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Immersive Collaborative Virtual Environments
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ABSTRACT

Eliciting a sense of social presence is necessary to create believable
multi-user situations in immersive virtual environments. To be able
to collaborate in virtual worlds, users are represented by avatars
(virtual characters controlled in real time) allowing them to interact
with each other. We report a study investigating the impact on social
presence of both non-human avatars’ facial properties and of the
type of collaborative task being performed by the users (asymmetric
collaboration versus negotiation). While we observed no significant
impact of facial properties, both co-presence and perceived message
understanding scores were significantly higher during the negotiation
task.

Index Terms: Human-centered computing—Virtual reality—;—

1 INTRODUCTION AND RELATED WORK

Current virtual reality (VR) technologies enable remote collabora-
tion in immersive virtual environments through virtual characters.
This study focuses on social presence which refers to the degree
of initial awareness, allocated attention, the capacity for both con-
tent and affective comprehension, and the capacity for affective
and behavioral interdependence during a mutual interaction with
a perceived entity [3]. In the frame of our experiment, we focus
especially on co-presence, defined as the sense of being there with
others, and perceived message understanding, the ability to under-
stand the message being received from the interactant as well as the
perception of the interactant’s level of message understanding, as
they appeared to be particularly relevant considering the tasks of our
experiment. The first line of this research consists of evaluating how
avatars’ facial properties can affect the way participants perceive
each other and collaborate. We chose to resort to robotic avatars
presenting non-anthropomorphic body schema (Fig. 1) to be in line
with several VR applications currently available to the general public.
The second goal is to compare two remote collaborative situations:
an asymmetrical collaboration and a negotiation task.

The meta-analysis of Oh et al. [7] lists numerous studies and iden-
tifies several immersive, contextual and psychological factors im-
pacting the sense of social presence in virtual environments. Among
the different predictors identified, we will focus on the influence
of visual and behavioral aspects of virtual characters as well as on
the impact of the type of task that can affect social presence. Garau
et al. [2] demonstrated that humanoid avatars with a high level of
visual fidelity and realistic gaze induce a higher sense of social pres-
ence than avatars with a random gaze system. This experiment also
highlights the fact that the higher the visual fidelity, the higher the
requirements for realistic behavior. In terms of appearance, and espe-
cially in terms of anthropomorphism level, it has been demonstrated
that users seem to be less prone to accept virtual characters’ flaw as
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they get closer to realistic human appearance [6]. Recently, previous
experiments observed higher co-presence scores with partial avatars
(floating head and hands), sometimes even higher than with full body
characters presenting low tracking fidelity [4, 5]. It appears that a
partial virtual body could be better than a technically limited full
body representation.

Very few previous studies investigated the task type impact on
the sense of social presence [7]. However, communication is an im-
portant part of collaborative immersive virtual environments. Non-
verbal communication can be divided in two categories : conscious
non-verbal and unconscious non-verbal. The first one adds an emo-
tional valence and can support the speaker’s words when used in
combination with verbal communication. Gestures and facial ex-
pressions appear to improve users’ sense of co-presence in virtual
environments [1].

2 MATERIALS AND METHODS

To study how anthropomorphism can affect participants’ sense of
social presence in both the asymmetric collaborative task (AC) and
the negotiation task (N), we designed three avatars. Following a
between-subject design, we recruited different participants in six
distinct groups, one for each avatar and task. 36 participants (10
females ad 26 males) were recruited for the AC task and 36 par-
ticipants (11 females and 25 males) were recruited for the N task.
Each pair of participants embodies one of the three avatars classified
according to their facial properties (Fig. 1):

• Robot 1 (R1): screen based face that displays both the eyes and
the mouth animated using different set of textures. The robot’s
mouth is animated when the user is talking using a sequence
of six textures.

• Robot 2 (R2): physical eyes and virtual mouth. The virtual
mouth is an audio visualizer displaying bars matching the
intensity of the user’s vocal frequencies.

• Robot 3 (R3): physical eyes and jaw. The physical jaw moves
according to the user’s voice intensity.

(a) R1 (b) R2 (c) R3

Figure 1: Avatars of the experiment



Figure 2: Participants performing the collaborative task (left) and
the negotiation task (right).

We developed two tasks presenting potential remote collaborative
situations (Fig. 2). The first task consists in an asymmetric collabo-
ration. Participants have to solve two puzzle games. As a training
phase, they complete the first puzzle independently following the
plan and using the parts available on their own virtual table. When
both participants have completed their first puzzle, they must col-
laborate to complete the second one explaining alternately where to
place the 3D parts on the game boards, as each participant has the
plan corresponding to their partner’s puzzle. In this kind of situation,
participants focus most of the time on the game board relying on
verbal communication to follow their partner’s instruction.

The second task presents a negotiation situation where partici-
pants face each other and must discuss to reach an agreement. We
developed an adapted version of the NASA’s survival on the moon
exercise. Partners must collaborate to classify objects from 1 to
15 in order to survive after forced landing on the moon’s surface.
We designed an interface composed of 15 icons (one for each ob-
ject) ensuring that participants will face each other during the whole
experience. As soon as they agree, the task is over.

At the end of the experiment, the participants fill the social pres-
ence questionnaire composed of two dimensions: co-presence and
perceived message understanding dimensions of the Networked
Mind Social Presence Measure [3]. These data are then analyzed
separately for each task. A cross-analysis was conduced afterward
to analyze the effect of the task type on the sense of social presence.

3 RESULTS AND DISCUSSION

Data were tested for normality and homogeneity of variance.
Shapiro-Wilk Tests revealed that some variables were not normally
distributed (p < 0.05). However, considering that Levene Tests
showed that the variances were not significantly different, we used
parametric tests to analyze the data. Results are considered sig-
nificant when p < 0.05. A two-way between-groups analysis of
variance was conducted to explore the impact of anthropomorphism
and of the type of task on the co-presence and the perceived mes-
sage understanding dimensions of social presence. Participants were
divided into six groups according to the robot they controlled and
the type of task they carried out.

A two-way between-groups analysis of variance was conducted
to explore the impact of anthropomorphism and of the type of task
on the co-presence dimension of social presence. The interaction
effect between anthropomorphism and task was not statistically
significant, F (2, 66) = 3.03, p = 0.055. There was a statistically
significant main effect of task type, F (1, 66) = 4.55, p = 0.037.
The effect size was small (partial eta squared = 0.065). The mean
co-presence score for the negotiation task (M = 6.41, SD = 0.72) was
superior to the asymmetric collaboration task (M = 6, SD = 0.90).
The main effect for anthropomorphism, F (2, 66) = 0.47, p = 0.63,
did not reach statistical significance. Another two-way between-
groups analysis of variance was conducted to explore the effect of
anthropomorphism and of the type of task on the perceived message
understanding dimension of social presence. The interaction effect

between anthropomorphism and task was not statistically significant,
F (2, 66) = 1.22, p = 0.302. There was a statistically significant main
effect of task type, F (1, 66) = 29.96, p < 0.001. The effect size was
small (partial eta squared = 0.312). The mean perceived message
understanding score for the negotiation task (M = 6.32, SD = 0.67)
was superior to the asymmetric collaboration task (M = 5.34, SD =
0.84). The main effect for anthropomorphism, F (2, 66) = 0.66, p =
0.519, did not reach statistical significance.

The analysis revealed no significant differences concerning the
impact of anthropomorphism on participants’ sense of social pres-
ence. Previous research demonstrated that users can feel a high sense
of co-presence using partial avatars (floating head and hands) [4].
However, we expected some differences with a potential improve-
ment as the facial properties of the avatars get closer to human
appearance. We argue that it could be linked to a potential ceiling
effect. Indeed, participants reported a very high sense of co-presence
and a clear understanding of their partner messages with every avatar
conditions. These results could be explained by the fact that the
effect of facial properties can be minor compared to the impact of
verbal and non-verbal communication (body language, hand move-
ments, etc.). As observed in previous experiments [6], it is also
possible that users are more sensitive to realistic facial properties of
virtual humans and that such differences do not matter so much on
robotic characters. Nevertheless, our results seem to indicate that it
is possible to induce a high sense of social presence in immersive
virtual environments using non-human virtual characters.

Our results demonstrate that social presence is context-sensitive.
In terms of co-presence, a significant difference between the two
tasks was observed in favor of the negotiation task. Participants
experienced a higher sense of co-presence with the first robot when
they had to reach an agreement. We also observed several signifi-
cant differences concerning the perceived message understanding
dimension. It appeared that the participants were more able to un-
derstand their partners in the negotiation task. An explanation could
be that visual contact between the participants favored non-verbal
communication, especially during the negotiation task which was
designed to ensure that the participants face each other for most of
the immersion period. Both verbal and non-verbal communication
could have led to a flawless interaction between the participants,
which would have improved their overall sense of social presence.
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