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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

71



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 

72



(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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