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Abstract

Introduction

E-scooters have made a place for themselves on urban roads as an affordable, easy-to-use
and environmentally friendly method of transportation. However, and partly because of their
road behaviors and safety outcomes, e-scooter users have started to represent a focus of
attention for transport planners and policymakers.

Aim
The present systematic review aims to target and analyze the existing studies investigating

the psychosocial characteristics of e-scooter riders, focusing on their behavioral and risk-
related features.

Methods

For this systematic review, the PRISMA methodology was used, which allows for the selec-
tion of suitable papers based on the study topic, in accordance with a set of pre-defined cri-
teria and a search algorithm. A total of 417 indexed articles were filtered, resulting in only 32
eligible original articles directly addressing the issue. WOS, Scopus, NCBI, Google Scholar,
and APA databases were used to create and test search techniques.

Results

At the literature level, most of the existing studies are distributed in a few regions of the
globe. At the user’s level, results show how e-scooters are most commonly used by young,
highly educated, urban-dwelling males, usually for short trips. In regard to road behavior,
individuals with the lowest degrees of risk perception remain more prone to engaging in
risky road behaviors likely to increase their crash involvement. This might be worsened by
the lack of normative e-scooter regulations (and their enforcement) in many countries, plus
the marked absence of road training processes. As common limitations, it can be mentioned
that 87.5% of these studies used self-report methods, while 59.4% had local coverage.
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Conclusions

The findings of this systematic review endorse the growing need to develop and enforce traf-
fic laws and training processes for e-scooter users. In addition, road safety education and
training programs are highlighted by existing studies as potentially pertinent alternatives to
increase risk perception, and reduce risky behaviors, road conflicts and crash likelihood
among e-scooter riders.

Introduction

Urban policymakers have faced different challenges linked to transportation sustainability,
efficiency, safety, and security during recent decades. For instance, road fatalities, environmen-
tal pollution and transport densification remain active threats to road users worldwide [1, 2].
Alongside a rapid transformation of transport dynamics, ‘micromobility’ stands out as a very
attractive option for many people [3]. Indeed, recent studies, apart from denoting its unex-
pected growth, highlight its effects on travel patterns, users’ behavior and community health
[4, 5].

Among all personal mobility vehicles (PMVs), and especially in urban areas, the most pop-
ular devices are-at present—electronic scooters, usually known as e-scooters [6, 7]. Normally, e-
scooters are relatively cheap and affordable electric devices available in (foldable) small size,
light weight (commonly between 17-30 Ibs., or 8-13 kg), and low maintenance costs. They
can, however, reach considerable speeds with low energy consumption [4, 7]. Further, and
given their capability to facilitate commuting by avoiding traffic jams and interchangeably
using different types of roads, the e-scooter trade has been strengthened by its “environmen-
tally friendly” features, as it is considered a sustainable and low-polluting means of transport,
of course as long as it is used correctly [8].

In addition, electric scooter sharing has increased the number of people using e-scooters
[9]. Shared e-scooters can be picked up and dropped off anywhere within a commonly wide
service area. In this regard, their convenience and flexibility have led to electric scooter sharing
changing mobility dynamics. In fact, the evidence indicates that shared e-scooters have grown
more rapidly than any other type of shared urban micro-mobility vehicle [10]. In other words,
many cities (as well as many of their inhabitants) have adopted both private and shared e-
scooters over the last few years. They were encouraged by potential benefits such as decreasing
travel time, making trips cheaper, reducing carbon dioxide (CO,) emissions and avoiding
massive transport means, especially during the COVID-19 pandemic [3, 11].

Notwithstanding all their benefits, the existing literature addressing PMVs remarks on
some common drawbacks for e-scooter users:

In the first place, most of the current e-scooter riders do not count on specialized training
for their operation. In other words, driver training and licensing procedures are not com-
monly required for their acquisition and usage. In addition, many of these riders are young
adults, which already places them as a ‘risk’ profile according to road safety figures [4, 5].

Secondly, some studies argue that the features of PMVs might make e-scooter riders think
that it is a ‘harmless toy’, making them even more likely to perform road risky behaviors [2, 6].

Thirdly, it is worth highlighting that PMVs have several limitations in terms of passive
safety, which often depends almost totally on the use of appropriate protective devices and
wearables. However, the state of affairs in terms of legal knowledge and enforcement is of con-
siderable concern [5, 12]. Accordingly, it is known that head contusions and fractures are e-
scooter riders’ most common injuries [13].
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Fourthly, and despite (i) the frequent problem of accident underreporting, and (i) that they
cannot be directly compared to numbers of drivers and pedestrians, e-scooter-related crash
figures keep rising in different countries. For instance, 1,500 crashes involving e-scooters were
registered between 2017 and 2019 in the United States [14]. Meanwhile, in Spain, only during
the year 2020, there were more than 100 severe crashes involving e-scooter riders [15].

Another usual constraint highlighted by studies is legislation, or the lack of it. In many
regions, the novelty of e-scooters means that there is still no national legislation regulating the
rules of the road for these devices in most countries. At worst, these laws remain unknown to
users or unenforced by authorities [16]. In addition, in low-regulated areas, and since e-scoot-
ers cannot be fully identified with plates, sanctions for risky behavior are considerably scarce.

Indeed, some sources suggest that these feelings of anonymity and unpunishability might
enhance the likelihood of several generic traffic violations, such as red-light running, riding on
the pavement, speeding, zig-zagging, riding while intoxicated, getting too close to pedestrians
and vehicles, and not wearing helmets [5, 12, 17].

Another huge ambiguity is where e-scooters should circulate. Preliminary, technical studies
on this means of transport tend to report contrasting results regarding, among others, the
most appropriate place for their circulation, i.e., sidewalks, conventional roads, bike lanes, or
all of them [4, 18]. This has led some government entities to have contradictory opinions
about, on the one hand, promoting environmentally-friendly transport solutions and, on the
other, guaranteeing users’ road safety, especially in the absence of any type of road education
or training [18]. Although still scarce, a few studies seem to coherently endorse the need of fos-
tering laws and human behavioral-based solutions for facing this emerging challenge for road
safety, especially in the case of some pioneer countries with a more developed state of affairs in
this matter, including Australia, France or Singapore where e-scooter regulations do actually
exist, showing some promising results [4, 19].

Some of these advances can be seen in a previous recent review study conducted by
Orozco-Fontalvo, Llerena & Cantillo [20], analyzing the existing literature on e-scooters but
with a special focus on e-scooter usage trends, prices, regulations and their environmental
impact. Interestingly, this systematic review highlights (apart from their absence) several defi-
ciencies in the application of laws and regulations regarding electric scooters. Another interest-
ing finding of this study is related to the user profile: their findings indicate that e-scooter
riders were predominantly young people (especially men), who previously used sustainable
transport modes, especially bicycles, even though other relevant issues such as riders’ psycho-
social characteristics, road behavior and risk-related issues remain pending to be addressed.

Study aim

Bearing in mind the aforementioned considerations, the aim of this systematic review was to
target and analyze the existing studies investigating the psychosocial characteristics of e-
scooter users, focusing on their behavioral and risk-related features. For this purpose, a set of
data source search criteria, which will be detailed below, was defined to properly retrieve/ana-
lyze the most relevant studies made and provide relevant insights for strengthening further
research and policymaking in this field.

Methods and materials
Study approach

Opverall, systematic reviews can be understood as a method of mapping the current literature
by successively following a transparent and systematic approach to establish a research topic,
discover studies, assess their quality, and synthesize findings, either qualitatively or statistically
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[21]. Also, and far from necessarily seeking the ability to generalize findings (that is something
that often inexperienced researchers mistakenly look for in a systematic review), this method
focuses on describing the state of affairs on a certain topic or research question to the best of
the possibilities.

For this research, the core recommendations provided by Arksey and O’Malley’s methodol-
ogy for systematic reviews of the literature were followed to explain and improve each stage of
the framework [22]. The five stages are as follows:

1. Identifying the Research Question,
2. Finding Relevant Studies,

3. Selecting the Studies,

4. Charting the Data and Collating,

5. Summarizing and Reporting the Results.

Step 1: Identifying the research question. As previously mentioned, the present system-
atic review aims to target and analyze the existing studies investigating the psychosocial char-
acteristics of e-scooter users and their behavioral and risk-related features. As specialized
literature commonly endorses the idea that risky road (human) behavior constitutes the main
predictor of crashes [23, 24], it is important to explore the characteristics of e-scooter users as
an emerging group of users in cities according to their demographic profiles. In this sense, we
seek to explore the main themes of the studies on e-scooter users as well as the possible dis-
crepancies (or concordances) of the results.

As this does not constitute a meta-analytic experience, no statistical comparisons were made.
Also, it is worth remarking that, as in many other "emerging" research topics, it is common to
find that some regions are underrepresented in terms of scientific production in this field. A
summary and topic analysis of all the selected research articles were included in the final report.

Step 2: Finding relevant studies. The current review was conducted in accordance with
the PRISMA standards for systematic review notification. PRISMA is the acronym for “Pre-
ferred Reporting Items for Systematic Reviews and Meta-Analyses”, and it is an evidence-
based method that establishes a set of items for reporting in systematic reviews [25].

PRISMA starts the process with the records identified in the searches carried out in each of
the different databases. It continues with the total number of records after duplicates are elimi-
nated and ends with the individual studies in the qualitative and quantitative synthesis [26].
This methodology, which allows following a structured (but still flexible) set of steps, has been
widely used in other studies and systematic reviews on various topics, including human behav-
ior and traffic crashes in the case of different groups of road users [27-30].

The databases that were used to conduct a preliminary literature search were the Web of
Science, American Psychological Association (APA), Scopus, National Center for Biotechnol-
ogy Information (NCBI) and Google Scholar. These databases were selected because of the
large number of articles they store and their relationship to behavioral-based studies, especially
from the fields of psychology/behavioral sciences and applied road safety [31, 32].

Other lists of systematic and comprehensive reviews of other primary research publications,
which were theoretically eligible but not collected by our search algorithms, were also exam-
ined. This was carried out in order to target potentially suitable studies not indexed within the
aforementioned data sources.

The search covered publications from the beginning of the database, and included the liter-
ature published in the accessed indexes/databases up to January 2022. Among the terms, we
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» o« »

looked for were: “e-scooter users”, “e-scooter riders”, “e-scooter”, “attitudes”, “behavior” (and
user profile
users”. We came up with these terms, after reviewing the titles and keywords of the articles we

» o« » o«

“behaviour”), “safety”, “risk perception”, “road risk perception

» « » «

and “road

found during our preliminary search,.

Based on what is advised in specialized literature [33-35], our research criteria comprised the
application of three essential and widely used Boolean operators: "AND", to jointly retrieve results
over terms whose main value for the systematic review lies in the fact of being used in the same
study (e.g., e-scooters, riders); "OR", especially to emphasize on potentially similar terms that
should vary in terms of writing and naming, but not in meaning (e.g., behavior/behaviour); and
"NOT", to exclude frequently observed, clearly irrelevant results (e.g., price, regulations).

Step 3: Selecting the studies. During this stage, articles that did not refer to our research
goal were eliminated, excluding articles on e-scooters with a technical or technological profile
and only including user-focused research, usually of a more psychological or sociological
nature. Conference/summaries, protocols, letters, editorials, case reports, and case series were
not among the considered publications. We also limited our eligibility criteria to publications
published in English and Spanish that were either publicly available or could (at worst) be
requested through the library system, making them able to be analyzed.

A subset of titles and summaries was initially examined by each author independently, and
the results were tallied. This constitutes a common process in the case of systematic reviews
addressing road behavioral-based research. It covers the case of different groups of users and/
or compares them, as it has been done during recent years with the case of reviews on cyclist
behaviors [36, 37].

Another relevant clarification worth to be made is that, given our focus on behavioral and
risk-related factors and not on e-scooter crash consequences, issues such as road trauma and
riders’ fatalities were not included in our search criteria, albeit these topics could be among the
various topics addressed by the studies to analyze.

Step 4: Charting the data. The descriptive-analytic method of Arksey & O’Malley was
used to critically review the papers that matched the inclusion criteria [22]. The following
information was retrieved and recorded for each eligible article: author(s), year of publication,
country of study, study design, group of users investigated, sample size, key findings, and
highlighted results, as well as their core limitations and shortcomings. Other previous system-
atic reviews in the field of road users’ behavior report similar information from the selected
articles [38, 39].

Step 5: Collating, summarizing, and reporting the results. Since this helps to increase
the chances of adequately categorizing, unifying and diagramming the information for com-
parative purposes (favoring the data understanding among readers), the descriptive data were
evaluated using a thematic-based organization technique after the graphed data were summa-
rized in tables. For this purpose, the main sections and issues used for empirical research were
summarized in successive columns (see Table 1).

Results

The database search initially returned 478 possible papers able to be analyzed. However, once
the doubled (paper duplicates) or non-accessible items were dismissed from the research pro-
cess, the search criteria yielded a total of 417 possible outcomes after applying this filter. Also,
and to avoid discarding potentially useful information sources as a consequence of indexing
issues, we used a manual selection process to find papers fitting the review’s goal, ending up
with 32 papers that were qualified under the aforementioned criteria. The description of the
data sources and selection procedures used is graphically presented in the flowchart (Fig 1).
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Table 1. Structured sescription of study setting, key outcomes and limitations of eligible studies.

Author(s) and
year

Country

Study aim(s) and setting

E-scooter riders’ basic features and trip-related dynamics

Nikiforiadis
etal,, 2021 [40]

Fitt & Curl, 2019
[41]

Christoforou
etal, 2021 [42]

Ratan et al., 2021
[43]

Buehler et al.,
2021 [44]

Sanders et al.,
2020 [45]

Almannaa et al.,
2021 [46]

Kopplin et al.,
2021 [47]

Greece

New
Zealand

France

United
States

United
States

United
States

Saudi
Arabia

Germany

The study was designed based on
578 questionnaires to identify the
characteristics of e-scooters users.

The research presents a survey on
the attitudes and use of e-scooters.

The study presents the design and
results of an extensive face-to-face
road survey among e-scooter
users.

The research examines how
perceptions of e-scooter mobile
apps influence intent to use e-
scooters.

This study reports results from
attitudes and preferences of e-
scooter riders and non-users using
two cross-sectional surveys
deployed before and after the
launch of a fleet of shared e-
scooters.

This paper characterize trends in
the barriers and benefits related to
e-scooter.

The study explores the feasibility
of launching an e-scooter sharing
system as a new micro-mobility
mode.

To reveal factors affecting e-
scooter usage from a consumer’s
perspective, a study using an
adapted Unified Theory of
Acceptance and Use of
Technology.

Users/Sample

E-scooter riders
(n =271) and non-e-
scooter users (n = 307)

E-Scooters and non-e-
scooter users (n = 591)

E-scooter riders
(n = 459)

E-scooter riders and
non-e-scooter users
(n =398)

E-scooter riders
(n = 428) and non-e-
scooter users (n = 462)

E-Scooter riders and
non-e-scooter users
(n =1,256)

E-scooter riders and
non-e-scooter users
(n = 439)

E-Scooter riders and
non-e-scooter users
(n = 749)

Method

Cross-sectional
and
Observational

Cross-sectional
and
Observational

Cross-sectional
and
Observational

Cross-sectional
and
Observational

Cross-sectional
and
Observational

Cross-sectional
and
Observational

Cross-sectional
and
Observational

Cross-sectional
and
Observational

Results (key outcomes)

Shared e-scooters mostly replaced
sustainable transport modes.
Bicycle or motorcycle users were
not at all attracted by e-scooters.
Male and urban areas riders have a
greater interest in using e-scooters.

71% of participants had used an e-
scooter, 29% had not. Younger
people, men and those in full-time
employment are the most likely to
use e-scooters. Safety concerns and
expenses top the list of practical
reasons for not using an e-scooter.

E-scooters users are mostly men,
aged 18-29, with a high
educational level. Their main
motivation is travel time,
playfulness and money savings.
They shifted mainly from walking
and public transportation.

Mobile app perceived ease of use is
associated with e-scooter use
intent. This effect is mediated by e-
scooter perceived usefulness, even
when controlling for e-scooter
perceived ease of use and other
influential elements e-scooter use.

Perceptions about convenience,
cost, safety, parking, rider behavior,
and usefulness of the e-scooter
systems were more positive among
non-riders after the system launch.
Participants want more bike lanes
or separate spaces for electric
scooters.

E-scooters are seen as a convenient
way to travel. African American
and non-white Hispanic
respondents were more likely to try
e-scooters and to be unhappy with
current transportation options. E-
scooters are associated with
concerns about traffic safety.

Results showed that most of the
Saudi community is unfamiliar
with e-scooter systems. Most of
those who have ridden e-scooters
before have tried them outside
Saudi Arabia.

E-scooters are mostly viewed as fun
objects, and perceived safety indeed
impedes their usage.
Environmental concerns and
individual convenience evince to
represent the main drivers for
using e-scooters.

Key
limitations

(1) Self-report
(2) Local
coverage

(1) Self-report
(3) Low
reliability

(4) Not
representative

(1) Self-report
(5) Small
sample

(1) Self-report
(2) Local
coverage

(4) Not
representative
(5) Small
sample

(1) Self-report
(2) Local
coverage

(1) Self-report
(2) Local
coverage

(6) Not
exhaustive

(1) Self-report
(4) Not
representative
(5) Small
sample

(1) Self-report
(4) Not
representative

(Continued)
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Table 1. (Continued)

Author(s) and | Country
year

Huang & Lin, Taiwan
2018 [48]
Fitt & Curl, 2020 | New
[49] Zealand
Hyvonen, Repo | Finland
& Lammi, 2016
[50]
Zhang et al., United
2021 [51] States
Bielinski & Poland
Wazna, 2020
[52]
Flores & Denmark
Jansson, 2021
(53]
Mitra & Hess, Canada
2020 [54]

E-scooter riders’ behavior

Taleqani & United
Hough, 2020 States
(55]

Haworth, Australia
Schramm &

Twisk, 2021 [56]

Brunner et al., Germany

2020 [57]

Study aim(s) and setting

To understand the potential needs
of scooter riders and provide
product/service design suggestions
for increasing user willingness to
accommodate e-scooters.

This paper draws on an online
survey completed by residents
cities in which shared electric
scooters.

The research analyzes and
characterizes future uses of light
electric vehicles.

This study develops an e-scooter
route choice model to reveal
riders’ preferences for different
types of transportation
infrastructures.

This article compares the features
of users of e-bike and e-scooter
sharing systems and travel
behavior.

This study determines how users
and non-users perceive the shared
e-vehicles, and how CI influences
the adoption of shared micro
vehicles.

The paper investigates residents’
self-reported intentions to
consider shared e-scooters.

This paper investigates the
frequency and perceived severity
of 20 risky behaviors.

The research examines illegal and
risky behaviors, and interactions
with pedestrians. Shared and
private e-vehicles were compared.

The research analysed e-scooter
stability (impact of hand signals
and rear blind spot checks).

Users/Sample

E-scooter riders
(n = 190)

E-Scooters and non-
E-Scooters (n = 491)

E-Scooter riders and
non-e-scooter riders
(n = 1,030)

E-scooter riders
(n = 76,652 e-scooter
trips-GPS)

Cyclists and e-scooter
riders (n = 632)

E-scooter riders
(n=1,501)

E-scooter riders
(n = 1,640)

Cyclists and e-scooter
riders

E-scooter riders
(n =686)

E-scooter riders

Method

Cross-sectional
and
Observational

Cross-sectional
and
Observational

Cross-sectional
and
Observational

Cross-sectional
and
Observational

Cross-sectional
and
Observational

Cross-sectional
and
Observational

Cross-sectional
and
Observational

Cross-sectional
and
Observational

Cross-sectional
and
Observational

Cross-sectional
and
Experimental

Results (key outcomes)

Scooter design and usage can evoke
positive emotions. Pragmatic
quality and individual differences
of gender and age have been found
to influence scooter usage.

Changes in the materials,
competencies, and meanings
associated with urban mobility as a
response to the e-scooter trial.

Consumers show interest in
electric vehicules and the paper
addresses the match between
different kinds of consumers and
these vehicles, building
opportunities for large scale use.

E-scooter riders are willing to
travel long distances to ride on
bikeways, multi-use paths, tertiary
roads, and one-way roads. E-
scooter users also prefer shorter
and simpler routes.

E-bikes are utilized for first- and
last-mile transportation, and to
commute straight to various points
of interest. In turn, e-scooters are
primarily used for leisure riding.

Users see shared micro vehicles as
somewhat green, whereas non-
users do not. When comparing
users’ perceptions of shared e-bike
use, CI and green perceptions are
associated to shared e-bike use,
whereas only CI is linked to shared
e-scooter use.

21% were open to using e-scooters
for some of their present
excursions, while the majority
would use shared e-scooters to
replace their existing walking
(60%) and transport (55%) trips.

Participants perceive there is a low
risk associated with reckless
behaviors.

Illegal riding was more prevalent
among shared than private e-
scooters. Non-use of helmets was
more common among riders of
shared e-scooters and shared
bicycles than private bicycles.

Even novice e-scooter riders can
successfully learn to maintain
stability while performing these
tasks.

Key
limitations
(1) Self-report
(4) Not
representative
(5) Small
sample

(1) Self-report

(1) Self-report

(1) Self-report
(7) Data
limitations

(1) Self-report
(2) Local
coverage

(1) Self-report
(2) Local
coverage

(4) Not
representative

(1) Self-report

(1) Self-report
(2) Local
coverage

(4) Small
sample

(1) Self-report
(2) Local
coverage

(3) Low
reliability

(8) Biased data
(2) Local
coverage

(Continued)
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Table 1. (Continued)

Author(s) and
year

Rodon & Ragot-
Court, 2019 [58]

Bai et al., 2015
[59]

Tuncer et al.,
2020 [60]

Brown et al.,
2020 [61]

Arellano &
Fang, 2019 [62]

Siebert et al.,
2021 [63]

Siebert et al.,
2021 [64]

Country

China

China

Sweden

United
States

United
States

Germany

Germany

Study aim(s) and setting

The study compared the riding
behaviors of different types of e-
vehicles.

The study compares risky
behaviors in crossing signalized
intersections.

The study analysed how e-scooter
riders and pedestrians deal with
the unexpected appearance of e-
scooters via displays of attention,
adjustments of speed and the
relative rights.

This research investigates the
parking practices as well as the
frequency and types of parking
violations of e-scooters, bikes, and
motor vehicles.

The study included observations
from streets, sidewalks, and a
mixed-use path (pedestrians and
cyclists allowed, but no cars).

To evaluate the impact of
ergonomics on the safe usage of
shared e-scooters and to analyze
riders’ knowledge and self-
reported behavior.

12.5 hours of observation for
helmet wear, dual-use, type of
infrastructure used, and travel
direction correctness.

Risk perception and other psychosocial risk-related issues

James et al.,
2019 [65]

United
States

The study analysed the perceived
safety around riders of e-scooters
and experiences of sidewalks
blocked by e-scooters.

Users/Sample

E-scooter riders
(n = 400)

Cyclists and e-scooter
riders

E-scooter riders

Cyclists, e-scooter riders,
and drivers (n = 3666)

E-scooter riders
(n = 330)

E-scooter riders (n
observation = 2972 and
n survey = 156)

E-scooter riders
(n=777)

Pedestrians and e-
scooter riders (n = 181)

Method

Cross-sectional
and
Observational

Cross-sectional
and
Observational

Cross-sectional
and
Observational

Cross-sectional
and
Observational

Cross-sectional
and
Observational

Cross-sectional
and
Observational

Cross-sectional
and
Observational

Cross-sectional
and
Observational

Results (key outcomes)

A continuous increase in the
incidence of risky behaviors as the
weight and power of vehicles
increase. E-bikes appear to be
different from traditional bikes and
E-scooters are not significantly
different from other motorized
vehicles.

Compared to e-bike and bicycle
riders, e-scooter riders are more
likely to take risky behaviors (ride
in motorized lanes and ride against
traffic).

Details how the surprise
appearance of e-scooters to
pedestrians is managed, and the e-
scooter riders’ use of gaze, speed,
and category-relevant spaces.

Motor vehicles impede access far
more than bikes and e-scooters.
Motor vehicles often impeded
other travelers” access when
dropping off or picking up people
or food while double parking,
parking in “No Parking” areas, or
blocking driveways.

Males ride faster, and vary less by
the facility. E-scooter riders travel
slightly slower than cyclists.
Helmets are uncommon among e-
scooter riders. E-scooter riders are
less distracted by cell phones and
headphone use.

Braking system design has a
noticeable effect, with more riders
preparing the left-hand brake than
the right hand or foot brake
(depending on the e-scooter
model).

One in ten e-scooter riders rode in
the opposite direction of traffic.
5.1% of shared e-scooters were
found to be in use twice. None of
the riders wore a helmet while
riding e-scooters.

Respondents generally felt less safe
while walking around dockless e-
scooters than they were around the
different types of bicycles.

Key
limitations

(1) Self-report
(2) Local
coverage

(2) Local
coverage

(4) Not
representative

(2) Local
coverage

(2) Local
coverage

(4) Not
representative
(9) Not
generalizable

(2) Local
coverage

(4) Not
representative
(5) Small
sample

(9) Not
generalizable
(5) Small
sample

(7) Data
limitations

(2) Local
coverage
(5) Small
sample

(1) Self-report
(2) Local
coverage

(5) Small
sample

(Continued)
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Table 1. (Continued)

Author(s) and | Country Study aim(s) and setting Users/Sample Method Results (key outcomes) Key
year limitations
Che, Lum & Singapore | Virtual reality shows the perceived | Pedestrians (n = 30) and | Cross-sectional | Pedestrians rated ES speeds of 10 (5) Small
Wong, 2020 [66] degree of safety, anger, and celerity | e-scooter riders (n =30) | and km/h and 15 km/h as safer than 20 | sample
of movement in six scenarios. Experimental km/h in overtaking maneuvers, (9) Not

while 15 km/h was rated as safest in | generalizable
face-to-face interactions; the

pattern of risk perception is

positively correlated with anger

levels.

Maiti et al., 2019 | United The research investigates crowd- | Pedestrians and e- Cross-sectional | The analysis uncovered encounter | (1) Self-report
[67] States sensed encounter data between e- | scooter riders and statistics, mobility trends and (2) Local

scooters and pedestrian Observational | hotspots which were then used to | coverage

participants on two university identify potentially unsafe spatio- | (4) Not

campuses. temporal zones for pedestrians. representative
Kuoetal, 2019 | Singapore | The study presents tbe pedestrians’ | E-Scooter riders and Cross-sectional | Prior PMD riding experience does | (1) Self-report
[68] attitudes towards the use of PMDs | non-e-scooter users and not affect the subject’s degree of (2) Local

on a shared path, the intention to | (n = 303) Observational acceptance of PMDs on a shared coverage

use, ease of use, usefulness, path. A high correlation was found

perceived risk and environment. between the environment and

intention to use, as well as the
perceived risk.

Locken et al., Germany | The research analyzes the E-Scooter riders (n = 10 | Cross-sectional | The results showed a significant (1) Local
2020 [69] perception of users about the and n = 24) and number of inexperienced e-scooter | coverage
degree of safety of hand signals. Observational users. The perceived safety and skill | (2) Not
in the behaviors performed representative
increased with the user experience. | (5) Small
sample
Currans et al., United The study analyzes the safety E-Scooter riders Cross-sectional | Behaviors perceived as safe are (1) Self-report
2022 [70] States behavior of e-scooter users based and correlated with lower accident (2) Local
on the road infrastructure Observational rates. Users who prefer to ride on | coverage
characteristics. sidewalks were more likely to have

been in a collision with other users
or vehicles.

Derrick, 2020 Singapore | This study used an online survey | E-Scooter riders and Cross-sectional | The majority of participants (1) Self-report
[71] to identify perceived safety issues | non-e-scooter users and perceives e-scooters as dangerous. | (2) Local
posed by e-scooters. (n=310) Observational This negative perception was coverage
minimized if the user had never (5) Small
used e-scooters. sample

https://doi.org/10.1371/journal.pone.0268960.t001

Search results

Characteristics of eligible research articles. Since (and as mentioned before) this
research problem has been raised within the last decade, we did not set a time frame for our
search. Following this logic guideline, we found 32 papers that met the minimum inclusion
criteria and were published in English between 2015 and 2022, indicating that the study topic
is current. Furthermore, the research was carried out in a variety of countries. Thus, at the
same time it highlights the scarcity of original studies on this subject in almost all the countries
around the globe. There were 15 countries represented (ordered from highest to lowest num-
ber of empirical studies available) in the literature search results: United States (n = 10), Ger-
many (n = 5), Singapore (n = 3), New Zealand (n = 2), China (n = 2), Australia (n = 1), France
(n=1), Greece (n = 1), Saudi Arabia (n = 1), Sweden (n = 1), Taiwan (n = 1), Poland (n = 1),
Denmark (n = 1), Canada (n = 1) and Finland (n = 1), as shown in Fig 2.

It stands out that observational/cross-sectional studies most frequently address user-related
features and trip dynamics (n = 15). In the same way, users’ features-related studies commonly
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WOS APA Scopus NCBI Google Scholar
48 Citation(s) 66 Citation(s) 91 Citation(s) 49 Citation(s) 224 Citation(s)

Inclusion/Exclusion Criteria Applied:
No direct measure of the research topic

Inclusion/Exclusion Criteria Applied:
Non elegible publication type

N v

417 Non-Duplicate
Citations Screened

361 Articles Excluded
After Title/Abstract Screen

Y
56 Articles Retrieved

16 Articles Excluded 8 Articles Excluded
After Full Text Screen During Data Extraction

h 4

32 Articles Included

Fig 1. PRISMA diagram appending non-duplicate search results according to the different data sources. Abbreviations: WOS (Web of Science); APA
(American Psychological Association); NCBI (National Center for Biotechnology Information).

https://doi.org/10.1371/journal.pone.0268960.9001

perform comparisons among road users (n = 10). Germany is the country where more empiri-
cal studies solely focused on e-scooter riders’ behavior have been performed so far (n = 4).

Regarding methodological features of the selected eligible studies, it is worth pointing out
that all of them were empirical-based and (more specifically) followed a cross-sectional design,
and the vast majority are also observational, usually-although not exclusively-through online
surveys or face-to-face interviews (n = 30 of the studies fulfilled this characteristic). There are
only two articles where an experimental methodology is used. In both, virtual reality devices
are used to expose subjects to various situations controlled by the researchers in order to
observe their behaviors and decisions under such circumstances.

In all these selected research articles throughout the review process, the focus of the core
study was directly related to e-scooter riders’ psychosocial issues. However, in some of them,
apart from being able to gather data about psychosocial features of e-scooter users themselves,
we also have the assessments of other road users on critical matters such as perceived safety,
observed risk behaviors or interaction between users. Thus, in more detail, the investigations
are as follows: evaluate only e-scooter riders (n = 15), compare them with non-e-scooter users
(n = 10), pedestrians (n = 3), cyclists (n = 3) and with drivers and cyclists (n = 1).

Analysis of studies. In order to meet our core study aim, the studies were analyzed in
consideration of both the PRISMA protocol guidelines [25], as well as other scoping reviews
previously published, that dealt with similar and/or compatible topics or applied studies [20,
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S

Fig 2. Geographical distribution (country of origin) of the selected studies (number of studies per country).

https://doi.org/10.1371/journal.pone.0268960.9002

22]. These sources suggested reporting very general issues of the studies (e.g., authors, year)
and their study setting, key results, and even limitations.

Although all of the studies selected approached psychosocial issues among e-scooter riders
regarding their behaviors, risks and safety, the aims of these sources are very heterogeneous, so
it was important to group them for the case of this systematic review. For this purpose, studies
were categorized according to their core aims, albeit some secondary aims could have over-
lapped. This strategy allowed us to divide them into three blocks of studies, as presented in
Table 1: (i) Studies aimed at profiling e-scooter users, i.e., e-scooter riders’ basic features and
transport dynamics (n = 15); (i) Those targeting to examine e-scooter users’ riding behavior,
attitudes and interaction with other road users (n = 10); and (iif) Researches assessing risk per-
ceptions in relation to e-scooter riders (n = 7).

Discussion

The core aim of this systematic review was to target and analyze the existing studies investigat-
ing the psychosocial characteristics of e-scooter riders, focusing on their behavioral and risk-
related features. Overall, all empirical papers addressing the profile of e-scooter users tend to
highlight similar demographic, i.e., gender and age group-based characteristics, regardless of
the country in which their research was conducted. A wide-ranging synthesis of the
approached studies’ outcomes shows how e-scooter users are more likely to be males, young,
highly educated and/or working full time, and living in urban areas. Additionally, they are
often regardless of income levels, given that e-scooters are considered affordable even for the
case of Low and Middle-Income Countries, or LMICs [41, 42].

Usage and trip-related patterns in e-scooter riding

Regarding travel patterns of e-scooter users in literature, the sources selected allow to affirm
that, overall, e-scooter trips tend to have a relatively short length. This fact is usually
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attributable to their energy storage capacity, which still remains somewhat limited. Further,
the still low potential of e-scooter for longer trips seems to be-in addition to geographical and
infrastructural shortcomings-the main motive why it is not as widely used by those living in
peripheral or rural areas [51, 72].

Accordingly, it should be noted that the environmental value of e-scooters can be consid-
ered “relative”, as it carries both benefits and constraints. For instance, while using them to
replace motorized transportations means makes them “environmentally friendly”, their usage
may limit the active mobility of (e.g.) people potentially performing short urban trips by walk-
ing or cycling [20]. Further, frequent bicycle and motorcycle users are those reporting them-
selves as more reluctant to change their commuting habits, including shifting to e-scooters for
their urban trips [40].

Another factor constantly observed in the analyzed papers is, in brief, the growing associa-
tion between Information and Communication Technologies (ICTs) and the use of e-scooters.
ITCs refer to the set of technologies that allow access, production, processing, treatment, stor-
age, transmission and communication of information. Although this was not a main study var-
iable across the studies analyzed, it is worth highlighting that, overall, the usage of new
technologies tends to be (in literature) positively associated with both the intention to use e-
scooters and a greater intensity of use [48, 52, 53]. Once considering this issue, it seems to fit
the exposed user profile coherently: as it becomes cheaper and it easily interacts with ICT
using patterns, young people who at the same time tend to be the most familiar with connected
technologies and perceive the lesser risks on them and remain the most prone to adopt ‘con-
nected’ devices for everyday mobility [43].

Accordingly, previous studies in this regard have shown that key technological develop-
ments applied to mobility tend to elicit more positive attitudes. Thus, they explain a greater
intention of being adopted among individuals having higher degrees of previous interaction
with other technologies. At the same time, they remain more open to new technology-related
experiences [73, 74], but also more prone to assume new (and sometimes greater) levels of risk
[75]. This is precisely another key outcome to be subsequently discussed in this study.

Risk-related perceptions, assumptions and outcomes

Firstly, it is worth addressing the “troublesome” issue of subjective risk perceptions. Despite
having been widely endorsed by previous studies as one of the best predictors of the intention
to use both e-scooters and other PMDs, nowadays, it represents a challenge in terms of inter-
vention. This is due to the widespread absence of policies, programs and law requirements for
road safety education and training for e-scooter riders [20, 68]. Despite this significant con-
straint, empirical literature already provides some highlights that endorse the need for further
work on developing proper interventions and policies to increase road risk perception among
e-scooter users.

For instance, it has been demonstrated how an overall greater degree of subjective risk per-
ceptions coherently contributes to explaining the fact that females shift to e-scooters with less
frequency than their male counterparts, as, on average, they perceive them with higher levels
of insecurity and more vulnerable to suffer different types of victimization on-road or transit
environments [40]. This is (consistently) their main stated reason for avoiding certain trip
modalities [44], including many of the different possible risk-related scenarios usually present
at urban locations [76].

Also, there is a fact that, although is consistently linked in the literature to risky road behav-
iors and crashes, remains relatively understudied: what could be the factors most closely
explaining great risk assumptions among e-scooter riders? [46, 55, 65]. In this regard, some
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studies highlight that, besides age and gender issues, trip-related purposes might play a rele-
vant role in predicting risky road behaviors, making it necessary to focus on enhancing risk
perceptions in any way possible [30, 55, 65]. This means that the problem can also be under-
stood as "circular”: since it does not require a licensing course, users could be encouraged to
acquire an e-scooter. Consequently, they become exempt from the need to go through a road
training process, making it simpler but riskier at the same time.

Moreover, another factor that seems to make things worse is that the purpose of e-scooters
has been largely leisurized. Therefore, PMDs tend to be often perceived as "fun" devices, while
their main strengths could be, instead, their (e.g.) practicality, comfort and environmental
contributions [47]. In behavioral terms, it is feasible to hypothesize that this potentially prob-
lematic association between PMDs and leisure might enhance a certain relaxation among
users, who may systematically decrease their protective habits. At the same time, their risks
assumptions tend to grow, e.g., using helmets on a less regular basis, riding in the wrong way,
or using sidewalks at high speeds, even for relatively short periods of their trips [12, 62].

Could e-scooter riders’ behaviors be “the worst”?

To date, there is no accurate answer provided with a very high intercontextual validity to this
question. However, some studies suggest that e-scooter users could be performing more (and
more frequently) risky behaviors than cyclists and motorcyclists [59]. Some studies suggest
that this could be enhanced by the disparity of opinions, laws, and directions regarding the
proper regulation of the circulation of e-scooters in urban locations [5, 77].

Regarding other users’ perceptions, pedestrians have been shown to be those self-reporting
the greatest feeling of unsafety when interacting with e-scooters, whose riders tend to be con-
sidered as ‘riskier’ than cyclists [66, 67]. This may be due to several reasons. For one, the nov-
elty of e-scooters makes them unfamiliar to many people, who are much more accustomed to
sharing their space with bicycles [49]. This is compounded by the high speeds (commonly up
to 25km/h) these vehicles can reach, and the nature of the injuries commonly suffered in their
crashes [78, 79]. Specifically, serious knee, thorax and/or head injuries are the more likely to
occur in e-scooter-pedestrian crashes, the last being usually the most affected, according to
hospital records [15].

As a response to this big concern, some pioneer efforts have been made to analyze the con-
sequences of these crashes. For instance, research conducted in Germany [64, 80], Denmark
[81], and New Zealand [82], among other countries, determined that the introduction of e-
scooters in urban traffic has had a significant impact on healthcare centers. Furthermore, in
Spain, an increase of 31% in injuries and 20% in deaths due to this cause has been detected in
the last year [15]. In this regard, the results synthesized in this study suggest that, at the risky
road behavior level, the absence of helmets can be considered as an underestimated factor.
Although not preventing traffic crashes, the absence of helmets weighed most heavily in the
deaths recorded in 2020, highlighting its importance as a passive safety measure [83, 84].

On the other hand, in many cities, there are lanes delimited exclusively for cyclists, aimed at
reducing the chances of them invading pavement and other pedestrian locations [44]. In this
regard, identifying conflict zones and delimiting safe spaces for e-scooters to minimize the
risks of collisions or falls remain a crucial issue for preventing road conflicts, near-misses, and
crashes involving PMD riders [67].

Altogether, studies analyzing the socio-demographic and behavioral elements of e-scooter
users present similar findings, even though their number and deepness can be considered rela-
tively scarce. This is a key limitation currently existing in the literature, consequently affecting
the present review. Further, e-scooter riders’ features, dynamics and figures remain
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unaddressed in many geographical locations, making it difficult to provide globally reliable
inferences on this topic, even though some insights are provided by the existing literature.

Common limitations of existing studies and further research

Finally, it is worth acknowledging some limitations commonly present in the existing litera-
ture on the topic. As this is a systematic review, we will focus on the studies analyzed. In the
first place, and as reported in Table 1 (see right column), the majority of research on e-scooter
users’ behavior and risk-related factors uses surveys as the method par excellence for data col-
lection, accounting for 87.5% of the research papers. While this type of design is very useful for
gathering large samples and extensive datasets [85], self-reported information implies many
potential biases. Among the most frequent, social desirability, stereotypes, unrealistic attribu-
tions (e.g., over- or under-estimations) or differences between respondents and non-respon-
dents attributable to nonresponse bias stand out [86, 87]. Therefore, these study outcomes
should be carefully and contextually analyzed. Also, future research could be benefited from
employing other methods to complement the evidence obtained from questionnaire-based
research.

Another limitation that occurs in 59.4% of the selected studies is the small territory in
which they have been carried out. In many cases, the studies present a local coverage that may
restrict the degree of generalizability of the results [88]. This phenomenon is exacerbated if the
sample is small (34.3% of the articles selected) and/or if the questionnaires are only adminis-
tered in specific areas of a locality that are not representative of the population as a whole (this
represents 40.6% of the articles in the review). In these studies, biases arise from the character-
istics of the population stratum analyzed (e.g., a university campus will have mostly young par-
ticipants, or a particular neighborhood will have subjects of a similar socio-economic level).

To alesser extent, the studies report limitations such as low reliability (6.25%), low exhaus-
tiveness (3.12%) or data limitations derived from the quality of the images recorded (6.25%).
In any case, all the limitations indicated do not detract from the value of the results. On the
contrary, they provide greater validity and rigor to the research process developed [89]. More-
over, the accumulation of evidence provides findings and indications that should be consid-
ered in future studies covering this research field.

Conclusions

The findings of this study show, at the literature level, that most of the existing studies are dis-
tributed in a few regions of the world (North America, Central Europe, Eastern Asia and Ocea-
nia). At the user’s level, results indicate that e-scooters are most commonly used by young,
highly educated, urban-dwelling males, usually for short trips.

Further, the accumulated evidence can state that the basic particularities of e-scooter users,
as well as their attitudes, behaviors, and perceptions, are similar despite the differential cultural
characteristics of the countries analyzed. Notwithstanding, there is no cross-culturally vali-
dated evidence regarding the mechanisms linking e-scooter riders’” psychosocial features,
behaviors, and crashes. Consequently, and at the practical level, this study shows how the exist-
ing empirical scientific production on this matter: (i) remains considerably scarce, and (ii) is
reduced to a few countries (and the production is minimum in LMICs), even though e-scooter
riding has grown in a global level during the last decade.

Therefore, further research addressing psychosocial and behavioral risk-related issues
among e-scooter riders and other MVP users might contribute to formulating, developing and
enforcing more effective regulations and actions aimed at reducing their psychosocial road
risks and, therefore, their crash likelihood.
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