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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.
Authors’ addresses: Dhaval Parmar, Northeastern University, Boston, MA, 02115, USA, d.parmar@northeastern.edu; Timothy Bickmore,
Northeastern University, Boston, MA, 02115, USA, bickmore@ccs.neu.edu.
Permission to make digital or hard copies of all or part of this work for personal or classroom use is granted without fee provided that
copies are not made or distributed for profit or commercial advantage and that copies bear this notice and the full citation on the first
page. Copyrights for components of this work owned by others than ACM must be honored. Abstracting with credit is permitted. To copy
otherwise, or republish, to post on servers or to redistribute to lists, requires prior specific permission and/or a fee. Request permissions from
permissions@acm.org.
© 2020 Association for Computing Machinery.
2474-9567/2020/6-ART55 $15.00
https://doi.org/10.1145/3397336
Proc. ACM Interact. Mob. Wearable Ubiquitous Technol., Vol. 4, No. 2, Article 55. Publication date: June 2020.

55

55:2

•

Dhaval Parmar and Timothy Bickmore

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 engagement [17, 32]. These systems have shown to greatly
improve presentation delivery experience and confidence.
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 learning [16]. Applications such as Silhouette Arena [22] 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 offline 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-time [9]. 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 field of view.
This visual feedback was perceived as helpful and had a positive impact on the speaker’s performance. Rhema
[28] 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 system [18] analyzed speech utterance, duration, pitch, filled
pauses, mora sequence, and face position and orientation, and provided feedback to the presenter in real-time
during the presentation or offline 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 screen [10]. 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 Trainer [27] and AwareMe [4] used a wristband to provide haptic
feedback in the form of vibrations. Finally, applications such as ROC Speak [12] and AutoManner [29] provided
offline feedback regarding the non-verbal behaviors of the presenters to help them rehearse and improve their
gestures and postures.

2.3

VR/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 Cicero [3] 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 effects on presenters [24]. The research found that negative audience clearly
provoked an anxiety response in the speakers irrespective of their public speaking confidence levels. Another
research combined the use of visual feedback with an interactive virtual audience [7]. The 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 application [34]. 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 HoloLens [21] 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 pathology [13], for reconstructive
surgery [30], to annotate manufacturing environments [14], 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 scientific presentations and the challenges faced while presenting.

3.2

Procedure

After a brief introduction to the study and signed consent, we first 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 specific 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 off 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 field-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 different AR user interface (UI) visualizations for the presenter in order to evaluate the
effectiveness 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 off 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 UI 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 left to
most positive on the right.

Fig. 3. Set of all the feedback icons, denoting if the presenter should speak louder (A), softer (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
questions, 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 off to the side of the stage.

The same information is displayed using a different 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
differences 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 left, 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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Fig. 8. The system user interface as seen by the presenter for the Peripheral feedback condition, showing feedback information
on a virtual screen off to the side of the stage.

4.3

System Software

The presenter interface running on the HoloLens HMD was created using the Unity3D game engine [33]. AR
tracking for the HoloLens was enabled using the Vuforia AR Engine [35] within Unity3D, which allowed for
recognition and real-time tracking of optical markers. One such marker was printed and placed on a wall within
the presentation room (Figure 8) and all other visual AR elements were placed in the 3D environment relative
to the position of this marker. The feedback interface on the tablets included unique full-screen optical marker
images for each audience member which they held up for the HoloLens to calibrate their location at the start of
the presentation.
The audience feedback interface was a website built using PHP, HTML, and CSS, and was hosted using an
Apache HTTP web server running on a local network. The HoloLens HMD, audience tablets, and the podium
laptop were running the Microsoft Windows 10 operating system, and the slides were presented using the
Microsoft PowerPoint presentation program.

4.4

Room Setup

Figure 6 shows the room setup for this study, and Figure 7 shows the location of the virtual screen within the
room for the Peripheral condition. The TV for displaying the presentation is placed on a stand along a wall at
one end of the room, and the podium with the laptop computer is placed next to it. Leaving some space for the
presenter to utilize for walking around and presenting, four chairs were placed facing the TV screen for the four
audience members. Behind the audience seating along the opposite wall to the TV had a video camera placed on
a tripod which was used to record the presentations.

5

EVALUATION STUDY

To evaluate the effects of providing real-time feedback using augmented reality on the presenters’ experience,
we conducted a user study comparing 3D spatial overlay AR feedback visualized over the heads of the audience
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(Overlay condition), peripheral AR feedback visualized on a virtual screen to the side of the room (Peripheral
condition), and a control with no HMD or feedback technology (Control condition). Our aim was to evaluate the
effects of both the real-time AR feedback from the presentation support system and the modes of visualization
afforded by real-time tracked AR.

5.1

Participants

We recruited 37 participants with varying levels of presentation experience to serve as presenters for this study (17
females, 20 males, ages 19 to 61, mean 26). Of these, 18 were categorized as high competence public speakers and
19 were categorized as having moderate competence according to the Self-Perceived Communication Competence
Scale (SPCC) [20]. Participants were assigned to one of the three conditions (13 in Overlay condition, 12 in
Peripheral condition, and 12 in the Control condition). We also recruited 52 participants with presentation
experience, randomly assigned during each presentation to serve as audience members (27 females, 25 males, ages
18 to 69, mean 25). Of these, 20 were categorized as high competence public speakers, 30 as moderate competence,
and 2 as low competence public speakers according to the SPCC scale. None of the participants had previously
interacted with any presentation feedback systems or with the HoloLens AR device prior to the study.

5.2

Measures

5.2.1 Presenter.
In addition to socio-demographics, the presenter participants completed the following questionnaires:
Self-Perceived Communication Competence Scale (SPCC): Self-reported measures of competence over a variety
of communication contexts, administered at the beginning of the study [20].
Personal Report of Confidence as a Speaker (PRCS): Assessment for participants’ fear of public speaking, administered once at the beginning of the study and again right after the presentation [23].
State-Trait Inventory for Cognitive and Somatic Anxiety (STICSA): Assessment of participants’ state and trait
anxiety, administered right before and right after the main presentation [26].
Subjective Rating of the AR Feedback System: Participants’ assessment of the AR feedback system after delivering
the presentation using an 8-item, 7-point scale questionnaire, as shown in Table 1.
Objective measure of active participation: Counts of the number of times each presenter calls on the audience
by name, obtained by analyzing recorded videos of the presentations.
Semi-structured debriefing interview: To obtain qualitative feedback from the participants at the end of the
study.
5.2.2 Audience.
In addition to socio-demographics, the audience participants completed the following questionnaires:
Self-Perceived Communication Competence Scale (SPCC): Self-reported measures of competence over a variety
of communication contexts, administered at the beginning of the study.
Subjective Rating of the AR Feedback System: Participants’ assessment of the presenter and the presentation
after the end of the talk using a 21-item, 7-point scale questionnaire, as shown in Table 2.
Semi-structured debriefing interview: To obtain qualitative feedback from the participants at the end of the
study.
5.2.3 Objective measures of active participation.
To assess the efforts of the presenters in actively engaging the audience, we recorded the presentations and
analyzed them to count the number of times the presenter addressed the audience members by name.
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Fig. 9. Study Procedure for evaluating the AR feedback system.

5.3

Procedure

The procedure for the study is illustrated in Figure 9. After describing the study and obtaining consent from the
presenter participants, we had them fill out socio-demographics, Self-Perceived Communication Competence
(SPCC), and Personal Report of Confidence as a Speaker (PRCS) questionnaire. The participants were then
introduced to the presentation setup. The participants were provided with PowerPoint slides and notes for the
presentation. The topic of the presentation was Fermentation.
The presentation room setup is shown in Figure 6 and Figure 7. The presenters had access to a laptop placed on
a podium with the slides open in the Microsoft PowerPoint software. The topic of the presentation was ’The role
of fermentation in the food we eat’, selected to be both of general interest and STEM-related. The slides began
with a general introduction on why we eat food and how the process of respiration converts food into energy.
Fermentation was then defined and introduced as a type of anaerobic respiration. The slides then presented
common fermentation products available in the market and how they are produced from various bacteria and
yeasts. Finally, the slides included information about the benefits and cautions of eating fermented food. All
presenters were somewhat familiar with the presentation topic due to learning the process of respiration in
high-school science classes as well as general acquaintance with fermented food products. The presenters were
provided with a clicker remote for advancing the slides. The slides were shown on a large screen TV in front of
four audience members. The presenters were shown the slides and the notes and were asked to encourage active
audience participation during the presentation. This was reinforced by having questions for the audience on four
slides in the 20-slide presentation. The participants then had 20 minutes to learn the slides and prepare.
After preparation, the presenters in the Overlay and Peripheral conditions were introduced to the HoloLens
AR device and how to use it. They went through a demo interaction where a research assistant acted as an
audience and demonstrated each component of the feedback system. The Control condition did not include this
introduction. After the demo, the presenters had 10 minutes to rehearse their presentation. During the rehearsal,
the participants in the Overlay and Peripheral conditions were encouraged to use the HoloLens to get used to
it. After the rehearsal, the presenters filled out the State-Trait Inventory for Cognitive and Somatic Anxiety
(STICSA) questionnaire and prepared to present in front of the audience.
Prior to heading to the presentation room for the main presentation, the audience participants filled out the
consent, socio-demographics, and SPCC questionnaire. The audience participants in the two AR conditions were
introduced to the feedback system on the tablets. The AR audience participants were guided through a demo by
a research assistant to get familiar with the components of the feedback system. When the presenter was ready,
the audience participants were asked to enter the presentation room.
Due to logistical and scheduling constraints, each session had a maximum of three recruited participants: one
presenter and two audience members. Therefore, each presenter participant had at least one (if one audience
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participant canceled) and at most two audience participants watching and rating them. Additional research
assistants acting as audience members were present during the presentation to ensure the audience always
consisted of exactly four people for each session. The presenter was informed that all the audience members are
participants and received real-time feedback from all four audience members. The confederate research assistants
only provided real-time feedback to the presenters and did not fill out any study questionnaires. The presenter
was given 10 minutes to give their presentation. The presentation was recorded using a video camera at the back
of the room.
At the end of the presentation, the audience returned to their separate room and completed the rating questionnaire and semi-structured interview. The presenters filled out the STICSA, PRCS, and rating questionnaires
right after their presentation, and then completed a debriefing interview.

5.4

Quantitative Results

5.4.1 Personal Report of Confidence as a Speaker (PRCS).
The PRCS assessment for measuring speaker confidence was administered to all presenters both pre- and postpresentation. Using a related samples Wilcoxon Signed Rank test on all presenter assessments, the PRCS scores
were significantly higher (Z=2.990, p=0.003) in the post-presentation assessment (pre: 𝜇=17.4, SD=5.14; post:
𝜇=19.2, SD=4.99). Therefore, the presenters on average felt higher confidence as a public speaker as a result of
presenting. Descriptive statistics for the PRCS questionnaire are shown in Figure 10.
An independent samples Kruskal-Wallis-H test was performed on the delta PRCS scores (post minus pre) to
analyze the effects of the test conditions. The mean rank for the Overlay condition was 21.29 (𝜇=2.58, SD=4.7),
14.58 for the Peripheral condition (𝜇=0.33, SD=3.05), and 20.96 for the Control condition (𝜇=2.54, SD=2.9). The
analysis did not find any significant difference in the delta PRCS score (H(2)=3.026, p=0.22) among the three
conditions. From these results, there was no negative impact on speaker confidence due to wearing the HoloLens
while delivering a presentation to an audience.

Fig. 10. Mean PRCS scores (left) and STICSA scores (right) pre- and post-presentation. Error bars represent standard deviation.
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5.4.2 State-Trait Inventory for Cognitive and Somatic Anxiety (STICSA).
The STICSA questionnaire was used to assess presenters’ state anxiety before and after the presentation. Results
from a related samples Wilcoxon Signed Rank test showed an overall reduction in state anxiety among the
presenters post-presentation (𝜇=26.9, SD=6.03) as compared to pre-presentation (𝜇=30.5, SD=8.57), Z=-3.369,
p<0.001. Descriptive statistics for the STICSA questionnaire are shown in Figure 10.
An independent samples Kruskal-Wallis-H test was performed on the delta STICSA scores (post minus pre) to
analyze the effects of the test conditions. The mean rank for the Overlay condition was 21.62 (𝜇=-1.92, SD=3.86),
21.46 for the Peripheral condition (𝜇=-1.83, SD=4.13), and 13.71 for the Control condition (𝜇=-1.08, SD=7.49). The
analysis did not find any significant difference in the delta PRCS score (H(2)=4.284, p=0.117) among the three
conditions. From these results, there was no negative impact on anxiety reduction due to wearing the HoloLens
while delivering a presentation to an audience.
5.4.3 Subjective rating of the AR feedback system.
Table 1 shows the results of the participants’ ratings of the AR feedback system. Overall, the presenter participants
reported high ratings across both conditions for most measures. Results of Mann-Whitney U tests with Bonferroni
correction for multiple tests showed that there were significant differences between the Overlay and Peripheral
feedback conditions in system reliability (U=43, p=0.05, Z=-1.99, r=0.45), helpfulness (U=41, p=0.04, Z=-2.08,
r=0.47), and likeliness to use the system in the future (U=44, p=0.05, Z=-1.93, r=0.44), all in favor of the Overlay
feedback condition. There were no significant differences between the two conditions for other measures.
Table 1. Subjective ratings by the presenters of the AR feedback system within the two conditions, Mean (SD) and p-value of
the Mann-Whitney U tests. * indicates significant p-values.

Rating of the AR Presentation System
(Scale measures from 1-7)

Overlay

Peripheral

p

How easy was it to use the presentation support system? (1-Very difficult, 5.77 (1.691)
7-Very easy)

5.50 (1.243)

0.306

How reliable was the presentation support system? (1-Not at all, 7-Very 6.08 (1.498)
much)

5.00 (1.595)

0.05*

How much do you feel the presentation system helped you? (1-Not at all, 6.08 (1.256)
7-Very much)

4.75 (1.765)

0.038*

How distracting was the presentation support system? (1-Very distracting, 5.62 (2.022)
7-Not at all)

4.83 (2.125)

0.344

How satisfied are you with the presentation support system? (1-Not at all, 5.62 (1.805)
7-Very satisfied)

5.00 (1.348)

0.267

How much would you like to give future presentations with the system? 6.15 (1.405)
(1-Not at all, 7-Very much)

5.00 (1.537)

0.05*

With the presentation support system, it was easy to see the feedback from
the audience (Disagree - Agree)

6.46 (1.198)

5.67 (1.923)

0.19

With the presentation support system, it was easy to respond to the audience 6.38 (1.193)
feedback (Disagree - Agree)

5.58 (1.505)

0.088

Table 2 shows the results of the audience rating of the presenter and the presentation. Overall, the audience
participants reported high ratings across all three conditions for most measures. A Kruskal-Wallis-H test showed
significant differences between the three conditions for the question of “How well did the presenter remember
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your name?” (H(2)=7.47, p=0.024). Dunn’s pairwise tests with Bonferroni correction were carried out for the
three pairs of groups for post-hoc analysis. The audience reported that the presenter remembered their name
significantly higher in the Overlay condition as compared to the Peripheral condition (p=0.047) as well as
compared to the Control condition (p=0.022). Having the audience participants’ names visible right above their
heads resulted in the presenters calling the audience by name more often. For the other questions, however,
results from independent samples tests did not show any significant difference between the three conditions.
5.4.4 Objective measure of active participation.
We analyzed the presentation videos of the participants to objectively assess active participation during the
presentation. For this purpose, two raters from the researcher’s group counted the number of times the presenter
addressed the audience members by name. To assess the reliability of the ratings from the two raters, inter-rater
reliability was calculated using a two-way mixed inter-class coefficient (ICC). The resulting ICC was high, ICC =
0.94, indicating excellent inter-rater reliability for the counts. The mean counts are shown in Figure 11.

Fig. 11. The number of times the presenter called upon an audience member by name in each condition. Error bars represent
standard deviation.

An independent samples Kruskal-Wallis-H test was performed on the counts of the times the presenter
addressed the audience by name. The results of the test indicated significant differences between the three
conditions (H(2)=32.03, p<0.001). Dunn’s pairwise tests with Bonferroni correction were carried out for the three
pairs of groups for post-hoc analysis. Results showed that presenters in the Overlay condition (𝜇=2.88, SD=1.727)
called on the audience by name significantly greater number of times than the presenters in the Peripheral
condition (𝜇=0.43, SD=0.787), p=0.004. Further, presenters in the Overlay condition (𝜇=2.88, SD=1.727) called
on the audience by name significantly greater number of times than the presenters in the Control condition
(𝜇=0.05, SD=0.218), p<0.001. Having the audience participants’ names visible right over their heads resulted in
the presenters calling the audience by name significantly more often.

5.5

Qualitative Results

Semi-structured interviews with the presenter and audience participants were transcribed, coded, and analyzed.
Analysis of these transcripts revealed three main themes: connecting with the audience, influencing speaker
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Table 2. Subjective ratings by the audience of the presenter and the presentation within the two conditions, Mean (SD) and
p-value of the Mann-Whitney U tests. * indicates significant p-value.
Rating of the AR Presentation System
(Scale measures from 1-7)

Overlay

Peripheral

Control

p

How satisfied are you with the presenter? (1-Not at all, 7-Very 6.00 (0.961)
much)

5.88 (0.993)

5.81 (0.873) 0.781

How competent was the presenter? (1-Not at all, 7-Very much) 5.86 (1.099)

5.82 (1.131)

5.95 (0.805) 0.998

How engaging was the presenter? (1-Not at all, 7-Very much) 6.29 (1.069)

5.88 (1.269)

5.95 (0.973) 0.473

How nervous was the presenter? (1-Not at all, 7-Very much)

3.29 (1.899)

3.71 (2.144)

3.43 (1.660) 0.898

How well could you understand the presenter? (1-Not at all, 5.86 (1.231)
7-Very well)

6.00 (1.541)

6.19 (0.928) 0.707

How exciting was the presenter? (1-Very boring, 7-Very excit- 5.43 (1.222)
ing)

5.47 (1.231)

4.95 (1.284) 0.266

How entertaining was the presenter? (1-Not at all, 7-Very 4.21 (1.672)
much)

4.76 (1.602)

4.76 (1.136) 0.596

How well did the presenter address your feedback? (1-Not at 5.71 (1.437)
all, 7-Very well)

6.18 (0.951)

5.86 (1.195) 0.649

How well did the presenter address your individual questions 5.71 (2.016)
and concerns? (1-Not at all, 7-Very well)

6.47 (0.943)

5.62 (1.532) 0.110

How much do you trust the presenter? (1-Not at all, 7-Very 5.93 (0.829)
much)

5.88 (0.993)

5.76 (0.889) 0.897

How much of a personal connection do you feel with the
presenter? (1-None, 7-Strong connection)

5.36 (1.393)

4.94 (1.519)

4.38 (1.658) 0.197

How well did the presenter remember your name? (1-Not at
all, 7-Very well)

5.21 (2.778)

3.06 (2.487)

2.71 (1.978) 0.024*

How would you rate the overall quality of the presentation? 6.07 (0.616)
(1-Very poor, 7-Very good)

5.94 (1.249)

5.71 (0.902) 0.291

How much were you engaged by the presentation? (1-Not at 5.86 (1.099)
all, 7-Very much)

5.65 (1.222)

5.71 (1.271) 0.898

How well could you understand the presentation? (1-Not at
all 7-Very well)

6.07 (0.917)

6.35 (0.786)

6.24 (0.889) 0.685

How novel was the presentation? (1-Very routine, 7-Very novel) 4.57 (1.697)

5.18 (1.334)

5.10 (1.136) 0.608

How exciting was the presentation? (1-Very boring, 7-Very 4.79 (1.578)
exciting)

5.24 (1.751)

4.95 (1.431) 0.600

How entertaining was the presentation? (1-Not at all, 7-Very 4.43 (1.505)
much)

5.35 (1.656)

5.14 (1.424) 0.212

How much did the technology help the presentation? (1-Not 5.93 (1.328)
at all, 7-Very much)

6.06 (1.088)

5.86 (1.621) 0.941

How much would you like to see another presentation like
this? (1-Not at all, 7-Very much)

6.14 (1.099)

6.29 (0.920)

5.62 (1.284) 0.195

How much did you learn from the presentation? (1-Nothing, 5.36 (1.499)
7-A lot)

5.76 (1.091)

5.76 (0.889) 0.763
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confidence, and AR as the future of presentations. An additional theme observed was presenters in the Peripheral
condition making a case for the Overlay condition.
5.5.1 Connecting with the audience.
The AR feedback system made the presentation more active and engaged both the presenters and the audience.
“The system helped me to understand what my audience was thinking during the presentation” [Presenter P1]. “I
could tell when she took my advice because I told her to speak louder and she started to speak louder” [Audience
A27].
Being able to call on the audience by name increased the confidence between the audience and the presenters.
“I don’t need to memorize everyone’s name so that way I can concentrate on my presentation and not on what
everyone’s name is” [Presenter P9]. “He can call us directly, so it makes the presentation a little more personal”
[Audience A4]. “I get more attention from the instructor. It’s a good feeling. It makes me want to communicate
more, to convey more during the class” [Audience A5].
The system could be helpful in empowering shy audience members. It gives the audience “an opportunity to
ask questions quietly... just making it approachable and accessible” [Presenter P19]. “It is kind of supportive for
those students who feel shy to raise a question or ask something in the class... the student can get the answer and
won’t feel ashamed to ask any silly question” [Presenter P3]. “[Shy audience] just have to press a button instead
of raising their hand or speaking” [Audience A2].
The lack of eye contact due to the shrouded nature of the HoloLens was an issue. “I think that it’s very
important for the audience to make direct eye contact with the presenter and so I probably thought that it was
more hindering for them to have to see a presenter wearing the headset and not being able to make eye contact”
[Presenter P21]. “What I personally prefer is a direct eye-to-eye contact with my audience, and through this...
HoloLens... it basically makes it very difficult” [Presenter P10]. One audience member felt that the benefits of the
system were worth losing direct eye contact. “When I communicate with someone, I like having eye contact,
which was difficult with this system. But with the support of the information through the feedback I think it is
okay... it made up for the lack of eye contact” [Audience A5].
5.5.2 Influencing speaker confidence.
The feedback system helped boost the confidence of the presenters. “It is very helpful for the presenter to know
how he is doing at that moment of time” [Presenter P6]. “I could see the facial expressions and I could see
the comments that they’re following well throughout my presentation... which is the necessary boost for the
presenter to continue his presentation very well” [Presenter P10]. “Realizing how they like and react to my
presentation gave me self-confidence” [Presenter P12]. “Initially I told him to increase his pace, so he increased it
and that was very beneficial. Then I was impressed so I commented with a smiley. So, he also got like... fresh
energy... so he presented in a better way” [Audience A14].
Being able to provide feedback without interrupting the flow of the presentation was a benefit. “We can get all
the things without getting interrupted” [Presenter P13]. “I can imagine that during the class if I want to remind
my professor like would you speak slower, sometimes I don’t really want to interrupt my professor” [Audience
A4]. “With the real-time feedback system, he is able to get the feedback and the flow is also not broken” [Audience
A19].
Negative feedback could reduce the confidence of the speaker. “If at the beginning I receive a lot of angry or
unhappy faces, I would lose my self-confidence and start to shake, or I could easily break down” [Presenter P12].
“It can really discourage some presenters if the audience keep giving feedback such as being sad” [Audience A25].
“If there’s any way that... I want to see just the positive responses... Suppose at some point during my presentation
I’m feeling very low and I’m not feeling confident... so at that time if I get to see that there are so many people
who are feeling that I’m presenting very nicely then that might boost up my confidence. In the same way, at the
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same time if I see that so many people are giving negative responses so that’ll make my confidence even lower”
[Presenter P9].
5.5.3 AR as the future of presentations.
The presenters felt that the AR feedback system had benefits over regular presentations. “In case of a normal
presentation I might have to ask that person to wait till the end or they will have to write a list of questions for
the end and you also have to remember what part of the presentation they’re talking about” [Presenter P2]. “I
was thinking using a device in the middle of the class would be distracting for them but again they will anyway
do it with a pen and paper so it’s fine” [Presenter P7].
The bulkiness of the HoloLens was a drawback for most presenters but could work out for shorter presentations.
“HoloLens, it’s quite heavy on the head. Assume a scenario where you are giving a lecture or giving a presentation
for an hour it’s pretty difficult to have that on your head for an hour” [Presenter P17]. “It wasn’t [comfortable to
wear], and then I adjusted it some more and then it was fine. Like I didn’t really notice it during the presentation”
[Presenter P15]. “In the beginning it was not [comfortable to wear] but as you get used to it so you will feel very
comfortable and it seems like it is a part of your body after some time” [Presenter P14].
The feedback interface for the presenters would need changes for larger audiences. “If there are a lot of audience
then it will be very confusing and very distracting for the presenter” [Presenter P9]. “Larger audience... I would
just want to know what is the general sentiment of the audience, how much percentage of the audience are
actually liking my speech” [Presenter P2].
Participants suggested adding additional features to the feedback system. “If you could have the notes and
stuff on the screen... the HoloLens... so that I could pay attention to both the notes and the people at the same
time” [Presenter P15]. “More options like don’t be nervous, stay calm, you did a good job, well done, or I am able
to follow” [Audience A13]. “I think you could have added more options that were positive like it is going really
well, or I can hear you now” [Audience A24].
Finally, participants imagined AR as the future of presentations. “So, I am expecting that maybe in the next 5
to 10 years we won’t even have to take a look at the laptop, we can just get all the information in the headgear”
[Presenter P20]. “This is the future of the class or presentations” [Presenter P1].
5.5.4 Suggesting Overlay condition as a better visualization.
Participants in the Peripheral condition felt that the feedback would be more useful and intuitive if displayed
over the heads of the audience, as implemented in the Overlay condition. “If it comes right above your audience,
then it would be pretty much more helpful since you have to look on the other side of the wall it probably might
get distracting” [Presenter P6]. “So, while presenting I was looking at them and then suddenly in between when I
looked there, and I saw that oh there are questions. So, if it was right like you know on top of the person sitting
or something like in front of me behind the audience, I think that would have been easier for me to address”
[Presenter P8]. “It was weird for them that I was looking to the right and not like paying attention to them. So, if
it were over their heads I could just like look and like that would be better” [Presenter P18].

6

JUDGE STUDY (VIDEO RATING)

To further evaluate the quality of presentations given using the two AR interfaces, we had independent judges
compare and rate recordings of the presentations given during the prior study.

6.1

Participants

We recruited 15 participants with varying levels of presentation experience to serve as judges for this study (6
females, 9 males, ages 19 to 28, mean 23).
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Table 3. Subjective ratings by the judges of the presentations within the two conditions, Mean (SD), inter-rater reliability,
and p-value of the Mann-Whitney U tests.

Presentation Rating (Scale measures from 1-7)

Peripheral

ICC

p

How would you rate the overall quality of the presentation? (Very 4.53 (0.834)
poor - Very good)

4.97 (1.242)

0.549

0.372

Did the presenter use too many filler words (such as uh or um)? 4.50 (1.425)
(Too many - No filler words)

4.07 (1.631)

0.682

0.535

4.57 (0.721)

5.07 (1.205)

0.216

0.275

How appropriate were the presenter’s pauses? (Not at all - Very 4.43 (0.982)
appropriate)

4.63 (1.291)

0.474

0.701

How well did the presenter maintain eye contact with the audi- 4.93 (0.843)
ence? (Not at all - Very well)

5.10 (1.564)

0.527

0.77

2.67 (1.054)

4.73 (1.942)

0.858

0.019*

How appropriate were the presenter’s hand gestures during the 3.73 (1.522)
presentation? (Not appropriate - Very appropriate)

5.10 (1.540)

0.834

0.052

How appropriate was the presenter’s body posture? (Not appro- 3.63 (1.444)
priate - Very appropriate)

5.17 (1.372)

0.767

0.019*

How clearly or smoothly did the presenter link ideas and sections 4.30 (0.962)
of the presentation? (Not at all - Very well)

4.93 (1.245)

0.600

0.219

Did the presenter seem awkward? (Too awkward - Not awkward) 4.60 (1.195)

5.17 (1.345)

0.526

0.332

Was the presenter aware of the audience responses and reactions? 4.90 (0.956)
(Not at all - Very much)

5.17 (1.103)

0.422

0.571

How often did the presenter read their notes during delivery? 3.67 (1.176)
(Very often - Not at all)

3.97 (1.543)

0.566

0.631

How well did the presenter direct the audience attention to key 4.43 (0.917)
points or visuals? (Not at all - Very well)

4.93 (1.040)

0.323

0.269

How often did the presenter address the audience by their name? 5.07 (1.359)
(Not at all - Very often)

2.07 (1.215)

0.852

<0.001***

How well did the presenter maintain a good speaking rate? (Not
at all - Very well)

How appropriate was the presenter’s use of stage space? (Not
appropriate - Very appropriate)

6.2

Overlay

Measures

In addition to socio-demographics, the judge participants completed the following questionnaires:
Subjective rating of the presenter and the presentation: Judges’ assessment of the presenter and the presentation
after the end of the talk using a 14-item, 7-point scale questionnaire, as shown in Table 3.
Presentation comparison questionnaire: The judges compared two presentations, one from each condition, and
ranked them based on differences in organization, note reliance, timing and pacing, and overall quality.

6.3

Procedure

After describing the study and obtaining consent from the judge participants, we had them fill out the sociodemographics questionnaire. Judges then watched a randomly chosen presentation video as an example to get
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familiarized with the presentation topic and slides. This example video was not rated by the judges. Judges were
also familiarized with the questionnaires since they would be using the same questionnaire multiple times. The
judges then watched four randomly chosen presentation videos, alternating the conditions to have two videos
from each condition. The judges filled out the subjective rating questionnaire immediately after watching each
video, and the presentation comparison questionnaire after watching the second and the fourth video to be able
to compare one condition versus the other.

6.4

Results

Out of the 25 presentations, recorded videos of 20 presentations (10 in each condition) were included in the pool
of videos to be rated due to technical issues with the remaining 5 videos. Each video was rated by three judges.
To assess the reliability of the ratings from multiple raters, inter-rater reliability was calculated using a one-way
random inter-class coefficient (ICC).
Table 3 shows the results of the judges’ ratings of the presentations. Results of Mann-Whitney U tests with
Bonferroni correction for multiple tests showed that there were significant differences between the Overlay and
Peripheral conditions in presenter’s use of stage space (U=80.5, p=0.02, Z=2.31, r=-0.61) and appropriateness of
body posture (U=80.5, p=0.02, Z=2.32, r=-0.61) in favor of the Peripheral condition. A Mann-Whitney U test also
showed that the presenters in the Overlay condition addressed the audience by name significantly more than the
presenters in the Peripheral condition (U=5.5, p<0.001, Z=-3.38, r=0.89). There were no significant differences
between the two conditions for other measures. Results were not computed for the comparison questionnaire as
the inter-rater reliability was poor.

7

CONCLUSIONS

We developed an augmented reality-assisted presentation system that annotates audience members with their
names and additional information provided by the audience via a tablet or smartphone interface. The design of
the system was based on expert feedback from an exploratory pre-study. The evaluation study demonstrated
that presenters using the 3D spatial overlay AR system call on audience members by name significantly more
frequently compared to a system that provides equivalent information, but not spatially adjacent to audience
members, and as compared to not having any feedback. The audience in the Overlay condition also felt that
the presenter remembered their name significantly more than those in the Peripheral and Control conditions.
Qualitative feedback indicates that this resulted in building a bond of confidence between the presenter and the
audience, and an improved feeling of receiving personal attention by audience members. Presenters also rated
the Overlay system significantly higher on reliability, helpfulness, and their desire to use the system for future
presentations compared to the Peripheral condition. Further, wearing a large head-mounted AR display while
delivering a presentation to an audience did not negatively impact speaker confidence and state anxiety.
In an independent rating of the presentation videos of the AR conditions, judges found that presenters addressed
the audience by name significantly more often in the Overlay condition than in the Peripheral condition, consistent
with the findings of the evaluation study. However, the use of stage space and body postures were rated as
more appropriate by the judges for the Peripheral condition as opposed to the Overlay condition. Possibly the
presenters were more mobile when switching their attention between the audience in the front and the feedback
display on the side of the room, as compared to the Overlay condition where all the feedback information was
available in the line-of-sight of the presenter above the audience members.
The current study involved a controlled presentation environment with one presenter and four audience
members to determine the efficacy of the technology under ideal conditions. With four members in the audience,
the feedback in the Overlay condition was easily displayed on top of each member’s head. However, the AR
feedback display would need to be adapted for larger audiences. There are several possible ways of doing this. As
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the number of audience members increases, feedback could be spaced out further within the presentation room
with guiding lines connecting the feedback blocks to the audience members they belong to. Contrasting colors
could also be used to distinguish between adjacent feedback blocks. The size and opacity of the feedback could
dynamically change according to the view direction of the presenter so that the feedback in the line of sight
of the presenter is more prominently visible than the rest. Another helpful strategy would be to automatically
fade and hide feedback that is already viewed and addressed by the presenter and redisplayed when there is
new or changed feedback. Aggregated feedback could also be used for large audiences, with feedback grouped
into sections, showing aggregated affective states, speaking volume feedback from the farthest sections, and
a limited list of aggregated questions and comments. A minimalistic overlay using colors and indicator icons
would provide feedback at a glance. Presenters would also benefit from manual controls for moving, showing,
and hiding feedback, and toggling between detailed and summarized feedback views to avoid being overwhelmed
with information from many audience members.
Our evaluation study had a few other important limitations beyond the small convenience sample used. The
controlled environment, with the audience, speaking context, and presentation content artificially-constructed
for the study, detracts from the ecological validity of the results: the true utility of this innovation must be
evaluated in real speaking situations with real audiences across a wide range of presentation topics and settings.
Longitudinal use of the head-mounted display may improve (or worsen) the effects observed. The Microsoft
HoloLens is a large, unwieldy, and unsightly helmet that likely detracts from audience perceptions of the speaker.
Although we attempted to remove the effects of this from our study by using the same device in both the Overlay
and Peripheral study conditions, results may be different with an AR display that is more attractive or invisible
to the audience.

8

FUTURE WORK

There are several tantalizing directions for future research we intend to pursue. Less bulky and more attractive
AR headsets are now becoming available, such as the Magic Leap AR display [19], that may enable us to test the
concept in real presentation settings. The specific set of audience annotations provided could be varied, especially
for different speaking contexts (e.g., an audience member’s net worth for a sales pitch, or a participant’s current
bid at an auction), and ultimately tailorable by the speaker. Some speakers mentioned that they would not like to
see negative feedback during the presentation, so giving speakers the ability to filter certain kinds of feedback
may be important. The use of the system in situations in which calling on audience members by name is not the
norm or is not usually practical could be explored, such as lectures to large audiences or political rallies.
There are several user interface design issues that could be further explored. For example, the current system
displays user feedback persistently until the audience changes it; it may be better to display feedback temporarily
then automatically remove it after a period of time. Audience members may also benefit from seeing exactly
what the presenter sees of their current annotations. Entirely new visualization techniques for annotating very
large audiences with information should also be explored, such as providing aggregate statistical information
(e.g., percent of the audience happy, percent of the audience with questions) displayed using data visualizations
or color-coded holographic overlays on audience members.
A more thorough investigation of the impact of the AR headsets and the information provided on audience
perceptions of the speaker and their information should be conducted, as well as an investigation of how the
use of handheld devices by audience members interrupts their attention, understanding, and perception of a
presentation.
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