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Abstract

the transition to a more sustainable transport system.

Purpose Light electric vehicles (LEVs), such as e-bikes, e-scooters and electric two-wheelers, can potentially assist
the transition to a sustainable transport system due to their low energy and spatial demands. This exploratory survey
study investigated and compared the views of LEV users and interested non-users on the vehicles'advantages

in Finland, Austria, Spain and Italy among urban residents (n = 4090) to understand factors influencing their adoption.
Additionally, differences between personal and shared vehicles were investigated.

Method The survey queried respondents on the advantages of either the LEV they used most often, or the LEV they
were most interested in using. Of respondents, 26% were LEV users, 37% were non-users interested in using an LEV
and 37% were uninterested non-users. Factors concerning comfort, accessibility, safety, and practicality of travel were
formed. The effects of respondent type (user vs. non-users), LEV type, whether the LEV was shared or personal, age,
gender and country were examined with a full-factorial ANOVA for each factor and some additional variables.

Findings In general, LEVs were regarded well for travel comfort and supporting accessibility, but less positively

for safety and assisting with practical aspects of travel. LEVs were also perceived environmentally friendly. Further-
more, users perceived LEVs more positively than non-users, while age and gender only mildly influenced views.

The results suggest that increased familiarity with LEVs is associated with more favourable views concerning them.
Existing positive views may have led to LEV use; however, experience could have changed these views as well. LEVs
are novel vehicles with recognised benefits, but low familiarity may hinder adoption. Increasing familiarity with LEVs
among non-users could encourage uptake, potentially supporting modal shifts from the car to LEVs and thus assist

Keywords e-mobility, Electric vehicles, Active travel, Transport mode choice, Electrification, Micromobility

1 Introduction

Improving the sustainability of urban transport while
meeting the mobility needs of a growing urban popula-
tion represents a significant challenge for transport sys-
tems globally. Cities characterized by high automobility
and a dearth of viable low-carbon alternatives are often
afflicted by externalities of car travel harmful to health
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and the environment, such as high congestion, poor air
quality, noise pollution and substantial greenhouse gas
contributions [5, 8, 18]. Attempts to mitigate these issues
have involved policies encouraging modal shifting from
private cars to less emissive, noisy and spatially demand-
ing forms of travel such as cycling and walking [27].
However, the recent emergence of light electric vehicles
(LEVs), such as electric kick scooters (e-scooters) and
e-bikes, represent novel, potentially helpful travel modes
to reduce car dependency in cities [66].

LEVs represent forms of micromobility powered
either fully or partially by a battery-powered electric
engine, and are characterised by low energy, weight and
spatial demands. Typical currently used LEVs include
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e-scooters, e-bikes (limited to 25 km/h) and electric
two-wheelers (limited to 45 km/h) [77]. As average
daily trips distances in many of Europe’s urban areas
are approximately ten kilometres or less [26], LEVs
represent a potentially economical, convenient and
sustainable form of urban mobility [74]. Recently, the
prevalence of LEVs has increased in urban areas [17,
48], supported by the emergence of shared services
offering on-demand short-term access to the vehicles
[48, 56, 61].

According to research explored in the literature review,
people generally have less favourable attitudes toward a
travel mode before gaining experience with it [51, 69]. If
this applies to LEVs, promoting modal shifting from cars
to LEVs may be challenging if people without prior expe-
rience hold less favourable views regarding them. Fur-
thermore, shared and personally owned LEVs arguably
provide a different experience, which could also influence
views. For instance, shared e-scooters are typically avail-
able for short-term rental throughout urban areas and
may be left wherever is convenient [61], popular for short
trips and addressing the first/last mile problem within
larger trip chains [12, 45]. Conversely, personal e-scoot-
ers need to be stored while not in use, but their use is
not limited by time-based fees or operator-defined usage
areas. Understanding whether views regarding LEVs dif-
fer between users and non-users, as well as between
users of shared and personally owned LEVs, may provide
insights into how the vehicles could best be promoted as
an alternative to cars.

The focus of the present study was to explore views
concerning LEV advantages to improve understanding
on the factors influencing their adoption. The literature
review identified that views on environmental sustain-
ability, travel comfort, practicality, safety and the abil-
ity of the vehicles to improve mobility and accessibility
could be the most relevant for the adoption of LEVs. We
compared views related to these themes between LEV
users and non-users with an interest in LEVs, as well as
between personal and shared LEV variants across four
European countries. Among non-users, those with an
interest in an LEV are focused on, as they may be consid-
ered potential users of LEVs due to their interest in the
vehicles. This study addresses the above with the follow-
ing research questions:

+ Do views concerning LEV advantages regarding
comfort, practicality, safety and accessibility differ
between LEV types, age groups, countries and gen-
ders?

+ Do users of LEVs exhibit more positive views on the
vehicles” advantages than non-users who were inter-
ested in at least some LEV?
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+ Do perceptions concerning the advantages of LEVs
differ between users of their shared and personal var-
iants?

Past studies on the advantages of LEVs have primar-
ily focussed on individual LEV types and/or have been
limited in scope to one country or region (e.g. [3, 24, 43,
54, 58, 74]). Furthermore, although views regarding the
advantages of LEVs may differ between users and non-
users as well as between users of the personal and shared
variants of LEVs, comparisons between them are scarce,
although Kopplin et al. [32] compared views concern-
ing e-scooters between vehicle owners and non-owners.
This shows that there is a research gap concerning the
views of users and non-users of LEVs while considering
possible differences between personal and shared LEVs.
Understanding how such views differ could help inform
efforts directing more sustainable travel behaviour by
promoting modal shifting from cars to LEVs among
non-users. Investigating the effect of LEV usership and
ownership on views across LEV types together in an
integrated approach provides a comprehensive image of
views regarding the vehicles’ advantages and constitutes
the scientific novelty of this research. Additionally, a brief
comparison between the countries included will help
to understand what kind of differences can be expected
across them.

2 Literature review

LEVs enable longer trip distances, faster speeds and
reduced travel time for a lower effort than the vehicles’
non-electric counterparts [3, 9, 25, 35, 43, 57, 59, 74].
Furthermore, LEVs can be parked more flexibly than
cars on account of their typically small size [59], and
are considered comfortable to drive [9, 24]. Some LEVs,
especially e-bikes, may also increase physical activity for
relatively little effort, representing a less sedentary but
not entirely human-powered alternative to motorized
modes [17]. The increasing availability of LEVs through
various providers operating within the sharing economy
enables access to the vehicles’ advantages without paying
a high upfront cost.

Modal shifts from internal combustion engine vehicles
to LEVs can help reduce greenhouse gas emissions, trans-
port energy consumption and air and noise pollution
[17, 22, 23, 53, 59, 74]. Additionally, they make a smaller
contribution to congestion than private cars due to their
lower spatial demands [59]. However, Hollingsworth
et al. [23] show that e-scooter sustainability is largely
determined by the mode of travel it replaces. Recent
evidence suggests that shared e-scooter and e-bike trips
replace walking and public transport more than car use
[13, 32, 67, 73], increasing emissions [23]. If LEVs replace
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car trips, they are likely to have a positive effect on the
sustainability of the transport system, but the effect is
expected to be negative if they replace walking, cycling
or public transport trips. The role of mode substitution
behaviour is critical regarding the sustainability of LEVs
[32].

Disadvantages regarding LEVs include their negative
implications for traffic safety. The greater speeds of LEVs
relative to the vehicles’ non-electric counterparts may
increase accident risk and the severity of injuries [34, 42].
Additionally, the relative difficulty of optimising e-scoot-
ers’ centre of mass and their typically small wheel radii
can increase the risk of falling, especially when encoun-
tering a pothole [7, 55]. Due to their greater weight, elec-
tric two-wheelers and e-bikes require active steering at
lower speeds to maintain stability [30], and are associ-
ated with more falls during mounting and dismounting
than conventional bicycles, especially for older riders [60,
70]. Traffic safety concerns are compounded by the rar-
ity of helmet use, especially among users of shared LEV
services [34, 39, 49, 64, 76], and the frequent use of such
services while inebriated [29, 34, 76].

E-bikes and electric two-wheelers are considered
advantageous over conventional bicycles for transport-
ing goods, a passenger, as well as not having to shower
at the end of trips due to the lower physical exertion
involved [19, 21, 35, 57]. The vehicles can also support
the independent mobility of the elderly by providing a
mobility option requiring relatively low effort, helping
to overcome limitations of one’s physical fitness [24, 37,
57]. Indeed, reduced labour requirements has been cited
as an key reason for e-bike use [3]. On the other hand,
Haustein and Moller, (2016b) identified user fears due
to other road users not anticipating the speed of e-bikes,
and e-bikes are under a greater risk of theft [54].

Shared e-bike use was less sensitive to hot and humid
weather than shared conventional bikes in a survey study
by Campbell et al. [10], suggesting benefits for coping
with heat, but cold and rainy conditions were discovered
to dissuade use in Hardt & Bogenberger [19]. Sanders
et al. [58] show that e-scooters are also preferred over
walking in hot weather.

Further results from Sanders et al. [58] show that
e-scooters are perceived to be convenient, fun, relax-
ing to use and faster than walking. However, concerns
include poor sense of safety, and unlike e-bikes and elec-
tric two-wheelers, difficulties transporting luggage [58,
63]. Furthermore, safety concerns are compounded by
the riding tendencies of minors [33].

Differences may exist concerning the advantages
between personal and shared variants of LEVs, as the
vehicles may be used for somewhat different purposes.
For instance, shared e-scooters and e-bikes are available
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throughout urban areas and may be left wherever is con-
venient [61], popular for supplementing larger trip chains
[40, 72]. On the other hand, personal electric two-wheel-
ers are considered suitable for full trips such as commutes
[3, 24], potentially decreasing the utility of the shared
version which must be found before it can be used.

Research has shown that people generally regard travel
modes they do not use less positively than modes they
use. For example, the relationship between familiarity
and attitude toward travel modes was studied by Ped-
ersen et al. [51], who found that users of public trans-
port were generally more satisfied with the mode than
non-users. Additionally, frequent car users became more
satisfied with public transport after using it regularly for
a month. In a study of the relationship between mobility
patterns and attitudes towards modes, Ton et al. [69] also
discovered that familiar modes are generally regarded
more positively than unused modes. Peters et al. [52]
found in their survey that a factor preventing potential
users of electric vehicles from becoming familiar with the
vehicles was a lack of testing opportunities. The authors
speculate that the provision of such opportunities could
encourage those interested in electric vehicles to become
vehicle owners. It is possible that a relationship like the
above, where the adoption of travel modes is constrained
by a lack of familiarity with their advantages, could apply
to LEVs as well.

The use of LEVs across the population groups is not
equal. Some evidence suggests that young to middle-
aged men form the current primary user group of sev-
eral LEVs. Hyvonen et al. [24] found that men and the
middle-aged were most interested in purchasing Seg-
ways and electric two-wheelers in Finland than other
age groups and women. A number of studies suggest
that most e-bike users are generally older and male (e.g.,
[24, 36, 75], although recent findings from The Nether-
lands show that younger people are increasingly becom-
ing users of e-bikes [14]. E-scooter users consist mostly
of young men. In Germany, 70% of shared e-scooter
service users were male [15], similar to a rider survey in
Portland, Oregon, where the figure was 60% [50]. Degele
et al. [15] also report that most shared e-scooter users in
their study were in their late twenties, with a smaller peak
among those between 45-50 years old. Conversely, there
were almost no users above the age of 65.

Views concerning LEVs appear to be largely influenced
by issues related to environmental sustainability, travel
comfort, practicality, safety concerns and the ability of
the vehicles to improve mobility and accessibility. Fur-
thermore, the literature suggests that experience with a
travel mode is generally associated with more positive
views on it, and that unfamiliarity can hinder the adop-
tion of new modes. A similar effect could apply to LEVs
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as well. Finally, due to inherent differences in user experi-
ence between personal and shared LEVs, views concern-
ing LEVs may differ between them.

3 Method

3.1 Survey

The data used in this study originates from an online sur-
vey initially collected as part of the Smart-Tailored L-cat-
egory Electric Vehicle demonstration in heterogeneous
urban use-cases (STEVE) project [65]. The original pur-
pose of the survey was to identify the important drivers
of daily mobility choices, the barriers to changing travel
behaviour to favour electric micromobility vehicles and
the user types most capable and willing to change their
travel behaviour. As part of this, views concerning the
advantages of LEVs were collected.

Views concerning the advantages of LEVs were col-
lected in July 2020 with an online survey directed to four
European countries: Austria, Spain, Italy and Finland.
The survey was directed to these countries as they fea-
tured cities where pilots for the STEVE project were car-
ried out [65]. The survey collected views from both LEV
users and non-users.

The full survey included 26 questions, but only 12
resulted in data relevant for the present study. These rel-
evant questions determined each respondent’s most used
or most preferred LEV and how much they agreed with
a set of potential advantages concerning it. Additionally,
the questions concerned background information of the
respondents such as age and gender.

The survey first asked which LEVs each respond-
ent typically uses and how often they are used. Vehicle
options included the “e-scooter” (electric kick scooter),
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“e-bike (limited to 25 km/h)’, “electric two-wheeler
motorcycle, moped or speed pedelec with electric assis-
tance over 25 km/h” (henceforth referred to as electric
two-wheeler and abbreviated E-2W) and “none”. Those
who responded “none” were given the option to report
which LEV they were most interested in using. Personal
and shared options were available for each LEV. Based
on responses to this question, the most used (in the
case of users) and most preferred (in the case of non-
users) LEV was identified. For each respondent, the
following survey questions probing views on the advan-
tages of LEVs related to this most used or most pre-
ferred vehicle only. Respondents only evaluated their
most used or most preferred LEV and did not evaluate
the merits of LEVs relative to each other. Additionally,
respondents who did not use an LEV nor were inter-
ested in using an LEV skipped the questions concerning
LEV advantages entirely and were thus not analysed. As
the non-users analysed here all chose a preferred LEV,
they may be considered potential users of LEVs due to
their interest in the vehicles.

The survey queried respondents concerning their most
used (users) or most preferred (non-users) vehicle by
asking them how much they agreed or disagreed with
14 statements regarding the advantages of LEVs on a
five-point Likert scale ranging from strongly disagree to
strongly agree. The statements (Table 1) were primarily
based on the main advantages concerning LEVs uncov-
ered in previous literature referenced in the introduction.
However, the advantages concerning avoiding others
who may have a transmittable disease and avoiding har-
assment were anticipated advantages not based on past
studies.

Table 1 Assignment of statements to factors, standardised factor loadings and Cronbach's alpha statistics

Factor Statements (The vehicle...) Std. factor loading Cronbach’s a

COMFORT Is physically comfortable 0.60 0.66
Helps me avoid congestion 0.57
Helps me cope with poor infrastructure 0.72

PRACTICALITY Eases travel with others 0.75 0.78
Eases transporting goods 0.77
Eases coping with poor weather 0.70

ACCESSIBILITY Can travel long distances 0.74 0.70
Has sufficient range 0.66
Saves my time 061

SAFE Helps me travel more safely 0.80 0.71
Helps me better avoid harassment 0.69

Unassigned Helps me cope with my physical fitness. (CopefFit) NA

Helps avoid others who may have a transmittable disease. (Avoid-

Contact)

Is environmentally friendly. (EnvFriendliness)
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Respondents were accessed through online survey
panels provided by market research company Taloustut-
kimus Oy. The target population of the survey was resi-
dents living in urban areas with populations over 50,000
aged 18-70. Sampling aimed for comparable proportions
of respondents aged 18-30, 31-50 and 51-70 with at
least 20% of each, as well as a roughly even gender split.

3.2 Advantage factors and indicators

Factors were formed from responses to survey questions
concerning advantages. The assignment of statements to
factors was based on the results of an exploratory factor
analysis using oblimin rotation, which assigned the varia-
bles to four factors using ordinary least squares to obtain
a minimum residual solution allowing for correlated
factors [20]. The total number of factors was set to four
based on a sharp break in a scree plot of the eigenvalues
for principal factors. The fit of the final constructs was
confirmed with a confirmatory factor analysis resulting
in a comparative fit index (CFI) of 0.95 and an RMSEA
index of 0.06 indicating good fit [28]. Factor score esti-
mates were calculated for each respondent by taking the
mean of responses to statements constituting each fac-
tor. Before the analysis, the responses were converted
into numeric scale (Strongly disagree=1, Disagree=2,
Neutral=3, Agree=4, Strongly agree=5). Table 1 pre-
sents the factors, their meaning and the individual survey
questions constituting them.

The resulting factors are COMFORT, PRACTICAL-
ITY, ACCESSIBILITY and SAFE. COMFORT depicts the
ability of LEVs to improve physical comfort and alleviate
discomfort caused by congestion and poor infrastruc-
ture. PRACTICALITY depicts the vehicles’ ability to
overcome practical issues with everyday travel, specifi-
cally regarding travel with others, transporting goods and
travel in poor weather. ACCESSIBILITY depicts the abil-
ity of LEVs to improve mobility and access, such as trav-
elling farther and faster. SAFE depicts the ability of LEVs
to improve personal safety during travel, referring to both
traffic safety and harassment from others. Although traf-
fic safety and security are usually considered separately,
both influence travel decisions [4]. In this study, views on
both varied similarly.

Table 1 shows Cronbach’s alpha statistics for each fac-
tor, which measures the internal consistency of the indi-
vidual items constituting them. Ursachi et al. [71] suggest
that Cronbach’s alpha statistics between 0.6—0.7 indicate
acceptable factor reliability, with higher values indicat-
ing good or very good reliability. The statistic is 0.7 or
above for all factors except COMFORT (0.66). The table
also shows standardised factor loadings, most of which
are above Kline’s [28] recommended value of 0.7. For
indicators assigned to a single factor, standardised factor
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loadings can be interpreted as regression coefficients,
with lower values suggesting weaker association with the
factor it is assigned to [28]. Although several loadings
are below 0.7, the Cronbach’s alpha, CFI and RMSEA
statistics altogether suggest that the factors perform rea-
sonably with minor weaknesses concerning convergent
validity. These weaknesses were not considered critical,
as this research aims to consider findings on a general
level. All correlations between factors are below Kline’s
[28] recommended value of 0.9.

In addition, three single variable indicators were used.
They were EnvFriendliness, CopeFit, and AvoidContact.
Although CopeFit and AvoidContact are arguably related
to accessibility and safety issues respectively, they reflect
slightly different aspects regarding them and do not fit
well with the constructs.

3.3 Data analysis

This study investigates the research questions by testing
a set of factors and indicators depicting LEV advantages
for differences between respondent groups. Differences
between respondent groups are explored by testing factor
score estimates and indicator means for differences with
full-factorial ANOVAs.

To answer the research questions, full-factorial ANO-
VAs were run for the factors and indicators to investigate
the effect of age group (15-34, 35-55 and 56-70), gender
(male and female), vehicle type, whether the vehicle was
personal or shared and whether the respondent was an
LEV user or not. Type III sums of squares with sum-to-
zero contrasts were used, because the data were unbal-
anced. Significant (p <0.05) effects were interpreted with
estimated marginal means (EMMs) and their 95% confi-
dence intervals.

The group representing non-users were given the
opportunity to provide views on both their preferred
personal and shared vehicles. To ensure that samples
analysed by the ANOVAs were independent, respond-
ents indicating a preferred vehicle in the non-user group
(n=1500) were randomly split into two groups to repre-
sent respondents preferring either personal (n=918) or
shared (n=582) vehicles. The proportions of respondents
in the personal and shared groups are equal to their pro-
portion in the full non-user group prior to splitting. Of
all values in the raw data, 9.1% were missing due to “don’t
know” and “not relevant” answers. These values were
imputed with predictive mean matching. Imputation
was considered necessary so that factor score estimates
would not be computed by a subset of their variables,
thereby giving them unequal weight. An average of 1.27
responses to original survey questions were imputed per
respondent. Running the analyses on cases without miss-
ing values suggests that the results were affected by value
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imputation. However, given the exploratory nature of the
study, where focus was on exploring the data and gaining
insights, the impact was not considered major (see Addi-
tional file 1: Supplementary material A and chapter 5.4).

4 Results

A total of 4,090 respondents answered the survey:
approximately 1,000 per country with a similar age dis-
tribution. For all countries, approximately 37%-41%
of respondents were aged 18-34, 36%—41% were aged
35-55 and 20%-26% were aged 56—70. The oldest age
group accounted for the smallest proportion in all. The
gender distribution in the data was equal between men
(50%) and women (50%). The distribution was similar for
individual countries, with men and women accounting
for approximately 49%—51% each.

Most respondents (74%) reported that they do not
use an LEV at all, followed by respondents whose most
used LEV was personal (16%) and respondents whose
most used LEV was shared (10%). Figure 1 presents these
shares by country. Italy accounts for the largest propor-
tion of personal users and lowest proportion of non-
users. Finland features the lowest proportion of personal
users and highest proportion of non-users, while Spain
had the greatest proportion of shared vehicle users.

Of respondents, 1,068 (26%) represented LEV users
and 1,500 (37%) represented non-users. A total of 1,522
(37%) respondents did not use an LEV nor were inter-
ested in using one, and therefore did not provide views.
Table 2 presents distributions for age group, gender and
country according to respondents’ most used LEV (users)
or most preferred LEV (non-users). Personal LEVs were
most popular among users, and the most used LEV type
was the personal e-bike. Respondents aged 15-34 and
males were most represented for all LEVs among users.
Among non-users, personal vehicles were preferred over
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shared vehicles, with most interest directed toward the
personal e-bike. Interest in LEVs among non-users was
also mainly from younger respondents, but there was
greater interest from older age groups as well as women
in comparison to users.

Most personal e-scooter users were from Austria and
Spain and most e-bike and electric two-wheeler users
were from Italy. Most shared e-scooter users were from
Finland, and most shared e-bike users were from Italy.
Spain had the largest proportion of shared electric two-
wheeler users by a considerable margin. The personal
e-scooter was preferred most in Spain, and the personal
e-bike and electric two-wheeler were preferred most
in Finland. Shared e-scooters were most preferred in
Italy and shared e-bikes were most preferred in Finland.
Shared electric two-wheelers were preferred most in
Spain.

Figure 2 presents overall factor score estimates and
indicator means. In general, the most positively ranked
factors were COMFORT and ACCESSIBILITY, while
PRACTICALITY and SAFE were ranked least positively.
EnvFriendliness was the most positively ranked indica-
tor, with AvoidContact and CopeFitness ranked slightly
less positively. Two-sided one-sample t-tests computed
for SAFE [t(2567)=4.56, p<0.01] and PRACTICALITY
[t(2567) =— 3.42, p<0.01] confirm that they are signifi-
cantly different from indifference (a mean of 3) with a
95% level of confidence.

Table 3 presents the results of the ANOVAs. The
results suggest that in general, views regarding LEVs were
affected by LEV type, whether the LEV was personal
or shared, whether the respondent was an LEV user or
not as well as country and gender (full table available in
Additional file 2: Supplementary material B). Moreover,
significant interactions suggest that responses sometimes
depended on interactions between country, LEV type,

100
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% 50
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Austria Finland Italy Spain
Non-user M Shared Personal

Fig. 1 Access to most used LEV by country
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Fig. 2 Overall factor score estimates and indicator means
Table 3 Results of the full-factorial ANOVAs
Independent Factors Indicators
variables
Comfort Practic-ality Accessibilty Safe CopeFitness AvoidContact  EnvFriend-liness
LEV F)oss0=44 F)2550=9.0 F)2550=0-2 F)os50=224
p=001* p<0.01* p<0.01* p=0.01*
Personal Fi2550=5.5 Fi2550=6.3 Fi2550=4.0 Fi2550=76 Fi2550=193
or shared p=0.02* p=001* p<0.05* p<0.01* p<0.01*
User or non-user  F;s50=16.8 Fi2550=29.8 Fi2550=10.1 F12550=310 Fi2550=61.2
p<0.01* p<0.01* p<0.01* p<0.01* p<0.01*
Age group Fos50=4.2
p=0.02%
Gender Fi2550=155 Fi2550=15.7 Fi2550=6.7
p<0.01* p<0.01* p<0.01*
Country F32550=17.8 F32550=393 F32550=9.0 F3550=46.2 F32550=15.2 F3550=2.8 Fios50=74
p<0.01* p<0.01* p<0.01* p<0.01* p<0.01* p=0.04* p<0.01*
[Country]* [LEV]
[Country]* [Per- F3,2550:3-4
sonal or shared] p=0.02*
[Country]* [User  F35550=3.0 F32550=43 F32550="4.1
or non-user] p=0.02* p<0.01* p<0.01*
[LEV]* [Personal Fy2550=5.8
or shared] p<0.01*
[LEV]* [User
or non-user]
[Personal
or shared]* [User
or non-user]
[LEV]* [Personal Fr2550=3.5 Fr2550=3.1
or shared]* [User p=0.03* p<0.05*

or non-user]

Significant effects (p < 0.05) marked with *

The results of the ANOVAs are first interpreted in
Fig. 3, which compares factor score estimates and indica-
tor means by LEV type. Statistically significant pairwise
comparisons based on EMMs and their 95% confidence

whether the LEV was personal or shared and whether the
respondent was an LEV user or not. No significant inter-
actions were found for gender or age group.
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Fig. 3 Factor score estimates and indicator means by LEV. Dotted lines indicate overall means

intervals were used to identify significant differences. In
general, mean factor score estimates across LEV types
are relatively similar. However, e-bikes were regarded sig-
nificantly more positively than the electric two-wheeler
for COMFORT, ACCESSIBILITY and CopeFitness, and
respondents regarded the electric two-wheeler and e-bike
significantly more positively than e-scooters for PRAC-
TICALITY. No significant differences were detected for
SAFE, AvoidContact or EnvFriendliness.

Figure 4 presents factor score estimates and indica-
tor means by country, all of which differed significantly.
Italian and Spanish respondents had significantly more
positive views than Austrian and Finnish respondents

for all factors and EnvFriendliness. Furthermore, Finn-
ish respondents had a significantly more positive score
for CopeFitness compared to the other countries, while
Austrian respondents had a significantly less positive
score. The ANOVAs also detected statistically significant
effects for gender with three variables. This resulted from
female respondents generally contributing more positive
responses to ACCESSIBILITY, AvoidContact and Env-
Friendliness. However, these differences were negligible
despite statistical significance.

The ANOVAs are further interpreted in Fig. 5, which
shows significant differences for factor score estimates
and indicator means by LEV type between users and

Factors

Indicators

3.57 3.56
3.403.36 3_'3_5 ? '§7_ - 3.28

3.233.22
2.89

Mean score

PRACTICALITY

SAFE

Austria [l Finland

3.383-653.64

>, 34 341

ACCESSIBILITY COMFORT

3.84 377 4.054.04

. 344339363355

AvoidContact EnvFriendliness

CopeFitness

Italy M Spain

Fig. 4 Factor score estimates and indicator means by country. Dotted lines indicate overall means
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Users vs non-users Users vs non-users Users Non-users
Personal Shared Personal vs. shared Personal vs. shared

o E-bike E-scooter E-2W E-bike E-scooter E-2W E-bike E-scooter E-2W E-bike E-scooter E-2W
SAFE-10.36* 0.40*. 0.55*  -0.07 0.28 ||-0.30* 0.31 0.09 -0.11 -0.16 -0.25
2 COMFORT+ 0.26* 0.15 0.33* 022 -0.02 0.16 0.07 0.31* 0.11 0.03 0.14 -0.06
g PRACTICALITY 11 0.40* 0.13 . 0.01  0.30 -0.28 0.07 0.07 -0.12 -0.05 -0.31*
ACCESSIBILITYS 0.05 0.20 0.23 022 0.09 0.18 -0.04 0.22 0.03 012 0.12 -0.02
CopeFitness 1 0.31* "0.43* 0.50* | | 0.49* 0.28 0.37 0.01 1028 0.22 0.19 0.13 0.09

(2
§ AvoidContact1 0.14 -0.02 0.10 0.40* -0.05 0.05 0.02 0.31 0.28 0.27* 0.28 0.23
) EnvFriendiiness1 0.00 0.10 -0.08 || -0.07 -0.29 0.15 0.01 10.51* -0.21 -0.07 0.12 0.02

Difference in

mean SCOres 55 0.00 0.25 0.50
Fig. 5 Differences in factor score estimates and indicator means by LEV type, users and non-users and personal and shared vehicles. * Denotes
a statistically significant difference based on EMMs with non-overlapping 95% confidence intervals. In the two left columns, positive values indicate
that users contributed more positive views. In the two right columns, positive values indicate that personal LEVs were associated with more positive

views

non-users and between shared and personal LEVs. The
two left columns compare values between users and non-
users (positive values indicate that users contributed
more positive views), and the two right columns com-
pare values between personal and shared LEVs (positive
values indicate that personal LEVs were associated with
more positive views).

Users contributed to higher factor score estimates
and indicator means for all statistically significant com-
parisons between users and non-users, most of which
concern personal vehicles. Most significant differ-
ences between users and non-users were detected for
the personal e-bike and electric two-wheeler. Users of
personal vehicles had more positive views regarding
COMFORT, PRACTICALITY, SAFE and CopeFitness
compared to non-users preferring personal vehicles. Sev-
eral significant differences were detected between users
and non-users of shared vehicles but only for the e-bike.
Specifically, users regarded the shared e-bike more posi-
tively than its personal variant for PRACTICALITY,
SAFE, CopeFitness and AvoidContact. Although signifi-
cant interactions between the terms “user and non-user”
and “country” were detected for COMFORT, PRACTI-
CALITY and CopeFitness, the general trend of users

contributing more positive responses remained. For
these items, the differences between users and non-users
were larger in Austria than in the other countries.

Significant differences between the personal and
shared variants of the vehicles mainly concern the per-
sonal e-scooter, with its users regarding the vehicle more
positively for COMFORT and EnvFriendliness compared
to users of its shared variant. Only two significant differ-
ences were detected among non-users between shared
and personal vehicles, and no significant differences were
detected for ACCESSIBILITY.

5 Discussion

More sustainable travel options are needed in cit-
ies to mitigate the harmful environmental and social
issues caused by urban car dependence while meeting
the mobility needs of growing urban populations [18].
Inspired by the potential of LEVs to mitigate some of
these issues, the present study aimed to investigate how
their advantages are perceived by users and non-users,
between LEV types and between personal and shared
LEV variants to inform efforts seeking to influence their
adoption. Previous literature suggests that views con-
cerning environmental sustainability, travel comfort,
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practicality, safety concerns and the ability of the vehicles
to improve mobility and accessibility are the most rele-
vant for LEV adoption.

5.1 Differences in views concerning LEV advantages

The results suggest that LEVs were generally considered
environmentally friendly and regarded well for travel
comfort and accessibility. On the other hand, the vehicles
were considered less positively for travel safety and their
ability to overcome practical issues with everyday travel.

Although some differences in views concerning the
advantages of LEVs are statistically significant, they
remain small, suggesting that the vehicles are generally
viewed relatively similarly across the studied dimensions.
Among the main differences, the e-scooter received a
lower factor score estimate for PRACTICALITY than the
electric two-wheeler and e-bike, which is unsurprising,
as the LEV does not offer space for cargo and is always
single-occupancy. Difficulty transporting goods with
e-scooters was also found to be a disadvantage in Sanders
et al. [58] and Sikka et al. [63]. Furthermore, the e-bike
had a significantly greater indicator mean for CopeFit-
ness than the other LEVs, supporting previous research
suggesting that the e-bike is useful for coping with
reduced physical capabilities and improving accessibility
by assisting the independent mobility of the elderly [24,
37, 57]. No significant differences were detected by LEV
type for SAFE, AvoidContact and EnvFriendliness.

Differences in views between male and female respond-
ents were minor, despite the gender division between
users and non-users. It is possible that the difference in
use may not relate to the vehicles’ advantages. Regardless,
females demonstrated a clear interest in LEVs based on
their majority among non-users.

No differences were detected between age groups,
although evidence suggests that interest in LEVs dif-
fers across age groups, for example with older persons
typically less interested in e-scooters [15, 24]. However,
as older persons have recognised benefits of LEVs, for
example helping with their independent mobility [24, 37,
57], it is reasonable that there are not, for instance, nota-
bly negative views among the elderly. This is particularly
understandable when considering that all views analysed
here are from either users or interested non-users.

Views differed significantly by country. Furthermore,
the countries differed from each other in a systematic
pattern, with Austrian and Finnish respondents gener-
ally contributing less positive views than Spanish and
Italian respondents. LEVs may be appealing in the coun-
tries due to their ability to help travel in hot weather, as
found by Sanders et al. [58] for e-scooters. The results
may also reflect the overall familiarity with and suitability
of small-sized motorised two-wheelers in the countries.
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For example, Barcelona in Spain features widespread use
of motorcycles and mopeds, which are well suited for
travel in dense and congested urban environments typi-
cal for the Mediterranean [31, 44]. Furthermore, Italy has
the largest motorcycle fleet in Europe [2]. No significant
interactions between respondents’ country of origin and
LEV type were detected in the ANOVA, suggesting that
country did not explain the variance in views between
different LEVs across the dimensions studied.

All LEV types were generally considered very envi-
ronmentally friendly by respondents, a result similar to
Hyvonen et al. [24] and Calefato et al. [9]. Environmen-
tal concern was also found by Kopplin et al. [32] as a
main motivating factor for e-scooter use. The consensus
among respondents is strong despite the uncertain sus-
tainability of LEVs [13, 23].

Avoiding others who may have a transmittable disease
was also a very positively rated advantage of all LEVs,
an issue likely relevant to most respondents due to the
COVID-19 pandemic. The positive view is unsurprising,
as most LEVs are single-occupancy and shared services
represent an alternative to crowded public transport. The
finding is also in line with Campisi et al. [11], who discov-
ered that use of public transport became more stressful
after COVID-19 cases began to rise in Sicily, Italy. Fur-
thermore, Bergantino et al. [6] noted a growth in interest
in shared micromobility services in Italian cities during
the pandemic, and Li et al. [38] found similar results in
Zirich.

5.2 Users vs. non-users and personal vs. shared vehicles
According to the results, users regarded the advantages
of LEVs more favourably than non-users. Users contrib-
uted higher factor score estimates and indicator means
than non-users in all significant comparisons of EMMs.
Pre-existing positive views could have led the group to
become users initially, but given their experience, they
should also be most aware of the vehicles’ limitations.
Therefore, it could be plausible that users would have
less positive views than non-users for some of the evalu-
ated advantages. Additionally, non-users may also have
contributed less positive views due to a lack of first-hand
experience, as they must rely on external information
from third parties and/or their preconceptions, for exam-
ple based on seeing the vehicles used in traffic. Kopplin
et al. [32] also found that non-owners of e-scooters have
a less optimistic view of the vehicles than owners.

The finding suggests that LEV advantages may remain
less clear to non-users, only becoming evident after expe-
rience with the vehicles has been gained. Therefore, gain-
ing experience and increasing familiarity with LEVs could
potentially enable non-users to become more aware of
the vehicles’ advantages and help identify how they could
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improve their daily travel. Peters et al. [52] also noted
that a lack of opportunities to test and become familiar
with EVs may constitute a barrier to their adoption. A
similar relationship could also apply to LEVs. In general,
the finding supports previous research linking experience
and familiarity with a travel mode with more favourable
views [51, 69].

The results show few significant differences in views
between shared and personal vehicles, suggesting mod-
est differences between them based on the advantages
examined in this study. Furthermore, views were even
less divided when comparing personal and shared LEVs
among non-users. The finding is unsurprising, as non-
users arguably have the weakest understanding of the
vehicles’ strengths and weaknesses.

5.3 Policy implications

To facilitate the further adoption of LEVs, decision mak-
ers should increase the familiarity of LEVs among non-
users. Public LEV trials could provide a low-threshold
opportunity for non-users to familiarise themselves with
the vehicles. For example, the Helsinki regional transit
operator (HSL) piloted a docked e-scooter scheme in
2019, after which 66% of surveyed users agreed that the
transit operator should promote novel mobility solu-
tions [25]. Furthermore, to maximise sustainability ben-
efits, modal shifts should be directed from private cars to
LEVs, as the replacement of walking, cycling and public
transport trips can increase emissions and critically affect
the sustainability of LEVs [23]. To help achieve this, LEVs
could be integrated with public transport services and
promoted as a sustainable solution for first and last-mile
trips, especially in cities where short car trips represent
a large proportion of all travel [1]. Such integration also
has the potential to improve accessibility to public trans-
port services and improve its competitiveness with pri-
vate cars, further encouraging modal shifts to sustainable
transport [41, 46].

Efforts should also be made to promote safe LEV rid-
ing practices, for instance with appropriate regulation.
A recent Finnish study recommends that speed, age and
drunk riding regulations for LEVs should be considered
[47]. Other policies, such as designated parking areas,
service area limitations and increased enforcement of
traffic rules among LEV users could also help to manage
and minimise potential disadvantages of increased LEV
use [62].

The demographic differences between the user and
non-user groups suggests that potential LEV users may
represent a more diverse group. To help activate these
potential users, suitable merits of the vehicles should
be promoted to the right groups to help non-users find
a suitable LEV for them. This could help overcome
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perceived incompatibility with one’s mobility needs,
which can prevent LEV adoption [16]. For instance,
e-bikes could be promoted to the elderly as a solution
enhancing their independent mobility (as also noted by
e.g. [24, 37, 57]) as it was considered most useful for cop-
ing with physical fitness.

5.4 Limitations

The following limitations apply to the present study: First,
although the sample represented different age groups and
genders, it was not a representative sample of the urban
population. Therefore, the results cannot be generalized
to concern the whole population. Secondly, as the data
used was collected for the purposes of another research
project [65], it were not specifically collected to be ana-
lysed as factors. This potentially contributed to several
standardized factor loadings remaining below 0.7. The
third limitation concerns the missing data in the original
survey responses and their imputation, which may have
affected groupwise comparisons. Running the analyses
on cases without missing values returned fewer statis-
tically significant comparisons and a slightly better fit
for the factor solution compared to the full data with
imputed values. However, given the exploratory nature
of this study, the effect was not considered to so major
as to have a significant impact on the validity of the con-
clusions drawn (see Additional file 1: Supplementary
material A). The larger p-values in the analysis without
missing values may also have been influenced by a lower
sample size [68]. The practical result of these limitations
is that results must be considered on a general level only.
As the aim of this study was to remain exploratory and
provide a general overview of LEV perceptions between
respondent groups, these issues were not considered to
compromise the conclusions made.

6 Conclusion

The findings indicate that LEVs have recognisable advan-
tages. Views differed by LEV type and country, but not by
age group and only slightly by gender. Furthermore, users
regarded the advantages more positively than non-users.
Conversely, there were almost no differences between
personal and shared vehicles. As the non-users included
in this study had selected an LEV they were interested in
using, the results also demonstrate considerable interest
in LEVs from a group of people more diverse than young
males who represent the current main users, further sup-
porting them as alternatives to combustion engine traf-
fic in cities. Decision makers aiming to increase LEV use
should increase non-user’s familiarity with the vehicles
to help them identify how the advantages might help
them with their daily travel, while directing LEV use to
replace car travel instead of cycling, walking and public



Mesimaki and Lehtonen European Transport Research Review

transport. Future research is recommended to investigate
the views of those who do not use LEVs nor are inter-
ested in them. As uninterested non-users account for a
large proportion of the surveyed sample (37%), under-
standing their views on LEV advantages and reasons for
disinterest in the vehicles could provide valuable insights
for efforts promoting modal shifts from the car to LEVs.

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/512544-023-00611-3.

Additional file 1. Supplementary material A. Supplementray tables and
figures.

Additional file 2. Supplementary material B. Results of the full-factorial
ANOVAs. Significant effects (p<0.05) market with *.

Acknowledgements

Appreciation is extended to the STEVE project, for which the survey data were
originally collected. The authors also wish to thank PhD Marie-Axelle Granié
for helpful comments on an earlier version of this work presented at the 2021
ECTRI Young Researcher’s Seminar, and VTT Technical Research Centre of
Finland for providing additional funding.

Author contributions

Mesiméaki and Lehtonen conceptualized the study. Mesimaki conducted the
data analysis and wrote the first version of the manuscript. Lehtonen gave
guidance on the data analysis and reviewed the manuscript. Both authors
have approved the manuscript for publication.

Funding

The research leading to these results received funding from the European
Commission Horizon 2020 program under the project STEVE, grant agreement
number 769944.

Availability of data and material
Data used for this study is not available to protect the privacy of survey
respondents.

Competing interests
None.

Received: 6 September 2022 Accepted: 18 September 2023
Published online: 25 September 2023

References

1. Abduljabbar, R. L, Liyanage, S, & Dia, H. (2021). The role of micro-mobility
in shaping sustainable cities: A systematic literature review. Transportation
Research Part D Transport and Environment, 92, 102734. https://doi.org/10.
1016/j.trd.2021.102734

2. ACEM. (2020). Registrations in the European Union—2019. https://www.
acem.eu/market-data.

3. An, K, Chen, X, Xin, F, Lin, B, & Wei, L. (2013). Travel characteristics of
E-bike users: Survey and analysis in Shanghai. Procedia Social and Behavio-
ral Sciences, 96, 1828-1838. https://doi.org/10.1016/j.sbspro.2013.08.208

4. Backer-Gregndahl, A, Fyhri, A, Ulleberg, P, & Amundsen, A. H. (2009).
Accidents and unpleasant incidents: Worry in transport and prediction of
travel behavior. Risk Analysis, 29(9), 1217-1226. https://doi.org/10.1111/j.
1539-6924.2009.01266.x

5. Bakker, S, Zuidgeest, M., de Coninck, H., & Huizenga, C. (2014).
Transport, development and climate change mitigation: Towards an

(2023) 15:33

20.

AR

22.

23.

24,

Page 13 of 15

integrated approach. Transport Reviews, 34(3), 335-355. https://doi.org/
10.1080/01441647.2014.903531

Bergantino, A. S., Intini, M., & Tangari, L. (2021). Influencing factors for
potential bike-sharing users: An empirical analysis during the COVID-
19 pandemic. Research in Transportation Economics, 5, 101028. https://
doi.org/10.1016/].retrec.2020.101028

Bloom, M. B, Noorzad, A, Lin, C, Little, M,, Lee, E. Y., Margulies, D. R,
&Torbati, S. S. (2021). Standing electric scooter injuries: Impact on a
community. The American Journal of Surgery, 221(1), 227-232. https://
doi.org/10.1016/j.amjsurg.2020.07.020

Buekers, J, Van Holderbeke, M., Bierkens, J., & Int Panis, L. (2014). Health
and environmental benefits related to electric vehicle introduction in
EU countries. Transportation Research Part D Transport and Environment,
33,26-38. https://doi.org/10.1016/j.trd.2014.09.002

Calefato, C,, Fruttaldo, S., Landini, E., & Montanari, R. (2016). Under-
standing the user needs in the electric mobility system: A survey study.
Science, 8, 96.

Campbell, A. A, Cherry, C. R, Ryerson, M. S., & Yang, X. (2016). Factors
influencing the choice of shared bicycles and shared electric bikes

in Beijing. Transportation Research Part C Emerging Technologies, 67,
399-414. https://doi.org/10.1016/j.trc.2016.03.004

. Campisi, T, Basbas, S., Skoufas, A., Akgiin, N., Ticali, D., & Tesoriere, G.

(2020). The impact of COVID-19 pandemic on the resilience of sustain-
able mobility in Sicily. Sustainability. https://doi.org/10.3390/su122
18829

Chang, A, Miranda-Moreno, L., Sun, L., & Clewlow, R. (2019). Trend

or fad? Deciphering the enablers of micromobility in the U.S. SAE
International.

Christoforou, Z,, de Bortoli, A, Gioldasis, C., & Seidowsky, R. (2021). Who is
using e-scooters and how? Evidence from Paris. Transportation Research
Part D Transport and Environment, 92, 102708. https://doi.org/10.1016/].
trd.2021.102708

. de Haas, M, Kroesen, M., Chorus, C,, Hoogendoorn-Lanser, S., & Hoogen-

doorn, S. (2022). E-bike user groups and substitution effects: Evidence
from longitudinal travel data in the Netherlands. Transportation, 49(3),
815-840. https://doi.org/10.1007/511116-021-10195-3

Degele, J, Gorr, A, Haas, K, Kormann, D,, Krauss, S., Lipinski, P, Tenbih, M.,
Koppenhoefer, C, Fauser, J., & Hertweck, D. (2018). Identifying E-scooter
sharing customer segments using clustering. In 2018 [EEE international
conference on engineering, technology and innovation (ICE/ITMC) (pp. 1-8).
https://doi.org/10.1109/ICE.2018.8436288.

Eccarius, T, & Lu, C.-C. (2020). Adoption intentions for micro-mobility—
Insights from electric scooter sharing in Taiwan. Transportation Research
Part D Transport and Environment, 84, 102327. https://doi.org/10.1016/j.
trd.2020.102327

Fishman, E., & Cherry, C. (2016). E-bikes in the mainstream: Reviewing a
decade of research. Transport Reviews, 36(1), 72-91. https://doi.org/10.
1080/01441647.2015.1069907

Gossling, S. (2020). Why cities need to take road space from cars—And
how this could be done. Journal of Urban Design, 25(4), 443-448. https://
doi.org/10.1080/13574809.2020.1727318

Hardt, C, & Bogenberger, K. (2019). Usage of E-scooters in urban environ-
ments. Transportation Research Procedia, 37, 155-162. https://doi.org/10.
1016/j.trpro.2018.12.178

Harman, H. H., & Jones, W. H. (1966). Factor analysis by minimizing residu-
als (minres). Psychometrika, 31(3), 351-368. https://doi.org/10.1007/BF022
89468

Haustein, S., & Maller, M. (2016). E-bike safety: Individual-level factors

and incident characteristics. Journal of Transport & Health, 3(3), 386-394.
https://doi.org/10.1016/jjth.2016.07.001

Hiselius, L. W, & Svensson, A. (2017). E-bike use in Sweden-CO, effects
due to modal change and municipal promotion strategies. Journal of
Cleaner Production, 141, 818-824. https://doi.org/10.1016/jjclepro.2016.
09.141

Hollingsworth, J., Copeland, B., & Johnson, J. X. (2019). Are e-scooters pol-
luters? The environmental impacts of shared dockless electric scooters.
Environmental Research Letters, 14(8), 08403 1. https://doi.org/10.1088/
1748-9326/ab2da8

Hyvonen, K, Repo, P, & Lammi, M. (2016). Light electric vehicles: Sub-
stitution and future uses. Transportation Research Procedia, 19, 258-268.
https://doi.org/10.1016/j.trpro.2016.12.085


https://doi.org/10.1186/s12544-023-00611-3
https://doi.org/10.1186/s12544-023-00611-3
https://doi.org/10.1016/j.trd.2021.102734
https://doi.org/10.1016/j.trd.2021.102734
https://www.acem.eu/market-data
https://www.acem.eu/market-data
https://doi.org/10.1016/j.sbspro.2013.08.208
https://doi.org/10.1111/j.1539-6924.2009.01266.x
https://doi.org/10.1111/j.1539-6924.2009.01266.x
https://doi.org/10.1080/01441647.2014.903531
https://doi.org/10.1080/01441647.2014.903531
https://doi.org/10.1016/j.retrec.2020.101028
https://doi.org/10.1016/j.retrec.2020.101028
https://doi.org/10.1016/j.amjsurg.2020.07.020
https://doi.org/10.1016/j.amjsurg.2020.07.020
https://doi.org/10.1016/j.trd.2014.09.002
https://doi.org/10.1016/j.trc.2016.03.004
https://doi.org/10.3390/su12218829
https://doi.org/10.3390/su12218829
https://doi.org/10.1016/j.trd.2021.102708
https://doi.org/10.1016/j.trd.2021.102708
https://doi.org/10.1007/s11116-021-10195-3
https://doi.org/10.1109/ICE.2018.8436288
https://doi.org/10.1016/j.trd.2020.102327
https://doi.org/10.1016/j.trd.2020.102327
https://doi.org/10.1080/01441647.2015.1069907
https://doi.org/10.1080/01441647.2015.1069907
https://doi.org/10.1080/13574809.2020.1727318
https://doi.org/10.1080/13574809.2020.1727318
https://doi.org/10.1016/j.trpro.2018.12.178
https://doi.org/10.1016/j.trpro.2018.12.178
https://doi.org/10.1007/BF02289468
https://doi.org/10.1007/BF02289468
https://doi.org/10.1016/j.jth.2016.07.001
https://doi.org/10.1016/j.jclepro.2016.09.141
https://doi.org/10.1016/j.jclepro.2016.09.141
https://doi.org/10.1088/1748-9326/ab2da8
https://doi.org/10.1088/1748-9326/ab2da8
https://doi.org/10.1016/j.trpro.2016.12.085

Mesimaki and Lehtonen European Transport Research Review

25.

26.

27.

28.

29.

30.

31.

32.

33

34

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45,

Jaaskeldinen, T. (2019). Potkulautapilotti Asiakaskysely. https://www.hsl.fi/
sites/default/files/uploads/vuosaaren_potkulautapilotti_asiakaskyselyn_
tulokset.pdf.

Jacobs-Crisioni, C., Kompil, M., Baranzelli, C,, & Lavalle, C. (2015). Indicators
of urban form and sustainable urban transport: Introducing simulation-
based indicators for the LUISA modelling platform (EUR 27708EN). https://
doi.org/10.2788/59611

Jones, T, Tight, M., Horton, D,, Scheldeman, G., Mullen, C,, Jopson, A,

& Strano, E. (2013). Promoting walking and cycling: New perspectives on
sustainable travel. Policy Press.

Kline, R. B. (2011). Principles and practice of structural equation modelling.
The Guilford Press.

Kobayashi, L. M., Williams, E., Brown, C. V., Emigh, B. J,, Bansal, V., Badiee, J.,
Checchi, K. D, Castillo, E. M., & Doucet, J. (2019). The e-merging e-pidemic
of e-scooters. Trauma Surgery Acute Care Open, 4(1), €000337. https://doi.
org/10.1136/tsaco-2019-000337

Kooijman, J. D. G, Meijaard, J. P, Papadopoulos, J. M., Ruina, A., & Schwab,
A.L.(2011). A bicycle can be self-stable without gyroscopic or caster
effects. Science, 332(6027), 339-342. https://doi.org/10.1126/science.
1201959

Kopp, P. (2011). The unpredicted rise of motorcycles: A cost benefit analy-
sis. Transport Policy, 18(4), 613-622. https://doi.org/10.1016/j.tranpol.2011.
03.002

Kopplin, C. S, Brand, B. M., & Reichenberger, Y. (2021). Consumer accept-
ance of shared e-scooters for urban and short-distance mobility. Trans-
portation Research Part D Transport and Environment, 91, 102680. https://
doi.org/10.1016/j.trd.2020.102680

Kostareli, A, Basbas, S., Stamatiadis, N., & Nikiforiadis, A. (2020). Attitudes
of E-Scooter Non-users Towards Users. In Proceedings of the 5th conference
on sustainable urban mobility, virtual CSUM2020, June 17-19, 2020, Greece
(vol. 1278, pp. 87-96).

Lahtinen, E. (2020). Assessment of the impact of electric personal transporta-
tion devices on traffic safety (5/2020; Traficom Research Reports, p. 52).
Langford, B. C, Cherry, C. R, Bassett, D. R, Fitzhugh, E. C,, & Dhakal, N.
(2017). Comparing physical activity of pedal-assist electric bikes with
walking and conventional bicycles. Journal of Transport and Health, 6,
463-473. https://doi.org/10.1016/},jth.2017.06.002

Lee, A, Molin, E, Maat, K., & Sierzchula, W. (2015). Electric bicycle use and
mode choice in the Netherlands. Transportation Research Record, 2520(1),
1-7. https;//doi.org/10.3141/2520-01

Leger, S.J, Dean, J. L, Edge, S., & Casello, J. M. (2019)."If | had a regular
bicycle, | wouldn't be out riding anymore”: Perspectives on the potential
of e-bikes to support active living and independent mobility among
older adults in Waterloo, Canada. Transportation Research Part A Policy and
Practice, 123, 240-254. https://doi.org/10.1016/j.tra.2018.10.009

Li, A, Zhao, P, He, H., & Axhausen, K. W. (2020). Understanding the varia-
tions of micro-mobility behavior before and during COVID-19 pandemic
period. In Arbeitsberichte Verkehrs-und Raumplanung (Vol. 1547) [Working
Paper]. IVT, ETH Zurich. https://doi.org/10.3929/ethz-b-000430395

Liew, Y. K, Wee, C. P. J,, & Pek, J. H. (2020). New peril on our roads: A
retrospective study of electric scooter-related injuries. Singapore Medical
Journal, 61(2), 92-95.

Lime. (2018). San Francisco scooter use survey details. https://www.li.me/
hubfs/Lime%20San%20Francisco%20Scooter%20Survey%20Findings.pdf.
Lin, D, Zhang, Y, Zhu, R, & Meng, L. (2019). The analysis of catchment
areas of metro stations using trajectory data generated by dockless
shared bikes. Sustainable Cities and Society, 49, 101598. https://doi.org/10.
1016/j.5¢5.2019.101598

Ma, C, Yang, D,, Zhou, J, Feng, Z,, & Yuan, Q. (2019). Risk riding behaviors
of urban e-bikes: A literature review. International Journal of Environmen-
tal Research and Public Health, 16(13), E2308. https://doi.org/10.3390/ijerp
h16132308

MacArthur, J, Dill, J,, & Person, M. (2014). Electric bikes in North America:
Results of an online survey. Transportation Research Record, 2468(1),
123-130. https://doi.org/10.3141/2468-14

Marquet, O, & Miralles-Guasch, C. (2016). City of Motorcycles. On how
objective and subjective factors are behind the rise of two-wheeled
mobility in Barcelona. Transport Policy, 52, 37-45. https://doi.org/10.
1016/j.tranpol.2016.07.002

Mathew, J,, Liu, M, Li, H., Seeder, S., & Bullock, D. (2019). Analysis of
E-scooter trips and their temporal usage patterns. /TE Journal, 89, 44-49.

(2023) 15:33

46.

47.

48.
49.
50.

51

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

Page 14 of 15

Midenet, S, Come, E., & Papon, F. (2018). Modal shift potential of improve-
ments in cycle access to exurban train stations. Case Studies on Transport
Policy, 6(4), 743-752. https://doi.org/10.1016/j.cstp.2018.09.004
Mladenovi¢, M. N, Dibaj, S., & Lopatnikov, D. (2022). Evaluation of electric
scooter deployment in the City of Helsinki: A perspective on sociotechnical
transitions dynamics and adaptive governance. Department of Built Envi-
ronment, Aalto University. https://www.aalto.fi/en/department-of-built-
environment/evaluation-of-electric-scooter-deployment-in-the-city-of-
helsinki-eva-hel.

NACTO. (2019). Shared Micromobility in the U.S.: 2018. https://nacto.org/
shared-micromobility-2018/.

PBOT. (2019). 2018 E-Scooter Findings Report. https://www.portlandor
egon.gov/transportation/article/709719.

PBOT. (2020). 2019 E-Scooter Report and Next Steps. https://www.portland.
gov/transportation/escooterpdx/2019-e-scooter-report-and-next-steps.
Pedersen, T, Friman, M., & Kristensson, P. (2011). Affective forecasting:
Predicting and experiencing satisfaction with public transportation1.
Journal of Applied Social Psychology, 41(8), 1926—1946. https://doi.org/10.
1111/).1559-1816.2011.00789.x

Peters, A, Agosti, R, Popp, M., & Ryf, B. (2011). Electric mobility-a survey of
different consumer groups in germany with regard to adoption (ECEEE 2011
Summer Study, pp. 983-994). Energy Efficiency First: The Foundation of a
Low-Carbon Society.

Pierce, J. M. T, Nash, A. B, & Clouter, C. A. (2013). The in-use annual energy
and carbon saving by switching from a car to an electric bicycle in an
urban UK general medical practice: The implication for NHS commuters.
Environment, Development and Sustainability, 15, 1645-1651. https://doi.
0rg/10.1007/510668-013-9454-0

Popovich, N., Gordon, E, Shao, Z,, Xing, Y, Wang, Y., & Handy, S. (2014).
Experiences of electric bicycle users in the Sacramento. California area.
Travel Behaviour and Society, 1(2), 37-44. https://doi.org/10.1016/j.tbs.
2013.10.006

Posirisuk, P, Baker, C,, & Ghajari, M. (2022). Computational prediction

of head-ground impact kinematics in e-scooter falls. Accident Analysis
Prevention, 167, 106567. https://doi.org/10.1016/j.aap.2022.106567
Ramboll. (2020). Achieving sustainable micro-mobility (Micro-Mobility
Green Paper, p. 74).

Rose, G. (2012). E-bikes and urban transportation: Emerging issues and
unresolved questions. Transportation, 39(1), 81-96. https://doi.org/10.
1007/511116-011-9328-y

Sanders, R. L, Branion-Calles, M., & Nelson, T. A. (2020). To scoot or not to
scoot: Findings from a recent survey about the benefits and barriers of
using E-scooters for riders and non-riders. Transportation Research Part A:
Policy and Practice, 139, 217-227. https://doi.org/10.1016/j.tra.2020.07.009
Santucci, M, Pieve, M., & Pierini, M. (2016). Electric L-category vehicles for
smart urban mobility. Transportation Research Procedia, 14, 3651-3660.
https://doi.org/10.1016/j.trpro.2016.05.433

Schepers, J. P, Fishman, E.,, den Hertog, P, Wolt, K. K., & Schwab, A. L.
(2014). The safety of electrically assisted bicycles compared to classic
bicycles. Accident Analysis Prevention, 73, 174-180. https://doi.org/10.
1016/j.aap.2014.09.010

Shaheen, S., & Cohen, A. (2019). Micromobility Policy Toolkit: Docked and
Dockless Bike and Scooter Sharing. https://doi.org/10.7922/G2TH8JW7
Shaheen, S., Cohen, A, & Broader, J. (2021). What's the ‘Big' deal with
shared micromobility? Evolution, curb policy, and potential develop-
ments in North America. Built Environment, 47(4), 96.

Sikka, N, Vila, C,, Stratton, M., Ghassemi, M., & Pourmand, A. (2019).
Sharing the sidewalk: A case of E-scooter related pedestrian injury. The
American Journal of Emergency Medicine, 37(9), 1807.e5-1807.e7. https://
doi.org/10.1016/j.ajem.2019.06.017

Sparks, D, M. T, Fessler, A, M., & Zinsser, M. (2019). Exploring the roles

of conformity, hazard, and convenience in risk mitigation decisions: An
observational study of helmet use among bicyclists and e-scooter riders
in los angeles during two natural experiments. Preprint. https://doi.org/
10.31234/0sfio/gspbm

STEVE. (2021). Move2Me Vision: A paradigm shift in transport systems. (D 6.2;
p. 79). http://www.steve-project.eu/index.php/en/resources/deliverables.
Tan, S., & Tamminga, K. (2020). A vision for urban micromobility. In
Proceedings of the 5th Conference on Sustainable Urban Mobility, Virtual
CSUM2020, June 17-19, 2020, Greece (vol. 1278, pp. 158-167).


https://www.hsl.fi/sites/default/files/uploads/vuosaaren_potkulautapilotti_asiakaskyselyn_tulokset.pdf
https://www.hsl.fi/sites/default/files/uploads/vuosaaren_potkulautapilotti_asiakaskyselyn_tulokset.pdf
https://www.hsl.fi/sites/default/files/uploads/vuosaaren_potkulautapilotti_asiakaskyselyn_tulokset.pdf
https://doi.org/10.2788/59611
https://doi.org/10.2788/59611
https://doi.org/10.1136/tsaco-2019-000337
https://doi.org/10.1136/tsaco-2019-000337
https://doi.org/10.1126/science.1201959
https://doi.org/10.1126/science.1201959
https://doi.org/10.1016/j.tranpol.2011.03.002
https://doi.org/10.1016/j.tranpol.2011.03.002
https://doi.org/10.1016/j.trd.2020.102680
https://doi.org/10.1016/j.trd.2020.102680
https://doi.org/10.1016/j.jth.2017.06.002
https://doi.org/10.3141/2520-01
https://doi.org/10.1016/j.tra.2018.10.009
https://doi.org/10.3929/ethz-b-000430395
https://www.li.me/hubfs/Lime%20San%20Francisco%20Scooter%20Survey%20Findings.pdf
https://www.li.me/hubfs/Lime%20San%20Francisco%20Scooter%20Survey%20Findings.pdf
https://doi.org/10.1016/j.scs.2019.101598
https://doi.org/10.1016/j.scs.2019.101598
https://doi.org/10.3390/ijerph16132308
https://doi.org/10.3390/ijerph16132308
https://doi.org/10.3141/2468-14
https://doi.org/10.1016/j.tranpol.2016.07.002
https://doi.org/10.1016/j.tranpol.2016.07.002
https://doi.org/10.1016/j.cstp.2018.09.004
https://www.aalto.fi/en/department-of-built-environment/evaluation-of-electric-scooter-deployment-in-the-city-of-helsinki-eva-hel
https://www.aalto.fi/en/department-of-built-environment/evaluation-of-electric-scooter-deployment-in-the-city-of-helsinki-eva-hel
https://www.aalto.fi/en/department-of-built-environment/evaluation-of-electric-scooter-deployment-in-the-city-of-helsinki-eva-hel
https://nacto.org/shared-micromobility-2018/
https://nacto.org/shared-micromobility-2018/
https://www.portlandoregon.gov/transportation/article/709719
https://www.portlandoregon.gov/transportation/article/709719
https://www.portland.gov/transportation/escooterpdx/2019-e-scooter-report-and-next-steps
https://www.portland.gov/transportation/escooterpdx/2019-e-scooter-report-and-next-steps
https://doi.org/10.1111/j.1559-1816.2011.00789.x
https://doi.org/10.1111/j.1559-1816.2011.00789.x
https://doi.org/10.1007/s10668-013-9454-0
https://doi.org/10.1007/s10668-013-9454-0
https://doi.org/10.1016/j.tbs.2013.10.006
https://doi.org/10.1016/j.tbs.2013.10.006
https://doi.org/10.1016/j.aap.2022.106567
https://doi.org/10.1007/s11116-011-9328-y
https://doi.org/10.1007/s11116-011-9328-y
https://doi.org/10.1016/j.tra.2020.07.009
https://doi.org/10.1016/j.trpro.2016.05.433
https://doi.org/10.1016/j.aap.2014.09.010
https://doi.org/10.1016/j.aap.2014.09.010
https://doi.org/10.7922/G2TH8JW7
https://doi.org/10.1016/j.ajem.2019.06.017
https://doi.org/10.1016/j.ajem.2019.06.017
https://doi.org/10.31234/osf.io/gspbm
https://doi.org/10.31234/osf.io/gspbm
http://www.steve-project.eu/index.php/en/resources/deliverables

Mesimaki and Lehtonen European Transport Research Review

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

(2023) 15:33

Teixeira, J. F, Silva, C, & Moura e S4, F. (2022). The role of bike sharing dur-
ing the coronavirus pandemic: An analysis of the mobility patterns and
perceptions of Lisbon's GIRA users. Transportation Research Part A Policy
and Practice, 159, 17-34. https://doi.org/10.1016/j.tra.2022.03.018

Thiese, M. S, Ronna, B, & Ott, U. (2016). P value interpretations and con-
siderations. Journal of Thoracic Disease, 8(9), E928-E931.

Ton, D., Zomer, L-B,, Schneider, F, Hoogendoorn-Lanser, S., Duives, D,
Cats, O, & Hoogendoorn, S. (2020). Latent classes of daily mobility pat-
terns: The relationship with attitudes towards modes. Transportation,
47(4), 1843-1866. https://doi.org/10.1007/511116-019-09975-9

Twisk, D. A. M, Platteel, S, & Lovegrove, G. R. (2017). An experiment on
rider stability while mounting: Comparing middle-aged and elderly
cyclists on pedelecs and conventional bicycles. Accident Analysis Preven-
tion, 105, 109-116. https://doi.org/10.1016/j.aap.2017.01.004

Ursachi, G., Horodnic, I. A, & Zait, A. (2015). How reliable are measurement
scales? External factors with indirect influence on reliability estimators.
Procedia Economics and Finance, 20, 679-686. https://doi.org/10.1016/
$2212-5671(15)00123-9

Voi Technology AB. (2019). Sustainability statement. https://www.voisc
ooters.com/wp-content/uploads/2019/09/Voi-Technology-Sustainability-
Statement-.pdf.

Wang, K., Qian, X, Fitch, T. D, Lee, Y, Malik, J., & Circella, G. (2022). What
travel modes do shared e-scooters displace? A review of recent research
findings. Transport Reviews, 5, 69.

Weiss, M., Dekker, P, Moro, A, Scholz, H., & Patel, M. K. (2015). On the
electrification of road transportation-A review of the environmental,
economic, and social performance of electric two-wheelers. Transporta-
tion Research Part D Transport and Environment, 41, 348-366. https://doi.
0rg/10.1016/j.trd.2015.09.007

Winslott Hiselius, L., Svensson, A, Bondemark, A, & Rye, T. (2013). | vilken
utstréickning kan elcyklar (och elmopeder) ersdtta dagens biltrafik? (Vol. 288).
LTH, Lund University.

Yang, H., Ma, Q, Wang, Z,, Cai, Q, Xie, K, &Yang, D. (2020). Safety of micro-
mobility: Analysis of E-Scooter crashes by mining news reports. Accident
Analysis Prevention, 143, 105608. https://doi.org/10.1016/j.aap.2020.
105608

Zagorskas, J,, & Burinskiené, M. (2019). Challenges caused by increased
use of e-powered personal mobility vehicles in European cities. Sustain-
ability, 12(1), 273. https://doi.org/10.3390/su12010273

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Page 15 of 15

Submit your manuscript to a SpringerOpen®
journal and benefit from:

» Convenient online submission

» Rigorous peer review

» Open access: articles freely available online
» High visibility within the field

» Retaining the copyright to your article

Submit your next manuscript at » springeropen.com



https://doi.org/10.1016/j.tra.2022.03.018
https://doi.org/10.1007/s11116-019-09975-9
https://doi.org/10.1016/j.aap.2017.01.004
https://doi.org/10.1016/S2212-5671(15)00123-9
https://doi.org/10.1016/S2212-5671(15)00123-9
https://www.voiscooters.com/wp-content/uploads/2019/09/Voi-Technology-Sustainability-Statement-.pdf
https://www.voiscooters.com/wp-content/uploads/2019/09/Voi-Technology-Sustainability-Statement-.pdf
https://www.voiscooters.com/wp-content/uploads/2019/09/Voi-Technology-Sustainability-Statement-.pdf
https://doi.org/10.1016/j.trd.2015.09.007
https://doi.org/10.1016/j.trd.2015.09.007
https://doi.org/10.1016/j.aap.2020.105608
https://doi.org/10.1016/j.aap.2020.105608
https://doi.org/10.3390/su12010273

	Light electric vehicles: the views of users and non-users
	Abstract 
	Purpose 
	Method 
	Findings 

	1 Introduction
	2 Literature review
	3 Method
	3.1 Survey
	3.2 Advantage factors and indicators
	3.3 Data analysis

	4 Results
	5 Discussion
	5.1 Differences in views concerning LEV advantages
	5.2 Users vs. non-users and personal vs. shared vehicles
	5.3 Policy implications
	5.4 Limitations

	6 Conclusion
	Anchor 19
	Acknowledgements
	References


