E-ScootAR: Exploring Unimodal Warnings for E-Scooter Riders
in Augmented Reality

®»ox » 9 or
w» »n @ w rws fl x = waw
T w» ®» xS s
WS G ma w "R
S «x spax
T = m XS XS
s G v w

oox mam S 0w
@ i waw s B x
um T = m xS XWAS
I RS G v m
WS x
M @ w WS
T = ® xS XWAS
Xwas G v W

Figure 1: We compared three unimodal warnings for E-Scooter riders to situations with no warnings as a baseline at inter-
sections with approaching vehicles: Augmented Reality warning displays a text “Warning! Detected Car getting close.” (left),
auditory warning emits beeping signals (middle), and vibrotactile feedback is activated on the grips of the handlebar (right).
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2.2 Warning Assistance for Cyclists
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Figure 2: A first person perspective in the AR-based simulation (left) and AR simulation shown through the AR glasses (right).
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Which unimodal warning signals are the most applicable to increase
the safety of E-Scooter riders in terms of reaction time to a hazard,
accident rate, and feeling of safety?
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Figure 3: The E-Scooter was equipped with four vibration
motors on the left and right sides of the handlebar and
the reaction button on the left to measure reaction time to
the warnings. The vibration motors and the reaction button
were directly connected to a NodeMCU microcontroller for
communication with a HoloLens.
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Reaction Time, ms | Accident rate (%) | Acceptance | Perception | Safety
Warning S
4 11 1 1 4
o X ’ 4 1 4 4 1
x » 1 1 1 1
sSs W 4

Table 1: Overview of the descriptive results. M = mean, SD = standard deviation, Md = median, IQR = interquartile range.
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Figure 4: Overview of the results: reaction time (left) and accident rate (right) per type of warning.
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