Making It Personal: Addressing Individual Audience Members in
Oral Presentations Using Augmented Reality

DHAVAL PARMAR, Northeastern University, USA
TIMOTHY BICKMORE, Northeastern University, USA

Public-speaking situations such as classroom lectures, seminars, and meetings, where speakers must actively engage the
audience, require considerable effort from the speaker in gathering verbal and non-verbal feedback from the audience.
Garnering feedback can be made easier by technologies such as augmented reality (AR) capable of displaying information in
3D space surrounding the speaker. We present an AR-enabled presentation display system to provide real-time feedback from
the audience to the speaker during a presentation. The feedback includes names and affective states of the audience, icons
requesting a change in volume and rate of speech, and annotated questions and comments. The design of the feedback system
was informed by findings from an exploratory study with academic professionals experienced in delivering presentations. In
a between-subjects study, we evaluated presentations displaying feedback information spatially overlaid above the heads
of the audience members in one condition and in the periphery of the presenter’s view in another condition, as compared
with a no-AR control condition. Results showed that the presenters in the overlay condition called upon the audience by
name significantly more often than in the peripheral and the control conditions, and they rated the overlay condition as more
reliable, helpful, and wanting to use it for future presentations compared to the peripheral condition. Overall, AR feedback
was considered useful by both the presenters and the audience and did not negatively impact speaker confidence and state
anxiety of the presenter.
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1 INTRODUCTION

Many public speaking situations—including seminars, classroom lectures, sales pitches, and business meetings—
require that presenters interact with their audience, addressing audience members by name and dynamically
adapting their presentation based on explicit and nonverbal feedback from the audience. These presentations
are especially challenging, going beyond the demand required to produce clear and articulate utterances in
monologue, requiring a fully interactive performance in which the speaker remembers the names of the audience
members and is sensitive to changes in audience feedback.
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Many experts agree that addressing audience members by name is a powerful and important mechanism for
keeping an audience engaged [5]. Calling on students by name is also a core element in “active learning” techniques
that have been shown to be superior to traditional lecture-only classroom delivery [11]. Even mentioning
someone’s name leads to increased attention and scrutiny of presented materials [15]. However, most people have
difficulty learning the names of other people because they are typically identifiers with little meaning, especially
compared to their ability to learn semantically linked information [8].

Providing speakers with different kinds of real-time feedback from or about their audience has also been
shown to be beneficial. Many commercial “audience response system” products are now available that allow
students or meeting attendees to provide real-time feedback and questions to a presenter, using RF “clicker”
devices or their smartphones [16]. A meta-review of 67 studies of these systems found that they provide several
benefits to presenters, including increases in attendance, attention levels, participation, engagement, and learning
in classroom environments. The quality of a presenter’s oral delivery can also be improved through real-time
feedback. Several researchers have demonstrated that providing feedback on speech quality, including information
on such behavior as speaking rate and volume, can result in positive impacts on their performance [10, 18, 28].
Real-time feedback on audience’s affective reaction to, and attitude towards a presentation is less explored.
However, one feasibility study provided 1,000 audience members with electrodermal response sensors that
glowed in proportion to each audience member’s physiological arousal, finding that the sensors could be useful
to the speakers for identifying particularly engaging vs. boring parts of a presentation [25].

Imagine if a speaker were able to see information about their audience, including names, affective state, and
feedback on and questions about their talk, while they are giving their presentation, displayed over the heads
of individual audience members. They would instantly be able to address anyone by name, determine whether
particular audience members were following and engaged in their presentation, and proactively address questions
without the audience having to wait an hour for the Q&A session.

In this work we report on our use of an augmented reality (AR) system that provides this information to
speakers as they are giving their presentation, leveraging the smartphones of audience members to provide the
requisite information, and using oral scientific presentations and classroom lectures as our initial testbeds. We
first describe a formative qualitative study in which we interviewed professors and doctoral students about their
acceptance of and requirements for such a system. We then describe the design of our AR-enabled presentation
display system, followed by a between-subjects experimental evaluation in which we compared presentations
using either the new wearable AR technology displaying feedback from the audience members spatially overlaid
on top of their heads, or a functionally-equivalent AR display that provided the same information but in the
periphery of the presenter’s view analogous to a large screen TV, or a no-AR technology condition as a control.
We measured and compared feedback from the presenters, the audience members, and independent judges who
viewed videotapes of the presentations. We conclude by summarizing our results and discussing future work.

2 RELATED WORK
2.1 Presentation Support Systems

Various systems have been developed to aid presenters in preparing for and delivering oral presentations. The
IntelliPrompter system [1] targets the fear of forgetting presentation material by tracking the presenter’s coverage
of slide contents and dynamically adjusting the note display interface to highlight the most likely next topic to
present. RoboCOP [31] uses a robot as a presentation coach to provide conversational coaching for speaking rate,
filler rate, pitch variety, eye contact with the audience, and content coverage. The Quester system [2] enables
quick access to relevant slides during a question-answer session by ranking presentation slides based on semantic
closeness to spoken utterances, displaying the most related slides, and highlighting the corresponding content
keywords in the slide notes. Systems involving automated, life-sized, animated agents acting as co-presenters
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help reduce public-speaking anxiety and increase engagemEnBp]. These systems have shown to greatly
improve presentation delivery experience and con dence.

Another important aspect of presentation delivery is audience engagement and participation. Usually reserved
for the end of presentations, the active involvement of the audience during the presentation can make the talk
more dynamic and engaging. For example, audience response systems, which allow the audience to interactively
answer multiple-choice questions during a presentation, result in improved attention levels, participation and
engagement, and learnind fi. Applications such as Silhouette Aren@7 allow the audience to share questions
and opinions with the presenter as well as manipulate and annotate slide content in real-time, thus making the
presentation highly interactive.

2.2 Presentation Feedback

Researchers have explored various ways to present helpful information to the presenters, including visual
and haptic feedback, provided in real-time or o ine after the presentation. In the Logue system, for example,
researchers used various sensors such as the Microsoft Kinect and a microphone to analyze speech rate, body
energy, and openness of the presenter in real-tifig This information was shown to the presenter using an
optical see-through head-mounted display as an overlay of icons superimposed in a corner in their eld of view.
This visual feedback was perceived as helpful and had a positive impact on the speaker's performance. Rhema
[29 is another application that provided an intelligent user interface to the presenters using the Google Glass
display by analyzing the presenter's speaking volume and rate and showing a visualization in the periphery of
the presenter's vision. This visualization informed the presenter to adjust their volume or rate of speech during
the presentation. Similarly, the Presentation Sensei systééhgnalyzed speech utterance, duration, pitch, lled
pauses, mora sequence, and face position and orientation, and provided feedback to the presenter in real-time
during the presentation or o ine after the presentation. A similar work compared the placement of graphical

and textual feedback regarding speaking rate, vocal variety, volume, stance, hand gestures, and eye contact in the
line-of-vision of the presenter to that in the periphery of the screet(]. The results showed that presenters
preferred graphical over textual feedback and preferred the placement in their line-of-vision. In addition to visual
feedback, applications such as Presentation Trair2et ind AwareMe f] used a wristband to provide haptic
feedback in the form of vibrations. Finally, applications such as ROC Spejlahd AutoManner P9 provided

o ine feedback regarding the non-verbal behaviors of the presenters to help them rehearse and improve their
gestures and postures.

2.3 VRI/AR Interventions

Virtual and augmented reality techniques have been widely used in public speaking research due to their ability
to provide controlled environments for practicing presentation skills. For example, the public speaking training
system CiceroJ] uses a virtual audience with the ability to change posture (straight, relaxed, forward), head
orientation (up, left, right, front) or eye gaze. A combination of these factors could be used to create interested and
disinterested members of the audience. Such a virtual audience with real-time positive and negative non-verbal
feedback was used to text anxiety e ects on presentetd [ The research found that negative audience clearly
provoked an anxiety response in the speakers irrespective of their public speaking con dence levels. Another
research combined the use of visual feedback with an interactive virtual audiericd& fie speaker's presentation
quality was analyzed by a Wizard-of-Oz method using audio-visual observation. The virtual audience members
could nod or lean forward denoting engagement when the presenter's performance was good, or they could
lean backward or shake their head in disagreement when the presentation performance was poor. Instead of the
presenter interacting with the virtual audience, virtual characters can also be used as avatars of the presenters
for the real audience to interact with, as shown in the Augmented Mirror applicati@d][ The audience can use
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the augmented mirror to talk with the virtual avatar which is controlled by the presenter, as well as walk around
the avatar and other virtual objects, while watching themselves on a large screen display.

While virtual reality is useful for presentation rehearsals, augmented reality (AR) interventions are more
suited for presentations in front of a live audience due to the optical-see through nature of the AR head-mounted
displays (HMDs). Modern AR HMDs such as the Microsoft HoloLex§ have the ability to spatially place
and orient visual information within the 3D space in the real environment. This quality of the HoloLens has
been useful in multiple visualization applications such as to study anatomic patholagly for reconstructive
surgery [3(, to annotate manufacturing environmentd f], or collaborative annotations of real-world scenes
[6]. This quality of the HoloLens has not yet been investigated for feedback visualization in the public speaking
context. The current paper aims to compare feedback visualization spatially located in 3D space above the heads
of the audience members with a functionally equivalent feedback visualization displayed in the periphery of the
presenter's view.

3 REQUIREMENTS ANALYSIS STUDY

We conducted an exploratory study and gathered insights from expert presenters to investigate what information
would be most helpful to display to a presenter using augmented reality, and how to display it in the best way
possible. Via interviews with the expert presenters, we gathered feedback from them on using augmented reality
to assist them with their presentations by showing images of example scenarios with information overlaid in the
presentation environment.

3.1 Participants

We recruited 9 professors and 5 Ph.D. students (4 females, 10 males) from a local university with varied experience
in giving oral presentations (lectures, seminars, meetings, and invited talks) and interviewed them on their
experiences with scienti ¢ presentations and the challenges faced while presenting.

3.2 Procedure

After a brief introduction to the study and signed consent, we rst asked the expert presenters about their general
presentation experience. Following that, we showed pictures of prototype scenarios having augmented reality
feedback using a Microsoft HoloLens and elicited speci ¢ feedback related to the study. The interviews were
open-ended and lasted for around 45 minutes each.

3.3 Results

Overall, the participants showed interest and were hopeful about the augmented reality technology and stated that
displaying information overlaid within the environment could be useful in various contexts. Among the suggested
ideas for helpful information were being able to see the names of students within the classroom overlaid on top
of the students™ heads, seeing the composition of the audience in terms of their topic knowledge and experience,
feedback from the audience if they are engaged and are following the presentation, and aggregated questions from
the audience. The Ph.D. students expressed that being able to see their notes would be helpful in remembering all
the points within the presentation, however, the professors preferred seeing as little text as possible. Instead, the
professors suggested showing thumbnails of the current and the next slide would be more helpful in keeping
track of the talking points. In any case, there was strong support for using iconography, colors, and graphs to
convey information such that the information is available at a glance without having to read any text. Other
suggestions to improve the delivery of the presentations were indicating that the presenter's voice is reaching all
audience members, that the presenter is facing and addressing all sections of the audience, and timing and pacing
information that is continuous. Finally, the participants expressed a need for having control over the display of
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information such that it can be accessed only when needed or turned o when it gets distracting. The participants
also discussed various challenges with displaying information to the presenter using augmented reality. Too
much information could lead to distraction and information overload, and the implementation of the system
should focus on avoiding such a scenario. Further, hardware issues such as bulkiness, fatigue due to extended
use, the awkwardness of wearing the head-mounted display, reduced eye-contact, and small eld-of-view of the
HoloLens will hopefully be addressed in future iterations of the augmented reality hardware.

From the exploratory study, we determined that even though the technology is in its preliminary stages,
augmented reality has the potential to enhance oral presentations.

4 AR SYSTEM DESIGN

Following the insights from our Requirements Analysis Study, we designed and evaluated an augmented reality
system that allowed the presenter to view the feedback from the audience above their heads in real-time.

Fig. 1. The system user interface as seen by the presenter within the Overlay feedback condition.

4.1 User Interface

We designed two di erent AR user interface (Ul) visualizations for the presenter in order to evaluate the

e ectiveness of spatialization of audience information: 3D spatial overlay visualization (Overlay condition)
displayed on top of the audience's heads, and peripheral visualization (Peripheral condition) displayed o to the
side of the room in the user's periphery. We also included a condition without any AR or feedback technology
(Control condition) as a baseline for comparison. The presenter's view of the Ul for the Overlay condition is
shown in Figure 1. The presenter is shown real-time feedback from each audience member on top of that audience
member's head. Starting from the bottom, the presenter sees the audience member's name and an icon denoting
their mood at the current moment (Figure 2). Above this, they see various icons depending on whether the
audience member wants the presenter to speak louder or softer (Figure 3, A and B), faster or slower (Figure 3, C
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Fig. 2. Set of all the icons denoting self-reported engagement of the audience member, from most negative on the le to
most positive on the right.

Fig. 3. Set of all the feedback icons, denoting if the presenter should speak louder (A), so er (B), faster (C), slower (D), if the
audience had a question (E), or a suggestion/concern (F).

and D), if the audience member has a question (Figure 3, E), or if the audience member has any concerns (Figure 3,
F). Finally, the top-most area displays textual information typed by the audience member. This can be any written
guestions, suggestions, comments, or concerns.

Fig. 4. The system user interface as seen by the presenter for the Peripheral feedback condition, showing feedback information
on a virtual screen o to the side of the stage.

The same information is displayed using a di erent mode of visualization for the Peripheral condition, as
shown in Figure 4. This mode emulates a virtual screen placed at one side of the room, analogous to a large-screen
TV placed in the peripheral view of the presenter which would not block the view of the audience. The room
setup for the Peripheral condition is shown in Figure 7. Information on this virtual screen was divided into two
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parts, with the audience member names, moods, and feedback icons on the right and a scrolling list of textual
information typed by the audience on the left.

Fig. 5. Feedback website interface used by the audience on a mobile device.

Figure 5 shows the interface used by the audience members to enter their feedback. This interface contains
a list of toggle switches to set their mood and to set or un-set icons denoting the presenter's loudness, talking
speed, questions, and concerns. Below these toggles, the interface contains a text-box allowing the audience
members to type questions, suggestions, comments, or concerns, which appear in the presenter's view after the
audience member clicks 'Send".

The room setup for all three conditions was kept exactly the same as shown in Figure 6 and Figure 7, the
di erences being the virtual screen for displaying the audience feedback only present in the Peripheral condition
while the feedback was shown on top of the head of the audience members in the Overlay condition. The Control
condition did not have AR or any other feedback technology.

4.2 System Hardware

The AR feedback system was implemented using a Microsoft HoloLens augmented reality head-mounted display
(HMD). The HoloLens is an optical see-through display that projects images onto a transparent screen, allowing
the user to see through the HMD. Using its array of cameras and sensors, it creates a 3-dimensional map of the
surroundings, which allows for the placement of computer-generated elements in 3D space inside the real world.
The HoloLens houses a computer within its body to allow for wireless un-tethered usage where the user can
roam freely within the surroundings.

In addition to the HoloLens, the presentation setup included a laptop computer placed on a podium to run the
presentation, a clicker device to advance slides, and a large screen TV to display the presentation slides to the
audience members, as shown in Figure 6. The audience provided feedback to the presenters using Dell Venue 8
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Fig. 6. Room setup for the evaluation study, showing the presenter wearing the HoloLens.

Fig. 7. Room setup for the Peripheral condition, with the TV showing slides behind the presenter, the podium to the le , the
audience in front, and the virtual screen displaying the feedback on the right.

Pro tablets which are 8-inch, 1200 by 800-pixel resolution tablet computers. A router was used to set up a local
access network to allow interfacing between the tablets and the HoloLens HMD.
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