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ABSTRACT

Virtual Reality (VR) has demonstrated its potential as a training and
education tool through its immersive capabilities. Combined with
Intelligent Virtual Agents (IVAs), applications for acquiring public
speaking skills have notably been developed to replicate distressing
social situations, yet crucial in one’s life. The training experience
can be tailored to the users’ needs by manipulating the IVAs’ be-
havior. However, building challenging and immersive experiences
requires in-depth knowledge of how virtual agents are perceived.
In this context, the present article investigates the perception of
medium-sized virtual audiences’ valence and arousal in VR. A total
of 35 audience conditions were considered, varying in IVAs’ gender
and nonverbal behavior, and were evaluated by 70 participants
to assess the influence of these characteristics on user perception.
Specifically, 7 attitude types were designed, assigning distinctive
behaviors to each IVA to convey the desired levels of valence and
arousal. Additionally, 5 variations in audience gender composition
were included. Overall, this study provides valuable guidelines for
designing virtual audiences by identifying validated attitudes asso-
ciated with specific valence and arousal levels. Notably, 4 out of the
7 designed attitudes successfully elicited the intended perception
ratings. The misperception of some attitudes reflects the complexity
of designing virtual audiences using a priori characteristics drawn
from the literature. Importantly, the attitude types remained valid
regardless of the audience gender composition, as no significant
influence of gender on perception was observed.
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1 INTRODUCTION

In a multitude of domains, Intelligent Virtual Agents (IVAs) have
been leveraged to substitute human presence or enhance experi-
ences. Depending on their assigned objectives, IVAs can indeed
assume a plethora of roles, such as virtual hotel and shopping as-
sistants [3, 5], or public speaking coaches [16]. Their behavior and
appearance can be tailored to suit the context, resulting in a wide
range of potential applications. However, the design of IVAs should
be carefully considered as their characteristics are likely to influence
user perception and acceptance of the system [10, 23, 26, 28].

In particular, public speaking applications have greatly bene-
fited from the development of IVAs to simulate human presence.
Whether relying on PC [2, 7, 13, 25] or Virtual Reality (VR) technol-
ogy [11, 12, 17, 21, 24], training applications have been developed
to enable users to practice their communication skills in front of a
virtual audience, which can vary in terms of size and behavior to
challenge the user. This has motivated the design of IVAs capable
of adjusting their attitude toward the speaker depending on the
training objectives and the user’s specific needs. Consequently, the
system may integrate a supportive audience to build user confidence
or, conversely, a critical one to help them acquire stress manage-
ment skills [13, 14, 17, 22]. Additionally, enabling the audience to
react to the speaker’s performance is worth considering to pro-
vide highly realistic simulations that offer immediate performance
feedback to users through the IVAs’ behavior [7].

To achieve such results and guide the design of IVAs, perceptual
studies have been conducted, investigating the influence of their
characteristics on both users’ emotions and perception. However,
most of these studies rely on 2D-based systems [10]. The use of VR
in perceptual studies remains relatively limited, although VR has
great potential as a training tool, fostering both skills acquisition
and user motivation through its immersive capabilities [20]. This
highlights the need to deepen knowledge of how IVAs are perceived
in VR, particularly in public speaking settings, such that agents can
adopt clear and interpretable attitudes toward the speaker. More
precisely, the perception of virtual audiences (i.e., groups of IVAs)
deserves particular attention, since speaking in front of a group is
common in numerous public speaking situations, but has not been
sufficiently explored in the literature.

This study addresses these gaps by examining how medium-sized
virtual audiences are perceived in VR, focusing on the influence of
gender-related cues and the nonverbal behavior of IVAs. Gender can
indeed bias the interpretation of IVAs’ attitudes [1, 25], eventually
leading to perceptions that differ from expectations. Therefore,
understanding these effects is key to designing virtual audiences
with clear and appropriate attitudes, especially for public speaking
applications.
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2 THEORETICAL BACKGROUND

In the context of public speaking training applications, the presence
of IVAs is of prime importance, as they greatly contribute to skills
acquisition [7, 17]. However, given the complexity of multimodal
factors that influence their perception [10], IVAs should be carefully
designed.

In 2002, within one of the first public speaking applications that
was developed, three distinct virtual audiences were integrated,
and designed as positive (i.e., friendly and appreciative), neutral, or
negative (i.e., hostile and bored) [24]. Depending on the scenario,
variations in posture, facial expressions, head movements, and gaze
were implemented in the system. Even though VR technology was
still in its early stages and the environment was less realistic than
what can be developed nowadays, the negative audience success-
fully elicited a stronger anxiety response among users, paving the
way for the development of dedicated training solutions. The accu-
rate perception of such audience types was further supported by
a 2023 study, which found that a positive emotional response was
elicited when users were confronted with a positive audience in VR
[25]. While these latter results are noteworthy, the behaviors im-
plemented were not highly diverse. Positive and neutral audiences
were both defined by a single combination of posture, facial ex-
pression, and head movement, whereas the negative audience was
associated with specific events involving phone calls and chatting,
along with a negative facial expression and head shakes.

Alternative approaches have been proposed to model IVAs’ be-
havior. Personality traits have been notably assigned, including
emotional stability and extroversion [19], or agreeableness [14].
By observing the agents’ nonverbal behavior, these characteristics
were accurately perceived by users. Furthermore, specific attitudes
were attributed to IVAs and virtual audiences, either toward the
speaker or the presentation itself. In [12] and [14], audiences were
designed to appear as indifferent, critical, bored, or enthusiastic.
Both studies resulted in the correct identification of the IVAs’ atti-
tude, using VR and PC-based systems, respectively.

In [14, 15], the mood of the IVAs was integrated within their pro-
posed audience model and described in terms of valence, arousal,
and dominance. Valence and arousal are two commonly used dimen-
sions that guide the design of agents’ nonverbal behavior. These
dimensions are notably employed in [12] to delineate the agents’
attitudes (i.e., indifferent, critical, bored, or enthusiastic). As defined
in [6], emotional valence refers to the positive or negative emotions
felt by the IVA toward the speaker or the presentation, while arousal
corresponds to its level of alertness during the presentation. Virtual
agents can effectively convey different levels of valence and arousal
through their nonverbal behavior [6, 9, 12, 14]. More specifically,
[9] proposed a classification of 40 behavioral combinations, each
consisting of a specific posture (i.e., backward, forward, and upright
variations), facial expression (i.e., smile, frown, raised eyebrows, or
none), and head movement (i.e., nod, shake, tilt, or none). These
combinations were evaluated using individual agents in VR, based
on the levels of valence and arousal elicited, and ranked accordingly.
Using these findings, the combinations were then grouped into 7
distinct categories, according to the associated perceived levels of
emotional valence (i.e., negative, neutral, or positive) and arousal
(i.e., low, neutral, or high). Although 9 valence-arousal pairings are
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theoretically possible, only 7 were represented among the combi-
nations considered, with low arousal being exclusively associated
with neutral valence. This categorization enabled the construction
of a structured library of behaviors, from which each group can be
used to assign IVAs animations that convey the desired levels of
valence and arousal. The 40 behavioral combinations were however
not evenly distributed across the categories, with certain groups
containing fewer behaviors. This study also highlighted that the
realism of IVAs plays a key role in user perception, as photorealis-
tic avatars increase users’ confidence in assessing their attitudes
compared to cartoon ones, without leading to uncanny effects [9].

In addition to the nonverbal behavior and realism of IVAs, gender
has been identified as a factor shaping perception. [1] has pointed
out that gender stereotypes that occur in human-human interac-
tions are replicated in human-agent interactions. For example, male
virtual agents are considered more competent [1, 27], while female
IVAs are perceived as friendlier and more positive [25, 27]. Gender
also impacts users’ emotions, with preferences for female assistive
agents [8] and responding more positively to a female presence in
a two-person audience [25]. These studies provide valuable insight
regarding the influence of gender on perception, but focus on in-
dividual agents and small groups. To the authors’ knowledge, no
study has yet explored the influence of gender distribution within
larger virtual audiences on the perception of their nonverbal behav-
ior. Although previous studies have controlled for gender effects by
balancing the audience composition [6, 12], further investigation
is needed to inform the design of virtual audience behaviors, with
consideration for gender. This study aims to address this gap.

There is also a predominance of perceptual studies focusing on
the nonverbal behavior of individual agents rather than groups
[10]. On one hand, [6] and [14] have investigated the perception
of virtual audiences composed of 10 agents, but using PC-based
systems, thus corroborating the gap in the literature regarding the
limited use of immersive devices for perceptual studies. Moreover,
the validity of these results is not guaranteed in the context of VR
applications. On the other hand, VR devices were used in [12] to
study virtual audiences composed of 10 agents, but with different
behavioral combinations than [9] and without considering gender
aspects in the analysis. While the IVA in [9] was seated behind a
desk, the agents in [12] were simply seated on chairs, assuming the
role of spectators within an audience. This divergence in audience
design resulted in the implementation of distinct behavioral cues
in both studies, thereby underscoring their complementarity.

In short, studies investigating the nonverbal behavior of audi-
ences in VR remain scarce, and additional insights are needed to
support the development of effective VR-based training systems.
The present study will therefore examine how virtual audiences’
nonverbal behavior impacts user perception, however, using larger
audiences composed of 20 agents, which are common in public
speaking contexts. The behavioral sequences proposed by [9] will
be used, as they include more arousal and valence variations as
well as different behaviors than those already studied by [12]. This
is worth investigating whether these variations are similarly per-
ceived by users when facing virtual audiences in VR. This would
allow for the identification of additional behavioral sequences that
could be used to design recognizable attitudes.
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3 EXPERIMENT SETTINGS

The present study aims to address the aforementioned gaps through
several research objectives. The behavioral combinations from [9]
will be distributed within virtual audiences of 20 photorealistic
agents to assess whether similar valence and arousal ratings are
observed at the group level, and to define audience types that consis-
tently convey the desired perceptions. In addition, various gender
distributions of IVAs within the audiences will be displayed to
examine the influence of gender on user perception. In total, 35
audience conditions will be assessed.

3.1 Virtual environment design

A team of 3D game artists and game developers working at the
authors’ university was responsible for the development of the
virtual environment used in the present study, using Blender and
Unity respectively. The created environment consists of three rows
of benches on which the virtual audience is seated. Although the
room resembles a classroom, it remains neutral such that it can be
used to simulate a variety of public speaking situations, thereby en-
suring the general applicability of the results. The virtual audience
is composed of 20 IVAs, which vary in terms of nonverbal behavior
and gender across the experiment conditions. The user is standing
in front of them (see Figure 1).

Figure 1: Screenshot of the virtual environment, displaying
an audience composed of 10 male and 10 female agents.

To design the audience, 40 photorealistic virtual agents have
been created using the Character Creator solution of the Reallusion
suite. To reinforce the feeling of presence while immersed in VR,
both the agents and the virtual environment were developed to be
highly realistic. More specifically, 20 adult female and 20 adult male
agents were conceived, representing various ethnic origins. These
40 virtual agents were used to shape 5 groups of 20 IVAs, each with
a different distribution of male and female agents to create gender
variations. The gender distributions that were included in the study
are presented in Table 1. In the virtual audience G2 (resp. G4), the 5
female (resp. 5 male) agents were grouped and seated on the left side
of the room. This configuration was chosen to make the presence
of the under-represented gender more noticeable to users. When
it comes to the condition G3, male and female agents were mixed
and distributed among the three rows (see Figure 1).

In addition, the combinations of posture, head movements, and
facial expressions presented in [9] were integrated into the present
system to create additional audience variations, based on the IVAs’
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nonverbal behavior. The 7-group categorization of the 40 different
animations proposed in that study was used as a basis. Each group
corresponds to a specific level of perceived valence (i.e., negative,
neutral, or positive) and arousal (i.e., low, neutral, or high), and in-
cludes a set of animations that reflect distinct nonverbal behaviors,
previously associated with these perception ratings in [9] at the
individual level. For each designed attitude condition, the anima-
tions from the corresponding group are assigned across the IVAs
in the audience, creating diversity in their behavior while aiming
to produce a coherent overall perception of valence and arousal.

Table 1: Description of gender and attitude conditions.

Gender conditions ‘ Attitude conditions

Description Description # sequences

G1 20 male agents A1 Low arousal, neutral valence 3
G2 15 male, 5 female agents A2 Neutral arousal, negative valence 2
G3 10 male, 10 female agents A3 Neutral arousal, neutral valence 4
G4 5 male, 15 female agents A4 Neutral arousal, positive valence 2
G5 20 female agents A5 High arousal, negative valence 20

A6  High arousal, neutral valence 3

A7  High arousal, positive valence 6

This process led to the creation of 7 distinct audience attitude
types (see Table 1). Moreover, as the gaze behavior of IVAs is a
key cue for perceiving arousal [6], their percentage of eye contact
with the user was modulated based on the intended arousal level
(i.e, 20%, 50%, and 80% for the low, neutral, and high arousal levels
respectively). These values were adapted from those used in [6] and
slightly revised to strengthen the distinction between the designed
arousal levels, while avoiding extreme gaze behaviors (e.g., 0% or
100%) that are rarely observed in natural audience settings. This
results in dynamic audience behavior, where each IVA maintains a
specific posture and facial expression, while displaying its assigned
head and gaze movements at different times, making the audience
appear more realistic. Finally, the behavioral combinations were
attributed to the IVAs following specific rules. First, based on the
valence and arousal rankings proposed by [9], the best-recognized
behaviors in each category were first assigned to the virtual agents
that were closest to the user. Then, for categories containing only
a few animations (i.e., all except A5 and A7), behaviors were alter-
nated between IVAs to keep the experience as realistic as possible.

As a result, the virtual environment includes 35 audience condi-
tions (i.e, 5 gender x 7 attitude). To minimize variability within the
observed audiences, the 5 gender distributions were kept identical
across participants. Each time a specific gender condition was ob-
served, the same agents were used and placed in the same positions
within the audience rows. This was applied to the attitude manipu-
lation as well, with identical behavioral sequences assigned to the
same positions within the rows, regardless of the gender condition.

3.2 Methodology

The experimental conditions were distributed among 70 partici-
pants (i.e, 35 women and 35 men), in a way that ensured each
condition was assessed by an equal number of male and female
participants. Given the study’s focus on the impact of IVAs’ gender
on user perception, particular attention was paid to maintaining
gender balance both in the recruitment process and the conditions
distribution to minimize potential bias. With a final sample size of
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70 participants, the required sample sizes indicated by the power
analyses were exceeded (N = 45 for Wilcoxon signed-rank tests; N
= 62 for linear mixed-effects models).

Most participants were young adults (M = 28.01, SD = 10.26),
from Western Europe (N = 68) and French-speaking (N = 67). All
were above the age of 18. A majority (N = 51) had already tried
virtual reality, mostly for entertainment purposes, though typically
only once or twice. Participants were recruited through a dedicated
call and were invited within the authors’ university to take part in
the experiment. A quiet room was used to favor both immersion
and participants’ focus during the experience. Before anything else,
the conditions of the study were presented to the participants, and
informed consent was requested.

A short questionnaire covering demographic questions as well
as information about the participants’ previous experience with
VR was first completed. Then, the definitions of both valence and
arousal, as described by [7], were provided. Participants had to
confirm their understanding of these concepts before the start of the
second part of the experiment. However, no illustrative animations
of valence and arousal levels were presented to the participants
before the experiment, as the aim was to remain close to the end-
user experience, in which no such information would be provided.

Participants were then immersed in the VR environment us-
ing Meta Quest 3 headsets and were asked to observe 10 virtual
audiences, one after the other. Each of the observed audiences cor-
responds to a specific gender and a specific attitude condition, as
described in Section 3.1. The number of sequences was limited to 10
to keep the immersion brief and maintain participant engagement
throughout the experiment. Ultimately, each of the 35 virtual audi-
ence conditions was assessed by the same number of participants,
with an equal number of male and female respondents. In addition,
each participant assessed all gender conditions, whatever the atti-
tude type associated with the audience, and all attitude conditions,
whatever the gender distribution within the audience. They are,
however, presented to users in a different order to avoid potential
bias. Finally, while no participant was exposed to the same gender-
attitude pair more than once, they were still exposed to multiple
audiences sharing the same gender or attitude category. This in-
troduced within-subject dependencies in the perception ratings. A
repeated measures design was therefore adopted.

For each audience, the participants should observe its behavior
for at least 30 seconds, since IVAs eventually display head move-
ments and gaze variations over time. After this time limit, a sound
was triggered to notify the participant that the audience can be
evaluated in terms of valence and arousal. The participants could
however take as long as necessary before giving their answer. Both
emotional valence and arousal were rated using 7-point Likert
scales, where 1 corresponded to "Very negative" and "Very low"
respectively, and 7 to "Very positive” and "Very high". In addition,
participants were asked to rate their level of confidence in each
of these two answers on separate 7-point Likert scales, ranging
from "Very low" to "Very high". Once the observed audience has
been evaluated, participants could move to the next one by press-
ing a dedicated button located on the desk in front of them (see
Figure 1). This process was repeated for all 10 virtual audiences to
be evaluated, after which the VR experience was concluded.
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Finally, participants were asked to complete a Presence Ques-
tionnaire. For French-speaking participants, the validated French-
Canadian version of the Presence Questionnaire was used [4, 18],
while non-French-speaking participants completed the original
version developed by Witmer and Singer [29]. Before concluding
the experiment, participants were also allowed to provide written
comments about their experience.

4 RESULTS

4.1 Nonverbal behavior perception

To determine how the designed attitudes were perceived in terms
of valence and arousal, regardless of the gender of the audience,
Wilcoxon signed-rank tests were conducted. This non-parametric
approach was chosen given the repeated measures design of the
study and the violation of normality assumptions. To control for
multiple comparisons, p-values were adjusted using the Holm cor-
rection method.

Each test assessed whether the distribution of participant rat-
ings for a given attitude was significantly different than 4, thereby
indicating if the attitude was perceived as neutral or not. This was
done for each dependent variable, i.e., valence and arousal ratings.
Moreover, for significant tests, the median was used to better un-
derstand how the attitude was perceived. In short, an attitude is
considered positive (resp. negative) in terms of valence when the
test is statistically significant and the median is greater than 4 (resp.
less than 4). For arousal, the same logic is applied to determine high
and low arousal levels. In all other cases, the attitude is interpreted
as neutral. To complete the analysis, effect sizes were computed
to assess how strongly attitudes influenced perceived valence and
arousal. This three-step process allows for an identification of how
each attitude is perceived, which helps to define a library of non-
verbal behaviors, as in [9], that maintain consistent perception,
without being altered by potential group effects.

Valence. The analysis indicated that the designed attitudes ef-
fectively conveyed different levels of emotional valence (see Table
2a). Attitudes A4 and 7 were perceived as particularly positive, with
a median rating of 5 and 6, respectively (p,g; < .001). Moreover,
attitude A7 presents a large effect size (r = .82), which indicates
that the attitude was perceived as strongly positive in terms of
valence. The effect was more moderate for A4 (r = .39). These
results confirm that the positive valence of these two attitudes was
successfully perceived by participants. Conversely, attitude A5 was
rated as significantly negative (p,gj < .001), with a median of 3 and
a large effect size (r = .54). These results were in line with expecta-
tions (see Table 1), indicating that these attitudes were successfully
perceived in terms of valence.

For attitude A1, the Wilcoxon signed-rank test was significant
(Padj = -002), indicating a non-neutral perception of this attitude.
However, since the median rating is equal to 4, a one-sided Wilcoxon
signed-rank test was conducted to clarify the direction of this de-
viation. The results revealed that ratings tended to be higher than
4 (p < .001, r = .35), suggesting a slight positive bias in the per-
ception of this attitude. Although the attitude was generally rated
as neutral and therefore classified as such, participants tended to
evaluate it more positively than expected. This should be taken into
account when using this attitude in future applications.
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The remaining attitudes (i.e, A2, A3, and A6) did not significantly
differ from the neutral point (p > .05) and presented median valence
scores of 4 and small effect sizes (r < .22). These attitudes were
then perceived as neutral. This perception was expected for both
attitudes A3 and A6. In contrast, attitude A2 was designed based on
behavioral sequences previously described as negative [9], showing
a gap between how the attitude was designed and perceived.

Table 2: Summary of perceived valence and arousal by audi-
ence attitude

(a) Valence ratings

Attitude | Median p,q; Effect Size (r) Perception

Al 4 <.01 .349 Neutral
A2 4 .107 212 Neutral
A3 4 .259 154 Neutral
A4 5 <.001 .387 Positive
A5 3 <.001 .536 Negative
A6 4 .259 .153 Neutral
A7 6 <.001 816 Positive

(b) Arousal ratings

Attitude | Median  p,q;  Effect Size (r) Perception

Al 4 232 157 Neutral
A2 5 < .01 .346 High
A3 4 .232 .160 Neutral
A4 5 < .001 .540 High
A5 5 < .001 725 High
A6 5 < .001 .540 High
A7 7 < .001 .862 High

Arousal. The analysis of arousal ratings revealed that only two
levels of arousal were perceived by the participants (see Table
2b). Indeed, five attitudes, namely A2, A4, A5, A6, and A7, were
associated with high levels of arousal, as indicated by significant
Wilcoxon signed-rank tests (pagj < .01) and median scores larger
than 4. Among them, attitude A7 stands out from the analysis with
an extremely low p-value (p,gj < .001), a median of 7, and a very
large effect size (r = .862), indicating that the audiences associated
with this attitude were perceived as highly arousing. This aligns
with its intended design. Attitudes A2, A4, A5, and A6 were all
associated with high arousal levels, showing significant results
(Padj < -01) and median scores of 5. The effect sizes for A4 (r = .54),
A5 (r = .725), and A6 (r = .54) were large, indicating that these
attitudes were perceived as clearly arousing. This was expected for
A5 and A6, which were explicitly designed to reflect high arousal.
However, A4 was initially intended to appear neutral, suggesting a
mismatch between design and perception. Regarding A2, the effect
size was moderate (r = .346), indicating that it was perceived as
fairly arousing rather than neutral, as originally intended.

Only two attitudes, Al and A3, were classified as neutral in
terms of arousal. Both had non-significant Wilcoxon test results
and median ratings of 4. While A3 was designed to reflect a neutral
arousal level and was perceived accordingly, A1 was designed to

IVA 25, September 16-19, 2025, Berlin, Germany

depict a low arousal level but was instead perceived as neutral,
suggesting a mismatch between its intended and perceived effect.

Correlation between valence and arousal. Spearman’s rank-
order correlations were computed to better understand the relation-
ship between valence and arousal ratings, as well as the possible
mismatches between the intended and perceived audience attitudes.
The analysis revealed a positive overall correlation between arousal
and valence across all attitudes, indicating that higher arousal lev-
els were generally associated with higher valence ratings (p = .46,
p < .001). When examining this relationship separately for each
attitude, significant correlations between valence and arousal were
also observed (p < .05), with coefficients ranging from p = .24
for the attitude A5 to p = .50 for the attitude A7. The strength of
this relationship was therefore particularly high for attitude A7.
This suggests that, although the strength of the correlations varied
slightly across behaviors, the overall pattern remained consistent,
with participants tending to associate higher arousal levels with
more positive perceptions of valence.

Confidence levels. Confidence ratings were consistently high
across all attitudes, with mean scores ranging from 5.36 to 6.18.
This suggests that participants generally felt sure about how they
rated the different attitudes. Among them, attitude A7 stood out
with the highest average confidence scores for both valence (M =
6.06) and arousal (M = 6.18), which may reflect how clearly it was
perceived by participants. Given the overall similarity in confidence
levels, no further analysis was considered necessary.

4.2 Gender influence on perception

To analyze the influence of the audience’s gender on perception,
linear mixed-effects models were conducted. This approach was
selected given the repeated measures design of the study. Four mod-
els were first included in the analysis, each examining the effect of
audience gender on perceived valence, perceived arousal, and the
confidence ratings associated with these dimensions, while taking
into account the within-subject variability through a random effect
for the participant. For all models, no significant effect of audience
gender on ratings was observed (all p > .19). A slight trend towards
less confident arousal ratings was however observed in the G2 con-
dition (f = —0.17, p = .099), even if not significant. Although small
variations in participants’ answers were observed, no systematic
influence of gender was found in the results, indicating that the
gender composition of the virtual audiences did not significantly
impact participants’ ratings.

To deepen the analysis, four additional linear mixed-effects mod-
els were performed, including the interaction between audience
gender and attitude. The objective is to examine whether their com-
bined effect influenced perceived valence, arousal, and confidence
ratings. These models still did not reveal any significant interac-
tion (all p > .05). Nevertheless, a few combinations approached
significance. Attitude A3 indeed presented increased confidence in
valence ratings when displayed by an all-male audience (i.e., G1;
B =0.74, p = .051). Similarly, the interaction between attitude A6
and the same gender condition was associated with a positive yet
non-significant effect on confidence in valence ratings (f = 0.41,
p = .278). In contrast, a negative interaction trend was observed
between attitude A6 and the G1 condition for arousal confidence
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ratings (f = —0.57, p = .123). These results then reveal variations in
confidence when attitudes are displayed by male audiences. How-
ever, since none of these effects reached significance, no conclusion
can be drawn regarding their influence on perception.

Since the study deals with gender-related aspects, the impact of
the gender of the participants was considered as well. More pre-
cisely, the goal was to check whether it interacted with the gender
composition of the audience to determine perception ratings. To
do so, linear mixed-effects models were again conducted, including
a fixed interaction effect between the participant’s gender and the
audience’s gender. Across all models, no significant interaction was
observed (all p > .15), indicating that participants reported simi-
lar perception ratings for a given attitude, regardless of both their
gender and the gender of the virtual audience.

In short, no significant or consistent effects of audience gender
on perception were found in any of the models. Whether tested in
interaction with attitude type or participant gender, the audience
gender did not significantly influence ratings.

4.3 Presence Questionnaire

The virtual environment was also evaluated in terms of the feeling
of presence, to ecologically validate both the room design and the
virtual audiences. Overall, the participants reported a high sense of
presence within the environment, with an average score of 72.97%,
which is relatively high. Among the dimensions included in the
presence questionnaire, the realism of the solution reached a score
of 70.75% on the associated scale. For instance, participants reported
that the observed environment was similar to what they might ob-
serve in real-life settings (66%). In addition, they felt highly involved
in the experience (82%). The realism of the designed virtual agents,
as well as their behavior, therefore did not hinder the feeling of
presence. These results are highly promising given the objective
to use the system for public speaking training. Participants were
also able to examine the virtual environment clearly (71.29%) and
found it interactive (68.48%), although only a few interactions were
implemented. The quality of the experience received particularly
good ratings (79.57%), and the performance dimension was rated
the highest (82.30%). The scores were very high across all dimen-
sions and consistent with other studies [4, 9, 18], which reported
similar scores. This confirms that the experience was immersive
and credible to the participants.

5 DISCUSSION

In the context of this study, a set of 7 attitudes for virtual audiences
was developed, each corresponding to an expected level of valence
and arousal (see Table 1). An overview of these attitudes, summariz-
ing the expected and perceived levels for both valence and arousal,
is shown in Table 3. Overall, 4 out of 7 attitudes were perceived as
expected, namely A3, A5, A6, and A7. The most recognizable atti-
tudes were A5 and A7, which are of particular interest in the context
of public speaking training. They represent a critical but attentive
audience and an interested and approving audience, respectively.
The recognition of such audience types has been demonstrated in
other studies [12, 14], thus reinforcing their relevance in public
speaking training systems. They are indeed easily recognizable and
can therefore be used to provide users with immediate feedback on
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their speaking performance, thereby inducing positive or negative
emotions accordingly. Furthermore, attitude A6, which represents
a compromise between the two aforementioned attitudes, has also
been effectively recognized. This neutral yet arousing audience
can thus serve as an indicator to the speaker that the audience’s
attitude is gradually shifting. This particular audience type has not
previously been examined using VR systems, thereby underscoring
the users’ capacity to perceive variations in valence in the presence
of highly aroused audiences.

Table 3: Actual perception and expectations for the designed
attitudes.

Valence Arousal
Attitude | Perceived Expected | Perceived Expected
Al Neutral Neutral Neutral Low
A2 Neutral Negative High Neutral
A3 Neutral Neutral Neutral Neutral
A4 Positive Positive High Neutral
A5 Negative  Negative High High
A6 Neutral Neutral High High
A7 Positive Positive High High

Additionally, the neutral audience (i.e., neutral valence and neu-
tral arousal) was accurately perceived in this study. Having a neutral
state is particularly relevant in public speaking training, as it can
be used as a default nonverbal behavior, thereby enabling speakers
to track how audience attitudes change over time. In contrast, the
two other moderately arousing audiences were not perceived as
such, although the A4 audience correctly conveyed the associated
level of valence. This suggests that, to be properly designed, this
attitude should have been perceived as slightly less arousing. The
correlation between valence and arousal may provide a potential
explanation for this misperception, as positive valence ratings are
associated with higher perceptions of arousal. However, given its
median value of 5 and its moderate associated effect size, the atti-
tude could potentially still be employed in this context as neutral. It
is indeed perceived as less arousing than attitude A7, even though
it is associated with the same perceived valence and arousal levels.
Similarly, attitude A1 was perceived as neutral rather than low in
arousal, highlighting that the designed attitudes were generally
perceived as more arousing than expected. As can be observed in
[9], arousal ratings for the observed behavioral sequences were typ-
ically high, with only a few rated as low. In particular, the sequence
rated as least arousing received 57% negative ratings, compared
to 90% for the most negative sequence in terms of valence. This
disparity suggests that the range of perceived arousal was narrower
and closer to neutral, potentially making these sequences more
blurred and difficult to interpret. The inclusion of specific events,
such as IVAs sleeping or looking at their phones instead of listening,
may then be necessary to convey low arousal levels. This obser-
vation is consistent with participants’ comments, who explained
that they expected more pronounced audience reactions, closer to
what can be observed in a classroom. Finally, this tendency for
increased arousal perception ratings may be the result of a group
effect. Indeed, there were always a few agents in motion due to
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head movements and gaze shifts. At the group level, this may have
increased the overall sense of movement and led to higher perceived
arousal than for individual agents.

Valence variations within the audience were more accurately
recognized than arousal ones, with only one attitude misperceived.
Specifically, attitude A2 was expected to convey negative valence
but was perceived as neutral. One potential solution could be to
favor specific behaviors, eliciting stronger negative valence per-
ceptions, in the distribution of animations within the audience,
rather than distributing them equitably across IVAs. However, this
requires enough behavioral variety within the considered attitude
group. For instance, while this could help for attitude A1, which
was associated with neutral instead of low arousal, this attitude
group contains only three different behavior combinations associ-
ated with only two postures (see Table 1), which may then reduce
the realism. In such cases, integrating behaviors from other attitude
groups may help, as the accuracy of perception improves when
more clearly defined agents are incorporated [6]. For instance, to
obtain the negative perception expected with A2, some behaviors
from A5 could be added, as it successfully elicited negative valence
ratings. This trick can therefore shift a neutral perception to a neg-
ative one, but this should be done carefully to keep the overall
arousal perception moderate, as A7 is also linked to high arousal.

Participants also expressed that, without a baseline, it was diffi-
cult to assess the audience since the range of potential responses
was unknown. This approach was preferred to better understand
how potential users of the training system, who may not be fa-
miliar with the full range of possible attitudes, would perceive
them. However, by observing audience reactions at runtime during
the presentation, variations may become more salient to the user.
Consequently, it may be valuable to investigate whether changes
in valence or arousal help users detect, in real time, shifts in au-
dience attitudes toward more positive or negative states. These
questions represent promising areas of research to further support
the development of clearly identifiable virtual audiences.

In addition, it is important to note that one particular posture,
namely P3 (i.e, backward posture with arms behind the head) from
[9], generated comments from the participants. This posture was
described as not natural, as it does not occur frequently in real
audiences, according to the participants. They also reported that
they felt they correctly identified the meaning of this posture and
answered the questionnaire accordingly, while still being disturbed.
This posture should therefore be displayed sparingly when creating
virtual audiences, in order not to reduce the realism of the audience
and the level of presence, which is essential for training. In addition,
although particularly high presence scores were obtained, these
may be explained by the fact that most of the participants had
already tried VR (i.e, 51 participants) and therefore felt at ease with
the system. These results still remain particularly promising given
that most participants had only used VR once or twice, and those
with no prior experience at all reported similar presence scores.

These results regarding the perception of the nonverbal behavior
of virtual audiences constitute a strong contribution to this paper,
providing guidelines for their design. This study offers a set of
validated audience attitude types and provides a comprehensive
library of virtual audience configurations, shown to elicit consistent
perception ratings for groups of IVAs in VR environments. These
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results also underscore the complexity of group effects, which can
significantly alter perception. An additional contribution is the
identification of the absence of gender effects in the evaluation of
virtual audiences. While previous research has shown that gender
influences perception [1, 10, 25], none of the gender conditions in
this study had a significant impact. No interaction with the user’s
gender has been identified either. This suggests that the gender
of IVAs within virtual audiences can be adjusted without leading
to a misinterpretation of attitudes. Nevertheless, other aspects of
public speaking may still be influenced by gender, such as the
speaker’s stress level, confidence, or personal preferences, which
would require further investigation. Additionally, investigating how
the gender and nonverbal behavior of IVAs might influence the
speaker’s gaze during an actual speaking task is worth considering.
This aspect was not examined in the present study, as participants
were explicitly instructed to observe the entire audience.
Nevertheless, significant work remains to be done in order to
develop realistic and responsive virtual audiences. This includes
the development of IVAs that can adapt their behavior based on the
speaker’s performance. Previous studies have identified relevant
performance indicators, making the creation of such adaptive au-
diences feasible [30]. However, it is still necessary to define how
audience attitudes should evolve during the presentation so that
the changes feel realistic and serve the training objectives. The
development of virtual audiences and, more broadly, of VR train-
ing environments tailored to the users’ needs, remains therefore a
challenging yet necessary field of research, given the importance of
communication skills in both personal and professional contexts.

6 CONCLUSION

The virtual audiences designed for this experiment have been par-
tially validated in terms of attitude, even though the most char-
acteristic ones were correctly perceived. The proposed attitudes
should therefore be slightly adjusted in future studies to ensure
accurate perception of both valence and arousal. A potential so-
lution suggested within the scope of this study is the inclusion of
additional behaviors that correspond to specific events observed
in real audiences, such as IVAs talking to their neighbors, looking
at their phones, or even falling asleep. Such behavioral cues may
reinforce the intended design of the audience types. Similarly, the
gender of the audience did not affect perception within the scope
of this experiment. However, it may have an impact on other user-
related aspects, such as the user’s stress, confidence, or preferences,
which were not considered here. This study also allowed the vali-
dation of the virtual environment in terms of presence, as it was
associated with particularly high scores across all dimensions of
the questionnaire [4, 29]. Moreover, the experience was described
by the participants as enjoyable and realistic, providing a strong
impression of speaking in front of a real crowd.

Future work should now aim to integrate the obtained results
into a dedicated VR-based public speaking training system, to in-
vestigate how the characteristics of the virtual audience influence
users’ emotions and perception during speaking tasks, and how
this impacts skills acquisition under different audience conditions.
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