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1 Abstract

Public speaking is a social experience that involves both the sharing of

information as well as emotions, between a speaker and their audience.

Current presentation support systems primarily facilitate information

transfer, neglecting the role of emotions in public speaking. My research

aims to bridge this gap by exploring the impact of emotion sharing on

public speaking experiences. Speci�cally, I conduct four studies to

investigate how sharing emotions between the speaker and audience can

enhance the public speaking experience. The �rst study ("A�ective

Spotlight") demonstrates that dynamically spotlighting more expressive

audience members increases speaker awareness and engagement with the

audience. In the second study ("Friendly Face"), a virtual audience

member that provides emotional support to the speaker through nonverbal

feedback was found to reduce public speaking anxiety. The third study

demonstrated that sharing a speaker's emotions with the audience by

displaying their heart rate resulted in increased audience empathy for the

speaker and the speaker's ability to persuade the audience in recorded

presentations. Finally, in my fourth study, I demonstrate how bidirectional

sharing of heart rates between a speaker and their audience

(\Feeling-the-Beat" system) facilitates emotional exchange, by increasing

audience empathy towards the speaker, audience engagement towards the

presentation and speaker awareness of the audience. Overall, this research

demonstrates the value of sharing emotions during presentations and shows

that it can signi�cantly improve the public speaking experience for both the

speaker and audience.
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4 Introduction

Public speaking is a social experience that consists of not only information

transfer but also emotion sharing between a speaker and their audience [71].

Successful public speakers tackle both of these dimensions, where they appeal

to the emotions of the audience in addition to sharing knowledge with them

[77]. In fact, the study of audience and speaker's experiences during public

speaking suggests a complex interplay of a�ect and emotions. For example,

negative speaker emotions such as their anxiety impacts the quality of the

presentation, that has an e�ect on the audience reaction to their talk, which

in turn modulates self perceived speaker competence, that once again feeds

into their emotions [184, 180, 178].

Thus, oral presentations, despite their ubiquity and signi�cance, often

fall short in quality, failing to engage, and persuade an audience e�ectively.

Such de�ciencies can not only harm the speaker's social standing and

credibility but also have a detrimental impact on the audience. Numerous

factors contribute to these failures, as documented in prior research. These

factors include inadequacies in language, speech, and presentation skills,

insu�cient mastery of the content, limitations imposed by time and

resources, inadequate preparation, and rehearsal [32, 68, 67, 196, 134].

Notably, public speaking anxiety stands out as the most signi�cant

contributor to the low quality of presentations [180].

In this thesis, we depart from conventional methods of technologies

directly targeting presentation anxiety, instead opting for the following

approach. Speci�cally, I aim to mitigate the repercussions of anxiety, such

as the inability to accurately gauge the audience's emotions or a tendency

to �xate on negative audience responses. This also incorporates social

biofeedback, which involves reshaping the audience's perception of the

speaker by sharing the speaker's a�ect with them. My primary focus thus

lies in assessing whether this reframing can elicit empathy from the

audience, potentially bene�ting the speaker in the process.
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For example, one symptom of public speaking anxiety is that speakers

are completely unaware of how the audience is reacting to their talk.

Studies have shown that the speakers' inability to gauge the reactions of

their audiences hampers their ability to adjust their speech in accordance

with important audience cues [178, 254, 231, 184]. Subsequently, this

disconnection between the speaker and the audience results in less favorable

reactions from the audience, contributing to a negative feedback loop [54,

64]. Therefore, developing technology that helps speakers overcome this

lack of awareness regarding audience reactions could potentially foster a

more positive feedback loop. My �rst research question arises from this:

ˆ RQ-1. "What are the e�ects of communicating the audience emotions

(\reactions") to the speaker on speaker-audience interaction and

communication outcomes?"

To answer this, I �rst conducted a preliminary qualitative study to

investigate relevant audience reactions that are useful to a speaker.

Following this, I conducted a controlled experiment, evaluating the e�ects

of analyzing facial responses and head gestures of audience members and

dynamically spotlighting the more expressive audience members ("A�ective

Spotlight") to the speaker. The study showed that speakers became

signi�cantly more aware of their audience, spoke for a longer period of time,

and self-assessed the quality of their talk more similarly to that of the

audience members when presenting with A�ective Spotlight.

Improving speaker awareness of audience emotions is helpful, but it's

not enough to fully address the problem. Individuals prone to anxiety often

tend to �xate on negative audience reactions, which can detrimentally

a�ect their performance. In fact, negative feedback from the audience can

have a detrimental e�ect on the speaker, whereas positive feedback can

alleviate anxiety and increase perceived speaker competence [184, 115, 90,

178, 228]. Further, the emotional and social support from a friendly

audience can serve as a bu�er for the stress of public speaking [42]. While,
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it is not practical to have a friendly human audience at all times, within

HCI, studies have explored providing emotional and social support using

virtual agents. Extending this, within public speaking, a virtual agent

embedded in a user's environment is a promising technology for providing

real time emotional support to the speaker. This leads to my second

research question:

ˆ RQ-2. "How does the presence of a supportive and attentive virtual

agent ('Friendly Face') a�ect the emotional state and regulation of

speakers during a presentation?"

To answer this, I �rst conducted a human analogue study to assess the e�ects

of having a supportive audience member in regulating a speaker's anxiety

when presenting. Following this, I developed the \Friendly Face" virtual

agent, that provided supportive feedback, including thumbs up, head nods,

and reminders about the time left in the presentation, whenever the speaker

looked at the agent. In evaluating it against a functionally equivalent system

without a virtual agent, the results showed that Friendly Face signi�cantly

reduced the speaker's heart rate during the talk, demonstrating the potential

for a congenial virtual audience member to regulate a speaker's emotions.

In my third study, I shifted my focus from examining the e�ects of

sharing audience emotions with the speaker to exploring the potential of

sharing the speaker's emotions with the audience. Drawing from research

on social biofeedback systems, I investigated the impact of sharing a

speaker's heart rate as an a�ective cue with the audience. The objective of

this system was to convey the speaker's a�ect to the audience in a manner

that evokes empathy. In this context, Russell's Circumplex Model of

Valence and Arousal [237] provides a foundational framework for the

proposed system. By adding heart rate as a physiological indicator, I posit

that the audience gains a measurable marker of speaker's arousal,

improving their ability to understand the speaker's a�ect. The inclusion of

heart rate complements the subjective valence-based information conveyed
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through facial expressions, enhancing the audience's interpretation of the

speaker's a�ect. In addition, I hypothesized that sharing the speaker's

heart rate with the audience would elicit empathy from the audience and

enhance their emotional engagement with the speaker's message. To test

this hypothesis, I designed and evaluated a system that communicates the

speaker's heart rate to the audience, alongside addressing the following

research questions:

ˆ RQ-3.1 "Can sharing a speaker's heart rate with the audience increase

audience empathy and understanding of speaker's a�ect?"

ˆ RQ-3.2 "Does increased empathy from the audience result in higher

persuasion of the audience towards the speaker's message during the

presentation?"

I developed an interface that shared the speaker's heart rate with the

audience and compared it to a baseline interface without heart rate

information. To assess the concept, I then conducted a randomized,

counter-balanced, within-subjects study. The �ndings were as follows: In

the heart rate sharing conditions, audience participants exhibited

signi�cantly greater empathic accuracy towards the speaker compared to

the baseline condition where no heart rate information was provided.

Moreover, audience participants with normal baseline empathy levels

demonstrated signi�cantly higher persuasion in the heart rate conditions.

Qualitative analysis revealed that the speaker's a�ect was e�ectively

conveyed through the heart rate signal, leading to increased empathy from

the audience participants and heightened audience attention during the

speaker's talk.

Finally, building on the �ndings of the prior studies, I proposed a real time

heart rate sharing system, that investigates the interplay between audience

and speaker a�ect in public speaking scenarios. The goal of the work is

to enhance the speaker and audience understanding of each other's a�ect
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during public speaking. While psycho-physiological relationships such as this

is inherently complex, I draw from Cacciopo's framework [45] on mapping

a�ective cues to physiological indicators, to establish this study. Speci�cally,

this study �ts within the 'outcomes' quadrant of the framework, where the

manipulation of physiological factors through social biofeedback holds the

potential to in
uence both audience and speaker a�ect levels.

Thus, through this work, I addressed my �nal set of research questions:

ˆ RQ-4.1 \What are the e�ects of sharing both the speaker and audience

heart rate with each other in real-time on the speaker and audience

empathy?"

ˆ RQ-4.2 \Does increased empathy lead to increased engagement for the

audience and decreased anxiety for the speaker?"

Towards the goal of answering these questions, I �rst conducted a

design study to validate the acceptance of this concept. Using the �ndings

from this study, I developed a system that can share the heart rate of the

speaker and the aggregated heart rate of the audience with each other in

real-time (\Feeling-the-Beat"). Finally, in a randomized, counter-balanced,

within-subjects study (N=36), I compared the Feeling-the-Beat system to

one sharing fabricated heart rates and a baseline system without heart rate

sharing. Feeling-the-Beat signi�cantly increased audience understanding of

speaker's a�ect, audience engagement during moments of heightened

speaker heart rate, and social presence. Interviews with participants

indicated that heart rate sharing was a form of self-disclosure, mediating

empathy and trust during presentations.

Before we proceed with the dissertation, I would �rst like to outline the

meanings of important concepts used across the board (Table 1).

In the remainder of this dissertation, I �rst review literature from

psychology and communication studies to ground my research questions.

Next, I describe work done by others and myself on how a�ective systems
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Term De�nition
Empathy Ability to understand a person's

a�ect.
A�ect The broad range of emotional

states (both positive and
negative) that people experience.

Arousal The physiological state of being
awake and reactive to stimuli
(such as heart rate, breathing
rate). Can vary from low
to high, in
uencing emotional
experiences.

Valence The positive or negative quality
of an emotional experience. It
indicates whether an emotion is
pleasant or unpleasant.

Emotions Complex psychological states
involving subjective experiences,
physiological responses, and
behavioral expressions. Emotions
can be categorized into various
types, such as joy, sadness, anger,
fear, etc.

Table 1: De�nitions of Concepts described in this Thesis

can be built in oral-presentation settings. Finally, I describe my evaluation

study, showing the potential of heart rate sharing in presentation settings,

to evaluate the said concept.
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5 Related Work

In the following section, I review the foundational literature that informs my

work.

5.1 Speaker Audience Emotional Contagion in

Presentations

Presentations are a common form of communication in many settings, from

academic conferences to corporate meetings [6, 255, 281, 197]. While the

focus of a presentation is often on the information being conveyed, research

has shown that presentations are also an emotional phenomenon involving

the transfer of emotions between speakers and the audience [259]. Research

has shown that speakers experience emotions such as anxiety, excitement,

and enthusiasm when delivering a presentation [218, 79, 23]. Similarly,

audiences can experience emotions such as interest, boredom, and

frustration when listening to a presentation [148, 223, 10, 1, 108, 219].

These emotions, experienced individually by a speaker and their audience

can also have contagion e�ects. From psychology, emotion contagion theory

suggests that individuals can "catch" and mirror the emotional states of

others through social interactions. This process occurs through nonverbal

cues, empathy, and emotional mimicry, in
uencing individuals' a�ective

experiences and behavior [112, 15].

During presentations, such a feedback loop presents a complex interplay

between the audience and speaker emotions - speaker emotions impacts the

quality of the presentation, that has an e�ect on the audience reaction to

their talk, which in turn modulates perceived speaker competence, that

once again feeds into speaker's emotions [184, 180, 178]. On the positive

side, when the speaker and the audience know each other's emotions, this

can potentially lead to empathic e�ects [16], creating a sense of emotional

connectedness between the speaker and the audience, leading to increased
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engagement and better communication. A study by Hat�eld et al. [112]

indicates that speakers who genuinely express their emotions are more

likely to evoke similar and positive emotional responses from their audience.

This establishes a positive cycle of emotions, greatly enhancing audience

engagement and facilitating e�ective learning. Similarly, when speakers

understand and connect with their audience, it fosters empathy among

listeners. This empathetic connection not only creates a positive emotional

atmosphere but also ampli�es audience engagement, optimizing the learning

experience [10]. Moreover, such increased audience engagement, re
ected

through head nods and smiles, has been found to reduce speaker anxiety

and enhance perceived competence of the speaker as well [232, 180, 18].

On the other hand, emotion contagion e�ects can also have negative

consequences in some scenarios [4]. For instance, studies have also shown

that the public speaking anxiety of a speaker [32] is heavily in
uenced by

audience responses to them. In fact, studies that seek to reliably induce

acute stress on people often involve giving a presentation in front of a

neutral-looking audience (a.k.a., Trier social stress test [145]). For instance,

MacIntyre and Thivierge [179] showed that low perceived audience interest,

responsiveness, and evaluation of the talk can all contribute to public

speaking anxiety. Similarly, negative audience reactions, such as disinterest,

criticism, or hostile behavior, can signi�cantly contribute to public speaking

anxiety, heightening the fear and discomfort experienced by speakers These

negative experiences can reinforce the cycle of anxiety and impact the

speaker's self-con�dence and performance even in future speaking

engagements [222].

Overall, these �ndings support the existence of emotion contagion

e�ects between a speaker and their audience during presentations. They

also align with Motley's work [201], that introduced a continuum of

presenter orientations based on audience reactions. This continuum spans

from low to high levels of audience responsiveness, interest, and evaluative
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stance toward the presenter.
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5.2 The Impact of Audience Feedback on Speaker

Anxiety and Engagement

Research has indicated that within the interplay between speakers and their

audience, negative factors like public speaking anxiety can hinder a

speaker's ability to accurately gauge the audience's perception of their

presentation. Consequently, this may impede their capacity to adapt their

speech in response to cues provided by the audience [178]. In doing so,

speakers have less chance to observe others' responses to their talk and are

thus unlikely to collect information from the audience that might help them

accurately assess how they are performing [254, 231]. This is true of social

anxiety in general, where, highly anxious individuals tend to shy away from

both positive and negative emotional faces especially under conditions of

social-evaluative threats [184]. This avoidance makes the anxious individual

appear uninteresting or boring, which in turn, to less friendly reactions

from the audience [54, 64], ending up contributing to the feedback loop

described in the previous section. Thus, receiving unpleasant audience

feedback could only make them more anxious [115].

Related studies provide mixed predictions regarding the e�cacy of a

supportive audience in public speaking. Slater, et al, found that, when

rehearsing in front of a virtual audience, public speaking anxiety decreased

with increasing audience interest [245]. Butler and Baumeister [42]

conducted a series of studies of individuals performing a range of tasks with

either a supportive audience or a neutral audience observing them.

Participants felt less stressed and had better perceptions of their own

performance with the supportive audience compared to the neutral one,

and preferred working with the supportive audience. In contrast, when the

standard for success was high, their actual performance was generally worse

(via \choking") when observed by the supportive audience compared to the

neutral one. However, the experimental tasks did not involve public

speaking, but rather problem-solving tasks in which speed was one of the
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primary outcome metrics, so the extent to which the results generalize to

public speaking is unclear.

On the other hand, studies on audience congeniality have shown that

positive reactions from the audience, could not only help regulate speaker's

anxiety but also increase their self perceived competence [90, 178, 228].

Moreover, supportive audience members provide social and emotional

support that may act as a bu�er against emotional distress, reducing the

speaker's anxiety, and increasing their perceived control and self-e�cacy as

well [42, 204]. Thus, having both a supportive and reactive audience is

potentially creates a positive public speaking experience for the speaker.

Communication researchers characterize this pro-social interactions between

an audience and the speaker asrelational listening on the audience's part

[33, 215], that goes beyond just information gathering and interpretation.

As demonstrated in multiple settings, [56, 80, 208, 276, 289, 21], the roots

for forming that pro-social behavior lies with building empathy.

Empathy encompasses both a�ective and cognitive components. The

a�ective perspective involves emotional reactions to another person's

experiences [81], while the cognitive perspective involves understanding and

perceiving others' feelings and nonverbal cues [287]. These components, as

de�ned by various researchers, provide a comprehensive understanding of

empathy and its implications. A�ective empathy elicits our responsive

nature to someone's emotions, while cognitive empathy enables us to

recognize and interpret the emotions of others. Within the proposed

context in presentations, cognitive empathy refers to the speaker and the

audience recognizing one another's emotions while a�ective empathy refers

to the ability to respond to them. Both components intertwine and

complement each other in fostering prosocial behavior. Through the

proposed system, we facilitate the cognitive empathy (recognition of each

others' emotions), which may lead to an increased a�ective empathy as

well.
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5.3 Empathy - a multidimensional construct

Table 2: De�nitions of Empathy and Examples
Empathy Type De�nition Example
Cognitive Empathy
[247]

Observer's perception and
understanding of the target's
a�ective state.

Understanding a friend's
frustration through
their gestures and facial
expressions.

A�ective Empathy
[171, 182]

Observer's experiential alignment
with the target's a�ective states.

Feeling a friend's sadness
when witnessing their
struggle with a personal
loss.

Narrative Empathy
[137]

Capacity to resonate with the
narratives and experiences of
others, stepping into their shoes.

Experiencing empathy
for a community
member's challenges
through a well-told
personal story in a
presentation.

The comprehension of empathy is a longstanding subject in human

psychology. Past understanding of empathy has demonstrated that it is a

multi-dimensional construct (Table 2). Most of this work has focused on

two fundamental components: cognitive empathy [247], involving the

observer's perception and understanding of the target's a�ective state, and

a�ective empathy[171, 182], encompassing the observer's experiential

alignment with the target's a�ective states. More recently, researchers have

also developed the concept of narrative empathy [137], a facet of empathic

engagement, involving the capacity of individuals to resonate with the

narratives and experiences of others. It's the ability to step into the shoes

of another person, understanding and reacting to what they are going

through. Within communication, studies have leveraged this notion to craft

experiences where individuals can emotionally connect with the characters

or individuals within a narrative, experiencing their joys, sorrows, struggles,
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and triumphs vicariously [136]. In an audience-presenter scenario, narrative

empathy plays a signi�cant role. When a presenter e�ectively weaves a

compelling narrative, the audience is drawn into the story, experiencing the

emotions and events alongside the characters or the presenter. For instance,

in a presentation discussing the challenges faced by a community, a

well-told narrative about an individual within that community enduring

those challenges can evoke empathy among the audience.

This has led to recent research challenging the notion that empathy is

an unchanging trait [293], introducing the concept of "motivated empathy."

Research on this topic suggests that individuals have a degree of control

over the empathy process, notably "mind perception" (the identi�cation of

another individual's internal states) and "mentalizing" (the explicit

inference-making regarding another's emotional experiences) [61]. Utilizing

this framework, strategies to modulate empathy have emerged, including

attention modulation and appraisal. Thus, understanding these

motivational qualities of empathy o�ers signi�cant potential for designing

technological systems that guide an observer's attention toward a�ective

cues. Within this thesis, we draw from these works on narrative empathy

(and in particular motivated empathy) to modulate the audience's empathy

towards the speaker and vice versa. This lets us create technology that

facilitates emotional resonance between a speaker and their audience,

increasing positive communication outcomes (such as engagement for the

audience and reduced anxiety for the speaker). In addition, we also adopt

the concept of'empathic accuracy,' which refers to degree of understanding

the emotional states of others. Incorporating this notion allows us to

enhance the design of our systems, ensuring a more accurate interpretation

and representation of others emotions in the presentation setting.
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5.4 Empathy in Presentations

Studies on communication and empathy have identi�ed that arousing an

empathy with the audience, is a strong predictor of how engaging the

speaker's messaging can be [244, 164, 214]. When speakers are successful in

eliciting empathy from their audience, it creates a sense of emotional

connection and resonance [174]. This can amplify the emotional impact of

the speaker's message, making the experience more intense and engaging

for the audience. Empathic audiences are also more likely to mirror the

emotional expressions and body language of the speaker, leading to

increased engagement and attentiveness to the presentation or speech [20].

This mirroring behavior facilitates a deeper level of understanding and

emotional connection between the speaker and the audience, enhancing the

overall experience for both parties. Research has shown that empathic

connections with even �ctional characters, can enhance the subjective

experience of entertainment [55].

Extending this, studies have leveraged empathy as a tool to create

engaging and persuasive experiences in marketing and advertisement [164,

107], counseling [105], and compliance as well. Based on these studies, I

posit that that when an audience empathizes with the speaker, it not only

elevates a speaker's experience, but the audience themselves are more likely

to �nd the presentation enjoyable and engaging as well.

Similarly, a speaker's empathy towards the audience can signi�cantly

impact the experience for the audience as well. While this area of research

is still evolving, existing literature on classroom teaching o�ers compelling

evidence that heightened teacher empathy towards students correlates with

improved academic performance [3, 37]. The prosocial classroom model

further suggests that teachers' social-emotional competence, which

encompasses empathy, plays a pivotal role in facilitating e�ective classroom

learning [130]. Previous studies consistently demonstrate that such support

positively in
uences aspects such as academic interest [154], student success

31



[233], and various psycho-social factors [37]. A speaker's ability to perceive

and respond to an audience's emotional cues can potentially establish

positive speaker-audience relationships [123, 124]. Building upon these

�ndings, I postulate that when a speaker empathizes with the audience, it

is likely to enhance both the satisfaction and learning outcomes of the

audience.

Consequently, in the next part of my literature review, I will focus on

exploring methods to elicit empathy. Studies from the communication space

have outlined several strategies, including voice modulation [272], injecting

humor [135, 170], and use of visual aids [63, 161], among other activities to

elicit audience connectedness by a speaker. However, these approaches place

an additional burden on the speaker, requiring their active involvement in

implementing these techniques. To address that, I speci�cally review recent

advancements in HCI, within the niche of social biofeedback systems. These

automated systems have demonstrated promise in fostering empathy during

interactions, and alleviating the need for speakers to engage in additional

activities that may impose cognitive load.
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5.5 Using Social Biofeedback to Elicit Empathy

Social biofeedback systems facilitate interpersonal communication,

integrating biosignals such as heart rate into the communication

context[199]. Recent works have used physiological signals as social cues

about someone's emotional and/or cognitive states to augment

human-human communication and promote empathy [199, 167, 61, 46, 293,

199, 286, 167, 169, 160]. Theseexpressive biosignals[167], augment

human-human communication in a variety of contexts such as increasing

intimacy among romantic couples [169, 246, 285], a�nity towards strangers

[235, 87, 142], and engagement towards sports participants [60, 142].

While research in this space is still nascent, social biofeedback is framed

as a form of emotional self-disclosure [246, 275, 158], which is found to

mediate authenticity [85], liking [131, 165], and trust [241] in other humans

- all key facets of empathic connections. The wide variety of systems that

use social-biofeedback as a tool to create more engaging experiences for its

users, motivates me to leverage the construct as a potential medium to

create socially engaging experiences within the realm of oral presentations

as well.

The design of these systems centers around sharing biosignals such as

heart rate [111, 286, 120, 9, 127], breathing patterns [52], electrodermal

activity (\EDA") [61], etc, to communicate the emotional experiences of

one user to another. The Social Biofeedback Interactions framework

categorizes these systems in terms of user group (primary/secondary), data


ow (who has access to the feedback), data representation

(collective/individual), temporal context (synchronous/asynchronous), and

physical context (distributed/co-located) [199]. Within that niche, the

authors of HeartChat [111] show that embedding heart rate in a text

messaging platform supports empathy between people. In direct relevance

to my work informing one of my conditions, they identify that abstracting

heart rate as a color-coded signal helped infer the emotional state of the
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other person. In addition, my work is also informed by Curran et al. on

mediating empathy [61] in digital contexts. In that research, the authors

were successful in eliciting cognitive empathy (i.e., one's capacity to

understand another's emotional state) towards someone else, as opposed to

a�ective empathy (that relate to one's ability to respond to another's

emotional state) [163, 73, 35, 93] through EDA signal sharing. I contribute

further to this growing body of work [286, 61, 167, 169, 160, 111], by

sharing speaker heart rate in the context of presentations, with the goal of

eliciting audience's cognitive empathy and consequently engagement

towards the speaker's message.
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5.6 Calm and Calm ing Technologies

Weiser and Brown coined the concept of \calm technology" as systems that

display information embedded in the environment in a subtle way so that

users are able to better focus on their primary work tasks while being aware

of the secondary information displayed [283, 284, 282]. Pousman went on to

de�ne a four-axis taxonomy for ambient displays that allowed their

categorization based on: their information capacity; their ability to grab

the user's attention (\noti�cation level"); their representational �delity

(i.e., how abstract the mapping is between the data being displayed and the

form of the interface); and the design's emphasis on aesthetics (many

ambient displays are as much works of art as utilitarian devices). As we

move our concern to systems that are designed to actually encalm users, we

should also consider those systems designed to actively decrease frustration,

anxiety, and other negatively valenced but high arousal emotions [238].

Several systems have promoted the use of guided meditation to reduce

anxiety, some using respiration sensors or other biofeedback inputs [153,

226, 104, 242]. Others have used immersive VR experiences to calm

users[213], or even alleviate pain [50]. Other approaches have incorporated

the use of conversational agents that empathize with users in order to

reduce frustration [147, 207]. Of course, none of these approaches are

practical in situations in which users are being observed by an audience.
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5.7 Emotional & Instrumental Support before a

Presentation

Several systems have been developed to help speakers prepare for

presentations, to increase the quality of their talk and thereby increase

their con�dence and decrease anxiety. For example, the PitchPerfect

system provides an integrated rehearsal environment with a range of

targeted rehearsal tools for structured presentation preparation. In an

evaluation study it was found to signi�cantly improve overall presentation

quality compared to standard rehearsal practices [266].

Several researchers have also developed virtual audiences comprised of

virtual agents to allow speakers to rehearse their talk in a more realistic

setting than practicing in an empty room. Chollet et al. developed Cicero,

a virtual audience platform for public speaking training [53]. The virtual

audience is capable of displaying indirect, nonverbal feedback to signal

increased attention, cues of rapport, lack of interest, or disagreement in

response to sensed speaker behaviors. Slater et al, studied the reactions of

presenters delivering a speech to an audience of agents and showed that

public speaking anxiety reduces with higher perceived positive reactions

from the audience [245]. Pertaub et al., describe an experiment to assess

anxiety response of people giving presentations to virtual audiences that

display di�erent types of behavior (positive, neutral and negative) [222].

In addition, the negative audience induced an anxiety response

irrespective of the normal level of public speaking con�dence of the

presenter in this experiment. Virtual audiences have also been evaluated in

therapeutic settings to provide exposure therapy for individuals with

extreme public speaking anxiety. Anderson et al. [7] showed that

longitudinal virtual reality exposure therapy had a long term improvement

on participants' reduction in public speaking anxiety level. Soyler et al.

[250], discuss a virtual simulator that both acts as a tool for treating public

speaking anxiety as well as a diagnostic tool to identify the root causes of
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the participant's public speaking anxiety disorder. Finally, Robocop is a

robotic speaking coach that listens to speakers rehearse their talks and

provides feedback on content coverage, speaking rate, prosody, and eye

gaze. In an evaluation study comparing rehearsals with Robocop to

rehearsals without the system, subsequent videotaped presentations with

Robocop were found to be signi�cantly more engaging and exciting, and

presenters signi�cantly more competent compared to presentations from the

control group. Judges also rated the overall presentation quality to be

signi�cantly better [267].
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5.8 Instrumental Support During a Presentation

Most public speaking technologies are focused on providing instrumental

support to a speaker during a presentation. In addition to commercial

slideware (e.g., Microsoft's PowerPoint) a number of experimental systems

have been developed and evaluated. Charade is a system that enables

presenters to interact with their slideware using free-hand gestures [19].

Sommool et al., developed a framework for e-learning that allowed teachers

to control presentations through a combination of verbal and gestural

commands [249]. DynamicDuo features a human-sized virtual agent that

plays the role of a virtual co-presenter [265]. It provides an authoring

interface to create structured and organized presentations and either a

remote control or gestural interface [206] to coordinate with the human

during presentations.

DynamicDuo was shown to result in signi�cantly higher presentation

quality as rated by judges observing videotaped presentations compared to

presentations given without the system. Several systems have also been

developed that use real time sensing of the verbal and non verbal behaviors

portrayed by the presenter to provide them with feedback about their

presentations. Rhema [261] and Logue [69] provide visual feedback on the

speaker's verbal and nonverbal behaviors using Google Glass. Presentation

Sensei [155] provides graph-based visual feedback on the presenter's

speaking rate, eye contact, �ller rate and timing. Tanveer et al.[262]

designed the AutoManner system, which o�ers visual feedback on the

speaker's body movements. Lui et al. [173] developed a mobile application

that displays feedback on body motion, voice intensity and timing.

Schneider et al. [240] developed the Presentation Trainer system, which

generates both visual and haptic feedback on the speaker's voice intensity,

use of pauses and �llers, body posture and hand gestures. Similarly, the

AwareMe system [41] measures voice pitch, �ller words, and speaking rate

during presentation rehearsal and provides visual and haptic feedback
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through a wristband device.
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5.9 A�ective Systems in Presentations

Next, I review papers from the space of designing a�ective tools for use in

presentation scenarios. Researchers have explored a wide variety of

methods to enhance the sensing and communication of audience feedback

to help presenters. To help map the research in this space,

Hassib et al. [109] identi�ed four important dimensions: type of audience

feedback (explicit vs. implicit), audience location (collocated vs.

distributed), synchronicity of the feedback (synchronous vs. asynchronous),

and sender/receiver cardinality (1 to 1, N to 1, and N to N). Traditional

methods of capturing audience feedback frequently rely on explicit modes

such as use of self-reports and questionnaires, which are then aggregated

and provided to the presenter in di�erent ways [97, 263].

For instance, Rivera-Pelayo et al. developed the Live Interest Meter

App [234], which is a mobile and desktop application that gathers responses

from the audience on demand. In a separate work, Chamillard [49] explored

the use of iClicker,1 which enabled instructors to receive student responses

during lectures. In this case, the researchers identi�ed a strong relationship

between student participation and learning. Di�erent forms of explicit

feedback have also been adopted by some social media platforms, in which

audience members can broadcast di�erent reactions in the form of 
ying

emojis (e.g., [172], [102]).

Despite the bene�ts of explicit methods to capture audience feedback, it

is commonly observed that those systems can also increase cognitive

workload and distraction for both the presenter and audience

members [234, 263]. In addition, there are scenarios where the audience

members who are too attentive or distracted can forget to provide feedback.

To help address these limitations, some studies have explored the use of

implicit methods to capture audience responses, such as monitoring

physiological or behavioral signals. In one of the earliest studies, Picard

1https://www.iclicker.com/
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and Scheirer created Galvactivator [225], a hand-worn wearable that

monitored the electrodermal responses of the audience members and

increased the illumination of an LED when high physiological arousal was

detected. The researchers observed that presenters found the information

useful, especially for detecting both engaging and boring parts of the

presentation. More recently, Hassib et al. developed EngageMeter [110], a

head-mounted wearable that monitored electroencephalographic signals

from the audience to estimate engagement and provided the feedback to the

presenter in real-time. In this case, presenters found the information useful

for knowing when to change the style of communication (e.g., tone of voice,

injecting pauses). Very few technologies have been developed to date to

directly address public speaking anxietyduring a presentation. Costa, et al,

describe a wearable device that provides heart rate information to users via

a haptic display (\tapping" on their wrist) [57]. In a study in which

participants gave �ve-minute oral presentations, they found that anxiety

was signi�cantly lower when participants were deceptively given feedback

indicating that they had a constant, slow heart rate (while being told that

the feedback re
ected their own heart rate), compared to two control

conditions in which they were either provided with their actual heart rate,

or a constant slow pulse (participants were told that the pulse did not

re
ect their heart rate).

While physiological sensing is a promising technique, however, the cost

and availability of custom sensors is a major obstacle, preventing the wide

adoption of such technologies in real world scenarios. To address this

problem, Sun et al. [257] developed a system that monitored facial

expressions of students via webcam to estimate di�erent cognitive

states (e.g., anxiety, 
ow, boredom), and provided visualizations of the 
ow

experience for the whole group to the instructor. Most recently, based on

my prior work on sensing audience reactions in online presentations

(described in section 6), Haliburton et al., have developed a thermal
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feedback based approach in order to provide audience engagement levels in

real time to speakers. They continue to show the promise of a�ect sensing,

communicating audience feedback to speakers, and outline the bene�ts of

such a technology in that work. Thus, inspired by the �ndings from the

�eld of a�ective computing, my research aims to utilize technology to

bidirectionally communicate emotions between speakers and audience, and

promoting empathy in the process.
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5.10 Ethical Design of A�ective Computing Systems

My �nal review focuses on ethical guidelines for designing a�ective systems,

incorporating principles like privacy, transparency, and user control,

previously studied in emotion recognition scenarios [205, 230, 5, 119]. I take

a proactive approach in system development and user study design,

ensuring compliance with existing guidelines. Hernandez et al.'s [113]

�ndings on risk mitigation in emotion recognition systems motivate our

work.

We avoid explicit emotion labeling and utilize user inference with heart

rate as a contextual cue. My second study demonstrated how audiences can

interpret speaker a�ect based on heart rate [203], and the proposed work

extends this to explore how speakers perceive audience emotions without

explicit information. I also adhere to guidelines for Human-AI Interaction

and User Interface design in this research [5]. Participation in the

evaluation study is voluntary, with informed consent obtained from

participants in accordance with principles of informed consent and

comprehensive contingency. As the proposed system does not involve

modeling human emotions,calibration is not required. However, qualitative

interviews will be conducted to gather feedback for potential recalibration

strategies in future systems. Ultimately, our work contributes to research

on best practices for emotion recognition and biofeedback in presentation

settings. It provides insights into e�ective strategies for applying these

guidelines in AI-infused systems, as the use of biofeedback and similar

methodologies becomes more prevalent. In the following section, I discuss

my dissertation in light of the prior work, in answering my research

questions.
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Figure 1: Existing videoconferencing platforms such as Microsoft Teams
provide limited audience feedback when giving presentations (left). I
developed A�ectiveSpotlight which analyzes and spotlights audience
members in real-time to support presenters (right). Text boxes indicate the
main components of the platforms.

6 A�ectiveSpotlight: Facilitating the

Communication of A�ective Responses

from Audience Members during Online

Presentations

This work was published at at CHI 2021 and patented in November 2022

[205].

6.1 Introduction

Giving presentations is a necessary part of many jobs such as teaching,

management, and sales [6, 255, 281, 197], and requires presenters to

continuously gauge audience responses to intervene and ensure that the

message is being communicated e�ectively. For instance, a presenter might

inject humor or provide further clari�cations upon observing a bored or

confused audience, respectively. In contrast to in-person presentations,

however, online presentations provide limited to no audience feedback,
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making it very di�cult to establish rapport and e�ectively adapt the

content of the presentation. This problem is partly due to the constraints of

existing video-conferencing platforms, which often prioritize showing the

presenter slides and/or show only a limited number of participants.

Participants in a video call also turn o� their cameras, which omit

non-verbal cues that are useful to the presenter. In addition, remote

presenters often have limited space on their computer displays, severely

constraining the potential communication bandwidth. Due to the recent

increase of remote work associated with the pandemic demands, this

problem is more prevalent now than ever before.

Public speaking is often regarded as one of the most stressful daily

activities [32] and is heavily in
uenced by audience responses to the

presenter. In fact, studies that seek to reliably induce acute stress on

people often involve giving a presentation in front of a neutral-looking

audience (a.k.a., Trier social stress test [145]). While research on audience

responses in online settings is still nascent, there is prior work considering

the impact of in-person audience responses [229], especially in the context

of alleviating public speaking anxiety. For instance, MacIntyre and

Thivierge [179] showed that low perceived audience interest, responsiveness,

and evaluation of the talk can contribute to public speaking anxiety. Other

studies [232, 180, 18] have identi�ed that high audience responsiveness, in

terms of head nods and smiling, induced less anxiety and promoted more

communication. These �ndings are consistent with Motley's work [201],

that proposed a continuum for presenter's orientations based on audience

reactions, ranging from low to high audience responsiveness, interest, and

evaluative stance towards the presenter. The limitations of current

video-conferencing applications such as the lack of an intuitive reception of

audience feedback, could potentially make online presentations fall at the

lower end of Motley's continuum, leading to a negative presenter

experience. Thus, in this work, our research goal is to address the problem
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of limited access to audience responsiveness during online presentations to

improve presenter's awareness of the audience by spotlighting reactive

audience members to the presenter as they speak.

The spotlight metaphor was inspired by current approaches in theater

and cinematography, in which camera recorders often highlight audience

responses to capture the most relevant moments [78, 295], draw attention

to elements on screen, and potentially evoke emotional responses [36].

Beyond cinematic experiences, the spotlight technique has also been used in

computer applications to direct and maintain users' attention while

simultaneously making surrounding context still visible [220, 268, 2, 141].

Moreover, Khan et al. [139] showed that spotlighting can also help manage

users' attention between their primary activity and peripheral information,

even on small monitors. Since oral presentations constitute a similar

paradigm requiring focused attention across the presentation slides,

speaking notes, and the audience feedback, we embraced the spotlight

analogy as a design solution to provide audience feedback to presenters in

real-time.

Over the years, researchers have developed a wide variety of presenter-

support systems to facilitate the sending and reception of both explicit and

implicit feedback from the audience [110, 40, 97, 297, 263]. However, most of

the work has focused on in-person presentations, in which presenters are often

co-located with the audience and communication bandwidth is not limited.

In contrast, I proposed a presenter-support system that facilitates

gathering implicit feedback from an online audience by leveraging recent

advancements in computer vision-based a�ect sensing. In particular, I

developed the A�ectiveSpotlight system, which analyzes the facial

responses and head gestures of audience members in real-time and

dynamically spotlights the most expressive members for the presenter. We

purposely decided to avoid labeling the inferred responses to empower

presenters to make their own personal interpretations based on the context
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and their experience. To the best of our knowledge, our work is the �rst to

explore the creation of an a�ect-driven spotlight that facilitates audience

responses to online presenters to more closely resemble in-person

presentation experiences. This helped answer my �rst research question,

ˆ 1. "What are the e�ects of facilitating the audience reactions to the

speaker on speaker-audience interaction and communication

outcomes?"

.
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6.2 Exploratory Survey

This section describes an exploratory survey to help us understand the

current landscape of online meetings as well as relevant audience behaviors

for presenters.

6.2.1 Methods

The survey included questions regarding job role and presentation habits,

problems faced when presenting via videoconferencing systems, and

preferred audience reactions and behaviors during online presentations. We

asked the participants to report their frequency of giving presentations to

gauge the level of presentation experience. We also asked them to compare

their experiences for in-person and online presentations to understand

challenges introduced by presentations being given online. To help identify

the most relevant audience responses sought out by presenters, participants

were then requested to rank a pre-selected list of behaviors and cognitive

states. The di�erent states were derived from feedback a�ordances in

current videoconferencing systems (e.g., hand raise2) and prior research in

computer vision-based a�ective computing (e.g., facial expression analysis

[192, 257, 230]). Finally, to understand the acceptability for enabling

cameras and to evaluate the feasibility of a video-based approach, we asked

the participants to rate the likeliness of turning on the video camera as an

audience member across di�erent sizes of the audience.

An online survey was sent via e-mail to random members of a large

technology company. We received a total of 175 responses from participants

with job roles of Software Developers (27%), Engineers (25%), Program

Managers (18%), Researcher (12%), Sales (10%) among others.

2https://support.microsoft.com/en-us/o�ce/raise-your-hand-in-a-teams-meeting-
bb2dd8e1-e6bd-43a6-85cf-30822667b372
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Figure 2: Presenters' preferences of audience reactions and cognitive
states during online presentations. The error bars re
ect the standard
error. Orange bars indicate signals that were partially captured by
A�ectiveSpotlight.

6.2.2 Results

We analyzed quantitative survey data using descriptive statistics to compare

di�erences between the groups. For open-ended questions, the responses

were coded by the lead author of the submission using thematic analysis

techniques to draw insights [121, 38].

The majority of participants (83%) reported giving a presentation at

least once a month, suggesting that our studied population had

presentation experience. Participants also indicated that a large majority of

the online presentations (41.25%) were given to an audience size between 5

and 10 members.

A large number of participants (83.11%) also reported missing relevant

audience feedback when presenting online. In an optional open-ended

question that compared available information for in-person vs. online

presentations, participants indicated that current videoconferencing

systems were limited in capturing three main types of audience feedback.

Firstly, participants missed seeing the non-verbal social cues of audience

members, which made it di�cult to gauge presentation engagement,
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attention and focus. Secondly, participants reported missing the view of the

audience, which enabled presenters to select speci�c audience members as

well as \read the room" of in-person presentations. Thirdly, participants

reported missing more active interactions with the audience (e.g., shared

smiles) as it often felt like a one-way communication with no re
ection of

the audience energy level.

When asked to rate the helpfulness of the audience responses most

relevant to presenters, participants reported that they would like to see

confusion and engagement states more than other cognitive states.

Similarly, participants reported wanting to see head nods more than other

audience behaviors. In addition, presenters were less interested in seeing

negative states such as sleepiness or sadness as compared to more positive

states such as engagement or excitement, possibly because negative

feedback may indicate lack of audience interest that might induce

performance anxiety associated with giving formal presentations [180]. It is

important to note, however, that these �ndings could vary depending on

the type of the presentation (e.g., teaching, sales) which was not captured

by our survey. Figure 2 illustrates the full list of responses and their mean

ratings.

Finally, participants felt the most comfortable sharing their video feed in

smaller audience sizes. In particular, 84.5% of the participants mentioned

that they would consider sharing their video in audience sizes with less than

5 people, 79.4% in audiences between 5 and 10, 64.5% in audiences between

11 and 20, 51.5% in audiences between 21 and 50, 45.3% in audiences with

more than 50 people. Participants also indicated that some of the most

frequent factors that would prevent them from activating their camera would

be internet bandwidth issues, distractions in their background, and other

people not having their videos turned on.
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Figure 3: Overview of the system architecture and main processing steps:
1) the video of audience members are captured with a Microsoft Teams
bot, 2) video feeds are analyzed to extract a�ective information in real-time,
3) scores for each audience members are computed and accumulated over a
15-second window, 4) the audience with the highest score is shown as the
video feed of the bot.

6.3 System

Our �ndings from the exploratory survey indicated the requirement to see

feedback from the audience as well as potentially useful non-verbal responses.

This section describes the system design in terms of sensing, spotlighting

behavior, and integration with a current videoconferencing application to

act as a test bed for our evaluation study (Figure 3).

6.3.1 Sensing

As a proxy to capture the largest number of cognitive states and behaviors

presented during the exploratory survey, we leveraged state-of-the-art a�ect-

sensing computer vision algorithms. Given the video feed of an audience

member, we extracted the following types of information:

Face and Landmarks. We used the Microsoft Face API3 to detect

the faces in each of the video frames and applied a landmark detector to

3https://azure.microsoft.com/en-us/services/cognitive-services/face/
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identify relevant face areas (e.g., eyes, nose, mouth) as well as head pose

orientation (e.g., yaw, roll), which were then used to extract additional types

of information.

Facial Expressions. If a face was detected in a given video frame, the

image region, de�ned by the Face API bounding box, was cropped and input

into a Convolutional Neural Network (CNN) facial action unit classi�er which

was used to estimate the facial expressions. More details of the expression

detection algorithm can be found in [17] which were externally validated in

[192]. From the available set of expression categories, namely anger, disgust,

fear, happiness, sadness, surprise, and neutral, we selected the ones that more

closely matched the states presented during the exploratory survey such as

sadness, neutral, happiness and surprise. As confusion was not amongst

the available states and was highly ranked in the survey, we developed an

additional neural network classi�er that detected brow furrowing expression

(Action Unit 4 in the Facial Action Coding System (FACS) taxonomy [84])

which is commonly shown during confusion. The same model architecture as

in the expression classi�cation described above was used in the process. The

classi�er was validated on the DISFA dataset [187] yielding an F-1 score of

70.2%. For each of the metrics, the models provided a probabilistic con�dence

value indicating the absence (0) or presence (1) of a certain expression.

Head Gestures. We used a Hidden Markov Model (HMM) [260] to

calculate the probabilities of the head nod and head shake gestures. In

particular, the HMM used the head yaw rotation value to detect head shakes,

and the head Y-position of the facial landmarks to detect head nods over

time. More details about the algorithm and validation can be found in [192].

Figure 2 highlights the cognitive and behavioral information (orange

bars) that were directly or partly captured by some of the metrics above.

Future work will consider the development of additional components that

more comprehensively capture audience responses. The computer vision
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models were implemented on top of thePlatform for Situated Intelligence4

which facilitates the analysis of video data in real-time [34].

6.3.2 Spotlighting Behavior

Algorithm 1: Pseudocode for the Spotlighting Behavior
Input: Set of video feeds of audience members.

Initialize CurrentSpotlight to none

while Presentation do
Initialize Timer

Initialize Score to zero for each audience member

while Timer is less than 15 secondsdo

for a in Audience do
Scorea + =

P Metrics
i Weighti � Get(Metric i ; a)

NextSpotlight  member with highest Score. Break ties

randomly if NextSpotlight is CurrentSpotlightthen
NextSpotlight  member with second highest Score

CurrentSpotlight  NextSpotlight

Bot displays CurrentSpotlight

To identify the most reactive face to display, we computed a score for

each video frame of every audience member. In particular, we computed a

weighted average of the sensed metrics for each frame, in which the weights

were adjusted to closely resemble the responses of the exploratory survey

�ndings and further re�ned during a pilot evaluation. In our case, less

preferred responses indicated in the survey such as sadness and neutral

received lower weights (below 0.1), and more preferred responses such as

confusion and head-nods received higher weights (above 0.5). The score of

each audience member was accumulated over non-overlapping periods of

15-seconds. At the end of each period, the audience member with the

highest cumulative score was spotlighted for the next 15 seconds. If several

4https://github.com/Microsoft/psi
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members had the same score, the system would randomly select one of the

highest, with the constraint that the same member cannot be spotlighted

twice in a row, to resemble the feeling of `reading the room'. This cycle was

then repeated until the end of the presentation. The selection of 15 seconds

was informed by prior interface design guidelines that similarly explored the

display of human faces [248]. In addition, we validated the time window

during a pilot evaluation to ensure that the system could spotlight as many

relevant behaviors as possible, while avoiding being too distracting. As this

system was mostly designed to be presenter facing, we ensured that the

presenter was never spotlighted. Figure 3 shows an overview of the main

processing steps. The pseudocode for Spotlight Behavior is described in

Algorithm 1.

6.3.3 Microsoft Teams Integration

To provide an experience as close to a real-world application as possible, we

created a Microsoft Teams Bot based on a publicly available sample on

GitHub 5. The bot works by acting as an additional participant in the

meeting. Therefore, the bot can \see" all of the incoming video from the

other participants as well as send its own video to the meeting attendees.

While the bot's outgoing video stream shows up alongside all of the other

participants' video streams by default, we requested the presenter to \pin"

the bot's video stream so it would occupy the entire Teams window. In that

way, the presenter would only see the bot's outgoing video as well as the

slides. The bot was implemented in C# as a .NET Azure Cloud Service

running on an Azure Virtual Machine.

5https://github.com/microsoftgraph/microsoft-graph-comms-
samples/tree/master/Samples/V1.0Samples/LocalMediaSamples/AudioVideoPlaybackBot
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Figure 4: Background and camera orientation guidelines to improve AI
performance

6.4 Evaluation Study

To understand the e�ectiveness of A�ectiveSpotlight in communicating

audience reactions and making presenters aware of the audience, we

conducted a controlled within-subjects experimental study, where we

compared the use of A�ectiveSpotlight to the use of two other baseline

systems as control conditions. This section describes the experimental

details as well as the studied population.

6.4.1 Protocol

Participants with diverse presentation experience level (more details in the

next section) were invited to join a videoconference call on the Microsoft

Teams platform, in which one of the participants was randomly selected to

be a presenter and the others were selected to be audience members. All

participants were instructed to follow camera guidelines to reduce potential

errors introduced by non-ideal conditions for the computer vision algorithms.

In particular, they were asked to set a neutral background on their call,

ensure that their face was around the middle of the frame, have minimum

face occlusions (no hats, sun glasses), have appropriate lighting conditions,

as well as ensure their camera captured a frontal view of their faces, as shown

in Figure 4.
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After the initial setup, presenters were instructed to prepare and give

three presentations on three pre-selected topics related to the COVID-19

pandemic. The topics were chosen to be of general interest. In particular,

they were: \Should we wear masks at this time or not?," \Should we adopt

outdoor dining at this time or not?," and \Should we play sports at this time

or not?." To facilitate the preparation of the presentations, we provided a

template of three slides containing the pros, cons, and a potential personal

verdict of the speci�c topic that presenters had to modify. Presenters were

given around 8 minutes before each talk to prepare and were encouraged

to present for around 5 minutes. To evaluate the level of attentiveness by

the audience members during the talk, the audience members were asked to

answer questions about the content from the presentation after each talk. In

addition, the audience members were instructed to mute their microphones

during the presentation and to not interrupt the presenter via other means

such as chat messages.

Presenters delivered each talk by using a di�erent feedback support

system in counterbalanced order to minimize ordering e�ects. In particular,

the three feedback support systems were:

ˆ A�ectiveSpotlight : When in this condition, the presenters would see

the slides on the right side of the screen, and the a�ectively-selected

audience member on the left side (see Figure?? right). Note, however,

that the presenters were blind to the spotlight selection criteria.

ˆ RandomSpotlight : When in this condition, the presenters would see

the slides on the right side of the screen, and the randomly-selected

audience member on the left side (same as Figure?? right). Similar to

the above case, presenters in this condition were blind to the spotlight

selection criteria.

ˆ DefaultUI : When in this condition, the presenters would see the

default Microsoft Teams UI that predominantly shows the slides and
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Figure 5: Overview of the experimental protocol. The presenter
gave three talks with di�erent support systems: A�ectiveSpotlight (A),
RandomSpotlight (R), and DefaultUI (D).

a limited set of audience members at the bottom of the screen (see

Figure ?? left). This condition allowed us to compare against the

default user interface of an existing videoconferencing software.

The assignment of the topics was randomized to minimize potential

topic e�ects. Also, none of the audience members were informed about the

details of the system capabilities and the conditions to keep their responses

as consistent as possible. Finally, participants were asked to �ll out several

surveys throughout the study, which are described in detail in the next

section.

This study protocol was reviewed and approved by the institution's

ethics review board and is illustrated in the Figure 5. Each session lasted

approximately 60 minutes, and participants of the study were compensated

with a $30 or $25 gift card depending on whether they were presenters or

audience members, respectively. All presentations were recorded for

analysis as well.
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6.4.2 Methods

At the beginning of the study, both the presenter and audience members

were asked to complete a survey for demographics information (e.g., age,

gender) as well as the Self-Perceived Communication Competence

Scale (SPCCS) [190] to capture self-reported competence over a variety of

communication contexts.

After each of the three talks, presenters were asked to complete (1) a

system evaluation survey [206] to capture the presenters' assessment of the

feedback system as shown in Table 3, (2) an audience awareness survey [216]

to capture the presenter's experience with the tool in gauging the audience

responsiveness and reactions as shown in Table 4, and (3) an assessment of

the quality of the presentation [28] to capture the presenter's perception of

their talk as shown in Table 5. Similarly, audience members were asked to

complete (1) an assessment of the quality of the presentation [28] to capture

the audience's perception of the talk as shown in Table 6, and (2) open-

ended questions related to the content of the presentation. In particular, we

asked \Share one pro mentioned by the speaker," \Share one con mentioned

by the speaker," and \What was the personal verdict of the speaker about

the presentation topic?" Finally, both presenters and audience members

participated in a semi-structured interview to provide qualitative feedback

about the system at the end of the study.

To analyze the data, we followed a mixed-methods approach. We

analyzed the self-reports and videos to obtain data for quantitative

analysis, and the lead author of this submission open-coded our interviews

with the presenter (P) and the audience (A) for qualitative analysis [121,

38]. To assess the potential signi�cant di�erences on survey responses

across conditions, we performed Paired Wilcoxon signed-rank tests with

Bonferroni corrections for all survey questions, unless mentioned otherwise.
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6.4.3 Participants

We recruited a total of 117 participants. From these, 14 participants were

selected to be presenters, with 8 male and 6 female participants and a mean

age of 37 years old (min=21, max=60). Presenters were pre-screened to be

equally split into having high or moderate public speaking competence,

according to the SPCCS measure [190]. The rest of the participants were

assigned the audience role, with 52% males (48% females) and a mean age

of 33 years old (min=21, max=60). Informed by the �ndings from our

exploratory survey where we identi�ed typical online meeting sizes to be

between 5 - 10 people and the expression of high comfort levels in enabling

the web camera in meetings of the same size, we set the average group size

to be 8 people, including the presenter.
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6.5 Results

This section provides results focused on the behavior of the system, followed

by its evaluation and then continues by analyzing the impact of the di�erent

support systems in terms of audience awareness, quality of the presentation,

and presenters' anxiety.
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6.5.1 How was the system perceived by the presenters?

Question with endpoints:
\Not at all" (1) and \Very
Much" (7)

A�ectiveSpotlight RandomSpotlight DefaultUI

How easy to use was the
platform?

6.40 (0.74) 5.50 (1.34) 5.50 (0.94)

How anxious did you feel when
using the platform?

3.67 (2.06) 3.79 (1.72) 3.07 (1.21)

How much do you feel the
platform helped you deliver the
presentation?

5.33 (1.50) 4.14 (1.23) 4.93 (1.69)

How distracting was the platform
when delivering the presentation?

4.13 (1.64) 3.86 (2.18) 3.86 (1.51)

How satis�ed are you with the
platform?

5.73 (1.10) 4.93 (1.21) 4.14 (1.29)

How much would you like to
give future presentations with the
platform?

5.87 (1.36) 4.71 (2.02) 5.00 (1.52)

Table 3: Average and standard deviation for the system evaluation survey.

Table 3 shows the average responses for the questions focused on the

evaluation of the platform by the presenters. TheA�ectiveSpotlight was

rated signi�cantly higher than the other two conditions (RandomSpolight

and DefaultUI ) in terms of ease-of-use (Z = � 2:40; p = 0:008; d = 0:64;,

Z = � 2:70; p = 0:006; d = 0:72), platform satisfaction

(Z = � 2:74; p = 0:008; d = 0:73; Z = � 2:68,p = 0:012; Cohen0sd = 0:72),

and likely future use

(Z = � 2:31; p = 0:031; d = 0:62;Z = � 2:98; p = 0:011; d = 0:8). In terms of

how much the platform helped deliver the presentation, the

A�ectiveSpotlight was also rated signi�cantly higher than the

RandomSpotlight (Z = � 1:80, p = 0:005; d = 0:48). No signi�cant

di�erences were found across the di�erent conditions in terms of anxiety

and distraction elicited by the platform.

These �ndings seem consistent with the qualitative feedback provided

during the interviews. For instance, one participant stated \the
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[A�ectiveSpotlight] system was useful when presenting"[P1], another one

said the \[A�ectiveSpotlight] made it less challenging for them to see

audience responses"[P6], and \[A�ectiveSpotlight] increased the overall

feeling of presenting" [P11]. In terms of perceived performance of the

system, several presenters mentioned that the spotlight interface was

\intuitive to process" [P1] and they could \process and see reactions from

the audience as they were speaking"[P10]. The use of a face, rather than

attaching emotional labels to the audience, made them feel\closer to

presenting in person" [P9], \helped them pick subtle non-verbal cues more

easily" [P14] and \made it more like a physical presentation"[P12]. Some

presenters also expressed concerns that\the system could bias towards

certain facial constructs and personality types"[P11] and \end up focusing

on one or two people, which is not helpful"[P12]. They indicated that an

injection of \randomness" [P2], along with spotlighting \the more reactive

members" [P5] could be more helpful for them than spotlighting only the

reactive audience members.
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6.5.2 What was the impact on presenters' awareness of the

audience?

Question with endpoints:
\Not at all" (1) and \Very
Much" (7)

A�ectiveSpotlight RandomSpotlight DefaultUI

How much of a personal
connection did you feel with
the audience?

5.20 (1.37) 3.93 (1.64) 4.93 (1.38)

How aware were you of your
presentation performance?

5.47 (1.30) 4.29 (1.14) 4.43 (0.94)

How easy was it to see the
non-verbal feedback from the
audience?

5.87 (0.83) 4.71 (1.82) 5.00 (1.36)

How easy was it to respond to
the non-verbal feedback from the
audience?

5.53 (1.13) 4.36 (1.69) 4.43 (1.34)

Table 4: Average and standard deviation for the audience awareness survey.

The analysis of the video recordings showed that there were around 20

spotlight changes for each of theRandomSpotlight and A�ectiveSpotlight

conditions. While 87% of the audience members were showed in the

random condition, only 40% of them were shown during the

A�ectiveSpotlight, highlighting that a�ective responses were mostly

displayed by a subset of the audience members. In the following, we

analyze the average responses for the questions focused on the presenter's

awareness of the audience members (see Table 4).

The A�ectiveSpotlight received signi�cantly more positive responses

than the other two conditions (RandomSpotlightand DefaultUI ) in terms of

awareness of presentation performance (Z = � 2:37; p = 0:017; d = � 0:63;

Z = � 2:13; p = 0:033; d = � 0:57), ease-to-see audience responses

(Z = � 2:17; p = 0:028; d = � 0:58; Z = � 2:23; p = 0:026; d = � 0:60), and

ease-to-respond to audience responses (Z = � 2:46; p = 0:014; d = � 0:66;

Z = � 2:19; p = 0:028; d = � 0:59). In addition, both the A�ectiveSpotlight

and DefaultUI received signi�cantly more positive responses than the
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RandomSpotlight in terms of personal connection with the audience

(Z = � 2:35; p = 0:019; d = � 0:63; Z = � 2:44; p = 0:015; d = � 0:65).

These �ndings seem to be further supported by qualitative feedback in

which presenters described achieving more awareness of the audience with

A�ectiveSpotlight. For instance, one participant stated\whatever energy

I'm putting in, it seems like it's getting re
ected" [P4]. Another participant

mentioned that the A�ectiveSpotlight helped \create a feedback loop with

the audience" [P2] that enabled them to understand the audience better:

\So you know biofeedback of sorts, so it's like, oh OK, if I do this then

these people smile and those people laugh or whatever"[P10]. Regarding the

mapping between di�erent audience facial expressions and the

instantaneous presenter reactions, we observed that the `head-nodding' of

audience members made one presenter feel \validated" [P3], the facial

displays of confusion\threw o� [one presenter]" [P6] but also \encouraged

[another presenter] adapt the talk" [P8], and the displays of audience

smiling/laughing helped another presenter determine that\the points were

landing well" [P9].

In addition to these, presenters also reported the need for online

systems that can\capture and create that personal connection between a

presenter and participants that is achieved in physical talks"[P8] and felt

that the A�ectiveSpotlight system helped achieve a\connection with the

audience" [P7] or enabled them to \be better in tune with the others

[audience]" [P9] in the meeting. Finally, some presenters also indicated

that they wished to know \how the spotlight works" [P8] and \how it picks

people" [P3] to \actually get a better picture of all the audience

members" [P12] and\become aware of their performance"[P3].
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6.5.3 What was the impact on the quality of the presentation?

Table 5 and Table 6 show the average rating of the quality of the presentation

for presenters and audience members, respectively. We did not �nd any

signi�cant di�erences in these ratings between the conditions, suggesting

that the perceived quality of the talks was consistent for all the conditions.

Motivated by the �ndings of the previous section, we wanted to further

explore whether there were some similarities between the presenter and

audience ratings. To do so, we created a similarity score for each of the

three sessions for every presenter, which was computed as the absolute

di�erence between the presenter rating and the average of the audience

ratings for each of the sessions. Therefore, a lower similarity score indicates

that the presenter self-reports are more closely aligned with those provided

by the audience members. Considering this score, responses in the

A�ectiveSpotlight were found to be signi�cantly more similar than the other

two conditions (RandomSpotlight and DefaultUI ) in terms of both

satisfaction with the presentation (Z = � 2:097; p = 0:036; d = � 0:56;

Z = � 2:13; p = 0:022; d = � 0:57) and overall engagement

(Z = � 2:86; p = 0:004; d = � 0:76; Z = � 2:53; p = 0:02; d = � 0:68).

These �ndings seem consistent with qualitative reports that emphasized

that recreating the notion of \feel the room" helped presenters understand

the audience members, especially during the high-demanding cognitive task

of public speaking. One participant mentioned\I just somehow in the

second one [A�ectiveSpotlight], somehow I felt that people were giving me

like a good amount of time to sort of focus with them. I realized that OK,

I'm now engaging or not, and sort of you adapt"[P15]. Although the

presenters mentioned that the system provided them with certain cues that

helped them make changes to their talk, they also expressed concerns that

\they might potentially get thrown o� if the reaction from audience violates

their expectation" [P6], or \if they did not know how to react" [P7]. In

general, audience members also felt that the presenters were cognizant of
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the reactions provided to them and they adapted their talks to it:\when I

was not convinced about the cons [of a particular slide] in the second talk

[A�ectiveSpotlight], I felt the presenter spent a lot of time trying to get their

point unlike the �rst talk [RandomSpotlight]" [A51] and \the presenter tried

to emphasize more in one of the talks [A�ectiveSpotlight]"[A82], identifying

that the audience felt changes in presenter's delivery of the talk when using

the A�ectiveSpotlight. On the contrary, one audience member mentioned

that \the presenter kept joking because one or two people found it funny

and that was slightly o� putting" [A23] and that in a regular meeting they

\would have liked to tell them to keep it moving by just speaking up but they

could not really indicate that anyhow here" [A23].

Question with
endpoints: "Not at all" (1)
and "Very Much" (7)

A�ectiveSpotlight RandomSpotlight DefaultUI

How satis�ed are you with
the presentation?

5.78 (0.97) 4.64 (1.44) 5.46 (1.59)

How engaging was the
presentation?

4.71 (1.85) 3.92 (1.27) 4.80 (1.42)

How nervous were you
during the presentation?

3.00 (2.14) 3.64 (2.13) 3.06 (1.83)

What is the overall quality
of the presentation?

4.83 (0.91) 5.00 (1.30) 4.78 (1.31)

Table 5: Average and standard deviation for the presenter's self-evaluation
of the presentation.
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Question
with
endpoints:
"Not at
all" (1)
and "Very
Much" (7)

A�ectiveSpotlight RandomSpotlight DefaultUI

How satis�ed
are you
with the
presentation?

5.59 (1.38) 5.81 (1.14) 5.64 (1.27)

How
engaging
was the
presentation?

5.09 (1.64) 5.13 (1.40) 5.08 (1.49)

How nervous
were you
during the
presentation?

5.18 (1.47) 5.20 (1.42) 5.20 (1.44)

What is
the overall
quality of the
presentation?

4.18 (1.62) 3.92 (1.55) 4.38 (1.55)

Table 6: Average and standard deviation for the audience evaluation of the
presentation.

6.5.4 What was the impact on the presenter's anxiety?

Although no signi�cant di�erences were found when reporting the potential

anxiety elicited by the platform (more details in Section 6.5.1), a recurring

theme across the qualitative feedback was focused on the relationship

between audience responsiveness and presenter's anxiety. In particular,

several presenters mentioned that the A�ectiveSpotlight helped with their

\anxiety because at various points during the talk you are not really sure

how you are resonating [with the audience] and you are like always
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guessing" [P9], and \it helped not constantly think about it [audience

reactions to the talk] at the back of my mind"[P11]. The availability of

technology to \do the job of panning the room, so as to speak"[P14] made

them feel \not having to withdraw when audience is disengaged"[P7] but

rather \continue to communicate with those people" [P9]. Finally,

A�ectiveSpotlight seemed to encourage presenters to\put some extra

information beyond the slides"[P2], and one presenter mentioned that\I

tried to act a little more silly, to see if they actually laughed"[P8].

These �ndings were further supported when we examined the talk

duration across conditions. One-way within-subjects ANOVA test revealed

a signi�cant di�erences across conditions in terms of talk

duration (F (2; 40) = 4:013; p = 0:026). While presenters of the study were

recommended to speak for the same amount of time for all the conditions,

we observed that presenters in theA�ectiveSpotlight spoke for more

seconds (M = 264:17; SD = 95:51) than the

RandomSpotlight (M = 202:27; SD = 82:47) and the

DefaultUI (M = 207:25; SD = 64:96). These �ndings are also consistent

with previous research showing that higher audience responsiveness is

positively correlated with greater willingness to speak [189, 66, 180, 68].
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6.6 Design Recommendations

Our �ndings revealed that appropriately spotlighting the audience

responses during an online presentation can improve the presenter's

presentation experience, encouraging them being aware of the audience.

Based on these �ndings, the design choices that our participants resonated

with, and qualitative suggestions provided by our participants, we identi�ed

several key considerations for the design and development of real-time

audience feedback systems.

6.6.1 Accounting for the limitations of the AI systems according

to the context of use

During a pilot evaluation, we observed large variability in the use of video

backgrounds, lighting conditions, and camera angles which negatively

impacted the performance of the computer vision algorithms. Despite the

recent progress in AI, it is important to note that sensing algorithms are

still far from perfect. In our study, we employed several countermeasures to

ensure high performance. We asked participants to follow a set of camera

calibration guidelines (Section 6.4.1) to maximize the performance of the

sensing algorithms during the analysis of their video feeds. In addition, we

avoided the explicit labeling of expressions to minimize the potential

impact of misclassi�cations. Instead, we used AI to in
uence the signals

provided to the presenter so they could more e�ectively interpret the data

based on prior experience and contextual information. This approach is

particularly relevant in the context of emotion recognition in which the

subjective experience and expression of emotion can vary signi�cantly from

person to person [13].
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6.6.2 Allowing the presenters and the audience to control the

behavior of the system

During the semi-structured interviews with the participants of our study,

both presenters and audience members expressed a strong desire to have

more control over the A�ectiveSpotlight. On the one hand, presenters

wanted the ability to select the sensed metrics to better achieve individual

goals. For instance, one presenter stated\seeing who is raising a hand or

speaking during Q/A sessions"[P3], and another one said that\if I am

explaining a purely complicated topic, it would be helpful to only focus on

the confused audiences"[P5]. Further, presenters mentioned that seeing

positive and negative reactions from the audience could impact their

presentation con�dence and 
ow di�erently and would thus like to control

the behavior of the spotlight accordingly. One presenter mentioned that

\seeing positive non-verbal reactions from the audience as opposed to

furrowed brow gives them con�dence"[P1], while another mentioned that

\sometimes if people don't get what I am saying or [they are] acting

confused, I get thrown o�." [P7]. On the other hand, audience members

also expressed interest in in
uencing the sensed metrics and/or the

possibility to provide explicit feedback to change the behavior of the

spotlight. Negotiating the level of control and agency between human-AI

collaboration is well-known design challenge from prior research [25, 5].

Control of this kind could also bene�t speakers how might want to

moderate sensory inputs in order to reduce the stress of video-mediated

interactions [296].

6.6.3 Being transparent about the system's capability and use

To help facilitate consistent audience responses throughout the study,

participants were not fully pre-informed about the speci�cs of each

experimental condition. However, when considering real-life deployments

and adoption, it is important to communicate when and for what purpose

70



the system may be used. Similar to existing online videoconferencing

capabilities such as recording, presenting or sharing screen, we envision the

proposed system would need to be triggered by the presenter and accepted

by the audience to help provide feedback during the presentation. In

addition, it is important to let the audience know when and what

information is being provided to the presenter. To further promote

transparency, future designs could explore providing personalized

noti�cations to each spotlighted member and evaluate whether such designs

would make the audience members more self-conscious or display less

natural behavior.

6.6.4 Respecting the privacy of the audience members

Even though facial expressions and head gestures may not necessarily

represent the internal state of people [14], many people still consider these

types of information to be personal and private. Consequently, the

deployment of such systems may trigger polarized views in users. Despite

the positive feedback in our study, a small percentage of participants

mentioned that they would rather not contribute to the audience feedback

process as they may be multitasking and/or �nd video analysis to be

invasive. Our exploratory study indicated that this hesitation may be less

pronounced when considering smaller audiences, but we envision di�erent

people may prefer di�erent levels or types of engagement. For instance, this

work only considered implicit feedback methods to sense the audience

response, but more explicit feedback methods (e.g., self-reports) may be

preferable for those who are more concerned about privacy. These could

help recreate the \sitting in the back of the room" experience in which

audience members may be more passively involved. Finally, several

participants emphasized their preference to have emotion sensing

algorithms to run locally so that their images were never

a�ectively-analyzed on the cloud.
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6.7 Discussion

This work addresses the problem of analyzing and facilitating audience

feedback during online presentations. Through an exploratory survey, we

�rst captured presenters' preferences for the audience cognitive states and

behaviors that they would like to see when presenting, such as confusion

and head nods, which helped us design and develop our presenter support

system. Inspired by e�orts in cinematography and HCI, we created

A�ectiveSpotlight, which is a Microsoft Teams bot that analyzes audience's

facial expressions and head gestures, and spotlights audience members in

real-time to the presenter.

To evaluate the system, we performed a within-subjects study in which

14 presenters gave talks to groups of around 8 people (total of 117

participants) with the A�ectiveSpotlight and two other control support

systems: a randomly-selected spotlight and the default Microsoft Teams UI.

When evaluating the system, we found that presenters provided

signi�cantly more positive ratings when using the A�ectiveSpotlight than

the other two systems in terms of system satisfaction, ease-of-use, and

future potential use. In addition, presenters provided signi�cantly higher

ratings when experiencing the a�ectively-selected spotlight vs. the

randomly-selected spotlight in terms of how much the platform helped

them give the presentation, suggesting that the content of the spotlighted

information was found to be helpful. More importantly, we found that

presenters in theA�ectiveSpotlight condition reported to be signi�cantly

more aware of the audience. Several of our presenters described it as

achieving a communicative feedback-loop that enabled them to adapt their

presentation as needed (e.g., injecting a joke, provide clari�cations) based

on the audience reactions. Similar methodology has previous been

successfully evaluated in the context of emotion regulation [116, 230].

Further, the increase of audience awareness may have also in
uenced

presenter's own evaluation of the quality of their talk, as indicated by a
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stronger similarity between the self-reported evaluation of their

presentation quality with that of the audience members when using the

A�ectiveSpotlight. Finally, our qualitative analyses suggested that the

A�ectiveSpotlight had an e�ect on the presenter's anxiety and con�dence,

that is typically impacted by lack of audience feedback in online

presentations. We found that presenters spoke for a signi�cantly longer

period of time when using the A�ectiveSpotlight, potentially indicating a

reduction in attempt to withdraw from the speaking situation, upon access

to audience responsiveness [180, 68]. Overall, these �ndings seem to

support that the proposed support system empowered online presenters to

access audience reactions real-time, and make online presentations a bit

closer to live presentations in the context of Motley's continuum [201]. To

help facilitate the development of future systems in this space, we also

identi�ed four recurrent design recommendations based on the design,

development, and evaluation of our system. In particular, we highlighted

some of the challenges and potential solutions around current limitations of

AI, user control, system transparency, and data privacy.
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6.8 Limitations

Despite the positive results, it is important to note that there are several

limitations in this study. Although the exploratory survey captured the

preference of presenters to see a set of audience reactions and cognitive states,

we did not explicitly ask how their preferences may change for various types of

presentations (e.g., teaching, sales), which may have led to di�erent �ndings.

The design choice for the spotlight to show certain reactions and cognitive

states is thus dependent on the speci�c use cases and presentation types, and

our recommendation is that presenters have control over the design criteria.

Due to the exploratory nature of our work, the presenters and audience

members had no previous relationships to reduce potential

familiarity/preference biases. However, familiarity could determine the

spotlight design choice as well as the preference for presenters to prioritize

certain audience reactions more. For instance, a presenter may want to

focus on familiar supportive faces to help alliviate stress and a teacher may

want to focus on confused students to help provide timely support. These

factors could have an impact on the spotlight design choice as well as the

generalization of the �ndings across various presentation scenarios.

In addition, although we recruited a total of 117 participants in our

evaluation study, they were grouped into 14 groups which reduced the

sample size of studied presenters. Furthermore, all the participants were

recruited from the same technology company which represents a biased and

limited set of the population. Moreover, to help start exploring the

potential utility of spotlights, this study considered a controlled

environment in which presenters were asked to give short and curated talks

which may o�er limited ecological validity when considering real-life

presentations. To address this, future usability work will need to consider

real-life speaking engagements with di�erent topics that more naturally

trigger di�erent levels of public speaking anxiety, as well as sustained used

of the feedback system to quantify potential novelty e�ects. The potential
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deployment of a spotlight technology should also account for challenges

highlighted by the need for transparency (e.g., use of consent) and privacy

(e.g., AI processing taking place locally) as indicated in section 6.6. Despite

these limitations, however, we found several signi�cant �ndings which

highlight the potential value of research in this space.
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6.9 Future Work

This work has also helped identify relevant opportunities for future

research. The proposed system considers the measurement of head gestures

and facial expressions to identify the most reactive audience members

during a speci�c time window. In our work, we empirically set the refresh

window to be 15 seconds which helped us avoid potential distractions, but

could have also missed relevant responses. To address this, we envision

future spotlight systems may consider a 
exible window that can more

quickly re
ect the behaviors as they occur. In addition, some of the

participants of the study expressed strong interest in controlling the speci�c

behavior of the spotlight which could have helped address speci�c

needs (e.g., detecting confusing points). As we consider expanding the

sensing modalities (e.g., microphones, eye tracking), we believe that the

quality of the information provided by the spotlight can be improved.

However, it is important to be mindful that di�erent sensing channels may

be considered more invasive than others. We recognize the comfort levels

expressed in sharing video feeds more in smaller meetings and thus propose

several directions for future system use. For instance, the audience could be

sensed locally, and their video be provided only to the presenter. In

addition, the proposed system also extends to using a�ect sensing for

sampling strategies in existing video conferencing systems, where only a

subset of audience is shown to the presenter. Our interviews also show

promise in combining both explicit and implicit feedback methods to more

e�ectively address the preferences of di�erent audience members. Finally,

we believe future work will need to focus on the development of new user

interfaces that promote system transparency in terms of both capturing

and re
ecting audience feedback which can prevent potential misuses and

maximize user adoption.
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6.10 Conclusions

This work introduces A�ectiveSpotlight, a real-time feedback support

system for online presenters that analyzes and spotlights audience members

based on their a�ective responses. Informed by an exploratory survey and

evaluated in a controlled within-subjects study, we demonstrated some of

the potential bene�ts of facilitating non-verbal audience feedback via the

proposed system versus two other control support systems. We hope our

�ndings and design recommendations will help enable future work exploring

the possibilities of a�ect sensing and AI-mediated interactions in the

context of online meetings. We are looking forward towards a future when

similar approaches can continue to enhance presentation experiences and

help close the gap between online and in-person presentations.
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Figure 6: The Friendly Face System

7 A Friendly Face in the Crowd: Reducing

Public Speaking Anxiety with an

Emotional Support Agent in the Audience

This work was published at at IVA 2021 [204].

7.1 Introduction

There are many situations in which individuals are under intense pressure

to perform while being observed by others. Examples abound in the service

industries, including surgeons in operating rooms, entertainers in front of

audiences, docents leading tour groups, attorneys in court, teachers
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delivering lectures, and clergy delivering sermons, in addition to

presentations at business meetings that occur in all industries. Public

speaking is perhaps the quintessential example of this kind of task, in which

an individual gives an oral presentation, potentially with additional media,

in front of a group of strangers. Public speaking may be one of the most

common fears that professionals experience [89], with one study putting the

prevalence of public speaking anxiety as high as 35% [32]. Public speaking

anxiety is a form of social phobia characterized by a strong fear of social

performance that one will act in a way that is humiliating or embarrassing

such that others will judge them negatively [65]. It can lead to a lack of

speech preparation[67], degraded performance quality[196] and increased

speech disturbances[134].

These situations demand new technologies that serve primarily to provide

comfort and emotional support to individuals under stress, but are embedded

in their work environment. They can be thought of as a new class of calm

technology, as they share many of the same features found in Weiser and

Brown's original work [283, 282], including the ability to move from the

user's periphery to their focus of attention and back as needed. However,

they may need to be more interactive and targeted than ambient displays

that are aesthetically pleasing but low on representational �delity [228] in

order to be e�ective. Such calming technology still needs to be unobtrusive

when unneeded, given the cognitive demands of the task. However, since

users are being observed, their inputs to these interfaces (e.g., to request

support) and perception and use of interface outputs should be performed

surreptitiously, without observers noticing.

We posit that virtual agents, embedded in the user's environment but

unobservable by the audience, represent an ideal medium for calming

technology. Their use of nonverbal behavior, such as facial displays, gaze,

and hand gestures, can be used to communicate attentiveness, positive

regard, caring, and support in a way that is impactful, hidden from the
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audience, intuitive and natural in that the interface outputs do not need to

be learned, and non-distracting if the user does not need support.

In the public speaking domain, one common remedy for anxiety is the

inclusion of a supportive audience member: someone who wants the speaker

to do well and provides encouragement during their presentation. A

supportive audience member can provide social and emotional support [270]

that may act as a bu�er against emotional distress, reducing the speaker's

anxiety, and increasing their perceived control and self-e�cacy[43]. A

\friendly face" in the audience may reduce the pressure a speaker feels to

perform well, since the supportive person will likely continue to feel

positively towards the speaker regardless of their performance. Supportive

audience members can also provide instrumental support [270] to speakers

during presentations, providing information about time remaining, cue

cards, or even teleprompter functions.

We are exploring the use of a life-sized virtual agent in the role of a

supportive audience member to reduce public speaking anxiety: a \friendly

face" in the audience as an initial implementation of the concept of a

calming technology (Figure??). One of the a�ordances of virtual agent

interfaces is that they can provide intuitive and natural interactions

without training, by relying on people's tacit knowledge of how to engage in

face-to-face interaction with other people. In addition, people who observe

human-agent interactions generally expect that they will follow the rules of

human- human face-to-face interaction, otherwise these interactions may be

perceived as stilted, unnatural, or uncanny. Natural user interfaces, that

are based on the real-time recognition of human behavior, gaze, proxemics,

and speech, can enable such interactions with virtual agents by recognizing

and responding to natural human { human interactional behavior.

In our deployment, the agent is designed to stand behind the human

audience so that it is not normally observable by them (Figure 6), and

provide not only emotional support to the speaker, through interactive
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positive feedback behavior during a presentation, but also instrumental

support, such as timing and content cues based on the human behavior.

Given that virtual audiences have been shown to be an e�ective

replacement for real audiences (e.g., for rehearsal[245]), a virtual supportive

audience may confer much of the same emotional and instrumental support

as a colleague during actual presentations, but be always available, 
awless

in providing cues, and unwaveringly supportive.

Through this work, I answer my second research question,

ˆ 2. "How does the presence of a supportive and attentive virtual agent

('Friendly Face') a�ect the emotional state and regulation of speakers

during a presentation?"

, I explored the development of a life-sized virtual agent in the role of a

supportive audience member, a \friendly face" in the crowd (Figure 6).

I began the design process with a human analogue study, and derived

design components for the agent. I used the qualitative �ndings from this

study and a review of previous work to help inform the design of Friendly

Face. The human analogue study identi�ed that the virtual agent system

should provide communicative non-verbal behavior to display positive

emotional cues such as smiling or thumbs up, show attentiveness by having

eye contact with the presenter, and identify listening behavior such as by

use of head nods, establish a relationship with the user, and provide

instrumental support that augments current presentation support systems

such as Microsoft PowerPoint.
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7.2 Virtual Agents as Calm ing Interfaces

Virtual agents represent an ideal medium for calming interfaces in many

application domains, since they can non verbally convey social and a�ective

cues in a way that is both unobtrusive and immediately recognizable by a

user without training.

We claim that calming interfaces should meet the following requirements.

7.2.1 Ambient

. From the original conception of calm technology and ambient interfaces,

calming interfaces should be embedded in the user's environment so they are

non-obtrusive, in the user's periphery, but still visible and able to brought

to their focus of attention when needed.

7.2.2 Non-observable by Audience.

For the task domains we are interested in, calming interfaces should be

hidden from the audience. In addition to being merely distracting, the use

of emotionally supportive systems may result in negative evaluations of the

user by the audience if they feel that such support is unwarranted or

inappropriate.

7.2.3 Intuitive

. Given the high stress and cognitive load users in our task domains

experience, signals of emotional support should be delivered with as much

clarity as possible (high \representational �delity" [228].

7.2.4 Emotionally Supportive.

Calming interfaces can be passive, reducing anxiety by their mere presence.

However, they have the potential to be even more e�ective if they actively

sense the user and convey cues in response to user behavior and state.
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ˆ Attentiveness cues demonstrate awareness of the user's presence.

ˆ Caring cues demonstrate (unconditional) positive regard for the user

[Caring].

ˆ Positive and Reinforcement cues demonstrate positive, supportive

feedback for user behavior.

ˆ Therapeutic cues are interventions speci�cally intended to reduce

extreme user stress or anxiety when they are sensed.

7.2.5 Relational

. To boost e�ectiveness of emotional support, a user should have a trusting

relationship with the agent [tochi]. This can go beyond mere assessments of

reliability [fogg] to felt interpersonal closeness. This increases the calming

e�ect of the mere presence of the agent in the user's environment, through

comfort, familiarity, and trust.

Virtual agents can meet all of these requirements, possibly in a way that

no other media can. They can be positioned in the user's

periphery|embedded in the environment, in the corner of a screen, or in a

wearable or augmented reality display|and use their visual presence and

nonverbal behavior to convey emotional support while remaining in the

user's peripheral view and hidden from the audience. They can use

nonverbal cues that all users in a given culture intuitively understand.

Virtual agents are particularly unique in their ability to nonverbally

convey emotionally supportive messages. Attentiveness to the user can be

conveyed through agent gaze and listening (\backchannel") behavior [176].

Caring can be communicated through facial displays of warmth, happiness,

or, when warranted, concern and compassion[26]. Positive reinforcement

can be conveyed through acknowledgment behavior (e.g., eyebrow raise,

brief smile, head nod) and approval behavior (e.g., emblematic hand

gestures, such as \OK" or \thumbs up" [194]. Finally, therapeutic cues
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intended to signal the user to calm down, can be communicated using iconic

or metaphoric hand gestures that convey slow deep breathing or relaxation.

Finally, virtual agents can use a variety of verbal and nonverbal

techniques to develop a close trusting relationship with users before they

are used in stressful tasks, including social chat, meta-relational

communication (talking about the relationship), empathy, humor,

self-disclosure, and other techniques [29].

Of course, once they are in the user's environment, virtual agents can

also be used to provide additional, non-calming, support and information to

users (\instrumental support"), either through additional nonverbal

communication channels (hand gestures) or through text overlays or speech

balloons.
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7.3 Human Analogue Study

We turn our focus now to the development of calming agents for the public

speaking domain. In order to understand the kinds of emotional and

instrumental support speakers would want from a calming \friendly face"

agent, we conducted an exploratory study in which a human confederate

played the role of a supportive audience member while participants gave

oral presentations with and without the support. Our participants were

recruited from email lists and online 
iers at our institution, were required

to be 18 years or older, speak and read English, and have some professional

presentation experience. The study was approved by the institution's IRB,

and participants were compensated for their time.

Participants were asked to rehearse and deliver two 5-minute

presentations on comparable topics (Lions and Tigers) in English using

prepared PowerPoint slide decks and notes. One presentation was given

with an assistant (research confederate) and one without, with the order

counterbalanced, to an audience of three confederates. The audience

displayed negative behavior including yawning, looking at their phones and

generally not paying attention to the presenter's talk to induce anxiety in

the presenter. The presentations were videotaped for further evaluation.

Participants were given ten minutes to interact with the assistant before

their presentation. During this interaction, the assistant �rst asked the

participants about their past experiences giving presentations and their

experience with public speaking anxiety. They then discussed the strategies

that the assistant could use to help alleviate the participant's anxiety and

improve the presentation quality. The assistant informed the participants

that she would be standing at the back of the audience during their talk

and being their supportive audience. She o�ered to provide topic cue cards

and timing information during the presentation if the participants wanted,

and encouraged them to suggest additional ways that she could assist.
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7.3.1 Measures

We collected a variety of measures to better understand speakers' experience.

Communication Competence: Assessed at baseline using the

Self-Perceived Communication Competence Scale (SPCCS) [190]. SPCCS is

a composite measure that assesses people's ability to communicate in

various situational(public, meeting, group, dyad) and receiver(stranger,

acquaintance, friend) contexts using a 12 question rating scale.

State Anxiety: Assessed after the rehearsal of each presentation using

the State Anxiety questionnaire [251]. It is a composite measure that assess

how people feel at the moment using a 20 question 4 item Likert scale

questionnaire.

Speaker Con�dence: Assessed at baseline and after each presentation

using the Personal Report of Con�dence as a Speaker (PRCS)

questionnaire [217]. The PRCS is a 30 question True or False questionnaire

based composite measure, that assesses con�dence of a speaker based on

their feelings associated with their most recent presentation. Note that

lower numbers are better (indicate higher con�dence).

Presentation Self-Rating: Assessed after both of the presentations (with

and without the assistant) using a 7-item, 7-point questionnaire.

Semi-Structured Interview: A semi-structured interview was conducted

at the end of each presentation.
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7.3.2 Quantitative Results

Fifteen (15) participants (5 male, 10 female, aged 21 to 38), completed the

study. Of these, 2 were categorized as low competence public speakers, 5

were categorized as high competence public speakers, and 8 had moderate

competence, according to SPCCS.

Question with endpoints:
\Not at all" (1) and \Very
Much" (7)

Agent Mean(SD) No Agent Mean(SD) p

How engaging was it to..? 4.25 (1.69) 4.43 (1.63) .67
How nervous were you..? 3.75 (1.57) 3.68 (1.85) .98
How understandable was it
to..?

5.31 (1.30) 5.31 (1.45) 1.00

How exciting was it to..? 4.38 (1.36) 4.68 (1.78) .31
How entertaining was it to..? 4.25 (1.52) 4.31 (1.45) .80
How competent were you..? 5.00 (1.26) 4.62 (1.25) .30
What was the overall quality ..? 4.81 (1.04) 4.62 (0.95) .41

Table 7: Average and standard deviation for the system evaluation survey.

There were no signi�cant di�erences between the two conditions for

state anxiety following the presentations, t(14)=0.68, p=0.51, nor

signi�cant di�erences between the two conditions for PRCS scores relative

to baseline, t(15)=0.66, p=0.51.
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7.3.3 Qualitative Results

Interviews were transcribed and coded using thematic analysis techniques

[38]. We identi�ed three themes in participant reactions to working with the

supportive assistant.

Help with public speaking anxiety:

Participants indicated that the assistant helped with their public

speaking anxiety: \she was really friendly looking, very friendly,

smiling at me and really positive so it helped me a lot ." [P8] In

addition to smiling to help them stay con�dent, other reasons that

participants said they preferred to have a supportive person in the audience

was to \give me encouragement, like a �st up, at various points"[P7] and

\ ask questions at various points so its more interactive for everyone, or

answer the question that I ask"[P9].

Help with Note cues and Time reminders :

Presenters often include speaking notes to help with the delivery of their

presentation. However, often times this could \be taking eye contact o� the

audience to look at my laptop" [P3] or \ breaking the 
ow of my thought to

switch attention like that" [P7]. Hence, they liked the idea of the supportive

person holding up topic cues for them to read. That way, the presenters could

\ mentally prepare for what is coming up" [P8][P9], \ get a head start" [P5]

and \could continue with the 
ow of the presentation" [P5]. The presenters

also felt that having the time reminders at certain points of the presentation

also helped to \gauge if they needed to rush so they could �nish" [P7].

On the contrary, some participants also felt that \I would rather the

supportive person do one thing, like encourage me, since I don't look at the

notes all that much" [P2][P11]. Others expressed concern that the assistant

\held the note for too short a time, she never told me how long she would

be holding it for and that threw me o�" [P11] and that there should be \a

mutually agreed time for her to display the notes to help" [P12].
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Multi-tasking is di�cult

Participants indicated that it was di�cult for assistant to \show the

topics and the remaining time every 45 seconds, simultaneously, like we

discussed" [P1], \I understand it must be di�cult to handle so many

things at the same time for she" [P2]. Many participants indicated that the

assistant was not able to handle all responsibilities at the same time. This

also \made it di�cult for me to follow " [P6], and \ I did not know if she was

displaying the right topic because she seemed confused, so I resorted to the

notes on my laptop" [P11]. This impacted their trust, and the presenters

felt the need for better coordination between them and the assistant.

Reactions to Friendly Face virtual agent concept

Participants were also asked about their reactions to working with a

virtual agent as a supportive assistant. They mentioned several possible

advantages of using a computerized system, such as being able to handle

multiple tasks seamlessly, \Multiple tasks, it can do a lot of things. But a

human, while she might miss, since she had the task of doing two things,

she couldn' t do both at the same time" [P11] and account for human errors

\ I know the system will be pre-programmed so there is no chance it will

mess up my presentation" [P10]. Participants also mentioned the need for

the system to help them with positive reinforcement and feedback in the

form of non-verbal behavior such as hand gestures and head nods. \When

there is a human, you feel like someone is listening to you, like someone is

motivating you. If someone has gestures or a nodding head or listening or

whatever, looking at presentations. It's of more bene�t and you feel more

comfortable and motivated "[P8]

The presenters also mentioned that the supportive human in the audience

could also be judging their presentation quality. \although she is smiling at

me, I may not know if she's judging me or not at the back of the mind, but
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