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ABSTRACT
Redirected Walking (RDW) allows users to perform real walking
in virtual worlds that are larger than the available physical space.
Many RDW algorithms rely on the prediction of users’ possible
paths in the virtual environment (VE) to calculate where users
should be redirected to. This prediction could be obtained from the
structure of the VE, where users look, or from existing path models.
In this work, we examine users’ walking behaviors in the presence
of a virtual agent acting as a tour guide. Results showed that users
changed their speed significantly to match the agent’s walking
speed. Furthermore, users also tend to adapt their trajectories to
match with the agent’s path.
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1 INTRODUCTION
RDW techniques could be used in different manners to steer users
away from the physical boundary. Greedy algorithms such as steer-
to-center take into account only the user’s current position and
heading [9]. Non-greedy algorithms, which have been shown to
have higher efficiency than greedy ones, also take into account a
user’s future possible path [5]. Efforts have been spent on short
term prediction of a user’s path based on past head tracking data
[6, 7], head orientation [3], eye-tracking data [11] or fitting the
path using different locomotion models [12, 13]. Long term pre-
diction so far has been limited to the knowledge about the virtual
environment structure since under normal circumstances, users
don’t walk through virtual obstacles or walls [5]. Objects in the
VE have previously been used in the RDW context as a distractor
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Figure 1: Experiment scene: VR museum with a tour guide

when users reach the tracking space boundary [8], however, a user’s
locomotion behavior in presence of a virtual tour guide has never
been explored.

2 RELATEDWORK
In following behavior studies where subjects were explicitly asked
to keep a distance to the leader on a straight path, it was shown
that the best model was the velocity-based model, i.e. the follower
matches the speed of the leader, independent of the distance [10].
Dachner et al. extended the follow-the-leader experiment to two
dimensions, where the heading alignment of the follower and the
leader was also observed [2]. It was found that the follower’s angu-
lar acceleration is proportional to the sine of the heading difference.
Existing studies also showed that the minimum distance subjects
keep from a real person does not differ from a virtual avatar, how-
ever, this distance is smaller when the leader was approached from
the back [1]. The visual appearance of the leader (primitive object
versus a full body avatar) does not have an impact on the abil-
ity of keeping the distance constant, but subjects were faster at
readjusting the distance when the leader was a full body avatar [4].

In these existing studies, the subjects were always explicitly
instructed to follow and maintain a distance to the leader. To our
knowledge, no study exists that investigates if the existing models
would hold true when there is no explicit instruction. Therefore, in
this work, we conduct a preliminary study to explore the following
hypotheses: even without any explicit instruction, subjects adapt
their walking speed to the virtual agent’s speed, and also match
their paths with the virtual agent’s path (implicit behavior).

3 EXPERIMENT DESIGN
The target scenario of this experimentwas a VEwhere subjects were
guided through by a virtual agent. A virtual arts museum scenario
was therefore created (Figure 1). The museum consisted of three
floors and an elevator connecting them. Subjects got from floor
to floor by taking the elevator at one end of the room. To ensure
that all subjects visited all floors in the same order, the elevator
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(a) First floor layout (b) Second floor layout

Figure 2: Floor layouts. Green, black and red lines indicate
slow (0.75m/s), normal (1m/s) and fast (1.25m/s) walking
speed, respectively

only moves one floor up at a time. There was no possibility for the
subject to operate the elevator differently. Each floor represented
an experiment condition:

• Ground floor (straight/explicit): The room was empty. The
tour guide told subjects to follow him and walked straight
to the elevator at 1m/s.

• First floor (straight/implicit): Four artworks were presented
on the wall. On the two diagonal paths through the middle of
the room, the tour guide walked once at a faster speed (1.25
m/s) and once at a slower speed (0.75 m/s) while providing
spoken information about the artworks (Figure 2(a)).

• Second floor (curve/implicit): Six artworks were presented
on the wall. The tour guide walks on two curved path at
1m/s while providing spoken information about the artworks
(Figure 2(b)).

4 PARTICIPANTS AND PROCEDURE
The setup consisted of an Oculus DK2 and 6-DoF tracking using
an Intersense IS-1200. The tracked area and the rooms of the VE
were about 6m × 13m. The program run on a laptop worn on the
back by the subjects. Seventeen subjects (18-26 years old, 1 woman,
16 men, recruited from the university department) participated in
the experiment. The experiment lasted about ten minutes. The tour
guide’s pre-recorded body gestures and paths were played back.
The subject’s position in the virtual room was recorded.

5 RESULTS AND DISCUSSION
5.1 Walking Speed
In order to investigate whether the different tour guide’s walking
speed conditions had an impact on a subject’s walking speed, a
linear mixed model was fitted with the subject’s speed as the de-
pendent variable, the tour guide’s speed conditions (slow, normal
and fast) as an independent variable, and subjects as a random vari-
able. Results showed a significant effect of the tour guide’s speed
conditions on a subject’s walking speed. Post-hoc pairwise com-
parison with Bonferroni correction showed significant differences
between all three conditions (p<0.01). This result indicates that
subjects matched their speed with the tour guide’s speed, in line
with existing findings where explicit instructions to follow were
given [10] (see Figure 3).

Figure 3: Linear regression model of speed conditions.

5.2 Path Matching
For the three tour guide path conditions (straight/explicit, straight/implicit,
curved/implicit), each subject’s path was compared for similarities
using dynamic time warping (see Figure 4). In all three conditions,
it can be observed that subjects matched to the tour guide’s path
to a certain extent. In order to investigate if instruction type (im-
plicit/explicit) and path type (straight/curve) have an effect on path
distance (measured as the sum of distances between the tour guide’s
path and the subject’s path), a linear mixed model was fitted. No
significant effect of instruction type or path type was found.

Figure 4: Dynamic time warping used on all three path con-
ditions straight/explicit; straight/implicit; curved/implicit.

6 SUMMARY AND OUTLOOK
We conducted a preliminary study on human following behav-
ior in virtual reality. Two hypotheses were tested in a scenario
where the subject was guided around a museum by a virtual tour
guide. The first hypothesis that the subjects adapts their walking
speed to the tour guide’s walking speed could be confirmed. From
this hypothesis it can be said that it is possible to manipulate a
subject’s following speed in VR by controlling the virtual agent’s
walking speed. The second hypothesis is that the subject matches
his path with the tour guide’s path. This hypothesis can only be
confirmed visually. As shown in the results, subjects walked close
to the tour guide’s path regardless of the shape of the path. Fur-
thermore, whether subjects were explicitly told to follow or not
did not have any significant effect on how closely they matched
the tour guide’s path. As this work only serves as a preliminary
study, further work is still required to establish a formal path model
which could be used for long term prediction in non-greedy RDW
algorithms.
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