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A BSTRACT
We investigate the effect of vibrotactile feedback delivered to one’s
feet in an immersive virtual environment (IVE). In our study, participants observed a virtual environment where a virtual human (VH)
walked toward the participants and paced back and forth within
their social space. We compared three conditions as follows: participants in the “Sound” condition heard the footsteps of the VH;
participants in the “Vibration” condition experienced the vibration
of the footsteps along with the sounds; while participants in the
“Mute” condition were not exposed to sound nor vibrotactile feedback. We found that the participants in the “Vibration” condition
felt a higher social presence with the VH compared to those who
did not feel the vibration. The participants in the “Vibration” condition also exhibited greater avoidance behavior while facing the
VH and when the VH invaded their personal space.
Index Terms: H.5.1 [Information Interfaces and Presentation]:
Multimedia Information Systems—Artificial, Augmented, and Virtual Realities; J.4 [Computer Applications]: Social and Behavioral
Sciences—Psychology
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I NTRODUCTION

Previous research has shown that virtual humans (VHs) can provide
users with a sense of “being together” and facilitate social interaction with the VHs similar to the behavior people would exhibit with
real humans (RHs) in the real world [2, 3, 13]. Researchers often
use the terms social presence and co-presence to describe this phenomenon [11]. Blascovich et al. define social presence both as a
“psychological state in which the individual perceives himself or
herself as existing within an interpersonal environment” and “the
degree to which one believes that he or she is in the presence of,
and dynamically interacting with, other veritable human beings.”
[9, 10]. For the consistency within this paper, we use social presence to indicate such a phenomenon.
Historically, work related to social presence has primarily focused on VH appearance, intelligence, verbal and nonverbal behaviors [14, 15, 38]. These efforts are aimed at making VHs similar
enough to RHs that, in turn, RHs respond to them in a socially plausible (perhaps “realistic”) way—similar to how they would respond
to a RH. However, in the real world, social interaction not only
involves RHs, it also involves the surroundings where the social interaction takes place. For example, people might hold a door open
for others who are approaching, knock on a table to catch one’s attention, or stomp their feet on the floor to express their anger. As
such, social interaction associated with the environment can be an
important aspect of an interactive system when VHs and RHs are
present in a shared space, such as an augmented or immersive virtual environment (IVE) [24].
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Figure 1: Participant inhabited the virtual dummy (shown in
the left image) and observed the virtual environment from the
dummy’s perspective. The participant’s head position/orientation
were tracked and applied to control the dummy’s body posture to
induce the virtual body-ownership illusion. Participants were asked
to put both hands on the waist during the experiment to avoid breaks
in presence (shown in the right image).
Humans perceive their surroundings not only via the senses of
sight and hearing, but also via the body senses. In particular, proprioception and tactile feedback enable humans to perceive vibrations
that are propagated through the surface of an object in contact with
their body. For example, we can feel the impact of a heavy object
with the ground through our feet, and we can tell the condition of
the road from the vibration we feel through the car seat while driving. Even in interpersonal situations, slight vibrations propagated
through the floor or another surface can support one’s awareness of
another person. For example, if a person is approaching us from
behind, our body senses might pick up on the slight vibrations of
the floor, making us aware of the person’s presence. Similarly, if
we know that someone is standing behind us and we start feeling
vibrations through the floor, we assume that the person has started
to move, which is then usually confirmed during social interaction
via the visual sense by turning the head.
While it is not always possible to provide vibrotactile feedback
through arbitrary surfaces, the floor is not only the most common
shared object in social interactions, it is also relatively easy to stimulate. In this paper, therefore, we explore the effect of vibrotactile
feedback via a floor shared with a VH on social presence in an immersive virtual environment.
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2.1

R ELATED W ORK
Haptic/tactile Feedback in Social Interaction

To the best of our knowledge, prior research related to haptic/tactile
feedback on feet in virtual environments has focused on realistic
walking sensations [32, 35, 37], or the use of haptic/tactile feedback as secondary feedback to users when feet were used as an
input method, such as for navigation [22, 30, 39]. While we are
unaware of prior work exploring the intentional inclusion of vibrotactile feedback through the floor as a means to increase social presence, there is some research that are relevant to our approach.
Midas touch refers to the phenomenon where casual touch, such
as a tapping on one’s shoulder, promotes altruistic behaviors and

