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Abstract

The role of electric scooters is becoming increasingly important for sustainable transport development. E-scooters and other light
electric vehicles are generally more efficient in urban environments than electric cars, taking up less road space and resulting in lower
energy consumption per trip. Our research involved a systematic literature review to investigate the integration of e-scooters into
the existing transport infrastructure network. An online survey was conducted to explore public perceptions and usage patterns
of e-scooters, assessing factors such as safety, comfort and preferred speeds. The survey presented five different scenarios in two
locations, each illustrating different infrastructure solutions for e-scooters. A total of 137 valid responses were analyzed.

Our study showed that infrastructure with dedicated space for bicycles should be preferred for e-scooters. Respondents indicated
that the safest solution for e-scooters would be to use the bicycle facility where it is provided followed by the sidewalk, while using the
traffic lane received a low rating. There were significant differences in the perception of safety and comfort by different user groups,
with cyclists being the only group where we found the smallest deviation in safety and comfort ratings across scenarios. Speed limit
preferences for e-scooters also depend on infrastructure provision. Speeds of 15 km/h or less are preferred for sidewalks, 15 km/h

or more for bicycle infrastructure, and slightly higher for traffic lanes. In conclusion, our study highlights the need for proactive

regulation to address the increasing presence of e-scooters on our existing infrastructure.
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1 Introduction

Transport policy faces major challenges in mitigating the
adverse effects of individual motorized transport, such as
traffic congestion, accidents, and environmental pollu-
tion. E-scooters and other micro-mobility options repre-
sent a promising alternative to promote sustainable urban
mobility and improve the negative externalities associated
with traditional transport modes. Recognized as an expand-
ing growth sector, the micro-mobility market is expected to
reach a staggering global value of $40-$50 billion by 2025,
with key markets in Europe and the USA expected to drive
this growth (Rose et al., 2020). The recent spread of shared
micro-mobility options, such as e-bikes, e-scooters, and
electric mopeds in cities worldwide, including Hungary, has
contributed to a more complex and diverse mobility land-
scape. This expanded ecosystem offers significant opportu-
nities, especially if multimodal optimization is prioritized

over a single modal approach. However, for e-scooters to
compete effectively with cars in the long term, compre-
hensive political support, safe and comfortable transport
infrastructure with optimal speed limit is essential to pro-
mote their adoption. Simultaneously, creating a regulatory
framework that ensures safety and acceptance by all road
users remains a daunting challenge for planners and policy
makers. What road surfaces e-scooters should use remains
an open question. Our paper attempts to fill this gap.

This study aims to explore public perceptions and
usage patterns of e-scooters, assessing factors such as
safety, comfort, and speed limits. The rest of the paper is
structured as follows. Section 2 presents a systematic lit-
erature review, Section 3 the methodology including data
collection, Section 4 the results, Section 5 the discussion,
followed by conclusions in Section 6.
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2 Systematic literature review

A systematic literature review was conducted to examine
the impact of e-scooters on urban mobility and the envi-
ronment, as well as their potential integration into exist-
ing transportation systems. The review also focused on
the demographics and usage patterns of e-scooter riders
and aimed to understand user preferences and rider safety.

2.1 Impact of e-scooters on urban mobility and the
environment
E-scooters have emerged as a transformative force in
urban transportation, offering innovative solutions to
some of the most pressing challenges in sustainable urban
mobility. A growing body of academic literature high-
lights their potential to alleviate traffic congestion and
serve as an effective last-mile solution within integrated
public transport systems. These studies highlight the envi-
ronmental implications of e-scooter use compared to tradi-
tional modes of transportation, providing critical insights
into their role in reducing greenhouse gas emissions by
potentially replacing more polluting options such as cars.
Neves et al. (2024) reviewed 25 studies and analyzed
the environmental impacts of e-scooters, mainly from
European cities, using life cycle assessments. While
e-scooters show potential for urban sustainability, the evi-
dence of their benefits is inconsistent, highlighting the need
for a better understanding of their effectiveness. Key phases
(production, charging, and rebalancing) significantly affect
their environmental footprint. To maximize their positive
impact, the study suggests responsible production, extend-
ing scooter lifespan, and improving charging practices,
emphasizing the importance of strategic interventions in
promoting sustainable urban mobility (Neves et al., 2024).

2.2 Integrating e-scooters into existing urban transport
Urban planners face the challenge of integrating different
micro-mobility vehicles, especially e-scooters, into exist-
ing transport systems. As cities integrate these innovative
options — often classified alongside bicycles in Europe —
research highlights the vital role of e-scooters in enhanc-
ing public transport networks.

A case study of Palermo, Italy, evaluates proposed inter-
ventions and offers actionable recommendations for urban
administrators. The findings indicate that e-scooters com-
plement public transport and are crucial for the develop-
ment of a comprehensive urban mobility framework. By
improving accessibility and supporting multimodal trans-
port, e-scooters significantly enhance sustainable urban
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mobility, underscoring their importance in the contempo-
rary public transport landscape (Ignaccolo et al., 2022).

Another study from Gothenburg emphasizes that
e-scooters are essential for integrated urban transport, serv-
ing as key connectors in multimodal systems and improv-
ing urban mobility with convenient last-mile connectiv-
ity. It underscores the integration of e-scooters with public
transport, which improves energy efficiency and enables
seamless transitions between transport modes. By increas-
ing access to transport hubs and reducing dependence on
private vehicles, e-scooters contribute significantly to sus-
tainable urban mobility (Zhang et al., 2024).

The rise of e-scooters in USA cities also highlights
the necessity for municipalities to develop effective reg-
ulatory frameworks. An American study evaluates cur-
rent e-scooter deployments and identifies emerging policy
trends to improve governance. By benchmarking prac-
tices and encouraging dialogue, it demonstrates that urban
areas are increasingly embracing micro-mobility. Insights
gained from these discussions can inform best practices
for regulation, enhancing urban mobility, improving pub-
lic safety, and promoting sustainable transport systems.
In the same time, strong regulations are crucial for max-
imizing the benefits of e-scooters within current urban
transport frameworks (Riggs et al., 2021).

2.3 Demographics and usage patterns of e-scooter
riders
Jaber and Hamadneh (2024) highlight the demographics of
users of active transportation modes — shared micro-mobil-
ity, private micro-mobility, and walking — among 219 resi-
dents of Budapest, Hungary. Using classification and regres-
sion tree analysis, the research identifies key demographic
factors influencing mode choice, revealing that age and
ownership of micro-mobility vehicles are significant pre-
dictors. The findings indicate that individuals without per-
sonal micro-mobility are more likely to use shared options
or walk, while those over 25.5 years old and vehicle owners
prefer private modes. Gender-specific preferences emerged,
with men prioritizing cost and weather conditions, while
women emphasized safety (Jaber and Hamadneh, 2024).
The Department for Transport (2022) notes that e-scoot-
ers are mainly used for leisure, with peak usage at week-
ends, while frequent users often make longer trips, increas-
ing the risks, particularly for work-related riders. Although
only e-scooters from official public trials are allowed on UK
roads, illegal practices such as tandem riding and mobile
phone use are common, particularly among younger riders
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with limited knowledge of the rules. Importantly, those
familiar with e-scooter laws are less likely to engage in ille-
gal activities, highlighting the need for targeted educational
campaigns and safety training to increase compliance and
mitigate risks in urban settings (Ventsislavova et al., 2024).

2.4 Users' preferences and riders' safety

A subsequent study made in Austin, TX, USA examines
the travel behavior of non-vehicle users, such as pedes-
trians, cyclists, and e-scooter riders. Researchers sam-
pled data from 2,245 travelers, finding that dog walkers,
cyclists, and micromobility users often navigate across var-
ious infrastructure types. Observations show that 20% of
travelers switch between different types of infrastructure,
while 35.8% use non-recommended paths. Their behav-
iors are influenced by their understanding of local regula-
tions and situational awareness. The study highlights the
importance of infrastructure design for user satisfaction,
efficiency, and safety, and calls on municipalities to create
supportive environments that enhance the experience of all
users in urban transportation networks (Lanza et al., 2022).

Another study analyzes the use of e-scooters in Austin,
Texas, focusing on their use on sidewalks, bike lanes, and
roadways. Utilizing trajectory data from over 80,000 trips
collected under the Mobility Data Specification (MDS),
the research protects users' personal information.
Key findings show that the average distance travelled
by e-scooters is spread across a variety of surfaces: 18%
on sidewalk, 11% on bike lanes and 33% on roads, with
38% on other unclassified surfaces. In addition, around
60% of road trips are made on main roads, and users in
bike lanes prefer routes that offer a medium to high level
of comfort. Trips on sidewalks are slightly slower, with
speeds reduced by 6 to 8 percent, while higher speeds are
recorded on weekdays and morning hours. These insights
emphasize the need to understand e-scooter interactions
with urban infrastructure to improve micromobility regu-
lations and policies and underscore the importance of tra-
jectory data in improving urban mobility while protecting
user privacy (Zuniga-Garcia et al., 2021).

An alternative study, using similar research methods to
the previous one, examines the infrastructure preferences
of e-scooter riders using data from 2,000 GPS tracked
trips at Virginia Tech. The analysis shows that riders are
willing to travel longer distances for better infrastructure:

¢ 59% more for bike lanes;

* 29% for multi-use paths;

* 15% for tertiary roads;

* 21% for one-way roads.

Riders prefer shorter and simpler routes, and gradient
does not significantly affect their choice. The findings high-
light the importance of adapting infrastructure to the prefer-
ences of e-scooter riders, which can increase the effective-
ness of e-scooter systems in urban areas (Zhang et al., 2021).

Ringhand et al. (2024) investigated the route choice
behavior of e-scooter riders and cyclists in Dresden,
Germany, with 52 participants traveling to specific destina-
tions. The results show that e-scooter riders prioritize road
surface quality and safety more than cyclists and often face
a more complex decision-making process. While route
lengths are similar for both groups, e-scooter riders tend
to choose longer routes in unfamiliar areas or when look-
ing for scenic routes, highlighting the influence of safety
and infrastructure on their choices. The study emphasizes
the need for high-quality cycling infrastructure to support
e-scooter use and suggests the provision of real-time road
quality information to improve safety.

Further research investigates the factors that influence
the route choices of e-scooter users in German urban areas
where e-scooters must use bicycle lanes. An online survey
and stated choice experiment collected data on 3,246 route
decisions from 424 participants. The results show that
longer travel times, more intersections, and heavy traffic
reduce the likelihood of route choice, while smooth sur-
faces and dedicated bike lanes increase it. These findings
highlight the importance of infrastructure quality and
design in determining e-scooter route preferences and
suggest that improving bicycle infrastructure is essential
for the safe integration of e-scooters into urban transport
networks (Huber and Friedrich, 2023).

Another study looks at how road features affect e-scooter
trip volume (ETV) in Calgary, analyzing 29,544 road seg-
ments. The results show that segments with sidewalks,
bike lanes, lower speed limits, and more streetlights have
higher ETV. Higher income areas and those with more
commercial zones also show higher usage. E-scooter users
prefer safe environments, preferring dedicated bicycle
lanes and lower vehicle speeds. The authors highlight the
need to evaluate road features for improved infrastructure
planning and recommend future research on causal rela-
tionships (Yang et al., 2022).

A study by Gossling (2020) examines the challenges of
integrating e-scooters into urban transportation across ten
major cities. Analysis of 173 media reports reveals a mix
of public enthusiasm and skepticism, primarily due to con-
cerns about reckless riding, clutter, and vandalism. Many
cities have adopted a trial-and-error approach to effective
legislation. The study suggests that urban planners should



implement policies such as speed limits, mandatory use of
bike lanes, designated parking, and restrictions on the num-
ber of e-scooter operators to address space, speed, and con-
flicts. While e-scooters have the potential to transform urban
transport, proactive regulations are needed to address public
concerns. The paper also calls for further research into their
impact on trip purposes, accident rates, and media portrayal,
emphasizing the importance of comprehensive policies and
ongoing investigation into their impact on mobility.

Dibaj et al. (2021) analyzes factors affecting e-scooter
trip density in Louisville, Kentucky, using data from
159 Traffic Analysis Zones. They found that commercial
land use increases, while industrial land use decreases trip
density. Higher Walk Scores and Bike Scores are asso-
ciated with more e-scooter use, especially during peak
hours. The strong predictive models suggest that improv-
ing walkability, bikeability, and public transit access can
improve e-scooter services. Overall, the findings provide
valuable insights for optimizing e-scooter distribution
and infrastructure improvements and highlight the link
between e-scooters and sustainable urban development.

Several studies address the safety risks associated
with the rapid expansion of dockless shared micromo-
bility systems, particularly e-scooters. With many cities
imposing restrictions, the research by Zakhem and Smith-
Colin (2024) introduces the Micromobility Guidance
Tool (MGT), designed to guide users along routes that
prioritize safety and compliant infrastructure. The MGT
focuses on infrastructure type and condition, optimal
parking locations, and warnings of prohibited areas. Using
a shortest path routing algorithm combined with user pref-
erences, the tool was tested in a case study of tens of thou-
sands of e-scooter trips in Dallas, TX, USA. The results
showed a significant increase in the use of safe infrastruc-
ture and a reduction in violations when comparing MGT-
generated routes to actual user routes. Overall, the findings
suggest that the MGT can improve rider safety and compli-
ance, providing essential resources for municipalities and
service providers looking to reintroduce or expand shared
e-scooter services while addressing ongoing safety risks.

A substantial body of literature underscores the identi-
fied important safety concerns associated with single-ve-
hicle incidents involving e-scooters. Several measures
are recommended to improve safety, including segregat-
ing e-scooter lanes from pedestrian paths, implement-
ing licensing and training for users, and enforcing helmet
laws. The findings indicate that users of shared e-scooter
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schemes often lack knowledge of safety regulations, high-
lighting the need for targeted educational interventions. In
addition, the study shows that the non-use of helmets is
more related to individuals' perception of risk rather than a
lack of awareness. Consistent data collection is critical to
making informed safety decisions and reducing the risks
associated with e-scooter use (Mehranfar and Jones, 2024).

A comprehensive study in Hungary examines electric
scooter regulations and user perspectives, explores the
vital role of electric scooters in Hungary's urban trans-
portation system, and highlights their environmental and
economic benefits in reducing congestion and emissions.
Using a Quality Function Deployment (QFD) approach,
the authors analyze data from literature reviews, inter-
views, focus groups, and surveys to capture user per-
spectives and regulatory expectations. The study reveals
strong user demand for new legislation on speed limits,
dedicated infrastructure, and parking regulations, empha-
sizing the need for maximum power and speed regulations
to ensure safety (Szemere et al., 2024).

3 Methodology

The rapid integration of electric scooters into urban envi-
ronments has sparked a need for a deeper understanding
of their impact on urban mobility, particularly in Hungary.
This study aims to explore public perceptions and usage
patterns of e-scooters, evaluating factors such as safety,
comfort, and speed limits. An online survey was con-
ducted to encourage broad participation from a diverse
demographic. The research focused on key aspects: iden-
tifying demographic profiles and capturing user expecta-
tions for infrastructure and operational practices. The sur-
vey presented five scenarios, with images of streets in
Gydr, and clear infrastructure illustrations. These sce-
narios were designed to simulate real-world conditions,
allowing respondents to imagine practical applications
and provide informed feedback. By examining these sce-
narios, the study aims to offer valuable insights into the
role of e-scooters in sustainable urban transport, and to
guide future infrastructure developments in line with the
needs and expectations of the community.

3.1 Data collection

The present study used an online survey to gather data.
The survey was designed without geographical or cate-
gorical restrictions, allowing a wide range of respondents
to participate, whether they use electric scooters or not.
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The survey consisted of 22 questions focusing on three
key areas such as safety, comfort, speed limits, and the
role of e-scooters as both public and private transport.
The survey aimed to:
e Capture demographic information, including gen-
der, age, and prior experience with e-scooters.
» Evaluate different types of infrastructure for e-scoot-
ers use.
* Gain insight into public perceptions of e-scooters,
including preferred road surfaces, appropriate speed
limits, safety and comfort.

The comfort and safety evaluation of each scenario was
done from the perspective of all road users, pedestrians,
cyclists, vehicles and e-scooters. Through these methods,
the study aimed to provide a detailed understanding of
the use and perception of e-scooters in Hungary and their
implications for future urban mobility solutions.

3.2 Scenarios

In this study, hypothetical scenarios were created to obtain
more precise responses from participants, ensuring that
their answers were not merely based on general opin-
ions. These scenarios, inspired by actual urban conditions,
aimed to reflect the current, diverse use of electric scooters.

Five different scenarios were presented, each illustrating

various infrastructure solutions for e-scooters. To enhance
clarity and comprehension, each scenario was supported
by images of the streets of Gy6r. In the images the pro-
posed road surface for e-scooters is highlighted in yellow.
A cross-section is also added to better illustrate the location
of the e-scooters. These visuals provided context and guid-
ance, helping respondents to understand the infrastructure
details without requiring an engineering background.

The scenarios are implemented in two locations with

different cross-sections:

e Location 1 (Scenarios 1, 2, and 3) is a two-lane urban
road where there is dedicated infrastructure for both
pedestrians and cyclists.

e Location 2 (Scenarios 4, and 5) is a two-lane urban
road where there is dedicated infrastructure for
pedestrians, cyclists share the road with vehicles.

The scenarios are as follows:

* Scenario 1: a two-lane urban road with a separated
bicycle-pedestrian path, where the proposed road
surface for e-scooters is the pedestrian path (Fig. 1).

Fig. 1 Scenario 1

Scenario 2: a two-lane urban road with a separated
bicycle-pedestrian path, where the proposed road
surface for e-scooters is the bicycle path (Fig. 2).
Scenario 3: a two-lane urban road with a separated
bicycle-pedestrian path, where the proposed road
surface for e-scooters is the right side of the traffic
lane (Fig. 3).

Scenario 4: a two-lane urban road with a sidewalk,
and no dedicated surface for bicycles, where the

Fig. 3 Scenario 3



proposed road surface for e-scooters is the right side
of the traffic lane (Fig. 4).

» Scenario 5: a two-lane urban road with a sidewalk, and
no dedicated surface for bicycles, where the proposed
road surface for e-scooters is the sidewalk (Fig. 5).

4 Results
A total of 138 individuals responded to the survey, result-
ing in 137 valid responses after filtering. Of the respon-
dents, 59.85% (82 individuals) identified as male, while
40.15% (55 individuals) identified as female. The survey
revealed that the demographic was predominantly young,
with an average age of 24 years; additionally, and 54% of
the participants were residents of the city of Gydr. 86%
of the respondents did not own an e-scooter, but 30% had
used an e-scooter before.

The online survey covered several aspects, focusing
primarily on safety, speed, and comfort. An important
component of the survey was dedicated to the appropriate

Fig. 5 Scenario 5
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usage contexts for electric scooters, examining respon-
dents' preferences for different modes of transportation,
including walking, cycling, private car use, public trans-
port, and e-scooters. Firstly, respondents were asked how
often they used different transportation modes (Fig. 6).
The frequency distribution of transport mode use shows
that most of the respondents walk daily, bicycles, vehicles
and public transport are less frequently used and e-scoot-
ers are used the least.

A general question about where in the infrastructure
e-scooters should be used (Fig. 7) produced a fairly unan-
imous result. Infrastructure for e-scooters should be pre-
ferred where some type of cycling facility is provided, such
as a bicycle path, a bicycle lane, a separated pedestrian and
bicycle path or sharrows. Although sharrows require cyclists
to share the road with vehicles, they received a similar score
to separated pedestrian and bicycle paths. Respondents
mostly disagreed with the provision of dedicated infrastruc-
ture for e-scooters and strongly disagreed with the use of
e-scooters on the sidewalk and in the traffic lane.

Another general question addressed the ideal speed
limit for e-scooters depending on the infrastructure they
use. In Fig. 8, speeds increase from 5 km/h in 5 km/h
increments to 30 km/h. An additional category was that
no speed limit is required. For sidewalks, the majority
of votes remain at or below 15 km/h. As for the different
types of bicycle infrastructure (sharrows, bicycle lanes,
bicycle paths and separated pedestrian and bicycle paths)
the majority of required speed limits are 15 km/h or above.
Interestingly, in these cases on average 15% of respon-
dents think that no speed limit is required. In the case of
traffic lanes, there is a slight shift towards higher speeds,
and 30% of respondents would not even require a speed
limit for e-scooters when using traffic lanes.

As described in the methodology, the scenarios were
evaluated in terms of safety, comfort and ideal speed
limit. For safety, Fig. 9 shows how safe the respondents
felt the scenarios were for the user groups such as e-scoot-
ers, pedestrians, cyclists and vehicles. Clearly, the safest
solution for e-scooters would be to use the bicycle facility
where it is provided (Scenario 2) followed by the sidewalk
(Scenario 1 and 5). Using the traffic lane received a low
score in both locations. We see a diverse pattern of safety
ratings from the perspective of pedestrians, cyclists and
vehicles. For pedestrians, safety is rated almost equally in
three scenarios where e-scooters are not on the sidewalk,
in other words, as long as they do not share the sidewalk
with pedestrians. For cyclists, there are no significant
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differences between the scenarios, while vehicles sharing
the road with e-scooters (Scenarios 3 and 4) are consid-
ered slightly less safe.

Evaluation of comfort (Fig 10.) shows a very similar
pattern to safety, which was expected as there is normally
a strong correlation between the perception of safety
and comfort.

Finally, the preferred speed limits for e-scooters per sce-
nario are shown in Fig. 11. There are clearly two distinct
clusters depending on whether e-scooters use the sidewalk
or not. Scenarios 1 and 5, where e-scooters are on the side-
walk, show lower speed preferences, with the majority of
ratings below 25 km/h. This is almost identical to the results
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shown in Fig. 8, but here there is a slight shift towards
higher speeds. The other cluster (Scenarios 2, 3 and 4) is
the bicycle path and traffic lane, where the preferred speed
limits are generally above 15 km/h, with a slightly stronger
preference for higher speeds in the case of traffic lanes.

To further analyze speed, the ideal speeds (Fig. 8) and
the preferred speed limits (Fig. 11) are compared using
statistical tests. These pairs are:

e Scenario 1 vs. sidewalk;

» Scenario 2 vs. bike path;

e Scenario 3 vs. traffic lane;

Scenario 4 vs. traffic lane;
* Scenario 5 vs. sidewalk.
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To test whether there is a relationship between these
pairs, the Chi-square test was used, or alternatively, if the
count in any of the cells was below 5, the Fisher's test.
For all pairs, the null hypothesis (no relationship) can be
rejected (p < 0.05) proving that there is a significant rela-
tionship between these pairs. In other words, what respon-
dents stated as ideal speed limits for e-scooters on the
sidewalk, on a bicycle path and in the traffic lane are con-
sistent with their choices in the scenarios.

5 Discussion and limitations

Our results showed that the infrastructure used by/pro-
vided for e-scooters could primarily be some type of
cycling facility (lane, path or sharrows). This is consis-
tent with the results of the studies by Zuniga-Garcia
et al. (2021), and Huber and Friedrich (2023), who con-
cluded that e-scooter riders prefer bike lanes and that ded-
icated bike lanes increase the use of e-scooters.

Our results on speed preferences are comparable to
other studies (Zuniga-Garcia et al., 2021), with e-scooter
speeds expected to be lower on sidewalks and slightly
higher on bicycle facilities. We agree with these stud-
ies, that preferably high-quality cycling infrastructure is
needed to provide safe speeds for and meet the needs of
e-scooters (Ringhand et al., 2024).

Our study has some limitations, which can also be con-
sidered as potential future research directions. Our study
used five scenarios at two locations. The route choice of
e-scooters is highly dependent on the type and quality of
the infrastructure (Ringhand et al., 2024). Further aspects,

such as traffic volume and pavement quality can also influ-
ence the behavior of e-scooters.

6 Conclusions

Our study aimed to explore the public perception of e-scoot-
ers, evaluating factors such as safety, comfort, and speed
limits. A questionnaire survey was used, which, in addition
to general questions, presented five different scenarios at two
locations, each illustrating different infrastructure solutions
for e-scooters. A total of 137 valid responses were analyzed.

Our main conclusion is that for e-scooters, infrastruc-
ture with dedicated surfaces for bicycles should be pre-
ferred. Respondents indicated that the safest solution for
e-scooters would be to use the bicycle facility where it is
provided followed by the sidewalk, while using the traffic
lane received a low rating. There were significant differ-
ences in the perception of safety and comfort by differ-
ent user groups from the perspective of e-scooters, pedes-
trians and vehicles across the scenarios. Cyclists were
the only group where we found the smallest deviation in
safety and comfort ratings across scenarios.

Speed limit preferences for e-scooters depend on infra-
structure provision. For sidewalks, the majority of respon-
dents remain at or below 15 km/h. For the different types
of bicycle infrastructure the required speed limits are
15 km/h or above, and tend to be slightly higher in the
case of traffic lanes.

In conclusion, our study highlights the need for pro-
active regulations to address the increasing presence of
e-scooters on our existing infrastructure.
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