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1 INTRODUCTION

Cycling offers many benefits, such as reducing traffic congestion, lower emissions and health benefits [1]. To
further promote cycling, the cyclists’ perceived safety needs to be addressed [2]. In this context, automated
vehicles offer high potential for designing safe and comfortable interactions with cyclists in the future [3]. A
key parameter in these interactions constitutes the proximity of vehicles passing cyclists to avoid causing
discomfort [4]. To evaluate specific scenarios with varying proximity, cycling simulators provide a safe and
standardized environment for traffic safety research. Therefore, there are numerous efforts to implement
cycling simulators for use in research [5]. However, it is important to verify the simulator validity to ensure
the generalizability of results [6]. In this work, an implementation of a virtual reality (VR) cycling simulation
is presented and it is aimed to investigate the simulator validity in terms of perceived criticality in traffic
conflict scenarios as well as the participants’ experience of presence within the VR cycling simulation.

2 METHOD
2.1 Experimental Design

The study is implemented as a 3 x 4 within-subjects design and consists of three conflict scenarios between a
cyclist and vehicle, each with four different levels of potentially critical outcome: non-critical (baseline
condition) as well as low, moderate and high potential of a critical outcome. As dependent variable, the
perceived criticality within the conflict scenarios is assessed.

2.2 Material
2.2.1 Cycling Simulation

The open source project LoopAR [7] is used as basis for the VR cycling simulation. Originally, this virtual
reality environment of a city was developed in the Unity 3D game engine and used for studies on automated
driving from the passenger perspective (e.g., takeover requests) [7]. The simulation was modified to provide a
naturalistic impression of a bike ride, including the cyclist’s perspective when sitting on a bike as well as the
moving bicycle wheel, the handlebar and the cyclist’s hands in the foreground. In addition, three different
perspectives of the cyclist were implemented, i.e. to the front, to the right and to the left. Using a static bicycle,
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this setup allows laboratory studies in front of three monitors. Alternatively, the VR cycling scenarios with
only a frontal perspective and no static bicycle can be used as video files in online studies. The latter is applied
in the present work.

2.2.2 Conflict Scenarios

In all conflict scenarios, the cyclist has priority. However, the vehicle crosses the cyclist’s trajectory in front
of him with varying proximity. The three conflict scenarios are depicted in Figure 1: In the first scenario (see
Fig. 1, left), the cyclist approaches to an intersection while a vehicle from the left closely crosses the cyclist’s
trajectory. In the second scenario (see Fig. 1, middle), the cyclist passes vehicles standing on the parking lane
while one of them suddenly leaves the parking lot. In the third scenario (see Fig. 1, right), the cyclist overtakes
waiting cars using the bike lane while the first vehicle suddenly accelerates and turns right.

To systematically vary the proximity in the three scenarios, the initially attempted post encroachment time
(IAPT) is used [8]. This prospective measure is based on the timespan between the leaving of the first and
arrival of the second road user at a conflict point, if no speed adjustments are initiated by the road users. A
lower IAPT is related to a higher potential for a critical outcome of the scenario while the vehicle crosses the
cyclist’s trajectory with lower proximity. In this study, scenarios with low potential for a critical outcome are
designed with an IAPT of 3 seconds, a moderate potential for a critical outcome with an IAPT of 2 seconds
and a high potential for a critical outcome with an IAPT of 1 second.
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Figure 1: Three conflict scenarios between cyclist (green) and vehicle (red).

2.2.3 Questionnaires

Sociodemographic variables are asked including the cycling experience and frequency of bike use.
Additionally, sensation seeking [9] as well as affinity for technology interaction [10] are rated. For measuring
the perceived criticality within the conflict scenarios, the Scale for criticality assessment of driving and traffic
situations [11] is used. The scale ranges from 0 (~ not critical at all) to 10 (~ most critical). Further, the
participants' experience of presence in the cycling simulation is measured. For this, the Igroup Presence
Questionnaire [12] is used, containing 14 questions regarding spatial presence, involvement and experienced
realism. The scale ranges from -3 to +3 with different verbal anchors.

2.3 Procedure

The online study is conducted using jsPsych [13] and starts with a sociodemographic questionnaire. Then, the
videos with the conflict scenarios are presented in random order. Each video has a length of approximately 30
seconds, beginning with an urban bike ride and ending with a black screen shortly after the onset of the conflict
scenario. Thus, it is not clear to the participants how the scenario ends, i.e., whether the vehicle still yield to
the cyclist or not. This should focus on the potential criticality and avoid changes of mind after showing the
successful resolution of the scenario [14]. After each video, the perceived criticality is assessed. At the end of
the study session, the experience of presence within the VR cycling simulation is rated.

3 RESULTS & DISCUSSION

The study results are pending and will be presented at the conference. The analysis will include whether the
perceived criticality varies according to the different IAPT levels within the three conflict scenarios.
Furthermore, individual differences, such as regarding cycling experience and sensation seeking, will be
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considered. In addition, the VR cycling simulation will be evaluated based on the ratings for the experience of
presence. The results will provide first indications on the simulator validity, especially regarding the perceived
criticality in traffic conflict scenarios. This is important for future studies investigating the interaction between
automated vehicles and cyclists to design safe and comfortable driving maneuvers. Further, advantages and
disadvantages of the presented implementation of a VR cycling simulation will be discussed.

4 ACKNOWLEDGEMENT

This project was funded within the Priority Program 1835 “Cooperative Interacting Automobiles” of the
German Science Foundation DFG.

REFERENCES

[1] S. Jarjour, M. Jerrett, D. Westerdahl, A. de Nazelle, C. Hanning, L. Daly, J. Lipsitt and J. Balmes,
“Cyclist route choice, traffic-related air pollution, and lung function: A scripted exposure study.”,
Environmental Health 12 (2013), p. 14.

[2] R. L. Sanders, Examining the cycle: How perceived and actual bicycling risk influence cycling
frequency, roadway design preferences, and support for cycling among bay area residents., University
of California, Berkeley, 2013.

[3] W. Tabone, J. de Winter, C. Ackermann, J. Birgman, M. Baumann, S. Deb, C. Emmenegger, A.
Habibovic, M. Hagenzieker, P. A. Hancock, R. Happee, J. F. Krems, J. D. Lee, M. Martens, N. Merat,
D. Norman, T. B. Sheridan and N. A. Stanton, “Vulnerable road users and the coming wave of
automated vehicles: Expert perspectives.”, Transportation Research Interdisciplinary Perspectives 9
(2021), p. 100293.

[4] S. C. Shackel and J. Parkin, “Influence of road markings, lane widths and driver behaviour on
proximity and speed of vehicles overtaking cyclists.”, Accident Analysis & Prevention 73 (2014), pp.
100-108.

[5] F. Busch, H. Kaths, A. Keler, S. A. Hosseini, G. Grigoropoulos and J. Kaths, Fahrradsimulator:
Anwendungsorientierter Erfahrungsbericht zu Aufbau und Nutzung., Lehrstuhl fir Verkehrstechnik,
Munich, 2019.

[6] S.Schneider and K. Bengler, “Virtually the same? Analysing pedestrian behaviour by means of virtual
reality.” Transportation Research Part F: Traffic Psychology and Behaviour 68 (2020), pp. 231-256.

[7] F.N. Nezami, M. A. Wéchter, N. Maleki, P. Spaniol, L. M. Kiihne, A. Haas, J. M. Pingel, L. Tiemann,
F. Nienhaus, L. Keller, S. U. Konig, P. Konig, and G. Pipa, “Westdrive X LoopAR: An Open-Access
Virtual Reality Project in Unity for Evaluating User Interaction Methods during Takeover Requests.”,
Sensors 21 (2021), p. 1879.

[8] F. Cunto, “Assessing Safety Performance of Transportation Systems using Microscopic Simulation.”,
2008, https://uwspace.uwaterloo.ca/handle/10012/4111

[9] R. H. Hoyle, M. T. Stephenson, P. Palmgreen, E. P. Lorch and R. L. Donohew, “Reliability and
validity of a brief measure of sensation seeking.”, Personality and Individual Differences 32 (2002),
pp- 401-414.

[10] T. Franke, C. Attig and D. Wessel, “A Personal Resource for Technology Interaction:
Development and Validation of the Affinity for Technology Interaction (ATI) Scale.”, International
Journal of Human—Computer Interaction 35 (2019), pp. 456-467.

[11] A. Neukum, T. Liibbeke, H. P. Kriiger, C. Mayser and J. Steinle, “ACC-Stop&Go:
Fahrerverhalten an funktionalen Systemgrenzen.”, in 5. Workshop Fahrerassistenzsysteme, 2008, 141-
150 pp.

[12] T. Schubert, F. Friedmann and H. Regenbrecht, “The Experience of Presence: Factor Analytic
Insights.”, Presence: Teleoperators and Virtual Environments 10 (2001), pp. 266-281.

[13] J. R. de Leeuw, “jsPsych: A JavaScript library for creating behavioral experiments in a Web
browser.”, Behavior Research Methods 47 (2015), pp. 1-12.

[14] A. Resulaj, R. Kiani, D. M. Wolpert and M. N. Shadlen, “Changes of mind in decision-
making.”, Nature 461 (2009), pp. 263-266.

237





