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Fig. 1. TalkDirector is an interactive system that dynamically integrates a presenter’s video feed into slides during online presentations. We contribute: (A)
VTalk-68, the first dataset of 68 online presentations with presenter-driven, personalized video integration, designed to support analysis of dynamic positioning
behaviors; (B) a novel multi-modal inference pipeline that determines video placement and size based on speech, gesture, slide content, and scripts; and (C) an
interface that operationalizes this pipeline, enabling real-time background segmentation, gesture detection, ASR, and adaptive video rendering within slides.

Online presentation tools limit expressivity by enforcing static video layouts,
preventing presenters from �uidly coordinating gestures and speech with
slide content. This disrupts the natural alignment of modalities crucial for
engagement in face-to-face talks. We present TalkDirector, an interactive
system that dynamically integrates the presenter’s video into slides using
multimodal input. TalkDirector operates in two stages: a preprocessing
phase where a vision-language model aligns the presentation script with
the contents of the slides; and a second, live phase that detects gestures and
transcribes speech to identify currently referenced content through semantic
matching against the pre-aligned elements. The system then adaptively
positions and resizes the video feed in relation to the referenced content,
enabling layout-aware and context-aware video integration.

Additionally, we contribute VTalk-68, a dataset of 68 annotated pre-
sentation recordings that informed the system’s design. A two-part user
study (n=12×2) demonstrates that TalkDirector reduces presenter e�ort,
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increases expressiveness, and enhances audience connection compared to
conventional presentations.
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1 Introduction
Online presentations often disrupt the �uid, expressive delivery;
characteristic of face-to-face talks. In person, presenters naturally
align their speech, gestures, and body orientation with visual con-
tent, e�ortlessly directing audience attention and emphasizing key
elements with diectic references [2, 25]. In contrast, most online
presentation tools con�ne presenter’s video to �xed, manually po-
sitioned frames, disconnected from the speci�c content being dis-
cussed or gestured toward. This spatial and temporal misalignment
reduces both audience engagement and comprehension [24, 35],
while limiting presenter expressiveness [16].
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While commercial platforms like Zoom and Microsoft Teams
o�er basic presenter overlay features, they rely on static, manual
con�gurations. These limitations hinder e�ective communication,
particularly in education or technical talks, where presenters fre-
quently reference speci�c elements on complex, information-dense
slides. Inspired by professional TED-style talks—where human direc-
tors actively adjust framing to align with the speaker’s intent—we
explore whether automated, multimodal presenter integration can
enhance the usability, expressiveness, and engagement of online
presentations, fostering a stronger sense of connection with the
speaker. Our aim is to bring back some of the natural coordination
between modalities that makes in-person talks e�ective.
Research across communication and cognitive science shows

that viewers process verbal and nonverbal signals—the intricate
interplay between slides, verbal communication, gestures and body
movements—as an integrated whole [2, 10, 25]. Spatial alignment
between presenter gestures and content playing a crucial role in
directing audience attention and enhancing comprehension [13, 39].
However, current presentor-video integration approaches fall

into two categories: (1) manual overlays (Zoom Virtual Background
[62], Microsoft Cameo [37]), and (2) content-driven augmentations
(RealityTalk [32], ChalkTalk [42]). Manual overlays require presen-
ters to pre-con�gure or manually position their video, increasing
cognitive burden sweller1994cognitive, ellis1992perceived and often
resulting in static layouts [16]. In contrast, content-driven augmen-
tations allow dynamic manipulation of contextual overlays, but fail
in traditional information-dense slide decks, where content clarity
is paramount [60].

This gap matters: studies show that thoughtful video placement—
such as on the right side of slides [60] or using larger video feeds [9]—
can enhance learning, audience engagement and perceived speaker
presence. However, manually optimizing such factors during live
presentations imposes signi�cant cognitive load on presenters, often
leading to �xed, suboptimal layouts that fail to leverage the full
potential of their non-verbal cues. As a result, many presenters opt to
keep their video feed �xed for convenience, sacri�cing opportunities
for more expressive and engaging delivery.

We introduce TalkDirector, an interactive system enabling real-
time, multimodal presenter-slide integration. TalkDirector dynami-
cally adjusts the position and size of the presenter’s video feed in
real-time based on speech, gestures, and slide content (Figure 1C).
Our approach integrates automatic speech recognition, gesture

detection, and structured slide-layout analysis through a two-stage
inference pipeline: (1) it �rst semantically aligns presentation scripts
with visual elements on each slide, then continuously matches real-
time speech to these aligned components using sliding window
algorithm; (2) during the live presentation, when a pointing gesture
is detected—indicating a presenter’s intent to emphasize a speci�c
element—the system repositions and resizes the video feed next
to the referenced content. This ensures dynamic, context-aware
transitions that maintain content visibility and highlight presenter
intent.

Informed by the VTalk-68 dataset—68 annotated online presenta-
tions recording user behavior in dynamically adjusting their video
feed based on context—we designed TalkDirector to support expres-
sive delivery, engagement while minimizing presenter e�ort. To

evaluate TalkDirector’s e�ectiveness, we conducted two-part user
studies from both presenter and audience perspectives. The presen-
ter study (n=12) compared TalkDirector against a manual baseline
(Zoom’s Slides as Virtual Background feature [62]), to assess prepara-
tion e�ort and perceived expressiveness, measured through logging
preparation time and subjective ratings. The audience study (n=12)
compared presentations viewed via TalkDirector to a conventional
side-by-side video-slide layout, evaluating perceived engagement,
speaker connection, and potential distraction with subject ques-
tionnaire results. Results indicate that TalkDirector signi�cantly
reduced preparation time and cognitive load for presenters while
enhancing their perceived expressiveness. Audiences reported a
stronger sense of connection to the speaker, without �nding the
dynamic video integration signi�cantly more distracting than the
static baseline layout.

Our contributions are threefold:
• TalkDirector: An interactive system demonstrating real-
time,multimodal presenter video integration driven by speech,
gesture, and slide layout analysis, leveraging LMMs to drive
adaptive video placement.

• Dual-perspective evaluation: Presenter (= = 12) and au-
dience (= = 12) studies, demonstrating the e�ectiveness of
TalkDirector in reducing presenter e�ort and enhancing per-
ceived expressiveness, engagement, and clarity.

• Design insights and dataset: Findings from two formative
workshops (= = 5) and release of VTalk-68, an annotated
multimodal presentation dataset1 to facilitate future research
on presenter behavior and video placement strategies, as well
as AI-powered presentation tools.

2 Related Works
Our work is inspired by prior literature in gestures, language, and
contents in presentations, as well as recent advances in body-content
interaction in augmented presentations.

2.1 Gestures, Language, and Contents in Presentation
E�ective presentations are inherently multimodal, relying on pre-
sentation slides, verbal communication, and nonverbal cues such as
gestures, facial expressions, and body movements [25]. Studies have
shown that humans interpret these multimodal signals as a uni-
�ed whole in communication [10], with spatial alignment between
gestures and content playing a crucial role in directing audience
attention [39]. When presenters can physically reference and in-
teract with content through body movements and gestures, they
create stronger cognitive associations for their audience [13]. Re-
search has demonstrated that the spatial positioning of presenter
video relative to content signi�cantly impacts learning outcomes
and audience engagement. For instance, Zhang et al. found that
placing the instructor’s video on the right side of the screen in-
creases learning performance and satisfaction [60], while Ellis et al.
showed that the size of presenter video a�ects perceived instruc-
tor presence [9]. The alignment of body movements with content
spatial layout allows presenters to create a more interactive and
engaging environment [45], adaptable to both in-person and virtual
1GitHub link omitted for anonymity
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Project POC COP Adaptive Input Modality

Tutor In-sight [53] ÿ (avatar) ÿ mouse
Microsoft Teams, Microsoft Cameo, Google Meet [15, 37, 38] mouse & real-world contents
Zoom ‘Slides as Virtual Background’ [62] ÿ mouse
OpenMic [22] mouse
ChatDirector [44] ÿ speech
Charade [1] hand (glove-tracking)
Bringing physics to the surface [57] ÿ ÿ hand
Chalktalk [42] ÿ mouse
RealitySketch [51] ÿ ÿ mouse & real-world objects
RealityTalk [32] ÿ ÿ speech & gestures
Elastica [4] ÿ ÿ pre-de�ned animations, speech & gestures
Interactive Body-Driven Graphics [48] ÿ ÿ gestures & postures
Augmented Chironomia [17] ÿ ÿ gestures
ARCADE [50] ÿ ÿ hand
ThingShare [23] mouse
Matulic et al., [34] ÿ ÿ gestures & slide elements
Our Work (TalkDirector) ÿ ÿ gestures, speech, slide content (layout, elements, sequence, contexts)

Table 1. This table categorizes related works on online-presentations based on the following criteria: whether they integrate the presenter’s video over content
(Presenter Over Content—POC), whether they overlay content on the presenter’s video (Content Over Presenter—COP), whether they are adaptive,
meaning they can dynamically adjust layout, content placement, or presentation style in response to the presenter’s actions or content context without manual
input, and lastly, the input modality that determines UI placements in the online presentation system. TalkDirector is the only presenter-video-over-content
system to enable real-time, multimodal adaptive presenter placement by combining speech, gesture, and slide content analysis.

settings [8]. These �ndings highlight the importance of thoughtful
integration between presenter video and content in digital presen-
tations.

2.2 Presenter Video-Content Integration in Digital
Presentations

Digital presentation systems have evolved to bridge the gap between
in-person and remote communication by integrating presenter video
with content in various ways. These approaches have been widely
adopted across educational settings [7, 14, 42, 53], public presenta-
tions [46, 47], and online explanatory videos [54]. While many early
augmented presentations relied on post-production [32], the rise
of livestreaming and video conferencing has sparked new research
into real-time presenter-content integration [1, 5, 14, 17, 27, 34].
These systems follow two distinct approaches: Presenter-Video-
Over-Content (POC) Integration Systems, which render the pre-
senter’s video feed over slides to maintain physical presence, and
Content-Over-Presenter-Video (COP) Integration Systems, which
overlay interactive content over the presenter’s video to enable
dynamic content manipulation. Here, we examine these approaches
and their implications for presentation e�ectiveness.

2.2.1 Presenter-Video-Over-Content Integration Systems. Current
video conferencing platforms like Zoom, Microsoft Teams, and
Google Meet provide basic integration of presenter video over
slide contents but struggle to support natural presenter-content
interactions [15, 21, 38, 62]. Research has shown that e�ective in-
tegration of presenter video with content is crucial: Friedland et
al. [12] demonstrated that separating presenter video from con-
tent creates a split-attention e�ect, while strategic video placement
can enhance learning outcomes. Ellis et al. [9] found that larger
presenter video sizes increase perceived instructor presence, and
Zhang et al. [60] showed that right-side video placement improves

learning performance and satisfaction. Recent commercial solu-
tions have attempted to address these challenges. Zoom’s ’Slides
as Virtual Background’ [63] and Microsoft Cameo [37] allow video
integration with slides, but require manual positioning and lack
context awareness. While Microsoft Teams’ ’Dynamic View’ opti-
mizes general content layout [38], it doesn’t speci�cally address
presenter video placement. In the research community, several sys-
tems have explored more sophisticated approaches. Some focus on
video manipulation in conferencing contexts, such as proxemic-
based resizing [22] and space-aware avatar transitions [44]. Others
have investigated gesture-based interactions [20, 57] and presenter
avatar integration [34]. However, these systems typically focus on
single modalities rather than combining multiple inputs for video
placement. TalkDirector advances prior work by integrating speech,
gestures, and slide content to dynamically adjust presenter video
in real time. Unlike manual commercial tools or research systems
limited to single modalities, our multimodal approach reduces pre-
senter cognitive load, increases expressiveness and ease of use, and
enhances audience engagement.

2.2.2 Content-Over-Presenter-Video Integration Systems. In con-
trast to Presenter-Video-Over-Content Integration Systems which
place video feeds over slides, this approach overlays interactive
content on the presenter’s video feed. These systems can be catego-
rized by their input modalities and content types. Basic systems like
Chalktalk [42] and RealitySketch [51] enable mouse-based sketch-
ing and animation over video. More advanced systems incorporate
gesture-based interactions: Interactive Body-Driven Graphics [48]
allows real-time manipulation of graphical elements through ges-
tures and postures, while Hall et al. [17] developed bimanual in-
teractions with dynamic charts overlaid on presenter video. Some
systems have explored multimodal inputs for content overlay. Re-
alityTalk [32] combines speech and gestures to control text and
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image overlays, while Elastica [4] synchronizes prede�ned anima-
tions with speech and gestures. Others have investigated specialized
approaches, such as ThingShare’s [23] gesture-based object ma-
nipulation, Tutor-Insight’s [53] MR avatars for attention direction,
and ARCADE’s [50] 3D holographic integration. Some researchers
have even explored physical space integration through hologra-
phy [27, 28]. While these systems focus on enriching the presenter’s
visual space with overlays, TalkDirector takes the complementary
approach—enhancing presenter-content alignment by dynamically
repositioning the presenter within slides using multimodal cues,
enabling more expressive, usable and adaptive communication in
traditional slide-based online presentation formats.

2.3 LLM Augmentation Systems in HCI
Recent HCI research has explored how LLMs can augment human
capabilities and act as engines within interactive systems—goals
directly aligned with TalkDirector’s multimodal inference pipeline
for real-time presenter integration.
In augmenting human performance, LLMs have been used to

reduce e�ort and enhance user expression. Visual Captions [33]
predicts user intent in video conferencing, while LLMR [6] enables
context-aware adaptation in mixed reality. Marco [11] supports
sensemaking in business document collections, and Kobiella et al.
[29] examines how ChatGPT a�ects workplace productivity. Tools
like PaperWeaver [31] and EvaluatingLLM [55] help researchers
generate ideas and synthesize literature—parallel to how TalkDirec-
tor assists presenters by o�oading layout and content reasoning to
an intelligent backend.
LLMs also serve as core components within interactive systems.

Farsight [56] generates speculative scenarios, GenLine [26] trans-
lates natural language to code, and MindTalker [58] supports users
with dementia through conversation. LLMs have been used for in-
sight extraction, as seen in Memoro [64] and PaperWeaver, which
process conversational and bibliographic histories. Visual Captions
�ne-tunes LLMs to interpret intent from live speech, and Instruct-
Pipe [61] coordinates multiple LLM modules for pipeline genera-
tion—similar in spirit to TalkDirector’s orchestration of ASR, gesture
detection, and layout analysis for adaptive presenter positioning.

Across this space, LLMs act as prompt-based agents [52], compo-
nents within larger work�ows [18, 30], or engines for end-to-end
systems [56, 59]. TalkDirector builds on this theme, demonstrating
how LLMs can enable expressive, real-time human-computer in-
teraction through multimodal reasoning and context-aware layout
adaptation.

3 Design Rationale
To inform the design of TalkDirector and ground our system in real
user needs, we conducted two formative studies that explored how
presenters integrate video feeds in slide-based presentations. The
�rst was an expert workshop aimed at surfacing presenter-centered
and information-centered preferences for video feed control and
automation in online presentations. The second was an interaction
pattern exploration study, where users gave presentations using a
prototype that logged detailed video feed behavior. Together, these

Fig. 2. Mock-ups exploring users’ decision-making processes and workflows
in dynamic presenter video feed generation, based on adaptation level.
These mockups serve as an ideation point for the iterative development of a
presenter-slide integrated dynamic presentation system.

studies helped us uncover key placement strategies, gesture inte-
gration desires, and pain points with current work�ows—directly
shaping TalkDirector’s multimodal pipeline and adaptive placement
algorithm.

3.1 Workshop Study
We conducted an expert workshop to understand how presenters
currently integrate video feeds into online presentations and to
derive design implications for automated video feed management.

3.1.1 Participants and Procedure. The study consisted of two ses-
sions of semi-structured interviews with �ve participants (1 female,
4 males), experienced in creating presentation videos with embedded
speaker feeds. Participants were recruited based on their experience
with creating online presentation videos that incorporate speaker
video feeds. The semi-structured interviews lasted 60-90 minutes
via Zoom, with participants receiving $10 compensation. The �rst
session (40-50 minutes) explored participants’ current practices and
challenges, while the second session (20-30 minutes) gathered feed-
back on mock-ups representing di�erent levels of automation in
video feed management.

We presented four mock-ups with increasing levels of automation:
manual control (drag/zoom), AI suggestions with user selection,
single AI suggestion with an override option, and fully automated
placement. Participants provided feedback on using these variations
for both live and post-editing scenarios. (Figure 2

3.1.2 Results and Design Implications. We generalized and analyzed
�ndings from the semi-structured workshop using a�nity diagram-
ming. Our following key �ndings directly informed TalkDirector’s
design:

(1) Content-Aware Placement: Participants emphasized that video
placement should adapt to slide content and presentation
goals. P5 preferred large, centered video during introduc-
tions but minimized corner placement for dense content like
“Related Work.” P3 suggested a “one-third rule” to maintain
content visibility. Participants also noted that presentation
types vary—information-centric talks (e.g., tutorials) might
bene�t from minimal presenter presence, while presenter-
centric ones (e.g., personal intros) prioritize visibility to en-
hance memorability. These insights shaped our layout-aware
algorithm, which dynamically adjusts video size and position
based on content type, complexity, and transitions.

UIST ’25, Apr 26–May 1, Busan, Korea.
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Fig. 3. Screenshots of the prototype used in our data collection study. Users can dynamically edit their webcam video in their presentations with four features;
(a) repositioning (b) resizing, (c) turning into full-screen, and (d) hiding mode. The presenter can edit their video and hit the record bu�on on the bo�om to
record a presentation video.

(2) Gesture-Responsive Integration: Preserving natural gestures
was seen as essential to expression. P5 noted a strong desire
for gesture-aware placement: “if there are ways of deriving
how my gestures are in an actual presentation... I would
de�nitely rely on those.” This directly informed our real-time
gesture detection and positioning system.

(3) Uni�ed, Real-TimeWork�ow: Participants found existingmulti-
tool work�ows tedious. P1 described the burden of switching
between video and slide editors, while P2 requested an inte-
grated overlay preview, where camera feed, slides, and audio
could be synchronized in real-time. This led us to design
TalkDirector as a single uni�ed tool that synchronizes slides,
camera feed, and script for live presentation control.

(4) Balanced Automation with Control:While automationwaswel-
comed, participants preferred maintaining �nal control. P4
suggested “a �rst pass automated, then tweak from there,” sup-
porting our pipeline’s semi-automated mode with override
�exibility. This hybrid design supports both presenter-centric
and information-centric work�ows.

3.2 Interaction Pa�ern Exploration Study
Given the lack of data on how presenters naturally integrate video
feeds for expressive communication, we conducted an exploratory
study to uncover user behaviors and preferences in video-enhanced
presentations. Our goal was to identify common interaction patterns
to inform the design of automated presenter integration systems.

3.2.1 Presentation Tool Prototype. We developed a web-based pro-
totype to support online PowerPoint presentations with enhanced
control over webcam video placement. Built with the PPTX2HTML
library [43], the system renders slides and integrates a live webcam
feed. Users upload a slide deck and a corresponding script (in .txt
format).
Webcam background was removed using MediaPipe [36], en-

abling seamless video-slide integration similar to Zoom’s “Slide as
Virtual Background.”

The prototype supports four main video manipulation features
(Figure 3): drag-and-drop repositioning, corner-based resizing, full-
screen mode, and visibility toggling. A control panel allows slide
navigation and recording with pause/resume functionality. During
sessions, the system logs webcam position, size and mode states
(e.g., full-screen, hidden); enabling detailed post-hoc interaction
analysis.

3.2.2 Study Design. Guided by insights from our formative study,
we created three types of mock-up slide decks to represent diverse
presentation contexts: personal stories (presenter-centric), tutorials
(information-centric), and professional presentations that balance
presenter presence with information delivery. Each type included
two variants, and every deck consisted of seven slides designed to
test di�erent layout scenarios—such as a title slide, a full-text slide,
a full-image/video slide, and slides combining text and visuals in
varied con�gurations.

The study was conducted remotely via Zoom. Participants were
tasked with preparing a monologue presentation with an emphasis
on expressivity. They were randomly assigned to one of two slide
variants per presentation category. After reviewing the content,
participants used our platform to record their talk while dynamically
controlling webcam placement. This setup enabled us to observe
natural video feed integration behaviors across diverse presentation
styles.

3.2.3 Participants. Twenty participants (12 female, 8male," age=26.6,
SD=3.23) were recruited from a university sample, receiving $10
compensation. On 5-point Likert Scales, participants reported high
pro�ciency with presentation software (" = 4.05, SD=0.60) and
moderate to high presentation skills (" = 3.73, SD=0.79). Sixteen
participants consented to release their video feeds as part of the
dataset.

3.2.4 Identified Pa�erns�antitative Analysis. To identify common
webcam placement and sizing patterns, we analyzed timestamped
JSON logs from 20 participants across three presentation types
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Webcam Position Frequency
* Frequency = raw count of webcam positions

0 4 8 13 19 21

(a) Heatmap of presenter video positions and sizes (raw count)

Webcam Position Frequency
* Frequency = weighted count (influenced by time duration)

0 1974 3947 5921 7834 968

(b) Heatmap of presenter video positions and sizes (weighted)

Fig. 4. The heatmaps display the spatial distribution of presenter video positions across all participants, with (a) showing raw occurrence counts (each position
counted once) and (b) showing time-weighted distributions where positions are weighted proportionally to their duration (calculated by multiplying each
position by the time elapsed until the next logged change). The visualization uses hexagonal binning to aggregate position data into discrete spatial units,
where each blue hexagon represents a region of the slide. Darker blue indicates higher position frequency within that region, while red outlines show the
actual size and placement of individual webcams. Analysis revealed two dominant positioning strategies: bo�om-le� (18%), and bo�om-right (17%), suggesting
presenters prefer corner placement to maximize slide visibility. Full-screen and hidden modes were excluded from this analysis per experimental protocol.

(personal, tutorial, professional). We excluded entries where the
webcam was in fullscreen or hidden mode (isFullScreen=true,
isHidden=true) as these re�ected intentional mode changes rather
than typical positioning behavior. The entries where webcam was
in fullscreen or hidden mode were analyzed later with counted
instances, instead of plotting them in the heatmap.

To re�ect user preferences, we used a time-weighted analysis: the
longer a position was held, the more it contributed to the overall
distribution. This helped highlight intentional choices over brief
adjustments.
Positions were normalized relative to the slide container, using

the webcam’s center point (x, y) as a proportion of the slide area. We
then applied D3.js’s hexbin algorithm to generate a spatial density
heatmap, where darker regions indicate more frequent placements.
From the analyzed data (# = 692 positions), we identi�ed that

the most common webcam placements occurred in the bottom-left
(18%) and bottom-right (17%) regions of a standardized 3×3 grid
layout. The average webcam size was consistent across categories,
with slight variations: tutorials (321 ⇥ 180 pixels), personal stories
(367 ⇥ 207 pixels), and professional presentations (356 ⇥ 200 pixels).
Furthermore, we observed that fullscreen and hidden modes were
predominantly activated on the �rst and last slides, primarily for
personal introductions and conclusions (full-screen mode: 35 total
instances), and during visually dense slides featuring large �gures
or images (hidden mode: 12 total instances). Interestingly, 8 partic-
ipants never engaged either mode, preferring consistent visibility
throughout their presentations.

3.2.5 Identified Pa�erns�alitative Analysis. We conducted post-
trial semi-structured interviews to explore participants’ motivations
and experiences. We created an a�nity diagram using thematic
analysis to systematically categorize participant responses.

Most participants (14 of 20) were pleasantly surprised by the level
of control over webcam integration, valuing the ability to reposition
and resize dynamically. However, nearly half (9 of 20) expressed a
preference for automated adjustments, noting that manual control
added cognitive e�ort. One participant summarized: “I found myself
just repositioning into the corner blank space whenever possible, and
making my webcam as big as the available space allowed.”
Participants also noted that integrated webcam positioning en-

hanced their expressiveness. They became more aware of their
gestures and facial expressions as central to the presentation rather
than peripheral. As one participant put it: “I felt more deliberate in
my gestures and how I expressed myself because I felt like I was a part
of the slide, not just on the side.”

Participants often adjusted webcam placement to emphasize key
slide content. Five speci�cally mentioned repositioning and resizing
to highlight important points or visual-text associations, especially
in personal narratives. In contrast, those giving tutorial-style presen-
tations (5 of 20) made fewer adjustments, though three valued the
ability to use gestures for pointing. Additionally, �ve participants
noted that their use of webcam integration varied depending on the
presentation’s purpose and content style.

3.2.6 Design Considerations. Based on our quantitative and quali-
tative �ndings, we derived design considerations that directly link
presenter behaviors and preferences to the design of our automated
multimodal integration system.
DC1:AutomatedBlank-SpaceUtilization Presenters oftenmoved
their webcam to bottom corners to avoid occluding content. Auto-
mated systems should detect and prioritize these blank areas—especially
bottom-left and bottom-right—for dynamic, non-intrusive place-
ment.
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Presenatation Video JSON File
{
 “category”: “personal”,
 “subCategory: ”hometown”,
 ....
},
{
 “timestamp”: 0.001,
 “slideNumber”: 1,
 “webcamPosition”: {
  “top”: “214px”,
  “right”: “20px”,
  “bottom”: “”,
  “left”: “204px”
 },
 “webcamSize”: {
  “width”: 711,
  “height”: 400
  },
 “isFullScreen”: false,
 “isHidden”: false
},
...

Fig. 5. VTalk-68 dataset, that collects information on user video feed place-
ments across various slide layouts and contents.

DC2: Contextual Mode Adaptation Fullscreen mode was typi-
cally used during introductions and conclusions, while webcams
were hidden on visually dense slides. Systems should recognize
these contextual cues and automatically adjust visibility (e.g., show,
hide, fullscreen) accordingly.
DC3: Gesture-Aligned Placement Participants felt more expres-
sive when their gestures aligned with slide content. Automated
systems should incorporate gesture recognition to position the pre-
senter video near referenced elements, enhancing clarity and en-
gagement.
DC4: Seamless Presentation FlowManual adjustments were seen
as disruptive. To maintain �ow, systems should continuously adapt
video placement and size using multimodal inputs, minimizing the
need for presenter intervention.

3.2.7 Dataset. We are releasing our dataset, VTalk-68 Dataset
Figure 5, which includes both a webcam video �le and a screen
recording �le for each participant, capturing how users decided to
move and resize their webcam video based on the content of the
presentation. This dataset re�ects the participants’ interaction with
the presentation system, particularly their decisions regarding the
placement and resizing of the video feed.

Additionally, the dataset includes a JSON �le for each recording,
logging parameters such as the size and position of the webcam
video, the activation of fullscreen or hide modes, and timestamps of
any changes made by the user. This allows for a detailed analysis of
participants’ interaction patterns with the system.
We share this dataset with the goal of encouraging further re-

search into understanding user behavior during interactive presen-
tations. We hope it will support future work that aims to investigate
how presenters utilize interactive features when presenting slides.
The dataset URL (7.38 GB) will be provided in the camera-ready version
for anonymity.

4 TalkDirector
Based on insights from Section 3.1 and 3.2, we developed TalkDi-
rector, an intelligent online presentation interface that dynamically
integrates presenter video feeds with slides. The system optimizes
the position and size of the presenter’s video in real-time by analyz-
ing slide content, spoken words, and presenter gestures, enhancing
visual engagement while minimizing cognitive load. Our approach

introduces a novel multimodal inference technique that uniquely
combines layout analysis, speech recognition, and gesture detection
to position presenter video adaptively.

TalkDirector employs a two-stage architecture: (1) preprocessing
and (2) real-time processing. This separation serves three critical
purposes: it front-loads computationally intensive tasks such as
layout analysis and content alignment to minimize latency during
live presentations; establishes precise relationships between scripts
and slide elements for accurate real-time decisions; and robustly
adapts to spontaneous changes in the presenter’s speech and actions.
Figure 6 illustrates the system architecture.

4.1 Preprocessing Pipeline
The preprocessing pipeline aligns slide layouts with presentation
scripts, preparing structured references for real-time positioning.

4.1.1 Layout Analysis. Slides are initially converted into PNG im-
ages and processed through Tesseract OCR [49] to extract text
and preliminary bounding boxes. To improve accuracy and robust-
ness, particularly in complex graphical layouts, we re�ne these
initial bounding boxes using GPT-4o [41]. GPT-4o semantically tags
slide elements with hierarchical labels such as <title-text> and
<figure-image1>, clearly distinguishing titles, content blocks, and
visual elements. Coordinates are normalized to maintain consis-
tency across slides, and results are stored in structured JSON. The
resulting labeled bounding boxes are preserved for each slide and
later used to construct the occupancy grid required for blank space
detection during real-time positioning.

4.1.2 Script-Layout Alignment. Presentation scripts are segmented
by explicit slide markers (e.g., “[Slide 1]”). GPT-4o then matches
these segments to labeled slide elements using XML tags corre-
sponding exactly to component labels. We employ a two-step robust
matching strategy: initial candidate matches via TF-IDF vectoriza-
tion and re�ned semantic matching using All-MiniLM-L6-v2 embed-
dings. Based on Section 3.2 insights, we also label special semantic
tags to accommodate full-screen and hidden transitions:

• <full>: Indicates sections such as self-introduction or Q&A
invitations, prompting the presenter’s video to occupy the
full screen.

• <hide>: Marks slides containing full-screen visuals or com-
plex �gures where presenter visibility is less critical, hiding
the video entirely.

4.2 Real-time Processing
The real-time pipeline is designed to interpret multimodal input
from the presenter and adapt the video positioning accordingly. It
integrates three components in parallel: (1) speech recognition and
matching with scripted content, (2) gesture recognition and spatial
interpretation, and (3) blank space detection. With all combined,
speaker’s video is dynamically repositoning and resized during the
presentation.

4.2.1 Speech Recognition and Script Matching. We combine the
Web Speech API for responsiveness and OpenAI’s Whisper API
for accuracy under variable audio conditions. The Web Speech API
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Fig. 6. TalkDirector’s multi-modal layout inference pipeline. We first process inputs of slides presentation and scripts with TesseractOCR [49] and Large
Generative Multimodal Modal (GPT4-o) with a refiner and a labeler. This pipeline e�ectively reduces hallucinations of GPT4-o and generate paired script and
element of each slide. During the presentation, we run a real-time pipeline to segment webcam background, recognize hand gestures, and parse speech with
WhisperAI [40], an Automatic Speech Recognition (ASR) service. Finally, we leverage GPT4-o to determine determine webcam placement and size, hence
rendering the recommended segmented video onto the slides.

provides immediate transcription updates, while Whisper periodi-
cally re�nes transcriptions. A sliding-window algorithm matches
recent transcribed speech segments to script segments using fuzzy
matching, accommodating spontaneous speech variations and mi-
nor transcription errors.

4.2.2 Gesture Recognition. Based on DC3, which emphasizes pre-
senter intent to spatially associate themselves with content, we
interpret pointing gestures as an explicit signal to be placed adja-
cent to the referenced slide component for emphasis and contextual
grounding. For gesture recognition, we use MediaPipe Hands [36]
to detect stable pointing gestures (index �nger extended, others
curled) held for at least 500ms. Detected gestures are geometri-
cally mapped to slide coordinates, accurately aligning gestures with
slide elements for precise positioning. Gesture processing occurs
in parallel with speech recognition to maintain responsiveness and
minimize latency.

4.2.3 Blank Space Detection and Default Positioning. To determine
suitable regions for placing the presenter’s video, TalkDirector ana-
lyzes blank areas on each slide that do not contain important content.
Each slide is discretized into a, ⇥� binary occupancy gird M with
a resolution of ' = 5 pixels per cell. Occupied cells corresponding
to text and visual elements are marked as 1, and unoccupied cells
are marked as 0. Given an empty cell (G,~), its largest continuous
empty region can be computed in Algorithm 1:

Each candidate region (G,~,F ,⌘) is evaluated based on size con-
straints. To ensure webcam sizes are within a desirable size range,
we enforce a size constraint of the webcam relative to the slide (

Algorithm 1 Blank Space Detection Algorithm
1: procedure E�����B����S����(M,G, ~,, ,� )
2: Initialize blank space’s width F  0, height ⌘  0
3: while G + F <, ^ M [~ ] [G + F ] = 0 do
4: F  F + 1
5: end while
6: while ~ + ⌘ < � ^ IsRowEmpty(M, ~ + ⌘,G,F ) do
7: ⌘  ⌘ + 1
8: end while
9: return blank space (G, ~,F,⌘)
10: end procedure

F<8= = 0.15 ⇥ slide_width, F<0G = 0.4 ⇥ slide_width and corre-
sponding height based on a �xed aspect ratio). For each qualifying
region, the system calculates the latest possible webcam dimension
within bounds and ranks candidates based on proximity to slide
content and user-preferred placement locations identi�ed in the
formative study. Following the order of: bottom-right! bottom-left
! top-right! top-left.

Blank space detection is performed once per slide transition and
cached, avoiding recomputation during live interactions. This main-
tains real-time responsiveness while adapting to layout changes
between slides.

4.2.4 Gesture-Speech Triggered Repositioning. When a pointing
gesture is detected with a valid speech-to-script match, the system
repositions the video feed adjacent to the referenced slide compo-
nent.
Given the bounding box (G,~,F ,⌘) of the matched component,

TalkDirector attempts to place the video feed near the element using
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<title-text> Now let me talk  ... </title-text>
<content-text1> First, it keeps ... </content-text1>
<content-text2> It also has a ... </content-text2>
<content-text3> Most importantly,  ... </content-text3>
<content-figure1> Here is a picture  ... </content-figure1>

Labeled Script

Bounding box + Script-Layout Alignment

Preprocessed script and slide layout Default Positioning

Blank Space Detection + Region Ranking Pointing Gestutre Detection

Um Now let me talk

Labeled Script
Speech 

Recognition

<title-text> Now let me talk ...
<content-text1> First, it keeps .. 

Labeled Script
Speech 

Recognition

<title-text> Now let me talk ...
<content-text1> First, it keeps .. First it keeps

<title-text> <content-text1>

Default Positioning Gesture-Speech Triggered PositioningGesture-Speech Triggered Positioning

Matching Matching

Fig. 7. Visualization of TalkDirector’s context-aware video positioning: default positioning and sizing and real-time positioning and sizing. In the default mode,
the system detects blank spaces using slide layout analysis, placing the presenter’s video in a non-obstructive area with an appropriately sized feed. In the
real-time mode, the system dynamically adjusts the position and size of the presenter’s video based on gesture recognition and speech-to-script matching,
aligning the video feed with the relevant content being discussed on the slide. This approach ensures an adaptive and engaging presentation flow.

the following anchor positions:

?right = (G +F +", ~ + ⌘ � ⌘webcam), (1)
?left = (G �Fwebcam �", ~ + ⌘ � ⌘webcam), (2)

?below = (G, ~ + ⌘ +"), (3)

where" is a �xed margin (10 pixels) from the component boundary.
Each candidate position is validated to ensure it does not overlap
existing slide content or exceed slide boundaries. If all adjacent
placements are infeasible, the system falls back to the highest-ranked
default corner.

Figure 7 visually summarizes default and gesture-triggered posi-
tioning based on multimodal inputs.

4.3 Implementation and Performance Evaluation
We implemented TalkDirector as a web-based application, using a
Node.js backend for preprocessing tasks (interactions and layout
analysis via GPT-4o API) and browser-side JavaScript for real-time
processing (speech recognition, gesture detection, and webcam po-
sitioning). The real-time frontend runs entirely within a Chrome
browser (version 123) on a commodity laptop (Intel Core i7, 16 GB
RAM), simulating typical end-user presentation scenarios.
To evaluate system responsiveness, we measured the latency of

real-time components in TalkDirector: gesture recognition, speech-
to-script matching, blank-space detection, and webcam reposition-
ing. We conducted latency measurements using prerecorded presen-
tation segments derived from all six slide decks used in Section 3.2,
ensuring content diversity and layout di�erences.

Each operation was evaluated across 30 runs per slide deck (total
# = 180 per component). We varied the spatial target and gesture
direction (left, right, upward) across runs to re�ect natural pointing
diversity observed in the user study. Gesture recognition latency
was recorded from the onset of the pointing gesture to successful
recognition by the system. Speech-script matching latency was mea-
sured from the moment a spoken phrase ended to the identi�cation
of the corresponding script segment. This measurement includes
both the real-time transcription update (viaWeb Speech API) and the

periodic re�nement using Whisper, followed by fuzzy script align-
ment. While Web Speech provides immediate feedback, Whisper
introduces additional overhead due to neural inference, contributing
to increased—but still acceptable—latency. Blank-space detection
latency was recorded from initiation of the positioning query to
the successful return of candidate regions. Webcam repositioning
latency was measured from the moment of detection con�rmation
to visual update on the slide interface.

Table 2 presents the latency results for each component, reporting
mean and standard deviation values:

Operation Mean Latency (ms) Std. Dev. (ms)

Gesture Recognition 22 7
Speech-script Matching 132 24
Blank-space Detection 49 9
Webcam Repositioning 28 5

Table 2. Latency evaluation results of TalkDirector’s real-time operations
(N=180).

With the exception of speech-to-script matching—which includes
transcription re�nement and alignment with scripted segments—all
latency values remained well below 100 ms. Although speech match-
ing introduces slightly higher latency, the overall timing still falls
within a range that supports smooth and responsive live presenta-
tions. These latency pro�les collectively support the use of TalkDi-
rector in live presentation settings, where timely feedback is critical
to maintaining �ow and audience engagement.

5 Evaluation
We evaluated TalkDirector from both presenter and audience per-
spectives by conducting a two-part user study. Our system, which dy-
namically integrates the presenter’s video feed into the slide layouts
based on content and gestures, was compared to industry-standard
commercial video conferencing tools. Speci�cally, we examined
whether (1) the automatic video control and repositioning features
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(a) Talk preparation and gesture visible time. (b) 7-point likert scale ratings for subjective questions.

Fig. 8. �antitative analysis of time spent in preparation, with gestures, and talk presentation, as well as count of pointing gesture activation. The statistic
significance is annotated with ⇤, ⇤⇤, or ⇤⇤⇤ (representing ?<.05, ?<.01, and ?<.001, respectively). With comparable total presentation time, TalkDirector
significantly reduced presenter’s preparation time and increased both duration and activation of hand gestures.

help presenters feel more expressive, improve usability, and reduce
cognitive load, and (2) whether these features enhance audience
engagement and perceived connection with the speaker.

5.1 Presenter-Side Evaluation
Based on our formative insights, we hypothesize that TalkDirector’s
content and gesture driven video integration enhances presenters’
expressiveness, improves perceived usability, and reduces cognitive
load associated with manual con�guration. To test this, we con-
ducted a within-subjects comparison between TalkDirector and a
baseline modeled after Zoom’s "Slide as virtual background" feature,
which allows only basic manual toggles of video feed (e.g., reposi-
tioning, fullscreen, and hide). Participants prepared and delivered
slide presentations using both systems. We collected subjective rat-
ings on usability, expressiveness, and cognitive load, along with
interaction logs tracking how participants repositioned or resized
their video—used as a behavioral indicator of expressive control over
visual framing. As our formative studies identi�ed natural gesturing
as central to expressive communication, we also analyzed moments
when presenters used natural gestures in the logs as an indicator
of expressiveness. We additionally analyzed preparation time from
the interaction logs as an indicator of system usability and cogni-
tive load, reasoning that more intuitive, lower-e�ort con�guration
would lead to shorter setup durations with TalkDirector.

5.1.1 Participants. We recruited 12 participants (7 female, 5 male)
from a university sample (M age = 28.42, (⇡ = 2.97, range = 23 – 32).
Participants rated their experience with giving online presentations
on a 7-point Likert scale (1 = no experience, 7 = very experienced),
with " = 4.92, (⇡ = 1.40. They also reported low experience
with editing webcam video during online presentations (" = 1.75,
(⇡ = 1.60) and in post-processing (" = 2.42, (⇡ = 1.53). Each
participant received a $10 e-gift card.

5.1.2 Cognitive Load. The NASA-TLX scores for the two conditions
were analyzed using paired-samples t-tests (see Figure 9a).

Mental demand was signi�cantly lower with TalkDirector (M =
17.50, SD = 13.71) compared to the baseline (M = 48.00, SD = 25.36);
C (11) = 3.67, ? = 0.0014.
Physical demand was also signi�cantly lower with TalkDirector
(M = 14.75, SD = 12.55) than with the baseline (M = 45.25, SD =
26.61); C (11) = 3.59, ? = 0.0016.
Temporal demand showed a signi�cant reduction as well, with
TalkDirector at (M = 13.33, SD = 14.49) versus the baseline (M =
37.08, SD = 31.56); C (11) = 2.37, ? = 0.0270.
For performance, TalkDirector had a higher mean score (M =
77.50, SD = 15.58) than the baseline (M = 70.00, SD = 12.93), but the
di�erence was not statistically signi�cant; C (11) = �1.28, ? = 0.21.
E�ort was signi�cantly lower with TalkDirector (M = 22.67, SD =
23.00) compared to the baseline (M = 44.00, SD = 22.30); C (11) = 2.31,
? = 0.031.
Frustration was also lower with TalkDirector (M = 11.00, SD =
18.62) than with the baseline (M = 18.08, SD = 20.69), though this
di�erence was not statistically signi�cant; C (11) = 0.88, ? = 0.39.
Finally, the raw total average NASA-TLX score was signi�cantly
lower for TalkDirector (M = 26.13, SD = 10.90) compared to the
baseline (M = 43.74, SD = 16.46); C (11) = 3.09, ? = 0.0053.

5.1.3 Procedure. After providing informed consent, participants
completed a demographic survey and received an overview of the
study. They were then asked to take on the role of a "director" for
their online presentation, aiming for an engaging TED Talk-like
delivery. Each participant presented two pre-written slide decks, one
on their hometown and one on their hobby, while being instructed
to present as if the content were their own.

Participants were randomly assigned to start with either TalkDi-
rector or the baseline system, with both system and topic order
counterbalanced to control for order e�ects. Before presenting, they
received a demo of each system and were allocated practice time
with the interface, including the record, pause, and stop controls.

Both systems featured live transcription subtitles to show when
speech was being recognized, ensuring low latency and a consistent
user experience. Participants then delivered two presentations, one
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(a) Raw-TLX results. (b) SUS scores.

Fig. 9. Participants’ ratings on Raw-TLX and SUS questionnaires in the presenter-side evaluation. The statistic significance is annotated with ⇤, ⇤⇤, or ⇤⇤⇤

(representing ?<.05, ?<.01, and ?<.001, respectively). For SUS scores, No significant di�erence was found between TalkDirector and the Baseline.

with each system, while we recorded video data to analyze body
language as an objective measure of expressiveness.
After each presentation, participants completed a questionnaire

rating their experience on several dimensions: engagement, e�ort,
expressiveness, �ow, content integration, Systems Usability Scale
(SUS) [3] and the NASA Task Load Index (NASA-TLX) [19]. We used
a 0-100 scale for the NASA-TLX, and a 7-point Likert scale for all
other ratings. To ensure informed comparisons, participants were
allowed to revise their ratings for the �rst system after completing
both presentations.
Finally, a post-hoc interview was conducted where participants

explained their ratings, indicated their preference for the two sys-
tems, and discussed potential application scenarios.

5.2 Results for Presenter-Side Evaluation
5.2.1 Video Data Analysis. We analyzed participants’ video data
to understand their preparation and presentation behavior in both
conditions (See Figure 8a and 14). The key �ndings are as follows:

Preparation Time. Preparation time included reading the script,
planning webcam placement, and deciding when to use gestures
before recording. TalkDirector signi�cantly reduced preparation
time compared to the baseline (M = 58.75, SD = 51.88 vs.M = 137.50,
SD = 53.73; C (11) = 3.65, ? = 0.0014).

Gesture Use. To estimate natural gesture use as an indication for
expressiveness, we measured the total time participants’ hands were
visible in the webcam video. Using MediaPipe Hands for detection,
we manually excluded non-gesture hand visibility (e.g., holding
a microphone). TalkDirector signi�cantly increased hand-visible
time (M = 42.58, SD = 21.87) compared to the baseline (M = 16.00,
SD = 22.66; C (11) = �2.92, ? = 0.0079), suggesting more frequent
gesturing.
Video Repositioning. We counted instances of video reposi-

tioning or resizing during the presentation (Figure 14). In the base-
line, this required manually pausing to adjust the video, whereas
in TalkDirector, repositioning occurred automatically via pointing
gestures. We include this metric as an indicator of how actively
presenters integrated their presence with content. TalkDirector led

to signi�cantly more repositioning events (M = 4.33, SD = 1.67) than
the baseline (M = 0.50, SD = 0.67; C (11) = �7.37, ? < 0.0001).

Topic E�ects. To verify that observed di�erences were due to the
system rather than presentation content, we analyzed topic e�ects
across the two assigned topics (hometown and hobby). A two-way
ANOVA showed no signi�cant main e�ects of topic on preparation
time (� (1, 20) = 1.01, ? = 0.33), hand-visible time (� (1, 20) = 0.37,
? = 0.55), or gesture activation (� (1, 20) = 0.41, ? = 0.53), nor any
signi�cant interactions between method and topic.

5.2.2 User Experience. Participants rated their experience on �ve
custom dimensions: engagement, perceived value, expressiveness,
�ow, and integration (see Figure 8b for full de�nition). Engagement
was signi�cantly higher with TalkDirector (M = 6.08, SD = 1.00) com-
pared to the baseline (M = 5.00, SD = 1.21); C (11) = �2.40, ? = 0.0253.
Perceived value was also rated slightly higher with TalkDirector
(M = 5.92, SD = 1.31) than with the baseline (M = 5.42, SD = 1.08),
though the di�erence was not statistically signi�cant; C (11) = �1.02,
? = 0.32. Expressiveness showed a signi�cant improvement with
TalkDirector (M = 6.25, SD = 0.97) compared to the baseline (M =
4.67, SD = 1.78); C (11) = �2.71, ? = 0.0127. Similarly, �ow was
rated signi�cantly higher for TalkDirector (M = 6.33, SD = 1.15) than
for the baseline (M = 4.67, SD = 1.83); C (11) = �2.67, ? = 0.0139.
Finally, for Integration, TalkDirector again received slightly higher
ratings (M = 5.67, SD = 1.30) than the baseline (M = 5.33, SD = 1.44),
though the di�erence was not statistically signi�cant; C (11) = �0.60,
? = 0.56.

5.2.3 System Usability. The System Usability Scale (SUS) [3]
scores for the two conditions were analyzed using a paired-samples
t-test (See Figure 9b). The baseline condition had a mean score of
" = 82.71, (⇡ = 7.57, while the TalkDirector condition had a mean
score of " = 87.92, (⇡ = 9.10. The t-test revealed no signi�cant
di�erence between the two conditions (C (11) = �1.52, ? = 0.14).

5.2.4 Preference. After using both systems, 10 out of 12 participants
(83.3%) preferred TalkDirector over the baseline, indicating a strong
overall preference for our system.
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Category Question

Content Comprehension The presentation interface helped me better understand the presentation content.

Social Connection The presentation interface helped me feel more socially connected to the presenter.

Willingness to Connect I would feel comfortable talking with this speaker again in the future.

Distraction At any point you found the tool distracting from the presenter or the main content.

Attention The presentation interface helped me pay attention to the primary content (e.g., the
presenter’s slides or video feed).

Table 3. Subjective questionnaire used in the audience evaluation study.

5.3 Audience-Side Evaluation
Remote presentations often struggle to replicate the sense of con-
nection and engagement found in in-person talks, partly due to
the disjointed layout of speaker and slide content. To address this,
we explored whether dynamically integrating the presenter’s video
into slide content enhances audience engagement and perceived
connection with the speaker. We hypothesized that this integrated
format would lead to greater attention to the speaker, stronger feel-
ings of connection, and improved content retention compared to
a conventional side-by-side layout. In a within-subjects study, the
audience viewed presentations delivered using either TalkDirector
or a standard format typical of platforms like Zoom or Microsoft
Teams. We administered post-viewing questionnaires to assess en-
gagement, perceived content comprehension, and connection to the
presenter.

5.3.1 Participants. 12 participants (6 female, 6 males, age 25–54)
were recruited through an internal mailing list at Anon. All partici-
pants reported that they are experienced with online presentations
(" = 6.33, (⇡ = 0.49).

5.3.2 Procedure. Before the study, all participants provided in-
formed consent. Upon arrival, they completed a demographic survey
and were seated in front of a laptop.
Each participant viewed two presentation videos: one using a

conventional side-by-side layout (baseline) and the other using our
TalkDirector system. Topics included either a personal story about
the presenter’s hobby or an instructional video on timemanagement.
Presentation style and topic combinations were counterbalanced to
mitigate order e�ects.
After watching the video (7–8 minutes each), participants �lled

out a questionnaire assessing perceived understanding, connection
with the presenter, distraction, and attention, each on a 7-point
Likert scale. Detailed question are listed in Table 3

Finally, semi-structured interview gathered qualitative feedback
on participants’ experiences and perceptions of each presentation
style.

5.4 Results for Audience-Side Evaluation
We evaluated the audience experience through subjective question-
naires and follow-up interviews. We report key �ndings across com-
prehension, social connection, attentional experience, and overall
preferences.

5.4.1 Content Comprehension. Participants rated their understand-
ing of the presentation content using a 7-point Likert scale. A
paired t-test revealed no signi�cant di�erence between the baseline
(M=4.17, SD=2.12) and TalkDirector (M=4.92, SD=1.56) conditions
(C = 0.93, ? = 0.37).

5.4.2 Social Connection and Presenter Perception. Participants re-
ported a stronger sense of connection to the presenter when viewing
videos created with TalkDirector (M=5.00, SD=1.41) compared to
the baseline condition (M=2.67, SD=1.56) (C = 4.55, ? < 0.001).
While willingness to talk to the speaker again was not statistically
signi�cant, the average rating for TalkDirector (M=5.92, SD=0.90)
was higher compared to the baseline (M=5.00, SD=1.54) (C = 1.65,
? = 0.13).

Participants described the baseline videos as feeling “isolated” and
reported di�culty connecting with the presenter. One participant
noted, “I wouldn’t even be able to remember if the presenter had long
hair or not.”
In contrast, several participants reported stronger attentional

anchoring with TalkDirector. As P5 noted, “I looked at the presenter
more and relied on them to guide my attention.”

5.4.3 Distraction and A�ention. No statistically signi�cant di�er-
ences were observed in perceived distraction (Baseline: M=3.08,
SD=1.56; TalkDirector: M=3.92, SD=1.83; C = 0.94, ? = 0.37) or at-
tention (Baseline: M=4.50, SD=1.83; TalkDirector: M=5.17, SD=1.75;
C = 0.80, ? = 0.44). However, 9 participants explicitly mentioned
that they paid more attention to what the presenter had to say rather
than reading the slide content on their own, indicating a shift in
attentional focus toward the speaker.
Notably, 4 participants reported di�culty concentrating during

the baseline videos. In contrast, TalkDirector was often described as
more engaging. One participant compared it to short-form media,
“This almost felt like watching a TikTok video – in a good way. It kept
me engaged and helped me connect the content with the speaker.” (P12)

5.4.4 Presentation Preferences and�alitative Insights. When asked
which presentation format they preferred, 7 out of 12 participants
selected TalkDirector. Those who preferred the baseline (5 par-
ticipants) generally found the dynamic movement of the speaker
distracting. Several noted that the e�ectiveness may depend on
learning preferences; for instance, participants who preferred to
read �rst tended to favor the static baseline format.

In contrast, those who favored TalkDirector highlighted reduced
fatigue and improved attentional �ow. Participants mentioned that
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Fig. 10. Participants’ Likert-scale ratings in the audience-side evaluation comparing the baseline and TalkDirector interfaces. Statistic significance is annotated
with ⇤⇤ (? < .01).

the traditional layout required frequent gaze shifts, resulting in
cognitive load. Two participants with experience creating online
training videos expressed enthusiasm for the system, noting “This
would be especially useful for training videos, where audience can
often doze o� and not pay attention to the content. I would love to use
this.”

Overall, TalkDirector enhanced participants’ perception of speaker
engagement, helped connect content with gesture and presence, and
led to more memorable viewing experiences.

6 Discussion
6.1 Multimodal Integration Enables More Expressive

Presentations
TalkDirector signi�cantly increased presenters’ expressiveness, both
behaviorally and perceptually. Presenters’ hand gestures were visi-
ble for 2.7× longer (M = 42.6s) compared to the baseline (M = 16.0s;
t(11) = –2.92, p = 0.0079), and they made an average of 4.3 dynamic
repositionings of the video feed using gestures per presentation,
versus only 0.5 manual adjustments in the baseline (t(11) = –7.37, p
< 0.0001). These results suggest that TalkDirector’s multimodal coor-
dination, using speech-content alignment and gestures to reposition
the presenter, frees users from rigid layouts and fosters embodied,
expressive delivery.
Subjective expressiveness ratings were also signi�cantly higher

for TalkDirector (M = 6.25) than for the baseline (M = 4.67; t(11)
= –2.71, p = 0.0127), indicating that participants not only moved
more, but also felt more expressive and “part of the slide,” as one
participant remarked.

6.2 Reducing Cognitive Load and Friction in Preparation
TalkDirector greatly reduced presenters’ cognitive e�ort, as evi-
denced by both self-reports and behavioral indicators. Participants
spent an average of 58.8 seconds preparing with TalkDirector—less
than half the 137.5 seconds required for the baseline system (t(11)
= 3.65, p = 0.0014). Subjective workload measures via NASA-TLX
showed signi�cantly lower mental demand (TalkDirector: M = 17.5
vs. Baseline: M = 48.0; p = 0.0014), physical demand (M = 14.75 vs.
45.25; p = 0.0016), and temporal demand (M = 13.3 vs. 37.1; p =
0.0270).

These �ndings a�rm that automation in TalkDirector—driven
by context-aware layout analysis and multimodal input—o�oads
manual con�guration without compromising agency. Importantly,
the system maintained a high System Usability Scale (SUS) score
(M = 87.9), on par with industry standards and not signi�cantly
di�erent from the baseline (M = 82.7; p = 0.14).

Partiocipants relied on the system to draw their attention to the
right elements of the content as illustrated by this participant, "I’m
just bouncing back and forth (in baseline), and I was catching myself
feeling like I was trying to read the content as the speaker went
over it. But I wasn’t able to get that timing precisely, and it just felt
like my eyes were bouncing all over the place. With the second one
(TalkDirector), when the speaker was kind of moving around with
the content, I think that made it a lot easier to follow along."

6.3 Enhancing Audience Engagement and Connection
TalkDirector also improved the audience experience; participants
reported a signi�cantly stronger sense of connection to the speaker
when viewing TalkDirector presentations compared to standard
video side-by-side formats. Engagement scores rose by nearly a full
Likert point (TalkDirector: M = 6.08 vs. Baseline: M = 5.00; t(11) =
–2.40, p = 0.0253), and expressiveness was rated signi�cantly higher
(M = 6.25 vs. 4.67; p = 0.0127).

Audience comments underscored this perceived connection. One
participant shared, “I paid more attention because [the speaker] moved
with the content—it felt human.” Despite being more visually dy-
namic, TalkDirector was not reported as more distracting, suggest-
ing that alignment between gesture, speech, and layout can enhance
social presence without overloading viewers.

6.4 A Novel Format that Feels Personal
Audience participants described TalkDirector as a refreshing de-
parture from conventional formats, emphasizing its immersive and
memorable qualities. One viewer shared, "I do love the way that the
presenter showing on the screen. It makes me feel more comfortable
talking to the presenter after. The presentation feels more connected
I would say." highlighting how integrated presenter video supported
social connection.
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The contrast with the baseline was stark; one participant re-
marked, “I wouldn’t even be able to remember if the presenter had
long hair or not.” Concerns about distraction quickly faded, with
another viewer explaining, “It is not distracting. . . I can just make a
quick gesture to move myself if I want to.”
These reactions suggest that TalkDirector not only improves

expressiveness and �ow, but also introduces a novel, more human-
centered presentation experience.

6.5 Balancing Automation and Agency
While TalkDirector signi�cantly reduced preparation time and cog-
nitive load, our �ndings highlight a nuanced tension between con-
venience and control. For many participants, the automation was a
welcome relief—particularly in time-constrained or informal con-
texts. One user remarked, “I didn’t have to think so much about it. . . I
didn’t have to spend much e�ort.” This aligns with the observed drop
in preparation time and e�ort-related NASA-TLX scores, suggesting
TalkDirector supports �ow by o�oading layout decisions.

However, some participants valued the precision and control of-
fered by manual interfaces, especially for high-stakes or stylistically
sensitive presentations. One noted, “I want to be sure the presenta-
tion is as I intended,” while another expressed, “I don’t really trust
AI to take the wheel for me.” These perspectives re�ect the classic
HCI tension between adaptive systems, which make decisions for
users, and adaptable systems, which allow users to tune or override
behavior.

Our results suggest that presenter preferences are context-dependent:
TalkDirector’s adaptive mode suits fast, low-e�ort delivery, but may
require more personalization or override mechanisms for users who
prioritize stylistic agency. Supporting gesture-based repositioning
helped bridge this gap, but future systemsmight further bene�t from
learning user preferences over time, transitioning from adaptive to
co-adaptive behavior.

7 Interfaces for Shared Control
TalkDirector enables presenters to balance automation and manual
control during slide presentations, accommodating a wide range
of delivery styles. From our formative workshop studies, we found
some presenters prefer to let the system infer optimal video place-
ment based on gestures, speech, and slide content. Others want to
make layout decisions themselves or override system actions when
needed. To support this �exibility, TalkDirector includes a set of in-
terface elements that embody shared control. These elements allow
users to accept or reject suggestions, make quick layout decisions
on the �y, or customize default behavior across a deck.
To illustrate how shared control can be embedded into dynamic

presentation systems, we present three example interfaces: a real-
time suggestion panel, a quick transition selector, and a preferences-
based customization panel. These interface concepts draw directly
from presenter needs identi�ed in our study and showcase di�erent
ways TalkDirector supports hybrid control.

7.1 �ick Transition Selection
During slide transitions, presenters often have preferences about
how their video feed should behave before the next slide appears—
whether it should stay visible, become fullscreen for emphasis, or
hide to let the slide content speak for itself. To support this, TalkDi-
rector o�ers a quick-select overlay that brie�y appears at the start
of each new slide (Figure 11).

The overlay includes options like "fullscreen," "hide," or "default,"
and disappears after a short timeout. This design enables presenters
to make fast, per-slide layout decisions without breaking delivery
�ow. It is especially useful in high-tempo presentations or when the
presenter hasn’t pre-scripted video behavior for each slide. While
the presenter speaks, they can tap or gesture to indicate the preferred
layout mode and continue without interruption.

Fig. 11. �ick Transition Selection. Users are able to select their desired
appearance at the moment of progressing to the next slide.

7.2 Suggestion Panel
When presenting, users may want assistance from the system while
still retaining control over what changes occur (Figure 12). The
suggestion panel o�ers a lightweight mechanism for this. It appears
contextually, such as after a detected gesture, topic shift, or lay-
out change, and surfaces recommended actions like moving the
presenter video, switching to fullscreen, or hiding the video feed
temporarily.
These suggestions are not enforced. Instead, the presenter can

quickly accept, modify, or ignore them. Thismodel allows the system
to assist with awareness of context, while the presenter maintains
agency. For example, a presenter discussing a data-heavy slide may
be prompted to move the video feed to a less obstructive corner,
but can choose to keep it centered if maintaining facial presence is
important.

7.3 Preference-driven Control
Not all presenters want to make layout decisions live. For those who
prefer to set behavior in advance, TalkDirector includes a prefer-
ences panel where users can de�ne default video placement rules,
gesture responsiveness, and layout behavior for di�erent types of
slides (Figure 13).

These settings can be applied globally or customized per slide. For
example, a presenter might want the video feed to be fullscreen dur-
ing introductory slides, move to the lower-right corner for content-
heavy sections, and hide during detailed diagrams. Preferences can
also specify how the system should react to speci�c gestures—e.g.,
ignoring hand movement unless clearly directed toward the slide.

More advanced con�gurations may include presets or lightweight
scripting to allow presenters to de�ne sequences or behaviors that
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Fig. 12. Suggestion Panel. Given the slide layout and user’s speech transcrip-
tion, the system suggests top four likely transitions user will be interested
in.

match their presentation narrative. This level of customization sup-
ports a wide range of personal styles, from minimalist to expressive,
and allows the system to stay aligned with the user’s intent.

Fig. 13. Preference-driven Control. Users can set their desired features and
controls ahead of the pressentation.

8 Limitations and Future Work
While TalkDirector demonstrates robust performance across diverse
presentation formats and outperforms traditional systems in both ex-
pressiveness and usability, several current boundaries point toward
exciting avenues for future development.
First, our evaluation primarily targeted three core types of slide

presentations—personal narratives, tutorials, and professional talks—
covering a broad and representative range of real-world use. Within
these domains, TalkDirector showed strong alignment accuracy,
seamless presenter-content integration, and measurable improve-
ments in both engagement and cognitive load. However, our current
pipeline has not yet been tested on more dynamic or unconventional
formats, such as slides with embedded animations, live coding seg-
ments, or densely layered multimedia. These formats may present
additional challenges for our layout inference model and real-time
multimodal coordination. Expanding TalkDirector’s capabilities to
handle such high-tempo, nonlinear work�ows is a promising next
step.

Second, our user studies were conducted in a controlled lab envi-
ronment using pre-authored scripts and pre-segmented slide decks
to ensure systematic comparisons and repeatability. This allowed
for a rigorous evaluation of multimodal inference accuracy and user

perception. However, in naturalistic presentation settings, speakers
often deviate from scripts, improvise gestures, and respond dynam-
ically to live audience input. While TalkDirector already accom-
modates unscripted speech to some extent through fuzzy semantic
matching and gesture-based video positioning, further exploration
into unstructured, in-the-wild use cases will be essential for real-
world deployment.

Another consideration is TalkDirector’s reliance on aligned scripts
during preprocessing. Although our system was designed to tolerate
spontaneous phrasing variations through fuzzy matching, it still
performs best when presenters loosely follow their scripts. In more
improvisational or conversational styles—such as �reside chats or
panel discussions—alignment strategies based on real-time semantic
parsing, discourse tracking, or topic drift detectionmay be necessary
to maintain robust contextual placement.
Moreover, our current gesture recognition pipeline focuses on

index-�nger pointing, a deliberate design choice grounded in re-
liability and clarity for targeting slide elements. This approach
yielded strong performance in our user studies, enabling precise,
low-latency presenter-content alignment. That said, this limits the
expressive range of embodied interaction. Broadening the gesture
vocabulary to include open-hand sweeps, framing gestures, and
posture shifts could further enrich the system’s capacity to interpret
speaker intent, and support more nuanced communication styles.

Despite these limitations, TalkDirector lays the groundwork for a
new class of intelligent, multimodal presentation tools. It introduces
a uni�ed real-time pipeline, validated with strong quantitative and
qualitative results, and contributes a dataset (VTalk-68) that cap-
tures diverse presenter behaviors. Future work will extend these
foundations toward even greater adaptability, supporting dynamic
content types, broader gesture semantics, and less scripted, more
conversational presentation �ows—pushing toward more inclusive,
expressive, and scalable presentation experiences.

9 Conclusion
E�ective presentations depend on the seamless integration of ges-
tures, speech, and visual content. However, current tools for dy-
namically embedding presenters into slides often require manual
interventions, often leading to static video placements that sacri-
�ces the full range of expressiveness and engagement between the
presenter and audience. We introduced TalkDirector, a system that
adaptively integrates the presenter’s video feed using multimodal
cues such as speech, gestures, slide layout, and content relevance.
By combining automatic speech recognition, real-time segmenta-
tion, gesture detection, and multimodal models, TalkDirector infers
optimal video placement and sizing in real time.

Our formative workshops and the VTalk-68 dataset of 68 presen-
tations provided foundational insights into presenter preferences
and design considerations for dynamic video integration. A two-part
user study showed that TalkDirector reduced presenters’ cognitive
load, increased expressiveness and usability, and enhanced audience
engagement and perceived connection with the speaker. Together,
these �ndings demonstrate the potential of multimodal, context-
aware video integration to support more e�ective and expressive
online presentations.
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A Evaulation Study�estionnaires
A.1 Custom 7-Point Likert-Scale�estionnaire

(1) Engagement: I feel that this system helps me give engaging
presentations.

(2) Value: The presentation outcome is worth the e�ort that I
put into preparing, and delivering using this system.

(3) Expressiveness: I feel that I am able to convey ideas, emo-
tions, and messages e�ectively through both verbal and non-
verbal communication.

(4) Flow: I feel that I am immersed and uninterrupted during the
presentation.

(5) Integration: I feel like my video feed is well-integrated with
the content.

A.2 System Usability Scale (7-Point Likert-Scale)
We adapted from the SUS.

(1) I think that I would like to use this system frequently.
(2) I found the system unnecessarily complex.
(3) I thought this product was easy to use.
(4) I think that I would need the support of a technical person to

be able to use this product.
(5) I found the various functions in the system were well inte-

grated.
(6) I thought there was too much inconsistency in this system.
(7) I imagine that most people would learn to use this system

very quickly.
(8) I found the system very awkward to use.
(9) I felt very con�dent using the system.
(10) I needed to learn a lot of things before I could get going with

this system.

A.3 NASA-TLX
(1) Mental Demand: How much mental and perceptual activity

was required (e.g. thinking, deciding, calculating, remember-
ing, looking, searching, etc)? Was the task easy or demanding,
simple or complex, exacting or forgiving?

(2) Physical Demand: How much physical activity was re-
quired (e.g., dragging-and-dropping, clicking, typing, pushing,
pulling, turning, controlling, activating, etc)? Was the task
easy or demanding, slow or brisk, slack or strenuous, restful
or laborious?

(3) Temporal Demand: How much time pressure did you feel
due to the rate of pace at which the tasks or task elements oc-
curred? Was the pace slow and leisurely or rapid and frantic?

(4) Performance: How successful do you think you were in
accomplishing the goals of the task set by the experimenter
(or yourself)? How satis�ed were you with your performance
in accomplishing these goals?

(5) E�ort: How hard did you have to work (mentally and physi-
cally) to accomplish your level of performance?

(6) Frustration: How insecure, discouraged, irritated, stressed
and annoyed versus secure, grati�ed, content, relaxed and
complacent did you feel during the task?

A.4 Post-hoc Semi-Structured Interview
(1) Can you explain your rationale for the ratings you give for

the items in the questionnaire?
(2) What is your preference with the two systems? Can you

explain?
(3) Can you imagine speci�c use of the system in your life?
(4) What features would you like to add to the system?
(5) What will your dream online presentation system look like

in the future regardless of technical constraints?

A.5 Statistical Results from User Studies
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