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ARTICLE INFO ABSTRACT

Keywords: Electric scooters (e-scooters) have become a popular phenomenon internationally; however, their
Traffic safety use has raised concerns about pedestrian safety. This study describes the possible effects of the
Micromobility

emergence of e-scooters on pedestrians. We focus on the interaction, conflicts, crashes, and at-
titudes between pedestrians and e-scooter riders and pedestrians’ perceived safety in the presence
of e-scooters. Data were collected from e-scooter riders and non-riders (n = 3385) through an
online survey in Australia, Belgium, the Czech Republic, Norway, and Sweden. Around 20-30% of
e-scooter riders rode on sidewalks, whether it is allowed or not. Non-riders of e-scooters tended to
report that riding an e-scooter is rather dangerous. Pedestrians, except Australian ones, perceived
e-scooter riders (and e-scooter operation) as annoying. Half of the e-scooter riders had experi-
enced a near miss at some point in the past and more than 50% of these near misses included
another road user. Up to 10% of the e-scooter riders from all five countries reported having
experienced a crash. On the basis of these findings, we believe that the most relevant suggestions
for the implications in sustainable (urban) mobility involve separating e-scooter riders and
pedestrians.

E-scooters
Pedestrians
Traffic psychology

1. Introduction

Electric scooters (e-scooters) have become a new and popular phenomenon all around the world in the last five years as they seem
to be a cheap, fast, convenient, and flexible means of transport in cities with frequent junctions [1]. Recent literature concludes that
e-scooters are attractive among people aged between 26 and 35 years for short distances (1.7 km or 0.5-2 miles, usually representing
the “first/last mile”) and they most often replace walking, public transport less so, and the car least often [2-7]. Commuting to
work/school and leisure activities are the most common purposes of e-scooter rides [4,6,8,9].

E-scooters are promoted and viewed as an environment-friendly means of transport [10], despite research findings to the contrary.
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Another study concluded that shared e-scooters are not yet environmentally beneficial as they can cause 202 g CO2-eq/passenger-mile.
What is more, e-scooters mainly replace active modes of transportation, which is why their impact will always be harmful to the
environment [11,12].

Despite their popularity, safety issues are discussed and studied as there is little regulation of e-scooter use. Some researchers have
pronounced safety issues to be a major inconvenience of e-scooters [6,8]. There is an increasing number of studies which focus on types
of e-scooter injuries and their prevalence, as well as healthcare costs resulting from e-scooter crashes. Aizpuru et al. found that the
change in the incidence of e-scooter injuries in the USA was not significant between 2013 and 2017 [13]. loannides et al. estimated that
115 injuries per million e-scooter trips were treated in 180 clinics and two hospitals in Los Angeles in 2014-2020 [14]. On the other
hand, recent studies noted that after the launch of shared e-scooters there was a dramatic increase in e-scooter injuries — a 625%
increase in Salt Lake City when comparing a control period in 2017 (i.e., before shared e-scooter programs were launched) [15] with a
test period in 2018 (i.e,. after shared e-scooter programs were launched); then an incidence of 248 injuries was found in summer 2019
in Berlin [16]. Similarly, there was a six-fold rise (from an average of 26.9 to an average of 152.6 injuries) in the monthly number of
e-scooter injuries in the emergency department of a hospital in a major metropolitan area after the introduction of shared e-scooter
services [17]. Numerous papers conclude that superficial soft tissue injuries and extremity and head injuries are the most common [13,
15-20]. Sikka et al. published a case study highlighting the health and financial impact for pedestrians involved in an e-scooter
collision [21].

Another major issue identified by e-scooter research is the parking of dockless e-scooters. An improperly parked shared e-scooter (e.
g., in the middle of a sidewalk) can block a sidewalk so that a pedestrian can stumble over the e-scooter or they might be made to use a
road to bypass the blockage, which can endanger the pedestrian. Another study highlighted that e-scooters were parked on private
property in San Jose [22]. On the other hand, a study examining parking in five U.S. cities concludes that improper parking is
infrequent among e-scooters: only 1.1% of e-scooters violated parking regulations to such an extent that a sidewalk was badly passable
or blocked a crossing or a pedestrian ramp. The data show that if a city provides parking infrastructure e-scooter riders use it [23]. In
the light of these findings, Zakhem and Smith-Collin offer techniques for analyzing areas of high parking demand to promote
micromobility in cities [24].

Concerning interactions between e-scooters and pedestrians, e-scooter riders are said to hamper pedestrian mobility. Maiti et al.
analyzed specific spatio-temporal metrics on two university campuses in Texas and reported that there were more e-scooter encounters
with pedestrians in certain locations (e.g., parking lots, recreation centers, etc.) and at specific times (Wednesdays around noon and
Thursdays around midnight) [25]. They also observed that the majority of close encounters happened on narrow pedestrian paths.
They recommend that municipalities improve the infrastructure (e.g., creating more bike lanes) and create clear regulations, which is
consistent with other literature [26]. Another highlight of Maiti et al.‘s study is that 58% of the pedestrians were interested in a mobile
application alerting them about potential encounters with e-scooter riders.

Trivedi et al. emphasize the impact of e-scooter riding on pedestrian safety and pedestrians’ comfort on the street. An Australian
study observed that more than 90% of e-scooter riders rode on sidewalks and “about 40% were ridden with at least one pedestrian
within 1 m” [20]. Despite this, the rates of conflicts were from 0 to 1.5% [27]. Fitt and Curl produced similar findings; over 90% of
e-scooter users from New Zealand had ridden on a sidewalk for at least a part of their journey; however, most of them agreed that the
sidewalk was not a suitable environment for e-scooter use [28]. Similarly, only 26% of non-riders think the sidewalk is appropriate for
e-scooter use. Arellano and Fang noted that e-scooter users ride at lower speeds in spaces that are shared with pedestrians and so they
can be less dangerous to pedestrians [29].

A recent study from Paris sheds light on how e-scooter users move and navigate through the city and how responsive to pedestrians
they are. The authors conclude: 1) the traffic rules for e-scooters are not clear; 2) e-scooter riders bend the rules, and 3) there is a
relative absence of common knowledge in perceiving and understanding e-scooter motion so that pedestrians become hesitant and
react haphazardly [30]. Likewise, Siebert et al. found that 32% of 777 shared e-scooters’ riders observed violated existing road rules (e.
g., using prohibited infrastructure, simultaneous use of an e-scooter by two people) [31]. Next, a study from Rosslyn, Virginia,
highlights that 56% of the respondents felt unsafe or very unsafe around dockless e-scooter riders compared to users of other modes of
transportation. Interestingly, 76% of those respondents who had no experience with riding e-scooters reported that walking around
e-scooter riders was unsafe or very unsafe [32]. These findings suggest that the perception that e-scooter riding is not safe can cause
tensions between riders and pedestrians. Buehler et al. also examined the attitudes of riders and non-riders and point out that 43% of
non-rider pedestrians reported feeling unsafe walking around e-scooters [33]. Both riders and non-riders would prefer more separate
spaces, such as bike lanes, for e-scooters to use, which is consistent with a survey from Thessaloniki, Greece, where safety is a major
concern for non-riders and a major reason why they are not attracted by this means of transport [26].

Another interesting qualitative study from New Zealand addresses how pedestrians and e-scooter riders experience sharing
transport space. According to the participants, e-scooter riding shares more similarities with cycling and driving than with walking.
Pedestrians’ and e-scooter riders’ encounters were described as uncertain and ambiguous. Also, “pedestrians in this study raised concerns
about the way that e-scooter riders travel in close proximity and blend in with pedestrians” [34]. The same author points out that the power
relations on the path are blurred, because pedestrians see e-scooter riders as threats to their safety, whilst e-scooter riders tend to adjust
their behavior and use the path in a considerate manner [34]. Recently, a virtual reality experiment was conducted in Singapore in
which the attitudes towards e-scooter operating speed during pedestrian-e-scooter interaction on shared sidewalks were determined.
The researchers found out that e-scooter riders and pedestrians perceive the speed of 10 km/h as being safer than 15 and 20 km/h
during an overtaking maneuver. However, in face-to-face interaction the pedestrians felt safer when an e-scooter rider went at 15 km/h
than at 10 km/h, which suggests that speed may not be the only factor in the perception of risk assessment. In addition, four out of six
near misses in this study were caused by misconduct on the part of e-scooter riders (e.g., approaching a pedestrian silently from behind
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or riding in a zigzag fashion). Altogether, pedestrians felt less safe in general in comparison with e-scooter riders. Finally, the authors
studied anger levels and they revealed that most pedestrians were annoyed by an e-scooter approaching at 20 km/h; however, there
was no difference in the anger levels between speeds of 10 km/h and 15 km/h [35].

The research on interactions or communication between road users is based on psychological principles and research methods.
Interaction is a kind of action that occurs as two or more objects have an effect upon one another. The idea of a two-way effect is
essential in the concept of interaction, as opposed to a one-way causal effect. Communication is the imparting or interchange of
thoughts, opinions, or information by speech, writing, signs, or other means. Each encounter or interaction in traffic (or general)
includes communication.

Road user behavior, more specifically road user interactions or communication, can be described by using various types of data,
collected under different conditions, which can be categorized as follows: (i) controlled data collection: stated behavior data (surveys,
questionnaires, interviews, focus groups), data collected from simulations using driving simulators or virtual reality; (ii) naturalistic
data collection (behavior observation, traffic conflict observation, naturalistic driving — using instrumented vehicles to collect
behavior data) [36].

On the basis of the previously presented state of the art we can conclude that the topic of e-scooters, mobility, and traffic safety has
been solidly discussed in the literature in the last five years. The research focuses mainly on traffic safety (e.g., the occurrence of
crashes), the share of public space (e.g., parking of dockless e-scooters), and shifts in modes of transportation (e.g., the replacement of
car trips with e-scooters). Little attention is paid to interactions with other road users, especially vulnerable road users. This topic is not
covered properly in the research, even though it is of high importance (e.g., in some cases e-scooters share the public space with
pedestrians or cyclists). The research gap that we identified and on which we focus our research is the interaction between e-scooter
users and pedestrians and their attitudes towards each other. According to a systematic review of 32 papers dealing with e-scooter
riders’ psychosocial risk features this topic “remains relatively understudied” [37].

The innovative feature of this work, based on a thorough literature review and identification of the research gap, can be defined by
its complexity. In this research we focus on both pedestrians and e-scooter riders and present the results of their interaction process.
The main focus is on the subjectively perceived safety (and comfort) of pedestrians when using the sidewalk and when an e-scooter is
present. This point of view is very important as we see walking as a basic traffic mode, the importance of which grows with the
vulnerability of road users (e.g., children or the elderly) or road users with all kinds of impairments. In our eyes, the sidewalk is a part
of the urban space which is devoted to pedestrians (and walking) and any other device (especially one moving faster than walking
speed) might be a very disturbing one, with unwished-for consequences (e.g., a decrease in the number of walking trips or an increase
in the number of injuries). Moreover, in this work we present results from five different countries around the globe (most other studies
are municipality-based, in a substantial number of cases from U.S. cities), which allows us to discuss the results in the light of different
cultures and legal regulations (e.g., a ban on riding on the sidewalk).

2. Aims, methods, and research sample
2.1. Aims

The aim of this work is to describe the possible effects which the emergence of e-scooters has on pedestrians, or, more generally,
walking as a mode of transportation in urban settings. Specifically, we will focus on: interaction, communication, and attitudes be-
tween pedestrians and e-scooter riders; pedestrians’ perceived safety in the presence of e-scooters; conflicts and crashes involving e-
scooters and pedestrians; and sharing the space devoted to pedestrians with e-scooters.

Furthermore, as this work is based on data collected from five countries (Australia, Belgium, the Czech Republic, Norway, and
Sweden), we aim to provide an international comparison with regard to this topic.

On the basis of the aims, we formulated the following research questions.

1. Do e-scooter riders travel faster than at walking pace on sidewalks and under what circumstances?

2. What are the attitudes of pedestrians and e-scooter riders to one another, especially in terms of perceived subjective safety and
comfort?

3. Do pedestrians perceive e-scooters as annoying? How is this affected by situational factors such as legal regulations or shared
infrastructure?

4. What is the prevalence and what are the influencing factors of conflicts and crashes including pedestrians and e-scooters?

2.2. Methods and procedure

The results of an online survey (questionnaire) of e-scooter riders in five countries are presented in this study. The study was first
suggested in Belgium and subsequently developed in conjunction with e-scooter researchers in other countries who were financed
independently. Researchers from Australia (Queensland University of Technology (QUT), Brisbane), Belgium (the VIAS Institute), the
Czech Republic (Palacky University Olomouc), Norway (Institute of Transport Economics (T@I)), and Sweden (Chalmers University of
Technology) collaborated on the study. Because the data were collected anonymously, there was no need for institutional ethical
approval in the Czech Republic, Belgium, and Sweden. Ethical approval was obtained in Australia and Norway.

The entire survey looked at users’ and non-users’ opinions about, and experiences with, e-scooters. It began with a series of
screening questions to check that the participants were of legal age (18+) and resided in an eligible country.
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The respondents were classified as e-scooter users if they reported “riding” an e-scooter at least “one to a few days per month” “at
this time of year”. In Sweden, the definition was slightly different, stating that the respondents were classified as e-scooter users if they
reported “ever riding” an e-scooter at least “one to a few days per month” “at this time of year”, Questions about general mobility
patterns, attitudes toward e-scooters, environmental attitudes, barriers to the more frequent use of e-scooters, interactions with other
road and path users, near misses and crashes, risky and protective behaviors, knowledge, compliance, support for e-scooter rules, and
demographic characteristics were included in the questionnaire.

A master version of the questionnaire was created in English, with members of the study team translating it into French and Flemish
(Belgian variants), Czech, Norwegian, and Swedish. The questionnaire was created using a variety of online survey tools, depending on
the study contributors’ licensing. Except in Australia, it was necessary to answer all the questions.

Participants were mostly recruited through sponsored Facebook ads and participant sharing (snowball sampling). Data were
collected throughout Europe during the period July-October 2020 and in Brisbane, Australia, during the period July-September 2020.
The surveys were carried out individually in each nation, with data files provided to a Belgian partner who merged them into a single
SPSS data file.

2.3. Regulations governing the use of e-scooters on sidewalks in participating countries

In Norway, Sweden, and Belgium, the legal regulations governing the use of e-scooters are similar in that e-scooters can be ridden
(it is legal to ride) on the sidewalk at a walking speed. In Australia (specifically in the State of Queensland, where the data were
collected) using sidewalks, off-road bike paths, and shared pedestrian-bike paths is allowed unless there is a no e-scooter sign present.
E-scooters are not permitted on sidewalks in the Czech Republic. To sum up, in four countries involved in the study (Norway, Belgium,
Sweden, and Australia) it is allowed to ride an e-scooter on the sidewalk, while in one country (Czech Republic) this is not allowed (for
detailed information see also Table 3). Further implications regarding the results of this study are mentioned in the Discussion section.

2.4. Research sample

The study sample comprised a total of 3313 completed responses. The data were provided by respondents from Australia (n =
1,041, 31%), Belgium (n = 308, 9%), the Czech Republic (n = 581, 18%), Norway (n = 865, 26%), and Sweden (n = 518, 16%). The
general characteristics of the sample, presented separately for users and non-users, are summarized in Tables 1-3.

In terms of age, the respondents in Australia were more likely to be in the 18-34 category, in Belgium, the respondents tended to be
45+, and in the Czech Republic and Norway the respondents were generally 25-44 years old. In Sweden the distribution of re-
spondents was balanced with regard to age, although the largest number of respondents was in the 25-64 age category.

The lowest mean age of the respondents was recorded in the Czech Republic and Australia. Higher age levels were found in Norway
and Sweden, and the oldest respondents were in Belgium. The total ANOVA was significant, F(4, 3296) = 142.05, p < .001, n2 =0.15,
and the Games-Howell post-hoc test showed significant differences between all the groups (p < .001), with the exception of the Czech
Republic and Australia.

In terms of sex, it can be concluded that males outnumbered females in the sample to a larger degree, especially in Australia,
Belgium, and Sweden, although the latter country recorded a great number of missing responses to this question. In terms of education,
people with higher levels of education predominated in all the countries with the exception of the Czech Republic, where the dis-
tribution of responses with regard to the level of education is rather balanced. In terms of employment, respondents with employment
(“employees™) predominated in all the countries; a significant number of students participated in Australia. The representation of the
respondents’ domicile (suburban; urban) differed from country to country. In Australia and Belgium, the majority of the respondents
were from suburban areas, in the Czech Republic, the representation was rather proportionate, and in Sweden and Norway, people
residing in urban areas predominated among the respondents (in Sweden 43% of the respondents provided no answer for this
question).

The percentages of submitted questionnaires which were incomplete varied dramatically, ranging from 0 (Norway and the Czech
Republic) to 43% (Sweden). This is due to the different data collection and inquiry methods (different online questionnaire platforms)
employed in the different countries (in Norway and the Czech Republic a forced-answer design was applied).

The numbers of questionnaires fully completed by users and non-users differed from country to country. In Australia, Belgium, and
Norway more questionnaires were completed by non-users and in the Czech Republic and Sweden the numbers were rather similar. In
the further analysis presented in the Results section all the questionnaires were included in the analysis, not just those that were
complete.

Table 1
Sample size by countries.
Australia Belgium Czech Rep. Norway Sweden TOTAL
n % n % n % n % n %
TOTAL e-scooter riders 448 31 89 6 283 19 374 26 259 18 1453
TOTAL non-riders 593 32 219 12 298 16 491 26 259 18 1860
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Table 2
Characteristics of e-scooter riders by country.
Variable Category Australia Belgium Czech Rep. Norway Sweden ¥ (dh Cramer V
n % n % n % n % n %

Gender Man 240 54 70 79 176 62 232 62 118 46 328.58 0.27
Woman 83 19 16 18 102 36 135 36 27 10 12)
Neither/Other 4 0.89 0 0 1 0.35 3 0.8 0 0
Does not want to/no answer 121 27 3 3.4 4 1.4 4 1.1 114 44

Age 18-24 years 98 22 5 5.6 34 12 68 18 29 11 176.68 0.17
25-34 years 133 30 21 24 120 42 140 37 70 27 24)
35-44 years 98 22 16 18 86 30 104 28 68 26
45-54 years 70 16 23 26 34 12 42 11 53 20
55-64 years 49 11 15 17 5 1.8 18 4.8 30 12
65+ years 0 0 9 10 4 1.4 2 0.53 5 1.9
No answer 0 0 0 0 0 0 0 0 4 1.5

Education Primary 4 0.89 0 0 8 2.8 8 2.1 2 0.77 483.75 0.29
Secondary 48 11 23 26 124 44 56 15 30 12 24)
Post-school 79 18 16 18 29 10 43 11 29 11
Bachelor’s 135 30 27 30 46 16 144 39 37 14
Master’s 65 15 23 26 76 27 123 33 52 20
No answer 117 26 0 0 0 0 0 0 109 42

Occupation Employed 234 52 64 72 224 79 276 74 121 47 684.69 0.34
Stay-at-home 2 0.45 1 1.1 30 11 69 18 1 0.39 24)
Student 72 16 1 1.1 29 10 29 7.8 16 6.2
Retired 8 1.8 13 15 0 0 0 0 3 1.2
Unemployed 12 2.7 3 3.4 0 0 0 0 0 0
Other 2 0.45 7 7.9 0 0 0 0 0 0
No answer 118 26 0 0 0 0 0 0 118 46

Area type Suburban 207 46 57 64 168 59 149 40 54 21 379.85 0.36
Urban 119 27 32 36 115 41 225 60 97 37 ®)
No answer 122 27 0 0 0 0 0 0 108 42

Completion Full 329 73 89 100 283 100 374 100 151 58 312.39 0.46
Partial 119 27 0 0 0 0 0 0 108 42 “4)

TOTAL 448 31 89 6 283 19 374 26 259 18 1453

Note. All y? tests are significant at p < .001.
3. Results
In this section the results will be presented according to the stated research questions.
3.1. Do e-scooter riders travel faster than walking pace on sidewalks and under what legislative circumstances?

According to our data, e-scooter users ride on sidewalks in all five countries, albeit with different frequencies. We asked users “Over
the last 30 days, how often did you ride an e-scooter at a higher speed than walking (> 6 km/h) on a sidewalk?” and similarly non-users:
“Over the last 30 days, how often did you interact with people riding an e-scooter at a higher speed than walking (> 6 km/h) on a sidewalk?” As
the travel code is different for each country and using the sidewalk is a violation of the rules in some countries, we mention the traffic
rules for each country (also see Table 4).

In Australia using sidewalks, off-road bike paths, and shared pedestrian-bike paths is allowed unless there is a no e-scooter sign and
there is no specific speed limit on sidewalks for e-scooters (other than the 25 km/h general limit for them). However, giving way to
pedestrians on sidewalks and shared paths is required. 65% (n = 243) of the Australian users reported “(almost) always” or “often”
using the sidewalk. Only 11% (n = 44) of the users answered “never”. Likewise, the e-scooter non-users (53.8%; n = 257) reported
interaction with e-scooter riders “(almost) always” or “often” on sidewalks.

In Belgium an e-scooter rider can be considered a pedestrian if riding at walking speed and acting as a pedestrian, and in those cases
an e-scooter rider is allowed to use the sidewalk. If the rider travels at a higher speed they are considered to be a cyclist and thus they
are forbidden to use a sidewalk and should use a bike lane or a road. According to our data, Belgian e-scooter riders use sidewalks for
riding rather less: 57% of e-scooter riders (n = 51) reported “never”. However, 33.8% (n = 74) of e-scooter non-users reported “never”
interacting over the last 30 days.

In the Czech Republic an e-scooter rider is considered a cyclist and is forbidden to use a sidewalk under any circumstances. We
found that Czech e-scooter riders violated this rule; 61% (n = 173) stated that they “often” or “sometimes” used a sidewalk. Czech non-
riders (77.9%, n = 232) interacted with e-scooter riders “almost always” and “often”, which is in concordance with the e-scooter riders’
reports.

In Norway e-scooters are considered to be bikes and can be legally ridden on the roadway, bike lanes, on sidewalks, and in
pedestrian areas. E-scooter riding on a sidewalk is allowed if there are few pedestrians or if the riding does not endanger or obstruct
pedestrians, and if riding near pedestrians the rider is required to do so at a good distance and approximately at a maximum speed of 6
km/h. In the Norwegian sample, 59.3% (n = 222) of the users reported having ridden on a sidewalk at more than 6 km/h “sometimes”
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Table 3
Characteristics of non-riders by country.
Variable Category Australia Belgium Czech Rep. Norway Sweden ¥ (dP Cramer V
n % n % n % n % n %

Gender Man 201 34 136 62 114 38 226 46 96 37 379.91 0.26
Woman 197 33 78 36 177 59 258 53 77 30 12)
Neither/Other 6 1 0 0 2 0.67 3 0.61 0 0
Does not want to/no answer 189 32 5 2.3 5 1.7 4 0.81 86 33

Age 18-24 years 193 33 1 0.46 62 21 43 8.8 5 1.9 562.44 0.30
25-34 years 161 27 25 11 115 39 145 30 31 12 24)
35-44 years 101 17 32 15 63 21 149 30 60 23
45-54 years 83 14 45 21 37 12 91 19 65 25
55-64 years 55 9.3 64 29 19 6.4 50 10 51 20
65+ years 0 0 52 24 2 0.67 13 2.6 35 14
No answer 0 0 0 0 0 0 0 0 12 4.6

Education Primary 1 0.17 56 26 6 2 47 9.6 19 7.3 1267.10 0.41
Secondary 78 13 15 6.8 55 18 52 11 33 13 (24)
Post-school 61 10 73 33 139 47 149 30 61 24
Bachelor’s 197 33 71 32 0 0 234 48 57 22
Master’s 256 43 0 0 0 0 0 0 85 33
No answer 0 0 4 1.8 98 33 9 1.8 4 1.5

Occupation Employed 234 39 133 61 204 68 391 80 134 52 989.67 0.36
Stay-at-home 9 1.5 3 1.4 66 22 48 9.8 2 0.77 24)
Student 131 22 2 0.91 28 9.4 52 11 11 4.2
Retired 16 2.7 59 27 0 0 0 0 26 10
Unemployed 18 3 7 3.2 0 0 0 0 0 0
Other 7 1.2 15 6.8 0 0 0 0 0 0
No answer 178 30 0 0 0 0 0 0 86 33

Area type Suburban 274 46 164 75 150 50 192 39 63 24 508.10 0.37
Urban 132 22 55 25 148 50 299 61 117 45 ®
No answer 187 32 0 0 0 0 0 0 79 31

Completion Full 414 70 219 100 298 100 491 100 179 69 356.07 0.44
Partial 179 30 0 0 0 0 0 0 80 31 “4)

TOTAL 593 32 219 12 298 16 491 26 259 14 1860

Note. All y? tests are significant at p < .001.

Table 4
Using sidewalks in countries according to users and non-users.
Australia Belgium Czech rep. Norway Sweden
ES on sidewalks v v X v v
<6 km/h <6 km/h
ES on shared pedestrian-bike paths v v v v v
ES on bike paths v v v 4 v
ES on road X v v v v
users (almost) using sidewalks (>6 km/h) during the last 30 days “(almost) always” or ~ 65.3% 18.0% 45.2% 32.6% 11.0% (18)
“often” (243) (16) (128) (122)
non-users interacted with e-scooter riders on sidewalks (>6 km/h) during the last 30 53.8% 29.7% 77.9% 68.2% 63.4%
days “(almost) always” or “often” (257) (65) (232) (335) (126)

or more often during the last 30 days. Differently, non-users think e-scooter users violate the traffic code more often as they reported
(68%, n = 335) “(almost) always” and “often”.

In Sweden, similarly as in Norway, e-scooters (less than 250W and with a maximum speed of 20 km/h) are classified as bicycles. As
such they should use bike lanes, or if there is no bike lane they should use the road. They are, however, allowed to use the sidewalk or
walking zones if they ride at “walking pace”. Swedish e-scooter riders who reported “never” using a sidewalk in the last 30 days
represented the biggest group in comparison with the other countries (62%, n = 102). Interestingly, Swedish non-users reported
interaction with e-scooter users on sidewalks at a higher speed than walking (>6 km/h) “(almost) always” and “often” (63.4%, n =
126).

As we can see from the data, e-scooter riders use sidewalks for riding in all five countries; however, there are differences. In
Brisbane, Australia, where e-scooters are permitted on sidewalks, users and non-users report similar levels of usage of sidewalks. On
the contrary, the Swedish traffic code allows e-scooters on sidewalks and that is the country with the biggest discrepancy between
users’ and non-users’ reports. Even though both countries allow e-scooters to be ridden on sidewalks, Sweden encourages riding on on-
road bike paths, whereas Brisbane did not allow this at the time of the study. The other reason for the discrepancy might be caused by
the population that was targeted. The Swedish questionnaire had a different definition of “user”: those who had ridden an e-scooter
once were considered users. There could be a higher number of “users” with poor experience with riding an e-scooter so that they might
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have reported never using a sidewalk (and they really did not use one); however, in practice regular e-scooter riders do use sidewalks.
Another explanation for such a discrepancy is that e-scooter riders ride on sidewalks only for a short distance and they do not even
notice they were on a sidewalk.

The Czech respondents use the sidewalk in a similar way to the Norwegian ones, though the legislation in these countries is not the
same (in the Czech Republic e-scooters are forbidden on sidewalks, while in Norway they are allowed under some circumstances). We
suggest that the discrepancies between those non-user and user reports about using sidewalks might be caused by differences of
perception. Non-users may perceive e-scooter riders on sidewalks as people violating the traffic code, which is why they may be more
sensitive when they see someone riding an e-scooter. Another explanation of such discrepancies may be that one e-scooter user in-
teracts with many non-users.

To control for the effect of gender, age, and overall frequency of riding during the last 30 days, we used ordinal logistic regression
and predicted how often e-scooter users rode on a sidewalk at a faster speed than walking (more than 6 km/h) during the last 30 days.

The overall model was significant: y%(10) = 443.96, p < .001. All the coefficients of the model are shown in Table 5. As you can see,
all the predictors (i.e., gender, age, overall riding frequency, and country) entered into the model were significant. The effect of gender
was relatively small, but indicated that compared to women, men had significantly higher odds of selecting a higher-frequency
category by a factor of approximately 1/0.74 = 1.4. The effect of age (converted to decades) was negative (OR = 0.80, 95% CI
[0.73, 0.88]). That is, every ten years of age increased the odds of selecting a lower-frequency category by a factor of approximately 1/
0.8 = 1.3. Furthermore, a higher overall riding frequency (“How often have you used an e-scooter over the last 30 days?”) was
associated with more frequent riding on a sidewalk (for exact values, see the effects of overall riding frequency in Table 5).

Finally, we compared the differences between all the pairs of countries (controlling for the effect of all other predictors) using
Tukey’s HDS (honest significance difference — a single-step multiple comparison procedure, a series of t-tests for comparing all possible
pairs of means method to adjust for the family-wise error rate [38]. Almost all the differences were significant except for the difference
between Belgium and Sweden. Australian riders showed the highest frequency of riding on a sidewalk: OR = 15.98 (95% CI [8.11,
31.51]) vs. Belgium, OR = 2.73 (95% CI [1.82, 4.10]) vs. the Czech Republic, OR = 4.33 (95% CI [2.93, 6.39]) vs. Norway, and OR =
18.76 (95% CI [10.88, 32.37]) vs. Sweden. Belgian riders reported significantly lower frequency of riding on a sidewalk than Czechs
(OR = 0.17, 95% CI [0.08, 0.34]) and Norwegian riders (OR = 0.27, 95% CI [0.14, 0.53]), but not than Swedes (OR = 1.17, 95% CI
[0.56, 2.471, p = .977). Furthermore, Czech e-scooter users rode on sidewalks significantly more frequently than Norwegians (although
this difference was rather small, OR = 1.58, 95% CI [1.08, 2.32], p = .009) and Swedes (OR = 6.87, 95% CI [3.96, 11.90]). Lastly,
Norwegian riders rode on sidewalks more frequently than Swedes (OR = 4.33, 95% CI [2.56, 7.34]). If not stated otherwise, the
p-values for the comparisons between countries are lower than .001.

To estimate the overall effect size, we computed expected values for each respondent, as ordinal regression produces the proba-
bilities of each response category (which sums up to one for each respondent) and these probabilities can easily be multiplied by the
numeric values of a given category to compute the expected values. We then computed the correlation between the expected and
observed values (that is, the numeric values of the observed response categories). This correlation was r = .53, 95% CI [.49, .57]. This
indicates a substantial overall effect, corresponding to (pseudo) R? of approximately .25.

Table 5

Ordinal logistic regression with the frequency of riding on a sidewalk at a faster speed than walking as an outcome variable.
Predictors B SEp Wald Z ¥ dpn P OR [95% CI]
Intercepts (thresholds)
Never | At least once —2.36 0.26 —8.99 <.001
At least once | Sometimes -1.48 0.26 —5.72 <.001
Sometimes | Often —-0.37 0.26 —-1.45 .147
Often | (Almost) always 0.91 0.25 3.56 <.001
Gender 6.40 (2) .041
Man (reference category)
Woman —0.30 0.12 —2.53 .012 0.74 [0.59, 0.94]
Other answer —-0.09 0.22 —0.41 .680 0.91 [0.59, 1.41]
Age (in decades) —-0.22 0.05 —4.71 <.001 0.80 [0.73, 0.88]
Overall riding frequency 83.53 (3) <.001
None (reference category)
One to a few days 1.08 0.19 5.70 <.001 2.95 [2.03, 4.27]
One to a few days per week 1.55 0.18 8.45 <.001 4.72 [3.29, 6.76]
At least five days a week 1.51 0.20 7.75 <.001 4.54 [3.09, 6.66]
Country 311.24 (4) <.001 -
Australia (reference category)
Belgium —-2.77 0.25 —11.14 <.001 0.06 [0.04, 0.10]
Czech Republic -1.01 0.15 —6.77 <.001 0.37 [0.27, 0.49]
Norway —1.47 0.14 —-10.26 <.001 0.23[0.17, 0.31]
Sweden —2.93 0.20 —14.67 <.001 0.05 [0.04, 0.08]

Note. N users listwise = 1281. Omnibus test of the model: x2(10) = 443.96, p < .001.
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3.2. What are the attitudes of non-users towards e-scooter riders, especially in terms of safety?

To find out the answer to the research question, we determined non-users’ attitudes towards e-scooter safety. Therefore, we asked
“In general, how safe would it be for you to ride an e-scooter?” According to Fig. 1, non-users from Australia, the Czech Republic, Norway,
and Sweden thought riding an e-scooter would be slightly unsafe for them: around half of the respondents, 32-36%, evaluated safety at
level 3 on a Likert scale (1 “Very unsafe” — 5 “Very safe”) and 23-29% evaluated it at level 2. Only the Belgian non-users thought it
would be very unsafe for them to ride an e-scooter (60%, n = 132) and less than 1% (n = 2) reported that an e-scooter would be very
safe. On the other hand, (10%, n = 49) of the Australian non-user respondents perceived e-scooters as being very safe.

We also asked the non-users “In general, how safe is it for other road users when someone is riding an e-scooter?”. The greatest
perception that riding an e-scooter posed a risk to other road users was found among the Belgian non-user respondents (53%; n = 117
rated it as “very dangerous”), while the perception was lowest among the Australian non-users (16%; n = 79 rated it as “very
dangerous”). When comparing their own perceived safety (Fig. 1) and the perceived safety of e-scooters for other road users (Fig. 2),
the non-user respondents considered riding an e-scooter safer for themselves than for other road users. This is particularly apparent
among the Czech non-user respondents, of whom 16% (n = 49) of the non-users of e-scooters considered riding an e-scooter “very
dangerous” for themselves, while 30% (n = 89) of the same respondents thought that when someone is riding an e-scooter it is “very
dangerous” for other road users.

In summary, the non-users perceived riding an e-scooter as being rather unsafe for themselves. The respondents from Belgium were
those who reported being most frightened. What is more, non-users perceived riding an e-scooter as being more unsafe for other road
users than for themselves. This finding might be affected by their own experience: non-users may perceive some interaction from their
point of view as more dangerous than e-scooter riders, who feel their operation is safe. Another reason why non-users may see e-
scooters as more dangerous (especially for other road users) might be their lack of experience. They are not accustomed to e-scooter
riders’ behavior on sidewalks as well as on roads and they are not able to assess, for example, the speed or operating characteristics of
an e-scooter.

Since the answers to both questions about the safety of riding an e-scooter (“In general, how safe would it be for you to ride an e-
scooter/is it for other road users when someone is riding an e-scooter?”) in non-riders were strongly correlated, r = 0.61, 95% CI [0.57,
0.63], we averaged them to form one variable, perceived safety. Then we used linear regression to predict the scores on this variable on

In general, how safe would it be for you to ride an e-scooter?
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Fig. 1. In general, how safe would it be for you to ride an e-scooter? Responses of non-users.
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In general, how safe is it for other road users when someone is riding an e-scooter?

Nonusers
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Fig. 2. In general, how safe is it for other road users when someone is riding an e-scooter? Responses of non-users.

the basis of: (1) gender, (2) age, (3) having ridden an e-scooter at any time, (4) experiencing a near miss or (5) an accident in the past
(related to an e-scooter), and (6) country.
The overall model was significant, F(10, 1540) = 57.64, p < .001, and explained approximately 27% of the variance in perceived
safety R?= 0.272, 95% CI [0.23, 0.31], adj. R?=0.268). All predictors were significant (see Table 6 for all coefficients of the model).
Women, compared to men (B = —0.29, 95% CI [-0.38, —0.20]) and older people (B = —0.08, 95% CI [-0.11, —0.04], for every ten
years of age) were more inclined to perceive e-scooters as unsafe. Furthermore, experiencing a near miss (B = —0.67, 95% CI [-0.77,

Table 6

Linear regression with perceived safety of e-scooters by both users/non users as an outcome variable.
Predictors B [95% CI] SEp B t F df P
Intercept +3.55 [+3.35, +3.75] 0.10 35.47 1540 <.001
Gender 4.61 2, 1540 .010
Man (reference category)
Woman —0.29 [-0.38, —0.20] 0.05 —.14 —6.16 1540 <.001
Other answer —0.11 [-0.30, +0.07] 0.10 —.03 -1.19 1540 .233
Age (in decades) —0.08 [-0.11, —0.04] 0.02 -.11 —4.25 1540 <.001
Riding experience +0.29 [+0.19, +0.39] 0.05 .14 5.65 1540 <.001
Near miss experience —0.67 [-0.77, —0.58] 0.05 -.31 —13.86 1540 <.001
Accident experience —0.33 [-0.49, —0.17] 0.08 —.09 —4.02 1540 <.001
Country 3.08 4, 1540 .015
Australia (reference category)
Belgium —0.83 [-0.98, —0.67] 0.08 —.28 -10.15 1540 <.001
Czech Republic —0.30 [-0.43, —0.16] 0.07 -.11 —4.28 1540 <.001
Norway —0.21 [-0.33, —0.09] 0.06 —.09 —3.50 1540 <.001
Sweden —0.39 [-0.62, —0.17] 0.11 —.08 —3.47 1540 <.001

Note. N non-users listwise = 1550. R? = 0.272, adj. R? = 0.268. Omnibus test of the model: F(10, 1540) = 57.64, p < .001. The outcome variable was
coded in such a way that a higher score indicated higher perceived safety; therefore, positive effects mean that perceived safety tends to increase with
higher levels of the predictor, while negative effects mean that perceived safety tends to decrease with higher levels of the predictor.
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—0.58]) or an accident (B = —0.33, 95% CI [-0.49, —0.17]) with an e-scooter predicted lower perceived safety, but riding an e-scooter
in the past (B = 0.29, 95% CI [0.19, 0.39]) predicted higher perceived safety.

Finally, we compared the differences between all the pairs of countries (controlling for the effect of all the other predictors) using
Tukey’s HDS method to control the family-wise error rate. Australian non-riders perceived e-scooter riding as significantly safer than
respondents from all the other countries, including Belgium (B = 0.83, 95% CI [0.60, 1.05]), the Czech Republic (B = 0.30, 95% CI
[0.11, 0.48]), Norway (B = 0.21, 95% CI [0.05, 0.37], p = 0,004), and Sweden (B = 0.39, 95% CI [0.08, 0.70], p = 0,005).
Furthermore, Belgians perceived e-scooter riding as more dangerous than did Czechs (B = —0.53, 95% CI [-0.77, —0.29]), Norwegians
(B=-0.62,95% CI [-0.82, —0.41]), and Swedes (B = —0.43, 95% CI [-0.75, —0.11], p = .002). Although Czechs perceived e-scooter
riding as more dangerous than Norwegians did (B = —0.09, 95% CI [-0.27, 0.09], p = .682) but safer than Swedes did (B = 0.10, 95%
CI [-0.22, 0.41], p = .914), these differences were not statistically significant. Lastly, Norwegian non-riders perceived e-scooters as
safer than Swedes did (B =0.19, 95% CI [-0.12, 0.49], p = .451), but this difference was not significant either (if not stated otherwise,
the p-values for the comparisons are lower than 0.001).

Furthermore, we asked e-scooter riders how demanding it is to interact with vehicles or other road users (Fig. 3). E-scooter users
reported finding it demanding to interact with motor vehicles (cars/taxis, trucks, and trams/buses) in Belgium, the Czech Republic,
and Norway. Pedestrians were seen as equally demanding to interact with as motor vehicles, especially in Sweden and Norway. We
hypothesize that the chief factor which influences users’ perceptions of who it is demanding to interact with could be the degree to
which all road users are accustomed to e-scooters.

3.2.1. Do non-users perceive e-scooters as annoying?

In this research study we asked the non-rider respondents about their interactions with e-scooter riders when walking ( “In general,
how would you describe interactions with e-scooter riders when you are walking?’) on a 1-5 scale from annoying to pleasant. According to
Fig. 4, the most common response in all the countries except Australia was to describe the interaction as annoying, which might be
ascribed to the speed of the e-scooter. The non-user respondents who had the greatest perception of e-scooter riders as being annoying
were the Belgian (67%) and Swedish (60%) non-users. Additionally, half of the Norwegian and Czech non-users reported being
annoyed. In Australia, non-users seem to be accustomed to e-scooter riders as only 30% of them perceived them as annoying. In
addition, some non-users could have had experience with an e-scooter (according to our definition those who had tried an e-scooter

While riding an e-scooter, are there any particular vehicles or road users that you find demanding to interact with?
Users
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Fig. 3. Road users that e-scooter users find it demanding to interact with.

10



M. Sucha et al.

Heliyon 9 (2023) e15449

In general, how would you describe interactions with e-scooter riders when you are walking?
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Fig. 4. In general, how would you describe interactions with e-scooter riders when you are walking?.

before were considered as non-users), which may indicate that they are more positive towards e-scooters. There is an evident trend: in
every country most non-users (possibly in many cases pedestrians) describe the interaction as annoying.

To sum up, according to our data, more than half of the non-user respondents (from 48 up to 67%) from four countries described
pedestrian-e-scooter interaction as “very annoying”. In those countries, the traffic code is similar in some way: e-scooters are forbidden
on sidewalks (in the Czech Republic) or permitted if they ride at walking speed (Belgium, Norway, and Sweden). In Australia, where

Table 7

Ordinal logistic regression with the attitudes of non-riders toward e-scooter riders as an outcome variable.
Predictors B SEp Wald Z ¥ (@ P OR [95% CI]
Intercepts (thresholds)
Annoying) | Rather annoying -2.10 0.23 —9.08 <.001
Rather annoying | Neutral —0.90 0.23 —3.99 <.001
Neutral | Rather pleasant 0.57 0.23 2.53 .012
Rather pleasant | Pleasant 1.89 0.25 7.67 <.001
Gender 0.25 (2) .882
Man (reference category)
‘Woman —0.05 0.11 —0.50 619 0.95 [0.77, 1.17]
Other answer —0.04 0.21 —0.18 .855 0.96 [0.64, 1.45]
Age (in decades) —0.08 0.04 —-1.84 .067 0.93 [0.85, 1.01]
Riding experience 0.82 0.11 7.29 <.001 2.27 [1.82, 2.83]
Near miss experience -1.75 0.11 —15.60 <.001 0.17 [0.14, 0.22]
Accident experience —-0.92 0.21 —4.48 <.001 0.40 [0.27, 0.60]
Country 60.24 (4) <.001
Australia (reference category)
Belgium -1.16 0.19 -5.99 <.001 0.31 [0.21, 0.46]
Czech Republic —-0.83 0.15 —5.45 <.001 0.44 [0.32, 0.59]
Norway —0.72 0.13 —5.58 <.001 0.49 [0.38, 0.63]
Sweden -1.18 0.27 —4.37 <.001 0.31 [0.18, 0.52]

Note. N non-users listwise = 1521. Omnibus test of the model: X2(10) = 495.37, p < .001.
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riding on a sidewalk is permitted, although the riders must give way to pedestrians, the percentage of respondents who described the
interaction as annoying is the lowest of the five countries. In the other countries, where e-scooters are not allowed on sidewalks (the
Czech Republic) or must ride slowly on them (Belgium, Norway, Sweden), non-users perceive e-scooters as annoying. Moreover, on the
evidence of our findings concerning perceived safety, the non-user respondents perceive riding an e-scooter as being generally unsafe
for themselves and even more unsafe in general for other road users.

We then used ordinal regression to predict the attitudes (from 1 = “annoying” to 5 = “pleasant™) of non-users toward e-scooter
riders with (1) gender, (2) age, (3) having ridden an e-scooter at any time, (4) experiencing a near miss or (5) an accident in the past
(related to an e-scooter), and (6) country as predictors.

The overall model was significant, X2(10) =495.37, p < .001. All the coefficients of the model are shown in Table 7. As you can see,
although female gender and higher age were associated with slightly more negative attitudes toward e-scooter riders, their effects were
not significant. However, the effects of e-scooter riding experience, experiencing a near miss or an accident with an e-scooter rider, and
country were statistically significant (all p-values <.001). Those respondents who had ridden an e-scooter in the past rated interactions
with e-scooter riders more positively. However, respondents who had experienced a near miss or an accident involving an e-scooter
rider rated interaction with e-scooter riders more negatively.

Again, we compared the differences between all the pairs of countries using Tukey’s HDS method to control the family-wise error
rate. The Australian respondents rated interaction with e-scooter riders significantly more positively than the respondents from all
other countries, including Belgium (OR = 3.20, 95% CI [1.88, 5.42]), the Czech Republic (OR = 2.29, 95% CI [1.51, 3.47]), Norway
(OR = 2.06, 95% CI [1.46, 2.93]), and Sweden (OR = 3.27, 95% CI [1.56, 6.84], all p-values <.001).

All the other differences between the countries were not significant, including the difference between Belgium vs. the Czech Re-
public (OR =0.72, 95% CI [0.41, 1.27], p = .499), Belgium vs. Norway (OR = 0.64, 95% CI [0.39, 1.07], p = .124), Belgium vs. Sweden
(OR = 1.02, 95% CI [0.46, 2.27], p = .999), the Czech Republic vs. Norway (OR = 0.90, 95% CI [0.60, 1.35], p = .951), the Czech
Republic vs. Sweden (OR = 1.43, 95% CI [0.67, 3.03], p = .698), and Norway vs. Sweden (OR = 1.59, 95% CI [0.77, 3.29], p = .410).

To estimate the overall effect size, we computed the correlation between the expected and observed values: r = 0.54, 95% CI [0.51,
0.59]. This indicates a substantial overall effect, corresponding to (pseudo) R? of around 0.25.

For your last near miss, what best describes the situation? | almost collided with...
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Fig. 5. For your last near miss, what best describes the situation? I almost collided with ... E-scooter user responses only.
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3.3. What is the prevalence and what are the influencing factors of conflicts and crashes including non-users and e-scooters?

In this paper, we focus on e-scooter and non-user (possibly often pedestrian) conflicts and their prevalence. We asked both users and
non-users about crashes and near misses. First, we present the results about near misses. We defined a near miss as “an unplanned event
that has the potential to cause an accident but does not actually result in one” and asked: “How many times have you ever experienced a near
miss when riding an e-scooter?”. Half of the e-scooter users (49%, n = 627) had experienced at least one near miss and for 54% of these
respondents, their most recent near miss involved another road user. Those who had experienced a near miss in which another road
user had been involved (n = 341) were asked “For your last near miss, what best describes the situation? I almost collided with ...”. and 298
answered it. We excluded Belgium from this statistic, as only five user respondents answered this question. According to Fig. 5, the
situation is similar in the Czech Republic (56%, n = 59), Norway (40%, n = 28), and Sweden (47%, n = 9), where an e-scooter near
miss with a car was the most common type, according to our user respondents. In those countries e-scooter riders are legally required to
use roads or are highly recommended to do so. Other frequent road users involved in near misses were pedestrians (from 11 up to 23%)
in those countries. On the other hand, e-scooter users from Australia report near misses with pedestrians (40%, n = 40) slightly more in
comparison with near misses with cars (37%, n = 37). This may be affected by the local traffic code (e-scooters are allowed on
sidewalks and not allowed on most roads). Interestingly, near misses with another e-scooter rider were not mentioned often.

We asked non-users, “How many times have you ever experienced a near miss when interacting with someone riding an e-scooter?”. Of the
1860 non-user respondents, 85% (n = 1586) answered this question. The vast majority of them (77%, n = 1069) had experienced a
near miss (in contrast to 49% of the users). Fig. 6 shows the percentages of users and non-users who had experienced a near miss. It is
evident that the non-users report near misses more than the e-scooter users in all five countries. As presented above, we conclude that
the prevalence of near misses is not perceived as the same among non-users and users. Even if there are differences, the number (half of
the users and three-quarters of the non-users) of respondents who had experienced at least one near miss is not negligible. We suggest
that the difference in the prevalence of near misses may be caused by the various interpretations of the respondents. A rider on an e-
scooter usually feels in control, so there are probably many situations where someone on a scooter is passing close to a pedestrian.
However, the pedestrian is scared and thinks it was a near miss, but the rider on the e-scooter feels it was perfectly safe. This cor-
responds to the non-users reporting far more near misses with e-scooters than the users. Alternatively, the discrepancy could reflect
some under-reporting of actual near misses by e-scooter users or could also reflect the possibility that one e-scooter rider could have
had near misses with many non-users.

We also explored the factors that contributed to the near misses: “For your last near miss, to what extent do you think that the
following factors contributed to the near miss?” Both users and non-users perceive “another road user” as “the main cause of the risk”.
However, there are differences: e-scooter users who had experienced at least one near miss thought that another road user was the
main cause less frequently than non-users who had experienced at least one near miss did. To depict this in greater detail, around half

How many times have you ever experienced a near-miss?
when riding an e-scooter (users) / with someone riding an e-scooter (non-users)

None Once Twice . Three times . More than 3 times

Users Non-users

Sweden 69% 20% I 34% 10% 20%
Norway 63% 20% I 28% 15%  15%

Czech Republic 42% 24% 14% 42% 19% 16%

Belgium 31% 22% 18% 29% 1% 17%
Australia 43% 26% 13% . 33% 20%
0% 25% 50% 75% 100% 0% 25% 50% 75% 100%

Fig. 6. How many times have you ever experienced a near miss?.
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of the Swedish (54%) and Belgian (49%) user respondents marked “another road user” as “the main cause of the risk”. According to
non-users, “another road user” was the main cause of the risk in Belgium (83%), in the Czech Republic, in Sweden, and in Norway (68-
59%). Only the Australian non-users perceived e-scooter operation (39%, compared to “another road user”, 25%) as the main cause of
the risk. The same factor (e-scooter operation) was also perceived by non-users as common in Sweden (61%, compared to “another
road user”, 63%). Differently, users think “e-scooter operation” did not contribute to the risk at all or contributed little in all the
countries except Sweden, where 44% of the user respondents marked e-scooter operation as the main cause. Road design or a slippery
or uneven surface “did not contribute at all” or “may have contributed a little”, according to non-users. On the other hand, some users
(less than 20%) thought these factors “certainly contributed”.

Second, we present results about accidents (see Fig. 6). The question “Have you ever had an accident when riding an e-scooter?” was
responded to by 1272 users, of whom 232 (18%) had been involved in such an accident. The vast majority of accidents did not involve
another road user; only 45 respondents (20%) had collided with someone else. As the frequencies are low, we did not differentiate
among countries: the greatest number of users (41%, n = 18) had had a collision involving a car. After that, pedestrians (23%, n = 10)
were involved.

The number of non-user respondents who reported an accident is lower compared to that of users: only 8.5% of the non-users (n =
143) answered ‘yes’ when they were asked “Have you ever had an accident involving someone riding an e-scooter?” Although the numbers
of accidents reported by non-users are very small in some countries (e.g., in Sweden ten non-user respondents reported having been
involved in an accident), the majority of respondents stated that the main cause of the accident was “another road user” and “e-scooter
operation” (see Fig. 6).

According to our data 18% (n = 232) of users reported an accident, versus 8.5% (n = 143) of non-users. The highest prevalence
reported by users was from Belgium (28%) and Australia (23%). Interestingly, the lowest prevalence reported both by users and non-
users was from Sweden (see Fig. 7).

We were interested in factors that contributed to accidents, which is why we asked both user and non-user respondents who had
experienced at least one accident “For your last accident, to what extent do you think that the following factors contributed to the accident?”
It seems that the most common cause of accidents reported by users is “uneven surface” in all the countries that were studied. A
slippery surface appears as another cause of accidents in the Czech Republic, Norway, and Belgium (29-25%); however, the numbers of
responses in some countries is low (e.g., Sweden, n = 12).

Next, 133 non-users reported about factors that contributed to accidents. Again, we do not differentiate among countries, as the
numbers are very small in some of them. The majority of the non-users thought the main causes of the accidents were “the behavior of
the e-scooter rider” and “e-scooter operation”.

To sum up this section, n on-users report more near misses, which can be caused by different perceptions of a near miss. Users report
near misses with cars most in those countries where e-scooters must use roads or are highly recommended to do so and with pedestrians
in countries where riding on sidewalks is allowed. “Another road user” is seen as the factor making the greatest contribution by both
users and non-users.

Less than one-tenth of the non-user respondents reported having had an accident. “Another road user” was perceived as the most
common cause of an accident by non-users. However, users report “uneven surface” as being the cause more often. This difference

Have you ever had an accident when / with someone riding an e-scooter?
All respondents

5% User?
(10) Non-user
Sweden
B n=
9.2%
(45)

Norway 14%

(54)

4.4%
(13)
Czech Republic 20%

(57)

8.7%
Belgium (9
28%

(25)

12%
(56)

Austral
ustralia 23%

(84)

0.0% 2.5% 5.0% 7.5% 10.0% 12.5% 15.0% 17.5% 20.0% 225% 25.0% 27.5%

Fig. 7. Have you ever had an accident when/with someone riding an e-scooter?.
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might be caused by differences in experience: a pedestrian who has been involved in a crash can think the e-scooter rider made a
mistake, but the rider may have crashed into somebody because of an unexpected uneven surface.

4. Discussion and conclusions

The goal of this study was to describe the potential impacts of e-scooters on pedestrians, or, more broadly, walking as a mode of
transportation, in urban environments. In particular, the focus was on: pedestrian-e-scooter interaction, communication, and attitudes;
pedestrians’ perceived safety in the presence of e-scooters; conflicts and crashes involving e-scooters and pedestrians; and the sharing
of spaces devoted to pedestrians with e-scooters. We also presented an international comparison in this topic based on data collected
from five nations (Australia, Belgium, the Czech Republic, Norway, and Sweden). Following the logic of the presentation of the results,
we will discuss each topic according to the stated research questions.

Firstly, we examined whether e-scooter riders use sidewalks and under which circumstances (e.g., riding faster than at walking
speed). We found out that more or less 20-30% of e-scooter users report riding on sidewalks at greater than walking pace. Interestingly,
it seems that there is not a close connection between the usage of the sidewalk and whether it is allowed or is a violation of the rules.
Another interesting finding is that when comparing the answers of e-scooter users and non-users (possibly mostly pedestrians), we can
see a trend that pedestrians report usage of the sidewalk by e-scooter users more often than e-scooter users themselves do. This might
be caused by the fact that in cases when this is not allowed the group of e-scooter users underreport this behavior and on the other
hand, pedestrians who might be sensitive to the presence of e-scooters on the sidewalk (as they might perceive this as a threat) might
overreport this.

Furthermore, we can conclude that a higher overall riding frequency and being male was associated with more frequent riding on a
sidewalk. On the other hand, age is negatively associated with sidewalk riding; younger riders ride on the sidewalk more often than
older riders. We can observe here a connection to generally known risk groups in terms of traffic safety (males, youngsters). Almost all
the differences between countries were significant; Australia was associated with the highest frequency of sidewalk riding, which is
probably connected to the fact that this is allowed in Australia without a <6 km/h speed limit.

We can generally conclude that the usage of the sidewalk by e-scooter riders is rather common in all the participating countries
(partly besides Belgium, where both users and non-users report lower frequencies). Our findings are in line with the literature which
states that e-scooter users are prone to breaking the rules and, specifically, using the sidewalk [28]. On the other hand, what is new in
comparison to the existing knowledge is the comparison of the self-reporting of pedestrians and e-scooter riders, which shows that
pedestrians report more sidewalk riding than riders do. This might indicate a possibility of underreporting of (mostly prohibited)
sidewalk riding reported by e-scooter riders. This should be noted when implementing the results of studies based on the self-reporting
of e-scooter riders. The other important and new result is the fact that there is not a close connection between the usage of the sidewalk
and whether it is allowed or is a violation of the rules. This might indicate that the enforcement of a sidewalk riding ban is weak in the
countries under study.

Secondly, we compared the attitudes of pedestrians and e-scooter riders in terms of perceived safety. In general, we can conclude
that non-users of e-scooters tend to think that riding an e-scooter is rather dangerous (with the Australian respondents reporting the
highest level of perceived safety). The pattern is the same for all the countries except Belgium. Belgian non-users report this activity as
very unsafe. We do not have a clear explanation of why the Belgian sample responded differently from the non-users from other
countries besides the fact that they were older. We do not find associations with either the national rules for e-scooter operation or the
quality of traffic infrastructure. This conclusion remains open for future elaboration.

More specifically, women and older people were more inclined to perceive e-scooters as unsafe. Experiencing a near miss or an
accident with an e-scooter predicted lower perceived safety. On the other hand, riding an e-scooter in the past predicted higher
perceived safety. This is in line with other findings from the literature [37,39] and with general social psychology theories (showing
that past experience shapes our beliefs and attitudes towards reality). The innovative feature of this finding is that on the basis of a
cross-country comparison we showed that this phenomenon is culture-free and is not mediated by legal regulations governing
e-scooter riders. As for the practical implications of this work, this piece of knowledge is very important, showing that those who are
most vulnerable perceive e-scooter operation as a threat. We believe that in modern urban mobility, safety standards have to be based
on the needs of those who are most vulnerable.

The next question we focused on was how non-users of e-scooters perceive the safety of e-scooter operation for other users or, to put
it in other words, how big a threat the operation of e-scooters is for others. We did not specify “other road users”, although we might
hypothesize that in this respect pedestrians and cyclists were understood and that in the first place the respondents were probably
thinking of vulnerable road users rather than car drivers. In any case, we can see the same patterns as in the question dealing with the
safety of riding e-scooters, but the trend to “very unsafe” responses is evident. Thus we might conclude that non-users state that the
operation of e-scooters is a threat to others rather than to e-scooter riders themselves. This is in line with the literature®> showing that
e-scooter operation might be a factor reducing the comfort and perceived safety of pedestrians and possibly other road users.

The third research question focused on whether pedestrians perceive e-scooters as annoying. We have already partly answered it
above. Moreover, we can see a very clear pattern here, showing that across all the nations under study, pedestrians perceive e-scooter
riders (and e-scooter operation) as annoying.

Older non-users, women, and respondents who had experienced a near miss or an accident involving an e-scooter rider reported
more negative attitudes towards e-scooter riders, while on the other hand respondents who had ridden an e-scooter in the past rated
interactions with e-scooter riders more positively. Australian respondents rated interaction with e-scooter riders significantly more
positively than the respondents from all the other countries. This might be so because of the good quality of the infrastructure and
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regulations which are both “friendly” to pedestrians and also enforced. Our findings confirmed what is rather known from the liter-
ature, that non-users, especially pedestrians, perceive e-scooter riders, or better to say e-scooter operation in the public space, as a
threat and as annoying. In line with other findings, again older non-users, women, and those who had experienced conflict with an e-
scooter rider in the past perceive this more intensively. What is new and very important for traffic safety work is the finding (based on
the cross-national comparison) that well-designed and well-maintained infrastructure, together with effective legal regulations (and
enforcement), which is balanced with regard to the needs of both pedestrians and e-scooter riders, may lead to a considerable reduction
of feelings of being unsafe or annoyed.

In any case, further elaboration and description of the factors which lie behind this is definitely needed. We believe that the core
factor influencing this is the enforcement of the rules, not the rules themselves.

Next, we focused on the prevalence and influencing factors of conflicts and crashes including pedestrians and e-scooters. We can
conclude that half of the e-scooter users had experienced a near miss at some point in the past and that more than 50% of these near
misses involved another road user. In the majority of the countries the most common type of road user involved in the collision was a
car (not true for Australia), followed by pedestrians and cyclists. In contrast, the non-users reported experiencing a near miss with an e-
scooter in 77% of cases. We can see a clear pattern — that the non-users report more near miss experiences — in all the countries under
study. This discrepancy might be caused by the different perception of a near miss. We might hypothesize that this has something to do
with the subjective perception of safety. Those road user groups who perceive the situation as less risky (a higher subjective sense of
safety) might tend to evaluate mutual interaction (of a pedestrian and e-scooter) as less risky and thus not as a near miss. If we were to
accept this argumentation, we might conclude that e-scooter riders perceive the same situations as less risky than pedestrians and that
e-scooter riders show a higher subjective sense of safety than pedestrians. This might be connected to a more general social psychology
theory dealing with the distribution of power [40]. According to this theory, those who possess more power (those who are mastering
the situation) feel safer than those who do not. In the recent literature the topic of e-scooter crashes and their severity and injuries,
including another conflicting party (e.g., cars, pedestrians etc.), is broadly discussed. Very little attention is paid to near misses (or
conflicts), or to other surrogate safety measures. In this respect our findings are quite new, showing that near misses can potentially be
used as a predictor of future crashes with the potential to mitigate crash risks (as broadly used in other modes of traffic). The other
important finding is that near misses are perceived differently by pedestrians and by e-scooter riders. In future work dealing with the
calibration and operationalization of e-scooter near misses, this will have to be taken into account.

When dealing with accidents, we first have to take into account that we are interpreting a rather smaller number of responses (up to
10%). There are no major differences between the groups of users and non-users (besides the Czech Republic), with the users reporting
slightly more accidents in all the countries. The quite high frequencies of non-users reporting accidents might confirm that in the
majority of cases e-scooter accidents (and possibly also near-misses) are accidents that involve other road users.

4.1. Limitations

As for the limitations of our study, we identify two major issuers. The first one is the data collection process in the different
countries. The data were collected using snowball sampling, which was based on sponsored Facebook ads and participant sharing.
Although the authors tried to control all the contributing factors influencing the data collection and sample in all five countries as far as
possible, we are aware that the samples might differ slightly, which complicates the international cooperation. The other issue is the
preparation of questionnaires and data collection process (e.g., using different online platforms to collect the data) in five different
national versions, which in some cases led to minor differences in the coding and furthermore to complications when comparing (and
interpreting) the data from different countries. To be more specific, the main factors which complicated the comparison of data from
different countries were: the somehow different definition of e-scooter users in Sweden than in the other countries (although, on the
basis of the statistical analysis provided and the comparison between countries, we did not identify any indications which would
suggest that the results are biased); forced answer design only in some countries and not in others; and differences in the national
regulations which might have led to differences in the interpretation of some questions in the questionnaire. In the table below we list
all the limitations which we consider relevant for this study (Table 8).

4.2. Implications for practice

On the basis of the findings presented here we believe that the most relevant suggestion for the implications for road safety
management, or rather sustainable (urban) mobility more generally, is to take steps which will separate e-scooter riders and pedes-
trians, or, so to say, to ensure that the space which is devoted to pedestrians (usually sidewalks) will remain a space which will be safe
and comfortable for all those who use it, including vulnerable road users, such as the elderly, children, or pedestrians with special
needs. If it is necessary and this space has to be shared, it is important to enforce a rule that e-scooter riders must proceed at no more
than walking speed and are supposed to yield to pedestrians. More specifically, to follow these principles, we make the following
recommendations.

To develop safe infrastructure, we suggest that e-scooters should be banned from sidewalks but alternatives are thus required. Cycle
paths need to be wide enough to allow different types of vehicles to use this infrastructure together safely. The literature shows that
sidewalk riding increases when a bike lane is not available or where motor vehicle speeds are higher [39]. In this respect, sidewalk
riding served as an indication that e-scooter riders do not feel safe riding with motor vehicles in the roadway.

Improper e-scooter parking obstructs the paths of pedestrians and poses a tripping hazard. In this respect we recommend that e-
scooters be parked outside of the pedestrian zone (e.g., the sidewalk), in the furniture zone.
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Table 8
Study limitations.

Limitation

Different processes of data collection between the countries

Differences in the wording of some questions and definitions in different language versions
Different definition of an e-scooter user in Sweden

Different legal regulations in the countries under study

Results based on self-reported data

Sampling method based on social media advertisements and snowball sampling

Various mechanisms might be implemented to attempt to reduce (illegal) sidewalk riding. Besides effective legal regulations and
police enforcement, other — mostly GPS- and sensor- or camera-based — systems are emerging. A technology called ‘geofencing’ (a set of
lines, defined by geographical coordinates, that demarcate an area where special regulations apply) can be used to oblige e-scooters to
be used and parked only where they are legally allowed. Speeds could also be regulated using geofences.

The other implication for practice is training, including both skills and knowledge (e.g., maneuvering, regulations) but also higher
levels of the GDE matrix on motivations and responsibilities when riding an e-scooter [41]. In this context, traffic training for children
at secondary school could also be expanded, with all types of personal mobility devices being addressed. Last but not least, the
extension of driver training for motor vehicle users is equally important.
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