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ABSTRACT

For pedestrian dynamics research VR studies allow the analysis of
performed experiments from an egocentric view, e.g. to experience
visual restrictions or proximity to others in the crowd. VR studies
using models of pedestrian dynamics also enables the realisation of
reproducible experiments. First research questions using the new
framework could be (1) how cognitive maps are built up, when
dynamic elements like people are present, and (2) how social norms
are negotiated in movement. This report describes the idea and the
steps that need to be taken to achieve this goal.

Index terms: Pedestrian Dynamics, VR Studies.
1 INTRODUCTION

At the Institute for Advanced Simulation: Civil Safety Research at
Forschungszentrum Jiilich, we are working in the scientific fields
of pedestrian and fire dynamics. For analyzing physical and socio-
psychological aspects influencing the dynamics and behavior in
crowds controlled reproducible experiments are used. Gathered
data include, e.g. the walking path or 3D motion of a person,
personal characteristics like body measurements, age or gender, or
psycho-physiological indicators of stress [1].

2 VIRTUAL REALITY STUDIES

VR studies complement our experimental approach and enable us
to take two decisive steps forward: First, we want to use VR as a
visualization tool. Our experiments are filmed from above
throughout. This provides a very good representation of the overall
dynamics and allows us to extract the walking paths. However, for
psychological questions it is also relevant to capture the
participants' perspective. It is from this perspective that people
perceive and assess the situation and control their behavior. In an
immersive VR environment, we can for example study the
experience of visual restrictions or proximity to others in the crowd.

Second, a situation in a crowd can be reproduced identically in
VR and thus used as an environment for experiments. In our real
experiments, we can keep the external factors (spatial structure,
instructions) constant, but not how people behave. As a result, we
often get very different dynamics in the crowd under the same
conditions. In VR, on the other hand, a large sample of test subjects
could be placed consecutively in the same crowd situation
(reproducability). In these VR-based studies we need to implement
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physical and social reactions of surrounding people with human-
like and user-aware virtual agents.

In addition to reproducibility, once set up, a VR environment
allows a cost-effective and flexible way to study even complex
scenarios. The experiments can be carried out independently of
time and place, if the necessary hardware is available. The relevant
data describing the dynamics is available immediately and does not
have to be extracted afterwards.

First steps of the visualization tool have been taken by an
implementation of Julius Hiindlings supervised by Andrea Bonsch,
RWTH Aachen University, Germany as shown in Fig. 1 and 2 [2,
3]. Fig. 1 shows the overall visualization of a real experiment of
people passing an entrance gate. Fig. 2 gives an impression of an
egocentric view of one participant of that controlled experiment.
The real path, height, shoulder width and gender of each person
were considered.

For a better visualization and immersion of that framework the
realism of the human representation, the body motion including
body orientation and motion cycle as well as the user-awareness of
the virtual agents has to be increased.

To be able to use the framework for VR-based studies a realistic
real-time pedestrian dynamics model has to be integrated. To
increase the immersion even more devices for natural motion, force
feedback of surrounding people [4] as well as sound should be
integrated. Augmented reality could help to combine the strengths
of the real and virtual world by representing directly neighbouring
persons and the geometry as real objects and the rest of the scene
as virtual characters.

3 FuTuRE RESEARCH QUESTIONS FOR THE PSYCHOLOGY OF
Crowbps IN VR

Two research fields that can benefit significantly from VR are
outlined here as examples. The first one is cognitive mapping in
dynamic crowd environment, the second one the social
psychological question of negotiating social norms in moving
crowds.

3.1 Cognitive Maps

Cognitive maps, our mental representations of the physical
environments surrounding us, have been extensively researched.
However, almost all cognitive map studies — whether focused on
navigation, memory, recall, or problem-solving — consider only
static environments. These environments typically consist of
landmarks that help individuals create mental representations.
Whenever dynamic elements, such as other people, were included



in research, they were usually treated as interference that disrupted
the cognitive mapping process.
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Figure 1: Controlled experiment of people passing an
entrance gate: (left) a top view of the visualization
(people represented as abstract mannequins color
coded according to gender), on the right a snapshot of
an overhead camera of the real experiment to the same
time.

Figure 2: Egocentric view of one participant of the
experiment visualized in Fig. 1 showing the visual
restriction.

However, even though static landmarks do not exist in crowds,
people seem to navigate them effectively or locate themselves
within them — perhaps not as easily as in static conditions, but still
to some extent. This raises the question of whether humans are
capable of mapping crowds. On one hand, there are no stable
landmarks, the environment is dynamic, and visibility is limited —
both due to the forward-facing position of human eyes (unlike
birds, which have lateral vision) and the obstruction caused by
nearby individuals. On the other hand, people always seem to have
a sense of what they are doing within a crowd, whether by loosely
mapping their immediate surroundings or forming a representation
of the entire crowd.

Preliminary results suggest that people can recall the position
and shape of a crowd from a bird’s-eye perspective after being part

of a crowd formation (up to 15 people). However, more data are
needed for a comprehensive investigation of this phenomenon.

Virtual reality offers a high-efficiency approach to studying
this subject. Instead of gathering a large number of participants,
positioning them, and replicating their compositions multiple
times, existing crowd datasets can be transferred to VR. This allows
researchers to test cognitive mapping by placing individuals in a
virtual crowd multiple times under controlled conditions. This
method enables repeated experimentation without replication
issues, as real-life crowds rarely form identical formations, even
when given the same instructions.

3.2 Negotiating Social Norms in Movement

In large-scale experiments with crowds moving towards and
through a bottleneck, we have identified rapid transitions between
behavioral repertoires such as racing, walking, queuing or
overtaking [5]. What is not understood, however, is why these
transitions occur and which factors can be used to predict them.
Behavior, and thus behavioral changes, depend on the spatial
situation, one's own position in the crowd, the perception of social
norms and the form of being together.

VR can help us to explore these moments of transition. When
we use VR as a visualization tool, we can place subjects in a crowd
and ask them specifically what they perceive in this situation, who
people orientate themselves towards and how they would act. We
see particular potential here in combining VR and eye tracking —
this allows us to systematically investigate which cues people use
in a crowd. For example, one could ask whether all people who are
visible are looked at equally often, or whether people specifically
focus on people who play a leading role or initiate a certain
behavior. It is equally interesting to observe how people who do not
conform to social norms, for example, when they cut the queue, are
looked at.
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