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Background: Cyclists on urban roads will interact in the future with mixed traffic consisting of
manually driven vehicles and driverless vehicles. Previous research'? found that in certain
encounters with human driven vehicles, cyclists rely on social interactions with the driver to
resolve any potential conflict. For example, cyclists might look in the direction of the
approaching vehicle to check if the driver is attentive, or they might use hand gestures and eye
contact to communicate their intent to the driver. However, in future mixed traffic where
cyclists will interact with driverless vehicles, these social interactions will be missing. This
could potentially affect the cyclist’ safety perception and their cycling behaviour. In a previous
study?, it was found based on semi-structured interviews with cyclists that they prefer to receive
confirmation from automated vehicles that they have been detected. In this study, we investigate
whether cyclists look for the presence or absence of a driver in a vehicle, and whether the
absence of a driver would affect their cycling behaviour and their feeling of safety. Furthermore,
we investigate if cyclists would prefer in the future to be able to distinguish driverless vehicles
from manually driven vehicles, and whether additional communication from the vehicle would
be needed and its preferred modality.

Research method: For that purpose, a field study was designed where cyclists followed a
predetermined route around the Civil Engineering and Geosciences faculty in Delft University
of Technology, as indicated in Figure 1(a). The cyclists interacted each time either with a
manually driven vehicle or a driverless vehicle. The study consisted of two rounds. In the first
round, no prior information was given to the cyclists, and they were asked to cycle as they
would normally do in everyday life. During the first round, the cyclists interacted twice with a
vehicle that was manually driven, and twice with driverless vehicle (a human driver was always
present but hidden behind a seat suite as shown in Figure 1(b). After completing the first round,
a short interview was conducted with each participant to seek information on their interaction
behaviour, where they were looking when interacting with the vehicle, and whether they
recognized any differences between the four rides (i.e., whether they recognized the presence
or absence of a driver). The order of scenarios was randomized among the participants. The
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second round also consisted of four rides, but before starting the first ride the participants were
informed that the vehicle that they will interact with can be driven either manually or
automatically. Furthermore, they were asked to speak aloud the first moment they could identify
the presence or absence of a driver and say, ‘Yes driver’ or ‘No driver’. Following the
completion of the second round, a second interview was conducted in which the participating
cyclists were asked to what extent the interaction with a driverless vehicle affected their cycling
behaviour, whether they felt safe, and a final set of questions relating to their preferences
regarding the ability in future traffic to distinguish these vehicles from traditional vehicles, and
whether they would like additional communication from the vehicle.

This study was approved by the TU Delft human research ethical committee (ID 2300).

Figure 1: (Left) the route the cyclists followed (yellow arrows) and the direction of the

approaching vehicle (red arrow); (Right) a hidden ‘ghost driver’ controlling the vehicle, which
appeared driverless.

Data collection: The data collection took place in November and December 2022 during three
weekends, allowing the test area to be closed to other cyclists and pedestrians for safety
considerations. Two cameras above the cycling lane were used to collect data on the trajectories
of the participating cyclists, and Tobii Pro 3 eye-tracking glasses were used to record the
cyclists’ gaze behaviour. Additionally, a survey was conducted to gather demographic data,
information on cycling habits, and the cyclists' level of trust and receptivity towards sharing the
road with driverless vehicles. Also, two interviews were conducted one after each round.

Results: Thirty-seven cyclists (23 males and 14 females), ranging in age from 22 to 67 years
old took part in the field study after signing a consent form. The collected data are currently
being analysed, and the results will be ready by the time of the conference.
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