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ABSTRACT

The pandemic has caused a significant increase in the use of video-
conferencing for oral presentations. Prior work demonstrated that
an embodied conversational agent that co-delivers an oral presen-
tation could be used in face-to-face presentations to reduce public
speaking anxiety and increase presentation quality. In this work,
we evaluate the use of a co-presenter agent in the delivery of virtual
presentations given over a videoconferencing system, comparing
them to presentations given without the agent. We found that
participants were satisfied with the co-presenter agent, and those
who liked the agent (scoring above the mean on a composite self-
report measure of satisfaction) rated the presentations they gave
with the agent as having significantly higher quality compared
to those given without the agent. There was evidence the agent
helped participants feel less nervous about their talks. Interviews
confirmed these findings, and identified additional advantages and
disadvantages of using co-presenter agents in virtual presentations.
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1 INTRODUCTION

Despite a strong preference for face-to-face meetings [17], the
COVID-19 pandemic has forced the vast majority of meetings on-
line. The need to give polished and impactful virtual presentations
has suddenly become imperative across all fields, including the
sciences. However, there are several significant barriers to giving
good virtual presentations, including public speaking anxiety and
difficulty maintaining audience engagement.

Public speaking anxiety is very common, affecting up to 35% of
the population [5], and is the number one fear experienced by the
public in the United States [6, 16]. Public speaking anxiety alone
can lead to avoidance of preparation and rehearsal for presentations
[11], poor presentation quality [27], and increased speech distur-
bances [20]. There is some evidence that virtual presentations lead
to lower levels of public speaking anxiety compared to in-person
talks [22, 39], but anxiety is still an issue and can be made worse
online due to lower audience responsiveness and the increased eval-
uatory nature of online presentations [28]. Social impact theory
predicts that co-presenting should decrease public speaking anxiety
[24], an effect confirmed in empirical studies [18], including a study
with a virtual agent as a co-presenter for in-person presentations
[45].

Most guides on virtual presentations indicate that presenters giv-
ing online talks must constantly work to maintain their audience’s
engagement [10, 15, 19, 23, 47] given the significant distractions
available and the lack of accountability for attention afforded in the
face-to-face setting. In a 2009 survey of 760 business people, 58% of
respondents admitted that they frequently surf the web, check their
email, read unrelated material and handle other ancillary work dur-
ing digital meetings [17]. The challenge to maintain engagement
has led to recommendations to keep presentations more interactive
and fast-paced, and to frequently provide "pattern breaks" such as
changing visuals or speakers [19]. Thus, involving a co-presenter
could also improve audience engagement.

In this work we explore the use of an embodied conversational
agent that plays the role of an automated co-presenter for virtual
presentations. The agent appears as another meeting participant in
a webinar or videoconference, and takes turns with a human pre-
senter in the delivery of an oral presentation using slideware. The
agent uses appropriate verbal and nonverbal behavior for content
delivery and speaker transitions, and attentive listening when the
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human presenter is speaking. In this work we report on the design
of the co-presenter system and a comparative evaluation study com-
paring virtual presentations given with the agent to presentations
given without the agent.

After reviewing related work, we describe the design of a co-
presenter agent for virtual presentations. We then describe an eval-
uation study to assess presenter attitudes towards co-presenting
with the agent, and the impact of the agent on presenter anxiety
and confidence compared to presentations given without the agent.

2 RELATED WORK
2.1 Online Presentation and Meeting Support

Technologies

In the case of online presentations, researchers have developed a
variety of systems to support speakers in online presentations, in
part by simulating the face-to-face experience of presenting. For
instance, unlike face-to-face presentations, presenters in online set-
tings have little to no access to audience feedback. To address this
problem, researchers have developed systems that capture audience
feedback both implicitly through use of polls [36] and annotations
[12], and explicitly by tracking facial expressions [29] and emo-
tional states [41] of audience members through computer vision
techniques. In addition, to support eye contact between attendees
in online meetings, prior work has looked into the development
of systems to manipulate the real time rendering of faces in video
conferencing systems [36, 46]. These systems rotate the head of a
user when rendering their face, in order to establish eye contact
and simulate a face to face experience.

2.2 Virtual Agents and Presentations

We look to the virtual agents literature to further position our work.
Virtual agents have been relatively well explored in the context of
face to face presentations in a number of roles such as presenters,
audience, public speaking coaches, and to help with public speaking

anxiety.
As presenters, virtual agents with different levels of automa-

tion, from a fully autonomous agent that presents on a particular
topic by crawling information on the web [3] to presenting man-
ually authored content [32] have been developed to deliver oral
presentations. However, these systems offered no interaction with
the humans and are more akin to human monologues, where the
agent only replaced the human presenter. In order to overcome
this problem, Nijolt et al., [31] developed a system that can interact
with the users by tracking the audience and allowing for a more
realistic simulation. However, this system was intended to replace
the human presenter and not developed for collaborating and co-
presenting with a human presenter. To address this problem, Trinh
et al. [45] developed DynamicDuo, a life sized agent that serves
the role of a co-presenter in human-agent oral presentations. The
agent was found to be effective at reducing the public speaking
anxiety of the human speaker, increasing audience engagement,
and perceived presentation quality. Using this system as a test bed,
researchers have also investigated a number of other prototypes
with virtual agents as co-presenters such as: interaction through
use of natural user interfaces through use of gestures [30], different
roles the agent could play as a co-presenter [21], and as supporting
media for scientific talks [4].
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Researchers have also investigated the role of virtual agents as
presentation coaches and audience members. For example, Pertaub
et al. [35] studied the effect of virtual audience in provoking arousal
in speakers and identified that a negative virtual audience invoked
greater anxiety in speakers. Recent advancements in speech and
motion tracking has led to a number of studies using virtual agents
as coaches that evaluate the speaker behavior such as: pacing, pitch,
use of filler words, and non-verbal behavior and include suggestions
for improvements [9, 44].

3 ONLINE VIRTUAL CO-PRESENTER

We leveraged existing videoconferencing platforms and slideware
in our system design. In particular, we chose the Zoom video-
conferencing platform [48] due to its ubiquity, and Google Slides
[13] as the slideware application, since it can be accessed through
a web browser and does not need to be installed on the user’s

computer.
Agent Design. Our virtual co-presenter (“Angela”) was created

using the Adobe Fuse character creation software [1], and animated
within the Unity 3D game engine [42]. The animated agent is ca-
pable of displaying a variety of nonverbal behaviors to simulate
face-to-face dialog, including head nods, eyebrow raises, directional
gazes for signaling turn-taking, a range of hand gestures (e.g., beat
gestures for emphasis, contrastive gestures for comparisons), and
posture shifts to mark topic boundaries, all generated using the
BEAT text-to-embodied-speech system [7]. The agent dialogue was
authored using a hierarchical transition network-based scripting
language, augmented with template-based text generation. We de-
signed the system so that Angela and the human presenter would
take turns, each presenting one or more slides, with Angela’s dialog
pre-scripted for each slide. Angela’s speech was synthesized in
real-time using the CereProc Speech Synthesis engine [8]. Using
viseme callbacks from the text-to-speech engine, Angela lip-synced

the synthesized speech using blendshape animations.
System Setup. We designed the virtual agent to match the dis-

play of human participants within Zoom as closely as possible. To
achieve this, we used the Open Broadcasting Software [33] to create
a video stream of Angela’s Unity application window, and enabled
it as a virtual camera. This virtual camera was used as the video
input within Zoom instead of the webcam on the wizard’s com-
puter, thus transmitting the agent’s face and voice into the video
conference call. A researcher acting as a Wizard-of-Oz ran the agent
system on their computer, and signed into Zoom as the agent. The
wizard controlled the flow of the presentation by clicking a button
to trigger the agent’s speech wherever applicable. At the beginning
of the session, the wizard was also able to enter the name of the
human presenter so that the agent could refer to her co-presenter

by name while speaking.
Agent Appearance and Behavior. Within Zoom, Angela was

visible waist-up similar to the human participants on the screen,
looking directly into the "camera", as shown in Figure 1. The agent
had a flat single-color background. The agent’s background was set
to be in green color when she was not speaking. When the agent
was the active speaker, her background was programmed to turn
yellow to bring attention to her speech.
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Figure 1: The system as seen on the Zoom video-conferencing platform. The presentation slides are on the left, while all the
attendees of the meeting are shown on the right. The virtual co-presenter Angela appears similar to other attendees. The

yellow background indicates Angels is currently speaking.

4 EVALUATION OF VIRTUAL CO-PRESENTER
ONLINE

We conducted a user study to examine the effectiveness of our
virtual co-presenter agent in improving the online presentation
experience. We conducted a within-subjects study where partici-
pants delivered a pre-prepared PowerPoint presentation with our
virtual co-presented in one presentation and by themselves in the
presentation. The study was conducted online via Zoom.

4.1 Study Procedure

The two study sessions were 3-6 days apart, each 60-90 minutes
long and followed the study procedure visualized in Figure 2. The
ordering of the conditions (Human-agent and Human-only) was
randomly assigned and counterbalanced. The study was conducted
by two experimenters, one that ran the study and one that provided
technical support and set up the virtual co-presenter system. In
each session, we asked participants to review, rehearse, and deliver
a 7-minute presentation on a pre-defined topic based on two recent
HCI research papers. The first session presentation topic was on an
annotation research-based tool called Spacelnk [37] and the second
presentation was on a similar but different tool called texSketch
[40]. Both presentations were presented in English using Google
Slides with pre-prepared slides. Each presentation had 8 slides
with presenter notes and each was recorded for later analysis of

presentation quality from the audience’s perspective.
A day before reporting for the study sessions, participants were

emailed the research papers related to the prepared presentation
they were to deliver. When participants reported for the first ses-
sion, they were consented to participate and asked to complete
baseline assessments (sociodemographics and the Self-Perceived

Communication Competence Scale [26]). In both sessions, we asked
participants to complete the STICSA[14] and PRCS[34] measures
before we introduced the task of presenting and delivering the

presentation using the pre-made slide decks.
In the human-agent session, one of the experimenters set up the

virtual co-presenter (Angela) to join the Zoom as a Zoom participant.
At the beginning of the study, Angela’s video was turned off, and
was turned on during the rehearsal and presentation phase. In this
session, participants reviewed the presentation for 15 minutes (in a
separate zoom break-out room in the absence of the experimenter)
and rehearsed with the virtual co-presenter agent for another 15
minutes before delivering their video recorded presentation to an
audience of three confederates, selected from a pool of 9 student
volunteers that were trained to remain neutral in all presentations.
Two experimenters were also present during the presentations. In
the rehearsal and presentations, the participant and the agent took
turns presenting each slide of the presentation. When it was the
agent’s turn to present a slide the experimenter (“Wizard”) cued
the agent to present based on a preloaded script. The participant

always gave the first and final slide of the presentation.
In the human-only session, participants were given the same

amount of time as the human-agent session to review, rehearse and
present. In this session, however, they rehearsed and delivered the
presentations without the virtual co-presenter. In both sessions, par-
ticipants were asked to fill out an anxiety (STICSA) questionnaire
before their presentation as the audience member joined the zoom
session. After the presentation participants filled out the PRCS and
the presentation quality questionnaire. In the human-agent session,
they were also asked to rate the virtual co-presenter. After com-
pleting the questionnaires, they were interviewed by one of the
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Figure 2: Evaluation study procedure for both study sessions.

experimenters using a semi-structured interview. They were then
debriefed and compensated for their participation.

4.2 Measures

We assessed presenters’ experience in the study using the follow-
ing self-report measures and a semi-structured interview that was
conducted at the end of each session. Anxiety was assessed at
intake and before each presentation using the State-Trait Inven-
tory for Cognitive and Somatic Anxiety (STICSA) questionnaire
[14]. Speaker confidence was assessed at the beginning of each
session and after each presentation using the Personal Report of
Confidence as a Speaker (PRCS) questionnaire [34]. Virtual co-
presenter rating was assessed after presentation with the virtual
co-presenter using a 7-item, 7-point scale questionnaire as shown
in Table 1. Overall presentation self-rating was assessed after
each presentation using a 7-item, 7-point scale questionnaire as
shown in Table 2.

4.3 Participants

We recruited 13 students and professionals with background in
sales, engineering and teaching (5 Males, 8 Females, ages 22-42,
mean 27) through online advertisement. Of the 13 participants 4
were categorized as high competence public speaker, 8 as moderate
competence based on the Self-Perceived Communication Compe-
tence Scale [26]. However, one participant did not report their
public speaking competence. Participants were compensated with
a $25 amazon gift certificate for their participation in each session.

4.4 Quantitative Results

Twelve participants (5 males, 7 females) successfully completed
both sessions of the study. This resulted in 24 interactions, 12 with
the virtual co-presenter (Angela) and 12 without. Due to technical
issues, one participant was unable to complete their session virtual
co-presenter and had to be dropped from the study. The results
presented here are for the 12 participants that completed both

sessions of the study.
Virtual Co-presenter Ratings Analysis of virtual co-presenter

ratings showed that presenters were satisfied with the coach (M
=5, SD = 1.87), found her to be helpful (M = 5.08, SD = 1.51) and
trustworthy (M = 5.25, SD = 1.6). The rating with the lowest result
was the ease of use (M = 4.16, SD = 2.80), possibly due to lack of
control over the virtual co-presenter and delays during turn-taking.
Given this study used a wizard-of-Oz setting, the presenter had no
control over the virtual co-presenter. Table 1 shows the results of

the virtual co-presenter’s ratings.
Self-Rating of presentation Quality Table 2 shows presenters’

self-rating of their presentation based on study conditions. Results
of Friedman tests showed no significant differences between the
Human-only and Human-agent condition in any of the single item
quality measures. However, there was some evidence that the agent
helped participants feel less nervous about their talks, compared to

presentations without the agent (p=.07). Results of repeated mea-
sures ANOVA tests showed no significant effects of condition on
state anxiety (F1,22=0.30, p=.59) as measured by STICSA or speaker
confidence (F1,10=.31, p=.59) as measured by PRCS. However, the
agent did have a significant effect on presenter self-ratings of their
presentation quality (t(7)=3.30, p=.013, d=1.17), Figure 3, among
those presenters who were satisfied with the agent (n=8) (i.e. rated
greater than neutral (>4) on 1-7 virtual co-presenter composite
scale, Table 1) and there was no session order effect on their ratings.
There was no effect of condition on presentation self-rating for
those who had lower ratings for the virtual co-presenter.

4.5 Qualitative Findings

We conducted semi structured interviews eliciting presenters’ ex-
perience with online presentations, presenting with the virtual
co-presenter agent and suggestions for improvement. The inter-
views were recorded and transcribed resulting in 3 hours and 11
minutes of audio files and 108 pages of transcripts. We performed a
thematic analysis on the transcripts following the general inductive
approach [43]. We inductively coded all the transcripts for emerging
concepts, compared themes across transcripts and finally clustered
themes into higher-level themes related to agents’ role in reduc-
ing presentation workload and pressure, influencing presentation

delivery, and their potential future roles in presentation.
Reducing Presentation Workload and Pressure. Participants

felt that the virtual agent (Angela) greatly impacted their presenta-
tion by “picking up, half the workload” [P4], and “help the anxiety
and just the pressure” [P6] of presentation delivery. Participants
felt that in the presentation preparation phase the agent reduced
the burden of having to “memorize every single slide, that’s kind of
nice” [P5]. In the presentation delivery phase, they felt that having
the virtual co-presenter “boosts your confidence a bit because it’s
like you’re presenting as a unit as a team, rather than taking the
whole thing on yourself”[P9]. They expressed that delivering the
presentation with the agent also gave them “a time gap to prepare
for your next slide. So, this like, eases off your mental tension” [P10].
The time when the agent was presented also gave them an oppor-
tunity to “look at the audience and see their reaction, see if they are

concentrating or maybe they just, just floating” [P7].
Reliable Co-presenter that can Influence Presentation De-

livery. The virtual co-presenter was perceived as a reliable co-
presenter that when compared to humans that “have this tendency
of forgetting words or replacing it with something else, the agent
system can capture everything effectively” [P2]. One participant ex-
plains that when co-presenting with a human one has to “kind of
have to follow what they’re saying cause in case they like drop out or
something happens, they blank out, I have to save them, and I know
I don’t have to save her [Agent]” [P5]. Some participants felt that
the agent influenced them to “a small degree because it also made
me slow down” [P4]. They felt that “how she’s presenting is perfect,
her speed there is perfect” [P8]. P7 expressed that they also ‘T love
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Table 1: Average rating of the virtual Co-presenter Agent.

Virtual Co-presenter’s Ratings (Scale 1-7) | Mean(SD)

1-Not at All, 4-Neutral, 7-Very much

How satisfied are you with Angela? | 5.00 (

How much do you feel you trust Angela? | 5.25 (
How much do you feel Angela helped you? | 5.08 (1.51

How much would you like to present with Angela in future presentations? | 4.75 (
How much do you like Angela? | 4.67 (
(

1.87
1.60

2.17

How helpful was Angela in reducing your public speaking anxiety? | 4.50 (2.27
How easy was it to co-present with Angela? | 4.16 (2.08

)
)
)
)
1.87)
)
)
)

Composite Score (a = .85) ‘ 4.72 (1.40

Table 2: Self-perceived ratings of presentation quality for the two study condition (Mean(SD) and p-value of Friedman Tests).

Presentation Quality Ratings (Scale 1-7) | Human-Only Human-agent p-value
1-Not at All, 4-Neutral, 7-Very much
How engaging was your presentation? | 4.91 (1.38) 4.83 (1.85) 91
How nervous were you during your presentation? | 4.25 (1.86) 3.33 (2.02) .07
How understandable was your presentation? | 4.91 (1.24) 5.25 (1.66) .59
How exciting was your presentation? | 4.00 (1.71) 4.55 (1.86) .19
How entertaining was your presentation? | 4.17 (1.64) 4.67 (1.87) .10
How competent were you during your presentation? | 4.42 (1.65) 5.17 (1.59) .14
How would you rate the overall quality of your presentation? | 4.75 (1.64) 5.17 (1.53) 40
Composite Score (a = .90) ‘ 4.42 (1.05) 4.91 (1.38)

~

*

g

<]

w

Presentation Rating
w o oa

]

=

High

Overall Presenation Self-Rating by Condition
B Condition Human-Agent

Agent Satisfaction Rating

B Condition Human-Only

Low

Figure 3: Self-ratings of presentations quality for Human-only and Human-Agent conditions based grouped by virtual co-

presenter ratings.

her confidence” and this gave them “that morale to, not be anxious
or not feel alone. So, like, feel like we were having this conversation

and not a presentation alone.”
Agent Roles in Online Presentations. We identified a few

limitations of the current system and potential roles that a virtual
agent could take in online presentation. Some participants said that
“Iliked Angela but sometimes, like, she froze at certain parts” [P6] and
that during turn-taking “she was taking a bit long to respond” [P8].

Others felt that “she could have been more, in the natural flow kind of
thing, not as a robotic voice” [P9]. Given that the agent was cued by
the research study assistant, some participants expressed that they
wanted “more control over the presentation” [P11]. Nevertheless,
participants expressed interest in using the co-presenter agent in
their future presentations and envisioned a few roles that the agent
could take. Most participants reported that they would mainly
use the co-presenter agent “for static content” [P12] “to share the
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information and not much of an interaction with the audience” [P1].
Some felt confident in using the agent as their substitute presenter
“if like I was out sick” [P13] or “was out doing other stuff, like if I had
some obligation, I could use her and it would be like use the same words
that I'would say” [P5]. Others envisioned more dynamic roles for the
virtual co-presenter that include responding to audience questions
because, as P10 explains, “she could have like, more precise answers
to what the audience might ask” and continuing the presentation
when the presenter got “stuck up somewhere or maybe I forgot my
lines of presentation” [P1].

5 CONCLUSION

Participants were satisfied with the co-presenter agent, felt that
she was reliable, that they could trust her, and that she helped with
their presentations (all scoring above Neutral on self-report ratings).
There was some evidence that the agent helped participants feel
less nervous about their talks, compared to presentations without
the agent (p=.07). Participants who liked the agent (scoring above
the mean on a composite self-report measure of satisfaction) rated
the presentations they gave with the agent as having significantly

higher quality compared to those given without the agent.
Interviews confirmed the quantitative findings. In addition, par-

ticipants indicated that they felt the agent reduced their workload
by giving part of the presentation for them, increased their confi-
dence because they felt part of a team rather than having to give
the presentation by themselves, and decreased their nervousness
by giving them a mental break to prepare for the next part of their
presentation. Some participants also felt the agent addressed an-
other common problem in virtual presentations, that of not being
able to assess audience feedback, by giving them occasional breaks
during which they could focus on audience reactions rather than
their presentation content. Some also saw the agent as a role model,
helping them slow their speech down, which is important since
nervousness can cause speaking too fast in virtual presentations
10].
[ O%his study has several limitations beyond the small convenience
sample used. Our primary quantitative finding—that those who
liked the agent rated their agent presentations significantly better
compared to their non-agent presentations—is correlational rather
than causal, since satisfaction with the agent was assessed at the end
of the session with the agent. Most importantly, presentations were
given in an artificial context to an audience of confederates; results
for real-world presentations to potentially much larger and more
critical audiences are unknown. We also did not assess audience
acceptance of and reactions to a virtual co-presenter agent. Finally,
we do not know how presenters or audiences will react to repeated
exposure to co-presenter agents over time: will they increase in

acceﬁtance, or will the novelty and engagement quickly wear off?
There are many exciting directions for future work that could

further improve the virtual presentation experience. We included
the agent as an additional videoconference participant. However, if
the agent were integrated into a videoconferencing system it could
overlay and visually interact with the slideware (as in [25, 38]). We
are also interested in exploring different roles the agent could take
on in the presentation (as in [21]), and more advanced authoring
tools to enable presenters to fine-tune the look and behavior of
the agent (as in [2] for authoring speech prosody by demonstra-
tion). Finally, we would like to see the technology evaluated in a
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wide range of real settings to determine how well presenters and
audiences accept co-presenter agents in their work.
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