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Abstract 

Electric vehicles are viewed as key to the emerging sustainable transportation revolution 

in Canada and other developed nations and cities. EVs are growing in popularity and 

reputation, and supporting policy is now in place to see that this technology transforms 

the transportation industry. While EVs clearly reduce carbon emissions at the tailpipe, do 

they affect people’s travel behaviour? This study examined the differences in travel 

behaviour among EV and non-EV drivers in Metro Vancouver using a one-day travel 

diary. Results show that EV drivers take significantly more car trips than non-EV drivers, 

and that they drive for significantly larger proportions of their daily trips. It was also found 

that EV drivers perceive the EV to be more environmentally friendly than transit, though 

non-EV drivers thought the opposite. These findings suggest that the positive 

contribution of EVs to sustainable mobility solutions in cities may be less than they 

appear. 

Keywords:  Electric vehicles; transportation; travel behaviour; sustainable mobility; 

automobility; rebound effect 
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Chapter 1.  
 
Introduction 

Vehicle electrification is an inevitable revolution in vehicle technology, ultimately 

impacting mobility patterns in cities. When compared with internal combustion engine 

vehicles, electric vehicles are associated with a very important benefit: less 

environmental impact. Electric vehicles (EVs) are often named green mobility options, or 

described as technological solutions to resolve environmental issues that come with 

automobile use (Simpson, 2012). Although their market share is still minimal in the 

transportation sector in most developed nations (Axsen, 2017), because of this critical 

benefit and additional governmental policy direction and support, EV adoption is 

definitely on the rise in several parts of the world. In the past three decades, EV 

technology has vastly improved, and some researchers believe that they are now equal 

to gasoline cars in terms of their performance, style, and even price. A growing demand 

is predicted for EVs with improvements in technology and decreases in cost (Fitt, 2020). 

However, this ‘revolutionary’ mobility option could create waves of unintended, or 

unanticipated consequences. What is less clear than the associated environmental 

benefits, is how the transition to EVs affects urban mobility as a whole, meaning all 

aspects of movement in an urban area, and particularly travel behaviour among those 

who drive such cars. Although EV technology is environmentally efficient, the way EVs fit 

within the entire mobility system of an urban area has not necessarily proven to be 

sustainable. Despite their undeniably advanced technologies which allow cleaner, less 

carbon intensive trips, EVs still contribute to other external effects of car use, such as 

congestion (Langbroek et al., 2017). Furthermore, it could be the case that the way 

people move around in cities is changed after switching from a conventional car to an 

electric one. For example, large scale adoption of EVs could mean more personal 

vehicle use, and therefore, a decline in walking, cycling and transit ridership— also 

known as active modes of travel, which happen to fit very well in a sustainable urban 

mobility system (Fitt, 2020).  

Some scholars have focused on this matter. Drawn from the theory of 

automobility, these researchers argue that ‘the technology of the automobile itself is not 
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the problem, but rather the way it is deployed’ (Dowling & Simpson, 2013: 424). As a 

result, in addition to a focus on technological solutions aimed at reducing energy 

consumption and emissions, studying behavioural and cultural changes caused by these 

new vehicle technologies is necessary (Simpson, 2012). However, much of the research 

around EVs has so far been aimed at product improvement, allowing automakers and 

subsystem providers to enhance the technology. Less research has addressed the 

possible mobility outcomes of EVs compared to studies that focus on purchasing 

behaviour, vehicle technology choice, etc. With respect to this gap, a specific focus on 

how the adoption of this vehicle technology could change travel behaviour is 

fundamental to understanding the long-term, macro-level effects of EV use on the urban 

mobility system and its sustainability.  

In Canada, there is a growing fleet of electric vehicles and sales are accelerating 

steadily. Electric-battery vehicles in British Columbia accounted for 9.4% of all new light-

duty vehicle sales in 2020 (Province of British Columbia, 2021). In Metro Vancouver, 

6.5% of total passenger vehicles registered were hybrid or electric in 2020, with 2.4% of 

these vehicles being electric (Insurance Corporation of British Columbia, 2020). These 

numbers are anticipated to grow in the coming years. Targets for electric vehicle sales in 

the province are 10% in 2025, 30% by 2030 and 100% by 2040 when the sale of new 

gas-powered, light-duty vehicles would effectively be banned (Province of British 

Columbia, 2021). 

Given that vehicle electrification is a significant strategy for carbon reduction, 

there are several provincial and municipal policies and incentives that encourage EV use 

and purchase in Metro Vancouver, and in BC. These include dedicated parking stalls, 

and access to high occupancy lanes, as well as purchasing incentives like BC’s Clean 

Energy Vehicle Program, and the Federal Government’s iZEV Program, which can 

collectively provide up to an $8,000 rebate on the price of a new electric vehicle 

(Province of British Columbia, 2020). On the other hand, however, there is a particular 

focus on encouraging a shift in the driving and transportation behaviour of households, 

where cities in Metro Vancouver try to move individuals and households’ transport 

behaviours toward active transportation and public transit. For example, the City of 

Vancouver has planned to reach a mode share target in which at least two thirds of all 

trips are made on foot, bike or transit by 2040, as part of its strategies to make a shift 

from driving to more sustainable modes of travel (City of Vancouver, 2020). Other cities 
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in the region are also following the same path. Similarly, the City of Burnaby’s latest 

transportation plan introduces a modal split target for ¾ of all trips to be made by public 

transit and active transportation (City of Burnaby, 2021). 

Looking at ambitious mode split strategies by local governments in the context of 

growing EV sales and uptake points to the challenge of how EVs fit in the bigger picture 

of the envisioned sustainable mobility city, and highlights the importance of studying the 

possible effects of EV uptake, including in terms of effects on a mobility revolution. 

Specifically, the sustainable mobility literature calls for a revolution away from 

automobile dependency, a condition which is proven to be toxic to the overall quality of 

cities, on a variety of metrics. It is now evident that cars and car-dependent communities 

affect public health because they promote a sedentary lifestyle. They also encourage 

sprawl in urban design which results in a much larger ecological impact than dense 

areas. The low density development encouraged as a result of being dependent on cars 

as the primary mode of transport has resulted in high demands on natural resources to 

provide the necessary energy for all such sprawled neighbourhoods (Farr, 2020). 

Making remote destinations accessible, cars contradict the logic behind density, and 

therefore, result in some irreversible effects on the environment (due to increased GHG 

emissions). This is why transportation and ‘sprawl-induced travel’ are at the centre of 

climate issues (Calthorpe, 2011: 17). In addition to worsening climate and health-related 

issues in urban areas, car-dependent neighbourhoods and cities are also inequitable. 

They exclude minorities (e.g. racialized groups, the elderly, and differently-abled), 

because they are designed to prioritize the percentage of the population that can drive 

and has access to a personal vehicle. This is while transit, cycling and walking are 

evidently more just modes of travel (Speck, 2018). 

Electric cars have all these inherent disadvantages as private vehicles. Although 

their GHG emissions are much less than the internal combustion engine, they would still 

be problematic if they encourage car dependency. They are increasingly becoming more 

technologically efficient, culturally acceptable and financially viable transport options. 

This might mean that they are being used more, and there may be a chance that EVs 

are shifting people away from other more sustainable travel choices. In other words, the 

challenge is whether transitioning to EVs would be at the expense of increased use of 

personal cars, and decreased use of active modes of travel in Metro Vancouver. 
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To address this intriguing challenge, this study aims to answer the question of 

‘How do travel patterns of electric vehicle drivers compare to those of conventional car 

drivers, in terms of distance and number of trips made, and the modal share of the car 

for a sample population of drivers in Metro Vancouver?’ Reviewing the sustainable 

mobility paradigm and the theory of automobility, as the two theoretical frameworks 

relevant to the travel behaviour of EV users, the objective of this study is to compare 

travel patterns, here defined as the distance and number of car trips as well as the 

modal share of the car, in total travel distance of electric and non-electric car drivers 

within the same urban area that is Metro Vancouver.  

In this study, EVs are defined as both Battery Electric Vehicles (BEV), meaning 

fully-electric cars with rechargeable batteries and no gasoline engine, and plugin hybrid 

electric vehicles (PHEV), meaning vehicles that use batteries to power an electric motor 

and another fuel, such as gasoline, to power an internal combustion engine (ICE), and 

can recharge the battery through both regenerative braking and plugging into an external 

source of electrical power. Non-electric or conventional vehicles are defined as Hybrid 

Electric Vehicles (HEV), meaning cars powered by an internal combustion engine and 

an electric motor, which cannot be plugged into an external source of electric power, and 

are charged through regenerative braking and by the internal combustion engine, as well 

as Internal Combustion Engine Vehicles (ICEV), meaning vehicles that use a 

conventional internal combustion engine (ICE) system, and are powered by fossil fuels 

like natural gas or petroleum products such as gasoline, diesel fuel or fuel oil. 

Finding the differences and similarities between these two groups’ travel patterns 

may lead to a better understanding of where EVs fit within the sustainable mobility 

framework. Furthermore, the results of this study will form a better understanding of how 

a large deployment of EVs within the urban mobility system could affect car use and 

auto dependency, and thus urban planning and development patterns and priorities, in 

the long term. These findings can inform policy measures to focus on the longer term 

societal and cultural effects of EV adoption in view of the substantial policy efforts to 

increase their market share. 
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1.1. Research Context 

1.1.1. Study Area 

The study area for this research is Metro Vancouver. As illustrated in Map 1.1, 

Metro Vancouver includes 21 municipalities, one Electoral Area and one Treaty First 

Nation. While each of these 23 local governments can set independent regulations and 

bylaws regarding EV use (e.g. charging infrastructure installation requirements) and 

strategically plan for EV infrastructure, their plans are guided and influenced to a very 

large extent by federal and provincial priorities with respect to EV infrastructure planning 

and promotion. 

Map 1.1: Local Areas in Metro Vancouver 

 
Created by: Farina Fassihi Mar 2022. 

Driven mostly by government policies, EV adoption is growing, especially in 

urban areas. In Metro Vancouver, 6.5% of total passenger vehicles registered were 
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hybrid or electric in 2020, with 2.4% of these vehicles being electric, or a total of 26,667 

personal electric cars. As summarized in Figure 1.1, West Vancouver (including Lions 

Bay), Bowen Island and North Vancouver accounted for the highest percentages of 

electric vehicle registrations in the region, with 4.8%, 4.1% and 3.2% of passenger 

vehicles respectively (Insurance Corporation of British Columbia, 2020). Among the 

urban areas with more than 10,000 total vehicle registrations, West Vancouver, North 

Vancouver and Port Moody (including Anmore and Belcarra) account for the highest EV 

registration percentages. 

Figure 1.1: Percentage of Electric Vehicles in Total Passenger Vehicles (Metro 
Vancouver - 2020 ) 

 

1.1.2. Vehicle Electrification Policy Context 

In Canada, there is a growing fleet of electric vehicles, and sales are accelerating 

steadily. Electric-battery vehicles in British Columbia accounted for 9.4% of all new light-

duty vehicle sales in 2020 (Province of British Columbia, 2021). This number is 

anticipated to grow in the coming year, as the government of Canada and the province 

of British Columbia both focus on EV adoption and sales growth in their long-term 

strategic plans. The federal government has set a target of achieving 100% zero-

emission vehicle (ZEV) sales by 2035. The provincial government wants to meet an 

annual percentage of new light-duty ZEV sales and leases at 10% by 2025, 30% by 

0.0%
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2030, and 100% by 2040 (Plug In BC, 2022). These ambitious goals have resulted in 

certain benefits and incentives that encourage EV usage. At the provincial level, there is 

the High Occupancy Vehicle (HOV) Lane Access policy which allows EV access to high 

occupancy vehicle lanes regardless of the number of passengers. This is in addition to 

the much lower price EV drivers pay to use their vehicle compared to escalating gas 

prices. 

In addition to the use-related incentives provided, there are certain financial 

rebates that help consumers more easily afford buying an EV. These purchasing 

incentives include BC’s Clean Energy Vehicle Program, and the Federal Government’s 

iZEV Program, which can collectively provide up to a $8,000 rebate on the price of a 

new electric vehicle (Government of British Columbia, 2020). 

Federal and provincial priorities and their financial support have influenced 

municipal policies that encourage more electric vehicle use and ownership in cities. 

Municipal policies include EV charging infrastructure requirements for new multi-unit and 

single family residential buildings, as well as within new mixed-use, commercial and 

industrial developments (Plug In BC, 2022). 

1.1.3. Travel Behaviour in Metro Vancouver 

In response to issues of climate change, increased GHG emissions, pollution and 

congestion in urban areas, municipalities in Metro Vancouver are concentrating their 

efforts on encouraging a shift from driving (especially single passenger vehicle use) to 

sustainable modes of travel: walking, cycling and transit. The City of Vancouver has 

planned to reach a mode share target in which at least two thirds of all trips are made on 

foot, bike or transit by 2040 (City of Vancouver, 2020). Similarly, the City of Burnaby’s 

latest transportation plan introduces a modal split target for ¾ of all trips to be made by 

public transit and active transportation (City of Burnaby, 2021). The City of Surrey 

Transportation Plan 2021 focuses on “strengthening the multi-modal grid by prioritizing 

walking, cycling and transit before personal vehicles” (City of Surrey, 2021). The modal 

shift is also the priority of regional authorities. Metro 2050, the regional growth strategy 

for Metro Vancouver, aims to encourage trips by multiple-occupancy vehicles, transit, 

cycling, and walking instead of single occupancy cars (Metro Vancouver, 2022). 

Similarly, Transport 2050, Translink’s latest transportation strategy for the region, 
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prioritizes a shift to transit, walking and cycling (Translink, 2022). To track the region’s 

progress with respect to all of these goals, every five years, transportation behaviour in 

Metro Vancouver is studied using a detailed trip diary survey. 

Travel behaviour in Metro Vancouver is studied at the regional level by Translink, 

the authority responsible for the regional transportation network of Metro Vancouver. 

Translink’s Trip Diary study is a household travel survey conducted every five years to 

support transportation planning in the Metro Vancouver region, and is the most 

comprehensive source of information on overall travel patterns in the region. Translink’s 

latest Trip Diary Study was conducted in 2017, and an earlier one was completed in 

2011. The study focuses on collecting information about people’s trip modes, trip 

purposes, average distance travelled, origin and destination locations and numbers of 

daily trips. The data is collected across all 23 local areas in Metro Vancouver and sheds 

light on the overall transportation behaviour and trends in the region. Unlike the national 

census which collects high level, general information on questions of trip mode and trip 

time, Translink’s Trip Diary gets into details about how people get around. 

According to the 2017 Trip Diary (n~57,000 people), 55% of all trips in Metro 

Vancouver were by auto drivers, and an additional 17% were by auto passengers. Most 

of these auto trips were commutes to work, school or home. Compared to the 2011 Trip 

Diary, the 2017 study shows a clear shift from motorized trips to walking. Trips by auto 

drivers decreased from 59% to 55%, while walking trips increased from 10% to 14%. 

The average trip distance in Metro Vancouver for auto drivers was 10.2 km in 2017 

which was 0.8 km lower than the 2011 average. The daily number of auto driver trips 

varied between a low of 1.35 in Vancouver and a high of 2.56 in Pitt Meadows. City of 

Vancouver also had the lowest Vehicle Kilometers Traveled per capita in the region at 

10.7 km per day, while Maple Ridge had the highest at 33.1 km per day. While Metro 

Vancouver drivers seem to be driving shorter distances in general over the time period, 

this is not true for all trip purposes. The average trip distance for auto drivers has 

increased from 2011 to 2017 for work/school commutes (from 14 km in 2011 to 14.3 km 

in 2017) (Translink, 2017).  

As understood from the 2011 and 2017 Trip Diary studies, people in Metro 

Vancouver are moving around more, as total trip numbers have gone up 21%. Share of 

trips made by a car saw a decrease, although in raw numbers, the number of trips by all 
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modes increased. This is while transit’s share of trips did go down by just under 1%. 

Additionally, average trip distances have decreased for auto drivers by about 0.8 km, 

while transit trips have become longer (by about 1.8 km). Metro’s population grew by 

about 250,000 people during this time. 

Overall, although the results of the two trip diaries suggest that Metro Vancouver 

seems to be on track to reach its transportation mode shift goals, these results do not 

say anything about how travel behaviour is different across different vehicle 

technologies. The study also does not take into account the different disruptive 

transportation trends that might affect future transportation behaviour in the region, such 

as car sharing or electric mobility. Also, these trends and technologies have been rapidly 

changing from 2017 when the last study was conducted. Among other changes, electric 

vehicle sales have dramatically increased since 2017 (Insurance Corporation of British 

Columbia, 2020). Pairing the trip diary studies with an investigation of how travel 

behaviour changes across different transport technologies could achieve interesting 

results about the future of transportation in the region and the possible effects of EV use 

on overall travel behaviour. 
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Chapter 2. Literature Review 

In creating the theoretical foundation for this research project, I have investigated 

scholarly research within three theoretical themes. These three bodies of literature are 1) 

Individual motives for transportation choice, 2) Implications of transportation choice, and 

3) Automobility and the Jevons Paradox in the context of vehicle electrification. 

With regards to framing and justifying the significance of my research question, 

body 1 will introduce and define individual transportation choice, focusing on what drives 

consumers, as individuals, in their travel behaviour. This body of literature will explain 

one side of the travel choice argument in my research question, and will be further put in 

contrast with body 2, which focuses on the other side of the argument, transportation 

choice from a planning as well as a social perspective. This body focuses on the macro-

level rationales which relate to travel behaviour, and looks at transportation choice from 

a planning perspective, with an integrated approach. 

Lastly, the way these two bodies relate to each other in the context of vehicle 

electrification, which forms the core argument I wish to pursue in my thesis, will be 

explained in body 3. The theory of automobility and the Jevons Paradox are the two 

concepts that will explain the main critique to vehicle electrification with respect to its 

potential impact on travel choice. These two notions will explain how the two individual 

and planning perspectives on travel choice can lead to a paradox in the large scale 

adoption of electric vehicles, where increased consumption of EVs, due to their 

environmental efficiency, leads to increased car use and therefore, auto dependency. 

This potential paradox will then form the theoretical ground for the empirical data 

collection stage of my study. 

2.1. Individual Motives for Transportation Choice 

In identifying what drives individual travel choices, Schwanen and Lucas (2011) 

summarize people’s transportation motives in four core categories: accessibility, utility 

theory, socio-psychological theories, and the New Mobilities Paradigm. These four 

categories identify the variety of theories and definitions that exist within several 

disciplines with respect to travel choice and behaviour. The first three approaches speak 

to the individual motives for transportation choice, where people make travel decisions 
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based on “the relative ease with which they can reach a certain location” (accessibility), 

the required effort (utility theory), and certain personal and social norms, beliefs and 

values (socio-psychological theories) (Lucas et al., 2011: 4). With respect to a 

combination of accessibility and utility theory, several behavioural theories have been 

used by scholars to explain individual reasons behind travel choice, among which the 

theory of “rational choice” focuses on individual self-interests as a key driver of choosing 

certain activities over others.  

As Jackson (2005) states, at the core of rational choice theory, there is a utility 

maximization notion which is drawn from micro-economics, and is essentially a simplified 

cost-benefit analysis. This approach to studying travel behaviour suggests that 

individuals and households follow principles of cost minimization on the one hand, and 

utility or profit maximization (e.g. the fact that a trip is a lot quicker and more convenient 

when taken in a private vehicle as opposed to public transit), on the other, in choosing 

their activities (Jackson, 2005). According to this theory, the car can be considered an 

optimal mode of travel, due to the fact that it usually offers much more capacity to 

individuals in terms of speed, flexibility, convenience and sometimes cost (Lucas et al., 

2011). According to this approach, people may choose electric vehicles over internal 

combustion engine vehicles due to their cost effectiveness (not having to pay for fuel, 

receiving governmental rebates on the purchase price, etc.).  

In addition to cost, time and convenience as the utility-based factors influencing 

travel behaviour, research also highlights the impact of values as determinants of trip 

choice. This socio-psychological approach to transportation behaviour and travel choice 

has emerged from the field of social psychology, and captures more complex reasoning 

behind travel choice compared to utility theory. It focuses on both personal attitudes, 

beliefs, norms and perceptions, as well as the context of wider social norms and values 

when it comes to travel choice. It is according to this theory that the car is an attractive 

choice because of its social value as a material possession and status symbol, and its 

personally-perceived qualities (e.g. giving a sense of freedom and excitement) (Lucas et 

al., 2011). In addition, this behavioural approach includes several theories that explain 

reasons for pro-environmental behaviour as well. Most relevant to the case of vehicle 

electrification as an environmentally sustainable trend, Value-Belief-Norm Theory, first 

established by Stern et al. (1999), explains the influence of human values on behaviour 

in an environmentalist context. According to this theory, values are guiding principles 
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that determine actions on an individual level (Stern et al., 1999). For example, people 

may consider buying and using an electric vehicle because they hold certain pro-

environment values that guide them toward this more environmentally efficient vehicle 

technology. 

According to such micro-level understandings of transportation choice, EV 

support, in both policy and research, takes a stance toward promoting electrification by 

setting purchasing incentives, making the appearance of EVs more appealing, or adding 

certain technological features to EVs, all of which may attract a wider population of 

drivers to choose EVs over conventional cars. An example of how EVs’ appearance or 

technology can affect behaviour or purchasing decisions is how drivers view a Tesla 

vehicle. EV owners as well as those who intend to purchase an EV within five years find 

Tesla vehicles appealing because of their styling and the fact that they are new and 

different  (Escalent, 2021). 

These policy and business efforts, whether in the form of marketing strategies 

and design elements set by car companies, or incentives set by governments, take into 

account the very factors that drive transportation choice on an individual or household 

level. However, such individual-centred approaches do not always take account of 

macro-scale social costs, and what private decisions mean at the city level. The notion 

of a macro-level view of transportation behaviour and travel choice is part of an 

integrated perspective toward urban mobility planning, which is offered by urban and 

transportation planners, and ultimately shapes implications of travel choice in cities. This 

perspective is essentially based on the fourth category of transportation motives 

summarized by Schwanen and Lucas (2011): The New Mobilities Paradigm.  

2.2. Implications of Transportation Choice and the New 
Mobilities Paradigm 

In contrast with the individual consumer-centric determinants of travel choice, 

urban transportation planning calls for macro oversight and analysis of these choices, 

and an integrated approach to mobility planning. This approach is vastly different from 

one solely based on factors such as accessibility, utility or socio-psychological norms, 

and is what guides transportation planning and management and the implications of 

transportation choice in the overall mobility system of an urban area. Despite 
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transportation technologies being developed and enhanced by engineers and scientists 

based on studies of consumers’ behavioural preferences, planners and policy makers 

investigate how these technologies should be used and implemented for the entire 

transportation system to function efficiently and equitably. As a result, transportation 

planning is a more complex field than what is apparent when only individual perspectives 

are considered. Travel choice from a planning perspective takes different mobility needs 

of people into consideration, acknowledges people’s multi-modality in their travel 

behaviour, and considers external factors such as land use when investigating the 

impacts of certain transportation technologies or infrastructure. This investigation 

borrows the New Mobilities approach from the four core approaches in travel choice 

summarized by Schwanen and Lucas (2011). 

The New Mobilities Paradigm, first introduced by Urry and Sheller (2006), does 

not provide a focus on consumers and individuals like the utility or socio-psychological 

theories. Instead, it shifts research attention to understanding the role of certain 

transportation technologies (mostly cars) in the entire mobility system and on the society 

in which said technologies are chosen, promoted and consumed. The reverse 

relationship is also considered in this paradigm, where car use is not merely an 

individual choice, but is also affected by external factors such as policies and 

infrastructure. In other words, while the consumer stands at the centre of utility and 

socio-psychological theories of travel behaviour, the new mobilities paradigm sees 

“practices as the routinized types of behaviour”, at the core of decision making (Lucas et 

al., 2011: 22). 

In contrast with research and development that consider transportation choice 

from an individual perspective, viewing travel behaviour from a planning perspective 

takes support for EVs in a different direction. This perspective, which is underlain by an 

integrated approach to mobility, recommends policy directions such as road pricing, 

parking pricing, and parking restrictions, all aiming at increasing the marginal costs of 

using a personal vehicle (electric or non-electric). For example, City of Vancouver is 

going to be the first Canadian city to charge drivers who want to get to the downtown 

core, in an effort to fight climate change and ease congestion. As home to the metro 

area’s downtown core, the City of Vancouver has also introduced regulations for on 

street parking which make the area less car-friendly (City of Vancouver, 2020). 

Regardless of vehicle technology, these policies are encouraged in order to control 
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issues like congestion, or physical inactivity among city dwellers. In other words, while 

there is still support for EVs within this body of literature, a New Mobilities perspective 

treats these types of vehicles, like all other transportation innovations, as a part of the 

entire mobility system. Their inherent disadvantage in adding to traffic congestion, as 

private vehicles, regardless of fuel technology, still needs to be planned for and 

controlled. 

2.2.1. The Divide between Individual and New Mobilities Approaches 
in Transportation Behaviour 

The two approaches, the individual perspective toward transportation and the 

New Mobilities Paradigm, see transportation choice and behaviour at completely 

different scales. The individual perspective tends to encourage practices, decisions, and 

structures that increase the use of single transportation technologies (e.g. EVs, 

autonomous vehicles, carpool applications, etc.). In terms of EVs, this approach focuses 

on solutions that would expand the population that drives EVs by decreasing the 

vehicle’s upfront price and marginal costs, and enhancing drivers’ experiences with the 

vehicle (e.g. advancing the technology, improving the design, solving problems like 

range anxiety, etc.). This point of view includes studying travel behaviour for the purpose 

of reaching a maximum market share for EVs, no matter the societal, cultural or macro-

scale urban mobility costs. 

In contrast, the planning perspective toward transportation behaviour has a much 

more macro-level standpoint, and seeks practices, decisions and structures that 

encourage viewing each transportation technology with respect to other parts and 

parcels of the mobility system. Here, transportation choice and behaviour are studied, 

not to necessarily increase the market share of certain technologies, but to enhance the 

entire system’s sustainability, efficiency and resilience. 

It is this major difference between the two views of transportation behaviour that 

can turn out to have harmful city-wide transportation implications in the long run. In his 

2007 book, Urry points to these segregated views within the field of transportation, and 

calls for a more holistic and integrated approach in transportation studies. On the one 

hand, transportation technologies and infrastructure are developed and advanced by 

one group of researchers, typically engineers, and based on the utility and socio-
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psychological theories of behaviour. On the other hand, the social dynamics and impacts 

of urban travel are viewed by a different group of scholars; namely, social scientists, 

using the New Mobilities Paradigm. The connection and integration between these two 

perspectives is what is missing, and as Urry (2007) argues, this gap creates challenges 

in planning for the transportation system. In this regard, while a technological solution 

like vehicle electrification might be the optimum fix for certain environmental problems, it 

can have unprecedented effects on the social dimensions of travel, such as congestion, 

equity, and justice, which are overlooked in the process of developing and promoting the 

said technology. 

Some recent studies have demonstrated different facets and implications of this 

paradox in electric vehicle adoption and use. In exploring whether electric vehicles 

should be included in paying a mileage tax in the United States, Davis and Sallee (2020) 

concluded that there are externalities from driving, including traffic congestion and 

accidents, that create the preconditions for a mileage tax to be an efficient correction for 

more sustainable mobility outcomes. Therefore, a mileage tax for electric vehicles, 

combined with the existing purchase rebates, will encourage substitution toward electric 

vehicles while discouraging driving in general to reduce such externalities (Davis & 

Sallee, 2020). More specifically, a series of research projects conducted in Greater 

Stockholm have shown that a transition toward EVs will likely lead to a non-negligible 

number of public transport trips to be replaced. The majority of these replaced trips were 

commutes to work or school. It was also found that EV drivers make more trips on 

average and that they also use the car for a larger share of their total distance traveled. 

These studies conclude that EV use does not solve problems regarding accessibility, 

social equity, or traffic safety and has only a limited beneficial effect on liveability (e.g. 

through decreased noise) (Langbroek et al., 2016; Langbroek et al., 2017; Langbroek, 

2018). In the UK, the Center for Research into Energy Demand Solutions (CREDS) 

conducted a report in 2019 which suggested that using EVs, which are cheaper to run 

than gasoline powered cars, has the potential to increase car use and could therefore 

lead to more congestion and a less healthy society (Eyre & Killip, 2019). 

Specific to the question of how much technology fixes (e.g. EV technology) can 

contribute to resolving big urban transportation challenges (e.g. sustainable mobility in 

the face of climate change and increased GHG emissions), Urry et al. (2012) make a 

case for the significance of understanding the complex and interconnected 
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transportation system. They argue that consumer behaviour has a wide set of 

consequences. Individuals’ choices about urban travel strongly govern travel demand. 

Consumers’ choices about the vehicles they purchase and use and the ways in which 

these vehicles are driven affect the composition and distribution of traffic in time and 

space and thus the congestion and the emissions that are produced. They further argue 

that in this complex system of mobility, climate change has turned the focus from 

congestion to emissions, leading to the growing attention given to technological fixes 

such as vehicle electrification without their social and cultural effects being studied or 

taken into account in planning and policy making (Urry et al., 2012). This pattern cannot 

continue. In other words, additional focus is needed on where new green technologies fit 

within the existing transportation system in order to reach the ideals that the New 

Mobilities Paradigm seeks to promote, such as the move from auto dependency to more 

socially and environmentally sustainable modes of travel (transit, walking, and cycling). 

It is due to the difference between the two theoretical sources of support for EVs, 

one backed by the individualist approach to transportation choice, and the other by the 

societal and cultural considerations of the New Mobilities approach, that vehicle 

electrification can have unintended negative consequences on sustainable mobility 

solutions even while meeting its promised advantages with respect to environmental 

benefits of the technology itself. 

2.3. Automobility and the Jevons Paradox in the Context of 
Vehicle Electrification 

Emerging first in North America and then spreading into most parts of the world, 

the automobile has taken over almost all aspects of urban planning and design. To 

understand such personal, social, political, cultural, geographical, and technical effects 

of this phenomenon, “automobility” was developed as a conceptual framework, to 

theoretically explain “the new socialities of commuting, family life, community, leisure, 

and the pleasures of movement” set as a result of automobile domination. The concept 

was developed to explain the faults in the hierarchy created between different modes of 

transport as a result of automobile invention, where the car comes before all other 

modes of travel and is prioritized in city planning. It highlights the dramatic contrast 

between this hierarchy and the one favoured by the New Mobilities Paradigm, where the 

car is put at the very lowest priority level. Unlike how the car has influenced cities today, 
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the New Mobilities Paradigm proposes that city planning should prioritise walking and 

cycling, public transport, and lastly cars (regardless of the technology). Automobility is a 

system that brings people intense flexibility and freedom, whereby car ownership and 

use can be positively viewed and energetically fought for (Featherstone et al., 2005: 28). 

As ensured by the literature around determinants of personal travel behaviour, the 

flexibility, freedom and convenience that cars bring to individuals have been determining 

factors in people’s decisions about transportation mode choice. This has resulted in an 

increased dependence on cars on an individual level, and therefore, spatial, economic 

and environmental impacts at larger urban scales. 

Starting from the 1960s, much has been written about the social and 

environmental impacts of automobile dependence, showing the problems that result 

from reshaping cities totally around cars (Newman & Kenworthy, 2015). Specifically, 

from an environmental point of view, literature around the threat of anthropomorphic 

climate change and the need to reduce greenhouse gas emissions has encouraged 

transportation scholars and engineers to focus on less carbon intensive transportation 

technologies, such as electric vehicles. Researchers and engineers have put 

considerable effort into perfecting electric vehicle technologies in order to reach global 

and national emissions reduction goals. As a result of these efforts and the 

accompanying governmental incentives, EV uptake has increased in the past three 

decades, and a growing demand is predicted for these types of cars (Fitt, 2020). This 

increase in the efficiency of electric vehicles as a result of governmental policy and 

technological progress, which is leading to increased levels of demand, and therefore, 

consumption, points to the possibility of the “Jevons Paradox” in environmental 

economics. 

As outlined by Sorrell (2009), the Jevons Paradox states that gains in efficiency 

result in increased consumption due to a rebound effect that reduces rather than 

increases the sustainability of the consumer choice. Sorrell further elaborates on this 

rebound effect with the example of “a driver who replaces a car with a fuel-efficient 

model, only to take advantage of its cheaper running costs to drive further and more 

often” (Sorrell, 2009: 1457). As a result, Jevons Paradox suggests that a supposedly 

sustainable technology (such as electric vehicles) could have an opposite effect on the 

sustainability of the entire system, because the more efficient this technology gets, the 

more widely it is going to be used. 
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In the case of EVs, as they become more environmentally efficient, more cost 

effective, and more technologically advanced, they can provide consumers with high 

levels of accessibility and utility. They can also reach a high level of social acceptance 

due to their environmental friendliness and the support they receive from societies with 

pro-environment values and norms; this is the trend apparent now in British Columbia as 

elsewhere within developed nations. The result of this consumer-centric support 

direction for EVs, which lacks an integrated planning perspective, could be high 

consumption levels for these vehicles, ultimately leading to increased levels of car 

ownership, use and dependency. 

This paradox has recently been pursued by scholars investigating whether 

electric vehicles are associated with external effects on the transportation system, such 

as congestion. In a study of vehicle miles traveled (VMT) and fuel cost, researchers 

found that the Jevons Paradox holds true for more fuel-efficient vehicles, where a 1% 

increase in fuel efficiency was associated with 1.2% increase in VMT (Munyon et al., 

2018). Other studies have found that a decrease in the cost of using electric vehicles 

results in an increase in demand, which ultimately affects levels of consumption 

(Vivanco et al., 2014). The existing scholarly work also suggests that a large-scale 

deployment of electric vehicles might, through increasing overall car use, lead to a 

substantial reduction in the use of more sustainable travel modes such as public 

transport and cycling (Langbroek et al., 2017). It is due to this effect, which has not been 

studied as widely as the environmental efficiency of electric cars, that automobility could 

regain its social justification in the context of an environmental improvement, and the car 

(this time electric instead of internal combustion engine) would continue to impact social 

and cultural aspects of transport and mobility, such as increased car use, congestion 

and the exclusion of non-drivers from urban spaces. This notion is what forms the 

hypothesis of this research. 

2.4. Conceptual Framework 

The possibility of EVs having unpredicted or perverse effects on the mobility 

system illustrates the value of investigating how travel behaviour can differ between 

electric and non-electric drivers. This investigation will help understand the position of 

electric vehicles, as a transportation choice, in the complex and interconnected 

transportation system introduced by Urry et al (2012) where consumer behaviour has a 
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wide set of consequences on overall transportation behaviour. Studying these 

consequences is exactly the focus of this study’s data collection. 

Based on the literature reviewed here, the study’s conceptual framework is 

illustrated in Figure 2.1. This study investigates the relationship between vehicle 

technology and travel behaviour, defined with three indicators: the number of car trips, 

the distance of car trips and the modal share of the car in total distance travelled. These 

indicators are used to compare signs of automobility among EV drivers and non-EV 

drivers. As illustrated in Figure 2.1, certain themes can impact the relationship between 

vehicle type and travel behaviour: socio-demographic characteristics, factors of utility 

and accessibility, and socio-psychological factors. According to the literature reviewed, 

these themes can impact travel behaviour directly. They can also impact vehicle type 

among drivers, thus indirectly affecting travel behaviour. In this study, these direct and 

indirect relationships are investigated and compared among EV drivers and non-EV 

drivers. 

I hypothesize that in supporting the uptake of EVs, using policies like purchasing 

incentives, infrastructure incentives, access to high occupancy lanes, etc., policy makers 

could be creating a paradox. This policy approach may be promoting the purchase and 

use of EVs as an environmentally efficient, cost effective mode of urban transportation, 

but the effects of increased use of EVs within a paradigm of automobility may create 

unintended consequences. Because the effects of EV use on traffic and transportation 

behaviour are not widely studied, we do not know if EV use unpredictably increases car 

use overall. The paradox would exist if the car, with a new EV technology in place of the 

internal combustion engine, became more prominent within urban mobility overall, 

having regained its social justification. To this point, this study addresses how travel 

behaviour may be different between EV drivers and non-EV drivers, ultimately informing 

whether EV adoption within the study population has led to increased levels of car use. If 

true, this paradox would mean that certain aspects of EV policy design should be called 

into question.  

This study helps identify factors that drive transportation choice on an individual 

or household level, with respect to both demographic and household characteristics as 

well as private values (according to the socio-psychological factors in transportation 

choice). This understanding will help address the divide between social and 
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environmental impacts of EV use. As a result, and in exploring the differences in travel 

behaviour among EV drivers and non-EV drivers, attention would be drawn to potential 

problems like congestion in addition to the growing attention given to EVs’ environmental 

efficiency and emission-reducing technology. This additional long-needed focus would

offer an understanding of where EVs should be positioned (in policy and practice) in 

regards to the move from auto dependency to more sustainable modes of travel. 

Precisely, it would help understand whether they might be contributing to this movement 

or hindering it. This finding could ultimately lead to a better match between what triggers 

and motivates individual travel behaviour and policies expected to drive the move from 

auto dependency to more sustainable travel modes. The results could also offer possible 

ways to achieve a more sustainable mix of EVs, ICEVs, transit, walking and cycling in 

urban transportation and related land use, social and environmental policy design.

Figure 2.1: Conceptual framework for the connections between themes and 
associated study variables
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Chapter 3. Methods 

3.1. Preliminary Work 

In order to identify the best and most feasible research methodology to answer 

my research question, a preliminary review of literature was completed, studying the 

research methodologies and recruitment strategies of 15 academic studies, 5 of which 

were selected for a closer analysis. In measuring the quantities of trip time, distance, 

and modal share, these 5 studies, which had very similar research questions and 

objectives to those of this study, used quantitative methods including surveys, travel 

diaries, GPS tracking systems, and stated adaptation experiments (De Gennaro et al., 

2014; Franke & Krems, 2013; Klöckner et al., 2013; Langbroek et al., 2017, 2018). A 

stated adaptation experiment is an interactive technique which allows the researcher to 

understand attitudes and behaviours of individuals when confronted with hypothetical 

situations. In this method, respondents are asked to choose between the different 

transport alternatives available to them, usually hypothetical travel options and scenarios 

(Langbroek et al., 2018). Alternatively, using a GPS tracking system is a very common 

method among researchers with access to large samples and sizable research funds. In 

this method, participants are given GPS equipment and asked to complete their daily 

trips as they normally would. The geographical coordinates of where they went are then 

computed and stored by the GPS device. GPS data collection offers a set of advantages 

in studying travel behaviour, including a better likelihood of collecting data from all 

respondents, enhancing the accuracy of the spatial and locational data, and minimizing 

respondent burden via survey data collection methods (Wolf et al., 2014). 

Surveys and travel diaries are the most feasible research methods for 

independent researchers with access to smaller sample sizes and little funding, although 

they are also widely used in larger research projects such as the Metro Vancouver Trip 

Diary. Travel diaries are widely accepted as one of the methods for getting insights into 

the travel behaviour and patterns of individuals and communities. They are executed by 

sending paper or web questionnaires to the respondent group, collecting data about 

individual and household socio-economic characteristics as well as travel patterns in a 

specified period of time (e.g. one day or one week) (Prelipcean et al., 2018). Considering 

these factors, this study uses a travel diary survey to collect data. 
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3.2. Study Variables 

The main objective of this study is to investigate differences in travel behaviour. 

Therefore, the data collection and analysis focus on three primary dependent variables: 

the number of daily car trips, the distance of daily car trips and the modal share of the 

car, defined as the ratio of car trip distance to total trip distance. These variables were 

identified as the indicators of travel behaviour in Chapter 2.  

A set of independent variables were set to investigate the changes in these three 

dependent variables. The primary independent variable of this study is the respondents’ 

vehicle technology, that is whether they own an EV or not. Other independent variables, 

which are considered as moderator variables in the analysis, include socio-demographic 

factors, household characteristics, as well as characteristics related to respondents’ 

private values. The study’s variables are summarized in Table 3.1. 

Table 3.1: Summary of study variables by variable type, category, data type and 
definition 

Variable 
type 

Variable 
Category 

Variable Data type Definition 

Dependent 
Travel 
behaviour 

Car trip distance Interval/ratio Distance (length between trip 
origin and destination) of all 
trips taken using either of the 
modes conventional car or 
electric car as a driver. 

Car trip number Count interval Number of all trips taken using 
either of the modes 
conventional car or electric car 
as a driver. 

Modal share of 
the car 

Interval/ratio The ratio of car trip distance to 
total trip distance 

Independent 

Socio-
demographic 

Gender Nominal The gender group with which 
the respondent identifies. 

Income Ordinal The respondent’s level of pre-
tax income. 

Age Ordinal Respondent’s age group. 

Education Ordinal The highest level of education 
the respondent has completed. 

Household 
characteristics 

Vehicle type Binary/dummy 
nominal 

The vehicle technology that 
the respondent/household 
owns or leases (electric or 
non-electric). 
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Household size Interval/ratio The number of individuals in 
the respondent’s household. 

Private values 

Willingness to 
walk 

Ordinal How long the respondent is 
willing to walk as part of a 
single daily trip. 

Environmentalist 
values 

Interval/ratio Defined by the respondent’s 
level of agreement with 
statements on climate change 
and the human-nature 
relationship. 

Collectivist 
values 

Interval/ratio Defined by the respondent’s 
level of agreement with 
statements on collectivist 
values. 

Individualist 
values 

Interval/ratio Defined by the respondent’s 
level of agreement with 
statements on individualist 
values. 

3.3. Research Sample 

This study had a purposive sample, which had slightly different characteristics 

than the target population, drivers in Metro Vancouver. These differences are illustrated 

in section 4.2.2. However, taking into account the sample size of 133 valid and complete 

responses, this study has an 8.5% margin of error with a 95% confidence level (Dillman, 

2006). This means that within the population of drivers in Metro Vancouver, 95 out of 

100 times, the population value for measured variables (e.g. trip distance, trip number) is 

within 8.5% of the estimate (sample value) in either direction. We would also expect 50% 

of the population to answer one way (e.g. agree) and 50% to answer the other way (e.g. 

disagree), which is the most conservative approach in this research, because prior to 

collecting the data, there was little or no knowledge about the diversity of characteristics 

and opinions among the target population (Needham & Vaske, 2008). 

3.4. Participant Recruitment 

This study recruited participants using various channels to reach the population 

of car owners in Metro Vancouver. As summarized in Table 3.2, these channels included 

vehicle associations, groups and online clubs, universities and university departments, 

public and non-profit organizations, social media groups, neighbourhood houses and 

municipalities. The selection of these channels was based on the relevance of the 



24 

agency’s agenda to driving and vehicle ownership, as well as my pre-existing 

relationships with and access to some of the organizations selected. These recruitment 

channels circulated a link to the online survey tool among their members using email 

lists. 

Prior to launching the survey, the designed questionnaire was piloted with the 

SFU Urban Studies community (faculty and students). During this pilot phase, which 

collected 11 complete responses, the survey was edited and improved to ensure better 

response rates. The survey was launched in February 2021 and was open until July 

2021. During this time two reminders were sent out (one in April and one in June), and 

new channels of data collection were also sought, including some social media groups 

and government agencies. In order to encourage research participation, a random prize 

draw was also included in the recruitment process. 

Table 3.2: Participant recruitment channels and their types 

Recruitment Channel Type 

Vancouver Electric Vehicle Association (VEVA) Association 

Climate Change Programs at Fraser Basin Council Non-profit society 

Plugin BC, Emotive BC Non-profit society 

City of Surrey Municipal government 

Tesla Owners Club of British Columbia Club 

SFU City Program University 

SFU Vancouver Campus University 

SFU Graduate and Postdoctoral Studies University 

SFU Urban Studies University 

Graduate Student Society at SFU University 

UBC Department of Civil Engineering University 

South Vancouver Neighbourhood House Community-based organization 

Marpole Neighbourhood House Community-based organization 

Canada Chevy Bolt EV and Bolt EUV Owners Social media group 

British Columbia Nissan LEAF Owners Social media group 

British Columbia EV Owners Group Social media group 

Tesla Model 3 Owners Club - Vancouver Social media group 

Official Tesla Owners of BC (Vancouver, Lower Mainland & GVRD) Social media group 

Tesla Model Y Owners Club - Vancouver Social media group 

Tesla Model 3 Vancouver, B.C. Social media group 
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3.5. Data Collection 

In this study, an online travel diary survey tool was used to collect primary data. 

The tool was designed and developed using the SurveyMonkey online surveying 

platform. In designing the survey, the three theoretical frameworks explained in Chapter 

2 were implemented. Survey questions include a combination of original questions as 

well as ones adapted from Translink’s Trip Diary and other academic research with 

similar objectives or elements (Translink, 2017; Langbroek et al., 2017; The Canadian 

Plug-in Electric Vehicle Study (CPEVS), 2016). The survey included three sections: A) 

Household B) Lifestyle and values, and C) One-day travel diary. 

Section A, the socio-demographic questions, collected data about the individual’s 

gender, ethnicity, age, household size, city of residence, neighbourhood of residence, 

level of income, level of education, and the type of vehicle they own. This section also 

collected data about the purchase rebates and decal benefits that electric vehicle 

owners used, as well as the year in which they purchased their electric vehicle. Section 

B, the lifestyle and values questions, included questions about how long participants are 

willing to walk, their perception of each travel mode in terms of its environmental 

friendliness, as well as statements to gauge level of agreement with specific private 

environmentalist, collectivist and individualist values. Section C, the one-day travel diary, 

asked participants to report their trip origins and destinations (indicating the address), 

trip time (indicating the start and end time of each trip throughout the day), trip purpose 

(e.g. work/school, shopping, leisure, etc.), travel mode for each trip (car as driver, car as 

passenger, transit, walking, cycling, etc.), as well as the usual travel mode for the same 

trip. 

At the beginning of the travel diary section, respondents were asked to provide 

their home address. This information was used in calculating trip distance at the analysis 

stage. Survey respondents were instructed to choose one day of the week on which they 

made at least 1 trip, and answer the survey questions about each trip separately. The 

survey was designed to allow for a maximum of 10 trips. To make the completion 

process easier, the respondents had the option to save their survey at any point during 

the survey and complete it later. 
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The survey was open to collect responses from February 2021 to July 2021. A 

breakdown of the number of responses collected in each of these sections is provided in 

Table 3.3. 

Table 3.3: Breakdown of responses by survey section 

Section Respondent count* 

Section A: Household 349 

Section B: Lifestyle and values 319 

Section C: One-day travel diary 266 

*This indicates the total number of records received for each section. It also includes invalid data that had to be 
removed from the sample in further data cleaning and analysis steps. 

3.6. Ethics Approval 

This study is a ‘minimal risk’ research, but as it includes both access to 

respondents’ residential information, and their detailed daily travel data, a formal ethics 

approval application completed via the SFU Department of Research Ethics, through the 

course of URB 696 and 697 courses, the result of which, the Ethics Approval letter, can 

be found on page iii. This study’s data collection was done with the participants’ full and 

informed consent, and the collected data was anonymized before the analysis process 

began. 

3.7. Statistical Models 

All data was cleaned using Excel and all data analysis was conducted using 

SPSS. Analysis was completed in several different steps, starting with descriptive 

statistics. Descriptive statistics were conducted for trips and for respondents separately. 

During this process, data outliers and anomalies were identified and handled on a case 

by case basis. Following this initial univariate analysis, several statistical models were 

used to investigate the relationships between dependent and independent variables, 

which are described in the following. 

This study uses a variety of statistical models to explore the relationships 

between the study variables. The main analysis question was: Is there a statistically 

significant difference between EV drivers’ travel behaviour and that of non-EV drivers, 

and if so, what is the direction of that difference? The main variables investigated to 
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answer this question are the vehicle type (independent) and car trip number, car trip 

distance and modal share of the car (dependent).  

In addition to the study’s main dependent and independent variables, the effects 

of certain moderator variables on travel behaviour variables and on vehicle technology 

were also investigated. These connections are illustrated in Figure 3.1. Also, an 

additional analysis step was taken to understand the sample population in terms of how 

they view certain transport modes. The results of this analysis step were only used to 

further characterize the sample. 

Figure 3.1: Connections between study variables 

 

3.7.1. T-Tests 

Before conducting any bivariate or multivariate analysis on the relationship 

between travel behaviour and vehicle type, I investigated whether there is any 

meaningful difference between EV drivers and non-EV drivers in terms of their travel 

behaviour (car trip number, car trip distance, and modal share of the car). To do this, an 

independent samples t-test was used. The independent samples t-test is a test which 

compares the means of two independent groups of cases. The test investigates whether 

there is a statistically significant difference between the means of the two groups. If this 

is the case, further analysis of the relationships between independent and dependent 

Moderator variables
• Socio-demographic 

characteristics
• Private values

Dependent variables
• Indicators of travel behaviour:

• Car trip number
• Car trip distance
• Modal share of the car

Independent variable
• Vehicle type



28 

variables is worthwhile to characterize the difference and see what variable it is 

associated with. 

In this study, an independent samples t-test was run to see whether there is a 

statistically significant difference between EV drivers and non-EV drivers in terms of their 

car trip number, car trip distance and modal share of the car. Further analysis was then 

conducted on the variables in which a statistically significant difference was found. 

In addition to independent samples t-tests, paired samples t-tests were also used 

in the analysis of the data to understand the perceptions of respondents of different 

transport modes. Similar to the independent samples t-test, the paired samples t-test 

also compares means to identify any statistically significant difference. Here, a paired 

samples t-test was used because a comparison of means had to be conducted for pairs 

of transport modes (e.g. transit and EV) for the same group of cases or respondents. 

3.7.2. Spearman Correlation 

To measure the associations between the independent variables and the 

dependent variables, a Spearman correlation was used. The Spearman correlation 

coefficient is a nonparametric correlation statistic, meaning it is used when the data does 

not follow a normal distribution. It measures the strength of association between two 

variables (Richardson, 2015).  

In this study, Spearman correlation was used to investigate the strength and 

direction of the association between vehicle type and modal share of the car, between all 

travel behaviour variables and private values, and between demographic characteristics 

and travel behaviour variables. This is because none of the travel behaviour variables 

followed a normal distribution, and therefore, a Spearman correlation was the most 

appropriate to use. 

3.7.3. Poisson Regression 

The Poisson regression is a type of linear regression analysis which is 

specifically used for count data. The Poisson regression model assumes that dependent 

variables are count data, independent variables are nominal/ordinal or continuous, and 

the distribution of counts in the dependent variable follows a Poisson distribution 
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(Cameron, 1998). Because the data for this study’s dependent variable is count data 

(number of car trips), assuming that the data follows a Poisson distribution is 

reasonable. However, these model assumptions were tested one by one using SPSS 

before running the model. 

In this study, to investigate the relationship between vehicle type and the number 

of car trips (count data) a Poisson regression model was used. In this Poisson 

regression analysis, the goal was to let the expected number of car trips for each 

respondent depend on whether the respondent is an EV driver. 

Poisson regression models are usually interpreted using Maximum Likelihood 

Estimations. This means that the model is estimated by maximizing a likelihood function 

in order to find the probability distribution and parameters that best explain the observed 

data (Cameron, 1998). This means that the Poisson distribution estimates the probability 

for each discrete value that car trip number can take for the two groups of EV drivers 

and non-EV drivers. As a result, the Poisson model estimation will reveal that a one-unit 

increase in the vehicle type variable will result in x unit of increase in the number of car 

trips. 

𝑃(𝑋 = 𝑥) =
𝑒−𝜆𝜆𝑥

𝑥!
 

P = Probability of getting x number of car trips,  

X = Dependent variable (number of car trips) , λ = Mean 

3.7.4. Exploratory Factor Analysis 

This study analyzes the relationships between private values and indicators of 

travel behaviour. To do so, first, the underlying structures had to be identified within the 

set of statements that were included in the survey with which respondents could agree 

or disagree. This means that based on the responses given to these questions, and the 

stated level of agreement that respondents had with each statement, analysis was 

conducted to identify the statements that could group together into a broader structure, 

called a factor. To identify these groups of statements, an Exploratory Factor Analysis 

was conducted. In social sciences, EFA is most frequently used to explore the 
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psychometric properties of an instrument or scale. EFA examines all the pairwise 

relationships between individual variables (e.g., items on a scale) and seeks to extract 

latent factors from the measured variables (Osborne, 2015). 

The result of the EFA is a matrix showing how each statement is weighted for 

each factor. It also shows how significant the relationship of each statement is with each 

factor. By reviewing this matrix, statements that are relevant to each other and can be 

grouped into one value construct are identified. Further analysis steps, such as 

investigating the relationship between these value constructs and the study variables, 

incorporate the EFA results. 

3.7.5. Binary Logistic Regression 

This study investigates the relationship between certain moderator variables 

(demographic characteristics and private values) and the independent variable (vehicle 

type). This is to further understand the associations between vehicle type and indicators 

of travel behaviour. The question that this analysis step tries to answer is: Is there an 

association between demographic characteristics and private values and the vehicle 

type that the respondent owns? To answer this question, the associations between 

vehicle type and the value constructs identified in earlier analysis steps, and the 

associations between vehicle type and demographic characteristics, are explored using 

Binary Logistic Regression models. 

Binary Logistic Regression analysis examines the extent to which the dependent 

variable (here, vehicle type) is predicted by certain factors (in this case the extracted 

value constructs and the demographic characteristics). In other words, the likelihood of 

owning an EV is predicted using the value constructs and demographic characteristics. 

Understanding this helps explain the relationships between vehicle type and travel 

behaviour further. 
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Chapter 4. Analysis and Results 

4.1. Data Cleaning 

Upon completion of the data collection phase, and as part of the data cleaning 

process, each respondent was given a unique ID from 1 to 351. For each respondent ID, 

additional variables were calculated using the trip data logged as part of the travel diary. 

These new variables are: total trip number (Number of all logged trips by each 

respondent), car trip number (Number of trips with car as trip mode), total trip length 

(Sum of all trip distances for each respondent as calculated in Google Maps), car trip 

distance (Sum of all car trip distances for each respondent as calculated in Google 

Maps), and modal share of the car (Car trip distance divided by total trip distance for 

each respondent). 

In calculating car trip numbers and distance travelled by the car, a trip was only 

considered a car trip when taken using a car regardless of the vehicle technology. Car 

trips are ones where the respondent was the driver, including ones they took with other 

passengers in the car. For each trip, using the trip origin and destination addresses, 

collected as part of the travel diary survey, the distance travelled was calculated using 

Google Maps. For respondents who only provided trip start and finish times and not trip 

origin and destination addresses, the distance travelled was calculated using an average 

speed value among respondents who had provided start and finish times 

(𝑇𝑟𝑖𝑝 𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒 = 𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝑠𝑝𝑒𝑒𝑑 × 𝑇𝑟𝑖𝑝 𝑡𝑖𝑚𝑒). 

In this data cleaning process, certain decisions were made when encountering 

missing or incomplete data in order to make the cleaning and subsequent analysis 

processes simpler. After these measures, out of the 351 responses that the travel diary 

survey received, 133 were considered to be valid records and were used in analysis. 

The missing data, which were not considered in the analysis, included records where:  

- Respondents did not provide their home addresses, thus making it impossible 

to calculate their trip distances. 

- Respondents did not respond to the travel diary section (section C) of the 

survey at all and only provided answers to sections A and B. 
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- Respondents did not consider their trips one-way, meaning they logged in 

their trip origin and destination as the same, whose missing data could not be 

filled in using the average speed method mentioned above. 

- Respondents whose data was from outside the study area, Metro Vancouver. 

4.2. Descriptive Statistics 

Descriptive statistics are provided in two different manners: trip statistics and 

respondent statistics. Trip statistics provide a description of all of the trips reported by 

respondents, and respondent statistics provide a sample description, including 

respondents’ demographic characteristics. 

4.2.1. Trip Statistics 

The 133 respondents whose responses were considered valid reported a total of 

324 trips. As summarized in Table 4.1, the mean number of trips was 2.5 per day, with 

274 of the total 295 reported trips being car trips. The reported trips range from as short 

as 0.24 km to as long as 280 kilometers.  

Table 4.2 demonstrates the same trip statistics for the 79 electric vehicle drivers 

in the respondent group. The total number of car trips among EV drivers is 183, which is 

66% of the total number of car trips in the entire sample population (both EV and non-EV 

drivers). The distance traveled by electric vehicles is 69% of the total car distance 

traveled by all respondents. As shown in Table 4.3, which summarized trip statistics for 

the 54 conventional vehicle drivers, the minimum trip distance travelled by this group is 

3.8 km, 3.56 km more than that of EV drivers. The minimum and maximum number of 

reported trips is also less than those of EV drivers. 

This initial descriptive analysis of the trips data shows that the 79 respondents of 

the travel diary survey who owned/leased an electric vehicle have shorter minimum car 

trip distances, and more car trips in total, compared to the 54 respondents who 

own/lease a conventional vehicle. This highlights a potential relationship between travel 

behaviour and vehicle technology owned/leased, which is investigated in further steps of 

the analysis. 
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Table 4.1: Description of Trips (All Respondents, n=133)* 

Variable Minimum 
(km) 

Maximum 
(km) 

Sum (km) Mean (km) 

Car trip distance 0.24 280 4663.26 39.51 

Total trip distance 0.24 280 4714.36 39.95 

Car trip number 1 8 274 2.32 

Total trip number 1 8 295 2.5 

*Zero values of car trip distance were omitted from this description. 

Table 4.2: Description of Trips (Electric Vehicle Drivers, n=79)* 

Variable Minimum 
(km) 

Maximum 
(km) 

Sum (km) Mean (km) 

Car trip distance 0.24 280 3259.19 42.88 
Total trip distance 0.24 280 3283.34 43.2 
Car trip number 1 8 183 2.4 
Total trip number 1 8 195 2.56 

*Zero values of car trip distance were omitted from this description. 

Table 4.3: Description of Trips (Conventional Vehicle Drivers, n=54)* 

Variable Minimum 
(km) 

Maximum 
(km) 

Sum (km) Mean (km) 

Car trip distance 3.8 263.7 1404.07 33.43 

Total trip distance 3.8 263.7 1431.02 34.07 

Car trip number 1 4 91 2.16 

Total trip number 1 5 100 2.38 

*Zero values of car trip distance were omitted from this description. 

Further analysis of the trips data demonstrates that there is an approximately 

even distribution of trips between the three types of vehicle ownership introduced, 

conventional car, electric car, and both vehicles in the household within the sample 

(Figure 4.1). Most of the trips were reported by residents of Vancouver, with Burnaby 

and Surrey being next highest in number of reported trips (Figure 4.2). 52% of trips were 

commutes, and shopping was the second largest category of trip purpose as 

summarized in Figure 4.3. Similarly, as demonstrated in Figure 4.4, work/school and 

travel home trips saw the longest distances traveled (58%), and personal trips made up 

14% of the total distance traveled as the second largest category. 
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Figure 4.1: Number of Trips by Type of Vehicle Owned/Leased (n=324) 

 

Figure 4.2: Number of Trips by City of Residence (n=324) 
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Figure 4.3: Number of Trips by Trip Purpose (n=324) 

 

Figure 4.4: Distance Travelled by Trip Purpose (n=324) 

 

As shown in Figure 4.5, which compares the difference between single-

passenger and multi-passenger trips among the EV drivers’ and non-EV drivers’ 

reported trips, most trips were single-passenger in both groups, while EV drivers had a 

slightly higher percentage of single-passenger trips (64%) compared to non-EV drivers 

(61%). Additionally, and as demonstrated in Figure 4.6, the number of trips taken with a 
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these two characteristics, it can be concluded that the vast majority of reported trips 

were single passenger car trips. 

Figure 4.5: Comparison of Distance Travelled by Commute Type (Single vs. 
Multiple Passenger) for EV Drivers (n=200) and non-EV drivers 
(n=124) 

 

Figure 4.6: Number of Trips by Trip Mode (n=324) 
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conclusions drawn from this dataset are reliable because the dataset seems to have 

captured data in normal circumstances in terms of travel behaviour. 

Figure 4.7: Number of Trips by Usual Mode of Travel (n=323) 

 

4.2.2. Respondent Statistics 

This study collected responses from drivers across the Metro Vancouver region. 

Map 4.1 illustrates approximate home locations of the drivers who indicated their home 

addresses in the survey. 
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Map 4.1: Approximate home addresses of survey respondents (n=226) 

 
Created by: Farina Fassihi Mar 2022. 

In addition to the statistical description of reported trips, a summary of 

characteristics of the 133 valid respondents was also complied and is here presented as 

a description of the research sample. 

As summarized in Table 4.4, comparing average values of the three variables 

between conventional vehicle drivers and electric vehicle drivers, it is evident that the 

average trip number and the modal share of the car are slightly larger among EV drivers. 

Additionally, the average trip distance (both car trips and all trips) is considerably more 

among EV drivers. 

Table 4.4: Summary of Respondents’ Trip Statistics 

Vehicle Type Count Average 
Car Trip 
Distance 
(km) 

Average 
Trip 
Distance 
(km) 

Average 
Modal 
Share 
of the 
Car* (%) 

Average 
Car Trip 
Number 

Average 
Trip 
Number 
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Conventional Vehicle 
Drivers 

54 26.00 29.38 76.19 1.68 2.29 

Electric Vehicle 
Drivers 

79 41.25 42.23 94.22 2.31 2.53 

*Average ratio of car trip distance to total trip distance among respondents. Total trip distance includes the distance of 
car trips, walking trips, cycling trips and transit trips which have been calculated for each respondent as part of the data 
cleaning process. 

Descriptive statistics on the demographic characteristics of the research sample, 

which has been illustrated in figures 4.8 to 4.14, shows that the sample population has 

specific characteristics and is a rather precise demographic group in Metro Vancouver. 

The differences and similarities between the sample population and Metro Vancouver 

population is illustrated in these figures. 

The sample population is about 62% men (Figure 4.8), with the majority (68%) 

identifying as White/Caucasian (Figure 4.9). They mostly live in 2-person households 

(Figure 4.10), and about 53% of them live in Vancouver (31%), Burnaby (12%) or Surrey 

(10%) within the Metro Vancouver area (Figure 4.11). The group of respondents is very 

well educated, with 90% of them having studied at the university or college level (Figure 

4.12), and about 55% of them are earning more than $90,000 CAD annually in their 

households (Figure 4.13). Distribution of respondents by age is normal, with the majority 

of respondents (61%) within the age range of 25 to 54 (Figure 4.14). 
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Figure 4.8: Distribution of Respondents by Gender (n=349)* 

 
*According to the latest census data, 48.08% of Metro Vancouver are male and 51.19% are 
female (Statistics Canada, 2016).   
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Figure 4.9: Distribution of Respondents by Ethnicity (n=348) 

 

Figure 4.10: Distribution of Respondents by Household Size (n=341) 

 

Figure 4.11: Distribution of Respondents by City of Residence (n=334) 
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Figure 4.12: Distribution of Respondents by Level of Education (n=346) 

 

0.00% 5.00% 10.00% 15.00% 20.00% 25.00% 30.00% 35.00%

Tsawwassen First Nation

Village of Anmore

Village of Belcarra

Bowen Island Municipality

Electoral Area A

Village of Lions Bay

City of Port Coquitlam

City of Port Moody

City of White Rock

City of Langley

City of Pitt Meadows

City of Delta

City of Maple Ridge

District of West Vancouver

City of North Vancouver

City of Richmond

City of New Westminster

Township of Langley

District of North Vancouver

City of Coquitlam

City of Surrey

City of Burnaby

City of Vancouver

Sample Metro Vancouver 2021

0% 5% 10% 15% 20% 25% 30% 35% 40% 45%

Less than high school

I prefer not to say.

High school certificate or equivalent

Apprenticeship or trades certificate or diploma

Some university

College, CEGEP, or other non-university diploma

University degree (Bachelor)

Graduate or professional degree

Sample Metro Vancouver 2016



43 

Figure 4.13: Distribution of Respondents by Level of Household pre-Tax Income 
(n=346) 

 

Figure 4.14: Distribution of Respondents by Age (n=264) 
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Electric Vehicle Drivers Sample Description 

In addition to analyzing the demographic characteristics of the entire sample 

population, further analysis of the EV driver group was also conducted, which 

demonstrates more details about their vehicle type, purchase year and the benefits they 

use in purchasing and driving the vehicle. 

As illustrated in Figure 4.15, there is a somewhat even distribution of 

respondents among the three vehicle ownership types. There is a total of 82 

respondents (24%) who own/lease both electric and non-electric vehicles in their 

household. However, for the purposes of this research and according to this study’s 

literature review, the three groups illustrated in Figure 4.15 were merged into two 

groups; EV drivers and non-EV drivers. EV drivers are considered ones that either 

own/lease an electric car (BEV or PHEV) or own/lease both types of vehicles 

(BEV/PHEV and conventional) in their household. This group accounts for 59% of the 

sample population. The other group, non-EV drivers, are ones who only own/lease a 

conventional vehicle (HEV or ICEV). This grouping is also used in further inferential 

statistical analyses, below.  

Figure 4.15: Distribution of Respondents by Vehicle Type Owned/Leased (n=347) 

 
As summarized in Figure 4.16, 29% of EV drivers (respondents who own/lease 

electric vehicles or both electric and conventional vehicles) purchased their EV in 2019, 
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Metro Vancouver drivers mostly through organizational email lists (summarized in Table 

3.2) intended for EV drivers, the lower numbers in years 2020 and 2021 could be due to 

the tendency in consumer behaviour that it takes time for owners of a new product, such 

as a new EV, to join such lists and become members of relevant organizations. 

Therefore, I expect it was less likely for those who became EV drivers in 2020 or 2021 to 

know about the survey, compared to those who have been driving EVs longer. 

Additionally, Canada’s total EV sales declined by 20% in 2020, due to the effects of the 

COVID-19 pandemic, which may also help explain the lower survey response from EV 

drivers who obtained their EV in 2020 and 2021 (UHY, 2021). 

Figure 4.16: Distribution of EV Drivers by EV Purchase Year (n=180) 

 
Further analysis of the rebate programs and decal benefits respectively affecting 

the purchase and use of EVs shows that BC’s vehicle rebates and federal vehicle 

rebates were significant factors influencing the decision to purchase an EV, with a total 
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have had an effect on their decision making (Figure 4.17). Furthermore, and as 
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Figure 4.17: Distribution of EV Buyers by Rebates Influencing their Purchase 
(n=201) 

 

Figure 4.18: Distribution of EV Drivers by Decal Benefits Used (n=202) 
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more detailed conclusions about the reasons for certain travel behaviours among EV 

drivers and non-EV drivers. To analyze the results, adopting a methodology used by 

Langbroek et al (2017), the semantic differential scale was treated as an interval scale in 

SPSS, and a paired-samples t-test was used to determine the mean difference between 

pairs of measurements (in this case, pairs of travel modes). In this test, negative mean 

differences imply that the EV is perceived to be more environmentally friendly than the 

comparison travel mode. 

As summarized in Table 4.5, the EV is perceived as more environmentally 

friendly than the ICEV, and is perceived as less environmentally friendly than cycling and 

walking. The comparison result for the perceived environmental friendliness of EVs 

compared to transit is not statistically significant (p value=0.519), which means that there 

is a 51.9% chance that the result of negative mean difference occurred by chance. 

Therefore, the evidence is not strong enough to suggest any particular result for this 

pair. This means that if the difference between the perception of EVs and transit is 

studied again, the results might be different, or even go in the other direction. 

Table 4.5: Paired t-test on perceived environmental friendliness (EV compared to 
other travel modes): 

Pair N Mean difference t-value p-value 

Conventional Vehicles – 
EV  

318 -1.886 -26.686 0.000 

Transit – EV  317 -0.041 -0.645 0.519  

Bicycle – EV  316 0.933 16.174 0.000  

Walking – EV  318 0.993 17.111 0.000  

Since no significant mean difference was found in the Transit – EV pair in this t-

test, further frequency analyses of the two modes of travel were run to understand how 

respondents responded to the question. As summarized in Tables 4.6, 47.6% stated that 

an EV is environmentally friendly, while about 17% picked ‘neutral’ as their perception 

about this travel mode. 23% stated that the technology is very environmentally friendly, 

and only a total of about 12% believed that EVs are environmentally unfriendly. Similarly, 

for transit, most respondents indicated that transit is environmentally friendly (48.6%), 

with about 19% saying that it is very environmentally friendly. A total of about 8% stated 

that the mode is environmentally unfriendly. Therefore, the ways these two travel modes 

are viewed among respondents of this particular sample are quite similar. However, a 
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larger sample of respondents is needed to be able to find significant differences about 

perceptions of environmental friendliness as the result in this sample is inconclusive. 

Table 4.6: Frequency Analysis: Perceptions of Environmental Friendliness for EV 
vs. Transit 

Perception 

Transit EV 

Frequency Valid 
Percent 

Frequency Valid Percent 

Very environmentally unfriendly 9 2.8 8 2.5 

Environmentally unfriendly 18 5.7 31 9.7 

Neutral 75 23.7 54 16.9 

Environmentally friendly 154 48.6 152 47.6 

Very environmentally friendly 61 19.2 74 23.2 

Total 317 100.0 319 100.0 

In addition to investigating perceptions of EVs’ environmental friendliness in the 

entire sample, these perceptions were investigated separately among EV drivers and 

non-EV drivers. The results were different for EV drivers and non-EV drivers. EV drivers 

perceive EVs to be more environmentally friendly than all modes except for walking and 

cycling (including transit). In contrast, non-EV drivers found the EV to be less 

environmentally friendly than transit. These findings are summarized in Table 4.7 and 

4.8. 

Table 4.7: Paired t-test on perceived environmental friendliness among EV drivers 

Pair N Mean difference t-value p-value 

Conventional Vehicles – 
EV  

188 -2.154 -22.776 0.000 

Transit – EV  189 -0.259 -3.166 0.002 

Bicycle – EV  187 0.732 11.059 0.000 

Walking – EV  188 0.803 12.226 0.000 

Table 4.8: Paired t-test on perceived environmental friendliness among non-EV 
drivers 

Pair N Mean difference t-value p-value 

Conventional Vehicles – 
EV  

129 -1.527 -16.344 0.000 

Transit – EV  127 0.267 2.853 0.005 

Bicycle – EV  128 1.234 12.482 0.000 

Walking – EV  129 1.279 12.608 0.000 
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4.4. Comparison of Travel Behaviours 

In section 1.2, an overview of the differences between the number, average 

distance and total distance of trips among EV and non-EV drivers was provided, which 

pointed to potential statistical relationships between vehicle type and travel patterns. In 

this section, using the data collected in the travel diary part of the survey, EV drivers and 

non-EV drivers are compared in terms of their travel behaviour, defined as the distance 

and number of car trips made, as well as the modal share of the car among total trips. 

To do this, first, independent sample t-tests were used to compare the two groups in 

terms of their travel behaviour variables. Next, regression models were used to 

determine the relationships between the dependent variables (car trip distance, car trip 

number, and modal share of the car) and the independent variable (vehicle type). These 

variable types and descriptions are summarized in Table 4.9. 

Table 4.9: Study Variable Types and Descriptions 

 Variable Type Description 

Dependent 
variable 

Car trip 
distance 

Scale Distance (length between trip origin and destination) 
of all trips taken using either of the modes 
conventional car or electric car as a driver. 

Car trip 
number 

Count interval Number of all trips taken using either of the modes 
conventional car or electric car as a driver. 

Modal share of 
the car 

Scale  The ratio of car trip distance to total trip distance. 

Independent 
variable 

Vehicle type Binary/dummy 
nominal 

The vehicle technology that the 
respondent/household owns or leases (electric or 
non-electric). 

4.4.1. Differences between Travel Behaviour among EV drivers and 
non-EV drivers 

In order to compare the two groups of drivers in terms of their travel behaviour, 

independent samples t-tests were used in SPSS. Independent samples t-tests compare 

the means of two independent groups in order to determine whether there is a 

statistically significant difference between the two groups. Here, the two groups are EV 

drivers and non-EV drivers, which were compared in terms of their respective means in 

the car trip number, car trip distance, and modal share of the car. The results of these t-

tests are summarized in Table 4.10. 
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Table 4.10: Independent Samples t-Test Results for Variables of Travel Behaviour 
for EV Drivers (n=79) and non-EV Drivers (n=54) 

Variable Levene’s test for equality of 
variances 

t Mean 
difference 

p-value 

Car trip distance Equal variances assumed 1.84 15.25 0.67 

Modal share of the car Equal variances not assumed 2.9 0.18 0.005 

Car trip number Equal variances assumed 2.6 0.63 0.01 

As shown in Table 4.10, the mean differences in the modal share of the car and 

car trip number variables are statistically significant (at the 0.01 significance level). This 

result confirms that there is a meaningful difference between the two groups’ travel 

behaviours, specifically in the modal share of their car trips and number of car trips. It 

also underlines the need to investigate these differences more in terms of their potential 

correlations with the independent variables of the study. This is what the next steps of 

the analysis focus on. 

4.4.2. The Relationship between Vehicle Type and Number of Car 
Trips 

To model the relationship between vehicle type (independent variable) and 

number of car trips (dependent variable), a Poisson regression model was used. 

Poisson regression analysis is a generalized linear model form of regression analysis 

which is used when there are count dependent variables, in this case, the number of car 

trips. Poisson regression model assumptions are threefold: 

1. Dependent variables are count data. 

2. Independent variables are nominal/ordinal or continuous. 

3. The distribution of counts in the dependent variable follows a Poisson 

distribution. 

In analysing the relationship between number of car trips and vehicle type, the 

first two model assumptions above are immediately met, since the dependent variable, 

number of car trips, is count data, and the independent variable, vehicle type, is nominal. 

To test whether the number of car trips in the collected data follows a Poisson 

distribution, certain additional steps had to be taken in SPSS. 



51 

First, a one-sample nonparametric Kolmogorov-Smirnov test was run. The one-

sample K-S test is used to test whether a sample comes from a normal distribution. As 

the test results show in Table 4.11, the p-value is 0.306 which means that the results of 

the K-S test were not statistically significant. The higher than 0.05 p-value indicates that 

the data does not follow a normal distribution. Therefore, we could assume that the data 

follows a Poisson distribution. Secondly, the mean and the variance need to be checked 

to ensure Poisson distribution for the data. If the data follows a Poisson distribution, the 

mean and variance values are very similar. As shown in Table 4.11, the mean is 2.0 and 

the variance is 1.9, which are quite similar. These two steps indicate that the count data 

in the dependent variable, number of car trips, follows a Poisson distribution. Therefore, 

the Poisson regression model is suitable for analysing the relationship between car trip 

number and vehicle type. 

Table 4.11: One-Sample Kolmogorov-Smirnov Test Descriptives 

 Number of car trips 

N 133 

Poisson parameter Mean 2.060 

Variance 1.951 

p-value 0.306 

The Poisson regression model was run in SPSS and the results are summarized 

in Table 4.12. The p-value equals 0.013, indicating statistical significance of the results 

at the 0.05 level. Parameter estimates are checked by investigating the exponential B 

values and interpreting them based on 1. Exponential B is the predicted change in the 

dependent variable for a unit increase in the independent variable. Therefore, an Exp(B) 

of 1 means there will be no change in the dependent variable with each unit of increase 

in the independent variable. Here, the model compares the different groups of data in 

terms of their contribution to the values for the number of car trips: 

- If 𝐸𝑥𝑝(𝐵)  =  1 then no difference in the number of car trips is expected. 

- If 𝐸𝑥𝑝(𝐵)  >  1 then more car trips are expected. 

- If 𝐸𝑥𝑝(𝐵)  < 1 then less car trips are expected. 

The model shows that there is a significant positive relationship between being 

an EV driver and the number of car trips. In interpreting the parameter estimates (Table 
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4.12), the reference group is EVs (Vehicle type=1). The model compares the two groups 

(EV drivers and non-EV drivers) in terms of their contribution to the number of car trips 

(as the dependent variable in this model). The Exp(B) value for non-EV drivers is 0.727, 

which means that this group will have fewer car trips (𝐸𝑥𝑝(𝐵)  <  1). The difference 

between Exp(B) values for EV drivers and non-EV drivers (𝐸𝑥𝑝(𝐵)EV –  𝐸𝑥𝑝(𝐵)Non-EV =

 0.273) indicates that as we move from non-EV drivers to EV drivers, we would expect a 

27.3% increase in the number of car trips. 

Table 4.12: Poisson Regression Model Parameter Estimates and Model Result for 
Car Trip Number as the Dependent Variable (n=133)* 

Parameter B Hypothesis test 
sig. 

Exp (B) 

(Intercept) 0.840 0.000 2.316 

Non-EV drivers (Vehicle type=0) -0.318 0.013 0.727 

EV drivers (Vehicle type=1) 0 - 1 

*Results show how much car trip number can be predicted by vehicle type while holding variables of gender, income, 
age, education, household size, willingness to walk and private value constructs fixed. 

4.4.3. The Relationship between Vehicle Type and Modal Share of the 
Car 

To investigate the relationship between vehicle type and modal share of the car, 

a Spearman correlation test was run using SPSS. In this analysis, the dependent 

variable is the modal share of the car, defined as the ratio of car trip distance to total trip 

distance for each respondent. The independent variable is vehicle type (EV drivers and 

non-EV drivers). Because the values for this independent variable are categorical, a 

dummy variable was created so the statistical analysis could be conducted: 

- If respondent owns/leases an EV (BEV or PHEV), then 𝑣𝑒ℎ𝑖𝑐𝑙𝑒 𝑡𝑦𝑝𝑒 =  1 

- If the respondent owns/leases a conventional vehicle (ICEV or HEV), then 

𝑣𝑒ℎ𝑖𝑐𝑙𝑒 𝑡𝑦𝑝𝑒 =  0 

- If the respondent owns/leases both types of vehicles, then 𝑣𝑒ℎ𝑖𝑐𝑙𝑒 𝑡𝑦𝑝𝑒 =

 1 

After creating this dummy variable, the Spearman correlation test was run, the 

results of which are found in Table 4.13. As summarized in Table 4.13, there is a 
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correlation between vehicle type and modal share of the car (significant at the 0.01 

level). The correlation coefficient of 0.278 shows a positive but weak relationship 

between the two variables, meaning that being an EV driver tends to increase modal 

share of the car among respondents, though this increase is not particularly large. 

Table 4.13: Spearman Correlation Results for Vehicle Type and Modal Share of the 
Car as the Dependent Variable (n=133) 

 Modal share 
of the car 

Vehicle type 
Correlation coefficient 0.278 

p-value 0.001 

4.5. Relationships between Private Values and Travel 
Behaviour 

After investigating the differences and similarities in variables of travel behaviour 

among EV and non-EV drivers, the next step of the analysis focused on the potential 

relationships between respondents’ private values and beliefs and their travel behaviour. 

This analysis phase focused on redefining the value constructs identified in the literature 

review based on the data that was collected. It also focused on exploring the 

relationships between these newly defined value constructs and variables of travel 

behaviour. 

4.5.1. Exploratory Factor Analysis: Defining Value Constructs 

To analyze potential relationships between private and societal values and 

beliefs and travel patterns in the sample population, a set of value-related statements 

was designed and included in the survey to solicit respondents’ level of agreement. 

These statements were related to what I categorized as environmental, collectivist, 

individualist and urbanist values and beliefs that a respondent presumably holds. 

Although the statements were directly drawn from theory and previous research 

conducted on the relationship between values and beliefs and transport related 

variables, such as vehicle technology adoption, the underlying relationships between 

these statements were tested after the sample data was collected. The goal was to 

understand which statements can be grouped together to form a value construct based 

on the collected data. These constructs are needed in further analysis steps to 
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investigate the potential relationships between private values and travel behaviour. To 

this end, an Exploratory Factor Analysis (EFA) was completed to determine the 

underlying factor structures that existed in this set of variables (statements). In social 

sciences, EFA is most frequently used to explore the psychometric properties of an 

instrument or scale. EFA examines all the pairwise relationships between individual 

variables (e.g., items on a scale) and seeks to extract latent factors from the measured 

variables (Osborne, 2015). In other words, EFA is conducted to investigate whether any 

of the survey items (in this case statements) group together based on the response that 

has been provided.  

The results of the EFA test for this study’s sample population are summarized in 

Table 4.14, which contains the rotated factor loadings. Rotated factor loadings in an EFA 

test represent both how the variables (statements) are weighted for each factor, as well 

as the correlations between the variables and the factor. Based on the rotated factor 

loadings, we understand how statements group together to form a factor, and how 

strong the correlation between each statement and the corresponding factor is. There is 

also a relationship between sample size and acceptable factor loadings. According to 

Stevens (2012), for a sample of 300, factor loadings are significant when they are larger 

than and absolute value of approximately 0.3. Following this, as well as the advice of 

Field (2013), factor loadings less than 0.3 were suppressed in this analysis, and only 

factors with at least three items with a loading greater than 0.4 were retained. Also, 

items in retained factors had very little cross loadings on other factors, meaning each of 

the items are only correlated with one factor and not more. 

Table 4.14: Rotated Factor Matrix in Exploratory Factor Analysis of the Survey 
Items (n=308) 

 Factor 
1 2 3 4 5 6 

If things continue on their present course, we will 
soon experience a major ecological catastrophe. 

0.812      

Humans are severely abusing the environment. 0.770      

The so-called “ecological crisis” facing 
humankind has been greatly exaggerated. 

-0.733      

Climate change and the associated greenhouse 
gas emissions are serious urban problems that 
require immediate action. 

0.723      

Humans are meant to rule over the rest of 
nature. 

-0.497      

Present generations of humans have moral 
duties and obligations to future humans. 

0.485      
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The balance of nature is very delicate and easily 
upset. 

0.355      

Humans have the right to modify the natural 
environment to suit their needs. 

-0.318      

The vitality and culture of the city is reduced if 
public spaces are dominated by cars rather than 
people. 

 0.809     

Streets should primarily be designed for cars, 
with their structure ensuring easy access for 
personal vehicles. 

 -0.458 0.345    

Accidental and casual interactions that occur in 
city streets and open spaces are important to the 
community. 

 0.308     

Driving a car gives me a sense of freedom and 
excitement. 

  0.598    

Driving a luxury car is a way to create an image 
of affluence and make a statement about who I 
am to others. 

  0.546    

It is important to me that I respect the decision 
made by groups I identify with. 

   0.526   

My happiness depends very much on the 
happiness of those around me. 

   0.518   

My neighbors, colleagues, and friends are all 
part of my extended family, and I feel very close 
to them. 

   0.471 0.308  

Traffic congestion and car-oriented city planning 
are serious urban problems that require 
immediate action. 

    0.614  

Air pollution, noise and visual intrusion, and road 
accidents are excessive traffic impacts caused 
by individual car use. 

0.338    0.375  

Every person has the right to do whatever they 
want with their lives. One should live one's life 
independently of others. 

     0.481 

I rely on myself most of the time; I rarely rely on 
others. 

     0.448 

My personal identity, independent of others, is 
very important to me. 

     0.428 

As shown in Table 4.14, the Rotated Factor Matrix, the number of factors 

extracted from the 21 loaded items (statements) is six, three of which were considered 

significant according to the conditions advised by Field (2013) and Stevens (2012). 

These three factors or constructs are summarized in Table 4.15. The three factors, or 

value constructs found based on the collected data are environmentalist, collectivist, and 

individualist. This is slightly different than what was initially identified as value constructs 

based on theory and previous research. The urbanist value construct was not found to 

be significant based on the data. Also, some of the statements which were included in 

the survey did not happen to have a significant correlation with the factors (value 

constructs) identified. Further analysis steps only take these three extracted factors into 

account. 
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Table 4.15: Rotated Factor Matrix for Selected Factors (n=308) 

Survey items (statements) Factor 1. 
Environmentalist 

Factor 2. 
Collectivist 

Factor 3. 
Individualist 

If things continue on their present course, we will 
soon experience a major ecological catastrophe. 

0.812   

Humans are severely abusing the environment. 0.770   

The so-called “ecological crisis” facing humankind 
has been greatly exaggerated. 

-0.733   

Climate change and the associated greenhouse 
gas emissions are serious urban problems that 
require immediate action. 

0.723   

Humans are meant to rule over the rest of nature. -0.497   

Present generations of humans have moral duties 
and obligations to future humans. 

0.485   

The balance of nature is very delicate and easily 
upset. 

0.355   

Humans have the right to modify the natural 
environment to suit their needs. 

-0.318   

It is important to me that I respect the decision 
made by groups I identify with. 

 0.526  

My happiness depends very much on the 
happiness of those around me. 

 0.518  

My neighbors, colleagues, and friends are all part 
of my extended family, and I feel very close to 
them. 

 0.471  

Every person has the right to do whatever they 
want with their lives. One should live one's life 
independently of others. 

  0.481 

I rely on myself most of the time; I rarely rely on 
others. 

  0.448 

My personal identity, independent of others, is very 
important to me. 

  0.428 

4.5.2. Correlations between Value Constructs and Travel Behaviour 

After extracting the three acceptable value constructs from the sample data using 

exploratory factor analysis, a correlation test was run to understand potential 

relationships between these value constructs and travel behaviour. Using the Spearman 

correlation test, the direction of this relationship, and its degree have been measured. 

The Spearman correlation test is a non-parametric test that is used to measure the 

degree of association between two variables. 
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As summarized in Table 4.16, there is correlation found between only one pair of 

variables, car trip distance and collectivist values. This correlation is positive and 

significant at the 0.01 level (p-value of 0.006). The 0.24 value for the correlation 

coefficient does show a positive relationship between the two variables, but because this 

number is far from 1 (which indicates perfect correlation), the relationship is highly 

significant but small. 

Table 4.16: Spearman Correlation Results for Value Constructs and Travel 
Behaviour Variables 

 Dependent variables 

Car trip 
number 

Car trip 
distance 

Modal 
share of 
the car 

Independent 
variables 

Environmentalist 
values 

Correlation 
coefficient 

-0.022 -0.001 0.137 

p-value 0.806 0.989 0.121 

N 129 129 129 

Collectivist values 

Correlation 
coefficient 

-0.097 0.240** 0.091 

p-value 0.273 0.006 0.303 

N 129 129 129 

Individualist values 

Correlation 
coefficient 

-0.080 0.006 -0.042 

p-value 0.368 0.949 0.640 

N 129 129 129 

**Correlation is significant at the 0.01 level. 

4.6. Relationships between Demographic Characteristics 
and Travel Behaviour 

As part of the travel diary survey, certain data was collected about respondents’ 

demographic characteristics, which are summarized in Table 4.17. To investigate the 

relationships between these characteristics and travel behaviour, similar to section 4.5.2, 

a Spearman correlation analysis was conducted. 

Table 4.17: Summary of Variables Considered in the Spearman Correlation 
Analysis 

Dependent variables Independent variables (demographics) 
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- Number of car trips (count interval) 

- Distance of car trips (scale) 

- Modal share of the car (scale) 

- Gender (nominal) 

- Household size (scale) 

- Income (ordinal) 

- Age (ordinal) 

- Willingness to walk (ordinal)* 

- Education (ordinal) 

*Although willingness to walk is not commonly considered as a demographic characteristic, it was considered in this 
analysis step as one of the demographic factors to make the correlation analysis more straightforward. 

The results of the Spearman correlation test are presented in Table 4.18. There 

is a correlation at the 0.05 significance level between car trip number and age. The 

correlation coefficient of 0.238 shows that there is a positive relationship between the 

two variables, meaning as the age variable increases, so does the number of car trips. 

However, the relationship is not particularly strong because the value is far from 1 

(perfect correlation).  

Similarly, there is a positive correlation between car trip distance and income at 

the 0.01 significance level. As we move toward the higher household income brackets, 

the distance traveled by the car also increases. Again, this relationship is not a strong 

one either. Additionally, there is a weak negative association between car trip distance 

and gender, which shows that women are associated with slightly less values for the car 

trip distance variable. 

Lastly, there are several independent variables that have an association with 

modal share of the car, although none of them are strong associations. There is a 

positive association between gender and modal share of the car significant at the 0.01 

level, meaning that women are associated with slightly higher ratios of car trips in their 

daily trips. There is very little correlation found between modal share of the car and 

willingness to walk, which is also positive. This means that modal share of the car tends 

to increase as willingness to walk in a single trip also increases. However, the correlation 

coefficient for this association is so low (0.178) that there is a good chance there is no 

correlation between the two variables. Therefore, no meaningful conclusion can be 

drawn here. The independent variables of Income and age, on the other hand, have 

negative associations with modal share of the car, meaning that as age and income 

increase, modal share of the car in daily trips tends to decrease. Again, this association 

is also very weak. 
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To summarize the findings of the Spearman correlation test presented in Table 

4.18, all correlation coefficients explored here at the 0.01 and 0.05 significance level are 

below 0.3, which means that there is very little (if any) correlation between these pairs of 

variables. 

Table 4.18: Spearman Correlation Results for Demographic Characteristics and 
Travel Behaviour Variables 

 Dependent variables 

Car trip 
number 

Car trip 
distance 

Modal 
share of 
the car 

Independent 
variables 

Gender 

Correlation 
coefficient 

-0.007 -0.211* 0.253** 

p-value 0.932 0.015 0.003 

N 133 133 133 

Household size 

Correlation 
coefficient 

0.156 0.132 -0.154 

p-value 0.077 0.133 0.079 

N 130 130 130 

Education 

Correlation 
coefficient 

-0.49 -0.148 0.078 

p-value 0.576 0.09 0.372 

N 133 133 133 

Income 

Correlation 
coefficient 

0.079 0.236** -0.2* 

p-value 0.366 0.006 0.021 

N 133 133 133 

Age 

Correlation 
coefficient 

0.238* 0.165 -0.243* 

p-value 0.015 0.095 0.013 

N 104 104 104 

Willingness to walk 

Correlation 
coefficient 

0.003 -0.143 0.178* 

p-value 0.970 0.104 0.042 

N 131 131 131 

**Correlation is significant at the 0.01 level. *Correlation is significant at the 0.05 level. 
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4.7. Likelihood of Electric Vehicle Ownership Predicted by 
Value Constructs and Demographic Characteristics 

During the previous analysis steps, it was found that there is no meaningful and 

strong relationship between any of the value constructs and variables of travel 

behaviour. Additionally, although statistically significant relationships were found 

between certain demographic characteristics and travel behaviour, these relationships 

were not particularly strong. As a result, in the last analysis step of this study, potential 

associations between the value constructs and demographic characteristics and vehicle 

type (electric or non-electric) were investigated. This investigation will help understand 

the reasons behind EV adoption more, and will help characterize and justify the 

differences found between EV drivers’ and non-EV drivers’ travel behaviour in section 

4.4. 

To this end, and because the dependent variable (vehicle type) is a binary one, a 

binary logistic regression analysis was conducted. This type of regression model 

examines the extent to which the dependent variable is predicted by certain factors (in 

this case the extracted value constructs and the demographic characteristics). In other 

words, the odds of being an EV driver is predicted using the value constructs and 

demographic characteristics. The results of this regression analysis are summarized in 

Table 4.19. 

Table 4.19: Binary Logistic Regression Results for the Relationship between 
Vehicle Type (dependent variable), Value Constructs and 
Demographic Characteristics (independent variables) (n=230) 

 Electric vehicle drivers 

 Exp(B) p-value 

Value constructs   

Environmentalist (continuous) 1.162 0.448 

Collectivist (continuous) 0.818 0.356 

Individualist (continuous) 2.125** 0.003 

Demographic characteristics   

Gender (base=woman)   

Man 1.9 0.053 

Non-binary 1.733 0.721 

Household size (continuous) 1.155 0.286 
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Income (continuous) 1.03 0.576 

Age (continuous) 2.387** 0.000 

Willingness to walk (continuous) 0.704* 0.023 

Education (dummy: Bachelor’s or higher) 4.5* 0.013 

**Exp(B) is significant at the 0.01 level. *Exp(B) is significant at the 0.05 level. 

The results of the logistic regression analysis had an adjusted R square of 0.456, 

meaning that 45.6% of the variance in the dependent variable (vehicle type) is explained 

by the predictor variables listed in Table 4.19. Among the predictor variables examined, 

the individualist value construct, age, education and willingness to walk have significant 

p-values, meaning these variables can be used to predict the likelihood of having an EV. 

Specifically, there are significant positive relationships between having individualist 

values, age, education, and having an EV. Additionally, there is a significant negative 

relationship between willingness to walk and having an EV. As the individualist values 

increase (meaning when the respondent scores a higher value on the variable scale), 

the odds of having an EV increase by 2.1 times. Similarly, age has a positive relationship 

with vehicle type among respondents. As age increases, the odds of having an EV 

increase by 2.3 times. Similarly, it is 4.5 times more likely for respondents with a 

Bachelor’s degree or higher to have an EV compared to those with lower levels of 

education. On the other hand, willingness to walk has a negative relationship with being 

an EV driver. As willingness to walk increases by 1 unit (1 unit of increase means the 

respondent is willing to walk for a maximum of 10 more minutes), the odds of having an 

EV decrease by about 30%. 
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Chapter 5. Discussion 

This study sought to answer the question of ‘how do travel patterns of electric 

vehicle drivers compare to those of conventional car drivers in terms of distance and 

number of trips made and the modal share of the car for a sample population of drivers 

in Metro Vancouver?’. The primary research objective was to investigate the 

relationships between travel behaviour and vehicle type (electric vs. non-electric). My 

hypothesis was that in supporting the uptake of EVs using policies like purchasing 

incentives, infrastructure incentives, access to high occupancy lanes, etc., policy makers 

could be creating a paradox. The paradox would exist if the car, with an environmentally 

efficient technology in place of the internal combustion engine, perversely reasserts itself 

as a prominent solution component within the urban mobility landscape, in spite of its 

continued negative impacts on sustainable mobility. This would be the case should EV 

drivers use the car more than their non-EV counterparts. This increase in the use of cars 

would then lead the system into a new type of auto dependency, counterbalancing 

recent efforts in planning and policy to make a shift from car dependency to more 

sustainable modes of travel. 

To answer the study’s research question, and test this hypothesis, primary data 

was collected from a sample of 351 drivers in Metro Vancouver using a one-day travel 

diary survey. A variety of statistical analysis methods were used to characterize the 

group of respondents (e.g. in terms of their perceptions of the environmental friendliness 

of EVs). Relationships between travel behaviour and vehicle type, relationships between 

travel behaviour and demographic characteristics and private values, and the 

relationships between EV adoption and demographic characteristics and private values 

were also investigated.  

The analysis identifies that the EV is perceived as more environmentally friendly 

than the ICEV and less environmentally friendly than walking and cycling. Also, EV 

drivers in the sample population considered the EV to be more environmentally friendly 

than transit, though the opposite result was found for non-EV drivers where they 

indicated that transit is still more environmentally friendly than the EV. Data also 

indicates that there is a significant difference between EV drivers and non-EV drivers in 

terms of car trip numbers and the modal share of the car in their transportation 
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behaviours. This is while no significant difference was found between EV and non-EV 

drivers in terms of their car trip distances.  

As hypothesized, data supports the theory that EV drivers take more car trips 

during the day compared to non-EV drivers. The analysis indicates that as we move 

from non-EV drivers to EV drivers, we would expect a 27.3% increase in the number of 

car trips in the travel diary day, even when controlling for socio-demographic variables 

and private values. Data also suggests that being an EV driver is positively correlated 

with the modal share of the car, meaning EV drivers tend to use the car for a larger 

percentage of their daily travel compared to non-EV drivers. 

In investigating the relationship between vehicle type and private values and 

demographic characteristics, data suggests that the more individualist values a 

respondent has, the higher the odds of having an EV. The analysis also indicates a 

relationship between some demographic characteristics and vehicle type. Older 

respondents tend to be more likely to have an EV. It is 4.5 times more likely for 

respondents with a bachelor’s degree or higher to have an EV compared to those with 

less education. Additionally, as respondents become more willing to walk in each daily 

trip, the odds of having an EV decreases. 

The findings of this study are aligned with those of the few research projects that 

focus on the associations between vehicle type and travel behaviour. Empirical research 

on the effects of EV adoption on travel behaviour appears to be at its early stages. Most 

studies focus on the factors that influence EV adoption (the decision to purchase an EV). 

However, there seems to be growing consensus among urban and transportation 

studies researchers about the role of EVs in the mobility system and how they can 

change consumers’ travel behaviour in the long run. Evidence from Metropolitan 

Stockholm suggests that EV drivers make significantly more car trips than their non-EV 

counterparts, and that they choose the car for a significantly larger percentage of their 

total travel distance than conventional vehicle drivers. Additionally, the EV was found to 

be more environmentally friendly than all public transport modes (train, bus, 

underground) (Langbroek et al., 2016; Langbroek et al., 2017; Langbroek, 2018).1 

                                                
1 This is while Stockholm has one of the most sustainable public transport systems in the world, 
and was ranked 9th among the world’s cities with most sustainable public transport. Vancouver 
was ranked 28th in the same index (Arcadis: Sustainable Cities Mobility Index, 2017). 
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Similarly, evidence from a sample of Tesla BEV owners in California shows that 

electrification leads to respondents driving more. These changes in travel behaviour 

were due to the lower running costs of a BEV (Hardman, 2021).    

The fact that EV drivers are found to use their car relatively more, and that they 

perceive EVs as more environmentally friendly than transit, could mean that some transit 

trips are being replaced by EV trips, and that a large-scale adoption of EVs might lead to 

a substantial decrease in transit use within certain demographics in the long term. 

Additionally, about 80% of EV drivers within this study’s sample population state that 

they use at least one of the decal benefits offered to them as EV owners. These are 

benefits that specifically decrease the marginal cost of an EV, such as access to free 

and dedicated parking. All of these results suggest that the Jevons Paradox, introduced 

in section 2.4, is quite probable. The Jevons Paradox in the context of EVs suggests that 

as EVs become more environmentally friendly and more cost effective, levels of 

consumption will rise, which means increased levels of car ownership, use and 

dependency. As driving becomes cheaper for EV owners, and as they find their vehicles 

to be green and environmentally efficient (compared to other transport options) they are 

likely to do it more often, and the data supports this.  

The Jevons Paradox may also happen due to an income effect. The more 

efficient private vehicles get, the less they will cost to operate (as a result of government 

rebates and decal benefits). It is very likely that the cheaper a particular vehicle is to own 

and drive, the more demand will exist for this vehicle. This translates into the availability 

of increased disposable income for consumers who did not have access to this 

disposable income before. For consumers who have the economic privilege to spend 

this newly available income, this leads to a natural increase in their consumption of 

goods and services, car trips included. This rebound effect would be more likely if the 

pace of technological advances in other transportation options driving down use costs 

(e.g. transit) is slower than that of personal vehicles. 

The likelihood of the Jevons Paradox in the context of EVs suggests that levels 

of car use and dependency may be increasing with long-term EV adoption in Metro 

Vancouver. Based on evidence provided in section 1.1.3 from Translink’s Trip Diary 

study, which shows that overall levels of car use are in fact decreasing in Metro 

Vancouver and transit use is on the rise, it is unlikely that EV adoption will put the region 
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in a completely opposite direction regarding a shift towards more sustainable modes of 

travel. However, based on the findings of this study, it is very likely that the road to 

becoming more sustainable and less car dependent is more challenging than reflected in 

current regional and municipal policy. 

EVs are definitely a step in the right direction when in comes to providing a more 

environmentally efficient, less carbon intensive technology compared to the ICE, even 

when accounting for the increased demand for renewable energy and rare earth 

materials as a result of global EV uptake (Kelly, 2020). However, they are not enough in 

solving all the environmental and social problems cities face as a result of faulty mobility 

systems. These vehicles’ inherent downside, being a personal vehicle that takes a lot of 

infrastructure and space to be utilized, is still present. As mentioned in section 2.2, the 

problem that cities face in addition to increased GHG emissions, pollution and noise, is 

how dependent cities and people are on personal vehicles. As data from this study’s 

sample population has shown, technological fixes like the EV cannot solve these issues, 

because they might be adding to the number of cars on the road. This is exactly what 

the New Mobilities Paradigm warns against. This study’s investigation of travel 

behaviour suggests that EVs are viewed from the individual perspective toward travel 

behaviour and not so much from the planning perspective, the New Mobilities approach. 

This study provides evidence that the latter is necessary in planning for the future of 

EVs. 

Both high-tech and lower-tech solutions are needed in order to tackle current 

issues with sustainability in cities. These include encouraging alternative modes of travel 

by offering incentives, and also working on optimizing the public transportation grid (e.g. 

investing in zero-carbon trains and buses). These solutions should be focused on 

promoting and optimizing public transportation, walking and cycling, as more just and 

more sustainable options for everyone. New policies are required to focus specifically on 

preventing electric vehicles’ downsides, which is their use as a private passenger vehicle 

in urban areas. Climate change has understandably turned current policy focus from 

congestion and car dependency to emissions. However, the social and cultural impacts 

of these new technologies need to be taken into account as well. 

Potential policy interventions can be in the form of distance-based road charges 

for all vehicles, including EVs. Existing use-related incentives for EVs should also be 
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evaluated in terms of their effect on the number of cars on the roads, and whether they 

are replacing other modes of travel. Right now, only 2.5% of vehicles in Metro 

Vancouver are electric, but as all cars become electric in the near future, these policy 

interventions will become increasingly important. While it is encouraged to design 

policies that make the purchase of an EV easier for a wider population, so that this 

technology can replace the ICEV, policies, rebates and decal benefits that specifically 

focus on making EV trips easier, more convenient and more appealing than all other 

modes of transport should be revisited. The reasons why policies like mileage taxes or 

road use fees are a logical step towards making cities more sustainable still hold true for 

EVs. The goal should be providing alternatives to car use that are appealing individually 

and in terms of larger social goals of sustainability, as opposed to changing the type of 

car used. 

5.1. Limitations 

The current study has certain limitations which are important to note here. This 

study used a travel diary tool to collect data, and travel diaries have certain limitations 

and drawbacks. Travel diaries are inherently complicated to complete. This is the main 

reason why the number of complete and valid responses for the travel diary section of 

the survey was much lower than those of the other two sections. Although, the complete 

and valid sample was still statistically significant. 

The recruitment process of this study was a bit different than other similar 

research projects. As an independent researcher, I did not have access to ICBC or 

BCAA email lists which have been the ideal channels for collecting data from drivers in 

Metro Vancouver. However, much effort was made to make sure a diverse range of 

recruitment channels are used to circulate the survey among drivers in Metro 

Vancouver. 

The other limitation of this study was that it captured a specific demographic 

within Metro Vancouver drivers. This was somewhat anticipated because EV drivers are 

generally a more educated, more affluent group. It is also a study of early adopters’ 

travel behaviour, since current EV owners are all considered early adopters in Metro 

Vancouver. Interpretation of results needs to take into account that the future 

generations of EV adopters may have different behavioural changes in their daily travel. 
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Additionally, this study only collects data for one random day of the respondents’ 

choosing. This was decided to reduce the complexities of the data analysis. This means 

that the variations of each respondent’s travel behaviour in different days of the week is 

not captured. Also, this study does not collect information about the geographic 

characteristics that may impact travel behaviour, such as neighbourhood density, land 

use plan, proximity to public transit stations, etc. These factors may impact respondents’ 

decision to drive more, and should be controlled for in future research. 

Lastly, the data collection phase of this study took place during the COVID-19 

pandemic. Although stricter lock down measures were lifted at the time when the survey 

was live, work-from-home was still in place when data was being collected. This means 

that the number of commutes may have been under represented in the sample. 

5.2. Future Research 

This study provides evidence that potential rebound effects in travel behavior 

could exist among Metro Vancouver drivers, which indicates the need for implementing 

policies based on vehicle type. This study provides a greater context for EV adoption, 

travel behaviour and perceptions of drivers in the field of urban and transportation 

studies, and can therefore inspire future research projects. Generally, more research 

should focus on studying the associations between travel behaviour and vehicle 

technology, specifically investigating how drivers of different vehicle types move around 

in urban areas and what their perceptions and preferences are. This study was a cross-

sectional investigation of changes in travel behaviour. It would be useful to study 

changes in trip patterns using interviews and stated adaptation techniques which allows 

understanding how the travel behaviour of each respondent changes after adopting 

certain vehicle technologies.  

Survey research can also investigate travel behaviour using travel diary tools that 

collect trip data for longer time periods. This allows the researcher to take variations of 

data for each respondent into account (e.g. how weekday trips may be different than 

weekend trips for each respondent). For more accurate data and higher response rates, 

future research can use other methods of data collection such as GPS tracking devices 

discussed in section 3.1. These methods ensure a much larger sample and could lead to 

more concrete results about the target population. Future studies can also add other 
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variables that might be impacting travel behaviour and control for them in statistical 

models. These variables include geographic characteristics of where respondents live, 

like density, proximity to transit, quality of available transit, land use plan, etc. Lastly, it 

would be worthwhile to differentiate between respondents based on their car models in 

future data collection efforts. Knowing the vehicle brand could be useful in understanding 

whether major market leaders for EVs (e.g. Tesla) also substantially impact changes in 

travel behaviour among their consumers. 
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Chapter 6. Conclusion 

This research finds that there is a significant difference between EV and non-EV 

drivers’ car use levels within a statistically significant sample of drivers in Metro 

Vancouver. EV drivers are found to be driving their cars more frequently (higher number 

of car trips), and for bigger proportions of their total daily travel (larger modal share of 

the car). Additionally, the analysis indicates a significant difference between the two 

groups’ perceptions of an EV’s environmental friendliness. EV drivers perceive an 

electric vehicle to be more environmentally friendly than transit. This is while among non-

EV drivers, EVs are still found to be less environmentally friendly than transit. This could 

explain why levels of car use are higher among EV drivers within the sample. As this 

group finds their vehicle more environmentally friendly than all other transportation 

options (including transit), they tend to use the vehicle more. Another reason for this 

increase in use could be the fact that EVs have lower running costs than a conventional 

vehicle and more convenient to drive in the city (The results of this study show that 

majority of EV drivers use the decal benefits that the city offers them). 

As expected, the results of this study point to a potential rebound effect, also 

known as the Jevons Paradox in the context of EVs, where the more environmentally 

efficient and more cost effective EVs become for consumers, the more they are used. 

Use of EVs, as private vehicles, could lead to higher dependency on cars despite the 

existing efforts to reverse that. This calls for certain use-related EV incentives to be 

called into question. Furthermore, this study finds that EV drivers tend to be older, more 

educated, more individualist, and less willing to walk compared to non-EV drivers. This 

information characterises the group of drivers that potential policy interventions need to 

target. 
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