¢

| Data based safety analysis of personal electric vehicles (PEVs))

For online research

aka personal or powered mobility devices (PMDs), personal light electric vehicles (PLEVs).
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e-scooter users regard motor

as too fast &
e-scooter riders feel the pavement is suitable for ri

so they often ride on the pavement. However, only half of

ing on. Most think cycle paths & quiet streets are more suitable.
European Commission (2021) Road safety thematic report

p

pedestrians & cyclists feel safer if e-scooter users

P rians more Elisabeta Drimlova, Matgs L Maohao Che,
edestrians Mofe | S Reka Nawle ata maximum speed of 15 km/h & KiNiora
y aaworn, Aslak vt Pontus pedestrians feel safer if e-scooter user overtakes fLum & Yiik
jallgren. Peter Silverans, and Diew Wong

riders to regard

Freya Slootmans. 2024
escooters as unsafe

pedestrians least comfortable (by far) sharing pavement with large
style electric mopeds. 2nd least comfortable with EUCs (electric unicycles,
aka ewheels, monowheels). Most comfortable sharing

or running and conventional wheelchairs

&® Perceptions

enhanced safety perception if

ebike user is able to keep up

with traffic rather than being
constantly overtaken

Brian Casey
Langford, 201

ebikes and escooters

hypothetical modelling
& simulations

skateboards had higher injury rates compared

to scooters & escooters (8.72 per 100,00i

individuals) & skateboards also had higher

fracture rates (35.39 per 100 injuries).

head injuries are the most
common type of injury for
micromobility users

Hannah Younes,
2025

“# Injury data

risk of emergency department visits & fatality are same for e-scooter
ers & cyclists, but hospitalization more likely for escooter
trip on a motorcycle or moped is 5 times more likely to lead to a
compared to a journey on an e-scooter. Over 80% of e-scooter rider
g a heavier motor vehicle.

fatalities resulted from crashes invol

3

0

at a maximum speed of 10 km/h. However, this
was seen as too slow by e-scooter riders

down

Amir Hassanpour,
2025

h people walking

Elizabeth Gordon,

Zhenying Shao, Yan
Xing, Yunshi Wang,
Susan Handy 2014

See also

Adrian N. Fernandez, Kevin D. Li,

electric scooters & bikes riskier than Hiren V. Patel, Isabel Elaine

Author's summary: The aim of this map is to compare the safety of
different portable transport tools and help us understand more how
we can make them safer. The information is based on objective
research data or observable features rather than subjective views.
However, | believe collecting the views of experienced users, as in
numerical surveys, would be especially useful - especially given
the distinct lack of high-quality research in some areas. In
particular more research is needed with regard to electric
unicycles, electric skateboards & other newer less traditional
devices. Also to note there are some key elements that research
is unlikely to ever fully capture in data, such as one's level of
expertise, mindfulness, awareness, focus and compassion to
other road users while riding. Safety may not always be completely
a matter of choice, but thankfully the data clearly suggests that
safety can be enhanced by us making sensible choices.

Russell Griffin, Chris T

non-electric conventional ones

Allen, Umar Ghaffar, Nizar
Hakam, Benjamin N. Breyer 2024

With children escooter-related injuries more likely to be

‘severe’ than conventional non-powered scooter injuries  Geraia v

icGwin Jr 2008

"e-cyclists were eight times more likely to have a crash than e-scooterists" FB"CZ"EZZS"“

"Those with e-scooter injuries are more likely to be treated and
released (85%) than those with e-bike (81%) or bicycle injuries (79%)"

Hannah Younes, Robert Noland,
Leigh Ann Von Hagen 2024

Marcel Niemann, Karl F. Braun,
Ellen Otto, Michaél Tiefenbrunner,
Jonas Wister, Urrich Stockle,
Sufian S. Ahmad, Sven Mardian,
Frank Graef 2023

e-scooters = higher odds of head, thorax & higher survival rates
e-bikes = higher odds of spine injuries & ED admission

injured e-scooter users were more often

intoxicated, had a lower rate of helmet use, were Hannal Younes: 9'5909:?’ ”dler§ whe[egveralyly percel\l{ed as U
younger, and crashes often occurred at night significantly ‘worse’ riders than cyclists.
injured e-scooter users were not more likely to suffer Hannah Younes, "Initial results suggest that e-scooter users do not suffer
2025

severe injuries than bicyclists and e-bike users.

Caroline Deck,
Nicolas Bourdet,
Frank Meyer

2

hoverboard less safe to ride without a helmet compared to EUC & escooter. Escooter least unsafe
without a helmet (but still very unsafe). If helmet worn then EUC is safer than other two devices

Jun Xu, Shi Shang,
eucs, Segways, pedestrians and cyclists: modelling generally " Guizhon Yo
found the self-balancing devices resulted in lower head injury

severities than the equivalent pedestrian or bicycle collisions

‘Shucai Xu. 2016

AmirHuman Hoveidaei
Seyedarad Mosalamiaghil,
‘Alireza Keshtkar, SukrilJ.
‘Suresh, Jakob Adolf, and
JanetD. Conway. 2025

head injuries are by far the most
common injury related to e-scooters

European Commission (2021)
Road safety thematic report

European Commission (2021)
Road safety thematic report

ers. A
fatality

Pro Lapierre Urban 3.4 e-bike outperforms Xiaomi Mi e-scooter

braking. Acceleration & control during

evasive manoeuvres about the same but euc had a higher roll
rate so is more manoeuvrable but maybe less steady

& Inmotion V5F i

Claire Naude,
Ebrahim Riahi,
astien Canu, and

hierry Serre. 2025

[

makes them more

"e-scooters required much lesser handlebar torque which @ an Pavcel
o bicy 2020

t

Monark Karin 3-VXL ebike,
Ninebot ES2 escooter & ('

Lucas Billstein
and

Segway Ninebot S

Svemiov. 2021

Advantages of
EUCs (electric
unicycles, self
balancing wheels,
monowheels)

Safety
related
¥ performance
&
features

Observable safety-related
physical attributes of
EUCs & scooters (not

based on research data or

subjective user re

(e-scooler best maneuverability, but lacked in safety due to bad braking performance)

(e»bike and the e-scooter good rider comfort & stabilily)

(Segway = Least safe at high speeds, comparable at lower speeds>

conclusion: limit speeds of Segway

generally larger diameter wheels
= smoother & safer over bumps & potholes

arms free to indicate

Scooter deck can get stuck on or scrape over
<no deck = less ground clearance issues)

caveat: this could however make users.
ide more quickly over such terrain
undoing the safety benefit

also can be done on a scooter,just not as easily
but beware of pedal clipping!

o ik of stem or handlebar collapse (as in many smmers)

though a stem lock can miigate or avoid this)

o throttle = no accidental pressing
10 brake = o chance of jamming

an

points compared to bikes & scooters

immediate forward
jump off usually possible

(Iess mechanical moving parts & hinge)

more severe injuries compared to cyclists and e-bike users

Adela Marin, Javier
Gene-Morales, Francisco Alonso, and Amanda N. Stephens. 2022

Hannah Younes, Robert Noland,
Leigh Ann Von Hagen 2024

I

o s o v ey e e E0 )

a EUC can sometimes roll away by itself (unaway EUC) &

VA

can prevent vehicle rolling away

add safety tools in easy reach

S

can be avoided by using
‘a EUC tether, but with

larger heavier wheels can
be risky 1o the rider

ly pedesrians o

o )

- < at low speeds allows instant safe dismount while rolling >

nstalling reflectors or
. increasing the wheel size

(7 Marco Dozza, Alessio Violn,
and Alexander Rasch. 2022

EUCS also allow this but usually takes longer: liely need to stoop or unfold trolley handle. )

NV

<a|lows instant lifting over or up obstacles such as kerbs & slairs>

with many EUCs best o also deactivate self-balancing before lifing )

overconfidence in new riders

72

mixed blessing: may also. weam)

allows far quicker learning phase

((naturally self-balancing: motor faiure = roll toa stop )

EUC balance relies on functioning motor & gyroscope
chip & speed to be below maximum (respect the beeps)

one wheel = one contact patch & zero redundancy
(Inmotion E20 & some other EUCs have two
tyres, but a scooter's wheels are spaced further
apart & are In the line of travel)

("extra contact point with ground (traction backup) )

one foot can be quickly put on ground

enhancing traction & stability

EUC users can also place a foot on
ground but usually not as easily - depends on pedal h

@D

)

; . p European
replace narrow, hard wheels with wider softer wheels & improve shock absorbers to  _, | Conmission
| v dseasflzl;l reduce chances of falling over bumps or potholes. A wider platform for greater stability. g 's‘gsnli‘&’:n:\:?m
J ropor

modification of the frame can improve

stability & handling of the many small wheel PMDs

Mian Paudel
[E )

" roll or pedal to start (prevents acceleration
from accidental pressing of throttle)

"\ Reguiations and Safety

L~

| for Electic Bicycles and
Other Low-Powered
Vehicles. 2017

" audible sounds (respondents often startled _, h

because electric motors are nearly silent)

| Ui Sandberg, Luc Goubert,
and Piotr Mioduszewski. 2010

Yuping Li, Qi Chen, Qiang
Ma, Hailong Yu, Yujia
Huang, Lei Zhu, Hengzhu
Zhang, Chen Li, and

jangyu Lu. 2022

[ wessnvewen
Reduce speed '

Master your device before
riding in public spaces

ian Huang, Qing Zhou, Caroline Koelper,
Quan Li, and Bingbing Nie. 2020

a2

Public Health 201

9

hustin Epidemiology and

Pedestrian empath!

: remember that others are likely far
less trusting of your device than you are

Elisabeta Drimiova, Matis
Sucha, Karel Recka, Narelle
Haworth, Aslak Fyhr, Pontus
Waligren, Peter Siverans, and
Freya Siootmans. 2024

)

Stay clear: Don't drink
alcohol or take intoxicating

European

possible

enforced helmet wearing,
driver’s licences for

e-bikes, data collection &

safe-riding credit system

and Guangyu Lu.

"Yuping L, Qi Chen,
Qiang Ma, Hailong

Taipei model: two-wheeled micro electric vel
& must pass vehicle inspections to obtain a license plate

“percentage of e-scooter users in

Commission hospital who were under the influence European Commission (2021)

substances before riding & (71 | (2021)Road R e () Road safety thematic report
ta fi h safety thematic drivers in the hospital”

stay away from cars where report

- Alexandre Santacreu,
e-scooter users who share a photo of themselves with a helmet
on could be rewarded by the company providing the e-scooter '~ Oroine de San Lo

Regulations and

helmet wearing depending on speed, maximum speed & size for vehicles on Safety for Electric
footpaths, age limits & driver licensing for higher speed devices Bieycles and Other

Vehicles. 2017

les need insurance Department of

Transportation. 2024

“Guide to E-Scooter

Singapore model: clear categories of vehicle types. For PMDs: maximum width of 70cm, max. speed 25kmph & ;.": PMD L;ss for
15kmph on footpaths, weight up to 20kg & must be approved by approved by the Land Transport Authority (LTA) S\ngaile::gal»\ed':\;s
rental scooters' time dependent pricing system could be complemented or replaced N aorge vana
with price-per-kilometre travelled, price per journey, or even a monthly subscription 0';,‘31“;:?:;";5;3“

o Safety enhancing
-~ Policy
regulations on phone use, limits on
the maximum blood-alcohol arco Dozza, Alessio Violn,
concentration allowed for riders
"building or improving cycling infrastructure can help Juliane Anke, Madlen Ringhand, Tibor

Author's own ideas can be seen here: ilans Anko, . keep e-scooter riders from riding on the sidewalk” Petzoldt, and Tina Gehlert. 2023

fadion

"_J"Y segrega!ec! ‘cycle-scooter' niongnand. | PMD users express a clear preference for cycle paths
highways & active travel routes d Tina so allow PMDs on cycle paths. But upgrade design Alexandre Santacreu,

Geflert 2023 | standards & make them wide enough to accommodate omSEge Yammis,
. N various vehicles. The surface must be smooth & well Philippe Crist 2020
child cyclists would only maintained, with repairs done as quickly as possible.
be allowed to use e-bikes Reguiations and
'
once they were °_|d B‘Zyi\!s";nfém”; "scooters, and e-monowheels, which have reduced braking capacity E‘i"i‘;::;“::
enough to be denied LowPowered compared to electric bicycles, require protective measures such as Bastion Canu, and
access to footpaths lower speed limits and carefully designed lanes to mitigate risks" Thierry Serre. 2025
fencing & pedestri incr
geofencing & pedestrian Alkinson & - ;

. expanded traffic training for children at

airbags (for mopeds & ebikes) Alnson, secondary school to include other personal  Alexandre Santacreu

Marco Dozza, Alessio Violin,

training and Alexander Rasch. 2022

mobility devices. Also driver training for
motorists (most e-scooter fatalities are a result
of a crash with a motorised vehicle)

George Yannis,
Ombline de Saint Léon,
Philippe Crist 2020

Elisabeta Drimiova, Matis
Sucha, Karel Recka, Narelle
Haworth, Asiak Fyhri, Pontus

Waligren, Peter Silverans, and

Freya Slootmans. 2024

police officers to promote
e-scooter safety behaviour.

(OECDIITF, 2020 list of recommendations)
Allocate protected space for micromobility and keep pedestrians safe.
To make micromobility safe, focus on motor vehicles.
Regulate low-speed e-scooters and e-bikes as bicycles, higher-speed micro-vehicles as mopeds.
Collect data on micro-vehicle trips and crashes.
Proactively manage the safety performance of street networks.
Include micromobility in training for road users.
Tackle drunk driving and speeding across all vehicle types.
Eliminate incentives for micromobility riders to speed.
Improve micro-vehicle design.
Reduce wider risks associated with shared micromobility operations

Alexandre
Santacreu, George
Yannis, Ombiine de
Saint Léon, Philippe
Crist 2020
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