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Abstract

To enhance presentations involving data in remote settings, we introduce VisConductor,
an authoring and presentation tool that allows presenters to manipulate data visualizations
overlaid on their webcam feed with hand gestures. Contrasting traditional platforms like
PowerPoint, which distance presenters from their content, VisConductor fosters a more
interactive and engaging experience. VisConductor equips presenters with the ability to
configure gestures for control over expressive visualization animations, foreshadow visu-
alization transitions, animate the disclosure of annotations, and accentuate data points
during remote presentations. These gestures are integrated into configurable widgets, al-
lowing presenters to command content by executing gestures within widget boundaries.
Gesture widgets also offer real-time hand pose feedback during live presentations. To eval-
uate VisConductor, we conducted two user studies focusing on presenters (N = 11) and
audience members (N = 11). Feedback highlighted the capabilities of VisConductor to
facilitate interactivity and engagement in remote data visualization presentations, offering
valuable insights into the future development of gesture-based presentation tools.

v



Acknowledgements

First and foremost, I wish to express my profound gratitude to Dr. Jian Zhao, my es-
teemed supervisor at the University of Waterloo. His unwavering support and mentorship
throughout my graduate journey have been invaluable. Dr. Zhao’s timely and insightful
suggestions, coupled with his expert guidance on courses and research topics, have been
instrumental in the realization of this thesis. What I particularly cherish is the balance he
struck, granting me the freedom to delve into areas of my own interest while steering me
with his seasoned perspective.

Equally deserving of special recognition is Matthew Brehmer, whose extensive discus-
sions, invaluable insights, and deep experience in my research domain have been a beacon
of light. Alongside Dr. Zhao, Matthew’s commitment was exemplified in our weekly meet-
ings, where our brainstorming sessions played a pivotal role in molding this thesis to its
present form.

I would be remiss if I did not extend my heartfelt appreciation to my lab colleagues.
Their collective wisdom, constructive critiques, and suggestions have significantly enriched
this work. Beyond the academic contributions, their active participation in various stud-
ies added vibrancy to my graduate school experience, making it as fulfilling as it was
educational.

Furthermore, I'd like to convey my sincerest appreciation to the University of Water-
loo. Its esteemed faculty, state-of-the-art facilities, and the conducive academic environ-
ment have been indispensable in shaping my academic pursuits. The lessons learned and
experiences gained here will forever remain etched in my memory.

In closing, this thesis, is truly a testament to the collective efforts and encouragement
of these remarkable individuals and institutions. Their influence, both direct and indirect,
has indelibly marked every page, and for that, I am eternally grateful.



Table of Contents

Author's Declaration ii

Statement of Contributions iii

Abstract Y
Acknowledgements v
List of Figures viii
List of Tables Xi
1 Introduction 1
2 Related Work 4
2.1 Fostering Engagement with Data Visualizations . . . . .. ... ... ... 4
2.2 Communicative Use of Gestures . . . . . .. . . . . ... ..., 5

2.3 Gesture Controlled Presentation Interfaces . . . . . . . . . . . ... ....

3 Designing VisConductor 9
3.1 Design Considerations . . . . . . . . . . 9
3.2 Usage Scenario . . . . . . . v i e e e e 11

Vi



4 VisConductor System

41 Hand Gestures . .. ... .. ... .. ...
4.2 Aect Varying Gestural Control . . . ... ... ......
4.3 Authoring Widgets . . . . . . . ... ... .. ... ...

4.4 Presentation Delivery Experience . . .. .. .. .. ...

4.5 Implementation Details . . . . .. ... ... .......

5 Evaluation

51 PresenterStudy . . .. .. .................
5.2 Audience Study . . .. ... ... L oo

5.3 Observations and Participants' Re ections

531 Utility . ... ... ...
532 Eectiveness. . . . ... ... ... L
5.3.3 Customizability and Usability . . . ... .. ...
534 Challenges . . ... ... ... ... ......
5.4 Audience Engagement . . ... . ... ... ... ...

6 Discussion

7 Limitations and Future Work

8 Conclusion

References

vii

34

35



List of Figures

1.1 A presenter is using VisConductor to perform a remote live presentation
with their audience regarding world life expectancy and income. The left
shows the presenter view whereas the thumbnail on the right shows what the
audience sees. While the audience sees the primary content, the presenter is
aided with additional widgets to ensure precise gesture contro{A) Ges-
ture Guide Widget: A delineated rectangle outlines the speci ¢ boundary
within which the presenter's hand gesture should be executedB) Ges-
ture Recognition Feedback:  Upon detecting the presenter's hand pose, a
progressively expanding green circle emerges, functioning as a visual timer.
This informs the presenter of the duration for which the pose should be
maintained for accurate detection. . . ... ... .. ... ... ... ... 3

2.1 User Interface of VisConductor{A) Presentation Window: Central dis-
play area showcasing the presenter's webcam feed with integrated widgets
such as gesture guides, annotations, and chart§B) Timeline Slider:
Allows for previewing speci ¢ moments on the visualization timeline(C)
Stories Tab: Lists the distinct segments of the presentation.(D) Wid-
get Settings Tab: Area for customizing the currently selected widget(E)
Widget List:  Organized list of available widgets layered within the presen-
ters feed. (F) Chart Widgets:  Tools for visual data representation.(G)
Annotation Widgets: Instruments for explanatory notes or highlights.
(H) Gesture Widgets:  Modules for gesture recognition and feedback. . 8

viii



3.1 Presenter view within VisConductor featuring various interactive elements:
(A) Open Hand: Reveals the title through a text annotation within the
Presentation Window. (B) Pistol:  Highlights speci ¢ countries within the
data visualization. (C) Rectangle Framing:  Activates the foreshadowing
of future states of chart elements. (D) Dialling: Initiates playback by
tracking the stroke-based motion. . . . .. .. ... ... ... .. ... 11

3.2 Overview of widgets in VisConductor.(Al) General Gesture Widget
Settings: Allows presenters to set duration for poses, specify dominant
hand, label widgets, and de ne gesture operation mode. This mode choice
determines the subsequent forms shown #2-A5 . (A2) Selection Set-
tings: Appears when mode is set for highlighting. Con gures chart entities
to be highlighted. (A3) Foreshadowing Settings:  Shown when gestures
are set to foreshadow animations. Enables selection of entities to foreshadow
and the mode of foreshadowing(A4) Playback Settings:  Con gures an-
imation aspects like duration, SVG morphs, and easing for playback and as-
signing them to an a ect. (A5) Annotation Settings: Allows presenters
to set the revealed annotation upon gesture executionB) Annotation
Widget Settings:  Fine-tunes annotations in terms of color, opacity, reveal
duration, and reveal easing.(C1) Chart Widget Settings: Provides a
eld for JSON data input and o ers con guration for visualization. (C2)
Chart Widget Preferences:  Adjusts keyframes, item opacities, and fore-
shadowing graphics for animations. . . . . .. .. ... ... ... ..... 13

4.1 Supported hand gestures in VisConductor: (A) Pistol, (B) Open Hand, (C)
Rectangle Framing, (D) Range Framing, and (E) Dialling. . . ... .. .. 15

4.2 Foreshadowing techniques for the two chart types in VisConductor(A)
Scatter Plots - Point Foreshadowing: Depicts initial and nal position
of the entity. (B) Scatter Plots - Trajectory Foreshadowing: lllus-
trates the entity's path towards its future state. (C) Bar Chart Race -
Point Foreshadowing:  Highlights the future position of the entity/bar.

(D) Bar Chart Race - Trajectory Foreshadowing: Utilizes a bump
chart to trace the bar's positions, showcasing its movement, e.g., Peru's
ascent from 6th to 5th place over threedays. . . . . . .. ... ... .... 17



5.1 Distribution of responses on the engagement questionnaire of the audience
study, where 1 = \strongly disagree" and 5 = \strongly agree". The red
dashed line indicates the median and the shaded region denotes the in-
terquartile range (IQR). . . . . . . . . . . 27



List of Tables

4.1 Overview of gesture types and characteristics in VisConductor

Xi



Chapter 1

Introduction

The surge in remote work and education necessitates the development of presentation
tools that enhance remote communication, allowing speakers to convey information in an
engaging and interactive manner [8, 74]. In this thesis, we build on recent work considering
the power of hand gestures that accompany speech to enhance remote presentations, since
hand gestures remain a fundamental aspect of non-verbal communication [71, 76]. They
enrich our communicative repertoire, allowing for a more holistic and nuanced exchange
of ideas and emotions. Whether used intentionally or spontaneously, they add depth and
dimension to our conversations.

During remote presentations, the audience often faces the dilemma of dividing their
attention between the presenter and the visual aids. This division can hinder the cohe-
sive ow of communication and understanding, as attendees oscillate between focusing
on the speaker's discourse and the provided slides. Integrating visual aids directly into
a presenter's video feed, can seamlessly combine the presenter and the content, allowing
presenters to better focus the attention of their audience using their gestures thereby en-
hancing the presentation experience [29]. In particular, presentations about data, bene t
from the use of visualizations as they are an in uential and engaging medium for infor-
mation delivery [54, 22]. During these presentations, presenters are frequently con ned by
the primary interaction mechanismj|using various peripherals to click and trigger prede-
ned actions such as animated transitions or motion e ects. Such click-based interactions,
though functional, can sometimes limit the dynamism and interactivity that visualizations
can potentially o er. This limitation is even more pronounced in remote settings as ex-
isting tools operate on click-based interactions, devoid of features that leverage natural
hand gestures for both interaction and communication. Causing a disconnect between the
speaker and their content.



In addition to considering the bene ts of overlaying visual aids in enhancing remote pre-
sentations, it is essential to recognize the power of animation in visual storytelling. When
showing visualizations, using animations is one key strategy to heighten a presentation by
eliciting a ective responses and retaining audience attention [37]. Situated in animated
visualizations, presenters manipulate the playback, manage the animated display of di er-
ent kinds of annotations, select/highlight elements, and even borrow cinematic techniques
such as foreshadowing, which can greatly elevate the e ectiveness and engagement of their
presentations. Yet, presenters planning to explain data using animations are con ned to
using peripherals to control visualizations. This con nement to peripherals removes the
invaluable communicative utility of gestures, especially in remote settings, creating a pal-
pable disconnect. While software like mmhmm [68], Zoom [20], WebEx [66], and Apple's
presenter overlay [31] allow for the visual compositing of presenter video and visual aid,
presenters cannot manipulate visual aids without programming expertise.

In light of these challenges, we introduc&/isConductor, an augmented presentation
authoring tool that allows presenters to control visualization animations via hand gestures
(Figure 1.1). VisConductor aims to streamline the authoring process of presentations over-
laying visual aids on the video feed, while amplifying their interactivity and engagement
with gesture control. Presenters can advance the temporal state of a visualization, trig-
ger the animated display of annotations, and foreshadow the future state of visualizations.
These can be achieved with gesture widgets, which not only provide visual cues during pre-
sentation delivery, but also simplify the authoring process, this being a limitation of prior
research. The gestures incorporated into VisConductor are deliberately chosen, encompass-
ing a balance of deictic and iconic gestures, which are foundational in presentations [59].
To evaluate VisConductor, we conducted two user studies focusing on presentéds< 11)
and audience membersN = 11), respectively. In the presenter study, participants were
asked to prepare a presentation with VisConductor using a pre-de ned script, story, and
dataset, whereas in the audience study, participants were asked to experience a live remote
presentation given by the researchers. The results suggest that VisConductor provides
an e ective authoring and presenting experience for presenters as well as enhances audi-
ence engagement and retains their interest. To summarize, our contributions encompass:



~ An authoring tool, VisConductor, for creating and remotely presenting visualizations
with animations, annotations, and foreshadowing, all controllable through hand ges-
tures, to boost audience engagement.

A set of gesture widgets designed in VisConductor, which are tailored to authoring
the gesture control of visualizations, also double as live presentation guides to enhance
overall usability.

Comprehensive user studies assessing the e ectiveness and usefulness of VisConduc-
tor, providing crucial insights for the future development of gesture-based presenta-
tion tools.

Figure 1.1: A presenter is using VisConductor to perform a remote live presentation with
their audience regarding world life expectancy and income. The left shows the presenter
view whereas the thumbnail on the right shows what the audience sees. While the au-
dience sees the primary content, the presenter is aided with additional widgets to ensure
precise gesture control.(A) Gesture Guide Widget: A delineated rectangle outlines
the speci ¢ boundary within which the presenter's hand gesture should be executed)
Gesture Recognition Feedback:  Upon detecting the presenter's hand pose, a progres-
sively expanding green circle emerges, functioning as a visual timer. This informs the
presenter of the duration for which the pose should be maintained for accurate detection.



Chapter 2

Related Work

2.1 Fostering Engagement with Data Visualizations

Data visualizations are instrumental in translating complex datasets into impactful narra-
tives for presentation and communication [30, 34, 58]. The strength of data visualizations
as a communication tool extends beyond mere representation. First, this includes the
strategic use of animation [55], which can enhance audience engagement and comprehen-
sion. Second, annotations act as a vital guide, enhancing the audience's understanding
by directing their attention to the most crucial aspects of the data [63]. Whether applied

to axes, data points, or trend lines, annotations can be data-driven or manually added,
serving as narrative markers in the visualization [53].

This a ective dimension of storytelling is further emphasized through animation. While
animation can e ectively demonstrate changes over time or evolving patterns, it also intro-
duces an emotional narrative to the visualization [55, 3, 13, 37]. This emotional connection
is particularly vital in presentations, as it can enhance audience engagement and informa-
tion retention [23]. Amini et al. [3] highlights that pictographic representations in charts
can stimulate viewer engagement by evoking emotions, given their appealing nature com-
pared to standard charts. The introduction of animations to these pictographs further
ampli es this e ect. Lan et al. [37] also discussed the in uence of animation speed on the
a ective impact of chart animations, suggesting that it is an important factor to consider
in the design process. Another innovative concept in data visualization is visual foreshad-
owing, which serves as a potent strategy for audience engagement [39]. By providing a
glimpse of the future state of an animation, it prepares the audience for what lies ahead,
enhancing comprehension and engagement.
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There exists a plethora of libraries and tools that enable the development of animated
visualizations, with D3 [12] and Plotly [52] serving as general-purpose visualization li-
braries, gganimate [51] as a specialized library focusing on animation, and Data Animator
[70] as a dedicated tool for authoring visualization animations. However, they come with
their own set of limitations. It takes a considerable amount of e ort to implement a solu-
tion and none of them support gestural animation control out of the box. As a result, the
nished product from using these tools is predominantly con ned to traditional click-based
interactions. This limitation hinders the potential for a more immersive and interactive
data visualization experience. Tools like DataClips [5] and Roslingi er [59] have emerged
to facilitate the creation of data videos. Though adept at creating data-driven stories, they
remain click-based and are restricted to scatter plot visualizations. In contrast, VisConduc-
tor enables the authoring of expressive, data-driven animated scatter plots and bar chart
race animations. Moreover, it empowers presenters to perform operations on visualizations
using gestures in real-time during presentations, providing a more interactive experience.

2.2 Communicative Use of Gestures

According to Goldin-Meadow [26], gestures are a multifaceted tool in communication, often
conveying subtleties and nuances that spoken words might miss. They act as visual comple-
ments, 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. Supporting this notion, Tieu et al. [71] delved
into the amplifying e ect of gestures on spoken language especially when presenting com-
plex or abstract ideas. Zeng et al. [76] further emphasized the importance of apt gestures in
diverse communication settings, from public speaking to daily interactions. Their ndings
suggest that for communication to be truly e ective, the gestures used must resonate with
the spoken content. Kang et al. [32] also touched upon the potency of gestures, especially
when they are in perfect sync with the ideas they aim to represent. This synchronization
often emerges naturally; speakers, during their presentations, tend to use gestures either
as a conscious strategy or as a spontaneous reaction to their narrative.

There are various types of gestures, e.g., deictic, iconic, metaphoric, and beat gestures
[33, 18]. Deictic gestures (e.g., pointing) help direct attention; iconic gestures visually
represent speci c ideas or objects; and metaphoric gestures symbolize abstract concepts.
Carstens et al. [18] conducted a study to identify common presentation gestures, noting
that one-handed gestures are often deictic, while two-handed gestures tend to be iconic
or metaphoric. Our tool aims to incorporate these recognized gestures for both functional
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and communicative purposes.

2.3 Gesture Controlled Presentation Interfaces

In conventional presentation settings, studies indicated that bare hand gestures were fa-
vored compared to a laser pointer [16]. While presenters frequently employ gestures, these
gestures often exist in a space separate from the animations or visual aids, leading to
a perceived spatial disjointedness. The divide becomes even more pronounced in online
presentations where a distinct presenter camera feed is utilized, making the integration of
gestures with visual aids a challenging endeavor. A quintessential example of combining
data-driven visualizations with gestures is Hans Rosling's \200 countries, 200 years" pre-
sentation [11]. Rosling employed an animated scatter plot and various types of gestures
to craft a compelling narrative. However, it worth noting that his presentation was not

as spontaneous as it appeared. His actions and gestures were meticulously choreographed,
and visual aids were integrated during post-production, rather than being controlled in
real-time, creating an illusion of seamless interaction with the visualizations.

Existing tools have attempted to create platforms where users can use gestures for
communication and functional control of visual aids in real time [29, 41, 40]. They have
demonstrated the ability of gesture control to signi cantly enhance the interactive experi-
ence for presenters while simultaneously fostering greater engagement and connection with
the audience. These solutions typically follow the pattern of a webcam or camera feed
overlaid with interactive visuals. Developments in real-time pose estimation technologies
such as Kinect [60], OpenPose [17], and MediaPipe [72] have opened up opportunities to
explore the potential of gesture-controlled visuals in remote settings. Saquib et al. [56] in-
troduced an application allowing for the mapping of gestures to control dynamic graphics,
which provides users with a wide range of creative freedom that requires some amount of
preparation and supports real-time interaction with graphics at performance-time. How-
ever, a notable limitation of their work is the con ned support for data-driven animated
visualizations. While users can map gestures to alter the states of the visualization, these
state alterations lack the sophistication of animated transitions. This limitation implies
a discernible gap in the eld where presenters are impeded in their ability to craft truly
animated visualization transitions and to employ animations to elicit a ect e ectively. Hall
et al. [29] explored the use of gestures to interact with visualizations dynamically; they
focused less on authoring these interactions but instead looked into a nite prede ned
set of gestures that are discussed as deictic and also functional. However, they omitted
the gestural control over multi-state animations; the support for animation is primarily
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centered on the revelation of annotations.

During live performances, a signi cant challenge is the mental overload faced by the
presenter [56]. The rst source of this overload stems from the need to remember which
gestures to perform, when to execute them, and anticipating the graphical e ects they
will produce. Charade's research emphasized the need for clear feedback in gesture-based
presentation systems to aid presenters [8] as they highlight that gestures are not self-
revealing. These issues are not limited to presentations but also extend to broader AR/VR
environments [48, 7], where designing both the environment and interaction space can
be complex, especially for non-experts. Therefore, there is still a need to explore more
solutions, especially when working with data-driven visualizations. Presenters, especially
when dealing with extensive timelines like Hans Rosling's presentation [11], must manually
track the current timeline state, ensuring they do not overshoot or undershoot their target.
While Saquib et al.'s system [56] provides con gurable transitions for other animations
and o ers the convenience of dragging and dropping data into the interface to create
visualizations, its handling of data-driven chart animations lack transitions and results
in clunky changes between states. VisConductor aims to addresses these challenges with
modular gesture widgets, allowing users to seamlessly integrate, con gure, and manage
various components of the presentation with gesture control, during both authoring and
presenting.



Figure 2.1: User Interface of VisConductor{A) Presentation Window: Central dis-

play area showcasing the presenter's webcam feed with integrated widgets such as gesture
guides, annotations, and charts.(B) Timeline Slider:  Allows for previewing specic
moments on the visualization timeline. (C) Stories Tab: Lists the distinct segments

of the presentation. (D) Widget Settings Tab: Area for customizing the currently
selected widget. (E) Widget List: Organized list of available widgets layered within
the presenters feed.(F) Chart Widgets: Tools for visual data representation. (G)
Annotation Widgets: Instruments for explanatory notes or highlights. (H) Gesture
Widgets: Modules for gesture recognition and feedback.



Chapter 3

Designing VisConductor

This section introduces the design of VisConductor, followed by a short usage scenario to
demonstrate the key features of the tool.

3.1 Design Considerations

Our objective was to optimize online presentation with an emphasis on enhancing data
visualization experiences. We crafted a series of mock-ups by employing a \wizard of 0z"
approach synchronizing gestures with prede ned animated sequences to simulate gesture-
controlled animations. We then conducted a series of interviews and co-design sessions
with a communication expert who has over two decades of experience in strategic com-
munications, leadership development, and global philanthropy (referred to as E1). E1 has
personally trained over 10,000 individuals across various sectors and regions, which pro-
vided invaluable insights into our project. Drawing upon E1l's expertise, we integrated
essential feedback, leading to a set of design considerations.

D1: Provide a communicative yet simple set of hand gestures. Gestures should

not require undue e ort or a heavy mental load as this risks distracting the presenter from
their communicative intents [21]. The system should be responsive, recognizing gestures in
real time [21]. Gestures should also be designed to naturally convey meaning to enhance the
presentation experience. As Hall et al. point out, there is a need to balance the richness of
expressive body language with operational gestures, those which are speci cally designed to
control or manipulate the visual aids [29]. Gestures need to be intuitive, and the selection
process should prioritize gestures that have a clear relationship with the functionalities
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they execute, further reducing the cognitive load on the presenter [21]. Con rmed by E1,
the system should adopt a set of gestures that presenters commonly use, and these gestures
should be intentionally chosen to be communicative while ensuring they enhance, rather
than diminish, the presenter's natural expressiveness.

D2: Support diverse animation-based operations on visualizations. The lit-
erature survey underscores the multifaceted potential of data visualizations in enhancing
comprehension and engagement during presentations [63, 53, 3, 55, 39], which informed
this design goal. Speci cally, the manipulation of animations should be supported, which
not only represent data changes but evoke emotions, solidifying their importance in pre-
sentations. As illuminated in the work done by Amini et al. [3], a ective animations infuse
an emotional narrative, intensifying the bond with viewers. Moreover, echoed by E1, pre-
senters need foreshadowing, a concept endorsed by Li et al. [39], which o ers viewers a
preview of what's to come, amplifying both comprehension and engagement. Finally, an-
notations, whether they are data-driven or manually incorporated, have been identi ed as
pivotal narrative markers in visualizations [63, 53]. Thus, the tool should allow for ani-
mated revealing of animations, which serves as a critical guide, augmenting the audience's
understanding by spotlighting data facets.

D3: Facilitate authoring gestural control over visualization operations. Over-
laying visualization directly with the presenter's webcam feed not only bridges the spatial
gap between gestures and visual aids but also paves the way for a more immersive and
integrated presentation experience. Thus, an e ective authoring environment is required
to permit presenters to craft the interactions and de ne the graphical e ects resulting from
these interactions [56, 29]. This goal is multifaceted: to o er a familiar interface that lever-
ages existing presentation paradigms as well as to allow presenters a foresight into their
authored interactions, ensuring they can envision, rehearse, and understand the ow of
their presentation without facing undue mental strain. As E1 aptly noted, even the most
intuitive gestures cannot compensate for poorly designed visualizations. By facilitating
this clarity in authoring, we aim to allow presenters to focus on their content and delivery,
rather than being preoccupied with the mechanics of their visual aids.
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