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Chapter
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Introduction



1.1. Background

“I had been back in New York for only a week. As is always the case when I arrive after a 
period of months away, I was tuned to any change in the city’s ambient hum. When that bike 
flew past, I felt a shift in the familiar rhythm of the city as I had known it. I watched the guy 
as he travelled on the green bike path. He was speeding down the hill, but he wasn’t pedaling 
and showed no sign of exertion. For a moment, the disjunction between effort and velocity 
confused me (..).” 

The above passage is part of the introduction to an article in the New Yorker titled 
“The e-bike conundrum” (Beller, 2017). In the article, the author describes his thoughts 
following this strange encounter. As a cyclist, there is something inherently fraudulent, 
offensive even, about not having to work for your momentum. But after giving in to 
his curiosity, he tries one out for himself: “Now and then I could feel the happy bump of 
electric power. Assisted living was so pleasant!”
 Media reports on the topic of e-bike mobility in recent years have varied from 
accounts of a “rage” (Wallack, 2017) and “revolution” (Laker, 2017) to more critical 
narratives of the limited appeal of e-bikes (Zwetsloot, 2015) and the perception 
that they tailor to generations of “do-nothings” (Van der Laan, 2015). Regardless of 
standpoint or tone, the coverage reflects a broader development visible in many, mostly 
western societies: electrically-assisted cycling is increasingly popular and makes up for 
a growing share of overall bicycle sales (CONEBI, 2016; Fishman and Cherry, 2015). 
This development has also caught the attention of the academic community (Fig. 1.1).

Fig. 1.1 – Scientific publications containing the keyword “e-bike”. (Web of Science 
“all databases” search query = topic:(e-bike), executed on 27-11-2017)

The ascent of e-bike mobility comes at a time where the question of how to de-carbonize 
transport stands out in political and academic discourses around the world. The benefits 
of transportation are numerous: it facilitates the movement of people and exchange of 

2



goods, enables engagement in activities, contributes to wellbeing and quality of life, 
is a catalyst to economic growth, and has to an important extent shaped our societies 
as we know them today. However, it is also increasingly recognized that the systems 
of predominantly motorized transport currently in place are unsustainable and have 
considerable negative impacts on environment, society, public health and the economy 
(Banister, 2005; Greene and Wegener, 1997; Litman and Burwell, 2006). From an 
environmental point of view, motorized transportation impacts sustainability through air 
and water pollution, loss of habitat, hydrologic impacts and depletion of non-renewable 
resources. Socially, motorized transportation impacts community livability, community 
interaction and aesthetics, while less-mobile groups are more often disadvantaged 
and negative impacts tend to be unevenly distributed. From a public health point of 
view, motorized transport encourages an inactive lifestyle which increases the risk of 
life-style related diseases like diabetes type 2, obesity, and heart- and coronary disease. 
Economically, motorized transportation impacts sustainability through the cost of traffic 
congestion, accidents, building and maintenance of facilities, costs to the user, and 
again, the depletion of non-renewable energy resources (Litman and Burwell, 2006). 
 To strive for sustainable transport systems, environmental, social, health and 
economic considerations must be included in decisions affecting transportation activity 
(Litman and Burwell, 2006). This requires fundamental changes in the technology, 
design, operation and financing of transport systems (Greene and Wegener, 1997). 
Local and national policies can aim to realize changes in transport technology, transport 
supply and transport demand. In concrete terms, a shift towards more sustainable 
mobility requires several, simultaneous actions in the physical as well as the social 
domains: reduce the need to travel, reduce the absolute levels of car use and road 
freight, promote energy efficient and active modes, reduce noise and vehicle emissions, 
encourage efficient use of vehicle stock, improve safety for pedestrians and all road users, 
and improve the attractiveness of cities for residents, workers, shoppers and visitors 
(Banister, 2008, 2005). Active modes, such as cycling and walking, can contribute 
to all but the first objective (Cox, 2008). E-bike use performs similar to cycling and 
walking on environmental indicators (e.g. Dave, 2010; Thaler et al., 2012) and requires 
moderate intensity physical activity (e.g. Berntsen et al., 2017). Thus, e-bike mobility 
has a potential role in the realization of sustainable and healthy transport systems.
 The ascent of e-biking is part of a wider development in which electric mobility 
has gained prominence in visions of low carbon transportation futures. In the public 
debate, electric vehicles are often seen as the best out of the current options to lower 
the carbon footprint of transport systems, and “e-mobility is presented as the ultimate 
solution to nearly all transport problems” (Behrendt, 2017; Kollosche, 2014; Schwedes 
et al., 2013). The electric car is often central to this discourse, and many countries 
around the world have introduced some form of financial incentive to accelerate the 
uptake of electric cars. However, the most-used electric mode today is e-cycling. Thus, 
in the words of Behrendt (2017), it seems that the discourse on electric mobility is 
heavily biased towards electric cars, whereas e-bikes could be valued more as a transport 
mode in their own right [..] “The more diverse understanding of e-mobility [..] could 
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support a shift of strategies and policies towards more active and sustainable as well as 
less expensive modes of e-mobility than the current focus on electric cars” (p2).

1.2. Aim of the research and chapter overview 

The aim of this thesis is to provide insight in the potential of e-bikes as a means to 
achieve more sustainable and active transportation, by studying actual and potential 
e-bike use in different populations and in different regions in the Netherlands. In order 
to do so, the empirical studies focus on mode choice, modal shift and associated changes 
in travel behavior and experiences of current and potential e-bike users. The remainder 
of this chapter expands on the relevance of conducting research on e-bike mobility by 
discussing the need to de-carbonize transport for the environment, and the need to 
encourage active transport for public health. Then, the current state of e-bike mobility 
is examined, followed by a reflection on the value of Dutch e-bike mobility research for 
an international context. Finally, research questions are presented, along with an outline 
of the thesis.

1.3. Rationale for this research

As described above, the transport systems currently in place around the world have 
important negative impacts on the environment, society, health and economy. Two 
courses of action for mitigating these negative impacts have been proposed in both 
academic and political arenas. On the one hand, transport’s reliance on non-renewable 
energy sources must be decreased. On the other hand, levels of active transport must be 
encouraged to increase sustainability and promote public health. 
 Central to realizing sustainable mobility is the need to decarbonize transport. 
There are two important reasons for this need: concerns over energy security as a 
result of the dependence on fossil fuels, and concerns over the environmental effect 
of transport. Cheap natural resources such as oil have permitted relentless growth of 
transport systems and travel and trade (Banister et al., 2011). As such, transport has 
become dependent on petroleum products such as gasoline, diesel and jet fuel: global 
transport depends on oil for 94% of its energy needs, and this is even higher in the EU 
(96%) and the US (97%) (European Commission, 2011; Schäfer et al., 2009). This has 
brought into question concerns over oil scarcity, oil price volatility, and energy security. 
The vulnerability of global fuel supply systems was made clear by oil supply disruptions 
during the oil crises in the 1970s. And until today, oil and gas security remain concerns 
of foreign and military policies of importing regions (Banister et al., 2011; Schäfer et 
al., 2009). Diversification of energy sources through development of alternatives, for 
instance electric mobility powered by renewable energy sources, is an important strategy 
to guarantee the functioning of global systems of transport. 
 Second, energy use in the form of fossil fuels contributes to the majority of 
transport’s environmental impacts. Incomplete combustion of petroleum fuels in internal 
combustion engines produces a variety of pollutants, and transport (especially road 
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vehicles, road and maritime freight, and aviation) is a major source of these pollutants 
(Banister et al., 2011; Greene and Wegener, 1997). Due to its abundance, CO2 is 
considered the main contributor to the anthropogenic greenhouse effect. According to 
Banister et al. (2011), decarbonizing the world transport system requires decoupling 
economic growth from transport and emissions through creative combinations of new 
transport technologies and a reorganization of the ways in which travel and freight 
movements are undertaken. An overview of the variety of measures which can be taken 
that target transport supply and demand can be found in their article.
 Another course of action to mitigate the negative impacts of transport 
systems described above is to increase levels of active transport. Current patterns of 
transportation affect health in multiple ways: traffic accidents, especially road traffic 
accidents, are a major cause of death and serious injury; road transport is a major 
contributor to air pollution, and human exposure to air pollution can have consequences 
for health including cardiovascular and respiratory diseases; and traffic noise can cause 
annoyance, sleep loss, communication problems, and learning problems in younger 
age (WHO, 2005, 1999). Using active transport instead of fossil-fueled motorized 
transportation indirectly benefits public health by countering these negative health 
effects. Furthermore, it directly benefits health due to the required physical activity, 
which induces cardiovascular exercise and among other things has been shown to reduce 
mortality due to obesity and other diseases related to an inactive lifestyle (see Pucher & 
Buehler 2010 for an overview). The World Health Organization’s charter on Transport, 
Environment and Health (1999) posits that forms of transport that entail physical 
activity, such as cycling and walking, separately or in conjunction with public transport, 
can offer health gains, but have often been overlooked in planning and decision-making
 As a mode of transport that is both sustainable and active, cycling has (re-)gained 
momentum in past years (Agervig Carstensen and Ebert, 2012). Another contributor 
to this momentum is the diversity of newer, electrically-assisted bicycle types offering 
new groups of people the opportunity to cycle distances which were previously only 
accessible for the tough and dedicated cyclist (Agervig Carstensen and Ebert, 2012). 
E-bikes require lower levels of physical activity than regular cycling, but preliminary 
evidence suggests that assisted cycling can still satisfy moderate-intensity standards 
and thus offer health benefits (Gojanovic et al., 2011; Simons et al., 2009; Sperlich 
et al., 2012). Thus, the e-bike holds potential to unite the benefits of active modes 
(physical activity, health benefits, enjoyment) and motorized modes (ease of use, range) 
to function as a viable intermediate alternative which can help move towards more 
sustainable and active transport systems. 

1.4. The case in point: e-bike mobility

The first electric bicycle designs can be traced back to patents obtained around the end 
of the 19th century (e.g. Bolton, 1895; Libbey, 1897). These designs either never made 
it into production, or had limited appeal to the masses. In recent decades, however, 
e-bike sales have grown globally. Especially China has seen a significant uptake of 
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e-bikes with annual electric bike sales growing from 40.000 in 1998, to 10 million in 
2005, to 37 million in 2013 (Wei, 2014; Weinert et al., 2007). This growth consisted 
of a transition from human-powered bicycle use, bus and gasoline-powered scooter use 
to e-bike use, and has been attributed to a combination of rising household incomes, 
decreasing e-bike prices, improvement in e-bike technology and favorable policies. It is 
important to clarify that the e-bikes sold in China tend to differ from the e-bikes most 
commonly used in Europe and North America. Chinese e-bikes are mostly “scooter-
style electric bicycles”. Here, the power is throttle controlled, and the pedals are often 
included for regulatory purposes and do not provide much function. European and 
North American e-bikes are more often “bicycle-style electric bicycles”, with functional 
pedals and pedaling assisted by an electronic motor (Fishman and Cherry, 2015).
 In Europe, e-bike sales make up for an increasing share of overall bike sales: 
in the Netherlands and Belgium for instance, around one third of all bikes sold today 
are electrically assisted (CONEBI, 2016). In the Netherlands, e-bikes were initially 
popular with older and physically-impaired individuals, for whom the e-bike enabled 
cycling with greater ease due to the pedal assistance. E-bike use is still the highest among 
middle-age and older people; nonetheless, they hold growing appeal to increasingly 
younger populations including students, commuters and parents, who carry children 
and groceries or travel long distances on a day-to-day basis (KiM, 2016; Peine et al., 
2016) (Fig. 1.2). 

Fig. 1.2 – E-bike kilometers categorized by goal (above) and age category (below) in the 
Netherlands in 2013 and 2016 (KiM, 2017; edited)
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 This implies that the adoption of e-bikes has followed an unconventional path. 
According to Rogers’s innovation diffusion theory, innovations spread through adoption 
by innovators and early adopters, who are defined as ‘venturesome cosmopolites’ with 
‘control of substantial resources’, and ‘role models’ with ‘high degree of opinion leadership’ 
respectively (Rogers, 2003). These are characteristics which might not commonly be 
associated with middle-aged and elderly people. The ‘inverse’ development of e-bike 
use, with adoption at later stages happening among increasingly younger populations, 
has been termed the “rejuvenation of e-bikes” (Peine et al., 2016). In their words, “this 
upsets existing age-related assumptions that run through the diffusion of innovation 
literature—assumptions that, often in passing, assume older persons to be laggards with 
low degrees of innovativeness” (p21) (Fig. 1.3).

 

Figure 7. Rejuvenation of e-bike adopters.

© 2016 by SAGE Publications

Fig. 1.3 – Rejuvenation of e-bike adopters (image by Peine et al, 2016; reprinted with 
author permission and with permission of SAGE Publications, Inc.)

 The most common e-bike used in the Netherlands is the bicycle-style e-bike, 
which is legally defined as a bike propelled by user pedaling, with an electronic motor 
providing assistance up to 25 km/h and a maximum capacity of 250 W. For this type of 
e-bike, the same regulations count as for regular bikes: no driver’s license, insurance and 
license plate are required. Furthermore, there are no age restrictions, and helmet use is 
not mandatory (Rijksoverheid, 2017). Also used, although to a far lesser extent, is the 
speed pedelec (Statistics Netherlands, 2017). It is legally defined as a moped, with an 
electronic motor providing assistance up to 45 km/h. Different regulations apply to this 
e-bike, such as a mandatory license plate and helmet use (SWOV, 2017). In this thesis 
however, use of the term “electrically-assisted bicycle” or “e-bike” refers to the bicycle-
style type of e-bike (maximum 25 km/h, 250 W), unless stated otherwise.
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1.5. Value of research in the Netherlands for an international context

Due to a long history of “continuous enthusiasm” for the bicycle, the Netherlands has 
built itself a reputation of being a true “cycling nation” (Agervig Carstensen and Ebert, 
2012). Today, the Dutch modal share for cycling is among the highest in the world. As 
such, it is a fertile market for the introduction of the e-bike: infrastructural and safety 
barriers that currently form an obstacle to cycling in other countries, have largely been 
overcome (Fishman and Cherry, 2015). Studying e-bike mobility in a society where 
cycling is already a common mode of transport has consequences for the generalizability 
and transferability of findings as a basis for research and policy in other contexts.
 In their study on bicycle cultures with a specific focus on The Netherlands and 
Denmark, Agervig Carstensen and Ebert (2012) identify a “golden age” for cycling in 
northern Europe (between 1880 – 1950 approximately), followed by a “renaissance” to 
overcome the decline of cycling. From the end of the 19th century onwards, cycling in 
the Netherlands evolved from a high class recreational activity to a transport means for 
the masses. Cycling stood symbol for the emancipation of women and the working class, 
and strategic alliances between automobile and cycling clubs forged cycling’s position 
in policy and infrastructure planning. Cycling became part of the “national narrative”: a 
way to identify and express membership of the community, with individuality, strength 
and independency as its virtues. The rise of the car after World War II caused sharp 
declines in cycling across Europe from 1950 to 1975 (De la Bruhèze and Veraart, 
1999). This decline was also experienced in the Netherlands, although to a lesser extent: 
cycling was widespread and accepted as a convenient mode of transport, and had a 
strong symbolic power. Thus, the starting point for a revival was different than in other 
countries, and as a result, the Dutch bicycle mode share is higher today than in other 
countries. In recent decades, specific bicycle policies have further cemented cycling’s 
status in transport policies. The connotation of urban livability, and a renewed interest 
in cycling in other countries, makes that Dutch cycling has developed into a national 
trademark, with capacity for export (Agervig Carstensen and Ebert, 2012). 
 Interest in policy lessons increases as a result of discontent with existing policies 
and/or failure to achieve existing policy objectives (Marsden and Stead, 2011). In recent 
decades, international exchange in knowledge and policies has been eased by processes of 
globalization and development of communication technologies. With respect to cycling, 
the “Cycling Embassy of Denmark” and “Dutch Cycling Embassy” are notable examples 
of organizations that aim to “encourage cycling all over the world by sharing knowhow” 
(Cycling Embassy of Denmark, 2017), and “act as an intermediary between the demand 
for [..] cycling expertise and parties that can deliver” (Dutch Cycling Embassy, 2017). 
A literal example of transfer and implementation of knowledge from one context to 
another is Transport for London’s “Mini-Hollands’” program. As part of this program, 
money is awarded to London boroughs to create networks of cycle routes, and improve 
streets and public areas (Transport for London, 2017). Early experimentation with these 
schemes, however, also brought about resistance: for instance, the efforts to realize a 
cycle-friendly environment angered local businesses and residents, who felt ill informed 
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about the project and disadvantaged by traffic calming and car restrictive measures 
(Perry, 2014). This anecdotal evidence points at a broader issue: although the efforts 
might be genuine, in the words of Wright, “there is more to “going Dutch” than having a 
separate cycling lane” (Wright, 2011). Differences in social, political, and infrastructural 
settings across countries make it difficult to transfer and generalize findings (O’Dolan, 
2013). This is equally the case for the findings from this thesis as a basis for research in 
other contexts. 
 It is important to state up front that this thesis does not aim to bring forward a 
policy agenda on e-bike mobility. Rather, there is a need to add to the existing body of 
knowledge on e-bike mobility to provide a better understanding of the phenomenon. 
It is on this basis that appropriate policies can be formulated (Winslott Hiselius and 
Svensson, 2017). E-bike mobility research is a burgeoning topic and yet still in its 
infancy, and more research is required on the consequences of e-bike use for travel 
behavior, vehicle use and mode substitution, health, congestion, emissions and safety 
(Fishman and Cherry, 2015). In countries like the Netherlands and Denmark, e-bike 
adoption spreads relatively quickly, and of interest here are adoption by new user groups, 
substitution rates, types of modes substituted, changes in travel behavior, and the extent 
to which e-bikes can blend-in with and add to existing bicycle mobility. In countries 
where cycling is less well-established, however, it will be interesting to see whether 
e-bikes can accelerate the uptake of bicycle mobility, and leapfrog some of the barriers 
that toughen regular bike use in the first place: longer distances due to lower-density 
or sprawling urban areas, lower availability of bike infrastructure, or safety challenges 
related to speed-differences with motorized traffic. The discussion section of the thesis 
will provide cues for future research and possible implications for policy and practice. 
By attempting to answer the research questions outlined in the next section, initial 
contributions to some of these topics can be made, which are relevant beyond the Dutch 
context.

1.6. Thesis outline and research questions 

The core of this thesis consists of four chapters (Chapter 2-5): Chapter 2 sets the 
research agenda for the empirical studies in the remainder of the thesis. Three potential 
new e-bike user groups are identified, and theoretical and methodological advances 
are described that can form a backdrop to studying potential e-bike mobility in these 
groups. Chapter 3, 4 and 5 aim to empirically assess this potential. Chapter 3 focuses 
on the motives, travel behavior and experiences of commuters that recently adopted an 
e-bike for use in work-related trips. Chapter 4 considers e-bike mobility among younger 
populations by studying a group of students at a moment of travel habit interruption. 
In Chapter 5, factors are assessed that contribute to current and potential e-bike use in 
a rural context. The research questions are as follows:

Research question 1 - Which conditions encourage e-bike adoption by different user groups? 
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To assess which factors enable a modal shift towards e-bike use, insight is needed in 
the factors and circumstances that can cause individuals to deliberate current travel 
behaviors and consider adopting an e-bike. In this thesis, current and potential e-bike 
use is studied among students, commuters and rural residents. These populations are 
in general highly mobile, and for many of them e-bike adoption might form a healthy, 
pleasant and environmental friendly alternative to current daily travel mode choice. 
However, most of them do not use an e-bike for their daily activities. Throughout 
Chapter 3, 4 and 5, the deliberation of travel habits is studied among those who already 
made the choice to adopt an e-bike (e-bike commuters in Chapter 3, rural e-bike users 
in Chapter 5), those who are currently trying out an e-bike for the first time (students 
participating in an e-bike pilot in Chapter 4), and those without an e-bike, and who are 
either interested or not interested in e-bikes (rural residents who do not own an e-bike 
in Chapter 5). Specific attention is given to the role of key events in the life course that 
may change routine behaviors, and to interventions in the form of financial incentives 
or pilot projects.

Research question 2 - What are the advantages and limitations of e-bike use for different user 
groups? 

After deliberating current travel behaviors and considering to adopt an e-bike, mode 
choice factors might come into play that matter for e-bike mobility specifically. Chapter 
2 starts out by identifying the potential of e-bikes for commuters, students and rural 
residents, and reviews the specific advantages and limitations to e-bike use for each 
group. The empirical studies in Chapter 3, 4 and 5 offer some further insights as to 
the accuracy of these notions, and outline how e-bike adoption can be influenced by 
factors such as affordability, mental wellbeing, physical health, e-bike image, safety and 
sustainability.

Research question 3 - What are the impacts of e-bike use on travel behavior?

Once the choice to adopt an e-bike is made, the properties of the e-bike might impact 
users’ travel behavior. The previous research questions identified specific advantages 
and disadvantages of e-bike travel over other modes. The empirical findings from 
mapping and GPS-tracking in Chapters 3 and 4 provide more insight in how the 
e-bike impacts the travel behavior of different user groups. These impacts might cause 
it to be the preferred mode of travel in specific situations, or instead avoided under 
other circumstances. Furthermore, better insights in the impacts of e-bike use on travel 
behavior might provide an understanding of the ways in which e-bikes can substitute or 
complement other modes of transport. 
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Chapter

2

Exploring the adoption 
of e-bikes by different 
user groups



Abstract1  

This paper outlines the potential of e-bikes for three user groups that have as yet not 
fully adopted this mode of transportation: commuters, rural residents and students. For 
each group, we identify some group-specific advantages and limitations that are likely 
to shape future e-bike mobility. We also discuss some theoretical and methodological 
advances in transport geography, mobilities studies and environmental psychology that 
may form a backdrop for the empirical study of these groups. Based on this analysis, 
we propose the use of integrative, mixed-methods research approaches that consider 
potential e-bike mobility as the result of individual decision-making and shaped by social 
and spatial contexts. This approach may provide a base for the development of effective 
strategies for promoting the adoption of e-bikes among more diverse user groups. 

Key words: viewpoint paper, electrically-assisted cycling, active mobility, commuting, 
rural residents, students, transport geography, mobilities studies, environmental 
psychology

1This paper is currently under review at Frontiers in Built Environment - Transportation and Transit Systems
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2.1. Introduction

Private cars have become the dominant mode of passenger transport in developed 
countries. The unsustainability of this “automobility regime” is widely recognized 
(Banister, 2005; Steg and Gifford, 2005), and the transition to more sustainable transport 
systems stands out in political and academic discourses around the world (Geels, 2012; 
Schwanen et al., 2011). Thus far, an important element of sustainable mobility agendas 
has been the promotion of alternatives, such as public transportation. However, public 
transportation options are often unable to match the quality of accessibility provided by 
private motorized transport in terms of flexibility, reliability, comfort, and ease of use 
(Beirão and Sarsfield Cabral, 2007). Similarly, the use of active modes such as walking 
and cycling can be obstructed by the need to bridge longer distances and the physical 
activity needed to reach activity locations. In car-centered environments, stimulating the 
use of active modes and expanding the capacity of public transport requires significant 
investments, innovations, dedication from related actors and willingness of consumers 
to change mobility routines to bring about a broad and structural transition to low-
carbon mobility in the near future (Geels, 2012).
 Within this context, pedal-assisted electric bicycles, or e-bikes, which are 
becoming increasingly popular in many western countries might provide an interesting 
alternative. Today, in countries like the Netherlands and Belgium, e-bikes account up to 
almost one in three bikes sold (Fig. 2.1). E-bikes combine propulsion by user pedaling 
with assistance through a computer-guided electronic motor. This enables cycling at 
augmented and constant speeds using reduced physical effort, and covering longer 
distances in shorter amounts of time. The e-bike thus seems a viable alternative to car-
use, especially for medium-range distances that most people would consider too far for 
cycling.

Fig. 2.1 - Electric pedal-assisted bicycle sales per 1000 inhabitants (left) and as share 
of total bike sales (right) in five European countries and Switzerland (data sources: 
CONEBI; *Vélosuisse; EUROSTAT)
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E-bikes first gained popularity among older and disabled people as an alternative to 
regular cycling or for leisure. However, in recent years, e-bike use has become more 
mainstream (KiM, 2016). The extent to which this will continue, and whether e-bikes 
will substitute motorized transport, will largely depend on the rate of adoption by a 
broader range of user groups. Therefore, it is timely for research on e-bikes to pay more 
attention to the advantages and limitations for e-bike adoption by potential user groups.
 In this paper, we first outline three such groups: commuters, rural residents, 
and younger populations, specifically students in secondary and higher education. These 
populations are generally highly mobile, and for many of them e-bike adoption might 
form a healthy, pleasant and environmental-friendly alternative to current travel behavior 
for every day, non-recreational activities. We then discuss theoretical and methodological 
advances that may help shape future research on the advantages and limitations to e-bike 
adoption by these groups. Finally, we argue for an integrative approach to studying 
e-bike adoption to assess individual choice and behavior in relation to wider social and 
spatial contexts.

2.2. Three potential e-bike user groups

In this paragraph, we discuss the potential for e-bike adoption by commuters, rural 
residents and students based on some group-specific advantages and limitations. We 
intend to offer a brief overview, rather than a comprehensive or complete review. Some 
advantages, such as the environmental friendliness, and limitations, such as safety, may 
apply across groups, and are therefore not considered as group-specific factors here. The 
insights are drawn from findings from international academic literature and experiences 
and initial studies with e-bikes in the Netherlands. 

2.2.1. Commuters
Commuting is a cyclical and repetitive activity. Motorized commuting disproportionately 
contributes to congestion and pollution (Heinen et al., 2010). Commuting by active 
modes, however, can contribute to improved health and wellbeing. Enhancing the 
substitution of car commutes by more active modes have become a common focus 
of transport policies (Ogilvie et al., 2004). However, the effectiveness of such policies 
seems limited. In the Netherlands, for example, the average daily commuting distance is 
24 kilometers in total, and 77% of the commutes is done by car (Statistics Netherlands, 
2016). For car commuters who are unwilling to switch to biking, e-bikes may form a 
possible alternative. Below we list some possible advantages and limitations of e-bike use 
for commuting compared to car use.

Advantages:
• Physical health. Especially for commuters with a sedentary job, improving 

physical activity and health might be an important motivation for commuting by 
e-bike instead of car. Studies have shown that e-bike use positively contributes to 
health in sedentary lifestyles (Gojanovic et al., 2011; Simons et al., 2009). E-bike 
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commuting also provides an easy way to incorporate daily moderate physical 
activity in busy schedules of working adults who find commuting by bicycle 
unattractive 

• Mental wellbeing. Workers often suffer from occupational stress and mental 
exhaustion. Research indicates that active travel modes like cycling that permit 
high levels of interaction with the outside world which may result in higher 
levels of mental well-being as compared with the car (Van Wee & Ettema, 2016). 
Cycling, compared to driving, specifically offers more opportunities to enjoy and 
experience natural surroundings and scenery, which can lift people’s mood and 
can help mentally prepare for or disconnect from work. 

• Affordability. High purchasing prices, especially compared to regular bikes, form 
a barrier to e-bike use (Fyhri and Fearnley, 2015). Car and public transport 
commuters more likely have the financial means to buy an e-bike, or they might 
be eligible to contributions or tax incentives as part of work travel plans.

Limitations:
• Combining activities. The need for flexibility is a main driver for car use in western 

societies (Jeekel, 2014). Lower average speeds and reduced carrying capacity 
might make it difficult to combine e-bike commutes with other activities, such as 
bringing children to school, or attending meetings in different locations.

• Facilities. Safe bicycle parking at work is important in the choice to commute 
by bike, and affects the use of e-bikes as well (Jones et al., 2016; Popovich et 
al., 2014). Furthermore, a lack of charging facilities could restrict commuters’ 
cycling range. 

• Comfort and ease. Cycling has potential downsides compared to car travel 
regarding comfort and ease of use. E-biking may require special clothing and 
protection against weather (Lopez et al., 2017). Combining this with wearing 
a work uniform or suit might be considered problematic by potential e-bike 
commuters. 

2.2.2. Rural residents
Lower densities of rural areas imply longer distances between activity locations, with a 
concomitant high reliance on cars and lower use of active modes. In many rural areas, 
car reliance is further reinforced by socio-economic changes that have led to a decrease 
in the provision of public transport and amenities like shops and schools (Harms, 2008; 
Pucher and Renne, 2005). Better insights in the potential advantages and limitations of 
e-bikes for rural mobility and accessibility can help policymakers to efficiently allocate 
rural transport budgets.

Advantages:
• Distance. Pedal-assistance makes it possible to bridge longer distances between 

activity locations in rural areas while requiring less physical effort (Fishman and 
Cherry, 2015). 
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• Connectivity. Lower densities can impede accessibility of bus stops and train 
stations. In the Netherlands, over 80% of the population lives within 7.5 
kilometers of a rail station (Kager et al., 2016). An increased cycling range 
can enable easier access to transportation hubs, and expand available transport 
options. 

• Flexibility. An e-bike can provide flexibility and independency (Jones et al., 2016), 
for example from bus and train schedules, which might especially be important in 
areas with lower-frequency transit provision.

•  Affordability. Rural households make more trips by car compared to urban 
households, and more often own multiple cars (Harms, 2008; Pucher and Renne, 
2005). Such expenditures can strain household budgets. E-bikes might form a 
cost-effective alternative to the purchase and use of cars.

Limitations:
• Distance. Rural residents travel longer average distances than urban residents, and 

more often rely on cars to do so. However, they also make less trips, and time spent 
travelling is mitigated by lower congestion and higher average speeds (Harms, 
2008). Lower speeds and longer travel times are a potential barrier to e-bike use 
by current car and bus users in areas where distances between destinations are 
long. 

• Facilities. Dedicated bicycle infrastructure is important to encourage bicycle use 
(Pucher and Buehler, 2008). This is especially true for rural areas where vehicle 
speeds are higher and heavy goods traffic is more important (Laird et al., 2013). 
Developing connected and fine-grained bicycle infrastructure networks in low-
density areas requires significant investments. A lack thereof, and resulting 
incomplete, unsafe networks, might discourage rural e-bike use.

2.2.3. Students
E-bikes increasingly appeal to a younger public. Peine et al (2016) have termed this the 
‘rejuvenation’ of e-bikes. E-bike manufacturers have successfully designed and marketed 
e-bikes so that they have started to appeal to younger retirees, working adults, younger 
adults and children. A particular focus could be on students in secondary and higher 
education, who increasingly use the e-bike to travel to school or university. 

Advantages:
• Independence. In many countries, children have increasingly become dependent 

on adults for their daily transportation (Frank and Engelke, 2001). Use of an 
e-bike could help them re-gain autonomy, for instance by enabling them to 
bridge longer distances to school (Nelson et al., 2007) by themselves.

• Health. Studies have stressed the importance of active travel for health in younger 
populations. E-bike use, instead of public transport or being driven to school, can 
contribute to better health (Davison et al., 2008).

• Habit forming. The role of habit in mode use is well established. Bike use in 
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younger age can increase the likeliness of cycling in adulthood (Dill and Voros, 
2007). Thus, e-bike use among students could set a standard for travel behaviors 
in later life.

Limitations:
• Affordability. Higher education students who use bikes or inexpensive student 

transit passes will likely find e-bikes expensive. For children and youth in primary 
and secondary education, possibilities for adopting an e-bike will probably depend 
on the willingness of their parents to buy one. Considering current purchase 
prices, e-bikes can reduce travel costs only if they avoid purchasing transit passes 
for several years in a row (Provincie Gelderland, 2016). 

• Image. Although the evidence suggests that this is changing rapidly (Peine et al., 
2016), e-bike use can evoke the stigma of ‘cheating’ or being a bike for older or 
disabled people (Jones et al., 2016; Popovich et al., 2014).

2.3. Recent developments shaping transportation research

More research is needed to verify our assumptions on the factors influencing adoption of 
e-bikes by commuters, rural residents and students. Below, we briefly review two recent 
developments that have impacted transportation research, and provide a backdrop for 
studying e-bike adoption by new user groups: the behavioral turn in transportation 
research, and the mobilities turn in the social sciences. 

2.3.1. A behavioral turn in transportation research
Transportation studies have traditionally distinguished two pathways to more sustainable 
transport systems: technological changes aimed at mitigating negative impacts, and 
behavioral changes aimed at reducing levels of use (Hendrickx and Uiterkamp, 2001). 
The effectiveness of new technologies alone has been questioned (Steg and Gifford, 
2005). In particular, it has been argued that potential decreases in greenhouse gas 
emissions due to use of new technology and alternative fuels would be counterbalanced 
by the growth of passenger travel in the developing world (Schäfer, 2012; Schäfer et al., 
2009). Other problems, like urban sprawl and destination in-accessibility have broader 
causes for which technological innovations not necessarily form a solution (Steg and 
Gifford, 2005). 
 Doubts about the effectiveness of technological solutions have inspired a 
stronger focus on behavior and mobility management. According to Schwanen and 
colleagues (2012) this has become ‘something of a mantra’ (p522) impacting political 
and intellectual agendas. In policy, this has resulted in mobility management through 
‘soft measures’ targeting individual behavior change. However, measures targeting the 
individual to achieve broader social change have been subject to critique (Barr and 
Prillwitz, 2014). Financial rewarding schemes and gamification, both examples of 
soft measures targeting the individual, potentially bring unintended or undesirable 
consequences (Te Brömmelstroet, 2014). Furthermore, it is increasingly recognized that 
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people’s travel behavior, like most daily behaviors, largely ensues from automatic processes 
or habits, which are altered by key events and long-term processes (Müggenburg et al., 
2015). Daily mobility is thus formed at the intersection of both automatized sequences 
of behavior and more deliberate decision-making (Shaw and Hesse, 2010). Schwanen et 
al (2012) argue for a focus on habit beyond cognition, to include the role of community, 
society, and other stakeholders than transport users in forming and breaking travel 
habits. To capture this complex set of relationships, research and policy must shift from 
a sole focus on individual behavior to a more comprehensive consideration of individual 
practices in social and economic contexts (Barr and Prillwitz, 2014).

2.3.2. A mobilities turn in the social sciences
The call for more comprehensive approaches to study travel behavior can be located 
within a wider development generally referred to as the new mobilities paradigm in 
social sciences. This perspective broadens the traditional conception of mobility in 
transport studies, and provides a more theoretical and multidisciplinary engagement 
with physical, virtual and imagined movement of people, objects and information 
(Hannam et al., 2006; Sheller and Urry, 2006). It considers mobility at different 
scales (small-scale bodily movement, global flows), taking into account immobilities 
(‘moorings’ underpinning mobility systems), politics of mobility, and bringing to the 
fore alternative, ‘mobile’ methods (Cresswell, 2012, 2010; Hannam et al., 2006; Shaw 
and Hesse, 2010).
 Recently, geography and transport geography have seen a surge of interest in 
mobilities, leading to a larger variety of philosophical and methodological approaches 
(Goetz et al., 2009). This seems a welcome development. For long, transport was 
considered so obviously fundamental to society that there was no need to explain how 
or why (Keeling 2007). Transport studies focused on minimizing costs and maximizing 
efficiency by applying insights from economics and engineering (Røe, 2000). As Hanson 
(2003) argues, while human geography developed more critical approaches under social 
theory, transport geography remained stuck in the quantitative-analytic framework 
of the 1960’s. Although others have disagreed (Goetz et al. 2009), there is general 
agreement that transport geography further benefits from alternative conceptualizations 
of movement as offered by the mobilities turn. Hence the argument for further bridge-
building between the disciplines, where insights in the underpinnings, experiences 
or representations of transport and travel could further advance transport geography 
(Cresswell, 2010; Shaw and Hesse, 2010). For alternate perspectives to movement and 
travel, mobilities scholars have proposed the employment of mobile methods that focus 
on qualitative-critical analysis (Sheller and Urry, 2006). In general, however, it is argued 
that transport studies would benefit from balancing traditional quantitative-analytical 
and alternative qualitative-critical methods, and adopting mixed-method approaches 
(Aldred, 2013; Goetz et al., 2009; Shaw and Hesse, 2010).
 Due to developments described above, transportation research is evolving to a 
more comprehensive and critical understanding of mobility, which can inform future 
inquiry into the development of e-bike mobility. Conceptual and methodological 
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advances in mode choice and mobility behavior models reflect those described in the 
behavioral and mobilities’ turns.

2.4. Studying mode choice and mobility behavior

2.4.1. Modelling mode choice
Travel mode choice is an important aspect of mobility behavior. Psychological models 
to study decision-making have become more integrative. Traditionally, an important 
starting point was the theory of reasoned action (TRA) (Fishbein, 1967). It assumes 
that behavior is best predicted by intention, which in turn results from attitude toward 
the behavior and perceived social norm. The theory of planned behavior (TPB) (Ajzen, 
1985) extends the TRA by adding perceived control over the performance of the behavior 
(Montano and Kasprzyk, 2008). Variations on TRA/TPB have been widely used to 
predict and explain mode choice behaviors (e.g. Heath & Gifford 2002; Bamberg et 
al. 2003). However, in light of criticisms, alternative models have also been proposed. 
The Integrated Behavioral Model extends TRA/TPB to include additional components 
from other behavioral theories such as knowledge and skill, environmental constraints, 
salience of the behavior, and the role of habit (Montano and Kasprzyk, 2008). People’s 
tendency to (unconsciously) conform to norms in performing pro-environmental 
behavior (Keizer and Schultz, 2013) spurred the development of models which place 
greater emphasis on norms, such as value-beliefs-norms theory and the norm activation 
model (Steg and Nordlund, 2013). The theory of goal framing suggests that behavior 
is guide by hedonic goals (‘to feel better right now’), gain goals (‘to guard and improve 
one’s resources’) and normative goals (‘to act appropriately’), and provides insights in 
how normative goals can be strengthened or weakened by environmental cues, like 
social norms.
 Given that travel mode choice is often habitual, attention has also focused on 
ways to break routines. Strands of research have focused on changing situational context 
(e.g. temporary discounts on transit passes) and the role of life events (changing jobs, 
moving, child birth) (Chatterjee et al., 2013; Klöckner and Verplanken, 2013). These 
events are potentially powerful in changing travel behaviors. Properties of the transport 
mode in relation to the traveler’s needs may also guide choices for a transport mode. 
The pyramid of customer needs provides an example of the latter approach (CROW-
KpVV, 2015; Van Hagen, 2011). This model ranks mode properties and subjective 
experience analogous to Maslow’s hierarchy of needs. The model assumes that transport 
users choose a mode by evaluating the basic conditions for use (safety and reliability), 
dissatisfiers or factors they expect to be met (speed, ease of use) and satisfiers that make 
the journey truly enjoyable (comfort and experience). 
 In sum, different models have been developed to conceptualize the role of 
deliberate decision-making, norms, habits, key events and mode properties in travel 
mode choice. This offers some practical cues on how to approach the study of potential 
modal shift towards e-bike mobility.
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2.4.2. Modeling mobility behavior
In line with the developments discussed, mobility behavior modeling has progressed 
from a rather narrow focus on trip generation to considering the role of perception and 
experience in mobility. Originally, trip-based approaches represented data in an origin-
destination framework. A long-dominant analytical tool was the ‘four step model’, which 
forecasted trip generation by contrasting demand (trip generation, distribution, modal 
split) and supply (the transportation network) (McNally, 2007). A common critique of 
this analysis was the lack of attention to behavior underlying these decisions. Approaches 
that considered activity behavior generating travel became known as activity-based 
approaches (McNally and Rindt, 2007). Activity based approaches consider travel to be 
driven by a collection of activities that form an agenda. Important in this respect was 
Hägerstrand’s time-geography (Hägerstrand, 1970) and its study of individual behavior 
in relation to situational setting (Shaw and Hesse, 2010). Time-geography focuses on 
the constraints on human activities in space and time, which cause activities to occur 
at specific times and locations. It distinguishes capability constraints (individual or 
technological constraints to move), coupling constraints (the need to couple with 
others for given durations) and authority constraints (limitations of physical presence 
by public or private authority). Over time, others came to argue for the importance 
of including cognitive constraints (Kwan and Hong, 1998), which influence how the 
individual processes and acts upon information from his environment. Constraints are 
an important element in studies involving mobility and wellbeing in older age. ‘Life 
space’ measurement is especially used to assess older adults’ mobility by measuring the 
relationship between frequency and distance of travel using life space diaries. These 
diaries specify when, why, how and how often they travel to diverse destinations, starting 
from their bedroom outward (Peel et al., 2005), and give insight in the experienced 
restrictions to their everyday mobility. Such conceptions offer impetus to study e-bike 
use beyond a narrow focus on trip behavior, in an approach that pays equal attention 
to travel constraints and the organization of daily activities that result in certain modal 
choice. 

2.5. Closing comments

The rapid ascent of e-bike use represents a major development in transportation in recent 
years. Along with other forms of active and electric mobility, e-bikes form a promising 
and potentially critical component of the necessary shift towards more sustainable 
transportation systems. The magnitude of e-bike adoption rates in different countries 
around the world offers unique opportunities for transportation researchers to study 
more closely the mechanisms driving mode choice, modal shift, and associated changes 
in travel behaviors, among varied populations in different geographical contexts. It is 
our view that these studies should be considerate of developments in fields associated 
with or adjacent to transportation studies, including (but not limited to) behavioral and 
mobilities approaches as mentioned in this paper. By taking into consideration insights 
and findings from these approaches, future studies on e-bike adoption by various user 
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groups can combine, integrate and mix diverse perspectives and research methods, and 
in this way add valuable insight to the existing body of knowledge. 
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Chapter

3

“Cycling was never so 
easy!” An analysis of 
e-bike commuters’ 
motives, travel 
behaviour and 
experiences using 
GPS-tracking and 
interviews



Abstract2  

The market for electrically-assisted cycling is growing fast. When substituting motorized 
travel, it could play an important role in the development of sustainable transport 
systems. This study aimed to assess the potential of e-bikes for low-carbon commuting by 
analysing e-bike commuters’ motives, travel behaviour and experiences. We GPS-tracked 
outdoor movements of 24 e-bike users in the Netherlands for two weeks and used their 
mapped travel behaviour as input for follow-up in-depth interviews. Most participants 
commuted by e-bike, alternated with car use. E-bike use was highest in work-related, 
single-destination journeys. It gave participants the benefits of conventional cycling over 
motorized transport (physical, outdoor activity) while mitigating relative disadvantages 
(longer travel time, increased effort). The positive experience of e-bike explained 
the tolerance for longer trip duration compared to other modes of transportation. 
Participants were inclined to make detours in order to access more enjoyable routes. 
Results demonstrate that e-bikes can substitute motorized commuting modes on 
distances perceived to be too long to cover by regular bike, and stress the importance 
of positive experience in e-bike commuting. This provides impetus for future actions to 
encourage commuting by e-bike.

Key words: Electrically-assisted cycling, commuting, sustainable transport, active 
transportation, mobility behaviour, route choice

2This chapter has been published as: Plazier, P.A., Weitkamp, G., Van den Berg, A.E., 2017. “Cycling was 
never so easy!” An analysis of e-bike commuters’ motives, travel behaviour and experiences using GPS-track-
ing and interviews. Journal of Transport Geography 65, 25–34. doi:10.1016/j.jtrangeo.2017.09.017
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3.1. Introduction

A major development in transportation in the past years has been the growth of 
electrically assisted cycling or e-biking. Defined here as pedal-assisted or bicycle-style 
electric bicycles, e-bikes make it possible to cover longer distances at higher speeds 
against reduced physical effort. In many countries like Germany and the Netherlands, 
e-bikes account for a rapidly growing share of new bikes sold (CONEBI, 2016). 
Findings from previous studies suggest that e-bike adoption can to some extent lead to 
substitution of trips formerly made using motorized transportation (Jones et al., 2016; 
Lee et al., 2015). It thus appears a viable alternative to commuting by automobile and 
public transportation. An increasing amount of research has focused on e-biking, but 
less attention has been paid to e-bike use for commuting, and the extent to which it can 
substitute motorized commuting. A better understanding of the mode choices and their 
effects are needed to guide future actions to encourage functional e-bike use, in attempts 
to further establish low-carbon commuting habits. This paper addresses these issues by 
providing further insight into the potential for mode substitution.
 The aim of this study was to assess the potential of e-bikes for sustainable 
commuting by analysing e-bike commuters’ motives, travel behaviour and experiences. 
To accomplish this aim, we GPS-tracked the daily travel behaviour of 24 e-bike 
commuters in the north of the Netherlands and held follow-up in-depth interviews 
discussing their motives and experiences. In the remainder of this paper, we first discuss 
prior research on e-bike use and the need for comprehensive travel behaviour data as 
input for policy. We then present and discuss the methods and results of the study.

3.1.1. Prior research on e-bikes
There is growing consensus that current levels of motorized transport negatively impact 
environmental quality, quality of life, and accessibility to the extent of being unsustainable 
(Kenworthy and Laube, 1996; Steg and Gifford, 2005). E-bikes, especially if they are 
of the pedal-assisted type, provide a sustainable, healthy alternative for motorized 
transportation on distances too long to cover by regular bike. As such, the e-bike has 
attracted a considerable amount of research attention (Dill and Rose, 2012; Fishman 
and Cherry, 2015; Jones et al., 2016; MacArthur et al., 2014; Popovich et al., 2014; 
Rose, 2012). This research has mostly focused on relative advantages and disadvantages 
of the e-bike compared to other modes of transportation regarding aspects like health, 
comfort, safety, travel speed and travel distance (Fishman and Cherry, 2015). 
 As pointed out by Fishman & Cherry (2015) e-bike use is especially high in 
countries with traditionally high levels of conventional cycling, such as most northern 
European countries. In these countries, safety and infrastructural barriers to cycling 
have largely been overcome, making it possible to utilize the full benefits of e-bikes. 
Research to date indicates that e-bikes, as opposed to conventional bikes, permit 
bridging longer travel distances, reduce travel times, mitigate physical effort, overcome 
geographical or meteorological barriers, and facilitate cycling for elderly or physically 
impaired individuals (Dill and Rose, 2012; Fyhri and Fearnley, 2015; Johnson and 
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Rose, 2015; Jones et al., 2016; Lee et al., 2015; MacArthur et al., 2014; Popovich et 
al., 2014). However, there has been some concern for the effects of e-bikes on safety, 
health and environment. Evidence so far shows that e-bike users are subject to slightly 
higher risks of injury (Fishman and Cherry, 2015). The likelihood of hospitalization 
is higher for older or physically impaired victims. Contributing factors are heaviness 
of the e-bike, increased speeds and cycling without protection. Yet, crashes are often 
one-sided (Schepers et al., 2014; Vlakveld et al., 2015). The lower levels of physical 
activity compared to conventional cycling have also caused concern for health. However, 
preliminary evidence suggests that assisted cycling can still satisfy moderate-intensity 
standards and thus promote good health (Gojanovic et al., 2011; Simons et al., 2009; 
Sperlich et al., 2012). 
 Finally, concerns have been raised regarding e-bike batteries. During the 
rapid uptake of lead-acid powered e-bikes in China in the late-1990s and early 2000s, 
poorly regulated production, disposal and recycling of lead batteries negatively affected 
environment and public health (Cherry et al., 2009; J. X. Weinert et al., 2007). In 
recent years, the industry has shifted to the use of Lithium-Ion batteries, which offer 
performance and environmental benefits over lead-acid batteries (Fishman and Cherry, 
2015). In Europe, collection and recycling of batteries are regulated in the “battery 
directive” adopted by the European Parliament in 2006 (European Commission, 2006). 
This directive prohibits disposal of batteries in landfills or by incineration, and states 
that all collected batteries should be recycled.
 Although e-bikes are increasingly popular, their contribution to sustainable 
transport behaviour is still limited. In the Netherlands, e-bike use is especially high 
among older adults, who predominantly use it for leisure purposes (KiM, 2016, pp. 
17, 18). And despite findings that e-bike trips can substitute trips by car and public 
transport, Kroesen (2017a) suggests that e-bike ownership to date mostly substitutes 
conventional bike use. Nonetheless, e-bikes hold growing appeal to increasingly 
younger populations including students, commuters and parents, who carry children 
and groceries or travel long distances on a day-to-day basis (KiM, 2016; Peine et al., 
2016; Plazier et al., 2017b; Stichting BOVAG-RAI Mobiliteit, 2016). Considering the 
disproportionate impacts of motorized commuting on congestion and environmental 
pollution, transport officials are increasingly interested in the potential of e-bikes as a 
sustainable alternative for motorized commuting. As yet, however, little is known about 
the opportunities and barriers for commuting by e-bike. 

3.1.2. Travel behaviour in research and policy
In general terms, sustainability in transport is related to balancing current and future 
economic, social and environmental qualities of transport systems (Steg and Gifford, 
2005). In recent years, research on sustainable transport behaviour has used insights from 
psychological theories to provide practical guidelines for the development of personal 
travel campaigns, awareness raising and promotion of alternative transport options 
(Bamberg et al., 2003; Groot and Steg, 2007; Heath and Gifford, 2002; Hiselius and 
Rosqvist, 2016). These guidelines have to a large extent relied on financial rewarding 
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schemes and elements of gamification, which focus on individual reasoned action in 
order to achieve major social change (Barr and Prillwitz, 2014; Te Brömmelstroet, 
2014). A major limitation of these approaches, however, is that they do not take into 
account that a large part of people’s travel decisions are not deliberately made, but are 
based on routines and activated by daily situational cues (Müggenburg et al., 2015). The 
question remains to what extent sustainability in itself forms a motive to change travel 
behaviours.
 In recent years, mobility research has increasingly taken a perspective in 
which travel is considered a routine activity shaped by a complex and ever-changing 
context, instead of the result of individual decision making (Cass and Faulconbridge, 
2016; Guell et al., 2012; Müggenburg et al., 2015). Within this approach, deliberate 
intentions, like concerns about sustainability, have been accorded less importance, while 
social and structural contexts have been argued to be significant shapers of individual 
travel behaviour. 
 However, while this more comprehensive approach to travel behaviour is 
gaining importance in travel behaviour research, application to e-bike use is limited. 
Qualitative insights on the subject are offered by Jones et al (2016), who consider e-bike 
users’ motives, experiences and perceived changes in travel behaviour in the Netherlands 
and the United Kingdom. They found that motives for purchasing an e-bike were 
commonly related to a personal sense of decline in physical ability, but emphasized 
that it was often the outcome of multiple reasons including personal and household 
circumstances or critical events that led them to reflect on lifestyle and travel behaviour.
The present study examines the habitual travel behaviour of e-bike users by combining 
perceived and actual travel behaviour characteristics. In general, the value of combining 
these data has widely been recognized in the social sciences (Driscoll et al., 2007) and 
mobility and transport studies (Clifton and Handy, 2003; Grosvenor, 2000; Meijering 
and Weitkamp, 2016). We formulated three research questions: (1) What were motives 
for purchasing and starting to use an e-bike? (2) Under what conditions can e-bikes 
substitute motorized commuting? (3) Which role do travel experiences play in the daily 
commute by e-bike? The behaviour of this group can provide important insights into 
the potential of the e-bike for commuting.

3.2. Method

3.2.1. Study area and participants
To study the commuting behaviour of e-bike users, we integrated two-week GPS data 
logs with follow-up in-depth interviews. The GPS data from individual participants 
informed the development of individual interview guides, whereas data retrieved from 
the interviews helped to control and validate the recorded GPS data.
 The study took place in the north-eastern part of the Netherlands around the 
city of Groningen, at the intersection of the provinces of Groningen, Friesland and 
Drenthe (Fig. 3.1). Groningen is the largest city in the north of the Netherlands, with 
a population of approximately 200.000. It attracts a considerable amount of daily 
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commuter traffic from the surrounding region. Around the city, most of the population 
lives in villages and small towns. The land mostly consists of grass- and farmland, and 
has a flat topography. Like the rest of the Netherlands, it has a temperate oceanic climate 
influenced by the North Sea, with average temperatures in the coldest months above 
zero, but regular frost periods. Periods of extended rainfall are common. 
 Twenty-four participants (12 men, 12 women), aged 25-65 years old (M=45 
years, SD =9.3) participated in the study. All participants lived and worked in the study 
area. Nineteen participants commuted from their home village to the city of Groningen, 
two participants commuted from an outer suburb to Groningen, and three participants 
commuted from village to village in the area southwest of the city. Participants owned 
their own e-bike, and had been using it regularly for a period ranging from a month 
up to four years at the time of the study. Twenty-one participants owned a regular 
e-bike, which is the most common model in the Netherlands, and legally defined as a 
bike propelled by user pedalling and assisted up to 25 km/h. Three participants owned 
a speed pedelec. This type of e-bike can potentially assist up to 45 km/h (CROW-
Fietsberaad, 2015). All participants were regular cyclists, and most still owned and used 
a conventional bike after e-bike adoption. 

Fig. 3.1 – E-bike commuting routes between participants’ home and work locations

We recruited participants through snowball sampling and with help of Groningen 
Bereikbaar, the organization in charge of mobility management in the greater 
Groningen area. E-bike users were asked by e-mail to participate in the study, which 
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was approved by the ethics committee of the Faculty of Spatial Sciences, University of 
Groningen. Oral and written instructions were provided before starting GPS tracking. 
All participants gave their written informed consent to both methods prior to the study, 
and gave permission for their anonymized data to be used for research purposes. 

3.2.2.GPS tracking and analysis of GPS data
Tracking took place from November 2015 to April 2016. We asked participants to 
carry a GPS tracking device for 14 days including week-ends, tracking all their outdoor 
movements. This constituted a complete record of all travel movements and modes used 
in those two weeks. QStarz Travel Recorder BT-Q1000XT devices were used. These 
were found to have relatively high accuracy, good battery life and storage, and to be 
relatively easy-to-use (Schipperijn et al., 2014). Trackers were set to record GPS at a 
10-second interval. 20 participants tracked for 14 days or more. On some of the days, 
travel behaviour was not recorded, as some participants had forgotten to charge the 
battery or bring the tracker. One participant tracked 12 days, two 10 days and one 8 
days.
 After collection of the devices, V-Analytics CommonGIS was used to remove 
noise from the GPS data and to define trajectories and destinations. The trajectories 
were categorized by mode based on recorded speeds and visualized paths using ArcGIS. 
For each participant, data were mapped in ArcGIS Online, which was discussed with 
the participants during the interviews. The GPS data were validated and re-coded based 
on the interview-data, where necessary. We distinguished seven types of destinations: 
work, personal, free time, shopping, appointment, visiting, school (Krizek 2003, see 
Table 3.1).

Table 3.1 – Overview of types of destinations

Destination Purpose

Work Work locations

Personal Getting a service done or completing a transaction, e.g. banking, fuel station

Free time Non-task oriented activities, e.g. entertainment, dining, theater, sports, church, clubs

Shopping Travel to buy concrete things, categorized here as convenience shopping (groceries) and goods 
shopping (furniture, clothing, home supplies)

Appointment Activities to be done at a particular place and time, e.g. doctor’s appointment, meeting

Visiting Visit social contacts such as family, friends

School Dropping off and picking up children for school (pre-school, elementary school)

Trajectories were coded in trips (going from one place to another) and journeys (in other 
literature also referred to as ‘tours’, e.g. Krizek, 2003) (Fig. 3.2). Journeys were formed 
by round-trips (from home-to-home) and classified as either work-related or non-
work-related. They contained multiple trips and could contain multiple destinations. 
For instance, in figure 2, journey A (work-related) contains 3 trips and 2 destinations 
(work and convenience shopping), whereas journey B (non-work-related) contains 1 
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destination and 2 trips. Differentiating between trips and journeys allowed analysing 
whether number and types of destinations in a journey influenced mode choice and the 
likeliness to commute by e-bike.

Fig. 3.2 – Classification of trajectories in trips and journeys

3.2.3. Interviews
The interviews were semi-structured, and included the following topics: first, participants 
were presented with the map of their travel behaviour during the days of tracking, and 
were given the opportunity to reflect on their trips and destinations. The map was also 
used to check whether modes had correctly been defined for each of the trajectories. 
The interviewer then asked questions about the participant’s travel behaviour prior to 
e-bike adoption and reasons for buying an e-bike. Next, the interview zoomed in on the 
commuting route to work using the map and additional Google Streetview imagery. 
Finally, several aspects of e-bike use including safety, reliability, comfort and commuting 
experience were discussed. 
 The interviews were audio-recorded and transcribed verbatim. They were then 
coded in Atlas.ti using a grounded theory approach (Hennink et al., 2011, p. 208). An 
interview guide was designed before the interviews with the aim of ensuring complete 
and consistent coverage in each interview of themes under study. A first round of 
deductive coding served to organize the interview transcripts according to these themes. 
We then inductively coded the issues emerging directly from the data. The resulting 
codebook was expanded and refined throughout the coding process. Relevant citations 
were translated from Dutch to English by the authors. To preserve confidentiality, all 
participants were referred to by their participant numbers.

3.3. Results

We first discuss participants’ motivations for e-bike adoption. Then, the recorded travel 
behaviour is discussed. Finally, we consider participants’ day-to-day mode choice and 
commuting experiences. 
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3.3.1. Motives for e-bike adoption
The interviews revealed that, before purchasing an e-bike, 19 participants mostly 
commuted by car, 3 by bike and 2 by bus. To car and bus users, conventional cycling 
had never been a serious alternative to their present commute: only three of them cycled 
to work sporadically, using it as a last mile mode of transport, or in case of good weather:

“I was the typical ‘nice-weather cyclist’. I would only bike to work if there wasn’t any wind 
and if it was dry” 

[participant 11, aged 55, 7 km commute]

Most participants had rarely questioned their routines:

“It was a habit… My car is parked right outside my house, so in the morning, I’d just 
jump in. No hassle, no schedules, good parking at work… It was just so convenient” 

[participant 23, aged 50, 11 km commute]

To those using motorized transportation, regular cycling to work would have meant a 
dramatic increase in travel time relative to their habitual commute to work, or excessive 
physical exercise causing them to arrive sweaty and tired. Despite these practical barriers 
to more active commuting, many participants (n=13) mentioned feeling uncomfortable 
with their prevailing commuting patterns, and buying an e-bike came from a longer 
held desire to change this behaviour. For the large majority (n=20), reconsideration 
of commuting habits followed work-related changes (changing jobs, moving work 
locations) or changes in the home environment (moving, having children, children 
growing older). Some mentioned participating in a pilot, or simply being offered a 
subsidy for a new bike.

“Both my children started high school this year, and they go there by bike. Well, I want 
to bike too! But I don’t want to arrive here all warm and sweaty. So that’s when it came 
to me” 

[participant 4, aged 40, 10 km commute]

“We wanted to get out of that car, so the will was already there. Then, we were offered a 
bike subsidy, and we decided to do it” 

[participant 9, aged 35, 16 km commute]

To all participants in this study, commuting was the prime motive for purchasing an 
e-bike, and few indicated the intention to use it for other purposes. Asked to what extent 
environmental issues played part in the choice to adopt an e-bike, only one participant 
stated this to be a driver behind the decision to purchase. The others saw it mostly as a 
fortunate coincidence:

“To be honest.. I just need to get to work on time (laughs). And it’s not like I ride my 
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e-bike in order to not take the car, you know, for environmental reasons. It is a nice 
coincidence, but it was never decisive” 

[participant 17, aged 54, 18 km commute]

“Well.. not so much. It is sustainable in the sense that I use my car less. But I don’t think 
‘wow, that’s neat, I saved the environment!’ More like, ‘wow, that’s neat, I saved on gas’ 
(laughs). If you ask me, was the environment a motive, I say no” 

[participant 2, aged 46, 8 km commute]

Rather than environmental issues, participants mentioned health (n=8) as one of the 
important reasons to buy an e-bike: 

“I thought, coming to work 4-days a week by bus, I don’t get enough exercise. And 50-year 
old women like me need to start worrying about their Vitamin D levels!” 

[participant 16, aged 50, 18 km commute]

“At some point I noticed that, every time the weather was bad, or with a little wind, I 
would take the car (..) But I suffer a type of rheumatism. And they told me it’s best to keep 
exercising regularly, so cycling is really important (..) That’s when I decided to buy one” 

[participant 24, aged 25, 13 km commute]

Most participants mentioned the high prices as a consideration in the decision to buy an 
e-bike, but this had not deterred them from purchasing one. Instead, some had chosen a 
simpler e-bike design that was less expensive. Others in turn found out they were eligible 
to employer compensation, or argued buying an e-bike substituted the purchase of a 
second car or allowed to save on gas or transit fares.

3.3.2. Two-week travel behaviour
A total of 1090 single-destination trips (going from one place to another) were recorded 
constituting 443 round-trip (home-to-home) journeys. In this section, we first discuss 
characteristics of trips, followed by home-to-home journeys. We complement GPS data 
results with interview data when considered relevant.

3.3.2.1. Trips
Out of the 1090 trips, more than one-third (34.5%) were made by e-bike (see Table 3.2). 
E-bike use even accounted for the majority of the 250 trips to and from work (n=134, 
53.6%). E-bike use was also relatively high for the 21 trips to and from school (n=29, 
50%), which, according to the participants, were often combined with commuting. 
Car use (47.5% of the total number of trips) was the main alternative to e-biking for 
most destinations. The car was even preferred over the e-bike and other modes when 
spending free-time (63.3%), going shopping (55.9%) and visiting friends and family 
(83.3%). Active and public transport use was generally low, and conventional bike use 
was most frequent when shopping. Participants mentioned the habit of running errands 
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by conventional bike, and did not consider e-bike use worthwhile for this purpose. 

“It’s a small village, and everything is so accessible. So for runs to the [grocery store], I use 
my normal bike” 

[Participant 10, aged 57, 11 km commute]

Table 3.2 – Frequencies of trips by mode and purpose

Purpose Car E-bike Walk Bike Bus Train Other Total

Work 80 134 15 1 13 5 2 250 (22.9%)

Personal 6 8 0 0 0 0 0 14 (1.3%)

Free time 81 24 15 5 1 3 0 128 (11.7%)

Conv shopping 51 12 14 17 1 0 0 95 (8.7%)

Goods shopping 20 5 1 5 0 1 0 32 (2.9%)

Appointment 4 6 0 0 0 0 0 10 (0.9%)

Visit 65 10 6 2 1 1 2 87 (8.0%)

School 21 29 1 7 0 0 0 58 (5.3%)

Home 190 148 33 29 9 5 2 416 (38.2%)

Total 518 (47.5%) 376 (34.5%) 85 (7.8%) 66 (6.0%) 25 (2.3%) 14 (1.3%) 6 (0.6%) 1090 (100%)

Of the 1090 trips, 305 were commuting trips. This includes trips from home to work 
and work to home. Of these commuting trips, 63.3% were done by e-bike, followed 
by car (28.2%) and bus (6.2%) (Table 3.3). Comparison of average commuting 
distances shows that e-bike trips to work covered an average of 14.1 kilometres. Longer 
commuting distances were covered by bus, car, train and motorbike respectively. 
While e-bike commutes were shortest in distance, they took longer (M=46 minutes) 
than commutes by car (M=29.7 minutes), and about equally long as commutes by 
bus (M=46.6 minutes). This suggests that equal or longer travel times did not deter 
participants from using an e-bike instead of car or bus. 

Table 3.3 – Numbers of commuting trips with average distance and duration by mode

Mode N (%) Km (SD) Min (SD)

Car 86 (28.2%) 24.0 (30.1) 29.7 (19.0)

E-bike 193 (63.3%) 14.1 (5.5) 46 (13.5)

Walk 0 (0.0%) 0.0 (0.0) 0.0 (0.0)

Bike 0 (0.0%) 0.0 (0.0) 0.0 (0.0)

Bus 19(6.2%) 20.5 (3.5) 46.6 (8.6)

Train 5 (1.6%) 197.4 (12.3) 148.2 (13.0)

Motor 2 (0.7%) 25.9 (0.2) 34.6 (4.3)

Total 305 (100%) - -
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3.3.2.2. Journeys
In addition to trips (single trajectories going from one place to another) we also analysed 
the distribution of journeys (round-trips from home-to-home). These journeys were 
classified as work-related (i.e. including a work destination) or non-work related. 
Table 3.4 shows that the majority of work-related journeys with work as the single 
destination were made by e-bike (72.6%), followed by car (20%), bus (6%) and train 
(2%). When the journey had to be combined with other destinations, the distinction 
was less clear, and car use was about as high (43.9%) as e-bike use (45.1%). E-bike 
use was generally lower in the non-work-related journeys. Here, car use was common 
on longer distances, and walking and cycling were frequent on shorter distances. For 
both work and non-work-related journeys, the travel distance was generally higher for 
multiple destination-journeys (e.g. grocery shopping or picking up kids after work) 
than for single destination journeys. For example, work-related journeys done by car 
were almost 30 kilometres longer if multiple destinations were included. In the case of 
e-bike use, work-related journeys were more than 7 kilometres longer on average. An 
average of 1.8 additional destinations were reached by e-bike on work-related journeys, 
whereas by car an average of 2.1 destinations per journey were reached in addition 
to work. Thus, work-related car journeys included more additional destinations than 
work-related e-bike journeys. Additional destinations in work-related car journeys were 
also more often work destinations than additional destinations in e-bike journeys. This 
was supported by participants’ statements that they were more likely to commute by car 
if they had to reach multiple work destinations throughout the day. We further discuss 
this in the next section.

Table 3.4 – Count and average distance of work and non-work journeys, categorized 
by destination

Work- 
journeys

Non-work 
journeys

Single 
destination

Multiple 
destination

Single 
destination

Multiple 
destination

Mode N (%) KM (SD) N (%) KM (SD) N (%) KM (SD) N (%)  KM (SD)

Car 23 (19.6%) 39.5 (33.6) 36 (43.9%) 69.8 (96.8) 92 (52.0%) 30.5 (51.8) 44 (68.8%) 38.2 (46.0)

E-bike 85 72.6%) 26.4 (11.6) 37 (45.1%) 33.1 (12.4) 23 (13.0%) 7.7 (8.6) 13 (20.3%) 9.6 (7.8)

Walk 0 (0.0%) 0.0 (-) 0 (0.0%) 0.0 (-) 34 (19.2%) 3.1 (2.8) 1 (1.6%) 2.4 (-)

Bike 0 (0.0%) 0.0 (-) 0 (0.0%) 0.0 (-) 24 (13.6%) 2.9 (4.3) 5 (7.8%) 2.9 (1.3)

Bus 7 (6.0%) 32.2 (11.9) 6 (7.3%) 48.5 (18.2) 1 (0.6%) 31.7 0 (0.0%) 0.0 (-)

Train 2 (1.7%) 405.1 (8.3) 3 (3.7%) 336.8 (179.2) 2 (1.1%) 358.9 (235.2) 1 (1.6%) 439.2 (-)

Motor 0 (0.0%) 0.0 (0.0) 1 (1.2%) 463.5 (-) 1 (0.6%) 2.7 (0.0) 0 (0.0%) 0.0

Total 117 (100%) - 82 (100%) - 177 (100%) - 64 (100%) -

3.3.3. Commuting mode choice and experiences
In the interviews, which were supported by the individual route maps created from 
GPS data, participants were also asked about their daily mode choice and experiences 
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on the road. GPS tracking revealed that e-bike use was mostly alternated with car use. 
Two important factors were discerned: participants’ daily agenda’s, and the weather. 
Seventeen participants explicitly stated to choose modes according to their day planning. 
Some referred to the e-bike’s limited battery range:

“I went to work in the morning, and then had a conference meeting in the afternoon. I 
would have loved to do that by e-bike, but it’s just not doable given my bike’s battery life” 

[participant 1, aged 61, 9 km commute]
 
For others, car use followed from the need to combine activities in limited amounts of 
time:

“I also work at [location], all the way on the other side of town (..) It just takes too much 
time [by e-bike], so I’ll take the car” 

[participant 2, aged 46, 8 km commute]

“Yesterday, we had open day here at [work], so I needed to stay over in the evening. But I 
prefer to go home to have dinner, so I knew I had a tight schedule, because I only have 45 
minutes to go back and forth. So I took the car” 

[participant 4, aged 40, 10 km commute]

Participants stated preferring the car over the e-bike when work locations were further 
away, when combining destinations, or when picking up or dropping off children at 
various activities. This is consistent with the GPS data, which showed an increase in car 
use on journeys with multiple destinations (table 3.4). 
 Another factor was the weather. To a majority, rain was a major influence 
(n=18). While participants did not mind a bit of rain, heavy showers triggered higher 
levels of car use. Six of them stated rain to be an influence more on the way to work than 
on the way back.

“I check the weather in the morning, and if rain is predicted for the entire trip to work 
I just take the car (..) But getting home wet, it doesn’t really matter. I can change clothes 
at home and that’s it” 

[participant 12, 47, 16 km commute]

Potential exposure to rain meant more carefully planning the trip to work. Most 
mentioned minor alterations to their commute routine: the night before, participants 
checked weather apps, and eventually prepared rain-clothing. However, wind influence 
seemed to have lost its significance. Before they owned an e-bike, wind formed a major 
factor in participants’ commute through the open landscape, and mitigation of its 
influence was mentioned as the greatest asset of the e-bike. This made it easier to choose 
cycling over driving. To six participants, weather circumstances did not influence their 
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commutes anymore after adopting an e-bike. Some even mentioned the satisfaction of 
going out in bad weather:

“Rain, or thunder, I don’t care, I love it. I put my rain suit on, I don’t let the weather stop 
me. (..) I don’t know, I think I just like braving the elements a bit” 

[participant 1, aged 61, 9 km commute]

Despite variations in levels of use due to weather and day planning, the e-bike was 
overall considered to be the standard commuting mode. Asked what motivated them 
to use the e-bike on a regular basis, participants accorded little attention to classic 
mode choice influences like speed (n=3) or directness of the route (n=3). Rather, they 
mentioned being outside (n=16), physical exercise (n=12) and freedom or independence 
from carpooling or public transit schedules (n=10) as the main reasons for daily e-bike 
travel. In addition, the commute by e-bike allowed mentally preparing for the day ahead 
or disconnecting from work (n=8). In the words of one participant, e-bike use meant a 
re-valuation of his commuting time: 

“I consider driving to work a waste of time. Really, it’s useless. I don’t see cycling and being 
outside as a waste of time” 

[participant 2, aged 46, 8 km commute]

The GPS-data showed that commutes by e-bike took about as long as commutes by bus, 
and longer than commutes by car, but this did not deter participants from commuting 
by e-bike. In fact, when asked, sixteen participants mentioned they would be willing 
to extend their commuting time if that meant they would still be able to travel by 
e-bike. Their maximum acceptable extra commuting time by e-bike was 19 minutes on 
average (SD=7.3) on top of their recorded 38 minutes on average (SD=11.6). Finally, 
in the interviews, participants were also asked about their day-to-day route choice 
and experience using the e-bike. Two participants had only one route to work, but 
the remainder had several alternative commuting routes and showed variations in their 
trajectories. Again, speed (n=9) and directness (n=6) of a route were of lesser interest. 
Most mentioned the beautiful surroundings of the route (n=16), the fact that it ran 
through nature or green areas (n=12), and the tranquillity of the commute (n=11). 
Alternative routes were sometimes used as they were faster (n=8), considered safer (e.g. 
during early morning or night-time commutes, n=4) or preferable depending on the 
weather (n=3). For others, the available alternative routes were simply too long (n=10), 
unpleasant (n=10) or crowded with other cyclists or motorized traffic (n=10).
 Route choice considerations can be illustrated by the route choice of participant 
8 [aged 44, 15 km commute]. GPS tracking revealed he had two routes to work (Fig. 
3.3). Route A consisted of a section of shared, rural road, and a section of concrete bike 
path. Route B consisted of a separate bike path running between his hometown and the 
border of the city, where it would connect to the urban bike infrastructure network. In 
recent years, route B had been upgraded in response to growing bike traffic to and from 

36



Fig. 3.3 – Route options and characteristics of participant 8

the city: the path was widened, flattened, and had priority over all roads crossing the 
path, permitting a continuous commute to the city. Despite this, and the slightly shorter 
and faster commute, he mostly refrained from using route B and preferred route A:

“[Route A] is a fantastic route, I take it practically every day. It is way more fun, straight 
through nature, no other roads, no traffic (..) It would be a bit shorter going through 
[route B]. But it’s insignificant, I prefer to take the scenic route (..) It is more inviting, it 
incentivizes to take the e-bike”

“On [Route B] you cycle next to the road all the way. There’s the bike path, two meters 
in between, and then the road, where the speed limit is 80, 90 [km/h]. (..) It’s not very 
nice. And I think it’s quite dangerous. The separation between bikes and cars is minimal. 
(..) Also the bike path is a bit lower than the road, you’re blinded by the lights (..) It was 
upgraded a couple of years ago, and the path itself is fine. But to me it is a functional 
route, for if the weather is bad”

This was echoed by 6 other participants, who all had dedicated, upgraded bike paths and 
alternative routes available to them. They preferred the alternatives where they would 
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enjoy their surroundings less bothered by motorized traffic or crowds of cyclists. 

“The shortest route goes along the main road, all the way. You constantly have the noise of 
cars next to you. I’ll take it if the weather’s bad, if I’m in a hurry, or in case of headwind 
(..) but if circumstances are good, I’ll take the longer route, the nicer one” 

[participant 4, aged 40, 10 km commute]. 

For those with no (realistic) alternatives, however, the combination of speed and 
directness was a joy in itself:

“It’s a long stretch, and I look forward to that part now. I bike out of the city, and think, 
finally! I turn my music a little louder, and then just go. I have to refrain myself from 
singing out loud on that part” 

[participant 15, aged 33, 15 km commute]

Finally, participants mentioned the difference between assisted cycling in and outside 
the city was a major influence on cycling experience. Overall, they felt they got less 
advantage of the e-bike in the city due to the increase in traffic, traffic lights and complex 
traffic situations, which led to loss of momentum and interrupted flow. 

“My speed is a constant 26 [km/h] (..) but that changes the moment I arrive in the city. 
There are schools, a shopping mall, I need to take into account other traffic (..) children 
crossing, crosswalks..” 

[participant 20, aged 51, 13 km commute]

In the city, safety issues arose due to difference in relative speeds and lacking of judgement 
of e-bike speed by other road users. Most acted on this by reducing speed or turning 
off the assistance altogether. The urban environment led to new tactics for finding the 
shortest route and avoiding traffic or traffic lights. Participant 17 mentioned regularly 
altering her route through the city (Fig 3.4):

“As you can see, I’m still kind of figuring out the best way of making it through [that 
neighbourhood] without joining the major roads too quickly. I basically try to postpone 
using the main road as long as I can, because that really slows me down. I reduce the 
assistance. (..) I really have to adjust to the other traffic there” 

[participant 17, aged 54, 18 km commute]

Participants mentioned lower speeds and increased number of stops in urban areas as a 
drawback to their commute. The loss of momentum and interrupted flow, caused by the 
higher number of stops on urban sections of the commute, was also revealed through 
additional analysis of GPS data. On urban sections of their commute, participants had 
an average of 7.3 measured stops (recorded GPS points with speed under 5 km/h), as 
opposed to 4.2 stops per commute on rural sections of the route. Despite the downsides 
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of cycling in the city, participants from time to time also enjoyed being exposed to city 
life. As participant 1 put it, he’d rather experience the city from his bike than from inside 
his “car bubble”. 

3.4. Discussion

This study evaluated the potential of e-bike commuting by analyzing e-bike commuters’ 
motives, travel behaviour and experiences using GPS tracking and in-depth interviews. 
We had three main questions: (1) What were motives for purchasing and starting to use 
an e-bike? (2) Under what conditions can e-bikes substitute motorized commuting? (3) 
Which role do travel experiences play in the daily commute by e-bike?
 The majority of participants adopted an e-bike following changes in the work 
or home environment. These changes prompted participants to reconsider prevailing 
commuting habits. Sustainability was not found to be a key driver, but rather health 
was mentioned as an important motive for adoption and daily use. GPS tracking 
revealed that e-bike use accounted for the majority of recorded commuting trips, 
and competed mostly with car use. E-bike use was lower when more activities were 
combined and in non-work-related journeys, in which car use, conventional cycling 
and walking were more common. The findings provide little support for substitution 
of conventional cycling by e-biking. E-bike commutes mostly substituted use of car 
and bus in the old situation, and participants indicated shorter trips were still made 
by conventional bike. E-bike commutes took about twice as long as car commutes and 
about as long as bus commutes, although they covered shorter distances. Participants 
stated that commuting by e-bike gave them benefits of conventional cycling compared 

Fig. 3.4 – Route choice of participant 17
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to motorized transport (enjoyment of outdoor, physical activity; independency) while 
mitigating its relative disadvantages (longer travel time; increased effort). Daily schedules 
and weather conditions were possible impediments, although electric assistance negated 
wind influence. Participants generally preferred enjoyable and quiet routes over faster 
and more direct ones. Cycling experience outside the city (enjoying the surroundings, 
maximizing e-bike speed) was different from within the city, where traffic density, 
multiple forced stops and complex situations made that assistance was not fully utilized. 
In general, the findings provide support for the idea that e-bikes can be effective in 
replacing motorized transport for the purpose of commuting, and emphasizes the role 
of positive experience in e-bike commuting. 
 The finding that e-bike adoption mostly followed a key event corroborates 
earlier studies. Chatterjee et al. (2013) showed that events such as changes in 
employment, relationships, health, children or residence can trigger a turning point, 
such as starting cycling or changing cycling behaviour (in our case, the decision to buy 
an e-bike for purpose of commuting). The probability that a life event triggers actual 
change is mediated by factors such as personal history (our case: participants being 
accustomed to bike use, due to experiences in earlier life stages), intrinsic motivators 
(our case: health) and existing facilitating conditions in the external environment (our 
case: quality infrastructure, or employer benefits) (Chatterjee et al., 2013; Clark et al., 
2014). Our results also comply with earlier studies that found e-bikes to be highly 
suitable for distances too long to cover by regular bike (Astegiano et al., 2015; Jones et 
al., 2016). Average e-bike distances for both total trips (9,7 km) and commuting trips 
(14,1 km) in the current study surpassed distances measured in the Dutch national 
travel survey. Here, e-bike trips averaged 5,5 kilometres, although differences were found 
between age categories (KiM, 2015a, p. 22). The discrepancy between the two studies 
is a possible consequence of our small study sample and the relative low population 
densities of the study area, where as a result, distances between destinations are higher 
than in more urbanized areas in the Netherlands. Indeed, average travel distances per 
person per day in the provinces of Drenthe (>37 km) and Friesland (34-37 km), where 
the majority of the participants reside, are higher than the national average of 32 km per 
day. Residents of the province of Groningen in turn travel distances more in line with 
the national average (Statistics Netherlands, 2016, pp. 19, 20, 21). The lower e-bike 
use in journeys with more destinations contradict previous statements that users might 
reach a larger diversity of destinations by adopting an e-bike (Astegiano et al., 2015). 
Claims that elevated speed of the e-bike permits competition with rush hour driving 
and local public transport (Fyhri and Fearnley, 2015) are, however, partly confirmed. 
While the average duration of recorded car commutes was considerably shorter than 
e-bike commutes, average duration of recorded bus commutes was similar to e-bike 
commutes. More importantly however than being faster than car or bus, electrically 
assisted biking was considered a realistic alternative. This is related to previous findings 
that suggested that for e-bike commuters, like e-bike users in general, being faster is less 
important than being able to travel for longer distances (Lee et al., 2015). Covering the 
distance and thereby including physical activity, being outside, enjoying the route and 
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being independent proved of higher value to e-bike commuters than being faster. This 
relates to the positive utility for travel as described by Mokhtarian et al (2001). More 
than just being utile for simply arriving at a destination, traveling by e-bike has intrinsic 
utility for the participants (e.g. exposure to environment, breathing fresh air) and utility 
for activities that can be conducted while riding (mentally preparing for the day ahead, 
or clearing the mind), resulting in longer commuting durations than strictly necessary. 
These findings stress the importance of considering quality aspects of the commute 
alongside conventional factors such as mode speed and travel time when studying travel 
behaviour. Furthermore, e-bikes seem to change the way cyclists ride (MacArthur et al., 
2014, p. 126). Assisted cycling gave participants options to choose enjoyable routes over 
faster and more direct ones. However, assisted cycling in rural and urban environments 
was experienced differently, as the latter was often considered less safe or enjoyable. 
These results highlight the importance of travel experience in e-bike commuting, 
both in the day-to-day mode choice and in route choice. They also suggest electrical 
assistance might serve different purposes in different contexts: in lower-density peri-
urban and rural areas, assistance might be valued for enabling continuous commuting 
at high average speeds, and increasing cycling range. In dense urban areas, cycling flow 
is more likely to be interrupted, and assistance might instead be valued for supporting 
acceleration in the numerous stop-and-go situations.
 A methodological strength of our research is that it combined objective 
measurement through GPS and subjective insights from in-depth interviews. By 
complementing and contrasting results, new insights were generated. However, we 
identify some limitations. We stress the probability of self-selection of participants. 
Therefore, results may not be representative of the broader population. Another potential 
limitation is that the research was conducted in the winter and early spring period, which 
may not be representative for other parts of the year. However, the weather in the study 
period was generally very mild, with the exception of one week of snow and frosting 
right after Christmas-break which delayed GPS tracking for some participants. Most 
participants acknowledged that their e-bike use would probably have been higher had 
their behaviour been recorded later in the spring or in summer. However, all indicated 
that recorded behaviour was approximately representative for their behaviour at that time 
of the year. Other limitations concern GPS tracking. Despite objective measurement 
enabled by GPS tracking, incorrect operation of trackers led to some inaccuracy in 
the data. Also, inclusion of both regular e-bikes and speed pedelecs in the study might 
affect results, although only three participants used a speed pedelecs. Furthermore, we 
were not able to track participants travel behaviour before e-bike adoption. We could 
therefore not make a quantitative assessment of mode use change. Finally, a limitation 
of this study concerns representativeness for other countries. High levels of cycling are 
already in place in the Netherlands. Compact urban areas, relatively low travel distances, 
the quality of cycling infrastructure, the cycling culture in place and the flat topography 
in the study area make that the findings may not apply to contexts. 
 Future research should study e-bike use with larger and more representative 
samples in order to address self-selection issues. Better insights in the relationship 
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between e-bike use and diverse weather and climate circumstances can be generated by 
tracking e-bike users in different seasons and different climate zones. To generate more 
accurate and consistent datasets, errors in GPS data collection will have to be addressed. 
Also, future studies should be sensitive to the differences between types of e-bikes, and 
take into account the increasingly popular speed pedelecs which support cycling at even 
higher speeds. Changes in travel behaviour could be objectively monitored by tracking 
participants prior to and after e-bike adoption. Finally, more insight in the potential of 
e-bike use for commuting is needed from other geographical contexts, including areas 
with less bicycle infrastructure, lower acquaintance with cycling in general, and different 
climatic circumstances and topography. Further research could address a broader scope 
than commuting alone. An example could be to study e-bikes’ possible contribution to 
mobility in low-density rural areas, to compensate declining public transport provision 
and increase access to amenities.
 Results imply that e-bikes can provide a good alternative to the use of car and 
public transportation. This supports future efforts directed at getting car and public 
transport commuters to use an e-bike. The growing appeal of e-bike commuting can lead 
to further acceptance of the e-bike as a functional mode of transport by populations of 
more diverse ages. Wider promotion of e-bikes for commuting, together with financial 
incentives from for instance employers, could contribute to growth in e-bike use for 
this purpose. Finally, actual and future development of fine-grained, appealing, high 
capacity bicycle infrastructure networks can further improve e-bikes’ competitiveness 
with car and public transport, and take additional advantage of the valuation of travel 
time. The important role of positive experiences in commuting by e-bike suggests that 
this factor should be explicitly taken into account in future actions in transport research, 
policy, and environmental design domains. 

3.5. Conclusion

Electrically assisted cycling or e-biking manifests itself as an appealing alternative to 
motorized commuting for those for which conventional cycling is not a realistic option. 
Its direct competition with car use means that efforts to increase e-bike use should be 
directed at car commuters. While e-bike commuting might not always be the faster 
option, enabling an appealing e-bike ride to work can mitigate the role of increased travel 
time in commuting. High levels of conventional cycling are already in place in the study 
area, but there is still much to be gained. The findings suggest that health and enjoyment 
can make a significant contribution to realizing sustainable travel behaviour. Promoting 
health and enjoyment of e-biking can support the development of sustainable transport 
systems that support active and healthy lifestyles.
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Chapter

4

The potential for 
e-biking among the 
younger population: 
a study of Dutch 
students



Abstract3

This study assessed the benefits and limitations of e-bike use for students participating 
in a pilot in a university town in the Netherlands. It targets a gap in the literature 
regarding e-bike use in early adulthood. Thirty-seven pilot participants completed a 
survey on their e-bike experiences, and follow-up in-depth interviews were held with 
eight participants. Results suggest there is a considerable potential for e-bike use among 
students. Participants valued e-bike speed, ease of use, the enjoyable experience of 
assisted cycling and independency from public transport schedules. Main impediments 
were the high costs of e-bikes, which have to compete with low-cost regular bikes and 
free public transportation. The study was based on a small, non-representative sample. 
Self-selection of participants and self-report of travel behaviors may have affected the 
internal and external validity of the results. Yet, the study offers first insights in the 
potential for e-bike use among younger populations. The positive attitudes of students 
suggest increased acceptance of e-bikes for everyday use, and likelihood of use in later 
life. Insights may guide future development of sustainable transport systems in university 
environments specifically and society in general. Results reveal a high potential for 
e-bikes to substitute public transportation use, but the high purchasing price makes it 
difficult for the e-bike to compete with other transport modes. 

Key words – Electrically-assisted cycling, university towns, sustainable transport, 
mobility behavior, commuting

3This chapter has been published as: Plazier, P.A., Weitkamp, G., Van den Berg, A.E., 2017. The potential for e-biking 
among the younger population: a study of Dutch students. Travel Behaviour and Society 8, 37–45. doi:10.1016/j.
tbs.2017.04.007
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4.1. Introduction

Electrically-assisted cycling, or e-biking, is growing in popularity in many countries 
across the world (Fishman and Cherry, 2015). E-bikes combine propulsion by user 
pedaling with assistance through a computer-guided electric motor. They permit 
cycling at constant and augmented speeds against reduced physical effort, and enable 
cyclists to cover longer distances in shorter amounts of time. Together with high 
energy efficiency compared to conventional motorized transportation, this makes them 
potentially effective in reducing traffic congestion, associated environmental problems, 
and increasing users’ physical activity levels. Thus, e-bikes can be considered a viable 
alternative to conventional motorized transport on distances too long to cover by regular 
bike (Fyhri and Fearnley, 2015). 
 Case studies in Europe, North America and Australia have suggested that e-bike 
use is especially high among middle-aged and older adults (Fishman and Cherry, 2015). 
Little is known about its potential among younger populations. Yet, stimulation of e-bike 
adoption in early adulthood may help to reduce demands on public transportation 
systems and can possibly substitute younger adults’ use of conventional motorized 
transportation now and in later life. 
 The present study aimed to gain insight in the potential benefits and limitations 
of e-bike use for young adults by evaluating an e-bike pilot among university students. 
These insights may be used to develop indicators of future e-bike use in this population 
and prospective developments in e-bike mobility in general. Before presenting the 
method and results of the study, we first discuss university students’ travel behavior, 
determinants of behavior change, and we briefly review the current knowledge on e-bike 
mobility. 

4.1.1. Student travel behavior
There is a general lack of understanding regarding university student travel behavior. 
Many travel behavior studies are not inclusive of the unique travel patterns of students 
that are closely tied to university land use, class schedules, recreation and work (Eom et 
al., 2009). Yet, as pointed out by Balsas (2003), the distinctive character of university 
student environments offers unique opportunities for communicating sustainability 
practices and shaping future transportation patterns. As such, positive experiences with 
sustainable modes of transport during university years can potentially play an important 
role in encouraging sustainable travel behaviors (Zhou, 2012). 
 The majority of student travel behavior studies to date have focused on U.S. 
university campus environments. Eom et al. (2009) found that walking was a prime mode 
for students living on-campus at the North Carolina State University, while driving was 
the prime mode for off-campus residents. Walking or driving to the university may also 
be dependent on commuting distance. For example, a study by Chen (2012) stressed 
differences between college-town and urban universities, with the latter having higher 
rates of motorized (public) transport use among students due to longer commuting 
distances. Other possible factors of influence on student travel behavior are climate and 
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weather. A study at the University of California Los Angeles demonstrated generally 
high rates of cycling, walking and public transport use, which potentially relate to the 
favorable climate (Zhou, 2012). Indeed, a study at the University of Idaho showed 
important fluctuations in mode use due to seasonal variations (Delmelle and Delmelle, 
2012). Another study at Kent State University in Ohio showed low walking and cycling 
shares throughout the year (Kaplan, 2015), although it was pointed out that weather 
was but one factor alongside time pressure, busy streets, safety concerns and supportive 
infrastructures for walking and cycling. In sum, important factors in modal travel choice 
of U.S. students seem to be distance, weather conditions and the presence of walking 
and cycling-friendly environments.
 Despite the barriers, U.S. cycling rates appear to be generally higher among 
students than in the general population (Pucher et al., 1999). The same seems to apply 
to the western European context. High rates of cycling in cities such as Groningen, 
Enschede (the Netherlands), Münster, Freiburg (Germany), Ghent (Belgium) and 
Odense (Denmark) correlate with the presence of large student populations (see 
Fietsberaad, 2006). A possible explanation is the low barrier of entry in terms of cost, and 
the potential to save money when cycling to the university instead of using other modes 
(Shannon et al., 2006, p. 247). In some countries, student populations are also eligible to 
free or discounted public transport use (De Witte et al., 2006). This is, for example, the 
case in the Netherlands, where high use of congested urban public transport by students 
has provided an impetus for attempts at modal shifts from train and bus to cycling and 
other forms of active commuting. In this context, the general need to decrease reliance 
on conventional motorized transport makes e-bikes a potentially interesting form of 
active travel to complement shares of walking and regular cycling in the Netherlands. 

4.1.2. Determinants of travel behavior
Research on people’s willingness to switch to environmentally friendly modes of 
transport has revealed that travel behavior, like most daily behaviors, ensues from 
automatic processes or habits (Müggenburg et al., 2015). Such habits permit to avoid 
continuously thinking about what we do, and therefore more efficiently allocate 
cognitive capacity to other tasks (Klöckner and Verplanken, 2013). In particular the 
daily routine of commuting has been found to be strongly determined by habitual 
processes. This firmly embedded routine typically overrides conscious decision-making 
behavior (Guell et al., 2012). However, infrequent or major life events can tilt routines 
and offer opportunities for shifting commuting habits. These key events can interrupt 
habits and start a re-evaluation of mobility behavior through active decision-making 
strategies (Müggenburg et al., 2015). Previous studies have stressed the importance of 
experiencing e-bikes firsthand. The opportunity to try an e-bike for an extended period 
of time can potentially start the process of re-evaluating habits (Fietsberaad, 2013; 
Popovich et al., 2014).
 To students, the disruptive effect of trying an e-bike on commuting habits will 
depend on the extent to which it suits their particular lifestyle. Also, it will have to 
offer distinct qualities compared to other transport modes. Aspects for consideration 
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are mode safety, reliability, speed, ease of use, comfort and an enjoyable experience 
(Van Hagen, 2011). We briefly discuss previous research on the qualities and impacts of 
e-bikes in the next section. 

4.1.3. Research on e-bike mobility
Much of the existing research on e-bike mobility has been conducted in China (Ji et al., 
2012). The high rates of Chinese adoption of scooter-style e-bikes, followed by a surge 
in e-bike rider injuries and fatalities, led to an abundance of studies on e-bike safety (Bai 
et al., 2015). Transferability of these insights to other contexts is limited, as in Europe 
and North America bicycle-style e-bikes are more common (Dill and Rose, 2012). 
Nonetheless, safety remains an important issue. This is due in part to the popularity 
among older adults (Fietsberaad, 2013). First evidence shows that in particular older and 
physically impaired e-bike crash victims are more likely to be hospitalized than victims 
of accidents with regular bikes (Schepers et al., 2014). Generally speaking, e-bikes seem 
to present slightly greater risks than regular bikes, which may be largely due to their 
higher speed (Schepers et al., 2014; Vlakveld et al., 2015). 
 Yet, speed seems to be the most distinctive characteristic of e-bikes and a 
major contributor to positive user experiences (Popovich et al., 2014). It has also been 
suggested that e-bikes’ elevated speeds facilitate competition with local public transport 
and rush-hour driving (Fyhri and Fearnley, 2015). Related to speed is the reduced 
physical effort due to pedal assistance, which permits bridging longer distances and more 
complicated journeys. Jones et al. (2016) found that this is an important motivation 
for using e-bikes. Also, pedal assistance could allow parents to more easily transport 
small children. However, e-bike batteries, which give e-bikes their initial advantage, also 
restrict ease of use by adding to the weight and thus limiting cycling range and levels of 
assistance (Rose, 2012). Furthermore, battery visibility might in some cases add to the 
social stigma of assisted cycling being ‘cheating’ (Jones et al., 2016). 
 Finally, an important issue in e-bike mobility research is health. Assisted 
cycling requires lower levels of physical activity compared to conventional cycling. This 
is, among other things, reflected in lower cardiovascular and metabolic effort and less 
respiratory exchange (Sperlich et al., 2012). Other studies have demonstrated lower 
cycling intensities for assisted versus non-assisted cycling (Gojanovic et al., 2011; Simons 
et al., 2009). Nonetheless, while beneficial effects are clearly highest when substituting 
motorized travel, these studies conclude that assisted cycling offers sufficient physical 
activity to comply with moderate-intensity standards and thus promote good general 
health (Gojanovic et al., 2011; Simons et al., 2009; Sperlich et al., 2012). 
 In the remainder of this article, we present the details of a study on e-bike 
use among university students in the town of Groningen, the Netherlands. The study 
was conducted as part of a pilot initiated to explore the potential of the e-bike for 
reducing extensive use of public transport by students. We used this unique opportunity 
to examine students’ personal experiences with e-bikes, which have thus far received 
little attention in the literature.
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4.2. Method

4.2.1. The pilot
In the spring of 2015 the local mobility office Groningen Bereikbaar organized e-bike 
pilots at several educational institutions in the city of Groningen (200.000 inhabitants). 
One pilot was conducted among students of the University of Groningen (30,000 
students). The city of Groningen, located in the Northern part of the Netherlands, is 
known for its high share of bike use. This is the result of long-standing policy efforts in 
compact city planning, traffic management and the development of an extensive and 
coherent bike infrastructure network (Fietsberaad, 2006). Yet, traffic in the city often gets 
congested because many students make intensive use of buses and trains, which they can 
ride for free using a student transit pass. The university pilot was set out to investigate 
whether the e-bike might substitute the high use of buses and trains, and thereby may 
help to reduce students’ reliance on public transportation. Pilot participants were 
recruited through the university, and e-bikes were supplied by a commercial third party. 
Regular model e-bikes were used in the pilot, legally defined as requiring propulsion 
by user pedaling and offering assistance up to 25 km/h. For this type of e-bike, driver’s 
license, insurance or helmet use are not mandatory, and the same traffic laws apply as for 
conventional cyclists (Fietsberaad, 2013). A total of 41 university students participated 
in the pilot from February to May 2015, each using the e-bike for four to five weeks. At 
the end, they were offered the possibility of buying an e-bike at a reduced price. When 
returning the e-bike, students were asked to fill out a survey. Students who completed 
the survey were then approached by the researchers for a follow-up in-depth interview.

4.2.2. Survey
Of the 41 students who participated in the pilot, 37 completed the survey (22 men, 
15 women). It was designed by the initiators of the pilot, and researchers were not 
involved in the process. The survey comprised 16 questions, divided into five parts. In 
the first part participants were asked about their travel behavior before and during the 
pilot using trip counts by mode per week. The second part consisted of questions about 
participants’ motivations and experiences Participants could indicate their main reason 
for participating in the pilot from a checklist with response options ‘try an e-bike’, 
‘see whether it is a suitable alternative to public transportation’, ‘see if it is faster’, and 
‘other’. They were also asked whether their expectations were met (answer options ‘yes’ 
or ’no’, with the option of explaining the reason for their response). In the third part 
participants were asked to rate their experiences with the e-bike, with the options ‘very 
good’, ‘good’, ‘fair’, ‘poor’ and ‘very poor’, and the option of explaining the reason for 
their response. An additional set of nine statements addressed issues such as experience, 
ease of use, physical activity, safety and image (e.g.: “Using an e-bike is fun”), with 
answer options ‘strongly agree’, ‘agree’, ‘agree nor disagree’, ‘disagree’, ‘strongly disagree’. 
In the fourth part of the survey participants were asked whether they had bought an 
e-bike or were planning on doing so, and which factors would help facilitate that 
decision (response options: ‘price discount’, ‘rent with option to buy’, ‘lease’, ‘provision 
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of charging facilities’). Finally, the fifth part of the survey asked participants whether 
sustainability had played a role in their decision to participate in the pilot (response 
options ‘yes’ or ‘no’, with motivation) and whether they considered the e-bike to be 
sustainable (open-ended).

4.2.3. Interviews
Semi-structured in-depth interviews with eight students (4 men, 4 women, mean 
age=25, SD=9.4) were conducted to complement the survey data. We first recreated 
interview participants’ activity spaces by mapping the origins and destinations of the 
commute and additional destinations reached by e-bike. This map served as a primer for 
the remainder of the interview with the purpose of aiding participants’ remembrance 
of travel behavior and destinations reached during the pilot. Prior to the interviews 
we developed an interview guide based on elements of travel mode satisfaction such 
as safety, reliability, speed, ease of use, comfort and experience (Van Hagen, 2011). 
A grounded theory approach was used for interview coding (Hennink et al., 2011). 
Verbatim transcripts were anonymized and coded using Atlas.ti. The resulting codebook 
was expanded and refined throughout the coding process. Citations that supported 
conclusions were translated from Dutch to English by the authors. To preserve 
confidentiality, all participants are referred to by their participant numbers.

4.3. Results

4.3.1. Survey

4.3.1.1. Travel behavior
Table 4.1 provides an overview of participants’ self-reported travel behavior in an average 
week before and during the pilot. 

Table 4.1 – Numbers and percentages of commuting trips by mode in an average week 
before and during the e-bike pilot

Before pilot During pilot Difference

Nr of trips % Nr of trips % Chi2 p-value

E-bike 0 0 187 87.0 359.06 <.001

Bike 138 56.3 11 5.1 137.13 <.001

Bus 51 20.8 5 2.3 36.62 <.001

Train 8 3.3 2 0.9 2.94 .087

Bike+bus 5 2.0 0 0 4.44 .035

Bus+train 8 3.3 3 1.4 1.72 .190

Other 35 14.3 7 3.3 16.79 <.001

Total 245 100.0 215 100.0
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During the pilot phase, e-bike use increased significantly from 0% to 87.0% of the 
total number of trips in an average week. This increase occurred mostly at the cost of 
regular bike-use, which went down significantly from 56.3% to 5.1%. Bus use was also 
significantly reduced from 20.8% to 2.3% during the pilot, as was combined bus/bike 
use from 2.0 to 0.0%. The use of other transport modes (car use and walking) was also 
significantly reduced from 14.3% to 3.3%. Although the use of the train, and combined 
train/bus trips were somewhat reduced, these decreases were not significant. In general, 
the introduction of the e-bike during the pilot period led to a shift from the regular bike 
and bus as dominant transport modes to the e-bike as the dominant transport mode.
 Respondents sometimes indicated that multiple modes were used before and 
during the pilot. Therefore, it was not possible to correctly assess mode substitution for 
all trips made. However, of e-bike trips that fully substituted trips done before the pilot 
(n=155), 58.3% were previously done by bike, 25.2% by bus, 3.3% by train, 3.3% by 
bus/train, 1.3% by bike/bus, and 8.6% was previously done using other modes (car or 
walking). 

4.3.1.2. Motivations and expectations
The main reason for participants to participate in the pilot was to ‘try out an e-bike’ 
(checked by 66% of the participants). The option ‘see if it is faster’ was checked by 
22% of the participants, while the least checked reason was ‘see whether it is a suitable 
alternative to public transportation’ (11%). The majority (89%) stated that the e-bike 
lived up to their expectations. 

4.3.1.3. Experiences
Students were almost unanimously positive about the e-bike, rating the experience 
as ‘great’ (46%), ‘good’ (49%), or ‘fair’ (5%). Analysis of the comments reveals that 
the most commonly mentioned positive experiences were related to speed (mentioned 
21 times, using words such as “fast” and “faster”), physical exercise (mentioned 12 
times, using terms like “not/less tired”, “not/less sweaty”) and ease of use and comfort 
(mentioned 11 times). Three participants also mentioned negative aspects, stating that 
“the e-bike could go a little faster”, “it is a bit old-fashioned”, and “the battery runs low 
really quick. The majority of the participants also agreed that the e-bike was convenient 
to commute to and from the university (84%). Again, convenience was mostly linked 
to speed (mentioned 15 times), but ease of use, saving time, independency from transit 
schedules and being less sweaty/tired upon arrival were also mentioned. 
 Figure 4.1 provides an overview of the responses to the nine statements on 
e-bike use. All participants agreed that using an e-bike is fun and that the e-bike is 
easy to use. Nearly all participants (97%) also agreed that they would like to own an 
e-bike, that the e-bike is an appealing alternative to the conventional bike (94%), and 
that the e-bike enables them to arrive at their destination without sweating (94%). A 
large majority also agreed with statements about the e-bike as an appealing alternative 
to public transportation (78%), easy charging of the battery (86%), and feeling safe in 
traffic when cycling on the e-bike (81%), while a large majority (67%) disagreed that 
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Fig. 4.1 - Responses to nine survey statements on aspects of e-bike use (data labels in %)

Table 4.2 provides an overview of the correlations between participants’ responses to 
the nine statements about e-bike use. The strongest positive correlations were found 
between the desire to own an e-bike and the statements that riding an e-bike is fun 
and that it is an appealing alternative to public transportation. There was also a strong, 
positive correlation between the view that it was an appealing alternative to conventional 
bike use and the statements that e-bike use was fun, that it was an appealing alternative 
to public transport, and the expressed desire to own an e-bike. A strong positive 
correlation was equally found between the view that the e-bike was fun to use, and 
statements that it was an appealing alternative to public transport and that it permitted 
to arrive at the university without sweating. Arriving without sweating was also found to 
strongly correlate with the statement that it was easy to charge. Finally, a strong negative 
correlation was found between the view that the e-bike was an appealing alternative to 
public transport use, and the view that e-bikes were mostly suited for older people.

Table 4.2 – Correlations between statements about various aspects of e-bike use 

1 2 3 4 5 6 7 8 9

1. Would like own an e-bike 1.00

2. Alternative to conventional bike .46** 1.00

3. E-bike is fun ,57*** .51** 1.00

4. E-bike is easy to use .13 .40* .39* 1.00

5. Arrive without sweating .18 .17 .44** .38* 1.00

6. Alternative to public transport .63*** .44** .44** .14 .40* 1.00

7. E-bike is easy to charge .24 .10 .20 .36* .49** .25 1.00

8. I feel safe in traffic .23 .23 .33 .31 .28 .04 .25 1.00

9. Mostly for older people -.24 -.25 -.09 -.04 -.03 -.33* -.08 .12 1.00

the e-bike is mostly interesting for older adults. However, responses to these latter four 
statements were somewhat more ambivalent than responses to the other statements. 
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4.3.1.4. Future intentions
When asked how they thought about buying an e-bike, a large majority of the 
respondents (81%) stated that they had had a positive experience, but were not planning 
on buying an e-bike yet. Six participants considered buying an e-bike, whereas only one 
participant was “for sure going to buy an e-bike”. This participant currently commuted 
by bus, and indicated that independency from public transit schedules would be an 
important motivator. In general, when asked under which circumstances they would 
consider buying an e-bike, survey respondents mostly indicated “when the e-bike gets 
cheaper” (84%) and “if an appealing financing scheme is offered” (43%).

4.3.1.5. Sustainability issues
Finally, the majority of participants (59%) stated that environmental issues were no 
motivation for participation in the e-bike pilot. Sixty-two percent of the participants 
stated that they had used less motorized transport during the pilot. To some of the 
participants (16%), using the e-bike did not feel sustainable, as they previously used 
a conventional bike. Three participants (8%) saw the e-bike as more environmental-
friendly than the bus, but also noted that the energy use of the e-bike made it less 
sustainable than regular cycling. 

4.3.2. Interviews
Figure 4.2 shows the origins and destinations of the eight interviewees. Interviewee 
characteristics are detailed in Table 4.3. Two lived in an inner suburb, four in an outer 
suburb, and two outside the city. Most participants were young adults in the age 
between 18 and 27 years. One participant was an older student aged 48. We included 

Fig. 4.2 - Interviewees’ origins, destinations, e-bike commuting routes and distances
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this older participant because she lived at a longer distance from the university and 
previously travelled mainly by car. This enabled us to gain some insight into the benefits 
and limitations of the e-bike compared to the car. 

Table 4.3 – Interviewee characteristics

Interviewee Age Sex Distance to univer-
sity

Main commuting mode 
before pilot

Alternative commuting 
mode before pilot

1 23 F 4.3 Bike Bus

2 21 M 7.0 Bike Bus

3 23 M 6.7 Bus Bus

4 24 M 4.3 Bike Bus

5 27 M 5.0 Bike Car

6 21 F 5.0 Bus Bike

7 18 F 13.0 Train Bike

8 48 F 19.7 Car None

The most mentioned reasons for using the main commuting mode were that the mode 
was the fastest, had the most direct route, or offered time control. Choice for alternative 
modes was mostly related to the weather. Most interviewees had clear expectations of 
e-bike use before the pilot, anticipating less physical effort (mentioned three times), 
faster commutes (mentioned two times), and easy use (mentioned two times). Yet, two 
interviewees explicitly stated not knowing what to expect. Others indicated that they 
had been hesitant to participate at first as they considered the e-bike something for older 
adults or “lazy individuals”.

“I thought, an e-bike, that’s something for softies, I really don’t need that”  (Interviewee 2)

In line with the survey results, interviewees were unanimously positive about the e-bike 
in retrospect. They praised speed (mentioned four times), and ease of use and reduced 
effort (both mentioned three times). Most interviewees also achieved a reduction of 
their travel times.

“I noticed I didn’t have to leave 30 or 35 minutes in advance anymore. If I left 20 
minutes in advance, that would do. I’d have more time” (Interviewee 4)

Concerning physical effort, headwind proved less influential, which resulted in being 
less sweaty on arrival compared to using a regular bike.

“I have to cross all these fields. That’s where you notice the difference, since there’s usually 
so much wind there” (Interviewee 7)

Interviewees mentioned differences in preparing for the commute. One interviewee 
better prepared her clothing and gear, and charged music onto her phone for the longer 
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commute. Others mentioned e-bike charging as an extra action to get used to.

“Ten minutes before leaving, I’d have to start putting on my gear, my raincoat, my 
headphones (..) but I got used to that, it wasn’t a big deal” (Interviewee 8)

“Every day, I would take the battery out, so first thing in, I would put the battery back in, 
and then get on my bike” (Interviewee 4)

“It’s not a lot of extra actions, but you have more things to think about” (Interviewee 3)

4.3.2.1. Safety & reliability
Interviewees felt safe, but needed some time to get accustomed to the e-bike. Seven 
interviewees indicated that the elevated speed contributed to hazardous situations. 
Shifting gears and judging other road users sometimes proved problematic.

“It took me a couple of days to find out how fast I could go on different intersections, when 
to shift gears” (Interviewee 8)

“In the beginning, I didn’t even think of the possibility that it could be more dangerous. 
Then, I almost fell of my bike, and I realized I had to adapt, I had to mind my speed in 
the bends” (Interviewee 5)

In response to the question how they dealt with relative unsafety, participants mentioned 
taking the time to get used to the bike and more pro-active cycling. Higher speeds 
also led to differences in dealing with fellow road users. Interviewees mostly felt these 
issues were a matter of cyclists’ own responsibility, and that further regulation was not 
required. Yet, some reckoned that regulations could be desirable to ensure safety for 
some groups of people, for instance older adults or the very young. 

“I see regulation as a last resort, for when the day comes that people can‘t think for 
themselves anymore. (..) How do you enforce e-bike laws and regulations? It’s such a 
rigorous measure” (Interviewee 4) 

“If you’re considerate, if you are careful, it shouldn’t be that dangerous. Same goes for 
people cycling high speeds on a conventional bike” (Interviewee 5)

Activity space mapping showed that all interviewees also used the e-bike for other 
purposes than commuting, such as grocery shopping (mentioned by 6 interviewees), 
going to the library (mentioned by 4 interviewees), attending social events (mentioned 
by 3 interviewees), and recreational riding (mentioned by 2 interviewees). Figure 4.3 
shows a map of the different activities that interviewee 4 undertook with his e-bike.
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Fig. 4.3 - Destinations reached by e-bike by one interviewee during the pilot

Several participants stated that the e-bike enabled them to more easily combine activities.

“Coming home late, you would more easily be inclined to go to campus and go work out 
than with the regular bike, because you can get there really fast. Using the conventional 
bike, I would pass. Using the e-bike, well, I get there quickly” (Interviewee 3)

Finally, we probed the technical complexity of the e-bike. Most interviewees were 
confident to solve minor issues that resemble those of a regular bike such as gears, brakes 
or tires. However, problems concerning electronics and propulsion mechanics would 
require help from the outside. To cover the costs of such repairs, most interviewees 
indicated a willingness to consider leasing a bike in the future if a maintenance service 
is included.

4.3.2.2 Speed & ease of use 
In line with the survey results, interviewees greatly enjoyed the speed of the e-bike. Yet, 
they would have liked pedal assistance at higher speeds. 
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“The first time at full speed, I thought ‘wow, it’s so fast!’ But you get used to that, and on 
the longer sections I would think, ‘faster, faster’!” (Interviewee 6)

“I think it’s no different from my regular cycling speed. I think it could go faster. But then 
again, I would probably also say that if the assistance was 35 km/h. It’s never enough” 
(Interviewee 3)

As a consequence of increased speeds, interviewees were busier overtaking other cyclists 
and generally more alert when cycling. Especially during rush hours, participants were 
not always able to cycle at full speeds. For most participants, however, having an e-bike 
did not lead to taking different routes. One interviewee mentioned having changed 
routes from the usual commute, arguing that minimized effort offered possibilities to 
try other routes that might be more fun. Furthermore, interviewees mentioned the 
convenience of higher speed in relation to bridges (mentioned 3 times), and headwind 
and long, straight sections of bike paths (both mentioned 4 times). Finally, the easier 
acceleration offered by the electrical assistance meant that interviewees felt less hindered 
by stops along the way, such as traffic lights or intersections.
 We probed ease of use of the e-bike and consequences for mental effort. Half of 
the participants mentioned little to no significant changes to their commuting routines 
which affected that ease. Two interviewees mentioned calmer commutes. The most 
important consequences of e-bike use were slight changes in time and day planning, 
which were generally experienced as positive. For six out of eight interviewees, the e-bike 
meant a shorter travel time and thus time gain, translating in an earlier arrival for some, 
but meaning leaving home later for others.
 

“Leaving home at the same time, I would get here earlier, meaning less of a hurry to get to 
class. I could get a coffee, or fill my water bottle, so it’s a calmer commute”. (Interviewee 
4)

Independence from bus and train schedules was repeatedly mentioned as an important 
advantage. However, bike parking then became an issue. Six out of eight interviewees 
agreed that the e-bike was more prone to theft than their regular bike, the other two 
were neutral. Although some stated to better lock the bike or park it inside their home, 
others said not having done anything different.

“Around where I live, bike theft is very common. And to be honest, I was surprised that 
this one didn’t get stolen” (Interviewee 4)

“I double-locked the bike, as to not invite people to steal it. But then again, that’s what I 
always do” (Interviewee 1)

4.3.2.3 Physical effort, comfort and experience
Overall, interviewees agreed that using the e-bike led to changes in physical exercise. 

56



It led to reduced or no fatigue, less sweating and less strain compared with regular 
cycling. Apart from mentioning the pleasures of more comfortable commuting, three 
interviewees said the e-bike brought them a well-needed increase in physical activity.

“Traveling by train is really passive. Riding the e-bike, you’re actually putting in effort (..) 
and it gives you the feeling of doing good!” (Interviewee 7)

Yet, for two interviewees this would be a reason not to buy an e-bike.

“I would like to have more physical exercise, because that’s better for me. That would 
for me be a reason not to use an e-bike, that would definitely be a point of concern” 
(Interviewee 2)

Interviewees were unanimously positive about their cycling experience, and all mentioned 
the fun of commuting by e-bike and everyday cycling. 

“I enjoyed the sunrise, the dew in the fields, the birds, the train passing by. And I thought, 
well, I’ll be later than you, but at least I’m exercising!” Then, arriving at the university: 
“the janitor would look at me and say: ‘you biked, didn’t you? I can see that, your eyes are 
vivid, you have a blush on you’. So yeah, I would be happier upon arrival” (Interviewee 
8)

“It was definitely fun. I especially enjoyed the headwind. I would arrive at the university, 
not tired at all, but you’re cycling, you get the fresh air” (Interviewee 6)

4.3.2.4. E-bike image
In the survey, participants tended to disagree with the statement that e-bikes are mostly 
interesting for older adults. In the interviews, the social stigma of assisted cycling being 
something for older adults was mentioned and did play a role for five of the eight 
interviewees. However, all of them stressed that it was not something that mattered to 
them personally, but might be a barrier to e-bike use for others. Some mentioned that 
e-bikes are not well-known. Pilots might help improve this image, as to the interviewees, 
their image of the e-bike image had changed through participation.

“When I told people I had an e-bike, a lot of them said, ‘isn’t that something for older 
people?’ I said, try it! And they all liked it. So I really think that the image is bad... it’s 
being related to older people, and no one knows how much fun it really is” (Interviewee 
6)

“Organizing pilots like these, I think that that would help. Looking at myself, I’ve really 
had a great experience (..) and people who like it share their experiences with people 
around them” (Interviewee 1)
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Most interviewees adjusted their initial view of the e-bike and three of them admitted 
that it was more of a positive experience than they thought beforehand. Four interviewees 
also stressed that they had gained insight in how they could benefit from e-bike use. A 
majority of the interviewees said they would recommend it to others, although not for 
use by older adults: 

 “Of course, it’s practical; they would have to put in less physical exercise. But the chance 
of falling is much bigger. And if they fall, they are more easily injured” (Interviewee 5)

4.3.2.5. Purchasing an e-bike
Despite their enthusiasm about using an e-bike, six out of eight interviewees stated 
that they do not need an e-bike at this point in their lives as they were getting around 
easily and cheaply with their current modes of transport. In line with the findings of 
the survey, they indicated that the availability of free public transport and low cost 
regular cycling made that the advantages of the e-bike were not considered worth the 
investment.

“You know, students in Groningen consider 800 or 1000 euro’s a lot of money for just 
a bike. For the price of an e-bike, I could easily buy seven or eight other, normal bikes” 
(Interviewee 4)

Only one survey respondent expressed the desire to buy an e-bike as alternative to current 
bus commutes. For interviewee 8, an older student who commuted by car and had the 
longest commute of all interviewees, participation in the pilot did lead to a re-valuation 
of her commuting habits and a higher probability of purchasing one in the near future.

“In one, or four years (..) For me, the reason to participate was to see whether the e-bike 
can replace my car trips. And that’s exactly what happened. So for me personally, the pilot 
was of great value. But that doesn’t mean that the next step is to immediately buy one. It 
needs some time” (Interviewee 8)

Interviewee eight, who had the second-longest commute of all interviewees and travelled 
by train, had recently bought a new, regular bike. She indicated that she would have 
taken an e-bike into consideration, had the pilot been held before that purchase:
 

“I had bought a new bike just before [the pilot], so that was unfortunate. Otherwise, I 
would have thought about it” (Interviewee 1) 

Thus, the willingness to buy an e-bike, or willingness to consider doing so, seems slightly 
higher among respondents that currently commute by motorized transportation, and in 
the case of the interviewees, live outside of the city and commute longer-distances on a 
day-to-day basis. For those living in the city and doing short commutes by bus and bike, 
the e-bike was not considered worth the investment. However, alternatively, interviewees 
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mentioned to be open to e-bike leasing. To the one interviewee commuting by car, a 
maximum monthly fee of 50€ would be a maximum. Other interviewees indicated price 
ranges between 10 and 30€ a month. Finally, despite the relatively low willingness to 
buy, all mentioned that the pilot led them to be more open to buying and using e-bikes 
at later life stages, as an alternative mode to bus, train and car use. 

4.4. Discussion

This study explored the benefits and limitations of e-bike use for university students. We 
linked with an e-bike pilot at the University of Groningen to gain insight in travel choices 
and individual experiences of students using the e-bike. Results indicate considerable 
potential for student e-bike use. Students valued e-bike speed, ease of use, the enjoyable 
experience and independency from public transport schedules. They stressed the 
importance of cyclists’ own responsibility in dealing with safety issues and saw little use 
in increased regulation. Barriers to e-bike use after the pilot proved to be the high costs, 
and competition with low-cost regular bikes and free public transportation. Despite the 
barriers related to the high price, our findings support that there is a potential for e-bike 
use among a student population, and that gaining experience with an e-bike through 
participation in a pilot may increase likelihood of e-bike use in later life, and increase the 
acceptance of e-bikes as a suitable mode for everyday use. 
 Earlier studies have stressed the importance of a high speed and ease of use 
in e-bike use (Dill and Rose, 2012; Johnson and Rose, 2015; Popovich et al., 2014). 
Students appreciated these factors as well. They mentioned the enjoyment of speed, 
reduced effort, and mitigation of wind influence to be central to their travels during 
the pilot. Also, it enabled them to reach more destinations in shorter amounts of time. 
This is in line with other findings that stressed the benefits of improved mobility and 
accessibility compared to bus use (Cherry et al., 2016). Ease of use was also found 
to be an asset, confirming that effortless usage of an e-bike favors a positive opinion, 
which can in turn leads to higher use (Wolf and Seebauer, 2014). Disadvantages were 
also mentioned, such as the preparations prior to the commute and the need for secure 
parking. Popovich et al. (2014) found e-bike users to be worried more about the risk of 
theft. To students however, this was not seen as an important impediment, which may 
be related to the fact that they did not personally own the bike.
 Previous research suggests that users of conventional e-bikes are at higher risk 
of injury than regular cyclists (Fishman and Cherry, 2015). The present study showed 
that students mostly attribute potential safety hazards to other e-bike users rather than 
to themselves. While they expressed being aware of the risks, they stressed how own 
responsibility and adaptive cycling mitigates that risk. We found little support for 
increased policy regulations.
 Finally, the goal of the e-bike pilot was to initiate a modal shift towards e-bike 
use. The present study showed that students were very keen on using the bike while 
it was available to them without any costs, and that having an e-bike led not only to 
decreased use of regular bikes, but also to a decrease in bus rides, as aimed for by the 

59



initiators of the pilot. However, the willingness to buy was very low. Earlier studies 
mentioned purchase price of e-bikes as a main barrier to e-biking (Jones et al., 2016). 
Students’ relatively lower purchasing power and availability of low-cost alternatives 
like regular cycling and public transportation are a main barrier to student e-bike use. 
Interestingly, the social stigma of e-biking as a form of cheating (Jones et al., 2016) 
was not a barrier to e-bike use by students. Some of them mentioned being aware of 
the stigma of e-bikes being ‘something for older people’, but this did not hinder them 
in using one themselves. This might in part result from what Peine et al. (2016) have 
termed the ‘rejuvenation of e-bikes’: newer e-bike designs being tailored to different, 
younger adopter categories, thereby breaking with existing stereotypes. 
 A main strength of the present study is that it evaluated e-bike use in a population 
that has thus far received little research attention, and to whom communication of 
sustainable practices holds high potential in shaping (future) sustainable travel behavior. 
However, the study is not without limitations. First, we took no objective measurement 
of changes in travel behavior, so there is a risk of self-report bias. Another important 
limitation is that the researchers were not involved in the survey design. The survey 
had shortcomings with respect to collection of participant characteristics (age, home 
location, trip purposes), and definition of terms such as safety and sustainability, which 
might have been interpreted differently. However, the data were informative and were 
complemented with carefully formulated interview questions. Finally, the sample 
was small, non-representative and self-selected. Therefore, the findings might not be 
generalizable to other populations. However, students were offered the opportunity to 
try an e-bike for free, and some interviewees stated to not exactly know what an e-bike 
was prior to the pilot or what pilot participation entailed. Thus, self-selection may not 
have been very strong because students might have participated regardless of their view 
on e-bikes.
 Future research may further explore e-bike use and its potential for use in early 
adulthood using objective registrations of travel behavior, for example by means of GPS 
tracking. By combining such studies with representative surveys among larger samples, 
more insight could be gained into the factors that enable a modal, sustainable shift from 
conventional motorized transport to e-bike use. Issues of self-selection may be addressed 
by conducting experimental studies, in which participants are randomly assigned by the 
researchers to conditions of using an e-bike or control conditions. 
 A main practical impediment to e-bike use among students was found to 
be its high purchase price and the competition with cheap regular bikes and public 
transportation. Future studies may further examine this relationship and the possibilities 
of providing students with more appealing options such as e-bike financing, leasing or 
renting.
 In general, the results of the present study support the idea that e-bike use can 
be effective in replacing excessive use of free public transportation by students. These 
insights may be used in future efforts directed at realizing a modal shift in student 
travel behavior. The positive attitudes of students towards e-bike use indicate increased 
acceptance of e-bikes as an everyday mode of transport and suggest likelihood of use in 
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later life. Finally, our findings provide support for the method of e-bike pilot testing in 
attracting new user groups.

4.5. Conclusion

Persistent high levels of conventional motorized transportation around the world 
continue to underscore the importance of adopting more sustainable transport 
alternatives such as the e-bike. Our findings show that students highly valued e-bike 
use, although the high costs of e-bikes cannot compete with low-cost regular bikes 
and free public transport. Yet, the present study suggests that giving young adults the 
opportunity to try an e-bike may increase their acceptance of e-bikes for everyday use in 
the present and in their future lives. 
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Chapter

5

E-bikes in rural 
areas – current and 
potential users in 
the Netherlands



Abstract4

This study considers how socio-demographic characteristics, mobility situation and 
attitudes explain current and potential e-bike use in rural areas. Due to longer distances 
between travel destinations, rural areas in most western societies are characterized by a 
high car dependence and low use of active modes like walking and cycling. Developing 
e-bike mobility in these areas can support more healthy and sustainable rural mobility. 
A large-scale mobility survey conducted among rural residents in the northern parts of 
the Netherlands provides insight in the determinants of current and potential e-bike 
use in rural areas. Findings suggest that current e-bike use in rural areas is already 
widespread, but mainly present among women, older people, people with a higher 
income, commuters and students. Among respondents who did not own an e-bike, 
especially those with lower socioeconomic status and a household with children showed 
more willingness to use an e-bike in the future. No evidence was found for current or 
potential substitution of public transport use. Number of cars in the household was 
negatively related to current e-bike use, and number of bicycles in the household was 
negatively related to both current and potential e-bike use. This suggests that the e-bike 
can substitute both car and bicycle use. However, bicycle users seem more reluctant 
towards owning or adopting an e-bike than car users, suggesting greater potential for a 
shift from car travel. Furthermore, current and potential e-bike users hold more positive 
attitudes toward different aspects of e-bike travel than non-users. This provides impetus 
for future actions to encourage commuting by e-bike.

Key words: electrically-assisted cycling, rural mobility, accessibility, mobility behavior, 
active transport

4This paper has been accepted with revisions at Transportation Research Part A: Policy and Practice
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5.1. Introduction

Inhabitants of rural areas tend to be highly dependent on car use for their basic travel 
needs. Due to the longer distances between travel destinations the use of active modes of 
transportation, like walking and cycling, is often not a viable option. Furthermore, public 
transport in low-density rural areas tends to be very limited or unavailable. Electrically-
assisted bicycles or e-bikes may provide a useful addition to available transport modes 
in rural areas by combining the assets of active modes (e.g. health benefits, flexibility, 
enjoyment) with those of motorized modes (e.g. range, speed, comfort). As such e-bikes 
may support more sustainable rural mobility in terms of increased accessibility, health, 
and environmental benefits. However, as yet, little is known about how rural residents 
can be supported and encouraged to using the e-bike. 
 The present study aims at exploring the determinants of current and potential 
e-bike use in rural areas. In pursuit of this objective we first discuss the literature regarding 
rural mobility and e-bike use. We then present empirical data on current and potential 
e-bike use from a large-scale mobility survey among rural residents in the northern parts 
of the Netherlands. 

5.1.1. Rural mobility
Contrary to highly mobile and connected urban areas, rural areas in modern western 
societies have long been thought of as places of tradition, fixity and stability (Bell and 
Osti, 2010). However, it has become clear that mobility is an equally important aspect of 
rural life, necessary for accessing basic services, facilities and activity locations (Milbourne 
and Kitchen, 2014; Osti, 2010). Car travel offers benefits for rural residents in terms 
of speed, flexibility and range (Gray et al., 2006). In the U.K., people living in remote 
rural areas consider a car essential to live in their area (Milbourne & Kitchen, 2014). 
Availability of road infrastructure and private car ownership are important determinants 
of car use in rural areas. In the U.S. for instance, high levels of rural mobility are almost 
entirely made possible by the extensive road network in rural areas and sheer universal 
car ownership (Pucher and Renne, 2005). Accounts from the Netherlands (Harms, 
2008) and France (Orfeuil, 2010) paint similar pictures of heavy reliance on car use by 
populations in rural areas.
 Although car ownership has improved mobility and accessibility for many rural 
residents, the consequences are not uniquely positive. A too high dependence on car 
transport can be problematic for specific social groups. Among these are individuals 
or households unable to afford a car (Smith et al., 2012), unable to operate a car (e.g. 
physically impaired individuals, younger populations or elderly people) (Shergold and 
Parkhurst, 2012), or unable to rely on their social networks for lifts. Lucas (2012) 
describes how transport disadvantage (i.e. not having access to a car, but also high cost 
of fares, or lack of information) can interact with social disadvantage (i.e. no job, no 
income) to cause transport poverty, which can lead to a situation of inaccessibility (of 
goods, services, social networks), ultimately causing transport-related social exclusion. 
This has attracted considerable attention in the literature in recent decades (Cass et 
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al., 2005; Lucas, 2012; Preston & Rajé, 2007). Besides affordability, ability and 
access, increased attention is also paid to negative impacts of high car mobility such as 
congestion, accidents and environmental damage (Preston and Rajé, 2007).
 Car mobility is but one aspect of access in rural areas (Gray et al., 2006; Lyons, 
2003). Public transport and active modes can provide high quality, flexible, sustainable 
and healthy alternatives. Public transport in rural areas is challenged by the low numbers 
of passengers and longer distances between stops which lead to cost-inefficient operation 
of public transport. Resulting cutbacks can decrease demand, which leads to further 
cutbacks (De Jong et al., 2011). Public transport authorities have different options to 
deal with such challenges: they can become more actively involved in spatial policy 
forming in rural areas in order to anticipate and act on change; they may work with local 
parties to enable more efficient use of empty seats in their vehicles; and they may adopt 
technology and innovation to improve communications and dispatching, and expand 
services to match an as broad range of user needs as possible (Rosenbloom, 2003).
 Active modes like walking and cycling provide other alternatives to car mobility. 
These are generally sought-after solutions in the mobility domain due to their low 
environmental impacts and benefits on physical health and subjective wellbeing (Van 
Wee and Ettema, 2016). It is well established that active transport levels in urban areas 
can be influenced by the built environment through land use, density and availability of 
non-motorized linkages. However, knowledge on determinants of active mobility in rural 
areas is limited (Frank et al., 2006; Saelens et al., 2003). However, the lower densities 
and longer distances that force high reliance on private car use seem to negatively impact 
the use of active modes. In the U.S., walking and cycling is less common in rural areas 
than in urban areas (Pucher and Renne, 2005). This is similar to the Netherlands, where 
the majority of trips in urban areas are made by active modes, but walking and cycling 
are lower in the least urbanized areas (Harms, 2008; Harms et al., 2014; KiM, 2015). 
E-bikes can provide a “third” alternative to car use in rural areas that may compensate 
some of the disadvantages of public transport and active modes. 

5.1.2. E-bike use
E-bikes permit covering longer distances at high and constant average speeds against 
reduced physical effort. As such, this mode of transportation has rapidly gained in 
popularity across the world. E-bikes have also attracted the interest of policy makers, 
planners and scholars in various countries, for their potential to reduce congestion and 
environmental damage, and improve physical health and mental wellbeing (Cairns et 
al., 2017).
 To date, research on e-bikes has focused on e-bike user characteristics, mode 
substitution, travel behavior, consequences for health and safety, and environmental 
impact. Studies from the Netherlands, Austria and the U.S. find that its users are older 
than the general population, and more often female (Fishman and Cherry, 2015). In 
the Netherlands, e-bike adoption was initially high among physically impaired and 
elderly people with difficulty using a bicycle (Peine et al., 2016). The relations between 
e-bike use and levels of income and education are ambiguous: a U.S. study showed 
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that e-bike users have higher incomes and education (Popovich et al., 2014), but an 
Austrian survey found the opposite (Wolf and Seebauer, 2014). A study on e-bike users 
in the Netherlands found that income levels of e-bike users reflect those of the general 
population (Lee et al., 2015). This study also found that e-bike use is higher among 
households without children.
 Regarding the modes substituted by e-bike adoption, findings vary per context. 
A recent review found that in Australia and the U.S. e-bikes seem to replace car 
trips (Kroesen, 2017b). However, in countries with higher bicycle use, e-biking also 
substitutes cycling. The review concludes that e-bike mode substitution seems to vary 
per mobility context, with higher bicycle substitution in areas with high cycling, and 
higher car substitution in areas with high car use. In addition, e-bikes can at least to 
some extent substitute high shares of public transport use, as shown by studies among 
students in secondary and higher education (Plazier et al., 2017b; Provincie Gelderland, 
2016). 
 In terms of travel behavior, e-bike users generally cover longer distances than 
bicycle users (Cairns et al., 2017). In the Netherlands, most bicycle trips are less than 7,5 
kilometers long. For e-bike users, this threshold is considerably higher. This difference in 
distance covered seems particularly strong for e-bike commutes (up to twice as long as 
bicycle commutes) and recreational e-bike use (up to three times longer) (KiM, 2015b).
 E-biking can support a healthy and active lifestyle (e.g. Berntsen et al., 2017; 
Gojanovic et al., 2011; Simons et al., 2009). This health effect is especially strong when 
the e-bike is used instead of a car, but e-biking can also be a healthy alternative to cycling, 
with lower levels of physical effort balancing out against the longer travel distances. In 
terms of safety, e-bikers seem subject to higher risk (Fishman and Cherry, 2015). For 
instance, a study in the Netherlands found that they are twice as likely to suffer injury 
from a crash than bicycle users Poos et al. (2017). However, this may be partly a result 
of the large share of older, more vulnerable e-bike users. 
 Finally, concerning the environmental impact, the net effect of e-bikes on 
the environment is dependent on the mode they replace. The impact is negative if 
they replace non-motorized active modes. However, e-bikes are much more energy-
efficient than cars, and the trend towards use of lithium ion batteries over lead acid 
batteries further improves environmental efficiency of e-bikes (Fishman and Cherry, 
2015). Thus, they can help mitigate expected growth of levels of CO2 and energy use 
for transportation (Mason et al., 2015). However, concerns have also been expressed 
regarding the sustainability of moving emissions from tailpipe to power plant (Sandy 
Thomas, 2012). Therefore, in order to be truly sustainable, e-bike charging infrastructure 
should be powered by renewable energy sources.

5.1.3. E-bike use in rural areas
E-bike use might hold specific potential in peri-urban and rural areas (Plazier et al., 
2017a). However, the evidence to date is limited. Some Chinese studies take into 
account the urban-rural differences in e-bike use, but it should be noted that these 
studies mostly concern scooter-style electric bicycles. An analysis of the future of electric 
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mobility in China, concluded that “electric two-wheelers […] can be an energy-efficient, 
low-emission form of private transport in small and medium size cities where public 
transit service is limited or the city is geographically disperse” (Weinert et al., 2008, p. 
2554). Compared to more urbanized areas, e-bike ownership in Chinese households is 
higher in rural environments with low density, poorly connected street networks, lower 
destination accessibility, lower transit accessibility and lower land use diversity (Zhang 
et al., 2013). Furthermore, e-bike ownership was inversely related to car, bicycle and 
motorcycle ownership, the availability of bus stops in the nearby environment. Finally, 
in the Chinese context, no notable differences have been found in safety behavior 
between urban and rural environments (Yang et al., 2014). 
 A study in the western context of Sweden specifically focused on urban – rural 
differences in e-bike use (Winslott Hiselius and Svensson, 2017). In both areas, car 
travel was the most substituted mode, but trip distances replaced by the e-bike were 
higher in rural than in urban areas. The authors stress that specific attention should be 
paid to support e-bike use in rural areas where they can play a role in better accessing 
facilities and shopping centers, but accumulation of knowledge is needed in order to 
better understand the specific determinants of e-bike use in rural areas.
 The present study examines how current and potential e-bike use in rural 
areas is related to various personal and situational determinants. Data is used from 
a large-scale mobility survey among rural residents in the Netherlands. We first look 
at whether current e-bike users can be distinguished from non-users based on their 
sociodemographic characteristics, mobility situation, and attitudes towards aspects of 
e-bike use, among which are those discussed above such as health, safety, environmental 
friendliness. We then move on to examine how these factors contribute to potential 
e-bike use among those who currently not use an e-bike. 

5.2. Method

5.2.1. Study location
Data were collected in the North of the Netherlands. Compared to other European 
countries, the Netherlands is densely populated and highly urbanized. The North of the 
Netherlands is the most rural part of the country, both in terms of population density 
and perception of the Dutch population (Haartsen et al., 2003). The study area is shown 
in Figure 5.1. In the Netherlands, urbanization has been categorized in five classes 
(Statistics Netherlands, 1992). Based on this classification, 49.5% of the population in 
the study area lives in areas with very low urbanization rates (<500 addresses per km2), 
39.3% in areas with low urbanization rates (500-1000 addresses per km2), and 11.2% 
in areas with moderate urbanization rates (1000-1500 addresses per km2). No areas of 
high or very high urbanization (>1500 addresses) are present here. The East of the study 
area is moderately urbanized, with two towns with populations over 10.000. Overall, 
the region is subject to population decline (Statistics Netherlands, 2017b). 
 Towns in the area are well-connected by roadways. Over the past decades, 
the quality of public transportation in the area has deteriorated due to budget cuts. 
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However, public transportation authorities have been fairly successful in finding new 
ways to finance and operate transit. As a result, transit ridership has been rising in recent 
years (OV-bureau Groningen Drenthe, 2016). The available public transport in the area 
now consists of two train lines and a series of bus lines. Most of the bus lines are full-
capacity scheduled buses run by a public transport authority, but some lines are operated 
by volunteer workers. Both have standard frequencies and routes. One line in the area 
operates as an on-call bus service, with a fixed route but flexible schedule. Additionally, 
the “RegioTaxi” service is flexible in route and schedule (De Jong et al., 2011, p. 69). 

Fig. 5.1 - Study area, population and public transport connections 

As in other rural areas in the Netherlands, cycling volumes in the study area are lower 
than in more urbanized parts of the country and have been declining for over a decade 
(Harms et al., 2014). Yet, a recent bicycle survey by the Province of Groningen revealed 
that 95% of the inhabitants of the province cycles at least once a week (Provincie 
Groningen, 2016). All towns in the area are accessible by bicycle. On roads with lower 
traffic intensity, cyclists share the road with other vehicles. On roads with higher traffic 
intensity separate infrastructure is often available, running parallel to the roadway. 
Despite this availability of infrastructure, respondents in the survey of the Province of 
Groningen raised concern about the unsafety of narrow bicycle paths, sharing the road 
with motorized traffic, complex traffic situations at intersections, and the quality of 
route signing. 

5.2.2. Survey 
The present survey was part of an effort of the Province of Groningen and University of 
Groningen to address the mobility situation of populations in rural areas. Therefore, it 
was designed and advertised as a mobility survey. An advantage of this is that a “mobility 
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survey” is likely to interest a broader range of respondents than an “e-bike survey”, which 
is probable to engage a disproportionate amount of e-bike owners and/or enthusiasts, 
thereby introducing bias in the results (Groves et al., 2004). 
The survey consisted of four parts. The first part covered sociodemographic characteristics, 
including age, gender, six-digit zip code, occupation, level of education, household 
composition, physical impairment, income level, and whether income was sufficient 
to cover household expenses. The second part consisted of questions about the current 
mobility situation of the respondent, including license ownership, vehicle ownership, 
and modes of transport used for commuting or going to school, grocery shopping, 
visiting social contacts and attending sports activities (if applicable). For each of these 
activities, respondents could indicate the distance traveled to these destinations, the 
mode they used the most to attend this activity, and an alternative mode of transport. 
They were also asked to motivate their mode choice by picking two out of a list of ten 
mode choice factors (safety, reliability, speed, ease of use, comfort, fun, cost, health, 
sustainability and image). The third part of the survey focused specifically on e-bikes, 
including questions on current and potential use of e-bikes as the study’s two main 
independent variables. Current e-bike use was measured with the question “Do you 
currently use an e-bike?” (0 = no, 1 = yes). Respondents who answered “no” to this 
question were asked about their potential e-bike use with the question “Would you like 
to use an e-bike?” (0 = no, 1 = yes). Other questions in this part of the survey asked 
whether respondents had heard of e-bikes, had tried an e-bike, or knew people with 
an e-bike (all answer options “yes” or “no”). Finally, in the fourth part of the survey, 
respondents were asked to rate car, public transport, bicycle and e-bike on a 10-point 
scale ranging from 1 (very bad) to 10 (excellent) for safety, reliability, ease of use, speed, 
comfort, fun, health, environmental friendliness, image, and suitability for daily use. 
Throughout the survey respondents were allowed to skip questions if they felt 
uncomfortable answering, could not accurately recall, or did not know the answer. The 
survey also covered some questions that are not relevant to the current study and will 
not be discussed further. 

5.2.3. Respondents
A total of 1135 persons (444 men, mean age 48 years) filled in a survey online (1069 
surveys) or returned a survey by mail (66 surveys). Because the study did not use a 
forced response design, there were many respondents with missing data on key variables. 
After removal of these respondents, a final dataset of 612 respondents (252 men, mean 
age 49 years) with complete data on current e-bike use was included in the analyses. Of 
the 410 non-users in this final dataset, 372 had complete data on potential e-bike use 
(Fig. 5.2). Table 5.1 gives an overview of the characteristics of the sample used in the 
analysis (n=612), the initial sample (n=1135), and the total population of the study area.
 Respondents in the younger age groups (12-24 years) and older (65+) age 
groups were somewhat underrepresented in the final sample compared to the population 
in the study area, while women and highly educated respondents were somewhat 
overrepresented. A relatively large amount of the respondents reported low- or no 
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Study area 
(n=91475)1

Initial sample 
(n=1135) 

Final sample 
(n=612)

Age2

12-24 years 16.8% 13.1% 10.7%

25-44 years 24.5% 22.3% 23.5%

45-64 years 35.1% 37.1% 43.8%

>65 years 23.6% 18.1% 22.1%

Gender (% male) 50.1% 39.1% 41.2%

Higher education (% yes)3 17.1% 31.7% 37.6%

Yearly income p.p4

<20.000 euro 23% 47% 42%

20-40.000 euro 44% 38% 40%

>40.000 euro 33% 16% 18%

Household composition2

Household without children 66.7% 59.6% 62.0%

Household with children 33.3% 40.4% 38.1%

Degree of urbanization

Very low 49.5% 50% 50%

Low 39.3% 37.8% 38.9%

Moderate 11.2% 10.6% 11.1%

Household car ownership (n)2 1.1 1.3 1.3

Currently use an e-bike (% yes)5 N/A 30% 33%

Non-users willing to use e-bike (% yes) N/A 63.2% 62%

All data from Statistics Netherlands (2017); 1”Population; age, origin, sex, region” (population 12 years and older); 2“Kerncijfers Wijken en Buurten” [available 
in Dutch only]; 3“Onderwijssoort naar woonregio” [available in Dutch only]; 4“Inkomensklassen; personen in particulieren huishoudens naar diverse kenmerk-
en” [available in Dutch only]; 5E-bike ownership statistics in the Netherlands are to date only aggregated on a national level. Therefore, initial and final sample 
e-bike ownership can only be compared to national levels as described under section 2 c, and not for the study area specifically. 

Fig. 5.2 – Response overview

Table 5.1 – Sociodemographic characteristics of the population in the study area, and 
the initial and final samples
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income, which can be related to the fact that both younger (age >12) and older people 
were included in the sample. the initial and final samples
 The majority of the respondents (88.9%) in the final sample lived in areas with 
(very) low degrees of urbanization, which matches well with the population statistics for 
this part of the Netherlands. Compared to national data, e-bike use among respondents 
in the final sample was fairly high. It is estimated that approximately 1.6 million e-bikes 
were in use in the Netherlands in 2016 (Stichting BOVAG-RAI Mobiliteit, 2016), 
which amounts to 10.7% of the total population of 14.9 million people of 12 years and 
older (Statistics Netherlands, 2017b). Of the 612 respondents included in the analysis, 
33% (n=202) owned an e-bike. Of the remaining 372 non-users who had complete data 
on all variables included in the analysis, 62% (n=232) indicated they would be willing 
to do so.
 The final sample was highly comparable to the initial sample on most of the 
socio-demographic characteristics, indicating that characteristics of respondents with 
missing data did not differ considerably from those with complete data. Response in the 
final sample was somewhat lower among 12-24 year olds, and somewhat higher among 
45-64 and >65 year olds. Yearly income was somewhat higher in the final sample than in 
the initial sample, as was the share of respondents who had completed higher education. 
Household composition, degree of urbanization and household car ownership did not 
differ much between the samples. E-bike use was slightly higher in the final sample, but 
the share of non-users willing to use an e-bike was approximately the same.

5.2.4. Procedure
Data collection took place in March and April of 2017. All inhabitants of the study area 
age 12 and older were eligible for participation. Potential participants were informed 
about the research topic, confidentiality and anonimity, and the right to withdraw from 
the study at any time during the data collection. Respondents were invited by means 
of announcements in local newspapers, on web sites, and via social media channels of 
participating municipalities, the Province of Groningen and the University of Groningen. 
Also, Facebook advertisements were used to target potential respondents. Groups of 
students were sent out to major towns in each of the participating municipalities in 
the study area to invite potential participants by distributing flyers. Participants could 
choose between a digital or paper version of the survey. As an incentive, all participants 
were offered a chance to win one of five gift cards of €100, -.

5.2.5. Data analysis
Data were analyzed using SPSS version 24 for Windows (SPSS Inc., Chicago, 
Illinois). We used binary logistic regression analyses to determine the degree to which 
sociodemographic characteristics, mobility factors and attitudes toward the e-bike 
predict the odds of current and future e-bike use. Responses from persons in the same 
household were treated as independent responses. The predictor variables were added to 
each regression model in three blocks in a stepwise manner.
 The first block contains the sociodemographic characteristics including age 
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(continuous), gender (0 = male, 1 = female), education level (0 = no higher education; 
1 = higher education), household composition (0 = no children, 1 = children), physical 
impairment (0 = no, 1 = yes), degree of urbanization of the six position postal code area 
(derived from Statistics Netherlands (2017b), dummy coded as 0 = very low, 1 = low 
to moderate), and occupation (dummy coded in four groups of students [of secondary 
schools or higher education], commuters [doing paid work in permanent or freelance 
jobs or working in charity], retirees, and ‘others’ [mainly stay-at-home or unemployed 
individuals], with others as the reference category). Instead of annual income level, we 
included ‘capability to afford an e-bike” (0 = no, 1 = yes) as a predictor, derived from the 
question whether the income is sufficient to cover household expenses. 
 The second block contains variables related to respondents’ current mobility 
situation: car drivers’ license (0 = no, 1 = yes), household bicycle ownership (number 
of bicycles), household car ownership (number of cars), average distances traveled for 
varying purposes (less than 15km or 15km and more), mainly car user (0 = no, 1 = yes), 
mainly bike user (0 = no, 1 = yes), and mainly public transport user (0 = no, 1 = yes). 
The latter three variables were dummy coded based on the respondents’ most-used mode 
to commute, do grocery shopping and visit social contacts (if applicable). 
 The third block consists of ten variables measuring attitude towards the 
e-bike on a 10-point scale: safety, reliability, ease of use, speed, comfort, fun, health, 
environmental friendliness, image, and suitability for daily use.

5.3. Results 

5.3.1. Sample characteristics
Table 5.2 shows the distribution of the predictor variables included in the models of 
current and potential e-bike us. There are several differences between e-bike users and 
non-users. E-bike users are on average older than non-users, and more often female. Less 
of them have completed higher education, but more e-bike users than non-users state 
making enough money to cover household expenses. Furthermore, e-bike users more 
often are part of a household without children, are more often physically impaired, and 
the proportion of retirees is higher than among non-users. While e-bike users more 
often have a driver’s license than non-users, they do not more often own a car, and they 
less often report using the car as main means of transportation. E-bike users also have 
less bicycles in their household than non-users, and they less often report using a bicycle 
as means of transportation. The proportion of people traveling an average less than 15 
kilometers to daily destinations is higher among e-bike users than among non-users. 
This suggests that for people with lower distances to activity locations, the e-bike might 
be a viable alternative to car use. However, it does not provide insight in the distances 
for which e-bike use competes with bicycle use. In general, e-bikers seem less committed 
to car or bicycle use than non-e-bikers. Finally, they are also significantly more positive 
on all aspects of e-bike use compared to non-users. 
 Among the non-e-bike users (n=374), there are no significant differences in 
terms of age, gender, physical impairment or rate of urbanization between those who 
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Current e-bike 
use (N = 612)

Potential 
e-bike use (N 
= 374)

Yes (N=202) No (N=410) Yes (N=232) No (N=142)

Sociodemographic characteristics

Age 57*** 46 44 49

Gender (% male) 35.1** 44.1 43.1 44.4

Higher education (% yes) 33.7* 39.5 34.5** 50

Suff. income to cover expenses (% yes) 90.6** 83.4 78.9*** 89.4

Household composition (% w. children) 23.3*** 45.4 52.2** 39.4

Physical impairment (% yes) 18.8** 11.5 11.2 7

Urbanization (% low-very low) 89.6 88.5 88.4 86.6

Occupation (%)

Student 3.5** 9.5 11.2 7.7

Commuter 54.5 59 62.9 59.2

 Retired 30.7*** 16.6 11.2** 21.1

 Other 11.4** 19.4 14.7 12

Mobility factors

Driver’s license (% yes) 94.1** 89.8 89.7 90.1

Household car ownership (n) 1.3 1.3 1.3 1.3

Household bicycle ownership (n) 1.7*** 2.9 2.9 3.2

Avg distance across destinations (% <15km) 68.8*** 57.8 59.9 55.6

Mainly car use (% yes) 51** 61 64.7* 55.6

Mainly bicycle use (% yes) 6.9*** 16.3 12.1*** 25.4

Mainly public transport use (% yes) 0.5 2 2.6 1.4

Attitude towards e-bike (1-10 scale)

Safety 7.65*** 6.24 6.54*** 5.80

Reliability 8.09*** 6.92 7.31*** 6.56

Ease of use 8.51*** 7.36 7.76*** 6.81

Speed 7.93*** 6.97 7.22** 6.69

Comfort 7.70*** 6.63 6.86** 6.41

Fun 8.40*** 6.83 7.27*** 6.37

Health 7.99*** 6.77 7.19*** 6.20

Environmental friendliness 8.17*** 7.39 7.70*** 6.96

Image 7.19*** 6.44 6.87*** 5.70

Suitability for daily use 8.12*** 6.91 7.30*** 6.31

Table 5.2 – Descriptive statistics of the independent variables included in the model 
predicting current and potential e-bike use
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would like to use an e-bike, and those who would not. However, potential users have less 
often completed higher education, are more often form a household with children, and 
less often make enough money to cover their expenses. In terms of occupation, potential 
users are more often students or commuters. In terms of mobility, potential users are 
committed more to car use, and less to bicycle use. Finally, potential users respond 
significantly more positive to all attitudinal aspects than the group that expressed no 
interest.

5.3.2. E-bike use
Table 5.3 presents the results of the logistic regression analysis estimating the probability 
of e-bike use. As a set, the sociodemographic characteristics reliably predicted e-bike use, 
as shown by the significant value for Nagelkerke R2. The likelihood of using an e-bike 
increases with age. Gender is also a strong predictor, with females being 1.99 times more 
likely to own an e-bike than men. Higher education is negatively related to e-bike use, 
but on the other hand, making enough money to cover household expenses increases 
the odds of using an e-bike with 95.9%. E-bike use is 86.2% more likely in households 
without children than in households with children. Finally, e-bike use is also more likely 
among students and commuters than among retirees. Physical disability and degree of 
urbanization were not significant predictors of e-bike use.
 The mobility factors add further explanatory value to the model, as shown by 
the significant increase in Nagelkerke R2. Car ownership is positively associated with 
using an e-bike, with car owners being 45.7% more likely to use an e-bike than non-
owners. This suggests that e-bike use can complement car travel. Furthermore, e-bike 
users are associated with lower numbers of bicycles in the household. This suggests that 
e-bike use substitutes rather than complements bicycle use. Daily travel distance also 
contributes to the model. Respondents traveling less than 15 kilometers on average to 
their daily activities are 98% more likely to use an e-bike than respondents traveling 15 
kilometers or more on average. Finally, e-bike users are much less likely to be primary 
bicycle users, and less likely to be primary car users, which suggests substitution of 
both modes at least to a certain extent. Other mobility factors in model 2 do not affect 
e-bike use, such as license ownership and use of public transport as the main mode of 
transportation. 
 The regression weights of the sociodemographic characteristics included in 
model 1 slightly change after inclusion of the mobility factors in model 2. Age, gender, 
financial situation, and being a student or commuter remain significant predictors. 
However, the contribution of higher education and households with children is 
less significant after adding mobility factors. This might be due to higher educated 
respondents and households with children being more likely to own a car, or living 
closer to their work and other daily activities. 
 Finally, the explanatory value of the model, as indicated by the Nagelkerke R2 
increases significantly after adding the attitudinal variables. Four values considerably 
increase the likeliness of using an e-bike: higher valuation of e-bike safety, reliability, 
fun, and health benefits. A higher valuation of image was however negatively related 
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Model 1 Model 2 Model 3

Sociodemographic characteristics

Age 0.053*** 0.057*** 0.064***

Gender (man=0, woman=1) 0.690*** 0.624*** 0.653**

Higher education (0 = no, 1 = yes) -0.464** -0.172 -0.069

Sufficient income to cover expenses (0 = no, 1 = yes) 0.673** 0.799** 0.728*

Household comp. (0= no children, 1=children) -0.622*** -0.149 -0.018

Physical disability (0 = no, 1 = yes) 0.299 -0.008 -0.257

Urbanization (0=very low-low, 1=moderate) -0.181 -0.543 -0.360

Occupation (ref=other)

  Student 1.079* 1.261* 1.727**

  Commuter 0.624** 0.734** 1.026**

  Retirees -0.090 -0.350 -0.083

Mobility factors

Driver’s license (0 = no, 1 = yes) - 0.550 0.628

Household car ownership - 0.376** 0.205

Household bicycle ownership - -0.418*** -0.490***

Avg. distance traveled (0= <15km, 1= >=15km) - -0.686*** -0.559**

Mainly car user (0 = no, 1 = yes) - -0.912*** -0.813***

Mainly bicycle user (0 = no, 1 = yes) - -1.430*** -1.612***

Mainly public transport user (0 = no, 1 = yes) - -0.935 -1.188

Attitude towards e-bike 

Safety - - 0.203**

Reliability - - 0.467***

Ease of use - - 0.051

Speed - - -0.044

Comfort - - -0.089

Fun - - 0.487***

Health - - 0.211*

Environmental friendliness - - -0.054

Image - - -0.121*

Suitability for daily use - - 0.057

Constant -4.505 -4.101 -13.433

N 612 612 612

Nagelkerke R2 0.197 0.335 0.545

X2 93.65*** 168.63*** 304.44***

Table 5.3 - Unstandardized coefficients for logistic regression of e-bike use (0 = no, 1 = 
yes) on blocks of sociodemographic, mobility and attitudinal factors, N = 612.
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Model 1 Model 2 Model 3

Sociodemographic characteristics

Age -0.014 -0.009 -0.006

Gender (0 = male, 1 = female) -0.148 -0.113 -0.094

Higher education (0 = no, 1 = yes) -0.507** -0.490** -0.542**

Sufficient income to cover expenses (0 =no, 1 = yes) -0.685** -0.492 -0.382

Household comp. (0= no children, 1=children) 0.298 0.562** 0.573**

Physical disability (no=0, 1=yes) 0.622 0.581 0.770

Urbanization (0=very low-low, 1=moderate) 0.027 -0.246 -0.141

Occupation (ref=others)

 Student -0.149 0.143 0.241

 Commuter 0.206 0.085 0.098

 Retirees -0.101 -0.340 -0.389

Mobility factors

Driver’s license (0 = no, 1 = yes 1) - 0.225 0.237

Household car ownership - -0.125 -0.150

Household bicycle ownership - -0.134* -0.178**

Avg. distance traveled (0= <15km, 1= >=15km) - -0.413* -0.285

Mainly car user (0 = no, 1 = yes) - 0.118 0.199

Mainly bicycle user (0 = no, 1 = yes) - -0.873** -0.885**

Mainly public transport user (0 = no, 1 = yes) - 0.407 0.705

Attitude towards e-bike 

Safety - - 0.040

Reliability - - 0.005

Ease of use - - 0.100

Speed - - 0.069

Comfort - - -0.202

Fun - - 0.201*

Health - - 0.012

Environmental friendliness - - -0.104

Image - - 0.141*

Suitability for daily use - - 0.072

Constant 1.721 1.918 -0.519

N 374 374 374

Nagelkerke R2 0.088 0.143 0.249

X2 25.05*** 41.47*** 75.47***

Table 5.4 – Unstandardized coefficients for logistic regression of potential e-bike use 
(0= not willing to use, 1 = willing to use), on blocks of sociodemographic, mobility and 
attitudinal factors, N = 374.
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to e-bike use. After addition of the attitudinal variables, the explanatory power of car 
ownership changed to non-significant, although still positive. 

5.3.3. Potential e-bike use
The results of the logistic regression analysis estimating the probability of willing to use 
an e-bike are shown in Table 5.4. Again, all sets of predictors contributed significantly 
to the predictive power of the model, although the predictive efficacy, as indicated by 
Nagelkerke R2, was generally lower. Of the sociodemographic characteristics, completion 
of higher education and making enough money to cover expenses both significantly 
contribute to willingness of using an e-bike. These results suggest that e-bike use does 
appeal to lower educated people with a less favorable financial situation. The other 
sociodemographic characteristics do not significantly contribute to the model.
 Of the mobility factors, bicycle ownership is negatively related to the 
willingness to use an e-bike. Respondents who do not use a bicycle as their main mode of 
transportation are almost three times more willing to adopt an e-bike than bicycle users. 
These findings suggest that future e-bike adoption might be lower among people that 
currently own a bicycle or have a bicycle at their disposal. Distance also contributes to the 
model: respondents who travel less than 15 km on average to their different destinations 
are 51.1% more likely to be potential e-bike users than respondent who travel more than 
15 km. Although mainly using the car and public transport to get around are positively 
related to potential e-bike use, their contributions are non-significant. Similarly, the 
other mobility factors added in model 2 do not predict potential e-bike use in rural 
areas. After inclusion of the mobility factors the significant negative impact of income 
situation on potential e-bike use disappears. This could result from higher household 
bike ownership and bicycle use among those with a less favorable income situation. 
 Finally, the attitudinal factors positively contribute to potential e-bike use. 
Respondents who value the fun aspect of e-bikes more, are more willing to use an 
e-bike. This stresses that, similar to current e-bike use, valuing enjoyment seems to 
be an important predictor of potential e-bike use. Also, a positive valuation of e-bike 
image contributes to potential e-bike use. The other attitudinal factors do not predict 
potential e-bike use. The contribution of sociodemographic characteristics to potential 
e-bike use does not change after inclusion of the attitudinal factors. However, within the 
set of mobility factors, the average distance traveled no longer significantly contributes 
to model 3 after inclusion of the attitudinal factors. A possible explanation for this is 
that people with a more positive stance on e-bike image and enjoyment are more likely 
to be willing to use an e-bike regardless of the distances they travel. 

5.4. Discussion

This study examined the determinants of current and potential e-bike use in rural areas 
by means of a survey in the North of the Netherlands. The findings suggest that current 
e-bike use in rural areas is widespread, but mainly present among women, older people, 
people with a higher income, students, and commuters. Among respondents who 
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did not own an e-bike, especially those with low education and income levels showed 
more willingness to use an e-bike in the future. Number of cars in the household was 
negatively related to current e-bike use, and number of bicycles in the household was 
negatively related to both current and potential e-bike use. This suggests that the e-bike 
can substitute both car and bicycle use. However, bicycle users seem somewhat more 
reluctant towards owning or adopting an e-bike than regular car users, pointing at greater 
potential for a shift from car travel. Average travelling distances over 15 kilometers had 
a negative effect on e-bike use. This suggests that the e-bike is most suitable for shorter 
distances up to 15 kilometers, distances beyond this range are traveled by motorized 
modes. Respondents who currently use an e-bike, or are willing to do so, generally have 
a more positive attitude towards the e-bike than non-users, especially regarding the 
enjoyment provided by the e-bike. However, current e-bike users rated the image of the 
e-bike less favorably than non-users.
 Findings of the present study regarding differences between those who currently 
use an e-bike and non-users are largely in line with previous studies, which have also 
found e-bike use to be higher among women, older age groups and those with a lower 
income and education level (Fishman and Cherry, 2015; Fyhri and Fearnley, 2015; 
KiM, 2016; Rose, 2012), although the results regarding age and education level have 
thus far been somewhat ambivalent (Johnson and Rose, 2015; Popovich et al., 2014). 
The positive relation between being a student or commuter and e-bike use seems in 
line with earlier studied that proposed that potential for e-bike use in these groups 
is high (Plazier et al., 2017a, 2017b). Unlike previous research, the present study did 
not find any support for higher e-bike use among the physically impaired (Peine et al., 
2016). E-bike users less often reported mainly using a car or a bicycle to access activity 
locations, which is in line with previous findings that e-bikes can substitute both car and 
bicycle travel (Lee et al., 2015). In this particular Dutch context, no evidence was found 
for substitution of using public transport by e-bikes, which is consistent with previous 
findings indicating that substitution of a mode depends on its level of use in that context 
(considering that use of public transport in Dutch rural areas is relatively low, while both 
car and bicycle use are high) (Kroesen, 2017). 
 The differences in attitudes towards e-bikes between users and non-users 
revolve around aspects of safety, fun and health benefits which have previously been 
found to constitute recurring themes in the e-bike literature (Berntsen et al., 2017; 
Haustein and Møller, 2016; Langford et al., 2017; Plazier et al., 2017b; Poos et al., 
2017; Schepers et al., 2014; Vlakveld et al., 2015). The present study provides further 
support for the importance of these aspects in individual decisions of rural residents 
to use an e-bike. The importance of reliability as a determinant of e-bike use is less 
well-studied. However, it might relate to the predictability of travel time, which has 
recently been found to be an important motivation for daily commuting by e-bike 
over use of automobile and public transport (Plazier et al., 2017a). In rural areas, travel 
times by e-bike may be more predictable than those by public transport, which is often 
infrequent and irregular. E-biking may also be more reliable than cycling, which is more 
sensitive to weather circumstances. An unexpected result is that current e-bike users 
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have a more negative image of e-bikes than non-users, where one would expect them to 
have a more positive image. A possible explanation for this finding is that e-bike users 
are aware of the negative stigma of e-bikes as “old people’s bikes”, perhaps because they 
have been reminded of this by their peers (Jones et al., 2016; Plazier et al., 2017b)
 The present study also sheds some more light on the determinants of willingness 
to use an e-bike among those who currently do not use an e-bike. In general, there were 
less differences between potential e-bike users and non-potential users, than between 
current users and non-users. This finding may be partly due to methodological issues. 
The subsample of respondents who do not currently use an e-bike was less varied in 
terms of socio-demographic variables (e.g., they were generally younger, and more often 
male), which reduces the power to discriminate between groups within the sample. 
Potential e-bike use was correlated with a relatively low level of income and education, 
while current e-bike use was correlated with a relatively high level of income. This 
suggests that there is a high potential for e-bikes among rural residents with a low socio-
economic status, which could be tapped by making e-bikes more affordable or available 
otherwise. Both current and potential e-bike users are more likely to be in a household 
with children. But compared to current e-bike users, potential users are more often car 
users, and less often bicycle users, suggesting a high potential for e-bikes among car 
users. Finally, the positive association between image of e-bikes and willingness to use an 
e-bike suggests that the branding of e-bikes may be an effective strategy to attract new 
users.
 A main strength of the current research is that we evaluated e-bike use in a 
rural environment. Rural e-bike use has thus far received little research attention in 
e-bike mobility studies. Yet, we find that many of the determinants of e-bike use in 
rural areas correspond with determinants found in earlier studies, even though these 
did not specifically address rural e-bike use. Another strength of our research is that we 
were able to identify and distinguish between the factors contributing to current e-bike 
use and potential e-bike use in these areas. However, we also identify some limitations. 
First of all, participants were not randomly selected, and the study sample may not be 
representative for the study area. The probability of self-selection of participants cannot 
be ruled out, and is made likely by the fact that the sample contained a high share of e-bike 
users compared to available data from the Netherlands. This limits the generalizability 
of the findings. A second limitation is the large number of missing values which were 
omitted from the logistic regression analyses. This reduces the power of the analyses, 
and may have led to response bias in case the missing cases are non-random. However, 
comparison between the initial sample and the final sample with complete data included 
in the analysis suggests that the two samples were very similar and bias thus may not 
have played a major role. A third limitation concerns the focus on rural e-bike use in the 
general sense. The analysis did not distinguish between (potential) e-bike use for specific 
purposes, such as recreation or commuting. Potential and current users’ motivations 
and behavior might differ for each of these purposes. Fourth, a limitation of the study 
concerns the generalizability of findings to other countries. Compared to rural areas 
in other countries, the North of the Netherlands are characterized by relatively high 
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population densities. Thus, findings might not easily translate to rural areas in other 
countries, although they might also apply to low-density (peri-) urban areas, such as 
sprawling suburban neighborhoods. Another limitation is that Dutch rural areas are 
characterized by high levels of bicycle use and relatively good quality of public transport 
and cycling infrastructure. The cycling culture already in place, and the flat topography 
in the study area can further limit the generalizability of findings. Finally, we stress 
the limitations of quantitative assessment of self-reported mobility behavior through 
surveys. Reported results are based on aggregated data and not necessarily form accurate 
representations of current individual travel and decision-making behavior. 
 Future quantitative studies may address rural e-bike mobility using more 
representative study samples. These studies could focus on minimizing the number 
of missing responses, and look for possibilities of including missing responses in their 
analyses. Further research may also make a more fine-grained distinction between 
different uses of e-bikes in rural contexts. For instance, the motivations and behavioral 
patterns of recreational e-bike users in rural areas and the requirements in terms of 
charging infrastructure and routing likely differ from those of functional e-bike users 
such as commuters. Finally, more insight in current and potential e-bike use in rural 
areas is needed from other geographical contexts, including areas with less bicycle 
infrastructure, lower acquaintance with cycling in general, and different climatic 
circumstances and topography. Finally, we also stress the importance of evaluative 
field research, for instance through pilot-testing of e-bikes. These studies can provide 
further insight in travel behavior prior to and after e-bike adoption, and the variety of 
motivations concerned with mode choices and uses.
 Results imply that current e-bike use in rural areas to some extent ‘fits the 
picture’ in terms of determinants identified in previous studies. However, this study 
has also revealed that use by students and commuters is more common than perhaps 
thought beforehand. Thus, there may be more potential to realize e-bike use in these 
demographic groups. The results also suggest a high potential for e-bike use among 
those with lower socioeconomic status, and among households with children. These 
findings offer opportunities for social marketing campaigns and targeted subsidizing 
and branding of e-bike use to improve the mobility situation for rural inhabitants who 
might benefit from an additional mode of transport in their everyday lives.

5.5. Conclusion

Electrically assisted cycling or e-biking is growing in popularity among an increasingly 
diverse range of users. Results from a survey in a rural area in the Netherlands show that 
e-bike use is already widespread among people of different ages and occupations. This 
indicates that for a growing number of people in rural areas the e-bike is a potential 
addition to the current array of active and motorized modes. A further shift to e-bike use 
from the motorized modes can benefit health, flexibility, enjoyment and environment, 
provided it does not replace the active modes. Findings show that rural bicycle users 
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are more reluctant towards adopting an e-bike, while car users are more susceptible to 
start using an e-bike. Strategies involving the development of e-bike use in rural areas 
can aim at reducing car use, thereby alleviating possible dependence on automobile 
transport. This can include financial incentives for persons of lower socio-economic 
status or living in households with children to make it more attractive to purchase an 
e-bike. Alternatively, the organization of e-bike pilot-projects in rural areas can help 
change attitudes by enabling first-hand experiences. These findings can support the 
development of sustainable transport systems that support active and healthy lifestyles. 
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Chapter

6

Discussion



6.1. Introduction

It is increasingly recognized that the transport systems currently in place around the 
world are unsustainable in terms of their impacts on environment, society, public health 
and economy (Banister, 2008, 2005; Greene and Wegener, 1997; Litman and Burwell, 
2006). One way to counter the negative effects of these systems is to promote active 
mobility and the use of alternatively-fueled vehicles. A potentially promising mode 
of transport that is the topic of this thesis is the electrically-assisted bicycle or e-bike. 
In recent years, e-bike use has been growing in various countries around the world, 
and thus has caught the attention of policy makers, practitioners and the academic 
community alike. A central question is whether e-bike mobility can play a role in the 
shift towards more healthy and sustainable transport systems. Moreover, the rapid 
growth of e-bike use offers unique opportunities to study mode choice, modal shift and 
associated changes in travel behavior in diverse contexts and at different scales. The aim 
of this thesis is to provide insight in the potential of e-bikes as a means to achieve more 
sustainable and active transportation, by studying actual and potential e-bike use in 
different populations and in different geographic contexts in the Netherlands.
 This chapter concludes the thesis by first providing a summary and discussion 
of the main research findings in relation to the research questions. Then, limitations of 
the studies conducted in this thesis are discussed. This is followed by suggestions for 
future research, and an extension on the implications of the findings for policy and 
practice. 

6.2. Main findings

Which conditions encourage e-bike adoption by different user groups? [Research question 1]

Research has suggested that most daily behaviors ensue from automatic processes, or 
routines. These permit to avoid continuously thinking about what we do, and therefore 
to more efficiently allocate cognitive capacity to other tasks (Klöckner and Verplanken, 
2013). Chapter 2 described how routines tend to play an important role in people’s 
travel behavior. Examples of routine travel behavior are habitual mode use, fixed times 
of travel, and preferred routes. Chapter 2 also discussed how key events in the life course 
may tilt routines and instigate behavior change (Guell et al., 2012; Müggenburg et al., 
2015). 
 The findings in this thesis provide support for the idea that routine travel 
behaviors can be interrupted and reconsidered following key events that occur naturally 
as part of the life course (Chatterjee et al., 2013; Clark et al., 2014). As discussed in 
Chapter 3, commuters reconsidered their travel habits and adopted an e-bike following 
changes in the home environment (e.g. moving, the birth of a child, children growing 
older, ageing) and work environment (e.g. changing jobs). For instance, one participant 
mentioned that her children had recently started high school, and went there by bike. 
She wanted to escort them to school before continuing her commute to work, but doing 
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this by regular bike would be too tiring. Thus, she decided to purchase an e-bike. For 
another participant, the birth of a second child meant that the family had to get rid of 
their expensive second car. After selling the car, they purchased an e-bike, so that both 
parents could remain mobile without being dependent from using the car or from one 
another. 
 Mobility milestones have been distinguished in the literature as a specific type 
of key events that are more directly related to mobility. Examples of such mobility 
milestones are mobility-related social norms, infrastructural conditions, regulations, 
initiatives and economic and social circumstances that affect individual’s mobility 
options, such as acquiring a driver’s license or buying public transport season tickets. 
From a policy point of view, mobility milestones might be more practical to address in 
policy than key events. In this thesis, however, mobility milestones did not emerge as an 
imperative to e-bike adoption. Many of the factors that can facilitate cycling and would 
potentially be mobility milestones were already in place: participants had cycled from a 
young age, owned a bicycle, and generally indicated that the availability of infrastructure 
was sufficient. In general, it was not so much changes in the mobility domain that 
caused participants to reconsider mobility behavior and adopt an e-bike, but rather, 
broader changes in their living situation. 
 The findings in this thesis do support the importance of initiatives as mobility 
milestones that facilitate first-hand experience with e-bikes. In particular, it was found 
the effects of a life event, i.e. the reconsideration of travel habits, can to a certain extent be 
reproduced ‘artificially’ through the provision of incentives or the organization of pilots. 
Financial incentives might lower the barrier to purchase an e-bike by making it less 
expensive. E-bike adoption by some of the commuters in Chapter 3, for example, was 
fostered by employer incentives to buy an e-bike. For some commuters, this triggered a 
re-evaluation of travel routines by mitigating the cost-barrier that had initially withheld 
them from e-bike purchase. These findings are useful, given that working adults are 
likely more immersed in these routines, due to complex family schedules and fixed 
employment, than their younger or older counterparts. Thus, their travel behavior may 
be less receptive to interruptions. However, it is important to note that many of the 
participants were dissatisfied with their old travel behavior, and key events and incentives 
probably formed tipping points to re-evaluate and change behavior. Additional evidence 
for the potential role of incentives was found in Chapter 5. Here, it was concluded that 
strategies to develop e-bike use in rural areas may entail financial incentives for persons 
of lower socio-economic status or living in households with children, to make it more 
attractive for them to purchase an e-bike. 
 Pilots offer the opportunity to test and adjust policy strategies before broader 
implementation (Mckenzie-Mohr, 2000). The use of pilots to generate interest in e-bike 
use is by now well-established (see Cairns et al., 2017 for a review of the evidence). 
Participation in pilots provides direct experience that can help participants to form 
attitudes and increase the likelihood of engaging in targeted behaviors, such as e-bike 
use (Smith and Swinyard, 1983). In line with these notions, it was found in Chapter 
5 that attitudes of rural residents who currently used an e-bike were significantly more 
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positive than those of non-users. Although these findings may be partly the result of 
self-selection of persons who had a-priori positive attitudes to the e-bike, experiencing 
an e-bike firsthand may also have played a role in the formation of users’ more positive 
attitudes. Therefore, it was suggested in Chapter 5 that offering rural residents the 
opportunity to pilot-test e-bikes might help form positive attitudes. Chapter 4 more 
closely considered mode choice at a moment of habit interruption, during a pilot held 
among university students. Findings from this chapter show that students’ willingness 
to buy an e-bike was low. However, they expressed the desire to own an e-bike in the 
future, or indicated they would consider the e-bike as an option in future mode choices. 
This is an important benefit of organizing pilots and enabling a first-hand experience: 
compared to commuters in Chapter 3, students did not have initial discontent with 
their travel habits, but were simply offered to try out an e-bike, and mostly signed 
up out of curiosity and without much prior knowledge on e-bikes. Despite the lack 
of initial motivation, participating in the pilot considerably increased the likeliness of 
future e-bike use.
 Overall, three observations offer support for the usefulness of incentives and 
pilot testing as orchestrated efforts to encourage e-bike adoption. First, study findings 
reveal that e-biking offers a physical and mental experience which seems fundamentally 
different from using cars, public transport, cycling or walking, on aspects such as 
outside exposure, enjoyment and ease of use. Incentives and pilots offer users unique 
opportunities to undergo such experiences firsthand. Second, e-bikes are fit for 
encouragement through financial incentives and pilot-testing due to their relative low-
cost compared to other forms of electric mobility (e.g. electric cars). It is cheaper for 
governments or employers to offer financial incentives (e.g. cash back upon purchase) 
on e-bikes than on for instance electric cars. Also, e-bike pilots are relatively easy to 
organize as the battery can be taken inside and thus no specific infrastructure is needed 
for e-bike charging. Furthermore, secure parking facilities in the Netherlands are 
generally already well-developed. This leads to the third observation: in the Netherlands, 
infrastructure and safety barriers to cycling have largely been overcome. Thus, potential 
users can test e-bikes under favorable circumstances, with low external friction or hazard. 
Encouragement of firsthand experiences with e-bikes through financial incentives and 
pilot testing thus seems promising to encourage e-bike mobility in the Netherlands. 
 Finally, it is important to note that factors that cause people to deliberate 
current travel behaviors and consider adopting an e-bike may differ per context. For 
example, in countries where e-bike adoption by elderly is still low, safety issues may be 
more important than found in the current thesis. In countries where air pollution is a 
serious health problem, sustainability might be more important. In countries with low 
levels of cycling, mobility milestones that provide basic preconditions for bicycle use 
such as bicycle ownership, knowing how to ride a bike, and adequate infrastructure, 
could be more important determinants of e-bike adoption than found in the present 
thesis. In countries with high levels of cycling, infrastructural improvements such as 
the development of high capacity bicycle infrastructure (“bicycle highways”) could also 
trigger future behavior change. 
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What are the advantages and limitations of e-bike use for different user groups? [Research 
question 2]

In Chapter 2, commuters, students and rural residents were identified as user groups 
with high potential for e-bike mobility, and some specific advantages and limitations to 
e-bike use in each group were outlined. Here, it is discussed whether these advantages 
and limitations played a role in the decision to adopt an e-bike and whether they were 
recognized and experienced by the participants.
 Throughout the studies in these chapters, four factors consistently emerged 
as important advantages and limitations of e-bike use for all three user groups: 
affordability, mental wellbeing, physical health and e-bike image. The importance of 
safety, environmental friendliness, and distinct characteristics of the e-bike that may add 
to the travel options of its user (i.e. range, autonomy, combine activities, connectivity) 
varied across the user groups. Figure 6.1 provides a graphical illustration of the findings 
for the three user groups, which are further reflected upon below.

Fig. 6.1 – Summary of advantages and limitations of e-bike use for different user groups. 

First of all, affordability was found to be an important factor in e-bike choice, which is 
in line with findings from previous studies (e.g. Dill and Rose, 2012; Fyhri and Fearnley, 
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2015). For some commuters (Chapter 3), the high purchase price of e-bikes formed a 
barrier to adoption. As discussed, this barrier was in some cases mitigated by employer 
incentives, whereas some participants had chosen simpler and thus cheaper e-bike 
designs. To others, however, purchasing an e-bike permitted to save on gas, transit fares, 
or came in place of buying a second car. Thus, it seems that encouraging e-bike adoption 
might to some extent be dependent on the framing of the cost-aspect: it is more expensive 
than using a bicycle, but might be cost-effective compared to buying and using a car 
or using public transport. For students (Chapter 4), e-bike costs proved an important 
barrier to buying an e-bike at the end of the pilot, which is a result of the lower power 
of purchase in this group. Furthermore, in this group, e-bike use competes with cheap 
bicycles and free public transport using student transit passes. Possible solutions can 
be found by offering leasing plans (Cairns et al., 2017) or integrating e-bike schemes 
with student transit passes. Alternatively, cheaper designs and developments in (battery) 
technology could further bring down e-bike prices. Among rural residents (Chapter 5), 
no direct evidence was found for the role of costs in current or potential use of e-bikes. 
However, the share of people with a good financial situation was significantly higher 
among users than among non-users. This variable could be perceived as a proxy for 
the role of costs in current and potential use. Interestingly, the share of people with a 
good income situation was significantly lower among those interested in using an e-bike 
compared to people that were not interested. Thus, there seems to be a latent demand 
for e-bike use in groups with lower socioeconomic status. Here, the same effect of lower 
e-bike prices as with students might apply.
 Mental wellbeing derived from sensory experiences with the environment was a 
second predominantly positive factor that proved important in mode choice and e-bike 
use throughout the thesis. It is well-established that sensory experiences and interactions 
with the environment play an important role in active travel (Te Brömmelstroet et al., 
2017; Van Duppen and Spierings, 2013). Such experiences can make that the act of 
traveling, and travel time itself, hold inherent value to the traveler (Jain and Lyons, 
2008; Mokhtarian et al., 2001; Ory and Mokhtarian, 2005). E-bike commuters’ mental 
wellbeing was predominantly related to scenery and natural elements, such as riding 
the e-bike through the open landscape, enjoying the sunrise and the dew in the fields, 
as a way to “mentally disconnect”, prepare for the day ahead or close off the day. The 
positive travel experience made longer travel times by e-bike acceptable compared to 
other modes (Chapter 3). Students in turn recalled the joy of riding e-bikes in headwind 
or over bridges, and indicated this would be a major contributor to future e-bike 
adoption (Chapter 4). For rural residents, enjoying riding an e-bike proved a positive 
contributor to both actual and potential e-bike use (Chapter 5). Thus, mental wellbeing 
is an important element in the decision to start using an e-bike over other modes of 
transport as well as in the daily choice to use an e-bike. 
 Third, physical health played a major role in e-bike adoption. The health 
benefits of e-bike use have been the subject of a number of studies (e.g. Berntsen et al., 
2017; Gojanovic et al., 2011; Simons et al., 2009; Sperlich et al., 2012). It is generally 
argued that e-bikes can bring benefits when used in sedentary lifestyles, whereas a switch 
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from bicycle use would be less beneficial. Health turned out to be a major motive for 
e-bike adoption by commuters (Chapter 3). Most of them had traveled by car or public 
transport before adopting an e-bike, and were happy to include physical activity in their 
daily schedules. Health was also positively related to actual and potential e-bike use by 
rural residents (Chapter 5). This factor was however more controversial with students 
(Chapter 4). This is related to the fact that most students switched from bicycle use to 
e-bike use during the pilot, which meant a loss in the intensity of physical activity. Thus, 
these findings confirm that the health benefits, at least as experienced by e-bike users, are 
largely dependent on the mode of transport from which the modal shift was realized. 
 Fourth, the image of e-bikes as “old-people’s bikes” dominated the discourse 
surrounding e-bikes for a considerable time. However, due to the increasingly mainstream 
use of e-bike this is changing fast, (Peine et al., 2016), as the results of the present thesis 
confirm. E-bike image was brought up by participants in Chapters 3 and 4, and tested 
in the survey in Chapter 5, but little evidence for image or stigma obstructing e-bike 
adoption was found. Some students (Chapter 4) indicated that they had hesitated to 
participate in an e-bike pilot as they considered the e-bike something for older adults, 
but after participating in the pilot, a large majority of students disagreed with a survey 
statement that the e-bike is “Mostly interesting for elderly people”. Similarly, commuters 
generally also recognized this potential stigma (Chapter 3), but this did not turn out to 
be a factor in mode choice. An unexpected result from Chapter 5 was that current e-bike 
users had a more negative image of e-bikes than non-users, where one would expect 
them to have a more positive image. A possible explanation for this finding is that e-bike 
users are aware of the negative stigma of e-bikes as “old people’s bikes”, perhaps because 
they have been reminded of this by their peers.
 E-bike safety was regularly brought up by the participants. For commuters 
(Chapter 3), safety issues were primarily related to the type of built environment: 
assisted cycling in rural and urban environments was experienced differently, and 
the latter was often considered less safe due to increased traffic and complex traffic 
situations. However, safety had not deterred them from adopting an e-bike, nor did 
it play a decisive role in their day-to-day use. Students (Chapter 4) mostly attributed 
potential safety hazards to other e-bike users than to themselves. They expressed being 
aware of the risks, but stressed how own responsibility and adaptive cycling mitigates 
that risk. Thus, for this user group safety was not considered a personal advantage or 
limitation. For rural residents (Chapter 5), a lower valuation of the safety of e-bikes 
negatively contributed to current e-bike use. This factor did not contribute to explaining 
potential e-bike use. 
 The environmental friendliness of e-bikes was brought up by participants in 
Chapter 3 and 4, and tested in the survey in Chapter 5. For commuters (Chapter 3), 
sustainability of e-bike use was an advantage, but not an initial motivation. As one 
participant stated: “It is sustainable in the sense that I use my car less. But I don’t think, 
‘wow, that’s neat, I saved the environment!’. More like, ‘wow, that’s neat, I saved on gas’ 
(laughs). If you ask me, was the environment a motive, I say no”. Students (Chapter 
4) were skeptical towards the sustainability of e-bikes, as a consequence of their old 
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travel behavior which mostly consisted of bicycle use. For rural residents (Chapter 5), 
environmental friendliness did not contribute to actual or potential e-bike use. Thus, 
whereas the environmental impact of e-bikes versus motorized transport and cycling is 
recognized by the participants, it seems unlikely that this aspect resonates with potential 
users as a reason for adopting an e-bike or not. This reflects findings from literature 
suggesting that environmental concerns (such as the need to switch to more sustainable 
modes) play less important roles in behavior change than factors that affect the individual 
in a more direct manner, such as costs, effort and convenience (Lindenberg and Steg, 
2007). Thus, arguably, sustainability should not be the prime focus of e-bike mobility 
adoption or encouragement. Rather, the e-bike could be framed as a less costly, more 
enjoyable and healthier mode of transport, with “sustainability” as a more implicit goal. 
 E-bikes can add to the travel options of users through distinct factors such as 
range (to cover longer distances), autonomy (to be independent from public transport 
schedules), connectivity (being able to reach other transport) and combining multiple 
activities. These aspects were recognized and experienced. Whether they constituted 
an advantage or limitation differed depending on the user group and the mode with 
which the e-bike was compared or substituted. For commuters (Chapter 3), range and 
autonomy were highly relevant. Electric assistance enabled bridging longer distances in 
shorter travel times compared to regular bicycle use. Also, traveling without having to 
take into account bus or train departure times was mentioned as a benefit. However, 
for some, the car still had advantages over e-bikes, such as the possibility to combine 
multiple activities and to do this in greater comfort. Indeed, some commuters said they 
would not commute by e-bike at all in case of rainy conditions on the way to work, 
and use the car instead. For students (Chapter 4), higher flexibility compared to (free) 
public transport was an important benefit. Also, e-bike use enabled them to combine 
activities throughout the day. For rural residents (Chapter 5), shorter travel distances 
were a positive contributor to current e-bike use, but no evidence was found for the 
role of autonomy, connectivity and combining multiple activities. In the next section, it 
will be discussed whether these notions are supported by data from mapping and GPS 
tracking.
 Some of the factors that were initially thought of as potential advantages or 
limitations to e-bike use in different groups did not emerge as such from the empirical 
studies. First of all, e-bike commuters indicated that bike parking facilities at work 
were generally well-arranged and thus a lack of such facilities was not a limitation for 
e-bike use. For charging, the e-bikes’ removable battery could be taken inside into the 
workplace, and thus according to the participants, no specific charging infrastructure was 
needed. Second, a hypothesized advantage of e-bike use for students was that experience 
with e-bikes in younger age could contribute to sustainable habit forming. Chapter 4 
highlighted that students were generally not interested in buying an e-bike at the end of 
the pilot, but most indicated they would consider it an option in future mode choices. 
This suggests that e-bike use in younger age potentially contribute to sustainable habit 
forming, but this could not be confirmed in this study. Finally, the lack of dedicated 
bicycle infrastructure as a barrier to rural e-bike use was insufficiently backed by the 
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evidence in Chapter 5. However, a positive valuation of e-bike safety significantly 
contributed to current e-bike use. This might indicate that those that currently use an 
e-bike do so in response to a safer cycling environment, but no causal relationship could 
be discerned here.

What are the impacts of e-bike use on travel behavior? [Research question 3]

The previous research question assessed whether participants recognized and experienced 
the advantages and limitations to e-bike use. Among the assumed impacts on travel 
behavior were e-bike characteristics that may add or may not to the travel options of its 
users, such as e-bike range, autonomy, connectivity and combining multiple activities. 
In Chapter 3 and 4, e-bike users’ travel behavior was measured using mapping and GPS-
tracking. Thus, it is possible to complement and contrast the recognized and experienced 
impacts on travel behavior with quantitative assessment of some of these factors. 
GPS-tracking of e-bike commuters (Chapter 3) offered insight in the length of both 
work and non-work-related journeys, which were made using diverse transport modes 
during the tracking period (Fig. 6.2). 

Fig. 6.2 – Distances of work- and non-work-related journeys measured using GPS-
tracking

For commutes, a trip from home to work and back by e-bike averaged over twenty-six 
kilometers, which was somewhat shorter than the work-related journeys by car and 
public transport. This suggests that beyond a certain threshold, the physical expense 
and increased travel time by e-bike form such important hindrances that motorized 
modes are favored. E-bike commutes were often considerably longer than what is 
commonly thought to be an acceptable travel distance to cover by regular bicycle. This 
confirms that e-bikes are highly suitable for use on distances deemed too long to cover 
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by bicycle. This is substantiated by an analysis of the non-commuting journeys. Here, 
the traditional active modes were used on short distances (avg. 3km), the e-bike was 
used on intermediate distances (avg. 7-10 km), and motorized transport was used for 
longer distances (avg. >30 km). The longer distances traveled by e-bike were also partly 
reflected in student travel behavior (Chapter 4). Mapping their trips revealed that they 
traveled an average of about eight kilometers (single trip) to the university. Individual 
travel distances however ranged from four to nineteen kilometers. Thus, for students 
who travel shorter distances (e.g. within the city), the benefits of e-bikes in terms of travel 
time and reduced physical expense are likely not substantial enough to be considered as 
a substitution to regular bicycles. Additionally, from an environmental and health point 
of view, e-bike substitution of these active mode trips may be considered undesirable. 
However, for those living outside the city and traveling longer distances, e-bike use 
might be a suitable alternative to the use of public transport.
 Second, measurement of travel behavior offered insight in the extent to which 
e-bike use permitted or hindered the combination of different activities throughout the 
day. Among commuters (Chapter 3), e-bikes did generally not permit easier engagement 
in activities. Work-related journeys were more often single-destination journeys, and 
whenever multiple destinations had to be reached (e.g. bringing children to daycare in 
the morning, running errands after work) participants more often used the car. Thus, 
GPS measurement revealed that it was somewhat harder to combine multiple activities 
by e-bike, although this might still be done more easily by e-bike than by regular bike. 
This was different for students (Chapter 4). Mapping their travel behavior revealed that 
they often used the e-bike to reach multiple destinations throughout the same day. 
However, this also slightly varied between students: students traveling to the university 
from outside the city did not combine this commute with other activities. Students who 
traveled shorter distances to the university, however, more often did. This difference, 
between commuters and students generally, but also more specifically between students, 
might be related to the fact that the individuals who covered longer distances by e-bike 
had less time or energy to include multiple destinations. Also, possibly, the majority of 
students who combined more activities by e-bike were less constrained by busy family 
schedules, and therefore less driven by the need to use faster modes of transport.
 From the GPS measurement of travel behavior, some factors emerged that were 
initially not identified as potential advantages or limitations to e-bike use in different 
groups. First of all, as discussed under research question 2, an important finding from 
Chapter 3 was that longer travel times by e-bike did not form a barrier to e-bike use, 
importantly due to positive travel experiences. This was reflected in the GPS data: car 
commuting trips covered longer distances than e-bike and bus use, but were shortest 
in terms of travel time (avg +/- 30 minutes). E-bike trips, which were shorter on 
average, took participants considerably longer (avg +/- 46 minutes). This travel time 
was somewhat similar to using a bus (avg +/-47 minutes), but the latter covered longer 
distances within this travel time. This confirms the positive experiences of commuters, 
in the sense that that e-bike use (which consisted of the majority of trips) was not 
hindered by the longer travel times measured compared to car travel.
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 A second factor that emerged from the GPS measurement of travel behavior 
of commuters was that different routes to work were used when traveling by e-bike. 
From the interviews held with both commuters and students, it became clear that 
they felt that e-bike use gave them more freedom, notably in the choice of routes. 
Potential longer distances and travel times of such routes were mitigated by the electric 
assistance. Commuters’ travel behavior data showed that they indeed tended to vary 
their itineraries. In Chapter 3 this was illustrated with a participant who had the choice 
between a shorter direct route, and a somewhat longer scenic route. GPS data showed 
that he, as well as other e-bike commuters who originated in the same village, preferred 
traveling using the scenic route. This finding was replicated for multiple participants 
who traveled from different areas, and who had several routes to choose from on the 
way to work. Generally, they preferred the scenic routes over the more direct ones, 
exceptions being made when weather was bad, or when they were in a hurry. Another 
participant varied routes on a specific section of her commute only: on the outskirts of 
the city, she would choose her route according to the time of day and her expectations 
of the amount of bicycle traffic on the different itineraries at that moment. 
 Finally, both commuters and students mentioned that they experienced greater 
autonomy when using an e-bike: this was related to independence from public transit 
schedules or the need to travel with others, for instance when car-pooling. However, 
the analyses conducted using GPS-tracking and mapping did not permit assessment 
of autonomy, and thus no quantitative evidence can be used to back these qualitative 
findings. Similarly, the data do not offer insight into whether e-bikes can help achieve 
greater connectivity to other modes, for instance by increasing the accessibility of public 
transport hubs. 

6.3. Reflection on research methods 

This thesis took an integrative approach to studying the potential for e-bike mobility 
by combining diverse research methods. The integration of different methods is an 
important strength of this thesis for various reasons: it allows to draw from the strengths 
and minimize the weaknesses of both quantitative and qualitative methods; it allows 
mixing and matching design components that offer the best chance of answering 
specific research questions; and it allows generating new insights by complementing and 
contrasting results from the different methods used (Johnson and Onwegbuzie, 2004; 
Meijering and Weitkamp, 2016).
 However, combining different methods is not without limitations: it is generally 
time consuming, and requires the researcher to learn and execute multiple research 
techniques. Furthermore, the research process can be intensive for the respondent, in 
case he or she participates in multiple phases of inquiry. Resulting from these limitations, 
study samples in mixed-methods research are generally relatively small, and this impacts 
the generalizability of findings for other contexts. Below, strengths and limitations of the 
methods employed in the respective chapters are briefly discussed.
 In Chapter 3, GPS-tracking was combined with follow-up in-depth interviews. 
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GPS-measured mobility can offer precision over self-reported mobility (e.g. Meijering 
and Weitkamp, 2016) by offering a more accurate and detailed understanding of travel 
locations, durations and speeds. However, GPS-tracking as employed in this study had 
some limitations. First, technical difficulties or incorrect operation of GPS-trackers led 
to inaccuracies or incomplete data. Second, the definition of travel modes was dependent 
on a correct interpretation of speeds and location, which can be negatively affected 
by data inaccuracies. To mitigate these weaknesses, in Chapter 3, GPS-traces were 
complemented with follow-up in-depth interviews to control and validate travel modes, 
routes and destinations. In turn, GPS-traces informed the development of interview 
guides, and offered the possibility to ask questions on personal, motives, behaviors, 
experiences, and highlight specific situations. 
 In Chapter 4, a questionnaire survey was complemented with follow-up in-
depth interviews. The choice for this study design was related to limitations concerning 
the survey. First, the survey was not designed by the researchers. Second, the survey 
relied on self-reported measures to assess changes in travel behavior. However, the 
survey results were considered informative, and to cope with the identified limitations, 
interview questions were carefully formulated to complement the survey data. As in 
Chapter 3, developing interview guides based on the survey data in Chapter 4 made it 
possible to ask in-depth questions on personal motives, behaviors and experiences, and 
contrast these findings with the survey data.
 Chapter 5 employed a quantitative approach by studying current and potential 
e-bike use through a survey. Surveys permit generalizing findings when a sample 
is random, big enough, and when results are replicated. However, there are some 
limitations to the survey used. First of all, participant selection was not random. This 
led to an over-representation of e-bike users included in the sample. Second, a large 
number of missing values which were omitted from the logistic regression analyses. This 
reduces the power of the analyses, and may have led to response bias in case the missing 
cases are non-random. A third limitation is that the analysis did not distinguish between 
(potential) e-bike use for specific purposes for each of which motivations and behavior 
might differ. Finally, again, the survey employed self-reported mobility measures. 
 An overall limitation of the studies conducted in this thesis is that the difference 
in study designs and different (combinations of ) methods employed in each chapter 
limits the comparability of findings from the different (potential) e-bike user groups. 
To better understand how findings vary between (potential) e-bike users groups, 
prospective studies among different groups should adopt similar study designs to better 
compare findings. These study designs should also seek to minimize the limitations 
of the different research methods previously mentioned. For instance, mixed-method 
research should be conducted among larger samples. When working with GPS data, 
potential errors in the data collection process will have to be addressed to generate more 
accurate and consistent datasets. Also, more objective measurement of travel behavior 
change should be conducted to minimize self-report bias, and survey designs should 
seek to minimize the number of missing responses and aim to include missing responses 
in their analyses. Quantitative and mixed-methods research could furthermore be 
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complemented by evaluative field research, for instance through pilot-testing of e-bikes. 
These studies can provide further insight in travel behavior prior to and after e-bike 
adoption, and the variety of motivations concerned with mode choices and uses.

6.4. E-bike mobility in a broader societal context

As outlined in this thesis, the increase of e-bike mobility can positively contribute to 
sustainability and public health by providing an alternative to traditional motorized 
transportation. However, it is important to be aware of possible negative societal 
implications that could come with an increase of e-bike use. In this paragraph, four 
possible negative societal implications of e-bike use are discussed. 
 First, the substitution of active modes by e-bikes can reduce the health and 
sustainability benefits ascribed to e-bike mobility. Therefore, it is important to consider 
the sustainability and health impacts of e-bikes in relation to both motorized and active 
modes. For energy use and CO2 emissions, e-bike use performs almost as well as walking 
and cycling, and far better than private cars and public transport (Dave, 2010; Thaler et 
al., 2012). Fuel production and the manufacturing process of e-bikes require more energy 
input than regular cycling and walking, but far less energy than the motorized modes. 
In turn, the operation of e-bikes causes lower greenhouse gas emissions than walking 
and cycling due to the lower physical expense by its user. However, fuel production, 
manufacturing and the need for infrastructure cause greenhouse gas emission similar or 
higher than cycling and walking (Dave, 2010). Thus, when considering substitution, the 
impacts of e-bike use are somewhat negative if they replace active modes, but far more 
positive if they replace motorized modes (Fishman and Cherry, 2015). However, until 
today it remains largely unclear at what cost e-bike mobility is growing. Preliminary 
evidence suggests that, next to the motorized modes, e-bikes to a certain extent also act 
as a substitute to other active modes. It is especially likely to replace regular cycling in 
countries where the modal share for cycling is already high (Kroesen, 2017). In light 
of the environmental performance described above, this development could be termed 
undesirable. In Chapter 3, it was apparent that e-bike use primarily substituted the use 
of cars and public transport for the daily commutes to work. This suggests that the net 
effect of e-bike substitution on energy use and greenhouse gas emissions in this case is 
positive, as are the health benefits of using e-bikes over motorized modes. However, 
in Chapter 4, most students substituted active mode use (cycling) during the pilot. 
Inhabitants of rural areas who did not use an e-bike and were committed to cycling, 
however, were less likely to be willing to use an e-bike (Chapter 5). When aiming 
to stimulate e-bike mobility, specific groups of potential users could be targeted: for 
instance, those who currently travel by car or public transport, or those that currently 
use a bicycle, but can extend their ‘life on the bike’ by adopting an e-bike in older age or 
in case of physical impairment.
 Second, the increased cost of cycling due to e-bikes’ higher purchasing prices 
can have implications for transport equity and the accessibility of the mode for everyone. 
In various countries in the past years, the share of e-bikes in overall bicycle sales has 
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grown. Due to this, bicycle sales turnover and the average amount of money spent on 
a bike is also growing. In the past, an important catalyst of the growth of bicycle use 
in the Netherlands was the decline in average price. As such, the bicycle moved from 
being a recreational transport mode for the higher classes to a being used as a functional 
mode of transport by the masses (Agervig Carstensen and Ebert, 2012). Still today, in 
a ‘bicycle culture’ such as in the Netherlands, the low initial cost of acquiring a bike is 
an important asset of bicycle use. This was especially apparent for students in Chapter 
4, who primarily used cheap bicycles to get around. Additionally, no advanced skills 
other than to know how to ride a bicycle are needed to get around and participate in 
society. In other words, the “entry-level barrier” of bicycle riding is relatively low, and 
the status associated with it seems less important for bicycle use than for instance for 
car use (Steg, 2005). Now that the average money being spent on bikes is increasing, 
the question can be raised whether the accessible character of cycling is at stake. One 
question that remains to be answered is whether the benefits of using e-bikes can be 
enjoyed by a wide audience, or will be confined only to those who are able to afford 
relatively expensive e-bikes. To prevent e-bikes from becoming exclusive modes of 
transport, financial incentives and e-bike pilots could be targeted at audiences of lower 
socioeconomic statuses. 
 Third, characteristics of e-bikes such as speed and range can have implications 
for the amount and type of spatial and social interactions with the environment. While 
traveling, different elements such as sensory experiences with the elements and the 
natural environment, exposure to diversity, and verbal and non-verbal communication 
with other travelers can have important implications for feelings of connectedness, 
which in turn influence happiness and wellbeing (Te Brömmelstroet et al., 2017). 
According to Te Brömmelstroet et al (2017) different modes of transport offer different 
ranges of exposure to different environments. Driving a car, for instance, can extend the 
potential range of the social network of the user and requires active engagement with 
the traffic environment, but the degree of direct exposure to the outside environment, 
and thus the external sensory experience, is relatively low. Active engagement with the 
environment outside the vehicle is lower when using public transportation, but instead, 
travelers are more exposed to (unknown) others inside the vehicle. Active modes can 
have positive effects on wellbeing through the greater exposure of their users to the 
environment (Van Wee and Ettema, 2016). Pedestrians interact with their environment 
through all senses, and the slow pace compared to other modes allows full immersion 
with this environment. Cyclists are also very open for interaction due to the fact that 
all senses are exposed, and that they are not shielded from their environment in any 
way. Their higher traveling speeds reduce the depth of the interactions compared to 
pedestrians, but allow higher amounts of interactions due to the increased range of 
travel (Te Brömmelstroet et al., 2017). Thus far, no studies have specifically focused on 
e-bike users’ exposure to such environments. However, the potentially higher average 
speeds, longer travel durations, and longer distances traveled imply that e-bike users’ 
depth of interactions with the environment can be shallower than when using other 
active modes. For example, some commuters (Chapter 3) mentioned cycling with music, 
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whereas others would “mentally disconnect”, which implies lower levels of immersion 
in and interaction with the environment. On the other hand, however, the amount and 
variety of interactions with the environment can be greater. In general, e-bike use affords 
distinct spatial interactions of e-bike users with their environment, which can be either 
positive or negative, depending on the mode of comparison and user’s preferences. 
 Finally, the uptake of e-bikes can have implications for road safety and safety 
behavior. Preliminary research (e.g. Fishman and Cherry, 2015; Poos et al., 2017) 
suggests that e-bike users are subject to higher injury rates than regular cyclists. This 
is importantly related to the higher age of e-bike users and the higher susceptibility of 
elderly people to (serious) injury. Other factors of influence are for instance the higher 
mental workload when dealing with complex traffic situations at higher speeds, the 
effects of collisions at higher speeds and speed differences on the bike path. In this 
thesis, students mentioned that they considered safe behavior to be mostly the personal 
responsibility of e-bike users. This was much like the commuters, who mentioned 
adjusting the assistance according to the traffic situations. However, depending on the 
context, improved infrastructure, such as widened bicycle lanes and improved visibility, 
could improve safety. Furthermore, with an increasing amount of (electrically-assisted) 
bicycles on the Dutch bike paths, additional regulation concerning speed might be 
envisioned. Finally, awareness raising and education, for instance offering e-bike training, 
possibly specifically directed to elderly people or the younger generations, could play 
a role. It is important however to also mention that assisted cycling can potentially 
alleviate some safety hazards, for instance in contexts where cycling is less common. 
Here, the higher average speeds of e-bikes could decrease the speed difference between 
cyclists and motorized traffic, and enable users to better “go with the flow”.

6.5. Future research

The introduction of this thesis stated that the academic body of knowledge on e-bike 
mobility is limited today, but rapidly expanding. This thesis aimed to provide insight in 
the potential of e-bikes as a means to achieve more sustainable and active transportation, 
by studying actual and potential e-bike use in different populations and in different 
geographic contexts in the Netherlands. Some starting points for future research 
were identified in the reflection on research methods, which can aim at bridging the 
methodological limitations of the studies in this thesis. However, more avenues for 
future research can be identified based on context and content. 
 Due to the limited generalizability of findings from the Dutch context, there is 
a need to add to the existing body of knowledge on e-bike mobility in different contexts 
for a better understanding of the phenomenon (Winslott Hiselius and Svensson, 2017). 
Evidence from research in different context could first aim to better understand the 
role of key events and mobility milestones in the deliberation of travel behavior and 
consideration of e-bike adoption, in particular the potential role for financial incentives 
and organization of e-bike pilots; second, future research could aim to clarify the 
potential advantages and limitations of e-bike use for a broader range of  user groups, 
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and the extent to which factors such as cost, enjoyment, health benefits, image, safety 
and perceived sustainability have a role or vary throughout different contexts. Third, 
a better understanding of the impacts of e-bike adoption on travel behavior and 
travel experience should be gained from contexts where cycling is less widespread and 
infrastructure is less well-developed. Overall, in other contexts, the e-bikes’ assets such 
as ease of use, reduced physical expense, higher speeds relative to motorized traffic, 
and health benefits, could help leap-frog some of the barriers that form an obstacle to 
bicycle use in the first place. The identification of factors affecting behavior change, 
modal shift, e-bike adoption, and e-bike travel behavior in this thesis can form input for 
research projects in other contexts: beyond the Netherlands, e-bikes might familiarize 
new populations with mobility by bicycle.
 Based on the societal implications of the findings in this thesis outlined in the 
previous section, some additional avenues for research can be identified. First of all, it 
is important to gain a better understanding of e-bike mode substitution to better assess 
how e-bike use can contribute to sustainability and health objectives. Not only is it 
important to focus on substitution effects, but also, insights should be gained in e-bikes 
as a complementary mode of transport. For instance, it could be assessed whether 
e-bikes can be used as a feeder mode for public transportation, and whether they can 
help improve and complement urban bike sharing systems which are being built in 
numerous cities around the world. Second, the effect of relatively high purchasing prices 
of e-bikes should be further investigated, to better understand the financial barrier to 
purchase by different groups. Also, the effect of the uptake of e-bikes on transport equity 
could be highlighted. Third, to gain a better understanding of the effect of e-bike use 
on wellbeing, future studies could focus on the way in which e-bike users interact with 
social and spatial environments, and the ways in which this differs from other modes 
of transport. In line with this, a better understanding of e-bikes’ effects on safety is 
needed to better address the negative effects of e-bike use. The latter two points can 
form valuable input for policies which aim to better implement active transportation in 
general and e-bike use in particular.

6.6. Outlook

To conclude, the empirical studies in this thesis confirm that e-bikes can have a role 
to play in the shift towards more sustainable and healthier systems of transportation 
around the world. While this potential can differ for each population and geographical 
context, overall, e-bikes present a middle ground between the traditional active and 
motorized transport modes, by uniting some of their respective benefits and limiting 
their disadvantages. Electric mobility is increasingly dominant in the global discourse 
on sustainable transport, and it is likely that this will only increase in the near future. It 
is up to the academic community, policy makers and practitioners, to further define the 
extent to which we should and could bring more power to the pedals. 
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Mobiliteit is de smeerolie van de samenleving. Echter zijn we voor onze dagelijkse 
bezigheden sterk afhankelijk van gemotoriseerd vervoer en fossiele brandstoffen. In 
toenemende mate wordt erkend dat deze afhankelijkheid schadelijk is voor mens, 
milieu en maatschappij. Als antwoord hierop wordt onder meer aangestuurd op 
gedragsverandering (b.v. het aanmoedigen van fietsen, lopen), en technologische 
innovatie (b.v. het benutten van schonere brandstofbronnen). In beide opzichten lijkt 
de elektrische fiets of e-bike een vervoermiddel met potentie.
 Elektrisch fietsen is al een tijd sterk in opmars. Hierdoor heeft het de aandacht 
weten te trekken van beleidsmakers, professionals en academici binnen en buiten het 
mobiliteitsdomein. De vraag is of elektrisch fietsen enkele van de voordelen van actief 
vervoer (b.v. gezondheidsbaten, beleving) en gemotoriseerd vervoer (b.v. gemak, bereik) 
kan combineren. In dat geval zou het een relatief duurzaam en gezond alternatief kunnen 
vormen voor sommige veelgebruikte gemotoriseerde vervoermiddelen, zoals auto en ov.
 In dit proefschrift staat de potentie van elektrisch fietsen voor duurzame en 
actieve mobiliteit centraal. In de introductie stel ik dat de groei van elektrisch fietsen 
unieke kansen biedt om vervoerskeuzegedrag, verandering van reisgedrag, en de 
ruimtelijke effecten hiervan nader te bestuderen. In de daaropvolgende studies breng ik 
dit op uiteenlopende wijzen in de praktijk.

Opzet en onderzoeksvragen

Om een beter beeld te krijgen van de potentie van elektrisch fietsen is ten eerste inzicht 
nodig in de omstandigheden die leiden tot gedragsverandering. De eerste onderzoeksvraag 
luidt: welke condities bevorderen de ingebruikname van een elektrische fiets?
 Er is nog relatief weinig bekend over elektrisch fietsen, maar het kan zijn 
dat de voor- en nadelen ervan per type gebruiker anders worden ervaren. De tweede 
onderzoeksvraag luidt: wat zijn de voor- en nadelen van elektrisch fietsen voor verschillende 
gebruikersgroepen?
 Als de keuze voor een elektrische fiets eenmaal is gemaakt, heeft dit mogelijk 
gevolgen voor het reisgedrag. De derde onderzoeksvraag luidt: wat zijn de gevolgen van 
elektrisch fietsen voor het reisgedrag?
 Hoofdstuk twee tot en met vijf vormen de kern van het proefschrift. In hoofdstuk 
twee wordt een onderzoeksagenda geformuleerd. Ik benoem drie bevolkingsgroepen 
waar elektrisch fietsen momenteel nog relatief weinig voorkomt, maar waar de potentie 
om uiteenlopende redenen hoog lijkt: de werkzame beroepsbevolking, jongeren, en 
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inwoners van rurale gebieden. Daarnaast schets ik enkele theoretische en methodische 
ontwikkelingen die bruikbaar kunnen zijn bij het bestuderen van elektrisch fietsgebruik. 
Hoofdstuk drie, vier en vijf zijn empirische studies. Voor deze studies worden verschillende 
kwantitatieve en kwalitatieve methoden gebruikt. In hoofdstuk drie bestudeer ik forensen 
die recentelijk een elektrische fiets hebben aangeschaft voor het woon-werkverkeer. Dit 
doe ik door gebruik van mixed-methods: een combinatie van GPS-tracking en diepte-
interviews. In hoofdstuk vier heb ik aandacht voor elektrisch fietsen onder jongeren, 
in de vorm van studenten die meedoen aan een pilot. Hier gebruik ik een enquête, 
aangevuld met interviews en mapping. Tot slot kijk ik in hoofdstuk vijf naar huidig en 
potentieel gebruik van elektrische fietsen op het platteland. Dit doe ik op basis van een 
grootschalige enquête. De belangrijkste bevindingen van het proefschrift zijn als volgt.

Omstandigheden die ingebruikname van elektrisch fietsen faciliteren

Onderzoeksresultaten suggereren dat gewoontegedrag in belangrijke mate kan worden 
beïnvloed door belangrijke levensgebeurtenissen. Hoofdstuk drie beschrijft hoe forensen 
veelal een e-bike aanschaften na veranderingen in de thuis- of werksituatie, zoals een 
verhuizing, de geboorte van een kind, of een andere baan. Deze veranderende context 
zorgde ervoor dat het reisgedrag werd heroverwogen, en elektrisch fietsen in beeld kwam. 
Bovendien suggereren de bevindingen dat gewoontegedrag ook op “kunstmatige wijze” 
kan worden doorbroken. Forensen schaften bijvoorbeeld ook vaak een e-bike aan na 
een financiële tegemoetkoming van de werkgever. Dit zorgde ervoor dat de (vaak duur 
bevonden) elektrische fiets plotseling een aantrekkelijk alternatief werd. In hoofdstuk 
vier wordt bovendien beschreven dat deelname aan een pilot, waarbij de elektrische 
fiets voor langere tijd kan worden uitgeprobeerd, eenzelfde effect kan bewerkstellingen. 
Hoewel de jongeren uit die studie niet direct tot aanschaf overgingen, gaven ze aan dat 
ze door de pilot de e-bike op een later moment in hun leven als serieus alternatief zouden 
overwegen. Een bijkomend voordeel van een pilot is dat mensen na het uitproberen 
positiever zijn over de elektrische fiets. Dit was zowel het geval voor jongeren als voor 
inwoners van rurale gebieden in hoofdstuk vijf.
 Pilots lijken dus een rol te kunnen spelen in het aanzetten tot gedragsverandering. 
Drie aanvullende inzichten uit het proefschrift ondersteunen het stimuleren van 
elektrisch fietsen door middel van pilots. Allereerst blijkt dat de fysieke en mentale 
ervaringen opgedaan tijdens elektrisch fietsen fundamenteel verschillen van andere 
vervoermiddelen, en dat dit een belangrijke reden is voor het gebruik ervan. Pilots zijn bij 
uitstek geschikt om potentiële gebruikers deze ervaringen persoonlijk laten ondervinden. 
Ten tweede kan het organiseren van e-bike pilots op relatief grote schaal gebeuren, en is 
het relatief goedkoop, zeker vergeleken met andere vormen van elektrische mobiliteit. 
Ten derde kan de elektrische fiets in Nederland, door het aanwezige fietsklimaat, onder 
relatief gunstige omstandigheden worden uitgeprobeerd.
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Voor- en nadelen van elektrisch fietsgebruik voor diverse groepen

In hoofdstuk twee schetste ik enkele mogelijke voor- en nadelen van elektrisch 
fietsgebruik voor verschillende bevolkingsgroepen. Uit de studieresultaten blijken vier 
factoren consistent van belang: betaalbaarheid, plezier, gezondheid, en imago.
 Voor forensen vormde de prijs van een elektrische fiets in eerste instantie een 
belemmering voor de aanschaf ervan. Dit werd in sommige gevallen gecompenseerd 
door een financiële tegemoetkoming. Anderen gaven daarentegen juist aan dat de 
aanschaf op termijn een besparing betekende op kosten voor auto of ov. Onder studenten 
bleek de elektrische fiets het qua prijs af te leggen tegen het ov (relatief goedkoop te 
gebruiken met de ov-studentenkaart) en de klassieke studentenfiets. In ruraal gebied 
bleek juist een latente vraag te bestaan naar elektrisch fietsen onder groepen van lagere 
sociaaleconomische status.
 In alle studies speelde plezier in elektrisch fietsgebruik een grote rol. Beleving 
van de omgeving en ontspanning bleken belangrijke motieven voor het forenzen 
per e-bike. Ook studenten en inwoners van ruraal gebied benoemden plezier als een 
belangrijk voordeel van e-bikegebruik tijdens de pilot. In die laatste groep gold dat zowel 
voor degenen die al een e-bike gebruikten, als degenen die nog geen e-bike in gebruik 
hadden, maar er wel geïnteresseerd in waren.
 Ook de positieve effecten van e-bikegebruik op gezondheid waren voor forenzen 
een belangrijk motief. De gezondheidswinst ten opzichte van auto en ov-gebruik bleek 
ook van belang voor e-bikegebruikers in ruraal gebied. Studenten waren daarentegen 
minder positief over de mogelijke gezondheidswinst. Dit kwam omdat velen van hen 
voorheen “gewoon” fietsten. De (ervaren) gezondheidswinst van elektrisch fietsen hangt 
dus in belangrijke mate af van het vervoermiddel waar het voor in de plaats komt. 
Stimuleringsprogramma’s en pilots kunnen hierop worden afgestemd.
 Tot slot vormde het imago van de elektrische fiets geen belemmering voor 
gebruik ervan onder de verschillende onderzochte groepen. Dit is van belang, gezien 
het feit dat de elektrische fiets door zijn populariteit onder ouderen lang werd gezien 
als een “fiets voor oude mensen”. Zowel studenten als forensen gaven aan zich bewust 
te zijn van een mogelijk negatief imago, maar dit vormde geen belemmering voor 
(toekomstige) aanschaf en gebruik. Dit lijkt onder meer gerelateerd aan het inmiddels 
zeer diverse aanbod aan typen elektrische fietsen. Een eventueel imagoprobleem lijkt dus 
niet (meer) aan de orde.
 Naast betaalbaarheid, plezier, gezondheid en imago, kwamen ook de aspecten 
veiligheid en duurzaamheid in verschillende studies aan bod. Ondanks de ietwat 
negatieve beeldvorming omtrent veiligheid van elektrische fietsen, vormde dit over het 
algemeen geen belemmering voor (toekomstige) aanschaf en gebruik. Ook wijzen de 
verschillende studies uit dat duurzaamheid op individueel niveau geen expliciet motief 
is voor ingebruikname van de e-bike. Om meer mensen te laten overstappen van 
vervoersmiddelen die afhankelijk zijn van fossiele brandstoffen, is het dus niet raadzaam 
om in te spelen op het duurzaamheidsmotief. Factoren als plezier, gezondheid, en tot op 
zekere hoogte kosteneffectiviteit, lijken in het geval van elektrisch fietsen relevanter.
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E-bikegebruik en reisgedrag

In hoofdstukken drie en vier is het reisgedrag van de bestudeerde bevolkingsgroepen 
gemeten. Hierdoor kunnen de mogelijke effecten van e-bikegebruik, geschetst in 
hoofdstuk twee, worden vergeleken met data over reisgedrag. Allereerst is inzicht 
verkregen in de relatie tussen afstand en vervoersmiddelenkeuze. Een aanname is dat 
per elektrische fiets langere afstanden kunnen worden afgelegd dan per reguliere fiets. 
In hoofdstuk 3 bleken deze fietsafstanden inderdaad aanzienlijk langer dan gemiddeld. 
Elektrisch fietsen is dus geschikt voor het afleggen van afstanden die te lang worden 
geacht om per reguliere fiets te doen. Daarmee kan het qua bereik tot op zekere hoogte 
een alternatief vormen voor gemotoriseerd vervoer.
 Ook werd inzicht verkregen in de geboden flexibiliteit, ofwel de mogelijkheid 
tot het combineren van verschillende activiteiten per e-bike. GPS-gegevens van forensen 
toonde aan dat per e-bike minder vaak activiteiten werden gecombineerd dan per auto. 
Het omgekeerde gold echter voor studenten, die per e-bike juist meer activiteiten op een 
dag wisten te combineren. Dit suggereert dat individuen die langere afstanden afleggen 
per e-bike, mogelijk minder geneigd zijn om meerdere bestemmingen aan te doen (in 
het geval van forensen bijvoorbeeld de boodschappen na werk).
 In hoofdstuk 3 werd tevens aangetoond dat de reisduur van ritten per elektrische 
fiets aanzienlijk langer waren dan vergelijkbare ritten per auto of ov. Dit vormde echter 
geen barrière voor het gebruik ervan. Uit dit hoofdstuk bleek dat de positieve reiservaring 
die werd toegeschreven aan de e-bike, de langere reistijd compenseerde, en zodoende 
“acceptabel” maakte.
 Tot slot bleek uit hoofdstukken drie en vier dat het gebruik van de elektrische 
fiets leidde tot een grotere autonomie. Allereerst bleken routes naar werk of universiteit 
vaak te worden afgewisseld, al naargelang het weer of de stemming van de fietser. De 
elektrische fiets biedt als het op routes aankomt dus een zekere keuzevrijheid. Daarnaast 
kwam uit beide studies naar voren dat de autonomie ten opzichte van openbaar vervoer 
als groot werd ervaren. Participanten voelden zich zodoende meer “eigen baas” over hun 
reistijd.

Conclusie en implicaties

Uit de verschillende studies in dit proefschrift komt naar voren dat de groei van 
elektrische fietsmobiliteit een positieve bijdrage kan leveren aan de verduurzaming van 
mobiliteit en de (ervaren) mentale en fysieke gezondheid, door een alternatief te bieden 
voor gebruik van auto en ov. Afhankelijk van de leeftijd, bezigheid en levenssituatie van 
de gebruiker, maar ook de ruimtelijke context, kan de elektrische fiets hem of haar op 
verschillende wijzen in zijn of haar mobiliteit faciliteren. De verdere groei van elektrische 
fietsmobiliteit heeft mogelijk echter ook een aantal implicaties.
 Allereerst is de vraag in hoeverre elektrisch fietsen andere vormen van actieve 
mobiliteit (lopen, fietsen) ondervangt. Met oog op duurzaamheid- en gezondheidswinst 
is dit in theorie ongewenst. Gericht stimuleren en aanmoedigen van elektrisch fietsen is 
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in dit opzicht mogelijk van belang.
 Ook is de elektrische fiets, ten opzichte van de normale fiets, relatief duur. 
Fietsen is van oudsher voor iedereen betaalbaar en beschikbaar. Het zou kunnen dat 
elektrisch fietsen onbereikbaar is voor mensen die weinig te besteden hebben, maar wel 
geïnteresseerd zijn in het gebruik ervan. Ook hier is gericht stimuleren op z’n plaats.
 Daarnaast hebben specifieke karakteristieken van de e-bike, zoals snelheid en 
bereik, gevolgen voor interactie met de omgeving. Door hogere snelheden en langere 
ritten maken dat ritten per elektrische fiets anders worden beleefd. Dit kan gevolgen 
hebben voor fysiek en mentaal welzijn. Hier kan in het ontwerp van infrastructuur 
rekening mee worden gehouden.
 Tot slot kan de groei van elektrisch fietsen gevolgen hebben voor 
verkeersveiligheid. Hoewel in dit proefschrift geen expliciete problemen naar voren 
komen, suggereert eerder onderzoek een negatieve invloed op de veiligheid. Afhankelijk 
van context kan hier op worden ingespeeld: infrastructurele aanpassingen, aangepaste 
regelgeving, bewustwording, of educatie behoren tot de mogelijkheden.

Toekomstig onderzoek

Voor ieder van de bestudeerde groepen in dit proefschrift is nader onderzoek naar 
motieven, gedragingen en ervaringen van elektrisch fietsgebruik wenselijk, door middel 
van kwantitatieve, kwalitatieve en mixed-methods benaderingen. Daarnaast vonden de 
studies uit dit proefschrift plaats in Nederland, maar kunnen bovengenoemde elementen 
per (internationale) context verschillen. Meer inzicht hierin is nodig.
 Op basis van de hierboven geschetste implicaties kan verder gekeken worden 
naar e-bikegebruik en de substitutie van andere vervoermiddelen, betaalbaarheid 
en financiering, interactie van de fietser met sociale en fysieke omgeving, en 
verkeersveiligheid. Dergelijke inzichten kunnen tevens waardevolle input vormen voor 
(toekomstig te vormen) beleid dat zicht richt op de aanmoediging van actieve mobiliteit, 
en elektrisch fietsen in het bijzonder.
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Dankwoord
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Op jonge leeftijd stoof ik op m’n driewieler voor m’n ouders uit door de weilanden 
rond Groningen. Toch was het mijn Franse neef die mij, op straat bij mijn grootouders 
in Frankrijk, zonder zijwieltjes leerde fietsen. Niet zonder trots verkondigen mijn 
grootouders dit tot op de dag van vandaag aan iedereen die het wil horen. Immers: die 
Nederlanders fietsen altijd en overal.. en onze kleinzoon heeft dat toch maar mooi hier 
in Frankrijk geleerd!
 Ik weet niet of deze vroege ervaringen met cultureel-geografische verschillen 
in mobiliteit ertoe hebben geleid dat ik bij culturele geografie op het onderwerp ben 
gaan promoveren. Toch kan ik spreken van een patroon: na een bachelorscriptie over 
autodelen in 2012, schreef ik in 2014 een masterscriptie over fietsmobiliteit in Florida. 
Toen ik daarna de mogelijkheid kreeg om te promoveren op de opkomst van elektrische 
fietsmobiliteit in Nederland greep ik deze met beide handen aan.
 Ruim drie jaar later ben ik een aantal mensen dank verschuldigd. Allereerst de 
twee personen die mijn promotietraject in goede banen hebben geleid. Gerd, wij kennen 
elkaar inmiddels al wat langer: van een ruimtelijke analyse van “snoeproutes”, naar de 
begeleiding van mijn master thesis, en vervolgens je hulp bij het schrijven van mijn 
Ubbo Emmius-voorstel. Ik wil je danken voor je uitmuntende begeleiding, je inspiratie, 
je enthousiasme, en de deur die altijd openstond. De zomerse namiddag waarop we 
ietwat onwennig – zwetend, met fietshelm op - voor de camera van Nieuwsuur mochten 
verschijnen zal ik niet vergeten. Ik hoop dat we elkaar ook in de toekomst weten te vinden 
in onze gedeelde interesse voor actieve mobiliteit, innovatieve onderzoeksmethoden, 
snelle elektrische fietsen - of gewoon een kop koffie of een biertje. Agnes, ik leerde jou 
via Gerd kennen als tweede corrector van mijn masterscriptie, en tot mijn blijdschap 
zag je ook heil in mijn promotieonderzoeksvoorstel. Door de afstand zagen wij elkaar 
wat minder, maar de momenten dat we elkaar in Groningen troffen waren daardoor 
des te productiever. Ik wil je met name danken voor je uiterst scherpe en doeltreffende 
feedback op mijn schrijven, en de intensieve, enthousiasmerende brainstormsessies. 
Dat heeft ertoe geleid dat we binnen de korte tijd die ervoor stond een aantal mooie 
publicaties hebben weten neer te zetten.
 Dan mijn kamergenoten en paranimfen. Suzan, Joost, als lotgenoten in de 
“kelder van de wetenschap” heb ik met jullie mijn promotietraject het meest intens 
beleefd. Naar schatting is een derde van mijn PhD-salaris opgegaan aan onze koffiepauzes, 
en het was elke cent waard. Dank voor de mooie momenten, gesprekken, de motivatie 
en de afleiding, zowel op de werkplek als daarbuiten. Laten we dat blijven doen. Joost, 
hopelijk vind je nu eindelijk tijd om wat vaker Salsa te dansen. En Suzan, ik hoop dat al 
je toekomstige werkgevers hun verwarming extra hoog voor je zetten.
 Dank ben ik ook verschuldigd aan mijn andere FRW collega’s. Chris, het 
begeleiden van de “Buitenlandse reis IJsland/VS” vormde voor mij een waar hoogtepunt 
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van de afgelopen jaren. Zeventien dagen, negen-en-dertig studenten, twee landen en 
drie steden: zelden kwam ik zo gesloopt – en voldaan! - weer aan op Schiphol. Bedankt 
dat ik wederom met je mee mocht, en ditmaal niet als student, maar als medebegeleider. 
Anna, how often did you rush into room 23, looking for Suzan, disturbing the quiet 
atmosphere? Thanks for doing so, and bringing me the weirdests gifts from your trips 
around the globe. Aan Erszi, Hiska, Luis en Angelo, de collega’s die ik af en toe in kamer 
23 trof: heel veel succes met wat er nog komen gaat! Mijn mede-PhD’ers van cultgeo op 
de tweede zag ik dan misschien niet dagelijks, maar dit werd meer dan goedgemaakt op 
de FRW social events. Collega’s, ook van de verdiepingen daarboven en beneden: dank 
voor de memorabele borrels, pubquizzen en sportactiviteiten.
 De balans tussen “promotieonderzoek en privé” is nogal eens lastig te bewaken. 
Gelukkig was er altijd genoeg druk van buiten om ook leuke dingen te blijven doen. 
Daarvoor wil ik een aantal mensen bedanken:
 Patrik, ooit begonnen we als jaargenoten bij Sociale Geografie en Planologie. 
Onze professionele interesses liggen inmiddels elders, maar we weten elkaar op 
persoonlijk vlak immer te vinden. Samen met Verena en Lisa beleefden we een aantal 
hoogtepunten van de afgelopen jaren: thanks guys, it was a true artwork! Sanne, van 
buddies op de peuterspeelzaal in Beijum, tot stadsgenoten in het mooie Utrecht, dik 
twintig jaar later: dat kunnen maar weinigen zeggen. Ik ben blij dat we de vele gezellige 
momenten van de afgelopen jaren in Groningen nu gewoon in een andere stad kunnen 
doorzetten. En Thijs, ik hoop dat ook jij snel deze kant op komt om de drie-eenheid 
weer compleet te maken. Leon, Wout, Sebastiaan, Nathan, Thijs, Joren en Robin: in de 
afgelopen jaren regen we de recreatieve biertjes, spellen, Munchieburgers en weekendjes 
weg aaneen. De woensdagavond vormde altijd weer een lichtpuntje in de lange week, 
en daarvoor ben ik jullie zeer erkentelijk. Gerben en Daan, de avondjes snooker zijn 
inmiddels traditie, en laten we dat zo houden. En geef het nog een paar jaar - we lopen 
wellicht wat rendement mis - maar dan komt die beleggersclub er zeker. Rens, Denise, 
Ruud en Pleun, de weekendjes Parijs zijn een goede jaarlijkse gewoonte geworden. Ik 
kan niet wachten op onze volgende hereniging op de twintig vierkante meter van Denise! 
Oscar, onze expeditie naar het land van Fidel en Ché was – ondanks of misschien wel 
dankzij de kou, een verzopen Havana, en de voedselvergiftiging – legendarisch. Een 
betere vakantie na het inleveren van m’n proefschrift had ik me niet kunnen wensen. En 
Anne Mieke, dank voor de mentale steun, de afleiding, en het toevoegen van een vleugje 
Vlaanderen aan de aller-allerlaatste loodjes van m’n proefschrift.
 Tot slot: pap, mam, dank voor jullie onvoorwaardelijke steun in alles wat ik 
doe. Het “kluizenaarsbestaan” van jonge promovendus viel me op sommige momenten 
zwaar. Gelukkig kon en kan ik altijd op jullie rekenen voor een goed gesprek, opbeurende 
woorden, of “gewoon” een borrel en een maaltijd. Niet zelden schoof ook mijn lieve 
zusje Manon daarbij aan, op wie ik zo trots ben. Dat soort momenten zijn me zeer veel 
waard. Merci a tous!

Utrecht, mei 2018
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