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Figure 1: Three scenes of piano performance in virtual reality.

ABSTRACT
This work is a !rst attempt to visualize the social atmosphere of
a audience in a VR experience using their recorded the physiolog-
ical state, and then presents them to another group of audience
members, aiming at a transformative perception from individual to
collective experience. A virtual environment is built to share the
audience’s aesthetic feelings and emotions, creating a novel way of
non-verbal communication in performance scenarios that aim at
enhancing audio-visual perception through physiological sensing
and emotional experience sharing. This experiment was designed
to investigate the e"ect of physiological data-based reproduction
of musical performances in VR on a"ective states.
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1 INTRODUCTION
What makes a live performance di"erent from a recorded expe-
rience? It’s a fascinating question explored from researchers in
di"erent !elds. There exist also a lot of related concepts, from pres-
ence, to liveness [1, 2, 9]. A crutial part of the live performance
are the other attendees, and the social atmosphere they create.
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When we are with people, we often see some physical or physio-
logical entrainment (our body signals follow each other) [3], from
simple eye blinks and head nods in conversations over heart rate
features in music performances to galvanic skin response in theater
plays [4, 6, 7, 10, 11].

In our work, we explore if it’s possible to use recorded physiolog-
ical signals from performances and other live events to generate a
more immersive feeling for the user if they experience the recorded
performance or live event. We want to create a feeling in the user
that is similar to that in the live performance using visualizations
based on the audience physiology.

This paper presents the !rst step towards this goal. We present
an initial prototype encoding the heartrate and galvanic skin re-
sponse data from 39 members of the audience who experienced
a classical music concert. With the current prototype we want to
answer the questions if the virtual environment constructed based
on the physiological data of the live audience can enhance the expe-
rience of the user. We are particularly interested in if reproducing
a performance in a di"erent time and place (VR) with visualiza-
tions based on the audience physiology will create similarities or
di"erences in the emotional experience between the user and a live
audience member.

2 INITIAL PROTOTYPE
2.1 Background
For our prototype, we recorded a classical music concert with a
panoramic camera placed in the middle of the front row of the
auditorium. It recorded a panoramic video of the entire concert
hall, including the stage and the audiences. At the same time, the
Blood Volume Pulse(BVP) and Electrodermal Activity (EDA) data
of 50 audience members on site were recorded with wrist-worn
data acquisition devices. For recording the audience members, we
are using a commonly used physiological sensing platform [8, 13].

All audience members and the performers provided us with
their informed consent. The experimental setup was approved by
*blinded for review*.

In this study, a 5 minute 11 second solo piano performance was
selected and the data from the same time period was transformed
into 3D visualization models.

2.2 Data visualization
We transformed the BVP and EDA data of 39 live audience mem-
bers into 39 units of 3D models, and the morphological changes of
each unit re#ect the state of one audience member. The model of
each unit contains two parts: a dandelion-shaped spherical model
#oating in the sky and a grass-shaped model. The size range of the
spherical model is connected to the BVP data, and the beating of the
spherical model simulates the heartbeat (see Figure 2). The height
of the spherical model is negatively correlated with the EDA data.
When the EDA value increases, the height of the spherical model
decreases, and the model is closer to the user. The grass-shaped
model consists of a number of slowly rotating #orets, and the over-
all morphology of this model is related to the EDA data. When
the EDA value is low, the overall height of the model is negative,
and the user cannot see it. When the EDA value becomes high,
the grass model will start to rise from the center. When the EDA

value is extremely high, the user will see a cluster of lines growing
upward(see Figure 3(a)).

2.3 Three Virtual scenes
We import the 360-degree videos, sound and physiological states
from the concert into the VR environment. In addition to the 360-
degree video recorded at the performance, The 3D-oriented visual
output generated by live audience physiological data is introduced
into the virtual environment. Over the physiological representa-
tions, we hope to recreate a bit more of the emotinal atmosphere
of the live concert. We built three di"erent types of scenes to show
the same performance in virtual reality. We will explore the im-
pact of visualizing audience data on user experience during piano
performance in VR environment though the comparison of the
three scenes we have built. The !rst scene is a recorded 360-degree
video of a real-world concert performance(see Figure 3(b)). In the
second scene, data presentation is added to the recorded 360-degree
performance video(see Figure 3(c)). The third scene is a totally new
immersive virtual environment that is constructed based on the
physiological data of the audience watching that performance(see
Figure 3(d)).

Then, we will explore in an experiment, whether, compared to a
usual 360-degree performance video, the reconstructed videos lead
to a di"erent amount of presence, emotions, and engagement. In the
experiment, participants will experience the original performance
video scene and the reconstructed virtual scenes in VR. We collect
data through sensing devices (again EDA and BVP, the same devices
used in the concert recording) and questionnaires. Physiological
data Acquisition Devices include electrodermal activity sensors and
heart activity sensors.

3 PLANED EXPERIMENTAL DESIGN
Participants read and sign the consent form and data protection
policy. Participants are asked to !ll in their basic information (age,
gender, concert experience). They were informed about the experi-
mental setup. Before experiencing each virtual scene, participants
!ll out the SAM (Self-Assessment Manikin) questionnaire on a dig-
ital spreadsheet[5]. Then the participants begin the virtual concert
experience. The order of the scenes was counterbalanced. Each
scene lasted 5 minutes and 11 seconds. The participant is equipped
with the physiological data acquisition device and the VR headset.
The participant can experience the environment changing their
view angle and head position. No other interactions are provided.
Every time participants complete an experience with a virtual scene,
they will !ll out the SAM questionnaire and the Slater-Usoh-Steed
(SUS) scale questionnaire to measure a sense of presence in the
VR scenes [12] . Physiological data (BVP and EDA data) will be
collected as participants go through a total of three di"erent virtual
experiences. After all virtual experiences are completed, partici-
pants will be asked to share their overall opinions and comments
on the entire experience.

4 FUTUREWORK
With this planed experiment we want to compare to analyze the im-
pact of the reconstructed virtual space on an individual’s feelings. In
a second step we want to make the VR environment reactive to the
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Figure 2: (a) A unit of data visualization (b) Low EDA value (c) Medium EDA value (d)High EDA value

Figure 3: Three virtual scenes were created: (b) Scene A: The original 360-degree performance (c) Scene B:The mixed scene
combining data visualization and original performance (d) Scene C: an immersive virtual environment based on the audience
data.

physiology of the user and provide a richer interaction experience.
This project can explore the e"ects achieved by the application
of virtual reality and data visualization technologies in musical
performance at a deeper level. With the increasing popularity of
online communication and the introduction of technologies such as
virtual reality, the interpersonal communication has entered a new
phase. The results and experiences from this project can be applied
to change people’s lives in their daily communication activities in
a variety of places such as concerts, educational institutions, and
virtual online platforms. The framework developed in this project
can provide a way for people to visualize their abstract ideas so

that they may communicate with each other in a faster and more
intuitive way.
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