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Abstract: With today’s technology it has become possible to generate and control per-
sonalized as well as authentic avatar faces in 3D for social Virtual Reality (VR) applications,
as Lombardi et al. [LSSS18] have recently shown. Creating a personalized avatar with fa-
cial expressions is expensive in terms of time, computational power and hardware. Against
this background, the question arises whether the creation of such a costly avatar with facial
expressions is justifiable. A simple, anthropomorphic and generic avatar could be sufficient
and probably allows for the same perception of presence. We conducted an initial and brief
experiment with 22 participants in two groups and found indications that an arbitrary (in
this case a generic) anthropomorphic representation of the dialog partner seems to lead to a
lower perception of social presence compared to a personalized representation that resembles
the dialog partner. Furthermore, it seems that co-presence is not affected by a personalized
avatar. However, further research as well as a more sophisticated experiment design is nec-
essary to finally verify our hypotheses.
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1 Introduction

For decades, Virtual Reality research has been exploring remote collaboration, social inter-
action and the effects on presence. Many different styles of avatars and render fidelity were
tested, but creating authentic avatars was always a technical issue and has its limitations.

In 2003, Nowak and Boccia [NB03] were one of the first researchers who investigated
the effects of facial expressions of anthropomorphic agents and avatars in VR. Due to the
available technology at this time, the faces were far from photo-realistic. More recently,
different research groups analyzed social and perceptional effects on realistic self-avatars
(e.g. Piryankova et al. [PSR+14], Latoschik et al. [LRG+17], Waltemate et al. [WGR+18]).
The scanning systems, used by these research groups, are relative complex and can only be
conducted under laboratory conditions and by trained staff. However, none of these systems
was used to explore the effect of anthropomorphic personal avatars (those that look like the
respective real persons) with facial expressions compared to non-personal avatars that have
a generic face with facial expressions during a remote, face-to-face dialog in VR.



Figure 1: a) Input image for the creation of a personalized avatar. Green crosses are landmarks
for the 3D avatar face generation algorithm; b) Personalized 3D avatar created from image a); c)
Personalized avatar deformed by blend shapes; d) Generic avatar created from the androgynous
norm by Rohdes et al. [RJJ+11]. Generation of avatar head is identical to a) e) Generic 3D avatar
created from image d); f) Generic avatar deformed by identical blend shapes that are shown in c);

1.1 Contribution

The work reported in this paper analyzes the impact on social presence and co-presence in-
duced by the appearance of personalized and non-personalized (in this paper called ’generic’)
avatar faces with facial expressions. The faces were created by a tool called FaceGen [Fac19]
by using three photos of the participants face (front, right, left). The generic avatar face
is created from an androgynous average image of morphing 48 images (24 female, 24 male)
into one. The average image was taken from Rohdes et al. [RJJ+11], as shown in Fig. 1d. A
set of 16 different blend shapes is controlled by a facial capture system, which is build into
an HMD. The blend shape deformations of each face are identical, as shown in Figure 1c
and 1f. The system is capable of real time processing with 90 frames per second.

The topic of this paper is relevant to social interaction and conference systems in Aug-
mented and Virtual Reality. Social presence and co-presence is a key factor in communication
and a long term goal for Mixed Reality systems. This work may help understanding the ef-
fects during remote meetings with avatars and gives initial indication why the creation of
personalized avatars could be beneficial compared to generic ones.



1.2 Hypotheses

To the knowledge of the author, no facial capture system has yet been used with personal
avatars in a virtual environment to investigate co-presence and social presence. Therefore,
it remains an open question if personalized avatars create more presence than generic ones.
The paper investigates the following hypotheses:

H1: A personalized avatar face with facial expressions (based on predefined blend shapes)
and driven by a human in real time increases the perception of co-presence compared to a
generic avatar face with the same predefined facial expressions.

H2: A personalized avatar face with facial expressions (based on predefined blend shapes)
and driven by a human in real time increases the perception of social presence compared
to a generic avatar face with the same predefined facial expressions.

2 Related Research

2.1 Presence

The understanding of presence differs between researchers. Thus, there is a great number of
different definitions and meanings [Bio97, BC02, BHB03, NB03, You03, OBW18]. This paper
is based on the following definition of Biocca, Youngblut and Oh [BHB03, You03, OBW18].
Co-presence is defined as “. . . the subjective experience of being together with others in a
computer-generated environment, even when participants are physically situated in different
sites.” [You03, p. 4]. Here, the term “others” does not explicitly mean ’humans’, as it is
possible to feel co-present with computer-controlled agents or non-living objects.

Social presence excludes agents and objects while it addresses the social interaction with
a real human being as well as the ”...access to the intelligence, intentions, and sensory
impressions of another” [You03]. Biocca stated ”social presence occurs when users feel that a
form, behavior, or sensory experience indicates the presence of another intelligence” [Bio97].

2.2 Face and Body Scanning

A long line of research has been conducted on the scanning of humans in a wide variety of
technical approaches. Even many commercial products for body scanning exists. Simple and
inexpensive systems are presented by Nagano et al. [NJJ+17], Straub and Kerlin [SK14],
Gesslein et al. [GSG17] and Shapiro et al. [SFW+14]. Casas et al. [CAWF+15] presented
a system for the creation of different facial blend shapes. A more sophisticated systems of
a body and face scanner were shown and used by Achenbach et al. [AWLB17] and Bogo et
al. [BRPMB17]. The latter two systems were also used for social and perceptual studies in
Latoschik et al. [LRG+17] and Piryankova et al. [PSR+14]. Some system are even capable of
scanning in real time with multiple frames per second, as Orts et al. [ORF+16] have shown.
A major difficulty of many system seems to be the detailed capture and animation of the
face and the avoidance of the Uncanny Valley effect. This is also a problem of our system.



2.3 Facial Expression Recognition under a Head-Mounted Display

This topic is a relatively new research area. Thies, Zollhöfer and Stamminger [TZS+16]
presented a system, called FaceVR, which is capable of reenacting the user’s face in a video.
For this purpose, the mouth region is tracked by a commodity webcam with a fixed position
(not attached to the HMD). Moreover, the eye motion is tracked by a single IR eye-tracking
camera attached inside the HMD. A limitation of the system is the recognition of movements
in the area around the eye. Thus, eyebrow movements can not be captured.

Li et al. [LTO+15] presented a system using a depth camera attached to the HMD to
track the uncovered area around the mouth. Recently, a patent has been granted on this
system [Hao17]. Compared to FaceVR [TZS+16] Li et al. do not track the eye movement, but
their system is capable of recognizing movements around the eyes by using thin strain sensors
in the foam liner of the HMD. Casas et al. [CSF+16] extended FaceVR with the creation
and usage of personalized face meshes, textures and blend shapes for facial animation in real
time. This system is most closely related to ours.

Lombardi et al. [LSSS18] presented the most advanced system so far. They introduced
a deep appearance model for rendering human faces, which employs Generative Adversarial
Networks to create personalized avatar faces with personalized facial animations that have
photo-realistic look. To achieve this, the system uses cameras attached in- and outside of
the HMD to capture the region around the mouth and eyes. Therefore, it is capable of eye
and eyebrow tracking and allows for the most expressive avatar faces in this research field.

None of the authors of the aforementioned articles evaluated their system with regard to
qualitative or quantitative research of presence.

3 System

The following section describes our work flow and system for creating and animating per-
sonalized avatar faces. A video of the system in action can be watched here:
https://vimeo.com/348100587/96a0571c52

3.1 Avatar Creation

The creation of personalized avatars is conducted with the software development kit of
FaceGen. It requires a minimum of one image of the front of the respective face with a
neutral expression. Two further images from the sides of the face improve the visual quality
and the personal shape of the resulting avatar head. The process is largely automated, as
a script reads the input images and uses them to create an avatar head. The process for
the generation of a 3D avatar head requires only the manual tagging of 29 landmarks in the
front image and both side images. The landmarks are highlighted as green crosses in Fig.
1a and d. The creation of one personalized avatar face takes less than 90 sec.

FaceGen maps the tagged input images on a generic base head mesh and alters its specific
areas according to the images. It uses the idea of statistical shape models (SSM) and

https://vimeo.com/348100587/96a0571c52


statistical appearance models (SAM). When applied to images of faces, SSMs and SAMs
describe the mean shape and mean density distribution of a face within a certain population
as well as the main modes of variations of shape and density distribution from their mean
values. The availability of this quantitative information regarding the detailed anatomy of
faces provides the possibility to deform the base head mesh accordingly to the input image.

Our work flow does not include the creation, capturing or animation of scalp hair or long
beard. We only embedded short beard and eyebrows in the facial 2D texture. The reason for
this is that, in our experience, our approaches do not conform with the visual quality of face
details and lead to less authentic avatars. Furthermore, we do not scan the teeth, because
we experienced technical limitations in recreation plausible teeth structure. Therefore, the
personalized avatars have generic teeth and are the same for every person.

3.2 Facial Animation

In addition to the mesh and color map, FaceGen exports 112 different blend shapes for
animating the face. These blend shapes are generic and not personalized for each person.
In our application, that we used for the study, the blend shapes for the eye movements are

Figure 2: A depth camera is attached to an HMD to track the movements of the lower part of
the face. The software by BinaryVR [Bin19] is used to map real facial expressions to virtual ones
of an avatar.

driven by a Tobii Pro eye tracker, which is built into an HTC Vive HMD. The eye tracking
allows for capturing the gaze direction as well as the blinking for each eye. In addition,
the mouth region is captured by a PMD Pico Flexx depth camera attached to the HMD by
means of a 3D printed mount (Fig. 2). The software development kit of BinaryVR [Bin19]
is used for extracting the position of different parts of the lower face region such as the chin
and corners of the mouth. The system is build on Unity version 2018.3.11f1.

Our system focuses on eye and lip tracking. It is not capable of tracking the eyebrows or
the movement of the tongue. Furthermore, teeth and tongue are identical for every avatar.



4 Experiment

4.1 Participants

Eleven dyads, in sum 22 persons (two female and 20 male, ages 21–36 years, M = 27.04 years,
SD = 4.26), attended in the experiment. All participants were students and members of the
local department of computer science and were experienced with VR and AR technology.
Both parts of each dyad already knew each other and, therefore, knew the other person’s
character traits, facial expressions and voice. The average required time per dyad, post
questionnaires, unstructured interview and debriefing was 25 minutes. The average time in
VR lasted about 10 minutes.

Figure 3: Setup of the study; a) Participant wears a HTC Vive with eye and lip tracking and talks
remotely to a person in another room. The test conductor at the table observes the experiment; b)
Participant in another room listen during the remote person speaks.

Figure 4: An in-game camera shows the set up within the game engine Unity. No hands, controllers
or body is shown.



4.2 Method

The test conductor introduced the participant with a structured procedure to make sure
that each participant gets the same information. The test conductor did not inform the
participants about the main question of the study. It was only explained that it is a test
about the effect of eye and lip tracking in VR. This was made in order to not create a biased
understanding of the study. The test was build as a between groups design.

Each dyad completed a consent form and were asked to put on the HMDs and head-
phones. The participants were in two separated rooms. The setup of the experiment is
shown in Figure 3. It was not possible to hear or see the other person physically. The inter-
pupillary distances (IPD) was adjusted; eye and lip tracking were calibrated. For calibration
purposes and getting accustomed to the situation a virtual mirror was present in which both
participants saw themselves and the avatar face of the remote person with facial animations
in real time driven by the eye tracker and depth camera.

The test conductor and the two participants were verbally connected over TeamSpeak
[Tea19]. The task was simply to talk about everyday matters such as the last weekend, the
next holidays and similar topics. The test itself starts when the test conductor retreated
from the Teamspeak chat, retained as listener, and removes the virtual mirror. At this
moment, the virtual scene contains only the two avatar faces of the participants, as shown in
Figure 4. In many cases the dialog partners immediately starts a conversation. If the dialog
partners run out of topics for the conversation, the test conductor introduces new threads by
showing a virtual board with questions such as "What are your currently working on?" or
”Tell a joke!”. After an average time span of 10 minutes the test conductor asked to remove
the HMDs and presented a post-questionnaire. Questions are summarized in Figure 5 on the
next page. The questionnaire contains demographic information and eight five-point Likert
scales. The questionnaire is inspired by Nowak and Boccia [NB03] and was also used by
Latoschik et al. [LRG+17] for measuring co- and social presence. We selected the relevant
components of co-presence and social presence of the Nowak and Boccia’s questionnaire for
our study.

Ten participants were engaged into ’personalized-face-to-personalized-face’ dialogues, an-
other ten participants were engaged into ’generic-face-to-generic-face’ dialogues and two
participants had a ’generic-face-to-personalized-face’ dialog. In sum, we generated eleven
personalized 3D avatar heads with FaceGen.

4.3 Results

The test results are visualized in Figure 5 for the conditions ’personalized avatar face’ and
’generic avatar face’ (bars with yellow line). A Mann-Whitney U test for independent samples
was conducted on each question with a significance level of p = .05. The test indicates that
no statistical difference of the questions regarding to co-presence seems to be present between
the two groups. This may be an indication for rejecting H1.

However, the test indicates a significant difference between the test conditions for social



Figure 5: Results of the questionnaires visualized as diverging stacked bar chart. Each bar
represents the answers for the Likert scales of eleven participants. The left half of the chart depicts
disagreement, the right half shows agreement. ’Neutral’ represents the neutral answer of the Likert
scale.

presence, as question Q7 and Q8 reveals. The difference for question Q8 is even highly sig-
nificant with p < .01. Two of three questions regarding to social presence shows a significant
difference between both groups. This may be an indication to consider H2 is confirmed.

The unstructured interview after each test with both participants of a dyad underpins the
confirmation of H2: Four participants of the group, who saw the personalized avatar, praised
the quality of the dialog and stated something similar to ”The meeting was surprisingly real”
while none of the participants of the group, who saw the generic one, highlighted the realism.

5 Discussion and Limitations of the Study

A major limitation of our study is the way of measuring co-presence and social presence.
Our questionnaire is inspired from Nowak and Boccia [NB03], but it is not standardized
and, therefore, makes the measurement of co- and social presence difficult. While different
questionnaire exist for measuring self-presence, it seems it exists no standardized, interna-
tional and widely accepted questionnaire or procedure to measure co- and especially social
presence. Nevertheless, further research should include different questionnaires such as pre-
sented by Blascovich et al. [BCBMLNB02], Egerto et al. [EOT64] and Smith and Neff [SN18].
Moreover, Slater claims [Sla04] that questionnaires are only one tool of many. Quantitative



data such as bio signals or measuring subconscious and unintentional behaviour (as it is
provoked in the Rubber Hand Illusion experiment [IdKH06]) could reveal further insights
and substantiate the findings of the paper.

Although, the use of a not standardized questionnaires may be a limiting factor of the
validity of the study, nevertheless, we were surprised by the great difference between answers
of the two groups in Q8. Despite of the lack of photo-realistic rendering (missing scalp hair,
generic teeth, no tracking of eye brows and tongue as well as floating avatar heads without
bodies) the two versions of the avatar faces seems to were subjectively received in very
different ways between the groups.

Another limiting factor of the study is the fact that both participants of each trial knew
each other. Feng et al. [FLM+14] performed a study with 3D avatars that were scanned and
animated by a real person. A set of body gestures were recorded and applied to different
human avatars. The study shows that observers found the 3D avatar performance that used
the same body gestures as the original human subject were rated as ’more like’ the original
human subject by groups that knew that subject, than 3D avatars that performed using
another human subject’s gestures. Facial gestures and expressions were not subject of the
study of Feng et al. and is a major difference to our study, however, we believe the reported
effect by Feng et al. is also transferable to faces and may have affected the ratings of the
questionnaire of our study. There may be a difference between people who know each other
and people who do not.

6 Conclusion

We have presented indications that a personalized avatar face with facial expressions, com-
pared to a generic face with the same facial expressions based on blend shapes, may not
increases the perception of co-presence while immersed in an virtual environment. However,
we found indications that it may increase the perception of social presence.

This paper presented an initial and brief experiment and discussed a possible effect which
should be further investigated and proven with a larger amount of participants and by a more
sophisticated experiment design.

The findings in this paper gives some first indications to answer the question in the
opening paragraph: Is the costly creation of a personalized avatar justifiable? If such an
avatar increases the perception of social presence and the mental connection between two
persons, than personalized avatars could be vital for vivid and authentic social experiences
in Mixed Reality.
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