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Fig. 1. A presenter uses VisConductor to deliver an augmented video presentation about life expectancy and
income around the world. VisConductor provides a local presenter view (left) as well as a remote audience view
(right); the former is equipped with additional widgets to ensure precise gestural control of the overlaid visual
aid (in this example, an animated scatterplot). (A): A Gesture Widget outlines the boundary within which
the presenter’s hand gesture should be placed to trigger an animation. (B): Upon detecting the presenter’s
gesture, feedback in the form of a progressively expanding green circle appears, indicating the duration for
which the gesture should be maintained for accurate detection.

Augmented video presentation tools provide a natural way for presenters to interact with their content,
resulting in engaging experiences for remote audiences, such as when a presenter uses hand gestures to
manipulate and direct attention to visual aids overlaid on their webcam feed. However, authoring and
customizing these presentations can be challenging, particularly when presenting dynamic data visualization
(i.e., animated charts). To this end, we introduce VisConductor, an authoring and presentation tool that equips
presenters with the ability to configure gestures that control affect-varying visualization animation, foreshadow
visualization transitions, direct attention to notable data points, and animate the disclosure of annotations.
These gestures are integrated into configurable widgets, allowing presenters to trigger content transformations
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by executing gestures within widget boundaries, with feedback visible only to them. Altogether, our palette
of widgets provides a level of flexibility appropriate for improvisational presentations and ad-hoc content
transformations, such as when responding to audience engagement. To evaluate VisConductor, we conducted
two studies focusing on presenters (# = 11) and audience members (# = 11). Our findings indicate that
our approach taken with VisConductor can facilitate interactive and engaging remote presentations with
dynamic visual aids. Reflecting on our findings, we also offer insights to inform the future of augmented video
presentation tools.

CCS Concepts: « Human-centered computing ¥ Visualization systems and tools; Gestural input; Mixed
/ augmented reality.
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1 INTRODUCTION

The recent surge in remote work and education has triggered an evolution of presentation tools
that enhance synchronous communication with audiences at a distance [7, 62], tools that convey
information and accompanying visual aids in an engaging manner. Virtual camera applications
(e.g., mmhmm [2], OBS [40]), teleconference applications (e.g., WebEx [16]), and operating systems
(e.g., macOS’s Presenter Overlay [6]) are now enabling speakers to easily composite their webcam
video with their visual aids. This development means that remote audiences no longer need to
divide their attention between the video of a presenter and their screen-shared visual aids. While
screen-sharing visual aids and controlling them via mouse-based interaction will continue to
remain common in informal teleconference meetings between colleagues, more formal types of
presentations such as business pitches, class lectures, and conference talks are increasingly delivered
online. It is in these contexts where communication is more effective when the audience can see
the presenter and their non-verbal body language [30, 58, 63]. In this paper, we build upon recent
work in augmented video presentation that goes beyond visual compositing, in which a presenter’s
hand gestures are used to manipulate and direct attention to overlaid visual aids [25, 37, 46]. The
promise of gesture-aware augmented video presentation rests in the observation that gestures can
be simultaneously operational and expressive: providing functional control of an interface while
remaining an essential channel for non-verbal communication [58, 63]. Ultimately, gestures enrich
one’s communicative repertoire, allowing for a more holistic and nuanced exchange of ideas and
affects, and whether used intentionally or spontaneously, they add depth and dimension to remote
communication.

Presentations about data are common in organizational and educational contexts, with data
visualization being a common form of visual aid for information delivery [19, 44]. However, au-
thoring and delivering gesture-aware augmented video presentations about data during a live
teleconference call is challenging [25], particularly if the content is dynamic (i.e., animated charts).
It is essential to recognize the power of animation when storytelling with data [15], particularly as
animating charts in a presentation can be critical for retaining audience attention and eliciting a
range of affective responses [34]. However, animating a chart could involve one or more distinct
types of transformation: scrubbing to control temporal playback, disclosing annotations, selecting
or highlighting elements, or borrowing cinematic techniques such as foreshadowing to build antici-
pation [36]. In conventional slide-based presentation tools, presenters use peripheral input devices
(e.g., a clicker, a mouse) to trigger predefined animated transitions or motion effects. Relying on a
planned series of animation triggers limits the dynamism and spontaneity of a presentation, and
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in the context of data visualization, this approach precludes satisfying ad-hoc interactions with a
chart, such as in response to audience questions about aspects of the data. Returning to the prospect
of controlling animated charts with gestures, we face the question of how these gestures would be
specified, as well as how they would affect the audience experience.

In light of these challenges, we introduce VisConductor, a tool that allows presenters to author and
perform augmented live video presentations featuring dynamic visualization controlled via hand
gestures (Figure 1). VisConductor allows for the specification of various animated transformations
to charts via a modular widget-based design, with widgets that simplify the authoring process
and provide visual cues to presenters during presentation delivery. We deliberately restricted the
gestural vocabulary associated with these widgets, so as to strike a balance between operational
control and communicative expressiveness.

To evaluate VisConductor, we conducted two studies focusing on presenters (# = 11) and
audience members (# = 11), respectively. In the presenter study, we asked participants to prepare
a presentation using VisConductor and were given a dataset and story along with a sequence of
speaking points, however, we allowed them the freedom to specify gestural widgets that would
best serve them in delivering points of the story. In the audience study, we asked participants to
watch a remote presentation given by one of the researchers. Our results suggest that VisConductor
provides an effective authoring and presenting experience for presenters as well as an engaging
experience for audience members. To summarize, our contributions include:

The design and development of VisConductor, a tool for authoring and delivering live augmented

video presentations featuring dynamic data visualization, which entails controlling animation

playback, revealing annotations, and foreshadowing visual changes, all activated by gestures
that are simultaneously operational and communicative.

Empirical findings from two user studies evaluating VisConductor, considering the perspectives

of presenters and audiences, respectively, which could inform the future design of augmented

video presentation tools that allow presenters to speak about data to remote audiences during
live teleconference calls.

2 BACKGROUND & RELATED WORK

Our research builds on an understanding of gestural communication as well as the use of gestural
interaction and data visualization in presentation contexts.

2.1 The Communicative Use of Gestures

Gestures are a multifaceted tool in communication, often conveying subtleties and nuances that
spoken words cannot capture [22]. They act as visual complements, sharpening the message’s
clarity and making it more accessible and memorable for the audience. This visual support not only
heightens audience engagement but also fosters better retention of the information shared. For
instance, Zeng et al. [63] documented the importance of gestures across diverse communication
settings, from public speaking to daily interpersonal interaction. Their findings, along with those
of Kang et al. [30] suggest that the likelihood of effective communication is greater when the
gestures used to synchronize and resonate with the spoken content. While this synchronization
often emerges naturally as a spontaneous reaction to a spoken narrative, speakers may also use
gestures as a conscious strategy to emphasize and persuade. Finally, being particularly relevant to
our focus on speaking about data, Tieu et al. [58] documented the amplifying effect of gestures
when a speaker is presenting complex or abstract ideas.

According to taxonomies of communicative gestures [14, 31], deictic gestures such as pointing
direct attention, while iconic gestures visually represent specific ideas or objects and metaphoric
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gestures symbolize abstract concepts. Based on an analysis of 5,500 mid-air hand gestures, simi-
larly, Aigner et al. classi ed gestures as follows: pointing, semaphoric, pantomimic, iconic, and
manipulation [1]. In the context of presentations, Carstens et dl4[ noted that a presenter's
one-handed gestures are often deictic (e.g. pointing), while two-handed gestures tend to be iconic
or metaphoric. In our work, we primarily respond to a presenter's deictic gestures, though we
also respond to a metaphorical gesture for the passage of time-based on the motion of an analog
clock. We additionally build upon the realization that gestures can be simultaneously deictic and
manipulative [25].

2.2 Gesture-Controlled Presentation Interfaces

Presenters frequently employ communicative gestures when speaking, however in conventional
presentation settings in which a presenter and their audience are co-located, these gestures are
often performed at a distance from the presenter's visual aids, particularly when using a projected
display, resulting in potentially ambiguous deictic referenc@d][ This separation is greater in
most online presentations, in which a video of the presenter and a screen-shared video feed of their
visual aids are shown in separate windows or panels. Additionally, it is typical for presenters to
position themselves such that their camera only captures them from the shoulders upwards, so any
communicative gestures they make during their presentation go largely unseen by their audience.
Hauber et al. P highlighted the importance of spatiality and social presence in videoconferencing
by comparing 2D and 3D interfaces. Moreover, research on remote collaboration software indicates
that superimposing a live video of users onto their shared content can signi cantly enhance
collaboration P4, 33 64]. Part of this e ectiveness can be attributed to the preservation of eye
contact in addition to the visibility of gestures, which closely mimics face-to-face interact@. [
Overall, this research helps to explain the growing popularity of augmented videoconferencing
applications in which visual aids are composited with a presenter's video.

In this work, we additionally distinguish between communicative aoderationafjestures in the
context of delivering a presentation, with the latter representing those deliberately designed for
controlling a presentation interface. Cao et alq found that hand gestures were favored relative
to a laser pointer for controlling a presentation interface. However, Fourney et found that
when granted hand gesture control of presentation materials, the range of interaction was often
limited to slide navigation; people seldom used gestures to interact with slide content, and gestural
interaction events were prone to unintentional triggering. As re ected upon by Hall et @] this
unintentional triggering could be a sign of interference between operational and communicative
gestures. Presenters also struggle when a system fails to provide obvious feedback in response
to the gestures being performed]| and this is particularly pronounced when any operational
gestures are separated in physical space from the visual aids they are intended to control.

Developments in real-time computer vision technologies such as Kingdt PpenPoseld, and
MediaPipe §9 have recently yielded a collection of gesture-aware augmented video presentation
tools that grant presenters functional control over visual aids composited over their video f2&d [

37, 38 44. Collectively, these tools demonstrate the potential of using gestural control that is
spatially aligned with visual aids, thereby also serving a communicative purpose in that the
audience's attention is no longer divided between a speaker and their content. However, even with
these augmented video presentation tools, presenters still struggle to remember which gestures to
perform at di erent points in a presentation, or to anticipate the e ects that gestures will have
on their visual aids £§. VisConductor aims to address these challenges with gesture-controlled
presentation tools with an authoring interface comprised of moduaesture Widgetslong with

visual feedback provided to the presenter as they execute these gestures at performance time.
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2.3 Data Visualization in Presentation Contexts

Visualization is instrumental in translating data observations into impactful narrativeg B2, 47,
50], with considerations that go beyond mere choices of representation (i.e., visual encoding).

The rst major consideration relevant to our work is the strategic use of animation for enhanc-
ing audience engagement and comprehensidf.[While animated visualization can e ectively
demonstrate changes over time or evolving patterns, it can also contribute to the a ective aspect of
a narrative about datad, 34. This emotional connection is particularly vital in presentations, as
it can promote audience engagement and information retentiéfi] To this end, Lan et al.34]
identi ed the role of animation speed and easing functions on the a ective impact of dynamic visu-
alization. Similarly, Li et al. 3§ demonstrated ways to employ visual foreshadowing in anticipation
of animating a chart as a way to direct audience attention and keep them engaged.

While animation control can be realized using many data visualization libraries and tools, special-
ized packages such as gganimate fordg] [or interactive applications such as Data Animatds 7],
DataClips {], and Roslingi er [5]] surface convenient animation speci cation a ordances. While
we draw inspiration from the options that these specialized tools provide, their resulting speci -
cations de ne automatic animation or playback triggered by conventional mouse and keyboard
input, whereas we connect animation playback to real-time gestural input.

Another consideration is the where and how to employ highlighting and annotation, so as to
direct the audience to the most crucial aspects of the d&t4.[Annotations can assume many
forms and be applied to various visual entitie$7, from axes and coordinate spaces to data marks;
they can directly re ect values in the form of mark stroke or Il highlights, mark labels and trend
lines [55], or they might serve to provide additional context not captured in the underlying data.

2.4 Visualization in Augmented Video Presentations

In 2010, the late public health expert Hans Rosling produced a short documentary with the BBC
entitled 200 Countries, 200 Years, 4 Minufék In this video, Rosling stands in an empty room,
appearing in the middle of the frame. Gradually, an animated scatterplot depicting the dynamics
of public health metrics over time is composited in the foreground, seemingly controlled by his
gesticulations. The video compositing and animation were both added in post-production, though
the Iming did require very deliberate choreography on Rosling's part, so as to appear as though
he was interacting with a gesture-aware interface. In doing so, Rosling motivated a line of work
combining visualization in real-time gesture-aware augmented reality video, including this paper.

Hall et al. [29 recently demonstrated the detection of gestures to highlight values in composited
bar, line, area, and pie charts. However, that work stopped short of using gestures for chart animation,
such as showing how values change over time. To this end, VisConductor provides the means to
specify the gestural control of dynamic representations of data, namely animated scatterplots and
bar charts. These types of dynamic visualization di er from the alternating state-based animation
of diagrams appearing in a demonstration of Saquib et al.'s gesture-controlled video performance
system [46]; in contrast, our animations re ect values bound to a continuous time-series.

Beyond gestural control for animating time-oriented data visualization, VisConductor also
provides a graphical authoring interface for specifying these gestures, incorporating familiar
a ordances from tools for web-based data storytelling (e.g,,47 51)), including those for commu-
nicating intended a ects B4. However, unlike these prior tools, VisConductor's output medium is
augmented video, with animation triggered by gestural input rather than by clicks or timers.
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Fig. 2. Frames from early low-fidelity video prototypes of animated charts composited over a presenter
gesticulating.

3 DESIGN CONSIDERATIONS

Our review of prior work yielded three design considerations. To validate and re ne these consid-
erations, we conducted two semi-structured interviews with a professional public speaking coach
who has personally trained thousands of individuals over the course of their cafgeAfditionally,

we solicited informal feedback via unstructured interviews with two university professors and
two graduate students, with each having experience giving technical presentations to remote
audiences via videoconferencing applications. In each case, we sought feedback on our design
exploration with respect to the use of gestures to control dynamic visualization in augmented video
presentations. Speci cally, we solicited responses to low- delity video prototype demonstrations
shown in Figure 2, inspired by the prior work summarized in Section 2.3. We produced chart
animations in Adobe After E ects29 and used OBS Studiel{] to composite them over a video

of a presenter gesticulating, so as to simulate the interactive gestural control of chart animations.

D1: Recognize a small set of expressive and operational gestures. In response to early
prototype demonstrations, the speaking coach rea rmed the need to maintain a primary focal
point of visual attention for the audience and to minimize the cognitive demand of remembering a
large gestural vocabulary, echoing the ndings of prior work Y, 63. In other words, we require

a set of gestures that are both easy to remember and easy to coordinate with speech. Moreover,
the speaking coach urged us to consider gestures that would not distract the audience; rather they
should reinforce deictic references and points of emphasis in the presenter's oration, striking a
balance between being expressive and operatio8§].[These low- delity demonstrations therefore
allowed us to identify and discard candidate gestures that were purely operational, as these were
deemed most likely to distract audiences.
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