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Figure 1: An overview of CLIO’s presentation capabilities for real-time performances, presentations, and storytelling. (a) The
presenter creating behavior mappings between input interaction methods (right) and output behaviors (left). (b) A menu
containing images and other virtual objects. (c) The presenter selects an image using a mid-air gesture and drags it across the
screen. (d) To make an image larger, the presenter uses a two-handed pan/zoom gesture. (e) The presenter uses voice commands
and mid-air gestures to display text labels on the screen and draw notes on the image.

ABSTRACT

Tools supporting immersive live video conferencing (VC) have
gained popularity recently across diverse application domains. A
core component of the experience is augmenting video commu-
nication with multimodal interactive media. While many direct-
manipulation techniques for VC communication have been pro-
posed in existing literature, the usability and preferences for these
techniques have never been formally studied. In this paper, we exam-
ine how embodied interaction democratizes content authoring, and
propose a rehearsal-to-performance (RtP) framework along with a
VC system, CLI0, that enables performers to directly interact with
their media using voice, gesture, and external devices such as tablets.
We evaluate existing operation-to-modality mappings for VC com-
munication, as well as describe novel mappings not present in the
literature. A series of studies demonstrate modality preferences and
potentials for incorporating real-time direct-manipulation tools to
create expressive augmented VC performances.
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1 INTRODUCTION

Real-time online video communication is becoming more popular
in a wide range of domains, including education [14], coding [22],
creativity and art making [24], video games [46], and economics
[24]. This is especially prevalent following the outbreak of COVID-
19, when many daily social, professional, and educational activities
moved onto VC platforms and have not yet returned to the phys-
ical world [14]. Given that a wide variety of social activities that
require visual communication now take place in real-time remote
VCs, visual effects for augmenting live presentations have become
increasingly important to support effective communication. How-
ever, there are few tools that let people easily create and interact
with visual effects in VCs, and little is known about how they are
used by target end users in real-world scenarios. Unlike previous
research efforts, this work focuses on formally studying the de-
sign of multi-modal direct manipulation systems to inform future
interfaces.

Since this topic is significantly broad and rich, we first needed
to understand how people present visual material using current VC
systems, then explore how people would prefer to directly interact
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with visual media during VC presentations, and build a system

Davis et al.

Our contributions of this work include: (1) Analysis of formative

supporting these proposed interactions. The developed system can studies identifying diverse use cases for media augmented VCs. (2) A

then be used to understand how multimodal direct manipulation
a ects and enriches VC communication. To attenuate this method-
ology, we conducted an initial formative design study to understand
real-world use cases and limitations of existing tools and found

rehearsal-to-performance work ow and tooClio , for augmenting

live VCs with direct manipulation using voice, body, and devices
using an immersive authoring approach. (3) A series of user studies
with Clio, resulting in insights into how presenters prepare and

a tension between performer expressiveness and media augmen-present live VC performances augmented with interactive direct-

tation. Commercial augmented VC systems like mmhmm.ap and
Cameo allow presenters to insert graphics into their live video
stream, or superimpose their video stream upon backgrounds, but
do not allow the two worlds to interact49. Performers are limited

in their expressive capabilities due to the lack of support for direct
interaction with rich graphics, visual media, text, and drawing on
the screen. This initial probe revealed that we needed to better
understand how performers would want to directly manipulate
on-screen media during live presentations.

Through a series of formative surveys, semi-structured inter-
views, and pantomime studies we found that the participants em-
ployed di erent modes of voice, gesture, mouse, keyboard, and
tablet input to perform and control the pantomimed visual e ects

manipulation visual e ects.

2 RELATED WORK

2.1 Immersive Authoring Tools

Immersive authoring allows users to experience and verify im-
mersive content rsthand, creating it through natural and direct
interaction within the same environment30 40 52. The bene ts

of an immersive authoring approach is that it provides as much
agency and control over system behavior to the user as is possi-
ble [63. Immersive authoring systems for virtual environments
have been widely explored in HCI research and usually involve two
steps: designing virtual behaviors and content, then mapping in-

essential to their use cases. However, presenters expressed concermeractions between virtual contents and userl]. While creating

about being unable to imagine what their e ects would look like
during a real-time presentation. We also found that enabling direct
manipulation usually required technical skills and programming
knowledge that many novice users found intimidating or di cult to
acquire. Programming direct manipulation to enrich presentations
is a substantial burden in simple real-world scenarios like showing

virtual content usually involves programming in an environment
separate from where the user experiences the behavior, immersive
authoring environments blend the authoring and behavior environ-
ments |1, 44, 65 70 75. SceneCtrl Y4 and Window Shaping 29,

for example, enable authors to create in-situ virtual scene assets
and static 3D models. Similarly, Calliope supports 3D design idea

vacation photos to loved ones, Q&A sessions during remote pre- generation in VR by facilitating communication between users and
sentations, and other use cases where performers might be unable 3 creative Al through traditional sculpting technique§%. These

or unmotivated to prepare extensively.

ideas are extended in other project8 [L1, 12 73 to allow virtual

From our observations, we synthesized a research-to-presentation contents to be animated in-situ. Visual programming has also been

(RtP) work ow for authoring direct manipulations using an immer-
sive approach, and instantiated a system to support this work ow
calledClio, a proof-of-concept VC system for augmenting live
performances with voice, body and device driven direct manipu-
lation. Clio enables users to easily design and integrate real-time
multi-modal visual manipulations without explicit programming
by o ering a collection of prede ned modular primitive operations
derived from our formative studies. The e ects resemble those
that one could do in post-production using applications like Adobe
After E ects [1], or through newscaster and weather-reporting
support systems that let an external third party control the visuals
using a Wizard-of-Oz approactbJ. Our work ow shifts the focus

of presentation authoring from content (e.g. slide) authoring to
performance authoring, which encourages presenters to focus on
preparing the talk itself instead of on the artifact of the talk.

We demonstrate in a series of evaluations with live performers,
audiences, and external observers, that letting performers directly
interact with media contained in their presentations greatly en-
riches the communicative and expressive capability of VCs and
encourages nonlinear presentation styles. Liberating presentations
from linear constraints opens an exciting design space of nonlinear,
extemporaneous storytelling and expands the application domain
of VCs. In addition, the RtP immersive authoring approach built
rapport between performers and machine, even when perform-
ers incorporated unfamiliar interaction techniques and machine
learning tools such as voice and gesture recognition.

explored as a candidate for democratizing authorship of interac-
tive applications 1, 27, 41, 51, 59, 69, 76. FlowMatic, for example,
allowed a user to build and test virtual interaction models in real
time by connecting user input to object parameter&q. Previous
systems were limited, however, by the range of input modalities,
often requiring duciary markers B3 41, 54 60, or operating only
using spatial location26 51]. Some prior works encourage the use
of midair gesture and hand pose recognition as part of the authoring
process 1,68 70 or the use of voice 23 34 55 and tablet 35 63.
While many of the above approaches use head-mounted displays
and explore avatar-based virtual reality immersive authoring, in
this work, we explore how VC systems provide a promising alterna-
tive venue for immersive authoring. Furthermore, a mixed modality
approach that allows authors to de ne their behavior mappings
using a variety of input methods is an unexplored problem that we
investigate in this paper.

2.2 Dynamic Media and Performance Interfaces

The proliferation of digital technologies made interactive media
an increasingly prevalent, expressive, and powerful medium for
communication, art, and desigr8[]. An integral component of the
experience is the colocation of user with their interactive me did|
Traditional methods for creating rich and dynamic performance-
driven graphics either require signi cant post-processing exper-
tise [1,4], specialized preprocessing work owg], or programming.
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However, postprocessing is obviously impossible for real-time per-
formances, and is only appropriate for those who have the time
and skill to do complex video editing and compositing. Numerous
frameworks for programming dynamic media exist like Process-
ing [57], openFrameworks33, D3 [15, Flash B], Unity [64], and
ARKit [6]. However, beside requiring signi cant expertise, they are
limited in their support for interactive capabilities. HCI researchers
have explored approaches for democratizing the creation of dy-
namic interactive media by prototyping novel interface3q 47,
sketch-based interfaced]| direct-manipulation interfaces43 65,
and storytelling through data39. Other work explores applica-
tions of explanatory illustrations 32 71, 77] and creating mappings
between user-triggered actions and animated e ect&[ Mapping
human motion to digital objectsI3 and digital characters2Q has
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[57). While previous research has investigated integrating direct
manipulation using body or voice, these works focus on a single
method of manipulation and do not support performer authorship
and customizability §6, 65 76. However, prior literature has also
demonstrated that systems that enable more than a single mode
of input are more exible for users to adopifd, increase a user's
sense of agency and uidity within the systeml[], as well as
stimulate performer creativity and audience engagement [48].
Unlike the above systemglio enables presenters to author
dynamic media behaviors through an RtP work ow using multi-
ple interaction methods including speech, midair gesture, tablet
and others. No existing work has explored the direct manipulation
of visual e ects using multiple modes of input customized by the
presenter for real-time video communication. In addition, an in-

also been explored in performance-based systems. Other interfaces creasing number of prototype research systems exploring direct

such as SketchStudio and Kitty support user-de ned relationships
and events by directly manipulating elements of an illustration
representing an underlying relationship graph [31, 35].

Research and commercial systems which allow manipulation of
colocated media (e.g. mmhmm) are most related to our wd&$8;
it enables users to produce real-time full-body human performances

augmented with videos. We extend these ideas to encompass a

broader domain of interaction methods, including voice, tablet,
midair gesture, and whole body pose estimation. Furthermore, our
work examines how enabling users to combine these interaction
methods in any way they choose empowers them to create powerful
and expressive augmented performances. Finally, our work employs
an immersive authoring paradigm allowing presenters to quickly
evaluate the visual e ects of their authored interactive media.

2.3 Multimodal Direct Manipulation

Systems supporting direct manipulation of content are in common-
use but extremely limit performer agency and expression. For ex-
ample, newscaster and weather-reporting software create the ap-
pearance of the performer interacting with their colocated media,
but the visual e ect is implemented using a Wizard-of-Oz method,
meaning all visual e ects are controlled by an o -screen person,
removing any agency or control from the performés(). Early
real-time systems that focused on manipulating graphical elements
use gestures to communicate to an audien6g ChalkTalk 5§

and performance-driven tools5 require users to design graphic
assets and other media, then map this media to interactive be-
haviors. Similarly, GestuAR6E enables creating custom midair

manipulation in VCS are emerging, yet these systems have never
been formally studied to understand the bene ts, challenges and
limits to their expressive capabilities.

3 FORMATIVE DESIGN STUDY

We conducted a formative design study with 8 participants to better
understand the use cases and mental models of presenters when
preparing and presenting with an immersive VC tool supporting
content colocation such as mmhmm or Cameo. We rst conducted a
semi-structured interview with participants, after which they were
asked to select a prepared packet of visual media from 16 topics. Us-
ing their visual media packet, they were then asked to prepare and
present a presentation using a speaker and content colocation tool.
Media was prepared for the participants to reduce the workload for
presenters and normalize the conditions across participants. We
asked participants to think-aloud during the presentation prepara-
tion process, and asked them questions regarding speci ¢ choices
and preferences while they prepared. We conducted an exit inter-
view after participants presented. 4 participants self-identi ed as
women and 4 as men. All participants were deeply familiar with
slide tools for VC presentations and also familiar with at least one
immersive speaker/content colocation tool like mmhmm or Cameo.

3.1 Results and Discussion

Iteration: We found that, unlike conventional slide-based tool
authoring that requires the presenter to prepare all visual media
before presenting, participants continually added media as the pre-
sentation progressed. Preparation time was used more to select the

gestures that can be mapped onto behaviors using a head-mounted appropriate media they may need and create an ordering. Partici-

display. Other works have explored incorporating interactive digi-
tal whiteboards as part of the presentation environmengg, or
incorporated wearable to assist with communication [17].

Prior work [13 20, 61] demonstrates that voice commands, tablet
interactions, and body movement corresponding to the presenta-
tion topic are an integral part of an e ective performance, greatly
enhancing the audience's understanding of the performer's content.
Some research interface34 48 67 have explored the potential
for supporting improvised presentations and social networking
apps with video Iters make it simpler to generate real-time e ects,

pants playfully experimented with switching backgrounds, incor-
porating media, and using di erent system features such as the
laser pointer. Playfulness and improvisation in presentation style
was consistent across the preparation and performance portion
of the study, where additional media was added on an as-needed
basis during the presentation. Participants noted that ordering their
media prior to presentation acted as a presentation outline, and not
a completely concrete formulation of the presentation. Tensions
emerged from the inability to display more than one image or piece
of text, as well as the limited manipulation a orded by the system.

but their expressiveness, applicability, and possible use cases arel kept blocking the stu in my slide with my head. It would have

con ned by the limited number interaction methods they support

been more useful to move the text or other parts of my slide to other
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Table 1: Participant-suggested use cases with accompanying operations and interactions.
used by the participant during the pantomime and  Operation refers to the behavior performed by the interaction.

Use Case

Operations

Interactions

pl | Portrait Portfolio arrange, select, open/close menu, group objectSgesture, Voice
Consultation zoom 2D, highlight, laser pointer, dismiss, make
transparent, expand collection
p2 | Project Presentation arrange, select, open/close menu, dismiss, godeyboard, Mouse,
jure, zoom 2D, laser pointer, next slide, previoussesture
slide
p3 | Conference Q&A conjure, text display, annotate object, annotatkeyboard, Mouse,
air, open/close menu, select, next slide, previqugoice
slide
p4 | Interactive Demo open/close menu, arrange, dismiss, rotate 3Beyboard, Gesture
Session zoom 2D, zoom 3D, highlight, select, activate
p5 | End-of-year Student open/close menu, highlight, dismiss, collaps&esture, Mouse
Presentation collection, group objects,dismiss, pull audience
contentinto screen, arrange, next slide, previous
slide
p6 | TA Session arrange, conjure, zoom 2D, annotate objecTablet, Gesture,
highlight, rotate 3D, dismiss, tangible proxy, seVoice
lect, next slide, previous slide
p7 | Vacation Photo annotate air, display text, arrange, trigger, disGesture
Presentation miss, select, open/close menu, conjure, annotate
object, highlight, tangible proxy, create virtudl
copy, group objects, next slide, previous slide,
poll/quiz, add shape, screen grab
p8 | ASL Tutorial and text display, conjure, track image (to gesture)Keyboard, Gesture

parts of the screerfP4). We probed into this, and found participants

Conversation

screen grab, next slide, previous slide

Davis et al.

Interaction refers to the input method

to change the slide for me when | say "neR3). The tension be-

conceptualized the text and visual media in their presentations as tween the presenter and media worlds was also evident in pain

individual elements that might coexist in a slide presentation. Ma-

points around tool usage in current systemskept getting con-

nipulating and revealing these elements on command is a limitation  fused. | thought [the laser pointing feature] was for drawing and was
confused when my pen marks wouldn't stay on the screen. Would

in exibility in the current system.

Barriers Between Worlds: Presenters experimented with vari-

love to draw on the screen using this tool and my iP@8). Some

ous background images native to the system and those contained expressed a desire to use di erent modalities in conjunction with

in the media packets until the limits of presenter and environment

each other in order to manipulate their contentt could be like Star

interaction was reached, revealing an invisible barrier between the Trek where we tell something to “zoom and enhance' and it enlarges
two worlds. When backgrounds were physical places and not static [the image] automatically (P1). Others noted that constraining the
images or color, they were regarded as spaces instead of objects.mode of manipulation to the mouse posed key limitations. Partici-
P2, for example, used an image from the media packet of San Fran-pants also remarked that reliance on using the mouse as a primary

cisco as a virtual background, maneuvering around and interacting
with the background image as if it were a physical place in which
they were immersed. Similarly, P1 used a virtual background of
a co ee shop native to the system, and placed media from their
packet on the tables and walls as if they decorated the space. While
speaker and content colocation tools allow for the insertion of live

video into media content and vice-versa, it does not allow the two

worlds to interact. The background changes are really fun...lwish1 4 FORMATIVE PANTOMIME STUDY

modality of control were limited. You couldn't use the cool stu
on your phone. You'd have to have tiny ngers to drag thirfg4).
Employing multimodal direct manipulation while maintaining an
immersive approach could ease these tension, blending the world
of the presenter and their media together and approaching the rich
interactive potential evident in augmented and virtual reality.

could move [the objects in the background] around like | was reallyynderstanding how to blend performer and media content is dif-

there (P4). The inability of participants to interact with their media
indicates a gap in immersion when using these systems.
Modalities: Some participants attempted to use di erent modes
of interaction while exploring the system during the presentation
preparation phase of the study.don't see why | can't get a robot

cult for a variety of reasons, including the wide variety of dif-
ferent embodied interaction possible (e.g. voice, body pose, etc.)
and the lack of familiarity that many potential users have with
these machine-learning enabled tools. Furthermore, controlling a
system that uses a mixture of input modalities presents challenges
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because it is unclear which mode of interaction is appropriate for Table 2: Occurrences of speci ¢ operations presented by par-
controlling the authoring system. To better understand the need of ticipants during their use case in Phase 2 of the study
presenting content in immersive environments using multimodal

direct manipulation, we deployed a questionnaire and two-phase ~ Operation Count | Operation Count
semi-structured interview with pantomime study of potential user Group Objects | 3 (38%)| Expand Object Group 3 (38%)
presentation processes using a think-aloud methodology. The study  Next Iltem 6 (75%)| Previous Item 6 (75%)
took place in two 30 minute sessions with 8 participants. 4 of our ~ Tangible Proxy | 2 (25%)| Create Virtual Copy | 1 (13%)
participants self-identi ed as women and 4 as men. At the conclu-  Screen Grab | 1 (13%)| Push/Pull Content 1 (13%)
sion of the rst phase, participants were asked to think of a use from Chat

case where they might present something in an immersive envi-  Poll/Quiz 2 (25%)| Laser Pointer 4 (50%)
ronment using direct manipulation. The second phase took place ~ Add Shape 2 (25%)| Remove Shape 2 (25%)
on a separate day from the rst, and participants were asked to ~ Alter Shape 2 (25%)| Composite Shape 2 (25%)
pantomime their use case twice using whatever input modality ~Rotate 3D 2 (25%)| Make Transparent 2 (25%)
they felt appropriate. Participants rst pantomimed their use case  ~Activate/Trigger| 4 (50%)| Select 8 (100%)
while thinking-_aloud, describing their thought processes ar_1d whgt Open Menu 6 (75%)| Close Menu 6 (75%)
they were trying to accomplish as they proceeded. During this  ~Higniight 5 (63%)| Draw on Object 5 (63%)
pantomime, participants were encouraggd to use any methoq O' “Drawin Air 5 (63%) | Arrange Objects 6 (75%)
tool t_hey deemed necessary t_o comr_numcate t_helr idea |nc_lud|ng Zoom 3D 2 (25%) | Zoom 2D 6 (75%)
physical props. After completing their pantomime the rst time, Dismiss 5 (63%) | Conjure 6 (75%)

participants were asked questions regarding their choices and ra-
tionale behind di erent choices and behaviors. Participants were
then asked to perform their pantomime again uninterrupted. Based
on our observations and their spoken explanations, we segmented
the data into individual interactions that were then analyzed along
several dimensions. This approach allowed us to compare the use of
gesture, voice, external devices, mouse and keyboard, and identify
common usage patterns. D1. Maintaining Immersion: To better nurture presenter in-
tuition for how the system will support their presentation, there
should be little di erence between the interface in which content
4.1 Results is prepared and the interface in which it will be presented. Em-
We refer to the media manipulation behaviors proposed by par- bracing immersive authoring shifts the focus of the presenter from
ticipants, such as selecting, arranging, highlighting, and zooming preparing slides and media to the act of delivering the presentation.

an element agperationsFigure 2 shows how many participants D2. Experimentation with Di erent Interaction Methods:
suggested each operation. They also suggested a variety of input Presenters should be able to experiment with various interaction
methods, such as voice, gesture, and mouse, and we call thiege methods and tools as part of their preparation process. This could

actions A complete list of the use cases, interactions, and operations alleviate the mistrust expressed by participants when using tools
evident in these pantomimes can be seen in Table 1. In interviews, and interaction methods with which they are not familiar. Sub-
75% of participants indicated that they would prefer to watch a sequently, a presenter should be able to rapidly switch between
30 minute presentation that used visible gestures, voice, or other interaction methods to experiment with as many as possible, as
noticeable interactions versus hidden interactions like mouse and well as to adapt their presentation to their current contextual needs.
keyboard or discreet static hand gestures. Similarly, 63% of par- A system that leverages the tools a orded by virtual environments
ticipants indicated that they would prefer to perform a 30 minute  should integrate exploration and experimentation of interaction
presentation using visible interactions, and 38% of participants in- methods as part of the presentation preparation process.
dicated that they would like to both watch and perform this way. D3. Nonlinear Presentation Style: As discussed above, one
This means that while many participants indicated they would of the weaknesses of traditional virtual presentation tools is their
prefer to watch presentations using dynamic embodied interac- strict sequential nature, making improvisation and extemporizing
tions interactions, they might prefer to give presentations using di cult. One of the bene ts of systems that colocate the presenter
discreet modalities such as mouse and keyboard or static gestures,with their content is the exibility to support playfulness and im-
and vice-versa. provisation. A system designed to blend the worlds of presenters
and their content should support exible modes of presentation to
. . . enable a variety of presentation styles.
4.2 Design Considerations D4. Direct Manipulation:  Finally, blurring the worlds of the
Based on the above observations, we synthesize the following de- performer and their digital media requires direct manipulation of
sign considerations and goals to guide the developing a system to content. Supporting a variety of methods to perform such manipu-
support for semi-extemporaneous presentations in virtual environ- lations enables presenters to ensure modes of interaction are appro-
ments. In the next section we describe a work ow extracted from priate for speci ¢ presentation media, as well as present material
our formative interviews that supports these design considerations. using means most intuitive to them.
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5 REHEARSAL-TO-PERFORMANCE
WORKFLOW

Speaker/content colocation with systems like mmhmm is one form

of immersion, which we extend to incorporate multimodal direct

manipulation. Based on the observations from our formative studies,

we conceived a work ow that addresses the participants' needs and

describes a mental model exhibited by participants while authoring

and presenting immersive speaker/author colocation performances

during our formative studies. Thisehearsal-to-performanosodel

replaces traditional approaches to presentation preparation with an

immersive authoring approach (D1) that supports direct manipula-

tion of media content (D4). Our model is based oreaearsal phase

that supports presenters in iteratively preparing their presentations.

The key distinction between the RtP framework and conventional

work ows using slides presented within a VC to present content is

that that presentation media is authored using the same interface

with which it is presented. Performer behavior with the interface

changes between the rehearsal and performance phases, but the

interface itself does not. During the rehearsal phase, presenters Figure 2: Clio 's rehearsal-to-performance work ow derived

experiment with di erent interaction methods and operationsto  from the formative study.

identify which behavior mappings between operations and interac-

tion methods are appropriate for the context of their presentation

and appropriate for the media they are presenting (D2). During the behavior mapping between interactions and operations appropriate

rehearsal phase, presenters can organize their media and experi-for their performance. An overview of the mapping interface can

ment with di erent behavior mappings using the mapping interface.  be seen in Figure 3.

Once presenters feel su ciently prepared, they shift togerfor-

mance phasia which they use the outline as the architecture of 6 CLIO SYSTEM DESIGN

their presentation. Our work ow shifts the focus of presentation explore the feasibility of a RtF work ow, we createdlio , an

authoring from content (e.g. slide) authoring to performance au-  jnmersive authoring and presentation support tool for developing

thoring, which encourages presenters to focus on preparing the  4nq delivering semi-extemporaneous presentations in virtual envi-

talk itself instead of on the artifact of the talk. Since the presenta- onments.Clio is prototyped using a proprietary research system

tion media is not bound to any sequential order in this work oW, ha¢ ajlows HTML, CSS, and JavaScript code to be overlaid on top

presenters can discuss their presentation material in any order they ¢ 5 camera video feed. Much like other VC augmentation systems

may choose (D3) and add additional media or change any element ¢ 4 mmhmmm)Clio can be fed directly into the video source

of their presentation as needed. Figure 2 shows this work ow. of commercial VC systems, using the built-in camera common to
contemporary commercial laptops, thus requiring minimal setup.

5.1 Interaction Design Overview The main interface and logic is coded in Javascript that is rendered

A presenter begins by importing media, such as images, videos, in @ Chromium browser embedded within the application inter-
external web links, and graphs, into the system. Afterimportingthe ~ face. We refer to the supported input techniques, including voice,
media, the presenter enters the rehearsal phase where they organize Mouse, body pose and midair gesture controljmteractionsand
their presentation (See Figure 1). The default behavior mapping the resulting behaviors, such as arranging media and drawing on
between operations and interaction methods lets the presenter use Scréen, asperationsThe user is able to createehavior mappings
a mouse to interact with their imported media. Clicking the menu that a§sociate an interaction with an operation using a behavior
bar on the left side of the screen makes a tray containing thumbnails Mapping menu.
of the uploaded media appear. This tray can be moved to any side .
of the screen by clicking and dragging to the desired location. The 6.1 Interactions
user can scroll through media in the open tray and choose to click This section describes the interaction methods supported by our
and drag entries onto the rest of the screen (D3). Here they can system. We chose them because of their frequent occurrence within
perform any supported operation (Section 6.2) using the mouse and our formative study.
keyboard as the controller. Mouse, tablet touch, and keyboard: The mouse is the default

If the presenter clicks the begin mapping button in the top  mode of interaction with our system since users from our formative
right hand corner of the screen, a menu appears that lets them study reported the most comfort and familiarity with this interac-
customize the mapping of operations to interactions (D2). After tion. We also provide similar support for tablet touch interactions,
modifying the mapping, the menu closes and the presenter can which behave similarly, using a nger or stylus. Keyboard interac-
freely experiment with their new mapping. This enables presenters tions can perform operations and provide text for operations that
to quickly evaluate di erent interaction approaches and ndthe needit.
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