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ABSTRACT

With this paper, we aim at introducing an empirical expe-
riment to explore the impact of different interactions bet-
ween a physical actor and a virtual avatar (digital charac-
ter controlled by a second actor equipped with a motion-
capture suit) on spectators’ sense of social presence in the
frame of theatrical performances. This investigation re-
lies on previous creation-researches that permitted us to
put forward a hypothesis that different types of interac-
tions could impact spectators’ attitude, making them drive
their attention towards the physical and/or the virtual envi-
ronment during the performance. With the proposed expe-
riment we want to apply an empirical scientific approach
to our artistic practice in order to share guidelines, tech-
niques and exercises with theater makers confronting phy-
sical actors and digital characters in their practice.

1. INTRODUCTION

With this paper, we aim at introducing an empirical
experiment to explore the impact of different interactions
between a physical actor and a virtual avatar (digital cha-
racter controlled by a second actor equipped with a motion-
capture suit) on spectators’ sense of social presence [1,
5, 9] in the frame of theatrical performances. Social pre-
sence can be defined as the sense of being there together
[9]. Numerous researches in the field of human-computer
interaction focused on factors impacting the sense of so-
cial presence in both multi-user and virtual character in-
teraction contexts [6]. In this research, we are interested
in investigating the way spectators can experience social
presence with a physical and a virtual actor. We will focus
on three subdimensions of the sense of social presence as
introduced by Biocca and colleagues [1] : co-presence, at-
tention allocation and perceived affective understanding.
In the frame of this experiment, "virtual actor" refers to a
"virtual marionette" as introduced by Cédric Plessiet [7],
that is to say a rigged digital puppet that is fully controlled
using a motion capture suit.

To our knowledge, previous research putting together
theatrical practice and scientific investigations mainly fo-
cuses theater makers : rehearsing in virtual environments
[10], using 3D models to learn texts [8], motion capture
and 3D environment visualization while performing [4].

However, in the proposed investigation we will focus on
spectators’ perception of the performance.

Following a creation-research process[11], Anastasiia
Ternova introduced four types of interactions between phy-
sical actors and digital avatars affecting the spectators’
perception of the scene by :

1. drawing their attention more towards the physical
world or towards the virtual world by emphasizing
one over the other ;

2. letting them choose the object of their attention by
presenting unrelated and parallel actions in both
universes ;

3. creating a harmonious attention flow by connecting
the two worlds ;

4. disturbing their attention by superimposing the two
worlds.

These interactions were introduced during the staging
of a creation-research Patrick and Venus (Figure 1a), a
performance with avatars animated in real time by actors
equipped with motion capture suits. They were partly tes-
ted afterwards in two subsequent creation-research pro-
jects entitled The Wizard without Shadow [13], [14], [3]
(a performance with pre-recorded animations) (Figure 1b)
and Salomé [12] (real time motion capture) (Figure 1c).
However, the relevance of such interactions in drawing
spectators’ attention in the expected way cannot be stated
as the aforementioned performances involved many un-
controlled variables such as attractive and distracting di-
gital environments surrounding the avatars or unbalanced
scenography with one world being more prominent than
the other, inconsistent virtual camera movements, dyna-
mic lighting in both the physical and the virtual environ-
ments, varying avatar appearances, etc. In addition, spec-
tators were not formally invited to share their perception
of the scenes and to discuss the way they directed their
attention toward the proposed content. Thus, the goal of
this experiment is to create an ecologically valid environ-
ment to investigate the impact of each proposed interac-
tion type for both the actors and the spectators. In other
words, we are interested in applying an empirical scienti-
fic approach to our artistic practice in order to share guide-
lines, techniques and exercises with theater artists working
with human-avatar interactions.



(a) Patrick and Venus (b) Wizard without Shadow (c) Salomé

Figure 1 – Creation-research projects where actors interact with virtual avatars.

2. MATERIALS AND METHODS

2.1. Tasks and Conditions

The proposed experiment will consist in inviting the
participants (spectators) to watch a sequence of minima-
list scenes presenting an ecologically valid experimental
context. Such an experimental design will ensure a viable
statistical analysis of spectators’ attention. As a single ex-
periment will not make it possible to explore the impact of
the four aforementioned interaction types, this first study
will focus on the effect of actors’ activity with two consi-
dered levels : active and passive. The goal of the expe-
riment will be to investigate on which actor (physical or
virtual) the spectators draw their attention depending on
the acting intensity. In both cases, the two worlds will
remain connected and the actors will maintain a conti-
nuous interaction. Participants will be exposed to three
short scenes :

— Scene 1, Active Physical World (A-PW) : Active
Physical Actor (A-PhA) and Passive Avatar (P-Av).

— Scene 2, Active Virtual World (A-VW) : Passive
Physical Actor (P-PhA) and Active Avatar (A-Av).

— Scene 3, Active Worlds (A-Ws) : Active Physical
Actor (A-PhA) and Active Avatar (A-Av).

In each scene the active performer will reproduce simi-
lar movements. Actors will be physically separated at the
beginning of the scene. As they act, the distance will be
progressively reduced until they touch each other.

In the first scene (A-PW), the physical actor approaches
the avatar. The latter observes the physical actor’s beha-
vior while remaining passive. In the second scene (A-VW),
the situation is reversed. The physical actor observes the
avatar performing the same action. Finally in the third
scene (A-Ws), the two actors move towards each other.

After each scene, the participants will complete a ques-
tionnaire to assess their level of attention and of social
presence with the actors. As in classical theater, the spec-
tators will be seated in front of the stage. The stage will
consist of an empty performing space with a white screen
at the back of the stage to project the virtual space.

2.2. Virtual Character and Digital Environment

In line with previous creation-research projects (Figure
1), a non-organic white avatar scaled to match the size of
the physical actor will be used as virtual actor. The same

avatar will be used in the three scenes. The virtual content
of the experience will be developed using Unreal Engine
4. We intend to produce a dark and minimalist environ-
ment, as we want the spectators to focus on the avatar and
not be distracted by its surroundings.

2.3. Actors and Physical Environment

Two actors will participate in this experiment. The ac-
tor chosen to control the virtual avatar will have previous
experience in motion capture and real-time avatar anima-
tion in order to be conscious of the two circle of presence
introduced by Gagneré [2] : proprioceptive consciousness
of the virtual body and awareness of the virtual space of
acting. On the other hand, the physical actor will have a
good understanding of the specificities and constraints in-
duced by motion capture. The both actors have to share a
common circle of attention, a definition derived from Sta-
nislavski’s system [15] that means a vivid consciousness
of the presence of the second actor. To balance the real and
virtual actors, the physical actor will be dressed in white.
The physical environment will be split in three spaces (Fi-
gure 2) :

1. Performing space of the physical actor : empty stage
with simple lighting ensuring that participants will
focus on the gestures and actions of the actor. The
screen on which the avatar will be projected will
be positioned at the back of the stage behind the
physical actor’s performing space. The scene will
be filmed with a camera capturing the actor and the
projection screen. The content will be displayed in
the second space.

2. Performing space of the mocaptor 1 : hidden space
in the backstage allowing the actor to animate the
avatar and to perform the interactions remotely. This
space ensures that the spectators do not focus on
the mocaptor. A Perception Neuron 3 motion cap-
ture suit will be used to control the avatar. A video
projector will display the virtual environment be-
hind the physical actor on a white screen. A camera
fixed on a tripod will film the stage and display the
recorded content on a screen in the backstage to al-
low the mocaptor to interact with the physical actor.

3. Spectator seats in front of the stage.

1 . Actor controlling an avatar using a motion capture suit.



Figure 2 – Experiment setup.

2.4. Participants - Spectators

48 participants (6 groups of 8 spectators) aged from
18 to 60 years with prior theater experience but who do
not attend very often (not more often than once or twice a
month, not less than once every six months) will be recrui-
ted for this experiment. They will be invited to watch the
six scenes following a within subjects design. It is best to
recruit participants whose professional field is not related
to theater and 3D art.

2.5. Procedure

2.5.1. Phase 1 : Instructions and Pre-experiment Ques-
tionnaire

Participants will sign a consent form and answer a pre-
experiment questionnaire to collect anonymous demogra-
phic data : gender, age, professional field, previous expe-
rience with theater and new technologies expertise. After
filling up the first questionnaire, the required instructions
will be given to the participants. The experimenter will
explain to the participants that they are about to see a sta-
ging with new technologies where a physical actor will
be confronted with a digital avatar animated in real time
using a motion capture suit. Next, participants will be in-
formed that they will have to fill out a questionnaire bet-
ween each of the three scenes to evaluate their perception
and feelings regarding the actors’ performance.

2.5.2. Phase 2 : Experiment

The actors will perform the three scenes sequentially.
Each scene will last approximately 3 minutes. A 7 minutes
break between the scenes will allow the participants to fill
out the questionnaire. Overall, the experiment should last
between 30 and 45 minutes. The sequence of the scenes
will be counterbalanced. Each group of participants will
see them in a different order.

— Group 1 : 1, 2, 3
— Group 2 : 1, 3, 2
— Group 3 : 2, 1, 3
— Group 4 : 2, 3, 1
— Group 5 : 3, 1, 2
— Group 6 : 3, 2, 1

2.5.3. Phase 3 : Post-experiment Interviews

After completing the last questionnaire, the participants
and the actors, along with the experimenter, will engage
in a discussion to gather subjective qualitative feedback.
This discussion will be recorded and further analyzed af-
terwards.

2.6. Measures

After each scene, participants will fill out a post-experiment
questionnaire adapted from the Networked Minds Social
Presence Questionnaire [1] to assess their level of co-presence,
their attention allocation and their perceived affective un-
derstanding with each actor (Table 1). Three out of six
dimensions of the original questionnaire will be conside-
red in this study as the others require either a verbal in-
teraction (perceived message understanding) or a mutual
interaction between the interactants (perceived emotional
interdependence, perceived behavioral interdependence).
In addition, half of the items per dimension will be dis-
carded due to the lack of reciprocity in the spectator-actor
interaction. The final post-experimental questionnaire is
composed of 9 items based on seven-point semantic dif-
ferential scales to be completed twice per scene (one for
each actor).

Table 1 – Post Experiment Questionnaire

Co-presence

I noticed (the physical actor/the avatar).

(The physical actor/The avatar) presence was obvious to me.

(The physical actor/The avatar) caught my attention.

Attention Allocation

I was easily distracted from (the physical actor/the avatar).

I remained focused on (the physical actor/the avatar) throu-
ghout the action.

(The physical actor/The avatar) did not receive my full atten-
tion.

Perceived Affective Understanding

I could tell how (the physical actor/the avatar) felt.

(The physical actor’s/The avatar’s) emotions were not clear
to me.

I could describe (the physical actor’s/the avatar’s) feelings ac-
curately.



3. HYPOTHESES

— H1 : Spectators feel a higher sense of co-presence
(H1.1), a higher attention allocation towards (H1.2)
and a higher perceived affective understanding with
(H1.3) the active performer for each scene regard-
less of his/her nature (physical or virtual).

— H2 : When both actors are active, the unusual as-
pect of the virtual actor induces a higher sense of
co-presence (H2.1) and a higher attention alloca-
tion (H2.2).

— H3 : When both actors are active, the expressive-
ness of the physical actor induces a higher percei-
ved affective understanding.
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