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ABSTRACT

In many regions, conventional bicycles and electrically assisted bicycles (e-bikes), are gaining
popularity and becoming a commonly used sustainable mode in the urban transportation system.
Speed pedelecs are a type of high-speed e-bike with motorized pedal assistance up to a max-
imum speed of 45 km/h. This relatively new mode is most often used for trips that range from 10
to 40 kilometers, making it a promising mode for promoting drivers to switch to using sustainable
and active transportation. The goal of this study is to assess speed pedelec usage in the
Netherlands. We set out to understand who the users are, what motivates them, and whether
they experience any barriers to speed pedelec usage. Using a factor-cluster analysis we group
users based on their attitudes and preferences regarding the physical environment they cycle in,
their sociodemographic characteristics, personal attitudes, and social environments. The analysis
revealed four primary user groups: Enthusiastic riders, Efficient riders, Concerned riders and
Relaxed riders. Across the groups, 85% of the respondents reported using a speed pedelec at least
once a week for a trip they would have previously made by car. However, each group has specific
travel habits, motivations, and safety concerns. In contrast to previous literature about the use of
conventional bicycles, attitudes about competition play an important role for speed pedelec users.
Stress reduction and being outside in nature also play an important role for certain segments of
speed pedelec users. In addition, believing that other road users have a negative image of speed
pedelecs also determines how speed pedelec users use their bicycles. While infrastructure prefer-
ences are often cited as being a distinctive factor for users of conventional bicycles, this did not
clearly apply to speed pedelec users. However, all user groups reported that on average the
cycling infrastructure on their regular routes was insufficiently developed for speed pedelecs. To
motivate continued speed pedelec usage, each user groups requires specific policy interventions
that are aligned with their personal values related to preference, safety, and image. By under-
standing the specific needs and desires of different segments it becomes possible to develop
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effective policy interventions aimed at improving the experiences of all speed pedelec users.

1. Introduction
1.1. What is a speed pedelec?

Governments in many regions around the world are facing
the challenge of improving the sustainability of urban trans-
portation systems. It is widely recognized that transportation
systems which are largely dependent on private motor
vehicles are associated with negative environmental and
social consequences such as transport related fuel depend-
ency, carbon dioxide emissions, urban traffic congestion, air
pollution and noise pollution (Rose, 2012; Steg & Gifford,
2005), factors which can significantly reduce the overall
quality of life in urban regions (WHO, 2015). As an active
travel mode, bicycling is not only capable of addressing
many of these problems, but is also associated with health
and well-being benefits due to increased physical activity
and improved air quality (Fyhri & Fearnley, 2015; Hoj et al.,

2018). Conventional bicycles, as well as electrically assisted
bicycles (e-bikes), are gaining popularity and becoming a
commonly-used sustainable mode in the urban transporta-
tion system in many regions (MacArthur et al., 2014). E-
bikes can extend the role that a bicycle plays in an urban
transportation system, as compared to a using a conven-
tional bicycle, they require less physical effort to travel lon-
ger, hillier and windier routes. In the Netherlands, e-bikes,
which commonly have maximum speeds of 25km per hour,
were the most frequently sold type of bicycle in 2018 (CBS,
2019, August 29), and are largely popular due to the fact
that their relatively higher average speeds allow users to
travel farther distances compared to conventional bicycles
(Fishman & Cherry, 2016).

Yet, standard e-bikes are not the fastest pedal assisted elec-
tric bicycles on the road; speed pedelecs have the potential to
travel at even higher speeds, with motorized pedal assistance
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up to a maximum speed of 45km/h (de Bruijne, 2016). In
Europe, the most commonly used speed pedelecs conform to
the category Lle-B of EU-regulation No 168/2013, which
means that they can have an auxiliary electric motor with a
maximum of 4000 Watts, and can support pedal assistance up
to 45km/h. In contrast, a standard e-bike can have a max-
imum power of 250 Watt and a maximum speed of 25 km/h.
In the Netherlands, speed pedelecs are a relatively new mode
which require users to have a license plate and wear a helmet.
The mode is most often used for trips that range from 10 to
40 kilometers and, in this context, 65% of all trips are made
for the purpose of commuting (de Bruijne, 2016). The com-
muting distance across all modes is usually between 15 and 35
kilometers (CBS, 2018, March 15), and therefore the speed
pedelec is a promising mode for promoting drivers to switch
to using sustainable and active transport. Although policy
makers acknowledge that a mode shift from cars to speed
pedelecs would result in reduced congestion and environmen-
tal benefits, there is currently much uncertainty about where
and how speed pedelec users should interact with the urban
mobility system. For example, European categorization places
speed pedelecs in the same vehicular category as mopeds and
scooters, and in the Netherlands the same traffic legislation
applies to speed pedelecs as to mopeds and scooters. This
means that they are not allowed to ride on bicycle paths, but
instead must use regular roads shared with cars and other
motorized vehicles, or dedicated bicycle paths that also permit
mopeds (Rijksoverheid, 2018). As a result, speed pedelec users
only have partial access to the extensive bicycle path network
in the Netherlands. In other European counties there are dif-
ferent rules, for example, in Belgium speed pedelec users can
choose whether to ride on the road or in a bicycle lane.

The popular and increased usage of both speed pedelecs
and e-bikes have important implications for practitioners
and policy makers working in the area of urban and trans-
port planning. Even though the growing body of studies
conducted about e-bike usage has increased since 2000
(Fishman & Cherry, 2016), due to the fact that the speed
pedelec is a relatively new form of transport, there is little
known about the users and usage of the mode. Hendriks
(2017) studied the potential adoption of speed pedelecs for
commuting and found that personal attitudes related to
safety, relaxation and comfort were the most important
determinants. In addition, Van den Steen et al. (2019) con-
ducted a qualitative study on the experiences of 100 partici-
pants in Belgium who tested using speed pedelec for
commuting for three weeks. While the results of that quali-
tative study provided useful insight into the motivations and
barriers of (potential) speed pedelec users, it did not offer
any information about cyclists who had been using speed
pedelecs for a longer time. Both studies focused on speed
pedelec usage within the context of commuting, and add-
itional information is needed about speed pedelec usage
across travel purposes. Therefore, additional knowledge
about the actual usage (including trip purpose), preferences,
obstacles, and motivations of speed pedelec users is needed
to understand both current practice and future
mode adoption.
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1.2. Determinants of cycling behavior

While little is known about the determinants of speed pedelec
adoption, literature about conventional bicycle and e-bike
usage is a helpful starting point to provide a theoretical basis
for this research. Determinants of cycling behavior are com-
monly categorized into four dimensions: the physical environ-
ment, sociodemographic factors, personal attitudes, and the
social environment.

Analyses investigating the relationship between the phys-
ical environment and bicycle usage have often revealed that
favorable geographic environments and the availability of
high quality bicycle infrastructure are often correlated with
bicycle usage (Willis et al., 2015). Furthermore, individuals’
willingness to cycle longer distances tends to increase when
cycle routes are located in a green environment (van
Duppen & Spierings, 2013; Vedel et al., 2017).

Specific sociodemographic factors have also been found
to be associated with bicycle usage. For example, various
studies revealed that e-bike users tend to be older, often
between the ages of 50 and 70, and have higher levels of
education (Cherry & Cervero, 2007; Haustein & Moller,
2016), although this is changing in recent years. With regard
to speed pedelec users, a study by Hendriks (2017) revealed
that male individuals were found to account for a larger
share of users compared to females. Other characteristics
such as income and physical fitness can also influence the
extent to which individuals decide to participate in cycling
(Fishman & Cherry, 2016; Heinen et al., 2010).

Personal attitudes, opinions, and preferences are also
important to explain bicycle usage (Fernandez-Heredia
et al., 2014). For example, Heinen et al. (2011) showed that
individuals’ attitudes have an important influence on the
decision to use the bicycle, and people who cycle longer dis-
tances tend to be more positive about cycling compared to
people who cycle relatively shorter distances. Personal pref-
erences and attitudes also play a role in an individual’s deci-
sion to start using a speed pedelec, and Van den Steen et al.
(2019) found that attitudes about travel, environmental
friendliness, physical and mental health, safety, having a
competitive spirit, and costs were important for determining
speed pedelec usage.

An individual’s social environment (such as their house-
hold, family, neighborhood, region, etc.) has also been found
to strongly influence mode usage (Trapp et al, 2011). If
cycling is seen as an exclusive activity that is only suitable
for a small, selective group, and not as an activity that
everyone can include into their daily life, it will likely not
help to promote adoption of the mode (Gatersleben &
Haddad, 2010). For example, even though there is a strong
cycling culture in the Netherlands, if speed pedelec usage is
described as an exclusive activity that is not suitable for
everyone, then adoption will likely be limited to spe-
cific groups.

1.3. Typologies of cyclists

Cyclists’ personal characteristics, experiences and preferences
are distinct, and segmentation analysis is helpful for
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reducing the complexity and heterogeneity of user popula-
tions while also providing nuanced results. Previous studies
on cyclists’ typologies have segmented based on behavior
and spatial variables. For example, Bergstrom and
Magnusson (2003) identified four groups of cyclists: Winter
cyclists, Summer-only cyclists, Infrequent cyclist and Never
cyclists, based on their cycling frequency and intention to
use a bicycle in the winter. A study by Geller (2006) also
distinguished four types of cyclists: No way no how,
Interested but concerned, Enthused and confident and Strong
and fearless, based on the user-friendliness of different types
of infrastructure. However, additional analysis of these
typologies by Dill and McNeil (2013) demonstrated the limi-
tations of Geller (2006)’s typology. They used Geller (2006)’s
classification to assess the Portland population, but the
behavior of the cyclists within each group did not appear to
correspond well with how the segments had been named.
Typologies that describe cyclists’ behavior based on a limited
number of predefined variables do not always accurately
describe the distinct user groups. To overcome this barrier,
Damant-Sirois et al. (2014) developed a more complex seg-
mentation with a combination of variables. This multidi-
mensional typology of cyclists in Montreal was based on
four groups of variables: individual characteristics, the built
environment, individual attitudes, and the social environ-
ment. Finally, they identified four cyclist groups: Dedicated
cyclists, Path-using cyclists, Fairweather utilitarians, and
Leisure cyclists. A benefit of this multidimensional typology
is that instead of predetermining groups, it determines cate-
gories post-hoc based on user characteristics. A multidimen-
sional typology offers significant advantages in formulating
policy interventions tailored to the user groups (Haustein &
Hunecke, 2013).

The goal of this study is to assess speed pedelec usage in
the Netherlands. We set out to understand who the users
are, what motivates them to use the mode, and whether they
experience any barriers. Using a factor-cluster analysis we
group speed pedelec users based on their attitudes and pref-
erences regarding the physical environment they cycle in,
their sociodemographic factors, their personal attitudes
toward the mode, and their social environments. The seg-
mentation analysis of speed pedelec users provides informa-
tion about the complexity and heterogeneity of speed
pedelec users and contributes to the existing literature as it
provides in-depth information about the characteristics, hab-
its, and preferences of distinct speed pedelec user groups.

2. Study context and data
2.1. Study context

The Netherlands has a strong cycling culture and approxi-
mately 26% of all journeys are made by bicycle (KiM, 2019).
In general, the cycling conditions are favorable; the land-
scape is flat, the climate is moderate and there are approxi-
mately 35,000 kilometers of bicycle paths (Jones et al,
2016). The first speed pedelecs appeared on the Dutch mar-
ket around 2012, and by July 2019, there were approxi-
mately 21,000 speed pedelec users in the country (CBS,

Table 1. Sociodemographic characteristics of speed pedelec riders.

Pct. (%) Average Std. Dev.
Gender
Male 86
Female 14
Age (average) 50.0 9.9
Number of commuting days (average) 45 0.8
Ownership of speed pedelec in years (average) 29 1.9
Use of lease scheme
Bicycle lease scheme 2020 1
Other lease scheme via work 2
Private lease 2
No lease scheme 94
Other 1
Highest education
Secondary school 8
Secondary vocational education - MBO 19
Higher vocational education - HBO 42
University 31
Cycling history for study/work
Very frequently 19
Frequently 39
Occasionally 24
Rarely 14
Never 5
Participation in sport
Twice or more a week 44
Once a week 19
Sometimes 17
Never 20
Average speed dry day & light wind
<25km/h 2
26-30km/h 8
31-35km/h 31
36-40 km/h 39
41-45km/h 21
Average speed wet day & strong wind
<25km/h 8
26-30km/h 26
31-35km/h 39
36-40 km/h 24
41-45km/h 4

2019, August 29). This means that the market share of the
speed pedelec in the Netherlands is relatively small com-
pared to other modes, but sales are growing rapidly, with
the number of speed pedelecs on the road having doubled
over the last three years (CBS, 2020). In the Netherlands,
most speed pedelecs are registered in rural areas and less so
in urban settings (CBS,2020).

2.2. Data collection

This study uses data collected from speed pedelec riders liv-
ing in the Netherlands. The data comes from an online sur-
vey, which was available for one month from mid-April
2020 to mid-May 2020. The survey link was distributed via
newsletters, at bicycle shops and using various forms of
social media. The survey focused only on speed pedelec
users who owned or leased a speed pedelec at the time of
completing the survey. Respondents were explicitly asked to
base their answers on their pre-Covid travel behavior. The
survey included questions about the four previously men-
tioned dimensions determining bicycle usage. Survey ques-
tions about the physical environment, personal attitudes and
social environment required respondents to indicate their
answer using a 5-point Likert scale from “very unimportant/
very disagree” to “very important/strongly agree”. Questions
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0.00 5.00 10.00 15.00 20.00 25.00
Being outside IEEEEENEEEEENR2ON 4.42 4.39 4.19
Clear your mind G 7 4.13 4.15 3.95
Fun 2 S 4.30 4.31 4.33
Enjoy nature 0SNG 4.13 4.02 4.00
Less stress  IESIONNNSIEZN— 3.88 3.82 3.38
Time gain compared to bike DI 0— 4.24 430 4.10
Predictable travel time SO0 3.89 3197 3.86
No congestion IS 4.04 4.15 3.95
Flexibility I S 4.08 4.00 371
A speed pedelec gives status IS5 231 2.81
| like to overtake other road users IEEEIEINNNGIINNN2I53 2.74 3.00
A speed pedelec suits me DSV 4.07 4.08 4.10
With a speed pedelec | can distinguish  IEESOEEENEEN2ISEEENIIN2I89 2.89 3.14
I have little conflicts with cars SRS 3.32 BHIS! 31521
Negative image of cyclists IS EENENNE0N 3.36 3.41 3.10
Negative image of car drivers IEEESISIEENNSIG2N 3.71 3.74 3.29
Shorten my fastest travel time  IEEZISEEEEN2ISONNNN2I51 2577 2.29
Measure my performances with an app IZEISEEEEZSOENNN239 241 2.43
H Very frequently M Frequently Occasionally Rarely Never

Cycling history for study/work

Figure 1.
ant (5)".

about sociodemographic characteristics related to age, gen-
der, education level, family composition and the number of
days an individual commuted during an average week were
also included. The survey also contained questions about the
length of time that participants had been using a speed
pedelec and which modes they had used prior to adopting
the speed pedelec. The survey concluded with an open ques-
tion for further comments. In total, 514 individuals partici-
pated in the online survey and the number of valid surveys
used for the analysis is 442.

Table 1 summarizes the sociodemographic characteristics of
the sample. The average age of our sample is 50 years old and
the majority is male (86%). More than 70% of the respondents
are relatively highly educated, with a higher professional or
university education level. Most of the sample participates in
sports on a weekly basis and participants have owned their
speed pedelec for an average of 2.9years. A majority of the
speed pedelec riders in our study have cycled for commuting
in the past, and on average they commute 4.5 days per week.

Before beginning the segmentation analysis, and to better
understand the data, we conducted bivariate analysis for the
variables presented in Table 1. For example, the results of a
series of t-tests revealed that the only statistically significant dif-
ferences (p < 0.01) between male and female speed pedelec
users were the number of commuting days. Specifically, the
number of commuting days in the spring and summer for
women was lower (M=3.18, SD = 1.2) compared to men
(M=3.94, SD = 1.1). Similarly, the number of commuting

How important are these factors in your decision to use a speed pedelec: an average score ranging between “very unimportant (1) to “very import-

days in autumn and winter was also significantly lower
(p<0.01) for women (M=2.5, SD 1.5) than for men
(M=3.15, SD = 1.6). Further variance analysis showed that
the variance in the number of speed pedelec commuting days
across all seasons could be explained by education level.
However, this association was found to be weak (eta = 0.16
and eta = 0.28 respectively). In addition, variance analysis also
revealed that only the variation in the number of years an indi-
vidual had owned a speed pedelec could be explained by age
(p < 0.05). However, this association was found to be weak
(eta= 0.06), and age showed no variance with the other behav-
ioral variables, including the number of commuting days and
frequency of cycling in the past for study or work. Figure 1
displays a comparison of the average scores of the indicators
for the physical environment, personal attitudes and social
environment that determine respondents’ speed pedelec usage
between respondents who previously cycled to work or their
place of study at different frequencies. For instance, respond-
ents who tended to cycle occasionally in the past for study or
work on average reported regarding “being outside” as more
important (Average score: 4.42) in their decision to use a speed
pedelec compared to respondents who had never cycled in the
past for study or work (Average score: 4.19)

3. Methodology

This study uses a factor-cluster analysis to classify specific
types of speed pedelec users. Prior to the segmentation
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Table 2. Variables, factors, and loadings.

Factors
Variables
To what extent do you consider the
following motives important in your Healthy Flexible Negative
consideration of using your speed pedelec? outside & punctual Identity image Competition
Healthy & outside
Being outside 0.739
Clearing my mind 0.763
Having fun 0.740
Enjoying nature 0.800
Lowering my stress 0.722
Flexible & punctual
Time gained compared to using a regular bike 0.633
Having a predictable travel time 0.790
No congestion 0.737
Increased flexibility 0.715
Identity
A speed pedelec gives status 0.730
I like to overtake other road users 0.580
A speed pedelec suits me 0.554
Other road users can distinguish me as a speed pedelec user 0.832
Negative image
I have little conflicts with cars —0.531
Cyclists have a negative image of SP users 0.798
Car drivers have a negative image of SP users 0.864
Competition
| am motivated to shorten my fastest travel time 0.765
| like measuring my performances with an app 0.803
Reliability (o) 0.82 0.71 0.68 0.58 0.61

analysis, an explanatory factor analysis was employed to
reduce the numbers of observed indicators relating to the
physical environment, personal attitudes and social environ-
ment that determine respondents’ speed pedelec usage. A
principal component analysis with varimax rotation was per-
formed on a total of 18 variables derived from the survey.
This resulted in 5-8 factors: the five factors mentioned in
Table 2 (healthy & outside, flexible & punctual, identity,
negative image and competition) plus three additional fac-
tors (traffic & safety, environment and use of speed pedelec
by family/colleagues/friends). However, the last three factors
did not show enough internal consistency, with Cronbach’s
Alpha of respectively 0.51, 0.50 and 0.41. Therefore, as sug-
gested in the literature (Peterson, 2000), we excluded the
associated items of the last three factors from the factor ana-
lysis and reconducted a factor analysis to extract five factors,
as presented in Table 2. These five factors had statistically
good internal consistency (for Cronbach’s Alpha, see Table
2) and were therefore included in the cluster analysis. The
reliability analysis with all variables yields a Cronbach’s
alpha of 0.82, indicating an internal consistency among the
indicators. The five extracted factors explain 59.2% of the
total variance. Table 2 presents the full results of the fac-
tor analysis.

The first factor, “healthy ¢~ outside” groups questions that
capture speed pedelec users’ attitudes toward being outdoors
and in nature, the benefits to an individual’s mental health
and the pleasure of using a speed pedelec. The factor
“flexible and punctual” relates to attitudes about personal
travel preferences and includes opinions about travel time
saving, predictability, congestion and flexibility. The factor
“identity” describes the extent to which an individual per-
sonally identifies with the mode, and the factor “negative
image” captures how speed pedelec users imagine the

opinions that other road users have of speed pedelecs. This
factor involves the negative attention speed pedelec users
receive from cyclists and car drivers as well as the possible
conflicts they experience such as impolite hand gestures or
being forced from the road. Finally, the factor “competition”
is related to the importance of striving to improve the fastest
travel time and measuring performance with an app.

The second step of the analysis was to create a typology
of speed pedelec users. In this research, the typologies were
formed post hoc, and respondents were grouped by match-
ing a series of multidimensional variables that potentially
exert an influence on the usage of speed pedelecs. Clusters
of respondents are identified and the average differences
within groups are minimized while the average differences
between groups are maximized. Using the factors from the
abovementioned principal component analysis, K-means
cluster analysis was performed to assess the presence of dif-
ferent kinds of speed pedelec users in the Netherlands.
Finally, we compared the heterogeneity of different groups
of speed pedelec users based on their sociodemographic
characteristics, travel behavior and level of recognizability by
other road users.

4. Results
4.1. Speed pedelec riders’ travel behavior

Table 3 summarizes the descriptive analysis results of speed
pedelec riders’ travel behavior. Over 90% reported using a
speed pedelec for commuting and 47% of the respondents
use it exclusively for commuting. Only 7% use the mode
exclusively for recreation, and 46% of the respondents
reported using a speed pedelec for different trip purposes
including commuting, recreation, visiting friends and
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Table 3. Sociodemographic characteristics and travel behavior of speed pedelec users.

Sample  Enthusiastic riders

Efficient riders

Concerned riders

Relaxed riders

Gender

Male (%) 86 92 81 83 85

Female (%) 14 8 19 17 15
Age (average) 50.0 50.1 * 50.8 * 50.2 54.6
How many days per week do you commute? days (av.) 45 45 45 4.2 45
How long have you owned a SP ownership (av. yrs)? 2.9 29 2.7 2.8 3.2
Highest education

Secondary school (%) 8 8 9 7 8

Secondary vocational (%) 19 20 19 16 25

Higher professional (%) 42 44 1 40 38

University (%) 31 28 30 38 30
Did you cycle frequently to study/work?

Very frequently (%) 19 19 14 21 28

Frequently (%) 39 39 45 42 20

Occasionally (%) 24 24 19 22 33

Rarely (%) 14 13 16 12 13

Never 5 4 5 3 7
Do you exercise often (commuting excluded)?

Twice or more a week (%) 44 40 43 48 51

Once a week (%) 19 17 23 21 12

Sometimes (%) 17 17 14 14 26

Never (%) 20 26 20 17 12
For what purposes do you use the SP?

Commute only (%) 47 44 * 47 * 55 43

Mixed (%) 46 52 * 46 * 41 41

Recreation only (%) 7 4 * 8 * 4 16
What is your commuting distance one way? (average kms) 25.2 25.5 25.7 233 259
How many days per week do you use the SP for commuting in spring/summer?

Average 3.8 4.0 39 3.6 3.6

Relative to working days (%) 86 88 86 85 80
How many days per week do you use the SP for commuting in autumn/winter? (days in week)

Average 3.1 34 * 29 * 3.0 25

Relative to working days (%) 69 76 * 63 * 71 54

Note: Significance “*" p < 0.05.

90

% OF RESPONDENTS

Bike Public Pedelec Motorcycle  Carpool
transport

Figure 2. Commuting mode prior to speed pedelec adoption.

Walking

80
70
60
50
40
30
20
10
. T e—

Scooter,
moped

families, and grocery shopping. The average reported dis-
tance for a one-way commuting trip was 25 kilometers, and
respondents commuted by speed pedelec more often in
summer and spring than in autumn and winter. The average
reported traveling speed on a dry day with little wind
(36-40km/h) is higher than on a wet and windy day
(31-35km/h) (see Table 1).

Figure 2 demonstrates which mode of transport the
respondents used before switching to using a speed pedelec.
The data in the figure exceeds one hundred percent because
many people use a combination of modes. The results
clearly reveal that the speed pedelec competes with car use,

and 85% of the respondents reported replacing car travel
(including carpooling) with speed pedelec usage. The second
and third most frequently replaced trips are ones that were
previously made by regular bicycle (30%) and public trans-
port (24%).

4.2. User groups

Based on the results of the factor analysis, K-means cluster
results were assessed for three to seven segment groups. The
analysis with four groups converged to zero with 13 itera-
tions and the minimum distance between initial centers was
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Figure 3. Typology of speed pedelec users.

6.552. Next, using ANOVA we assessed whether all factors
used differed significantly among the four groups. With
three, five, six and seven groups the K-means clustering
failed to achieve convergence because the maximum number
of twenty iterations was achieved and also the factors did
not significantly differ among the groups. Only the analysis
which resulted in four groups was statistically robust and
therefore was used for the final analysis. In this method of
K-means clustering, users can only be in one group and are
attributed to the group they identify most with. The four
user groups are shown in Figure 3.
Four distinct groups of
were identified:

speed pedelec users

1. Enthusiastic riders (36% of the sample): Enthusiastic
riders strongly identify with the mode and believe that
the speed pedelec gives them a certain status. They
believe that their speed distinguishes them from other
road users and often express a desire to overtake others.
They tend to be competitive and often use an app to
track their ride information. One Enthusiastic rider even
referred to the speed pedelec as a lifestyle: “I love the
speed pedelec way of life in all weather and wind [trans-
lation by authors].” Compared to other clusters, these
cyclists are annoyed by the negative image that they
believe other road users such as regular cyclists and
motorists have of speed pedelecs.

2. Efficient riders (29% of the sample). Efficient riders are
motivated by the mobility advantages provided by the
mode. For example, they use the speed pedelec because
it represents a flexible and fast means of transport that
allows them to avoid traffic congestion and state that
the mode ensures for predictable travel times. Efficient
riders also enjoy nature and the outdoors and find that
using a speed pedelec is good for their mental health. A
comment from one Efficient rider summarizes the senti-
ment of this group: “I bought the speed pedelec because
I love cycling and don’t want to spend too much time
travelling and was immediately able to travel in an
active way [translation by authors].” One major differ-
ence between Enthusiastic riders and Efficient riders is
that the former strongly identifies with the mode, while
the latter predominantly views the speed pedelec as a

Concerned rider

Relaxed rider

convenient means of transport. Finally, Efficient riders
tend to be less irritated by the fact that other road users
often have a negative image of the mode.

3. Concerned riders (21% of the sample). Concerned riders
tend to be bothered by the negative image that other
road users often have of the speed pedelec and suffer
from getting into potential conflicts with cars. This
group does not find that using a speed pedelec is relax-
ing and tends to experience stress while navigating traf-
fic situations. Specifically, unsafe traffic situations cause
Concerned riders to experience stress during travel. One
Concerned rider mentioned that “a speed pedelec
requires very defensive riding behavior. In other words, it
is always important to be very careful [translation by
authors].” Finally, Concerned riders are usually not com-
petitive in their use of the speed pedelec, and tend not
to use apps to measure and decrease their travel times.
Instead, they primarily focus on cycling safety.

4. Relaxed riders (14% of the sample): Relaxed riders enjoy
nature, being outdoors and appreciate the positive effect
that using a speed pedelec has on their mental health.
They do not strongly identify with the mode and often
use it for recreation and other trips that do not include
commuting. This means that they are generally not con-
cerned with travel time savings and avoiding conges-
tion. One Relaxed rider who does not use his speed
pedelec for commuting, but for other purposes stated
that: “I use it purely for shopping and recreation and use
it for different journey types and distances every day. The
reason that I purchased it was that I live in a hilly envir-
onment in the South Veluwe, and that my weight,
130kg, requires a bicycle with more power and stronger
support [translated by author].”

4.3. Sociodemographic characteristics, travel behavior,
and recognizability

A comparison between the sociodemographic characteristics
of each group provides insight into the significant differen-
ces between the distinct user categories. Table 3 shows the
demographic characteristics of the four types of speed pede-
lec riders. While the difference in the male/female ratio
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Figure 4. Frequency distribution of variable: ‘I'm recognizable as a speed pedelec rider by other road users.

between the four user groups is not significant (p > 0.05), as
all four types of speed pedelec riders are characterized with
a higher proportion (over 80%) of male riders, Enthusiastic
riders have the highest percentage of male riders at 92%. A
possible explanation for the small share of females in the
Enthusiastic rider group is that women often exhibit more
defensive driving behavior due to higher risk aversion
(Heinen et al., 2010). The age differences between the user
groups are statistically significant (p < 0.05); Relaxed riders
have the highest average age (54.6), which is over 3.5years
higher than Enthusiastic, Efficient, and Concerned riders. The
education level of the different types of speed pedelec riders
is almost the same; over two thirds of all groups have an
education level of HBO (higher vocational education)
or university.

We only asked speed pedelec commuters to report the
number of days they worked or studied outside of the home
(N=411). Concerned riders tend to report shorter average
working hours outside of the home per week compared to
other user groups. In addition, for all user types, a large
majority cycled often for the purpose of study or work.
Only for Relaxed riders is the cycling frequency slightly
lower, with 53% of riders reporting that they never to occa-
sionally had cycled for the purpose of traveling to study or
work. A possible explanation could be that the strong
cycling culture in the Netherlands contributed to the posi-
tive and active cycling experiences and histories held by
most speed pedelec riders.

Speed pedelec riders also generally engage in physical
activity and sports more often than the average Dutch popu-
lation, even excluding the physical activity which these users
are engaged in when using a speed pedelec for commuting.
More than 63% of the respondents reported exercising once
or twice a week, compared to 53% of the Dutch population
(CBS). The Enthusiastic riders are the least sporty, with 43%
never or only occasionally engaging in sports.

With regard to travel behavior, Concerned riders most
often use the speed pedelec exclusively for commuting
(55%), while Enthusiastic riders often use the mode for

multiple purposes (52%) including visiting family and
friends, doing grocery shopping and recreation. Relaxed
riders have the highest percentage (16%) of users who use
the speed pedelec only recreationally. The differences
between the travel purposes of the segments were found to
be statistically significant (p <0.05) but displayed a weak
association (V =0.132). Enthusiastic riders most often use
the speed pedelec for commuting, using it an average of
88% of the working days in spring and summer and 76% in
autumn and winter, respectively. Relaxed riders commute
the least often by speed pedelec, using the mode for 80% of
commutes in the spring and summer and 54% in the
autumn and winter. A variance analysis on the average
number of days a week that the speed pedelec is used for
commuting in the autumn and winter for four user groups
revealed that the differences between Enthusiastic riders and
Efficient riders and between Enthusiastic riders and Relaxed
riders are statistically significant (p < 0.05), and with 4.7% of
the variance being explained by differences between user
types. Finally, Concerned riders and Relaxed riders tend to
travel at lower average reported traveling speeds compared
to Enthusiastic and Efficient riders, both on dry days with
little wind and wet days with strong wind. For example, on
dry days with little wind, 68% of Enthusiastic riders and
61% of Efficient riders reported traveling at speeds of 36 to
45km/h, while for Concerned and Relaxed riders, the self-
reported average traveling speeds were between 31 and
40 km/h.

The current traffic legislation, whereby speed pedelec
users are prohibited from riding on most bicycle paths, but
must share roads with mixed car traffic, is not clear to all
road users (especially car and other regular bicycle users).
This lack of clarity about where and how speed pedelec
users are expected to participate in urban mobility systems
is the cause of irritations and often dangerous situations for
both speed pedelec users and other road users. For instance,
car drivers often do not appear to understand why a
“cyclist” is riding on the road while a bicycle path appears
to be available. Figure 4 demonstrates that not all speed
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pedelec user groups believe that other road users fully recog-
nize speed pedelecs as a unique vehicle category. Concerned
riders have the most negative opinions about the recogniz-
ability of speed pedelecs within the urban mobility system,
with one Concerned rider reporting that he was under the
impression the other road users tend to view speed pedelecs
as regular e-bikes, which is problematic since different traffic
and road rules apply.

5. Discussion

The results of this study demonstrate that speed pedelecs
users often use the mode to replace trips otherwise taken by
car, conventional bicycle, or public transit. This finding
applies to all user types and 85% of the respondents
reported using their speed pedelec at least once a week for a
trip they would have previously made by car. This substitu-
tion rate is higher than previously reported findings, and
may be due to the smaller sample used in the study by de
Bruijne (2016). The findings regarding the shift from motor-
ized modes to active transportation is similar to the results
presented by Plazier et al. (2017) who found that standard
e-bikes have the potential to motive sustainable mode shift.
Since speed pedelecs allow cyclists to travel even more
quickly than standard e-bikes, this new mode is likely to
enhance the substitution effect even further.

While speed pedelec usage is increasing across the
Netherlands, it is not increasing amongst all segments of the
population. For example, 86% of the users in this study are
male, and the low proportion of women may be explained
due to differences in risk aversion between genders (Heinen
et al.,, 2010). Race bike users, who similarly travel at higher
speeds, also tend to be primarily male with only a 9% par-
ticipation rate for women in 2017 (KNWU, 2017). The
speed pedelec users who participated in this study also tend
to be older, with the average being 50 years old. This finding
is consistent with previous studies about speed pedelec usage
in the Netherlands (de Bruijne, 2016; Hendriks, 2017). The
finding concerning age is also aligned with findings about e-
bike users, and Wolf and Seebauer (2014) found that e-bike
users in Austria tended to skew disproportionately toward
being older and mostly retired. However, in recent years, e-
bike usage has become increasingly popular among younger
groups, especially for traveling relatively longer distances
(KiM, 2019). However, this trend has not yet been observed
amongst speed pedelec users in the Netherlands. Finally, the
speed pedelec users in this study reported being highly edu-
cated. However, because education level and income are
highly correlated in the Netherlands, the ability to purchase
a speed pedelec is likely related to disposable income.
Another possible reason may be because individuals with
relatively high incomes have been found to be more health
conscious (Heinen et al., 2010).

At first sight, the results of this study suggest that speed
pedelec users appear to be a homogeneous group; after all,
the majority are male and use the mode for commuting.
However, when taking a closer and more careful look,

individuals’ personal preferences, motivations and barriers
differ considerably among users.

5.1. Attitudes, opinions and preferences

Individual attitudes, opinions, and preferences regarding
participation in physical activity, engaging in competition,
and cycling for different trips types vary greatly among the
speed pedelec users who participated in this study. Previous
research also revealed that individuals’ attitudes toward vari-
ous elements of cycling play an important role in the deci-
sion to use the mode (Fishman et al., 2015; Heinen et al,,
2011; Willis et al.,, 2015). We hypothesize that people who
appreciate flexibility and punctuality are a unique group of
speed pedelec riders (which we label Efficient riders). In con-
trast, we suggest that the group which we label Relaxed
riders can be identified as speed pedelec users who do not
value this aspect as much, selecting the mode to a greater
extent because it allows them to enjoy being outdoors and
due to the positive effect it has on their mental health. The
group which we label Efficient riders shows similarities with
other segments reported in previous studies about users of
conventional bicycles, such as the Flexible ¢ punctual cyclists
presented by Damant-Sirois et al. (2014) who are motivated
by the time efficiency of the mode. Similarly, speed pedelec
riders who we identify as being a part of the Relaxed riders
group are comparable to the Leisure cyclists reported by
Damant-Sirois et al. (2014).

In our typology of speed pedelec users, Efficient, Relaxed,
and Enthusiastic riders are all found to value the health ben-
efits related using the mode. Previous studies also identified
that attitudes about health and physical activity can be help-
ful for segmenting and identifying potential cyclists, and the
way in which Enthusiastic riders identify with the speed
pedelec as a “way of life” is similar to the results presented
by Gatersleben and Haddad (2010). While relaxation and
reduced stress are important factors motivating bicycle usage
around the world (Avila-Palencia et al., 2017; St-Louis et al.,
2014), little is known about the effect that using a bicycle
has on individuals’ self-reported mental health. However,
the results of the present study reveal that most cyclists
positively associate speed-pedelec usage with stress reduc-
tion, clearing the mind, and the joy of being outside and
in nature.

Competition and the use of performance apps, to our
knowledge, has not been previously reported as an import-
ant element for segmenting cyclists or as a significant deter-
minant of bicycle usage. Yet, we identify Enthusiastic and
Efficient riders as being motivated to track their performance
and continuously strive to reduce their travel times. While
attitudes about competition play an important role for speed
pedelec users, this element may also be important for other
kinds of cyclists.

5.2. Image and identity

The extent to which speed pedelec users identify with the
mode differs among user groups. Similarly, speed pedelec
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Table 4. Likert scale scores (1 =agree very little, 5=agree very much): traffic & safety.

Sample Enthusiastic Efficient Concerned Relaxed

Infrastructure developed sufficiently

Average 2.74 2.61 291 2.66 2.85

Standard deviation 1.15 1.15 1.13 1.18 1.04
Feel safe on separated bicycling infrastructure outside built area

Average 4.17 4.16 4.23 4.19 4.02

Standard deviation 0.79 0.84 0.78 0.68 0.81
Feel safe on road mixed with car traffic (50 km/u)

Average 1.95 1.99 2.02 1.82 1.90

Standard deviation 1.07 1.05 1.07 1.04 1.14
Traffic regulation is clear

Average 2.65 2.52 2.81 2.52 2.82

Standard deviation 1.13 1.16 1.10 1.17 1.03

users’ perceptions of how the mode is viewed by other road
users such as drivers, users of conventional bicycles and
pedestrians, also varies greatly. In our typology of speed
pedelec users, we hypothesize that a unique group of users,
which we label Enthusiastic riders, tends to personally iden-
tify the most strongly as being speed pedelec riders; this
group is also the most concerned about other mode users
having a negative image or opinion about speed pedelecs. In
contrast, we identify Efficient riders as being the least con-
cerned about their own image and identity, and hypothesize
that members belonging to the group Concerned riders tend
to be unsatisfied when other mode users have a negative
image of the speed pedelec, but do not strongly identify
with the mode. The image and identity of a mode can be
important for understanding continued usage, as previous
studies have suggested that personally identifying with a
mode is a strong determinant of future usage (Damant-
Sirois et al., 2014; van Lierop & El-Geneidy, 2018).

Speed pedelecs users in Belgium reported that they feel
that they are not clearly accepted anywhere in the urban
mobility system-neither on the road with cars nor on
bicycle paths shared with users of conventional bicycles
(Van den Steen et al., 2019). While these results are based
on the perceptions of speed pedelec users, and not those of
other modes, the negative image of the speed pedelec may
be a reason for limited adoption and participation. For
example, Gatersleben and Haddad (2010) suggest that if
people have a strong opinion of what a typical cyclists looks
or acts like, they may be less likely to adopt the mode if
they themselves do not identify with it or do not imagine
that it is a suitable and socially appropriate activity for
everyone. The perception that speed pedelecs are not socially
accepted is therefore not only problematic for Enthusiastic
and Concerned riders but may also be hindering speed pede-
lec adoption more generally.

5.3. Infrastructure

Previous studies have found that different groups of cyclists
have specific preferences about bicycle infrastructure
(Damant-Sirois et al., 2014; Geller, 2006). However, in this
study, speed pedelec users’ opinions and preferences about
infrastructure remained consistent across the four groups,
and Table 4 shows the average and standard deviation for
traffic and safety related questions. Specifically, the table dis-
plays the basic results of the infrastructure perception of the

whole sample and the different groups of users. All user
groups reported that on average the infrastructure on the
routes they took was insufficiently developed for speed pede-
lecs. A likely reason is that although cycling infrastructure
in the Netherlands is extremely well developed, traffic legis-
lation in the Netherlands currently restricts speed pedelec
usage on many bicycle paths. Speed pedelecs are permitted
on bicycle infrastructure where mopeds are also allowed,
and almost 90% of the respondents stated that they felt safe
on this kind of infrastructure when it was located outside of
city centers. Speed pedelec users tended to feel unsafe
cycling in mixed traffic, especially in situations where they
were restricted to using the road network, as opposed to the
bicycle network. Finally, many participants mentioned the
importance of having access to secured bicycle parking both
at home and at work, a finding that is consistent with previ-
ous studies assessing barriers to bicycle usage (Hunt &
Abraham, 2007; Van Lierop et al., 2015).

5.4. Barriers for speed pedelec usage

This research demonstrates that speed pedelecs are not yet
an integrated part of the urban mobility system. The main
barriers for speed pedelec usage are the negative image that
other road users have of speed pedelecs and the restrictions
on the use of bicycle infrastructure. The negative image is
primarily a barrier for Enthusiastic and Concerned riders,
who consequentially do not feel respected on the road,
which often leads to feeling unsafe. These safety related
issues are also reflected in the fact that Enthusiastic and
Concerned riders mention that they experience many con-
flicts with cars. More generally, the current traffic legislation
and related restrictions on the use of bicycle infrastructure
in the Netherlands is a barrier to all speed pedelec riders.
This is evident by all types of users reporting that they do
not feel comfortable traveling at high speeds in
mixed traffic.

6. Policy recommendations

This research has demonstrated that the characteristics, atti-
tudes, needs and preferences of speed pedelec users differ
compared to those reported in previous studies concerning
conventional cyclists (e.g. Fernandez-Heredia et al., 2014;
Heinen et al., 2011). In addition, the results show that
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significant differences exist among speed pedelec users in
terms of their attitudes and preferences such as valuing the
mode because it is ‘flexible and punctual’ and that the mode
is related to a certain ‘image and identity.” However, percep-
tions about infrastructure are mostly consistent across user
groups. The opinions of all user groups should be taken into
consideration when regional governments, cities, and
employment hubs take actions to promote the adoption and
use of this sustainable mode. For example, while the current
traffic legislation restricts the use of speed pedelecs to cer-
tain areas and types of infrastructure, the results of this
research revealed that all segments of speed pedelec users
felt uncomfortable traveling at high speeds in mixed traffic.
Negative perceptions regarding traffic safety are likely to dis-
courage speed pedelec usage and adoption. Therefore, a uni-
fied infrastructure policy is needed to encourage the
continued usage and adoption of speed pedelec use in the
Netherlands. For example, setting speed limits on bicycle
paths and allowing speed pedelecs to choose to travel at
lower speeds on the bicycle path or at higher speeds on the
road network would likely encourage higher adoption and
usage of the mode altogether. The Dutch technology plat-
form for transport, CROW, advises the use of pilot projects
to gain more knowledge about how speed pedelec users
engage with existing bicycle infrastructure (Hulshof &
Wolters, 2019). Planned pilot projects in the city of
Rotterdam and the province of Gelderland are expected pro-
vide more information on the actual behavior of speed pede-
lec users when they have freedom of choice on the use of
infrastructure (bicycle path vs. mixed road traffic). The dif-
ferences between the types of users revealed in this study
provide policy makers insight how to integrate speed pede-
lecs in the Dutch mobility system, starting with pilot proj-
ects. An important condition to encourage the efficient use
of high-speed bicycles, such as speed pedelecs and e-bikes is
by further developing the bicycle highway network that is
accessible to speed pedelec users and by providing secured
parking at both origin and destination locations (Li et al.,
2013; Skov-Petersen et al., 2017). Improving the safety and
directness of the route as well as the ease of parking will
likely encourage Efficient riders to continue and increase
using the mode across trips types and seasons. In addition,
the availability and visibility of bicycle highways and secured
parking would likely attract new riders, who have similar
characteristics and values as the Efficient riders identified in
this study.

Enthusiastic and Concerned riders, who make up 57% of
the users, are dissatisfied with the negative image that other
road users often attribute to the speed pedelec. Information
campaigns that educate other traffic users about speed pede-
lec usage can be helpful in promoting a more positive image
of the mode. For instance, information campaigns could
educate other traffic users that speed pedelecs (which have a
license plate) belong on the road, not the bike path.
Similarly, these campaigns should highlight that speed pede-
lec users are not adding to traffic congestion, and instead
have environmental and sustainability benefits since they
often replace the use of cars. Increasing the social acceptance

of the speed pedelec is not only likely to result in a more
comfortable ride for current users, but also attract new users
such as women and young people. Finally, studies have
found that as individuals increase their engagement with
cycling, their attitudes toward the mode become more favor-
able. Accordingly, and since speed pedelecs are a relatively
new mode, we recommend that cities promote the use of
the mode by setting up test-ride locations to encourage
potential users to try out this new, fast, and sustain-
able mode.

7. Conclusion

Speed pedelecs are a relatively new form of urban transpor-
tation that have the potential to positively influence sustain-
able travel in urban regions. This study set out to assess the
characteristics, attitudes, needs and preferences of speed
pedelec users in the Netherlands, and identified four distinct
groups: Enthusiastic riders, Efficient riders, Concerned riders
and Relaxed riders. Each group has specific opinions about
using the mode for health benefits, the flexibility of the
mode, the competitive element, the image of the mode, as
well as the extent to which they identify as a speed pedelec
users. In addition, the four groups also used the mode for
different trip purposes, at different speeds, and with variabil-
ity across seasons. For example, Enthusiastic riders experi-
ence using the speed pedelec as a way of life and use it
throughout the year, for commuting, going shopping as well
as recreational activities such as visiting friends. Similar to
Enthusiastic riders, Efficient riders also travel at relatively
high speeds, but do not use the speed pedelecs as frequently
in the fall when the weather tends to be wetter. Concerned
riders are the most careful group, ride at lower speeds and
primarily use the bicycle for commuting purposes. Relaxed
riders tend to use speed pedelecs for recreational cycling and
when they do use it for commuting they do so primarily in
in the spring and summer when the weather is dry. Yet, des-
pite the differences between the groups, most speed pedelec
users agree that the infrastructure and traffic regulations are
currently not adequate to make ideal usage of the mode.
They primarily feel safe on bicycle infrastructure that allows
high speed bicycles and mopeds such as certain bicycle high-
ways, with many experiencing discomfort and safety con-
cerns when cycling in mixed traffic. Finally, across the four
groups, many users reported that they used the speed pede-
lec to replace car trips.

This research, however, is subject to several limitations.
While the present research focused on better understanding
the attitudes, opinions, preferences and habits of current
speed pedelec users in the Netherlands, it did not include
the opinions and experiences of non-speed pedelec users.
Future studies should consider engaging other mode users,
to enable a better understanding of the specific characteris-
tics of speed pedelec users thorough a comparison with
non-speed pedelec users. Moreover, future studies should
assess the needs and desires of potential users, especially
non-users who currently use cars for commuting purposes.
Focusing on the needs of potential users is likely to result in



adoption of the mode and contribute a shift in the usage of
more sustainable modes. Future studies should assess how
to motivate increased participation amongst women,
younger and lower-income groups. In addition, the results
of this study suggest a consistency exists in how speed pede-
lec users experience infrastructure. Accordingly, future stud-
ies should consider modeling these perceptions to better
understand any subtle differences between subjective and
objective experiences by matching sensors and GPS data to
the self-reported survey data. The quality of the speed pede-
lec itself or the parking and charging infrastructure should
also be taken into account. In addition, while the current
study applied a factor-cluster analysis of speed pedelec users
to provide in-depth information about the characteristics,
habits, preferences, and behaviors of distinct speed pedelec
user groups, a limitation of this method is that it does not
allow for users to be in more than one category at a time.
Therefore, future studies could consider latent class analysis
where users can be placed into more than one category to
better reflect the complex and heterogeneity of user groups.
Future studies could also consider conducting regression
analyses to evaluate the association between socio-demo-
graphics, attitudes, usage behavior, and mode substitution
pattern of speed pedelecs users. This could help shed light
on the underlying mechanisms influencing the different
behavior patterns for which people use speed pedelecs.
Finally, additional research is needed to better understand
how infrastructure and traffic regulations can accommodate
the needs of speed pedelec users while ensuring safe road
conditions for users of all modes.

By understanding the specific needs and desires of differ-
ent speed pedelec user groups, the results of our research
demonstrate important hypotheses concerning the possible
policy implications needed to accommodate specific speed
pedelec user groups. For example, the consensus among all
speed pedelec user groups concerning infrastructure suggests
that it is likely possible to develop a unified approach to
accommodate different types of speed pedelec users in terms
of amending the built environment. However, other facets
of speed-pedelec usage were not experienced in the same
way across segments, suggesting that group-specific pro-
grams and policies may be needed to facilitate the growth of
overall speed pedelec usage. For example, it is critical to
develop effective policy interventions aimed at improving
the interaction between speed pedelec users and other road
and bicycle path users. A harmonious and safe integration is
needed to ensure the success of the speed pedelec as an
accessible mode which has the potential to play an import-
ant role in the development of sustainable urban futures.
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