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ABSTRACT

Facial expressions are a crucial part of affective communication in our daily lives, and the same applies to virtual humans. How-

ever, achieving a full range of believable and naturalistic emotional expression via VR devices still remains a challenge, particularly

when constrained by the capabilities of midrange consumer VR devices without face tracking as opposed to the more expensive

versions with facial tracking capabilities. In this study, we evaluated and compared three methods to control avatar facial expres-
sion in VR: continuous face tracking (FT); thumbstick label (TL), which is a VR controller’s thumbstick-based selection method
with visually labeled expression; and thumbstick label with confirmation button (TB), which is a variation of TL with an additional

step of pressing a button. Thirty participants took part in the experiment. Participants found FT to be significantly more usable

than TL and TB. While TL was comparable to FT on co-presence and several items of expressiveness, with significant gaps emerg-

ing mainly for naturalness and smoothness in expression change. These findings suggest that a well-designed control method with

low latency and low motor and cognitive load can serve as an alternative method of avatar control in VR devices without facial

tracking technology.

1 | Introduction

In virtual reality (VR), virtual humans (VHs) serve as the pri-
mary tool for social interaction, usually either via avatars (embod-
ied and controlled by the user) or agents (autonomous and
semi-autonomous). Through embodiment, VHs enable users to
express their identity, communicate intent, and engage emotion-
ally with others in virtual spaces [1, 2]. However, achieving a full
range of believable and naturalistic emotional expression via VHs
still remains a challenge, particularly when constrained by the
capabilities of midrange consumer VR devices without the capac-
ity for face tracking.

Facial expression plays a critical role in emotional communi-
cation and social understandings. As a nonverbal cue, facial

expression helps to convey affect, build trust, and create interper-
sonal dynamics [3-5]. Replication of the richness of basic human
facial expressions in VR using avatars is a challenging task. As a
result, most VR users are compelled to rely on alternative meth-
ods such as controller-based interfaces or indirect mappings such
as voice-based controls to convey emotions through avatars’ facial
expressions.

These gaps present a challenge that requires the design of
effective non-tracking avatar controls for facial expression in
VR. Our study addresses this gap by comparing three meth-
ods to control avatar facial expression: continuous face track-
ing (FT), controller thumbstick-based selection with visual labels
(TL), and controller thumbstick with an additional confirmation
button (TB).
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These control methods are compared against each other in
terms of co-presence, usability, and expressiveness, as these mea-
sures capture complementary aspects of social interaction and
human-computer interaction. Co-presence reflects the perceived
sense of social connection and awareness. Usability evaluates
the effectiveness and interaction effort associated with each con-
trol method. Expressiveness assesses the extent to which users
can successfully convey and perceive emotions using the control
methods. Which leads to our research question:

RQ. How do non-tracking control methods compare to face track-
ing in natural conversations for facilitating presence, usability, and
expressiveness?

Through this study, we aim to investigate whether the
thumbstick-based methods can be used in mid-range consumer-
grade VR devices and still produce face-tracking-like effects. The
findings from this study can serve as practical guidelines for user
experience and user interaction designers as well as developers
working with social virtual reality (SVR).

2 | Related Work

Facial expressions have always been identified as extremely
important for interpersonal communication and have been
shown to contribute more to emotional outcomes than body cues
[3, 6]. Studies comparing different avatar heads and expression
levels in mixed or virtual reality similarly find that richer or
higher-intensity facial animation can enhance perceived perfor-
mance and influence aspects of social presence and user experi-
ence, although not always uniformly across tasks [7, 8].

21 | Co-Presence and Trust

Experiments on collaborative tasks have shown that animated
eye and mouth movements, when integrated with verbal expla-
nations and realistic avatars, increase social presence and
co-presence [7, 9]. Avatars with tracked facial expressions have
been shown to improve task performance, social presence, and
interpersonal attraction compared to avatars with low expressive-
ness [10]. Facial expression also influences trust and coopera-
tion with positive expressions when combined with lip-sync. This
increases trust in the avatar and improves the likelihood of col-
laboration. Negative expressions were found to have the opposite
effect of positive expressions, while expressionless avatars were
less impactful in decision-making tasks [5].

2.2 | Control Methods for Avatar Facial
Expressions

Three main approaches exist for controlling avatar facial expres-
sions in SVR. (1) Face tracking, (2) expression generation from
speech/audio, and (3) using manual controls. Face tracking
attempts to mirror the user’s own facial expressions through
infrared/RGB-D sensors [11] or physiological sensors such as
electromyography (EMG) or electrooculography (EOG); these
estimates, combined with tracking software estimates, blend
shape parameters or facial landmarks in real time [12]. However,
they require dedicated hardware and careful calibration and are

sensitive to occlusion, lighting, and tracking instability, espe-
cially on consumer devices [10, 13]. Devices integrated with facial
tracking sensors are expensive and are not as used or accessible
as mid-range devices without face tracking.

A second approach to implementing facial expressions is through
synthetic generation of expressions from audio and speech con-
text, where the system infers lip motion and broader facial expres-
sions directly from the user’s voice and sometimes additional
cues such as text content or gaze [14-16]. Deep learning mod-
els can map raw waveforms or spectrograms to 3D facial vertices
or avatar blendshapes, jointly modeling speech articulation and
emotion to produce expressive co-speech animation in real time.
These audio-driven methods are attractive to users because they
do not require additional hardware or special attention during an
SVR session, as expressions are automated and not something
that needs explicit user attention. Yet user studies have shown
that these methods lag behind facial tracking for conveying sub-
tle and negative expressions like sadness and disgust and often
focus more on the lip-sync through mouth articulation than the
full face [14,17, 18]. They also falter when the tempo of the speech
exceeds a certain limit [16]. Users have also been shown to pre-
fer manual control methods over audio methods due to the high
error rate in expression and low usability and satisfaction [19].

Finally, manual control of avatar facial expressions usually uses
the VR controller and treats it as an explicit interaction task,
mapping thumbsticks, buttons, or interaction menus to a set of
expressions whose timing and intensity are explicitly controlled
by the user [13, 19, 20]. Previous studies have shown that carefully
designed interfaces allow quick selection and continuous modu-
lation while speaking, and user studies identify methods involv-
ing thumbstick-based control methods as both efficient and pre-
ferred. They have pointed towards a speed and accuracy trade-off
when choosing facial expression control methods, as a quicker
method of selection could have less accuracy in the selection of
expression, and they also recommended adding a confirmation
step to increase the accuracy of manual controls [20]. It has also
been advised to have a lower number of expressions as choices
to be given to users, since having too many options was found to
increase selection time and error rate [19].

From a cognitive perspective, operations with interfaces, such
as the selection of expression and the confirmation of selection,
may introduce additional decision-making and monitoring pro-
cesses. Thus, increasing cognitive load by consuming working
memory resources, particularly when performed alongside a pri-
mary task such as conversation [21]. In terms of motor load,
human-computer interaction theories such as Fitt’s law [22] and
the keystroke-level model [23] predict that additional input oper-
ations increase movement time and motor effort. Prior work on
avatar facial expressions has often evaluated control techniques
in isolated, task-driven, or highly constrained scenarios, such as
recognizing emotions or performing specific interaction tasks.
These settings provide experimental control but do not fully cap-
ture the demands of live, free-flowing social interaction, where
timing, motor load, and cognitive load are critical. As a result,
it remains unclear how different facial expression control meth-
ods affect users’ experience of co-presence, the usability of the
system, and the perceived naturalness and expressiveness of com-
munication when people simply converse with each other in VR.
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3 | Methodology

In order to determine the co-presence, usability, and expres-
siveness of three methods to control avatar facial expressions,
we conducted a study that employed a within-subjects design.
Prior studies have focused on isolated and task-driven environ-
ments to evaluate avatar facial expression control methods in
VR. Here we use dyadic live interactions between participant
pairs to measure how avatar facial expression control methods
perform in terms of co-presence, usability, and expressiveness.
This examines the efficacy of facial expression control meth-
ods to be used in an uncontrolled and unscripted free-flowing
dyadic conversation. Our research focus is more on intentional
user-controlled input methods, which is why we did not consider
audio-based controls in this study, as they rely more on system
inference.

Three facial expression control methods were compared: (1)
continuous face tracking, (2) intentional thumbstick-based
selection with visible labels, and (3) thumbstick-based selec-
tion requiring explicit confirmation (Figure 2). The design
was intended to isolate the effects of interaction friction and
intentional control on social presence, usability and perceived
expressiveness.

Through this evaluation, we aim to provide design insights on
how facial expression control methods should be deployed to
support natural and emotionally engaging social interactions in
Social VR (SVR).

31 | Control Methods
We examined three different control methods in this experiment;
they are as follows:

3.1.1 | Face Tracking (FT)

In the FT method, facial expressions were animated using
real-time facial tracking provided by Meta Quest Pro. Facial
movements were mapped directly to the avatar’s 72 facial blend-
shapes, enabling spontaneous and continuous expression during
conversation.

3.1.2 | Thumbstick Labeled (TL)

In the TL method, participants used the controller’s thumb-
stick to select facial expressions from a labeled radial interface.
Directional input from the thumbstick corresponded to prede-
fined expressions labeled in the UI, allowing participants to
select expressions without additional confirmation steps. Expres-
sions were activated immediately upon the movement of the
thumbstick and would return to the neutral position upon
release of the thumbstick. TL was selected as a lightweight
non-tracking control method because prior VR work has argued
that avatar facial-expression control in social settings should be
fast, easy to access, and minimally disruptive to the primary
task of talking [19], and TL meets these criteria based on prior
work [20].

3.1.3 | Thumbstick Label With Confirmation Button
(TB)

The Thumbstick Label with Confirmation Button used the
same thumbstick-based selection mechanism as TL but required
participants to press an additional button (the grab button on
the controller using the middle finger) to confirm expression
selection. Holding the button locked the expression in place and
releasing the button reverted the expression to neutral. TB was
included as a design variation of TL to reduce the selection error
with the thumbstick, which was an issue reported in prior work
[20].

Thumbstick conditions were augmented by the use of visemes
to provide lip-sync to the dialogues. The thumbstick conditions
offered six expressions: happy, surprise, sad, anger, fear, and dis-
gust, which are designated as the basic human expressions by
Ekman [24] (Figure 1). Under thumbstick conditions, the avail-
able expressions were restricted to six, as excessive options can
lead to performance difficulties due to heightened cognitive load
[19] and the six basic human expressions were chosen as the
default set of expressions. FT provided a wide range of expres-
sions that were only limited by the users’ facial expressiveness;
we decided not to limit the expression set of the FT in order to
accurately represent the practical use case of this method.

3.2 | Apparatus and Virtual Environment

The experiment was created in Unity, version 6.0; the face track-
ing was applied using Meta’s Movement SDK. The character
for the experiment used was the sample realistic character for
the Movement SDK provided by Unity. A brief training phase
preceded the main experiment and the character for the train-
ing phase was created using Reallusion’s Character Creator 4.
Facial expressions for TL and TB were created using the blend-
shapes/action units as recommended by the facial action coding
system (FACS) [25].

The study was conducted using Meta Quest Pro, with an HMD
and two controllers. Participants occupied two separate rooms
but shared the same virtual space, where each participant embod-
ied a full-body avatar. Both participants embodied the same vir-
tual character. This was to minimize any confounding effects and
to provide the same perception for both participants, and the par-
ticipants were unaware that they were using the same character
during the experiment. A different character was used for the
training phases to avoid any self-association effects that might
occur if participants later observed their own avatar being embod-
ied by their partner. Participants were positioned facing each
other at a fixed interpersonal distance (2 units in unity) within
the virtual environment, which remained constant throughout all
conditions (Figure 2).

3.3 | Procedure

Within-subjects design was chosen to control for individ-
ual variability in expressiveness across all control methods.
Each experimental session involved one dyad and lasted “1h.
For each control condition, participants first completed a
two-minute training phase immediately before the corresponding
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Neutral

Fear Disgust

FIGURE1 | Neutral and six basic human expressions.

FIGURE2 | Experiment phase: Interaction using TL method for
avatar facial expression control (point of view of the participant).

experimental phase to get familiarized with each control method.
This phase involved getting familiar with control methods in
front of a virtual mirror (Figure 3). The training phase was fol-
lowed by a free-flowing dyadic conversation lasting up to 10 min.
Conversation topics consisted of three open-ended prompts
designed to encourage more natural dialogue than task-oriented
interaction:

« Is Al good or bad for society? Express your opinion.

« How has social media changed our society? Express your
opinion.

Surprise

A

FIGURE3 | Training phase (side view).

« Do yoga and meditation have any actual benefits? Express
your opinion.

The order of control methods and conversation topics was coun-
terbalanced across dyads using a Latin-squared design to mitigate
order effects.

3.4 | Participants

Thirty participants (all male, aged 18-38 years) took part in the
study, forming 15 dyads; all male participants were chosen due
to the male avatar being used. Dyads were chosen in a way so
that both participants in a dyad had little to no prior relation with
each other. All participants provided informed consent prior to
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TABLE1 | Expressiveness questionnaire items.
Item Statement
Q1 My partner’s facial expressions were clear and
distinguishable.

Q2 My partner’s expressions felt natural.

Q3 My partner’s expression changes appeared smooth.

Q4 My partner seemed to understand the emotion I was
expressing.

Q5 The interaction felt emotionally authentic.

Q6 I felt like their avatar’s expressions matched their

emotions.

Q7 My partner responded appropriately to my

expressions.

Q8 I felt that I was genuinely expressing myself through
the avatar.

participation and the study protocol was approved by the institu-
tional ethics committee.

3.5 | Measures
Following each experimental block/condition, participants com-
pleted questionnaires to assess the following measures:

» Co-presence: Measured using a set of 7-point Likert-scale
items using the co-presence section of the Networked Minds
Social Presence Inventory [26], focusing on the feeling of
shared space and mutual awareness.

Usability: Assessed using 5-point Likert-scale items adapted
from the VR System Usability Questionnaire [27], capturing
perceived ease of use, effort and control clarity.

« Expressiveness: Evaluated using custom 5-point Likert-scale
items measuring perceived multiple measures of expres-
siveness (Table 1). A 5-point Likert scale was chosen over
a 7-point scale to reduce the cognitive load of the study.
The questions were phrased as agreement-based declarative
statements. The responses recorded ranged from I —strongly
disagree to 5—strongly agree.

4 | Results

All data were subjected to a Shapiro—Wilk normality test before
analysis, and the Friedman test was used to analyze non-normal
data, and effect sizes were calculated using Kendall’s W Where
significance was observed, pairwise comparisons were done
using the Wilcoxon signed-rank test, and effect sizes are reported
alongside.

41 | Co-Presence

We found (Figure 4 and Table 2) that FT sustained co-presence
the most (based on mean ratings), but analysis indicates that
there was no significance between FT and TL while both FT and

Co-presence Across Conditions
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FIGURE4 | Mean co-presence rating among the three control
methods.

TABLE2 | Post hoc Wilcoxon signed-rank test results for
co-presence.

Comparison w PHolm r Sig.
TLvs. FT 15 0.057 0.35 No
TLvs. TB 28 0.033 0.44 Yes
FT vs. TB 65 0.013 0.52 Yes

Usability Across Conditions
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FIGURE5 | Mean usability rating among the three control methods.

TL enhanced the sense of co-presence significantly more than TB.
Participants reported high levels of co-presence across all con-
trol methods. A Friedman test revealed a significant effect of the
control method, y%(2) = 10.09, p = 0.006, with a small effect size
(Kendall’s W = 0.17). Post hoc Wilcoxon signed-rank tests with
Holm correction showed:

4.2 | Usability

The results (Figure 5 and Table 3) show that FT was perceived as
significantly more usable than both TL and TB. TL was rated sig-
nificantly more usable than TB. A Friedman test revealed a highly
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TABLE 3 | Post hoc Wilcoxon signed-rank test results for usability.

Comparison w PHolm r Sig.
TLvs. FT 71 0.004 0.52 Yes
TLvs. TB 425 0.013 0.82 Yes
FTvs. TB 459 < 0.001 0.85 Yes

TABLE4 | Post hoc Wilcoxon signed-rank test results for
expressiveness.

Comparison w PHolm r Sig.
TLvs. FT 75.5 0.019 0.43 Yes
TL vs. TB 382.5 < 0.001 0.75 Yes
FT vs. TB 408.0 < 0.001 0.75 Yes

significant effect of the control method in usability y2(2) = 37.78,
p < 0.001, with a large effect size (Kendall’s W = 0.63). To further
examine pairwise differences, Wilcoxon signed-rank tests with
Holm correction were conducted:

4.3 | Expressiveness

Expressiveness was assessed using an 8-item custom question-
naire 1; we analyzed each item individually due to the ques-
tionnaire being a custom one and not standardized. This also
enabled us to get a more nuanced insight into the effectiveness
of each control method in achieving expressiveness. A Friedman
rank-sum test revealed a significant effect of control method on
expressiveness, y%(2) = 25.77, p < 0.001, with a medium-to-large
effect size (Kendall’s W = 0.43). To determine which control
methods differed significantly across expressivity-related mea-
sures, Wilcoxon signed-rank tests were conducted for all pairwise
comparisons, with Holm correction applied to control for multi-
ple testing (Table 4).

The results (Figure 6, Tables 5 and 6) show that FT performed
consistently better than TL and TB. By observing individual mea-
sures, it is notable that TL was comparable to FT in every mea-
sure except naturalness and smoothness in change of expres-
sion, while TB constantly underperformed in the majority of the
measures.

5 | Discussion

Our study investigated how facial expression control meth-
ods perform and influence a dyadic interaction in terms of
co-presence, usability, and expressiveness. By situating the exper-
iment in a free-flowing conversation in VR, we extend the prior
works focusing on isolated or task-based environments and
examine how facial expression control methods perform under
the attentional demands of natural social interaction. The three
methods differ in how intentional the expression production is.
FT supports a continuous and wide range of expressions with
varying intensities, which are limited only by the expressive-
ness of the user’s face. While thumbstick-based methods require

Expressiveness Across Conditions
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FIGURE 6 | Mean expressiveness rating among the three control
methods.
TABLE5 | Friedman tests for individual expressiveness items

(Q1-Q8) across control methods with Holm’s correction applied.

Item x42) PHolm Kendall’'s W Sig.
Q1 2.06 0.358 0.03 No
Q2 27.79 < 0.001 0.46 Yes
Q3 24.60 < 0.001 0.41 Yes
Q4 0.97 0.617 0.01 No
Q5 25.07 < 0.001 0.42 Yes
Q6 15.76 < 0.001 0.26 Yes
Q7 7.00 0.030 0.12 Yes
Q8 2.80 0.247 0.05 No

deliberate selection of only the six basic facial expressions from
a radial menu, with only one level of intensity. Our results sug-
gest that, although FT provides the most natural and seamless
communication experience, a manual control method such as
TL with low interaction friction (low cognitive and motor load)
can achieve comparable levels of co-presence and communica-
tive clarity, making it a viable alternative for VR devices without
facial tracking.

51 | Co-Presence

The participants reported that co-presence for TL is compara-
ble to that of FT, while TB was rated significantly lower for
co-presence. This indicated that continuous tracking is not a
necessity when it comes to achieving a high sense of mutual
awareness and shared space in SVR. A heightened co-presence
can be achieved and maintained using other methods of facial
expression controls as long as there are not too many steps in
controlling the expressions. Having multiple steps for selection
of an expression would increase the motor load and could take
the attention away from the person at the other end and towards
controlling your own expressions. Here, we suspect that the addi-
tional step of confirming the selected expression while using TB
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TABLE 6 | Posthoc Wilcoxon signed-rank tests for expressiveness items with significant Friedman effects. Holm-corrected p-values and effect sizes

(r) are reported.

Item Comparison w PHolm r Sig.
Q2 TL vs. FT 6.0 < 0.001 0.65 Yes
TL vs. TB 15.0 0.317 0.18 No
FT vs. TB 223.5 < 0.001 0.71 Yes
Q3 TLvs. FT 47.5 0.009 0.52 Yes
TLvs. TB 132.5 0.009 0.51 Yes
FT vs. TB 313.0 < 0.001 0.75 Yes
Q5 TLvs. FT 7.5 0.260 0.21 No
TLvs. TB 136 < 0.001 0.66 Yes
FTvs. TB 149.5 < 0.001 0.64 Yes
Q6 TL vs. FT 36.5 0.082 0.32 No
TL vs. TB 251.5 0.029 0.45 Yes
FT vs. TB 213.0 0.002 0.63 Yes
Q7 TLvs. FT 1.0 0.276 0.20 No
TL vs. TB 10.0 0.127 0.34 No
FT vs. TB 15.0 0.102 0.39 No

introduced a friction during interaction that broke the flow and
rhythm of a free-flowing conversation, likely making the partners
feel less jointly engaged.

5.2 | Usability

Usability ratings given by participants for each control method
show a clear hierarchy. FT was the best rated, followed by TL and
then TB, the worst rated among all three. FT’s advantage likely
stems from its direct mapping of natural facial movements to
avatar expressions, eliminating the need for conscious selection,
thus having no motor or cognitive load on the users. TL and TB,
while expressing the same predefined expressions, had differing
usability ratings, likely due to the additional motor and cognitive
load associated with TB compared to TL and the delay in expres-
sions. This aligns with existing knowledge that in social contexts,
even small interaction costs can be important because they com-
pete with attentional resources needed for listening, planning
speech, and monitoring the partner’s reactions [28].

5.3 | Expressiveness

Participant’s ratings of the Expressiveness Questionnaire reveal
a more nuanced pattern. FT was consistently rated higher
for naturalness of expression and smoothness of expression
change. These results underline the importance of continuous
fine-grained facial motion for conveying subtle affective cues that
are lacking in thumbstick control methods [19, 29], thus enabling
users to feel embodied and in emotional sync with their avatars.

However, despite the expressive richness that FT offers, on sev-
eral items of expressiveness, TL was comparable to FT, includ-
ing clarity of expressions, emotional authenticity of the interac-
tion, and partner’s understanding of emotions, with significant

gaps emerging mainly for naturalness and smoothness of change
in facial expression. This points towards an idea that, in the
context of unstructured, opinion-based conversations, a small,
well-chosen set of expressions may be sufficient to support com-
munication and mutual understanding [19, 20], while the added
expressive nuances of FT mainly enhance subjective experience
(feeling natural and smooth) rather than basic communicative
success, which can exchange ideas and basic emotions.

Interestingly, although TL and TB offered identical expressions,
TB here has scored lower in almost every metric compared to FT
and TL, except in clarity of expression (Q1).

54 |
Timing

Expression Detail Versus Expression

The lack of significant differences across all control methods for
expression clarity, emotional response, and perception of part-
ner’s responsiveness suggests that recognizability of expression
states can be preserved even when expressive flow and smooth-
ness are reduced.

It is also important to note here that TB, despite having the exact
same expressions as TL, constantly underperformed compared
to TL in co-presence, usability, and multiple measures of expres-
siveness, which points to the timing and syncing of expressions
being critical factors in a conversational context over the accuracy
of expressions. This indicates a design choice that SVR systems
should prioritize low-latency and low-step methods for facial
expression controls more than purely visual details in expres-
sions. The confirmation step for TB was introduced to improve
the accuracy of selection; however, our findings suggest that in
conversational contexts, the timing coordination between speech
and facial expression may be more critical than accuracy. Conver-
sational meanings heavily rely on the synchronization of verbal
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and nonverbal cues; even the extra step of pressing a button may
reduce perceived clarity and authenticity [22].

6 | Limitations and Future Work

We have only evaluated the performance of the control meth-
ods in a realistic-looking male avatar and male participants, so
our results may not generalize across all avatar genders and user
genders. Our participant pool contained strangers or acquain-
tances who had opinion-based yet polite conversations under
10 min. This resulted in the underutilization of more intense
and negative expressions like anger and fear. Additionally, our
study focused on the subjective experience of the participants on
expressiveness and interaction quality; we did not utilize objec-
tive measurements.

Future studies should use a diverse participant pool under differ-
ent social contexts and different relationship dynamics between
users over longer periods of interaction that are more emotionally
charged. Future researchers could examine the frequency of each
expression used and the duration of expressions to better under-
stand how control methods influence conversational dynamics.

7 | Conclusion

We evaluated and compared three methods to control avatar
facial expression in VR in a free-flowing dyadic conversation in
VR. Investigating beyond isolated or task-based evaluations, our
findings demonstrate that factors influencing interaction quality
in VR are not only the expressive richness but also the interac-
tion mechanics that govern how expressions are implemented or
deployed.

Crucially, introducing additional interaction steps may degrade
the quality of interaction. This highlights a design trade-off
between expressive detail and interaction cost. In real-time
avatar-to-avatar conversations, minimizing latency and motor
load may be more important than maximizing expressive rich-
ness and nuances. These findings suggest that while face track-
ing offers the most natural and self-expressive experience, a
well-designed control method with low latency and limited cog-
nitive and motor load can serve as a viable alternative method
of avatar facial expression control in VR devices without facial
tracking technology.
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