regulations.  

Dolling (2002) suggested that this frame of reference may influence their perception as a 

scooter user.  Consistent with Dolling (2002), this study found that some scooter users 

employed strategies and rules normally associated with road vehicles when riding on the 

road or the sidewalk.  Additionally, participants who regularly used the streets did not 

feel safe following pedestrian rules when riding on the road, which influenced some to 

ride in a manner that was closer to that of a cyclist.  In the following section, the role of 

scooter technology and its influence on scooter use is discussed.  

8.1.2. Assistive Technology Factors 

The AT itself, which is also addressed in the HAAT model, is an important factor 

to consider when researching AT.  The study participants highlighted that the type of 

scooter—three-wheel or four-wheel—played an important role in scooter use.  The safety 

factors that where discussed included the function of the brakes, scooter lights, 

maneuverability vs stability, and the speed/power and slope limitations of different 

models.  The participants often contextualized this discussion by highlighting how these 
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aspects differed between three- and four-wheel models.  The interview data indicated that 

awareness about scooter safety comes with experience.  It is important that scooter users 

have an understanding about the impact of scooter type and function when they first start 

using scooters.  Thus, including information related to topics such as brake function, 

lights, maneuverability, and use on slopes in scooter use training programs would help 

scooter users to be more prepared, thus enhancing their safety. 

Scooter design and technology may influence users to view themselves as being 

more like a vehicle/car than a pedestrian (Dolling, 2002).  However, in this study, 

everyone used their scooter as though they were a pedestrian at least some of the time, 

and most preferred to ride in pedestrian areas.  The technology itself and the presence of 

vehicle-like features (e.g., rearview mirrors and turn signals) did not appear to be factors 

that influenced users’ decisions of where to ride.  Instead, the participants said they chose 

to ride on the road and in bike lines because they felt it was safer and easier.  The 

challenge of sharing sidewalk space with distracted pedestrians was also a common 

concern.  In addition, the lack of predictability vis-à-vis the quality and presence of 

sidewalks and curb ramps compared to roads and bike paths also affected their perception 

of safety and ease of use of these two areas of the street network.  Therefore, the findings 

from this study demonstrate that it is not the scooter technology that “pushes” the scooter 

towards the vehicle end of the mobility spectrum; rather, it is the social and physical 

environment factors. The following section provides a discussion of the findings as they 

link to these environmental factors.  

8.1.3. The Context 

The HAAT model informs us that it is important to consider the environmental 

context within which the AT is used (Cook & Miller Polgar, 2008).  Scooters are used in 

both indoor and outdoor contexts; however, the focus of this study was scooter use in the 

outdoor environment.  The outdoor physical environment includes both built and natural 

features, while the social environment includes interactions with other pedestrians, 

cyclists, and motorists.  Findings on the physical and social environments as they relate to 

scooter use are discussed next. 
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The physical environment  

The built environment presents a variety of hazards and obstacles that affect 

where and how scooters can be used.  In this study, a variety of sidewalk and curb ramp 

conditions were found to make scooter travel difficult or unsafe.  Even though 

problematic conditions were not the norm, the lack of forewarning and the 

unpredictability of problems created uncertainty regarding the accessibility and usability 

of travel routes.  The primary issues identified were related to: 1) the inadequacy of 

existing built-environment standards and the failure to meet current minimum standards; 

2) obstacles that reduce useable space; and 3) the differing needs of three- and four-wheel 

scooters.  Each of these factors is discussed below, providing insight into environmental 

challenges needing remediation. 

Accessibility Standards and Scooter Mobility 

Current standards recommend a minimum sidewalk width of 1500mm (60 inches) 

(City of Vancouver, 2008), but this standard may not be sufficient for scooter mobility.  

These minimum widths are sufficient only when the scooter is being driven straight down 

the sidewalk.  Similar to findings by Koontz et al. (2010) on indoor spaces, this area was 

found to be insufficient for some participants when trying to turn around.  Unexpected 

obstacles that blocked the path, or curb ramps that are absent or unusable, require the 

scooter user to back up or turn around to find an alternate route to their destination.  

Unlike indoor environments, however, there are no walls to act as a barrier that prevents 

the scooter from traveling beyond the available sidewalk space.  The result of this is that 

scooter users are at an elevated risk of rolling over the curb and tipping when attempting 

to turn around on the sidewalk.  

Curb ramp design and placement is also addressed in standards documents (City 

of Vancouver, 2008).  For example, these standards recommend that two curb ramps be 

installed at every corner, broad corner ramps be avoided if possible, and that ramps be 

contained within the crosswalk markings.  Many examples of curb ramps were provided 

by the participants that did not meet these standards.  These findings demonstrate that 

scooter users are often exposed to unnecessary risk due to street design standards not 

being met.  
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Obstacles that narrow the useable space 

A common scooter barrier or safety issue is the reduction of useable sidewalk 

width by the presence of obstacles.  The presence of some of these obstacles seemed to be 

unnecessary and often lacked foresight in their placement and installation.  Many of these 

obstacles were considered to be an annoyance or an inconvenience by the study 

participants, but some actually created dangerous situations. The most common concerns 

were obstacles that had a significant impact on useable space or impacted visibility, such 

as sandwich boards and poorly maintained landscaping.  The importance of keeping the 

sidewalks clear and greenery trimmed may not be an obvious safety hazard for 

ambulatory people, as it is easy to navigate them when walking; however, these obstacles 

pose safety threats and barriers for a person on a scooter.  Some participants noted that 

they had contacted their respective city halls, but that the staff seemed reluctant to 

prioritize their concerns despite existing bylaws addressing some of these issues.  This 

may be due lack of authority of staff to enforce these bylaws.  Regardless, this study’s 

findings demonstrate that these types of barriers are not only a safety threat, but that they 

can also become a burden for scooter and other AT users over time, often creating 

challenges to their participation spaces (Prescott, 2018a). 

Relationship between the Physical Environment and Scooter Technology 

This study demonstrates that there is an interrelationship between the physical 

environment and the type of scooter technology selected by a user.  The physical 

environment can limit one’s choice of what type of scooter to use, which can in turn 

create challenges in overcoming barriers.  For example, hilly terrain in a person’s 

neighbourhood can make it necessary to purchase a scooter with more power.  In today’s 

scooter market, this translates into needing a larger four-wheel scooter.  However, while 

four-wheel scooters offer greater power, they also require more space in order to 

maneuver, thus making access to different outdoor spaces more challenging.   

The physical environment challenges faced by three-wheel scooter users differed 

from those faced by four-wheel scooter users.  Steep inclines and uneven surfaces are 

particularly problematic conditions for three-wheel scooters due to their instability.  To 

date, scooter studies have only examined stability under specific lab conditions 

(Rentschler & Cooper, 1999; Souza et al., 2013).  Though this type of information helps 
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in our understanding of scooter stability, the results are difficult to extrapolate into real-

world situations where curb ramps have not a single slope, but three sloping surfaces (one 

central slope and two sloped/flared edges), and tree roots create undulating raised ridges 

of varying height.  In this study, the participants reported that these conditions were a 

concern because of the risk of tipping or becoming high centred. 

The Social Environment 

Scooter users come into regular contact with other pedestrians on sidewalks, and 

cyclists and motor vehicle drivers on roads.  There is a need to be able to share these 

spaces in ways that facilitate pleasant and safe travel for everyone.  Within the social 

environment realm, the most common issue discussed by the study participants was 

sharing spaces with ambulatory pedestrians and motor vehicles.   

Sharing Pedestrian Spaces 

All of the study participants traveled on the sidewalk at least some of the time.  

Therefore, it is not surprising that everyone spoke about their experiences sharing spaces 

with other pedestrians.  Some participant comments suggested that some members of the 

general public may be unaware that scooters are classified as pedestrians and that this can 

result in confusion about the sharing of space.  However, the primary concern in relation 

to the sharing of pedestrian space was the distracted and erratic walking behaviors of 

walking pedestrians. 

Collisions between scooter users and walking pedestrians were rare in this and 

other studies (Gibson, et al., 2011).  However, when scooter-pedestrian collisions did 

occur, it was reported to be due to distracted walking behaviours.  In fact, some collisions 

occurred when the scooter was stationary.  However, some participants cited scooter 

technology as a contributing factor, as they were unable to turn sharply enough or stop 

quickly enough to avoid bumping into the pedestrian.  The inattentive walking behaviours 

of pedestrians, especially those associated with the use of cell phones while walking, was 

a concern for many.  Most participants were concerned about the safety of the ambulatory 

pedestrian in these circumstances.  The scooter users felt that they had to bear the 

responsibility and be vigilant because many ambulatory pedestrians were not watchful.    
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One thing to note here is that cell phone use was not limited to ambulatory 

pedestrians; scooter users used them too.  Cell phones provide multiple benefits for 

scooter users, as they can be used for navigation, to call for help, as well as for enjoyment 

by providing portable access to music and games.  However, in the absence of rules 

regarding the use of cell phones on pedestrian infrastructure, and in anticipation of their 

increased use by all pedestrians, including those using wheeled mobility devices, there is 

a significant potential for a rise in collisions between these different groups of 

pedestrians.  Given recent findings on the effects of cell phone use on distracted walking 

(Hyman et al., 2010), this is a topic of utmost importance and needs to be studied further 

in order to develop adequate rules and regulations that will make the shared pedestrian 

space a safe space for all.  

Sharing Roads with Motor Vehicle Drivers  

The participants had mixed opinions regarding the ease and safety of moving in 

spaces occupied by motor vehicles.  There were two groups of scooter users: 1) those 

who travelled on the sidewalk as pedestrians, and 2) those who travelled on the road, 

often like a cyclist.   

The sidewalk users’ concerns were largely related to motorists driving at speeds 

that exceeded the posted speed limits and failing to yield the right of way in pedestrian 

areas.  These two situations often occurred together, making crossing at intersections a 

concern for many.  With regards to crossing at intersections, the primary concern cited by 

this group was right-turning vehicles whose drivers were focused on the traffic coming 

from the left.  However, pedestrian accident data indicates that accidents are more 

common between pedestrians and left turning vehicles (Sayed, 2012).  It may be that 

scooter users’ risks are different from other pedestrians, but this subject needs further 

exploration.  Additionally, their heightened awareness for right turning vehicles may be 

misdirected and may place them at higher risk to left turning vehicles.  The collection of 

accident data that differentiates between walking and wheeling pedestrians is needed to 

facilitate better understanding of this important issue.   

The participants who used the road for travel discussed safety issues related to 

whether it was better to ride with or against traffic.  Those who regularly drove their 
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scooter on the road reported feeling less safe driving against traffic, as required by law, 

than they did riding with the traffic.  Their concerns about riding against traffic were 

influenced by several factors: first, vehicles parked on the left side of the road affected 

their visibility and forced them into the oncoming traffic lane; second, vehicle drivers are 

generally not expecting a scooter to be on the left-hand side of the road, which could be 

dangerous; and finally, they were not always sure how to negotiate the crossing of an 

intersection.  These challenging situations require further study.  

 Policy and Practical Implications 

This research focused on using the user’s perspective to gain a better 

understanding of the multiple factors that affect scooter use and safety.  The emphasis 

here is on supporting scooter mobility through enhanced safety and injury prevention.  

This research identified several key areas that could be a focus of intervention.  Figure 

8.1 presents the Mobility Scooter Safety System, an adaptation of the social-ecological 

model of injury causation (Hanson et al., 2002).  This diagram includes examples of 

potential interventions that could enhance scooter use and safety.  These range from the 

intrapersonal (individual) to the societal level; they also include both the physical and 

social environments.  A discussion of the recommended interventions and how these 

recommendations link to the data and previous research follow. 
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Figure 8.1 Mobility Scooter Safety System – adapted from Hanson’s social-

ecological model of injury causation (Hanson et al., 2002)  

8.2.1. Rules of the Road  

Need for Clarity and Wider Dissemination of Information 

The rules that pertain to mobility scooters are unclear and difficult to find.  

Similar to previous studies (Gibson et al., 2011), this study also supports a need for 

clarity around the definitions, rules, and regulations related to mobility scooter use.  This 

clarity needs to be implemented at the societal level through the use of consistent and 

clear terminology in provincial and municipal documents.  The use of generic 

terminology, such as “motorized wheelchair”, makes it unclear whether the rules apply to 

mobility scooters and, if they do, how they are similar or different from motorized 

wheelchairs.  Since scooter use is growing, there is an imminent need to address scooters 

separately within municipal regulations.   

Broad dissemination of the rules, regulations, and safety etiquette to both scooter 

users and the general public is also needed (Rutenberg et al., 2011).  Information 

dissemination could occur at several levels and in a variety of formats, including public 

service announcements, in order to reach a broad spectrum of the population. The 
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importance of providing scooter users with access to education and skills training has 

been identified by both scooter users and stakeholders (e.g., May et al., 2010; Mortenson 

& Kim, 2016; Steyn & Chan, 2008).  However, scooters do not exist in isolation; 

therefore, it is also important to increase the general public’s awareness of these issues.  

Examination of existing rules 

The existing rules that classify scooters as pedestrians may require examination.  

Many countries, such as the U.K., France, and Sweden, allow scooters to be used on 

roadways.  In recent years, there has been some interest in Canada to change the rules for 

mobility scooters and to allow their use on both bike paths and roadways.  For example, 

this was suggested in a Transport Canada study by Blais et al. (2011), and there is 

currently a pilot study being conducted in Quebec to trial the use of scooters and power 

wheelchairs on roadways (Société de l’assurance automobile Québec, 2018).  The 

findings in this scooter safety study also support the need for a review of the existing 

rules.  Participants did not suggest changing the rules for scooter use, but this may be 

more of a reflection of a lack of knowledge about the existing rules.  If there were better 

access to and dissemination of the existing rules, those who preferred road and bike lane 

travel might have identified a need to review the existing rules to allow them to use these 

infrastructures.  It is important to note, however, that the majority of participants 

preferred to ride on the sidewalk, citing safety concerns when around motor vehicle 

traffic.  For those who predominantly rode on the sidewalk alongside ambulatory 

pedestrians, a need to establish sidewalk rules was identified.   

Given the support for riding on the road or bike lanes in other jurisdictions and the 

common use of bike lanes by scooter users in this study, a review of the rules would help 

to enhance clarity.  Moreover, it would also sharpen the distinctions between the different 

groups allowed to use the pedestrian, bicycle, and vehicular infrastructure.  The 

feasibility of changing existing rules or implementing sidewalk rules needs further study.   

8.2.2. Built-environment factors 

Mobility scooter users reported experiencing a number of situations related to the 

outdoor built environment that impacted scooter use and safety.  In the study sites, many 
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of the sidewalks and crossings were both accessible and useable to scooter users.  

However, in instances where they were not, they often created difficulties, barriers, or 

safety concerns.  In the built-environment observation section of the data collection 

(Chapter 5), scooter users audited areas that were familiar to them, and some chose to 

show specific locations they avoided because they considered them to be too difficult or 

unsafe to use.  Some reported discovering these problems as a result of experiencing a 

negative outcome at that location.  Concerns were raised for those who may not be 

familiar with the area, as they may be needlessly exposed to potential risks by coming 

upon these problematic areas.  Policy and practical changes at the societal and 

community level that could facilitate change were discussed.  Some of the 

recommendations produced by this discussion included a review of built-environment 

standards, policies around signage and detours, better enforcement of bylaws, and 

sensitivity training.  

1. Review of existing built-environment standards to create safe and inclusive 
environments 

There are two issues to be considered in relation to current outdoor infrastructure 

standards.  First, the current infrastructure needs to be more consistent in meeting current 

standards; and second, the standards should be updated to incorporate the needs of 

mobility scooters (Dutta et al., 2011; Koontz et al., 2010).  The participants used the 

SWAN tool to conduct a micro-level environmental analysis and to identify barriers and 

facilitators within specific street segments.  The use of this type of an observation tool to 

identify specific locations of high level of difficulty could be useful in helping 

municipalities prioritize problem areas and facilitate the distribution of limited resources.  

The existing built-environment standards (Canadian Standards Association, 2004; 

Vancouver, 2008) for minimum space allowances are based on manual wheelchair space 

requirements (Dutta et al., 2011).  This research demonstrates that the minimum 

standards are inadequate for mobility scooters and that they increase the risk of tipping 

and potential for injury.  Further research is required to determine the minimum 

requirements to support safe travel for all types of scooters.  
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2. Policies to erect warning signs and planned detours when sidewalks or curb 
ramps become blocked or unusable.   

Participants reported that it was difficult to turn around and find an alternate route 

to their destination when construction disrupted their daily travel routes.  One suggested 

solution was to have a flag person available to escort them onto the street and to control 

traffic.  Adequate signage at early decision points may also be another solution that could 

save time (Prescott, 2018b) and eliminate the risk of tipping over from trying to turn 

around in a limited space.   

3. Enforcement of existing bylaws.   

Municipalities have bylaws regarding the location of sandwich boards and 

overgrown greenery (e.g., City of Coquitlam, 1998; Corporation of the City of North 

Vancouver, 1991).  Sandwich boards in some areas were identified as a significant 

hindrance for scooter travel.  Sandwich board bylaws limit the size, number, and location 

of these signs.  Similarly, bylaws regarding overgrown greenery that encroaches onto 

public spaces state that the city reserves the right to correct the issue at the owner’s 

expense if they fail to adequately maintain it.  The enforcement of such existing bylaws 

may be sufficient to improve scooter travel.   

4. Sensitivity training and education of city staff to support better responsiveness.    

Some participants said that they had contacted their City Halls to report a 

problem, but that their concerns did not seem to be heard or understood.  Training city 

staff to understand how the environment impacts scooter use and safety, and 

implementing a policy to review concerns in a timely manner, would be useful under 

these circumstances.  Furthermore, communicating whether the problem will be 

remediated or not and the reasons (no budget, the plan for remediation of the area in the 

future, etc.) to complainants would help to ensure that scooter users feel that their 

concerns are taken seriously.   

 Theoretical Implications  

The intent of this study was to examine the use of mobility scooters in the outdoor 

environment by older adults.  As such, it was important to understand the person-
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environment fit for the aging adult.  Lawton’s ecological model of aging provides an 

overarching framework for understanding this relationship (Lawton & Nahemow, 1973).  

This study shows that there is variability and unpredictability in the outdoor environment 

(physical and social), and that scooter users are frequently exposed to situations that are 

difficult to negotiate.  The lack of consistent and predicable travel routes can increase 

environmental press and may result in maladaptive behaviour, such as unsafe behaviours 

or abandoning scooter use altogether.  Minimizing these environmental factors is 

necessary in order to support the safe mobility of older adults in their communities and 

decreasing their potential for negative outcomes, such as injury.    

This study demonstrates the feasibility of utilizing social-ecological perspectives 

to first explore the use and safety of mobility scooters, and then to consider potential 

strategies for safety intervention and injury prevention.  Cook and Hussey’s HAAT 

model (Cook & Miller Polgar, 2008) was the primary guiding framework that was used to 

explore the use of mobility scooters.  This model emphasizes the importance of 

examining the interaction between the person, the AT, and the environment in which the 

AT is used.  In keeping with this model, this research examined the many factors that 

influence scooter mobility and safety, which were discussed in the previous section.  This 

promoted an integrated examination of the factors in order to enhance our understanding 

of the broad concept of mobility scooter use and safety.  Hanson’s social ecological 

model of injury causation (Hanson et al., 2002), which is congruent with the factors 

identified in the HAAT model, emphasizes the importance of implementing intervention 

strategies at multiple levels in order to maximize success, enhance safety, and prevent 

injury.  An adaptation of Hanson’s model is presented in Figure 8.1, the Mobility Scooter 

Safety System.  The model shows the multiple levels of intervention.  Based on the 

discussion above in section 8.2, examples are provided at each level that could be 

explored to support safe scooter mobility.  This model can be utilized to establish both 

short- and long-term goals.  For instance, a short-term goal might be to develop and 

implement education and training modules for scooter users, while a longer-term goal 

might consist of initiating discussions with municipal and provincial bodies to review 

existing rules.  
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 Limitations  

There are a few limitations to consider when interpreting the findings of this 

study.  However, these limitations can offer directions for future research that can fill 

these gaps.  First, the sample size is small and was recruited via snowball sampling.  

Given the requirement for conducting both an interview and an environmental audit with 

each participant, the sample size was kept small so the research study could be completed 

within a reasonable time frame.  This small sample size limits statistical analysis to 

descriptive statistics only.  Generalizability to regions outside the study sites is also not 

possible.  Furthermore, the SWAN audit findings only provide data on environmental 

features in discrete locations within each study site.  Similarities and differences in the 

results between the study sites can only be discussed and interpreted with caution.  A 

future study with a larger sampling of audit segments would help to complement and 

enhance the findings from this study. 

Second, the participants included in this study may not be representative of the 

overall scooter population.  For example, a study using national survey data from Canada 

reported that 52% of scooter users are women (Smith et al., 2016).  This study sample 

had more men than women because of the recruitment process (40% of the participants 

were women).  Furthermore, all participants were Caucasian and English speaking.  This 

may have provided a limited picture of mobility scooters in lower mainland given that 

41% of Vancouver’s population are foreign-born and may not be of Caucasian descent 

(British Columbia, 2017).   

All of the locations audited were in urban and suburban neighbourhoods that were 

going through changes in urban infrastructure.  Signs of urban renewal and change were 

evident, and, therefore, these areas represent a changing landscape of environmental 

features that facilitate or hinder scooter mobility.  Some of these features may be specific 

to a particular site, while others may be temporary and linked to a construction 

timeframe.  Facilitators and barriers for scooter use may be quite different in newer 

subdivisions or more rural areas.  These factors need to be kept in mind while interpreting 

this study’s findings. 



 136 

 Future Research  

Studies related to scooter use and safety are limited.  This study addressed some 

issues and helped identify other issues that can be explored in future research.  Traffic 

accident data states that that older adults are less often involved in pedestrian-vehicle 

collisions compared to other age groups, but more likely to die from their injuries (Sayed, 

2012).  However, this data does not differentiate between ambulatory pedestrians and 

those using mobility devices (and considered as pedestrians).  There is a need for the 

collection of accident data that differentiates pedestrians by mode of travel, for example, 

whether they walk, use a scooter, or use another mobility device. This would provide 

useful information for future planning and safety precautions around scooter use.  Other 

studies have also identified a need for such work (Rutenberg et al, 2011).  In addition, 

closer examination of the locations or decision points in the street infrastructure where 

scooter users (and other wheeled mobility device users) come into contact with 

ambulatory pedestrians and cyclists is necessary in order to identify areas of conflict and 

congestion. 

Future research needs may also examine the benefits and drawbacks of shared 

travel zones (sidewalks, multiuse paths, bike lanes, and paths) and the rules that apply to 

these zones.  This will facilitate the development of appropriate rules and regulations that 

will facilitate safe travel for all.  While an ongoing pilot project in Quebec is an initial 

step towards gathering this type of information (Société de l’assurance automobile 

Québec, 2018), similar pilot projects need to be initiated in other provinces.  Another 

necessary area of study is an exploration of conflicts between pedestrians and power 

mobility device users on sidewalks and other pedestrian areas (e.g. parks, shopping 

centres, etc.).  This would help determine whether sidewalk rules pertaining to mobility 

devise use and hand-held device (e.g., cellphones) use—which is responsible for most of 

the distractions among users of these spaces—are needed or practical.  

Some evidence suggests that there may be gender differences that impact the way 

people use scooters.  One study on Australian accident data reported that significantly 

more men are killed in scooter accidents (Gibson et al., 2011).  Similarly, in the present 

study, men reported more accidents than women, with some reporting multiple accidents.  
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Additionally, only men reported attempting to ride on overly steep inclines and preferring 

to drive on the road with traffic, which may be contributing factors to accidents.  Findings 

from the larger dEMAND study on the use of different types of mobility devices showed 

that men were more confident than women in using their mobility devices (Mortenson, 

W.B., et al., 2018).  Further research with a larger sample size is needed to explore 

gender differences in accidents, scooter use patterns, and behaviour.   

This study initiated an exploration into how knowledge of the rules of the road 

influences scooter use.  It does not, however, answer questions regarding how 

participants currently obtain this information.  Therefore, it would be useful to explore 

methods of disseminating this information that would ensure equal access to safety 

information, regardless of where the device is purchased (e.g., from a medical vendor, an 

on-line store, or second-hand sources). 

 Conclusion 

The purpose of this mixed-methods study was to explore the human, 

technological, and environmental factors that affect mobility scooter usage and safety in 

the outdoor environment.  This study utilized semi-structured interviews and an 

environmental audit with 15 mobility scooter users from four municipalities in Metro 

Vancouver.  This study had three primary goals:  

1) Explore scooter users’ perceptions of safety issues related to factors 
such as the built and social environments and scooter design.  

2) Examine participants’ knowledge of the rules of road pertaining to 
mobility scooters.  

3) Compare results between the study sites.   

The findings indicate that there are complex relationships between these factors 

(human, technology, and environment).  At the individual level, the use of pedestrian, 

bicycle, or vehicle infrastructure was influenced both by scooter users’ self-perception as 

pedestrians and their knowledge of pedestrian rules.  Access to and clarity of these rules 

may be contributing factors.  At the physical environment level, accessibility standards 

and guidelines play a central role.  The evidence suggests that existing standards and 
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guidelines are not being fully met in Metro Vancouver municipalities.  Additionally, 

these standards do not always meet the needs of mobility scooters.  Unpredictable 

disruptions in pedestrian zone functionality (sidewalks and curb ramps), such as the 

presence of various obstacles and tipping hazards, are also important factors in scooter 

mobility.  At the social environment level, mechanisms to facilitate sharing spaces with 

pedestrians and motor vehicles were identified as important factors.   

This study supports of a social-ecological perspective by demonstrating the value 

in examining the multiple factors that impact scooter mobility from different 

perspectives.  There is a complex interrelationship that exists among these factors, which 

include the individual, the AT, as well as the physical and social environments.  Multiple 

interventions have been identified as potential opportunities for facilitating change and 

thus enhancing the experience of using scooters in community access.   
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Appendix B  
 
Interview Guide 

dEMAND All participant interview: Interview Guide  

Question One – How do you use your mobility device on a daily basis?1 

Prompts: 

a. On a typical day, what do you do with your mobility device? 
b. What kinds of activities do you do with your mobility device? 
c. How much time do you spend in your mobility device? 
d. How has your use of the mobility device changed over time, if at all (i.e. 

frequency)? 
e. What is the terrain like around your home? 

 

Question Two – What do you like most/least about your mobility device?  

Prompts: 

a. Does your mobility device have any specific features? 
b. If so, why did you choose these features? 
c. How satisfied are you with your mobility device and its features? 
d. How, if at all, do you think your technology has helped you adapt to your 

disability? 
e. How does your mobility device fit with your sense of self? (in terms of 

body image/ being consciously aware of the chair) 
f. What is it like to drive your mobility device? (kinaesthetics, confidence, 

what does it feel like) 
g. How, if at all, did your life change after you began to use a mobility 

device? 
 (For those getting a new device) 
h. How do you imagine your life will change after you get your mobility 

device? 

Question Three – What difficulties do you encounter when using your device? 

Prompts: What barriers do you encounter when trying to get around?  (outside versus 

inside) 
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a. What assistance do you need with setup/transfers and travelling with your 
device? 

b. What are the typical problems that you experience with your device? 
c. Given that you have a physical impairment that limits your ability to walk, 

how does your mobility device affect your ability to participate in 
activities? What kinds of activities do you not participate in because of 
your device? 

d. What kinds of things have you tried to overcome these barriers? 
e. Accidents? 
f. What concerns do you have about becoming deconditioned with your 

mobility device? 
1 (For those not currently using a wheelchair we will ask them to envision how they will 
use their wheelchair and difficulties they might encounter.) 
 

Question Four - What do you wish your mobility device could do that it currently can’t? 

Prompts: 

a. What would you change about your current technology to improve your 
mobility? 

b. If you could create any new technology for your device, what would it be 
and why? 

 

Question Five – What was it like getting your first mobility device? 

Prompts: 

a. What was your first device like? 
b. How many devices have you had? 
c. How long have you used mobility device? 
d. What effect did it have on your life? 
e. What training did you receive? 

 

 

Questions Six – How has your use of mobility devices changed over time? 

Prompts: 

a. How has the technology of your primary mobility device changed? 
b. How have you changed? 
c. How has your confidence using a mobility device changed over time? 
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d. What changes in activities have you made since starting to use a mobility 
device? 

e. How has your confidence using your mobility device changed over time? 
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Scooter Safety Questionnaire 

1. What, if any, factors (e.g., environment, people, or the device itself) create safety 
concerns when using your scooter in the community?  

Prompt: 

a. Describe situations you have experienced that have put you or others at 
risk? (only needed if no narratives are described above) 

 
2. What rules are you aware of regarding where and how scooter users should drive? 
Prompt: 

a. How effective or appropriate are these rules? 
b. What changes or additions to these rules would you suggest, if any? 

 
3. What, if anything, have you done to improve your safety? 
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Appendix C  
 
SWAN – Neighbourhood Audit Tool 



 183 

 

 



 184 

 



 185 

 



 186 

 



 187 

 



 188 

 



 189 

 



 190 

 



 191 

 



 192 

 



 193 

 

 



 194 

 



 195 

 



 196 

Appendix D 
 
Recruitment 

SWAN Recruitment Poster 

 

 

  

  
 

Stakeholders Walkability/Wheelability Audit in 
Neighborhood: People with Disabilities  
(SWAN-P WD)  
SWAN-PWD is an easy-to-use neighborhood environmental audit 
checklist that is designed to evaluate features that affect mobility of 
people using assistive devices.  
The participants use this tool in/around their own neighborhoods to 
identify problematic or supportive features within the outdoor 
physical environment (e.g., crosswalks, sidewalks, parks, store and 
public building accessibility, etc.).  
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SWAN-PWD is one component of a multi-year UBC-SFU research 
project called Enabling Mobility and Participation Among those 
with Disabilities (dEMAND).  
For this part of the project, participants will (on different days):  

1. TRAINING SESSION: Attend a training session to learn how to use 
the tool � 

2. DATA COLLECTION: Collect data in own neighbourhood with the 
help of a research assistant on a day selected by the participant; � 

3. COMMUNITY FORUM: Attend a community forum to discuss with 
other participants and community stakeholders mobility barriers and 
facilitators in their neighbourhood environments and how/where 
interventions can be implemented. � 

4. Intake survey: Participate in a survey to provide basic demographic 
and assistive device use information (only �needs to be done, if not 
already completed for other parts of the dEMAND project). � 

Participant will receive a $25 honorarium for participation in this 
part of the study and partial transportation assistance to attend the 
training session or community forum.  
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dEMAND Recruitment Poster 

 

 

Looking for people who use mobility devices to participate in a study to share 

insights and experiences about accessibility in their communities  

This study will look at the places that people who use mobility assistive technology 

go, the activities that they do, the barriers and facilitators that they encounter, and 

solutions they would like to see implemented.  

You can participate if you:  

Use an assistive device (crutches, walker, manual wheelchair, power wheelchair or 

scooter)  

Are over the age of 18�Can communicate in English Live in the Lower Mainland  
You will be provided with a stipend of $25 as a token of our appreciation for each 
option you participate in. Participation is voluntary.  

What is involved?  

Take pictures of accessibility in your neighbourhood, and/or  

Track your activities for 1 week using GPS, and/or  

Assess your neighbourhood's accessibility  
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Appendix E 
 
Consent 
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Appendix F 
 
Participant demographic, health and assistive mobility 
device data 

Variables  Sample (mean (SD) 
Or n [%]  
n=15 

Age (years)   
  Range 48 - 95 

69.5 (14.7) 

Female 6 [40] 
Living situation 
  Alone 
  With spouse/partner/friend 

 
7[47] 
8 [53] 

Current employment status 
  Employed 
  Unemployed 
  Volunteer 
  Retired 

 
1[7] 
2[13] 
2[13} 
10[67} 

Income 
  <$15k 
  $15-29k 
  $30-55k 
  $45-59k 
  $60-74k 
  Not reported  

 
1[7] 
2[13] 
3[20] 
1[7] 
2[13] 
6[40] 

Education  
  High school graduate 
  Some college or university 
  Graduated college, trade school or university 
  Some post graduate 
  Post graduate degree 

 
4[27] 
4[27} 
4[27] 
1[7] 
2[13] 

Diagnosis related to need for scooter * 
  COPD 
  Multiple Sclerosis 
  Osteoarthritis 
  Post-Polio Syndrome 
  Stroke 
  Other (Cerebral Palsy, Paraplegia, Disc problem) 
  Unidentified 

 
2[13] 
4[27] 
2[13] 
2[13] 
2[13] 
5[40] 
1[7] 
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Variables  Sample (mean (SD) 
Or n [%]  
n=15 

Able to stand 
  Without assistance 
  With assistance 

 
9[60] 
6[40] 

Able to walk 2 steps 
  Yes, without assistance 
  Yes, with assistance 
  No 

 
9[60] 
4[27] 
2[13] 

Able to walk without mobility aid 
  Yes 
  No 

 
5[33] 
10[66] 

Number of mobility devices used 
  1 (Scooter only) 
  2 
  3 
  4 or more 

 
1[7] 
5[33] 
6[40] 
3[20] 

Primary device * 
  Scooter 
  Cane 
  Crutches 
  Manual wheelchair 
  Power wheelchair 

 
13[87] 
1[7] 
1[7] 
1[7] 
1[7] 

Time using scooter (years) 
  Range <1 - 28 

9.8 (9.6) 

Frequency of scooter use 
  Sometimes (1 or less hours/day) 
  Frequently (4+ hours/day) 

 
2[13] 
13[87] 

Formal training received 
  Yes 
  No 
  Not reported 

 
6[40] 
7[47] 
2[13] 

*Can indicate more than 1 so does not add to n=15 (100%)  
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Appendix G 
 
Provincial and Municipal Definitions, Laws and Bylaws 

Definitions of Pedestrian 
Province/City Definitions (taken verbatim from bylaws) 

B.C. Pedestrian - a person afoot, or an invalid or child in a 
wheelchair or carriage  
(British Columbia Motor Vehicle Act, 1996) 

Vancouver Pedestrian- a person on foot or in a wheelchair, whether 
motorized or not  
(City of Vancouver, Bylaw No. 2849, 2016, p. 6) 

New Westminster Pedestrian - a person on foot, in a wheelchair or Mobility 
Assistive Device  
Mobility Assistive Device - a wheeled device powered by an 
electric motor intended for transporting disabled persons 
(Corporation of the City of City of New Westminster, Bylaw 
No. 7665, 2015, p. 14, 12) 

Coquitlam  
 

Pedestrian - person on foot or using a mobility aid  
Mobility Aid – a device, including a manual wheelchair, 
electric wheelchair and scooter, that is used to facilitate the 
transport, in a normally seated orientation, of a person with a 
physical disability. 
(City of Coquitlam, Bylaw No. 4402, 2014, p. 5, 4)  

The Insurance Corporation of British Columbia (ICBC), as the provincial insurance 
company, is responsible for vehicle registration, licensing and insurance.  It is also 
involved in disseminating information regarding traffic and road safety and is involved in 
various community safety initiatives.  The ICBC website refers to a “motorized 
wheelchair” as a pedestrian but provides no definition (ICBC, n.d.).  One might presume 
that mobility scooters are included as a motorized wheelchair as the page shows a picture 
of a scooter.  Several of the study site bylaws either do not offer a definition or provide 
slightly different definitions of ‘pedestrian’.  The ICBC website provides safety 
information regarding pedestrians and “motorized wheelchairs” in addition to other 
transportation modalities.  Municipal Bylaws also provide definitions of pedestrian and 
associated bylaws. Bylaws demonstrate similarities and differences. 

As pedestrians, scooter users are expected to follow pedestrian rules in B.C.  Sections 179 
to 182 of the B.C. Motor Vehicle Act documents the rules for pedestrians and 
pedestrian/vehicle right of ways (British Columbia Motor Vehicle Act, 1996.).  In 
summary, pedestrians have right of way when crossing a road at a marked or unmarked 
crosswalk.  However, the pedestrian also has a responsibility to remain on the curb if it is 
unsafe to cross.  When the pedestrian crosses the road at a place other than a crosswalk, 
the motor vehicle has the right of way.  Pedestrians are required to use the sidewalk 
whenever one is present and passable on at least one side of the road.  If there is no 
sidewalk, pedestrians are required to walk/wheel on the far left-hand side facing traffic.  
The ICBC website page for “motorized wheelchairs” indicates that they “can be used on 
sidewalks or roads, following the same rules as pedestrians” (ICBC, 2016).  It does not, 
however, provide any information on these pedestrian rules.  ICBC has an information 
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pamphlet that clearly presents the rules and offers additional safety tips for scooters and 
power wheelchairs (ICBC, 2011) but their website makes no mention of the pamphlet.     
 
Pedestrian Rules: Municipal Bylaws – additional or changed from B.C. Motor Vehicle 
Act: taken verbatim from bylaws  
City Topic Bylaw 
Vancouver Crossing in 

front of a 
stopped bus 
 
 
 
 
Jaywalking 
 
Crosswalk 
travel 

No person shall start to cross any street in front of a bus 
which has stopped to load or unload passengers unless 
such crossing is made in compliance with traffic-control 
signals or the direction of a police officer. This provision 
shall not apply where such bus has stopped at its regular 
terminus.  
 
No pedestrian shall jaywalk on a roadway.  
 
Pedestrians shall move, whenever practicable, upon the 
right half of crosswalks. 
(City of Vancouver, bylaw No. 2849, 2016, p. 12) 

North 
Vancouver 

Crossing in 
front of a 
stopped bus 
 
 
 
 
 
 
Jaywalking 
 
 
 
 
 
 
 
 
Crosswalk 
travel 

No person who has alighted from a bus which has stopped 
at the near side of an intersection shall start to cross to the 
opposite side of the street upon which such bus is moving, 
until the bus has moved away from its stopping place, 
unless such crossing is made in compliance with traffic 
control signals or at the direction of a Peace Officer. This 
provision shall not apply when a bus has stopped at its 
regular terminus. 
 
In a business district no pedestrian shall cross any street at 
any place other than upon or along a crosswalk distinctly 
indicated for pedestrian crossing by signs or by lines or 
other markings on the surface, or where not so indicated 
that area within the intersection of a street with any other 
street. Notwithstanding the foregoing, no pedestrian shall 
cross any street in a Business district at an intersection at 
a street and a lane. � 
  
Pedestrians shall use the right half of crosswalks 
whenever practicable. 
(Corporation of the City of North Vancouver, bylaw No. 
6234, 1991, p. 22)  

New 
Westminster 

Jaywalking 
 
 
No sidewalk  

A Pedestrian must not cross a Street, other than a lane, at 
any place that is not within a Crosswalk  
� 
If there is no Sidewalk, a Pedestrian walking along or on 
a Street must walk only on the extreme side of the Street 
or on the shoulder of the Street. 
(Corporation of the City of New Westminster, bylaw No. 
7664, 2016, p. 30) 
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Pedestrian Rules: Municipal Bylaws – additional or changed from B.C. Motor Vehicle 
Act: taken verbatim from bylaws  
City Topic Bylaw 
Port Moody Crossing in 

front of a 
stopped bus 
 
 
 
 
Jaywalking 
 

No person shall start to cross any highway in front of a 
bus which has stopped to load or unload passengers 
unless such crossing is made in compliance with traffic 
control signals or the direction of a police officer. This 
provision shall not apply where such bus has stopped at 
its regular terminus. � 
 
Within one block from an intersection at which traffic 
control signs are in operation no pedestrian shall cross the 
highway at any place except within the crosswalk. �
(City of Port moody, bylaw No. 1528, 1981, p. 13) 

Coquitlam Jaywalking  No pedestrian shall jaywalk on any street. 
(City of Coquitlam, bylaw No. 4402, 2014, p. 19) 

 
Municipal Boulevard Maintenance Bylaws 
City Bylaw Name/Number URL 
Vancouver Bylaw No. 5985, 1992 http://vancouver.ca/docs/bylaws/5985c.PDF 
North 
Vancouver 

Bylaw, No. 6234 
1992 

https://www.cnv.org/Your-Government/Bylaws-
Search?view=results#consolidation=0&lawnr=6234 

New 
Westminster 

Bylaw No. 7664, 2015 
 

https://www.newwestcity.ca/database/files/library/ 
7664_Street_Traffic.pdf 

Coquitlam Bylaw No. 3214, 1998 http://publicdocs.coquitlam.ca/cyberdocs/ 
getdoc.asp?doc=1209156 
 

Port Moody Bylaw No. 2426, 1996 
 

http://www.portmoody.ca/modules/ 
showdocument.aspx?documentid=15574 
 

 

Municipal Sidewalk use Bylaws – Sandwich Boards 
City Bylaw 

Name/Number 
URL 

North 
Vancouver 

Bylaw, No. No.6493, 
1994 

 

Coquitlam Bylaw No. 3873, 
2008 

http://publicdocs.coquitlam.ca/cyberdocs/ 
getdoc.asp?doc=2790766  
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Appendix H 
 
Mobility Scooter characteristics used by study 
participants: number and configuration of wheels, size, 
speed, and maximum incline 

Characteristics of Mobility 
Scooters 

3 Wheel 
n=5 

3/4 Wheel 
n=3 

4 Wheel 
n=7 

Maximum 
Incline (°) 
Mean(range) 

Scooter Size 
Length X 
Width 
(inches) 

Small – 
portable 

1 (6%) 1 (6%) 0 7 (6-8) 

Medium 
≤48X24 (not 
portable)  

2 (13%) 2 (13%) 1 (6%) 9 (8-12) 

Large – 
>48x24 

2 (13%) 0 6 (40%) 9.25 (6-12) 

Maximum 
speed 
(km/h) 

Mean 
(Range) 

9.84  
(7.5 – 15*) 

7.3 
(6 – 8) 

13.6 
(8 – 15+) 

 

*Only one three-wheel scooter has a top speed of 15 km/h.  The others range from 7.5 – 9.5 
+Five of the large four-wheel scooters have top speed of 15 km/h 
 

The maximum size of scooter that can access a Metro Vancouver bus is 48 inches long 
and 24 inches wide (Translink, n.d.).  This measurement is used in the study to 
distinguish medium sized scooters from large scooters.  The table presents an overview of 
the scooters used by participants when conducting the SWAN audit.  This information 
was gathered from scooter manuals and brochures available on the internet (Afikim 
Electric Vehicles, n.d.; Amigo, n.d.; Eclipse Medical Inc., n.d.; Invacare Canada, 2015.; 
Pride Mobility Products Corp, n.d.)  Maximum incline demonstrates the range varies but 
generally, smaller scooters have a lower maximum incline tolerance than larger scooters.   
For comparison, B.C. building code for ramps identifies that under most conditions the 
maximum incline of five degrees (eight percent) is recommended (B.C. Office of 
Housing and Construction Standards, 2014) 
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Appendix I 
 
SWAN Domains, sub-domains and topics  

Domains Sub-Domains Topics 

Functionality 

Function of Street Crossing 

Way-finding – wayfinding & signage 
Curb Ramps - presence, ease of use, level 
landing, lead direction, distinct markings 
Crossing controls - Stop sign, marked 
crosswalk, traffic signal, crossing time 
Traffic related – visibility & right of way 
given to pedestrian 

Function of Sidewalks 

Ease of use - wide, level, no steep areas  
Obstacles - permanent, temporary, vehicles, 
litter 
Weather - all seasons & snow or rain 

Safety 

Safety of Street Features and 
Traffic 

Street Safety – Direction of traffic travel, 
street material, street condition, space 
between pedestrian and traffic, crossing 
time 
Speed of Traffic – speed limit, drive speed 
limit & traffic calming present and needed 
Cyclists – designated lanes, off sidewalks, 
careful around pedestrians 

Personal Safety 

Safety – perceived safety at night, street 
and sidewalk lighting, perceived safety in 
daylight, places to seek help 
Negative Elements – suspicious people, 
dogs 
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Appendix J 
 
SWAN audit maps with photographic examples 

Base maps representing the area audited by each participant was obtained from Google 
maps (Map Data©2017 Google Canada).  The participant code and the municipality are 
indicated.  Blue lines denote audited segments.  Photographic examples and their 
approximate location (indicated by red arrow) are included.   
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Appendix K 
 
Annual average precipitation amounts and days of 
precipitation 

Location Annual Average rain 
(mm) 

Annual 
Average days 
of rain 

Annual Average 
snow (cm) 

Annual 
Average 
days of 
snow 

July 
average 

November 
average 

Vancouver 
(Oakridge) 

1412.0 164 
 

44.6 8.6 
42.6 233.5 

North 
Vancouver 
(Cleveland) 

2350.6 171 48.3 9.8 
67.1 399.8 

New 
Westminster 

1110.0 -- -- -- 

Tri-Cities 
(Coquitlam) 

1872.7 169 64.4 10.2 
61.7 303.6 

Data sources: Climate of Vancouver, n.d; Environment and Natural Resources, 2017a,b,c; Super, Natural 
British Columbia, Canada, n.d. 
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Appendix L 
 
Topography of Metro Vancouver 

 

 
(Image from Map Data ©2018 Google Canada) 

Grey areas represent lower elevation.  As the elevation increases the colouration changes 
from light to darker gradations of green.   

This map shows the relatively flat topography of Vancouver compared to the surrounding 
areas.  Vancouver is recognized for being a highly walkable and bikeable city (City of 
Vancouver, 2016) which is due, in part, to the large areas of relatively flat terrain. The 
landscape of North Vancouver is dominated by the North shore mountains and ski hills 
immediately to the north and the Burrard Inlet to the south.  There is considerable 
elevation gain as one travels north toward the mountains.  New Westminster city centre is 
perched on the side of a steep hill that comes up from the Fraser River and then flattens 
towards Burnaby.  There are a few blocks where the terrain is so steep that walking is 
difficult.  The Tri-Cities have more rolling terrain with the landscape dominated by the 
Burrard Inlet, Fraser River and mountainous terrain to the north.   
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Appendix M 
 
Triangulation protocol 

1. Data sorting and reduction 
a. SWAN quantitative data was coded according to the SWAN code book 

and recorded in an Xcel spreadsheet.  The data was reduced and separated 
into two domains of Functionality and Safety for analysis. 

b. Qualitative data from interviews and SWAN were sorted for inclusion 
based on the studies objectives.  These data were uploaded into NVivo 11 
but data from each source (interview, SWAN comments, SWAN 
secondary observation and SWAN photos) were maintained in separate 
files to allow the data to be analyzed for similarities and differences.  

2. Data analysis – Quantitative and qualitative data were analyzed separately.  
Qualitative data were coded and themes developed inductively.  As I worked with 
the data it started to become evident that some patterns began to arise such as the 
type of scooter used was an important factor in participants experiences.  These 
differences were woven into the qualitative analyses.  Grouping of themes into 
broader thematic groupings 
Quantitative data were scored and graphed to allow comparisons between the 
study sites.  

3. Data comparison – Review of quantitative themes revealed that they align with 
the SWAN domains.  Some of the themes that had been originally grouped 
together were regrouped into different overriding thematic groups to facilitate the 
alignment.  Four thematic groups were created with two aligning to each of the 
SWAN domains of Functionality and Safety.   

4. Convergence coding scheme – Each element of SWAN was used to create the 
coding matrix.  Average score and range were identified for each.  Themes from 
qualitative data without a SWAN equivalent were also included and clearly 
identified as such.  Qualitative data were analyzed to identify where the data 
demonstrates convergence, complementarity, dissonance and silence using the 
definitions below to guide decision making.  Examples are provided to 
demonstrate the relationships.  Some instances were only one participant spoke on 
the topic the decision was made that this was insufficient and could only be 
identified as silence.   

 
Terminology Definition 
Convergence Partial or full agreement between the data 
Complementarity Data from one source provides additional information that 

enhances that obtained from the other data source thereby 
increasing understanding and clarity 

Dissonance Data from the sources disagree or are contradictory 
Silence One data source provides information on a topic but it is absent in 

the other data source.   
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Appendix N  
 
Convergence Coding Matrices 

The SWAN average percentage scores and the range of scores for all municipalities are 
included in the second column from the left side.  Topics that were examined in terms of 
a feature being present on both sides or at least one side of the street are presented with 
the percentages for both sides listed first.  A brief overview of the corresponding 
qualitative data analysis is then presented in the third column.  The last column identifies 
the triangulation relationships between the data sources (congruence, complementarity, 
dissonance, or silence). 

SWAN Domain: Functionality of Street Crossings 
SWAN Elements SWAN score 

Ave. % (range) 
Qualitative Data Triangulation 

concepts 
Wayfinding/ 
Signage 

89% (71-97) - Silence 

Curb Features 
Curb cuts (both)  
 

79% (68-96) 
 

Absence – Inconvenient or safety 
concern.  Tipping risk for 4-wheel 
scooter Unpredictable 

Complementarity 
 

Easy 
 

72 (63-91) 
 

Design and maintenance issues: 
narrow/steep tipping risk for 3-
wheel; lack of space to turn for 4- 
wheel (if landing not wide) 

Complementarity 
 

Level 
 

78 (56-94) - Silence 
 

Direction of travel 
 

73 (65-84) 
 

Directionality – cause large 4- 
wheel scooter to drive into traffic 
lane; create false impression of 
direction of travel 

Complementarity 
 

(Alignment of curb 
cut and crosswalk) 
 

- Create false impression of 
direction of travel and false visual 
cue 

Silence 
 

Clear marking of 
curb cut 

46 (23-75) - Silence 

Crossing Controls 
Stop signs 44 (31-58) - Silence 
Marked crosswalk 71 (52-96) - Silence 
Signal 56 (29-88) - Silence 
Crossing time 87 (71-100) Insufficient time for large scooter 

due to location of crossing button 
relative to curb cut 

Complementarity 

Traffic Features 
Visibility at 
intersections 

85 (75-92) - Silence 

ROW (see sharing 
spaces) 
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SWAN Domain: Functionality of Sidewalks 
SWAN Elements SWAN score 

Ave. % (range) 
Qualitative Data Triangulation 

concepts 
Ease of Use 
Wide 48 (46-50) 

90 (75-100) 
 

Safety issue for turning or backing 
large 4-wheel scooter on sidewalk 

Complementarity 
 

Level/Smooth 
 

46 (33-56) 
89 (80-100) 
 

Bumpy due to concrete – few 
discussed   
Concerns re bumps due to trees 
and maintenance 

Complementarity 
 

Steep or sloped 
 

30 (13-44) 
 

Sloping driveways Hilly terrain 
impacts battery and tipping risk 

Complementarity 
 

Obstacles 
Permanent 50 (25-63) 

85 (81-100) 
80% spoke about various obstacles 
they encounter.  Physical obstacles 
or visibility obstructions. Multiple 
obstacles on Lonsdale problematic 
 

Complementarity 
 

Temporary 47 (25-69) 
78 (50-100) 
 

Complementarity 
 

Vehicles 55 (25-77) 
74 (33-100) 
 

Complementarity 
 

Litter 63 (50-88) 
97(92-100) 

- Silence 

Weather 
All Seasons 38 (23-56) 

75 (54-100) 
- Silence 

Snow or rain 29 (8-44) 
55 (38-75) 

Burden, safety and barriers created 
by snow and plow berms. Rain not 
a concern 

Complementarity 
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SWAN Domain: Safety 

SWAN Elements SWAN score 
Ave % 
(range) 

Qualitative Data Triangulation 
concepts 

Street Safety 
Traffic Direction 2 (0-6) - Silence  
Street Material/Street 
Condition 

90 (81-100) Road construction and 
maintenance better than sidewalks.   

Convergence 
 

Space between 
sidewalk and road 

87 (77-94) Insufficient data – only 1 person 
commented 

Silence 
 

Crossing Time 84 (60 – 100) Impatient drivers give impression 
not having enough time 

Complementarity 
 

Speed of Traffic 
Speed Limit 94 (83-100) - Silence 
Driving Speed 56 (25-75) Speeding drivers identified as a 

concern  
Convergence 

Right of Way 65 (33-100) Right turning vehicles and 
impatient drivers 

Complementarity 
 

Traffic Calming  
-present 
-needed 

 
19 (6-33) 
38 (0-100) 

Insufficient data – only 1 person 
commented 

 
Silence 
Silence 

(Large trucks - 
visibility) 

- Concern that they are too low to 
be seen by drivers 

Silence 

Cyclists 
Designated lanes 19 (13-31) Few spoke about the presence of 

bike lanes except in the context of 
whether they felt safe using them 

Convergence 

Off Sidewalks 
Careful 

60 (42-85) 
70 (44-100) 

Varied opinions with those in 
more urban areas expressing more 
concerns 

Convergence 

Safety – Personal Safety 
Night Safety-alone 77 (53-93) Few go out after dark  Convergence 
   Street lights 78 (73-81) Poor lighting reduce visibility of 

hazards 
Convergence 
Convergence    Sidewalk lights 64 (55-69) 

Day Safety-alone 94 (75-100) All reported feeling safe Convergence 
Suspicious People 94 (88-100) Occasional homeless or young 

people  
Convergence 

Graffiti 86 (75-92 - Silence 
Help 39 (17-56) - Silence 
Dogs 99 (94-100) - Silence 
(Sidewalk Traffic 
Safety) 

 Distracted and erratic walking 
behaviours of pedestrians.   

Silence 
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Appendix O 
 
Table of Themes and Coding 
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Topic  Theme  Codes 
Rules of the road Theme 1: The dilemma – where do scooters belong 

 
I am a pedestrian; Am I a pedestrian?, pedestrian but not 
always; like a bicycle; riding on the sidewalk; riding on the 
road; feeling safe. 

 Theme 2: Rules? What rules?: Scooter/pedestrian 
rules of the road 

Knowing the rules; using bike lanes; vehicle rules; 
pedestrian rules; need for education; needing rules; using 
common sense   

Technology Theme 1: “There’s no question about it. Four-
wheeled scooters, are more stable”: Stability or 
maneuverability 
 

Choosing between stability or maneuverability; Scooter 
technology; using public transportation;   

” Theme 2: “They don’t know that I’m here Feeling safe; Seeing and being seen or heard; scooter 
technology; improving one’s safety   

 Theme 3: “I go the speed of a jogger”: Scooter 
speed and safety 

Going the speed of a jogger; scooter technology; knowing 
scooter speed  

 Theme 4: “The scooter stops within one second”: 
Scooter brakes 

Scooter technology; when technology fails; confusing 
controls, 

 Theme 5: Maximum incline knowing limitations; when technology fails  
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Theme Sub-Theme Code 
Theme 1: It’s not always easy to get 
around”: Negotiating the built 
environment 
 

You’ve got to figure out where that ramp is before 
you push the button”: Placement and alignment of 
pedestrian features  

Not knowing until you get there; obstacles; pedestrian 
features; poor placement or design; obstacles in my way   

If you’ve never ridden a scooter, you don’t know 
how bad sidewalks are”: Design and maintenance 
of sidewalks and curb cuts 

Sidewalk burdens and safety concerns; Absent and poorly 
designed curb ramps; Not knowing until you get there; 
Construction materials; Accidents, problem maintenance; 
slopes and dippy driveways;  

It’s smoother and more predictable than the 
sidewalk”: Back lanes, multiuse paths, bike lanes 
and roadways 

Facilitators in the built environment: wide and smooth; 
pedestrian-free zones; riding on the road 

The little steps towards improved community 
access and mobility: Urban renewal 

Fixing the problem; disappointing change; nice and new 

“What is that blocking my way?”: Obstacles and 
construction 

Construction zones, Natural obstructions, Obstacles in my 
way,  

Theme 2: Forces of nature: 
Weather and hills 
 

Snow is a hardship, rain is a nuisance: Weather 
challenges 

Riding in the rain; Challenges of snow and ice; Scooter 
battery; Scooter power; Scooter technology; Accidents 

“Around here the hills are horrible”: Challenges of 
topography 

Scooter technology; Having enough power; Knowledge of 
technology limitations, Accidents 

Theme 3: Sharing spaces with 
others 
 

“Pedestrians are very poor drivers”: The varied 
behaviours of walking pedestrians 

Helpful pedestrians; Negative interactions/attitudes; Cell 
phone use; Erratic walking; Accidents;  

“Crazy cyclists zooming around me”: Encounters 
with cyclists 

 Following the rules; Feeling safe;  

“I’m trying to cross and he has no idea that I’m 
even there”: Negotiating motor vehicle traffic 

Following the rules; Feeling safe; Riding on the road; Too 
fast; Right turning vehicles; Visibility; Accidents; Near 
miss; 

Theme 4: Feeling safe day or night 
 

 “I feel extremely safe. I don’t worry about 
anything.”: Neighbourhood safety 

Feeling safe  
 

“Nicely accessible in the daylight” but…: Hazards 
after dark  

Feeling safe; scooter technology; improving one’s safety; 

 


