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Figure 1: SlideSAVR supports live data analysis, enabling on-the-fly Q&A between the presenter and audience. Presenters can (a) dynami-
cally update charts and text in response to verbal prompts and sketch input; (b) create interactive handles to previously static charts.

Abstract

Interpersonal communication in data science can yield sought-after insights, but presentation environments are often not con-
ducive for live analysis, forcing the process to move offline. Through a formative survey with 16 participants, we identified
both technical (e.g., complexity of tools) and psychological (e.g., pressure of programming during presentation) factors con-
straining live data analysis. To enable live analysis, we present SlideSAVR, a data-driven presentation assistant that leverages
sketching and voice inputs in live discussion to support collaborative data analysis during presentations. Powered by an agentic
framework that flexibly defines augmentation rules, updates slide content dynamically to match the live context, and automates
backend computations, SlideSAVR enables fluid audience-presenter interaction and reduces the need for offline reanalysis and
Sfollow-up communication. We demonstrate SlideSAVR’s ability to support a range of tasks through nine representative use
cases. We further evaluate the system’s accuracy and computation time across different settings, showing that SlideSAVR can
reliably perform diverse tasks when provided with both sketch and voice inputs.
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1. Introduction

Presentation is an important part of data science work, occurring
often throughout the analysis lifecycle [WAW*21] and providing
an environment for data scientists and stakeholders to communicate
progress and exchange insights [MLW* 19, ZMW20]. Synchronous
communication during data presentations enables quick exchanges
and happens frequently in practice [BK21]. However, questions re-
quiring further analysis are common and cannot be easily answered
on-the-fly [PWNB22]. Analysts must often take the questions of-
fline, perform new analyses, and then schedule another meeting,
hindering the effectiveness of collaborative analysis during presen-
tations and incurring extra time and resource costs.

To better understand the landscape of data analysis requirements
and expectations during presentations, we conducted a formative
survey with sixteen participants, probing their experiences with
data presentations and their views on performing live data analysis
while presenting. This survey revealed factors that act as barriers to
live analysis during presentations; for example, answering audience
questions can require accessing data and writing code, which may
take too much time, break the flow of the presentation, or be diffi-
cult for audiences to follow. Some presenters also reported anxiety
regarding coding or operating other tools in front of an audience.

Sketch-based interactions are promising to support live analysis
in presentations. First, sketching is an intuitive and prevalent mode
of communication [HI24, WHC15] and is already naturally used in
presentations. Second, sketching is highly customizable, allowing
it to address diverse analytical needs in live settings. However, the
flexibility also makes sketch a “fuzzy” input that is challenging for
computational processing. Prior work has addressed this challenge
by relying on predefined shapes [LSR* 15, LKS13] or by restrict-
ing sketches to a single function, such as data querying [TBJ15] or
data binding in infographics [XHRC*18, SGH*25]. These strate-
gies are not directly applicable to presentation scenarios that re-
quire multi-faceted support beyond a single function. Instead, com-
bining sketches with voice input enhances support for live presen-
tations: voice supplies semantic clarity and intent, while sketches
contribute spatial grounding and visual specificity.

We present SlideSAVR, a slide presentation system that enables
on-the-fly analysis (operated by a presenter and jointly shaped by
audience questions) during data presentations through Sketching-
And Voice-input Refinement. The system is built as a slide deck,
with Multimodal LLM (MLLM) agents in the backend. All analyt-
ical operations are informed by sketches drawn on slides and/or
voice inputs from both the presenter and audience. SlideSAVR
leverages sketching as a user-friendly modality suited to presen-
tation settings, and voice input as a natural part of the presentation
discourse. SlideSAVR addresses diverse analytical tasks through
intelligent routing of the multimodal inputs to specialized agents.

The multi-agent framework in SlideSAVR has four key agent
modules: (i) the chart authoring and editing module; (ii) the sketch
augmentation module that transforms sketches into interactive chart
elements; (iii) the Q& A (search) module to answer questions using
the provided context, as well as internet search and summary; and
(iv) the statistical analysis module that computes data statistics and
reports results. We design an API toolkit to give agents access to
external resources and programmatic access to the sketches.

To illustrate the functional scope of SlideSAVR, we present a
gallery of representative examples showing the system’s ability to
assist presenters in performing live data analysis operations. We
also conduct a technical evaluation to assess SlideSAVR’s efficacy,
stress-testing it under various settings. The results show that the
system can reliably perform a wide range of data-oriented actions
when provided with both sketch and voice inputs.

2. Related Work

Our work aims to facilitate communication in collaborative data
analysis by incorporating natural interaction modalities of speech
and sketching. We discuss related work in two primary areas:
(1) how communication and reporting occur in data science work-
flows, and (ii) how natural language and sketches have been used
as an expressive medium for interaction and why they fit our task.

2.1. Presenting Data Science Results

Data science is a collaborative process, wherein data analysts
are required to effectively communicate with various stakeholder
groups [MLW*19, ZMW?20]. A common mode of such communi-
cation is through presentations and reports [WLH19], which vary
in formality, spanning executive briefings to casual brainstorm-
ing [BK21]. While interactivity tends to increase in more informal
settings, formal environments tend to lack the same fluid feedback
loops. Our work aims to bring the benefits of real-time feedback
and exploration into more structured presentations.

Communication occurs throughout the analysis lifecycle, not
only at the final reporting stage of a project [WAW*21]. Early on,
analysts collaborate with stakeholders to gain domain knowledge
and understand problem framing [KG21]. Throughout the project,
analysts engage with stakeholders to present progress, build com-
mon ground, and identify misalignments [MWM™19]. In the final
phase, analysts present results to facilitate stakeholders’ decision-
making and may iterate for new information [WLZ*21, WLH19].

Several studies have emphasized that data science is a highly it-
erative process. Wongsuphasawat et al. [WLH19] found that data
acquisition, wrangling, modeling, and reporting are intertwined.
Feedback from reporting or presentation may lead to adjustments
in model settings or search for new data. Mao et al. [MWM™19]
described this dynamic as constructing common ground for con-
tent (shared understanding of knowledge) and processes (shared
understanding of procedures). Kross and Guo [KG21] proposed an
“outer loop” involving stakeholder engagement, problem framing,
trust-building, etc., in contrast to technical tasks in the inner loop.

However, existing presentation tools and workflows rarely ac-
commodate the evolving nature of data analysis. A typical work-
flow incurs time and resource costs beyond analysis (i.e., arrang-
ing meetings), requiring back-and-forth exchanges [MLW*19] and
repeated explanations [KG21]. Pang et al. [PWNB22] identified
two challenges in synchronous communication: the pressure of
peer programming and the difficulty of giving feedback on the fly.
SlideSAVR aims to improve the communication aspect of such data
science workflows. By enabling coding-free, on-the-fly analysis, it
empowers presenters (analysts) to remain in the flow of presenta-
tion while responding to the audience’s (stakeholders’) questions,
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reducing interpersonal communication costs and aligning more nat-
urally with the iterative, conversational reality of data work.

Our work builds on growing interest in augmenting slide-based
communication. Slide decks remain the primary way data science
teams communicate [XWL*21, PPW*21] and thus prior tools have
aided pre-hoc slide creation. NB2Slides [ZWWM22] uses neu-
ral networks to automatically generate slides from computational
notebooks based on audience context, while Slide4N [WLL*23]
focuses on human-Al collaboration, allowing manual content se-
lection and post-editing. OutlineSpark [WLY *24] extends this idea
to enable slide generation from user-written outlines. In contrast,
SlideSAVR shifts the focus from slide generation to presentation.

SlideSAVR further draws on work from collaborative visualiza-
tion [App91], which has been characterized along two dimensions:
space (co-located vs. distributed) and time (asynchronous vs. syn-
chronous) [IES*11, VW06]. Our work focuses on synchronous, co-
located collaboration. Prior studies have explored similar settings
using tabletop [TTP*06] and tiled displays [RJJ*06]. SlideSAVR
also shares a lineage with prior work that leverages LLMs for vi-
sualization authoring and analysis [TCD*24, WTL23, WLD*25],
employing natural language input to effectively convey user intents.
We discuss relevant technical details of such work in Section 4.

In this paper, we use communication and presentation inter-
changeably to denote both interpersonal exchanges and the asym-
metric presenter-audience exchange.

2.2. Sketching in Interactive Systems

Sketching is a ubiquitous practice that plays a key role in commu-
nication [Goe95], design [TSA*03], and ideation [TS09, WHC15].
Sketching is highly flexible both in what it can express and how it
can be expressed. Walny et al. [WHC15] found that when sketching
data, people use visuals along a continuum of numeracy to abstrac-
tion, ranging from countable marks to pictorial representations. The
versatile nature of sketching makes it well-suited for conversational
and interpretive settings such as live data presentations, which are
fast-paced, requiring real-time responses using a wide spectrum of
operations across different steps [KG21, WLH19].

The expressive capacity of sketches has inspired several sketch-
based interaction systems, particularly in the domain of visualiza-
tion authoring. NapkinVis [CMP10] uses pre-defined pen gestures
to rapidly generate charts. Datalnk [XHRC* 18] uses sketches to
create artistic glyphs and specify data bindings through direct ma-
nipulation. DataSelfie [KIHR*19] allows users to sketch custom vi-
suals for their personal data. CompSketch [SGH*25] further treats
sketches as objects to express design intentions. In contrast to these
tools that emphasize creative authoring, SlideSAVR is optimized
for speed, automation, and simplicity, adapting to the dynamic na-
ture of data presentations by minimizing manual steps such as data
selection, binding, and layout adjustment.

Sketches have also been used in data exploration and query in-
terfaces. SketchVis [BLC*11] enables operations like selection, fil-
tering, and aggregation on bar charts and scatterplots, and was used
in a Wizard-of-Oz study [WLJ*12] to investigate the interplay of
pen and touch interactions. SketchSliders [TBJ15] explored sketch-
ing for more complex queries, using differently shaped sketches

© 2026 The Author(s).
Computer Graphics Forum published by Eurographics and John Wiley & Sons Ltd.

as sliders to control charts. SketchStory [LKS13] and Sketchln-
sight [LSR*15] are sketch-based systems capable of authoring nar-
rative visualizations and supporting data exploration through pre-
defined gestures and touch interactions. Because sketches are in-
herently ambiguous [LKS13], earlier systems either focused on a
single functionality [TBJ15, XHRC* 18, OTC25] or relied on pre-
defined gestures and touch interactions [LKS13, LSR*15]. In con-
trast, SlideSAVR employs an LLM-based routing system with ad-
ditional cues, such as voice transcripts, that provide critical con-
textual signals to disambiguate sketches. This combination makes
sketches versatile enough to support diverse scenarios while ensur-
ing the presenter’s intent is captured with greater accuracy.

Beyond visualization tools, sketching has also been explored
for other interactive domains [XMVS23, SKW*20, KMF*22].
InkSight [LLY*24] pairs sketches with textual information to
document chart insights. Han and Isaacs [HI24] create interac-
tive meeting notes from deictic sketching gestures. DrawTalk-
ing [RKW*24] incorporates multimodal input to construct an
animated world. Code Shaping [YZV24] employs sketches to
communicate code editing intentions to LLMs. Another line of
work [XMVS23, SKW*20, KMF*22] explores sketches in aug-
mented reality, binding strokes to real-world objects and applying
physics to them. SlideSAVR shares a conceptual lineage but differs
in both the affordances and technical use of sketches. For exam-
ple, SlideSAVR generates data insights from sketches, similar to
InkSight, but also uses sketches as notations for chart generation
and operationalizes them as an interaction medium for data.

Sketching can express abstract ideas and is often accompanied
by natural language. For example, when teaching geometry, one
might draw a line and explain it in mathematical language [HSF*];
or when discussing a map, one might mark an area and then explain
their findings [HI24]. Natural language has been used both inde-
pendently and in combination with other modalities. Prior work
interweaves speech with pen/touch interaction [SLS21], decom-
poses user questions to guide exploration [GSG*24], and examines
speech interaction in collaborative visual analytics [MLBGI25].

3. Formative Study on Data Presentations Q&A

We conducted a survey to better understand current data presen-
tation practices and investigate the potential for live data analy-
sis. The survey focused on the interaction between presenters and
audiences, with particular attention to how data-related questions
are handled—whether they require additional analysis, and whether
such analysis typically takes place offline or with live exploration.
The survey questions are included in the supplemental materials.

We distributed the survey in a large corporate environment via
several Slack channels targeting varying domain expertise. Sixteen
people completed the survey. Thirteen respondents identified their
role as ‘researcher,” two as ‘designer,’ and one as ‘analyst.” The par-
ticipants had an average of 8.7 years of experience with data-related
work (median = 6 years, range: 3-35 years). Most participants were
between 25-34 years old (n=13), with some in the 45-54 (n=2) and
55-64 (n=1) brackets. Gender distribution consisted of eight men,
seven women, and one participant who preferred not to disclose.
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3.1. Presentation Practices and Context

Participants were asked to self-identify as a presenter, audience
member, or both. Based on their selection, we included questions
about their experience and perspectives as presenters and/or audi-
ence members. Among the sixteen participants, thirteen identified
as both and responded to the questions from both perspectives. Two
participants responded only from the presenter perspective, and one
responded only from the audience perspective.

To help participants scope the term “data presentation” more
concretely, we first asked participants to reflect on the frequency
and types of presentations they normally give or attend, based on
established categorizations from prior work [BK21]. The major-
ity of participants present weekly in a casual environment (n=11).
More rehearsed presentations to peers and colleagues were reported
with monthly (n=7) or quarterly (n=6) frequency, while formal pre-
sentations to executives or customers were reported less often, gen-
erally at quarterly (n=5) or yearly (n=3) intervals.

For creating presentations, PowerPoint was the main tool (n=12),
followed by Keynote (n=6) and Jupyter Notebook (n=4), with
smaller numbers citing a variety of other design tools. For data
analysis, participants reported using Python (n=12), Excel (n=9),
and Jupyter Notebook (n=8) most commonly.

3.2. Communication is Heterogeneous and Multi-faceted

We asked participants to share the questions they had raised or re-
ceived during data presentations. Thirteen participants report that
they at least sometimes see data-related questions. According to our
respondents, such topics range from clarifications and contextual
questions, to deeper analytical probes. For example, P8 noted that
technical colleagues frequently drill into methodological details:
“People are always interested in the [...] specifics around method-
ology, sample size, time windows, etc.”. P7 explained that audiences
commonly ask for context like “Where is this data from? How
many people were in the study?”, essentially seeking background
and credibility for the results. Such questions often require the pre-
senter to provide additional context beyond what is on the slides.
Basic interpretive questions are also common, such as “What do
the x/y axes mean?” (P10) or “How to interpret the data?” (P1).

Participants also recounted analytical or deep-diving questions
that extended beyond the presented content. For example, P2 re-
called being asked for “additional experiments and analysis to get
more specific takeaways”. In some cases, the presenter had already
conducted such analyses, but had not anticipated the question for
the presentation: “I was asked about results from the statistical tests
which I had done, but did not have in the slides or have access to
right away” (P5). P7 reported that answering certain questions re-
quired accessing data not included in the presentation. These cases
highlight the need to both retrieve and recompute data on the spot.

The diversity of audience inquiries reported in our survey il-
lustrates that synchronous communication around data is multi-
faceted. This heterogeneity reinforces the need for flexible presen-
tation approaches—presenters, and the tools that try to help them,
should be prepared to handle different topics in the course of a sin-
gle session, often with little predictability in what will be asked.

3.3. Live Analysis Fosters Effective Discussions

Despite the challenges above, participants overwhelmingly recog-
nized the value of being able to conduct analysis on the fly dur-
ing presentations. In the audience role, P8 wrote: “It’s always nice
to get answers to questions as they come up |[...] but I understand
that’s not always realistic with current tools” . Being able to explore
data in the moment also helps the presenter maintain momentum.
P11 noted that if a question arises in a weekly meeting and can
be answered on the spot, it avoids waiting “a week until the next
meeting” to see the results, enabling “faster and more meaningful
discussion.” Similarly, P10 emphasized that it is better to address
questions immediately when possible “as the audience may just
forget what they asked” and lose the context.

Participants noted additional aspects of presentations that can
contribute to a collaborative environment once such a dialogue is
established. P14 wrote that listeners often introduce perspectives
“closer to their own lives,” and believed that allowing on-the-fly
exploration of such ideas would “significantly increase audience
engagement,” turning “crowd wisdom” into actionable insights.
From presenters’ perspectives, this flexibility was seen as a confi-
dence booster: “If I can perform real-time data analysis and visual-
ization, I would be more confident to handle Q&A sessions” (P16).

We used several Likert-scale items to assess participants’ pref-
erences for live analysis during presentations. From the presenter
perspective, participants generally agreed that the complexity or in-
flexibility of current tools limits their ability to perform data analy-
sis during a presentation (mean = 3.73 on a 5-point scale). Presen-
ters indicated that they would perform live analysis more frequently
if more flexible tools were available (mean = 3.6). From the audi-
ence perspective, most participants preferred having their questions
addressed live rather than being deferred offline (mean = 3.57).
Participants also emphasized the importance of understanding the
presenter’s actions during live analysis (mean = 4.43).

3.4. Live Programming and Audience Comprehension

However, participants also reported stress and awkwardness due to
the pressures of performing live analysis during presentations, an
observation also reported by [PWNB22]. P11 described the “em-
barrassment of coding in front of others” and noted it made them
reluctant to perform live analysis during a talk. Participants further
expressed anxiety about making mistakes, writing code slowly, or
simply the awkward silence while waiting for results.

The operation of current analysis tools can contribute to presen-
tation anxieties. Traditional data analysis environments are not de-
signed for quick pivoting in the middle of a presentation—they may
involve writing code, running scripts, or manipulating complex in-
terfaces that disrupt the flow. Al can speed certain parts up (like
coding) but imposes additional psychological barriers: “I typically
use python [...] with Al tools it is much faster, but I don’t want to
open up ChatGPT in front of my mentor and have it code for me
on the spot” (P11). P2 similarly noticed that doing analysis on the
fly is difficult because explorative analyses involve multiple steps
and “heavily depend on intermediate results [...] it takes time to ag-
gregate the results.” In short, current workflows often require data
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wrangling and narrative preparation that cannot be rushed, leading
presenters to push those tasks offline.

Participants also expressed concerns from their experience as au-
dience members, noting that it can be difficult to comprehend what
is happening during a live analysis session. If a presenter turns to
raw tools or starts writing code without context, the audience may
be left confused about the process or results. From the audience
perspective, P11 wrote that “it is easy to get lost during a live
demo or live data analysis.” Participants also observe that taking
complex queries offline is sometimes necessary because attempt-
ing them live would include the challenge of compiling the results
into a “presentable story” for the audience (P3, P5).

Overall, the survey reveals a dual challenge: technical friction
and social pressure make live analysis stressful for the presenter
and potentially confusing for the audience. This observation sug-
gests the need for efficient interactions that reduce the performance
anxiety of presenters while keeping the audience oriented.

3.5. Key Takeaways from the Formative Survey

Our formative survey revealed three main findings: (i) audience
members ask a wide variety of questions regarding the data and
analysis, often requesting analysis beyond what was originally in-
cluded in the presentation; (ii) participants agreed that being able
to answer analysis questions live would accelerate their work and
foster collaboration; and (iii) barriers to live analysis include anx-
iety regarding live-coding, delays while performing new analyses,
and concerns about the audience’s ability to follow along.

4. Developing SlideSAVR

To facilitate collaborative analysis in data presentations, we present
SlideSAVR, a presentation system that enables presenters to use
sketches and voice input to express high-level analytical intentions
for live querying and visualization of data. SlideSAVR leverages an
agentic framework to identify the intended goal and perform data-
oriented actions to quickly update visualizations and slides.

4.1. Design Goals and Rationale

Drawing on our formative study and prior work, we describe three
design goals for SlideSAVR and illustrate the underlying rationales.

A Versatile, All-in-One Presentation Workspace. Data-driven
presentations are fast-paced and conversational, often involving
heterogeneous and multi-faceted communication (Section 3.2),
with questions ranging from clarifications to drill-down analysis.
From an audience perspective, the majority of participants agreed
on the importance of being able to follow along or understand the
presenter’s operations (Section 3.3). If a presenter dives into raw
code or a complex UI that the audience is not familiar with, they
can lose the narrative thread of the presentation. These concerns
underscore the importance of a single tool that can handle many
types of analysis while still presenting straightforward and acces-
sible results. SlideSAVR provides an all-in-one workspace for pre-
sentations, enabling chart creation, data filtering, fact retrieval, and
lightweight analysis without leaving the deck or disrupting the flow.

© 2026 The Author(s).
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Code-Free, Audience-Friendly Disambiguation. Participants in
our formative study described the “embarrassment of coding in
front of others” (P11), which made them reluctant to perform live
data analysis (Section 3.4). Sketching offers a coding-free, fluid
medium that aligns with how presenters and audiences already
communicate [Goe95]. However, this flexibility also introduces
ambiguity that is hard to address via sketching alone. We thus de-
signed SlideSAVR to use multimodal input to clarify analysis in-
tentions. The combination of sketch and voice allows SlideSAVR
to fluidly address diverse audience prompts, keeping attention on
the story rather than the mechanisms behind-the-scenes.

In data-driven presentations, drawing a chart outline or circling
an area on a slide are common actions, especially when paired with
simple verbal expressions [B*05, Cla03, HHO1]. For multimodal
large language models (MLLMs), research shows that prompting
with both sketches and textual prompts improves MLLM perfor-
mance. Simple sketches, such as arrows or circles, can guide the
model’s attention [SRV23] and achieve state-of-the-art results on
region-understanding tasks [C*24, ZGBFF16]. Sketches can also
help LLMs solve complex reasoning tasks [HSF*]. Building on
these findings, we use sketches and voice as the medium for presen-
ters to communicate their intent to both the audience and system.

A System Controlled by the Presenter. Data-driven presentations
are inherently asymmetric: the presenter leads the conversation,
while the audience probes [KG21]. We thus designed SlideSAVR to
assist the presenter specifically—not as a co-presenter or meeting-
wide bot. By keeping all analytic operations on the presenter’s side
of the interface, we preserve this asymmetry and avoid confusing
handoffs wherein attendees interact directly with an autonomous
agent. This separation maintains presenter control, thereby preserv-
ing the status quo of asymmetric data presentation. While other
forms of assistive techniques are possible, exploring them is be-
yond the scope of this paper and requires additional research.

4.2. SlideSAVR System Workflow

SlideSAVR consists of four components (as shown in Figure 2):
(a) the User Interface (shown in Figure 3) captures the Multimodal
Input, (b) MLLM Agents, (c) API Tools, and (d) Contextual Infor-
mation. When triggered, the system uses the uploaded data, current
slide context, and the sketches and transcribed voice input to form a
multimodal prompt that is passed to an orchestrating MLLM agent.
This Orchestrator infers the presenter’s intent and routes to the ap-
propriate agent to handle the individual actions. These specialized
agents incorporate contextual information to infer the intended goal
and perform data-oriented actions with the support of the API tools.
We discuss these components and pipeline in more detail below.

4.2.1. Setup and Contextual Information in SlideSAVR

Presenters first upload slides (as Microsoft Powerpoint files), data,
and any other documents they want the system to have in its context
through the presentation materials pane Figure 3(A). Other docu-
ments might include notes from prior sessions or background ma-
terial on the domain. In our prototype, all charts in the slides must
be manually entered as Vega-Lite code [SMWH17]—a declara-
tive language that can express most statistical charts. The system
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Figure 2: The system architecture of SlideSAVR. It integrates mul-
timodal inputs from the user interface with an MLLM-based agen-
tic framework (seven agents), supported by customized API tools
and contextual information that enable the agent to interpret the
presentation context and tailor augmentation accordingly. A more
detailed version is provided in the supplemental materials.

organizes the materials into three panels: slide thumbnails (ay),
datasets (ap), and documents (a3). Users can access, add, or delete
materials directly through these panels. The uploaded slides are
used for the presentation content, while datasets are the basis for
the system to conduct data-oriented actions later during the session.
The relevant documents are used to provide context to the LLM.

After uploading the relevant documents to initialize the content,
three new files are created to help maintain the context during inter-
action. Such external files are commonly used in LLM systems to
provide long-term memory [XMG*25, JLF*23]. As shown in Fig-
ure 2, there are four types of contextual documents that help agents
establish context for multimodal queries: (i) the “Uploaded Docs”
mentioned in the previous paragraph; (ii) “Data Summaries” and
(iii) “Slide Analysis” files that are automatically generated upon
uploading the slides and data; and (iv) a “Process Memory” file that
logs the presentation as it unfolds, including each agent invocation.

4.2.2. Multimodal Input as User Prompt

SlideSAVR uses both sketches and voice transcripts during presen-
tations. The main view (b;) in the user interface (Figure 3) serves
as both the slide display and sketching canvas. A side pane (b,) al-
lows the presenter to adjust pen settings, erase sketches, download
slides, or open a presentation view. The presentation view is shown
to the audience; only the presenter can access the whole interface.

The voice transcription module (c;) captures both presenter and
audience utterances. Transcripts appear in real time in an editable
textbox (c1). The model summarizes and stores older sentences in
the process memory (f — feurrens > 1 mins); more recent sentences
(t — teurrenr < 1 mins) are passed directly as prompts when the pre-
senter triggers the pipeline. The presenter may make lightweight
edits, such as trimming irrelevant text or adding key information.

The presenter can manually trigger the agent pipeline by press-

o 3
- IIIIIIIIIII
SRR

Figure 3: The SlideSAVR user interface includes three panels.
(A) The presentation materials pane includes slide thumbnails (ay ),
datasets (ay), and other relevant resources and memory files (az).
(B) The main slide view and sketching canvas (by), which is the
only part of the interface visible to the audience during the pre-
sentation; the sketching controls (by) allow the presenter to start
sketching or clear the canvas. (C) The presenter pane displays the
live transcription and generated content for review. A high resolu-
tion version is provided in the supplemental materials.

ing the “generate” button (cj). The presenter may also config-
ure SlideSAVR to auto-trigger two seconds after a drawing event.
When triggered, the system captures a screenshot of the slide (b;)
including both the sketches and visual state of the slide as prompts.
SlideSAVR also supports conventional pointing interactions as in-
put. When the Control key is pressed, the sketches can be dragged
to interactively explore the chart (Section 4.2.5).

4.2.3. MLLM Agents, Routing, and API Toolkit

A key component of SlideSAVR are the seven MLLM agents. Mul-
timodal input first passes through the Orchestrator, whose role is to
interpret the input, determine the appropriate course of action, and
route to specialized agents responsible for distinct functionalities.

Guided by our formative survey (Section 3) and prior work, we
designed four agent modules: (i) a visualization authoring and edit-
ing module that creates visualizations to support communication;
(ii) a sketch augmentation module that turns sketches into interac-
tive instruments; (iii) a Q&A agent that directly answers questions
using contextual information and online search; and (iv) an analy-
sis agent that generates Python code to conduct statistical analyses.
We describe these modules in detail in the subsequent sections.

The orchestrator uses chain-of-thought prompting [WWS*22] to
decide whether the user intends a chart edit or an information re-
quest; if the latter, it further classifies the request as sketch aug-
mentation, statistical analysis, or simple Q&A without computa-
tion. The orchestrator must select exactly one module and is primed
with the three sketch-augmentation types from Section 4.2.5.

The agents have access to a shared library of API tools (Figure 4)
we designed to aid them in accomplishing their tasks. The API
tools support interaction with data, visualizations, and contextual
resources. The calls fall into two broad categories: sketch-related

© 2026 The Author(s).
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Figure 4: Illustration of API tool categorization. (i) Sketch-
enabling APIs, which support interaction on the canvas, and (ii)
auxiliary function APIs, which help agents access external re-
sources. The mechanism of sketch-enabling APIs is illustrated with
thick strokes representing sketches, and thin strokes or colored ar-
eas indicating the captured data points or regions.

tools, which interpret spatial relationships between sketches and
chart elements (e.g., bounding boxes, intersections, lasso regions,
etc.); and auxiliary function APIs, which access resources such as
the dataset, web search, or chart specifications. A complete list of
API functions is included in the supplemental materials.

4.2.4. Chart Authoring and Editing Module

In SlideSAVR, chart authoring must keep pace with live discussion
and data exploration. Thus, instead of iterative editing or mixed-
initiative approaches [TCD*24, WTL23, WLD™*25], we prioritize
generating imperfect, but readable charts in a one-shot manner. Fig-
ure 1(a) shows two scenarios triggering the chart authoring module:
a presenter sketches a rough scatter plot to generate a new chart; the
presenter circles an area to focus on and the chart is regenerated.

The chart generation module uses Vega-Lite [SMWH17]. Before
producing code, the agent examines whether data transformation is
needed based on the dataset snippet associated with the chart; if so,
it requests the data transformation agent to generate and execute
Python code. Following Data Formulator [WLD*25], we generate
code to transform the data instead of having the agent transform it
directly, which results in a quicker, more scalable pipeline.

We enforce design rules for generated charts through a Vega-Lite
config file [Vegnd], encoding empirical guidelines such as avoid-
ing color for overly large categorical sets, setting appropriate num-
bers of ticks, and specifying layer orders when multiple charts are
present. These rules improve readability and maintain consistent
quality. Although one-shot charts are not always perfect, this ap-
proach balances rapid, hands-free generation with visual clarity.

SlideSAVR also supports chart editing—modifications that do
not change the chart type. For simplicity, the editing is handled
by the same agent, with prompts to modify the given code. Edit-
ing often requires data transformation. For example, Figure 1(a)(2)
shows filtering a scatterplot based on the vocal prompt of “check
more recent data of 2005”. Figure 1(a)(3) shows a follow-up edit
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driven by both voice and sketch; in this case, the chart editing mod-
ule calls the sketch-enabling APIs to locate the sketch region within
the chart as input to the chart editing pipeline.

To organize and document chart edits, the slide thumbnails use a
layered slide structure (Figure 3 (ay)). In presentation, each time a
chart is edited and the current slide is updated, the system generates
a new layer attached to the current slide, as shown in Figure 1(a).

The chart authoring and editing agent module also has a separate
slide text agent to update the text whenever data changes occur.
This design ensures that the slide text matches the newly derived
visual content, reducing the audience’s cognitive load [MF14]. The
text update agent is prompted to make minimal edits that only re-
flect the other changes to the slide. As shown in Figure 1(a)(2), the
text is updated when the chart data changes. Note that the LLM can
hallucinate [KNVZ25] when generating slide text, which is an in-
herent limitation of LLMs. Presenters may manually edit the text if
this occurs, although doing so may interrupt the flow of the presen-
tation. We discuss this hallucination issue further in Section 6.

4.2.5. Interactions via the Sketch Augmentation Module

Another core feature is sketch augmentation—using sketches as in-
teractive elements, such as lassos and brushes, to flexibly query
and display data on top of charts, as shown in Figure 1(b). The
sketch augmentation agent is prompted to perform two main tasks:
first, to determine the type of sketch augmentation, choosing from
one of the following tool calls: getArea (),getIntersect (),
getLength (), or getBoundingBox (); second, to specify
rules for data filtering and display by generating a structured array.

The sketch-enabling API tools empower the agent to command
the sketch’s behavior. The agent first selects the appropriate API
tool based on the multimodal input prompt, allowing the sketch to
extract different types of information from the visual data. For in-
stance, in Figure 1(b) &) and (©), the same sketched horizontal line
can serve multiple purposes: it functions either as an intersection
tool to locate the intersection with data elements, or as a ruler to
measure distances on the coordinate plane. The agent can also de-
fine what information should be displayed. In Figure 1(b) @, for
example, the agent filters for only the points in the selected region
where population > 100 million, and displays the corresponding
country name and fertility values as instructed by the voice prompt.

Finally, since sketches are used primarily for interactive data ex-
ploration, we also support basic user interactions. As demonstrated
in Figure 1(b) @), users can drag sketches to explore different parts
of the chart. Similarly, the lasso selection sketch in Figure 1(b) @
allows users to dynamically adjust the selected area by dragging,
while the measurement tool in Figure 1(b) (6) enables users to repo-
sition its starting and ending points to measure varying distances.

As an interactive exploration tool, sketching offers two main ad-
vantages: (i) Sketches are flexible and highly customizable. Presen-
ters can control their location and shape to meet specific analytical
needs that arise during collaborative exploration. (ii) Sketches are
well-suited for on-the-fly creation. While such interactions could
be achieved by other chart authoring approaches [SH24, ZWL*25],
sketching provides a faster and lower-cost method during live pre-
sentations, especially to automate filtering and display rules.
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Figure 5: Gallery of representative examples of SlideSAVR’s sys-
tem functionality. Notably, the same voice input can yield different
outcomes when paired with different sketches (a and b), and the
same sketch can support varied functions when combined with dif-
ferent voice inputs (d and e). See the supplemental material for an
expanded figure with detailed agent operations and API calls.

4.2.6. Q&A Support and Data Analysis Modules

Many questions during presentations stem from data but require
external facts or statistical computations (e.g., averages, correla-
tions). Using contextual information and the multimodal input, the
Q&A agent can search online and summarize findings. Search re-
sults are presented in Figure 3 (c3). Because the generated answers
to knowledge-related questions may be unreliable, they are shown
only to the presenter, who acts as a guardrail.

The data analysis agent performs statistical analysis by generat-
ing code, executing it in a sandbox, and summarizing the output.
Results from the data analysis agent, however, can appear either in
the side panel (Figure 3 (c3)) or as text annotations directly on the
slide, with sketches specifying placement. Sketching tool calls such
as getArea () can similarly be handled by the Q&A and analysis
agents, which may also call APIs to retrieve data.

We do not attempt to solve complex analytical problems requir-
ing multi-step reasoning (e.g., building a predictive model to fore-
cast sales), as they require careful consideration, exploration, and
moderation. Unlike the simpler computations above, such analyses
are not deterministic and can mislead if presented without vetting.

4.3. SlideSAVR Implementation

SlideSAVR is implemented as a web application, using React as
the frontend framework and Python Flask as the backend. We use
python-pptx [ppc] to parse the PowerPoint files. The voice
recognition module is built on RealtimeSTT [con], a real-time
speech-to-text library based on the Whisper model, which has ap-
proached human-level accuracy in transcribing audio [RKX*23].
For dataset parsing, we employ the implementation from Data For-
mulator [WTL23], which supports various formats such as CSV.
We use an OpenAl API to access the language models. SlideSAVR
supports touchscreens, mouse input, and stylus pens for sketching.
Examples in this paper were created using a mouse cursor.

5. Evaluation of SlideSAVR

We first perform an evaluation by demonstration [LHV ™ 18] show-
casing SlideSAVR’s functionality in a gallery of representative ex-
amples. A live demonstration case study is available in the supple-
mental video. We further conduct a technical evaluation to assess
how well SlideSAVR can handle these examples, using varied set-
tings to stress-test the system’s capability.

5.1. Gallery of Representative Examples

Figure 5 shows the capabilities of the agents. E}-{&) demonstrate
chart creation and editing (Section 4.2.4); [B-) show three sketch-
based interactions (Section 4.2.5); {all presents a Q&A example with
online search (Section 4.2.6); and {ll illustrates an agent performing
statistical analysis (Section 4.2.6). We provide an expanded version
of the gallery and detailed analysis in the supplemental materials.

Through this gallery, we demonstrate SlideSAVR’s ability to ad-
dress many different types of live data analysis, illustrating that
our tool meets several key design goals: the orchestrator can suc-
cessfully route user requests to different functionality modules, en-
abling SlideSAVR to handle the heterogeneous and multi-faceted

© 2026 The Author(s).
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Figure 6: Results from the technical evaluation. Each case was tested five times, with the number of successes shown in the heatmap. The
rows denote seven variants formed by combinations of natural language expressions (explicit vs. implicit visual descriptions, with and without
distractions) and sketch inputs (with and without sketches), and the columns correspond to the nine examples in Figure 5.

communication that occurs during presentations. All results can
be achieved using only verbal textual input and sketches, fulfilling
our goal of a code-free, fast, and convenient interaction paradigm.
Finally, each example can be generated within seconds (see sec-
tion 5.2.3), supporting the fast-paced nature of presentations.

5.2. Technical Evaluation

We assess the efficacy of SlideSAVR’s MLLM-based pipeline and
our sketch+voice design to fulfill requests. Since LLM outputs can
be inaccurate due to hallucination and other factors [JLF*23], we
focus on SlideSAVR’s accuracy in correctly routing requests (Sec-
tion 4.2.3) and generating appropriate filtering and display rules for
augmentation (Section 4.2.5). For generation accuracy, we manu-
ally verified that the generated slide text does not contradict the data
or the query. We also measure the completion time of the system.

To our knowledge, no prior system directly addresses this
presentation-focused scenario. While a general chatbot (e.g., Chat-
GPT) might be able to perform some of the same underlying tasks,
it cannot support heterogeneous tasks effectively in a live presenta-
tion context. We include results from a simple chatbot baseline in
the supplemental materials. Under the same conditions as our tech-
nical evaluation, it can produce visualizations—though with quality
issues—but cannot identify or resolve data-query problems.

5.2.1. Test Cases

The evaluation covers all of the examples from Figure 5. For each
example, we test two voice transcription variants (VE and VI), ver-
sions with verbal distractors VX(d), voice-only version with no
sketches (VX-nS), and sketch-only (SO), resulting in seven tests
cases per example. First, to assess whether MLLM agents rely
on explicit visual descriptions, we compare inputs containing both
data and visual details (VE: Visual-Explicit) with inputs containing
only data descriptions (VI: Visual-Implicit). For example, “Let’s
look at the population change.” is V1, whereas “Draw a line chart
with population on the Y and year on the X.” is VE. Second, to test
the agent’s ability to extract key information from casual conversa-
tion, we added textual distractors to both variants. Third, to evaluate
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the distinct roles of the two input modalities, we test the system us-
ing voice-only or sketch-only input. We run each test through the
system five times. We exclude the two VE variants for Figure 5 [,
as the query did not require visual information. We also exclude
the non-sketch cases for B[4 as sketch serves as an essential tool
required to enable the action in these cases. In total, we ran 245
test cases (((9 x 7) —14) x 5). The complete list of voice inputs for
each example case is provided in the supplemental materials.

5.2.2. Experiment Settings

We use GPT-40 as the base model for the evaluation. Tests are run
on a MacBook Pro with M4 Pro Processor. We evaluate routing ac-
curacy and generation accuracy separately, then combine them to
obtain overall accuracy. For routing accuracy, we assess whether
the orchestrator selected the correct module. For generation ac-
curacy, we evaluate whether the outputs accurately displayed the
required information. Misrouting can still show correct output in-
formation, (e.g., generating a new chart that shows the right data
when it should have routed to sketch augmentation). Cases with
minor style or formatting issues are considered successful if the
information display was unaffected. Generation accuracy for [ is
excluded, as Q&A is flexible and difficult to classify as pass or fail.

5.2.3. Results

Figure 6 summarizes the results. Routing accuracy reaches 97.5%
when the text includes both data and visual descriptions (VE). With
only data descriptions (VI), accuracy drops to 91.1%, indicating
that visual descriptions aid routing, though the system generally
performs well with data descriptions plus sketch input. Most errors
occur in the interaction augmentation examples (Figure 5 B3-EJ),
where requests are occasionally misinterpreted as chart genera-
tion. Distractors show no negative impact: routing accuracy re-
mains 97.5% for VE(d) and 91.1% for VI(d), suggesting robust-
ness to conversational distractors for routing. The routing accuracy
for voice-only and sketch-only cases remains high for direct chart
creation tasks (E}-{8), indicating the system is able to correctly di-
rect this task type using either input modality. However, the routing
accuracy for SO (sketch-only) cases drops significantly (24%) dur-
ing sketch-based interactions (G)-). In these cases, the sketches
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are simple-shaped and lack semantic meaning, which necessitates
voice input to disambiguate user intentions.

Generation accuracy is 91.2% when the voice input includes
both the data and visual descriptions (VE). With only data descrip-
tions (VI), the accuracy drops significantly to 78.4%. The primary
cause of this drop is seen in [&), where the correspondence between
the three charts in the composition and the encoded data cannot be
conveyed without visual location descriptions. This example high-
lights the complementary roles of natural language and sketches:
the former provides a general spatial framework (e.g., “the bars
representing monarchies are on the top”), while the latter speci-
fies details (e.g., showing how the monarchy bars are placed at the
top). Although adding more detail to sketches could bridge this gap,
drawing precise sketches is difficult in presentation environments,
where most people present their data. Distractors slightly reduce
the generation accuracy, with VE(d) at 88.6% and VI(d) at 77.8%,

The overall accuracy, combining both routing and generation,
is: VE: 91.2% , VI: 78.4%, VE(d): 88.6%, VI(d): 77.8%, VE-nS:
73%, V1-nS: 46.7%, SO: 28.6%. These results suggest that the sys-
tem performs best when textual input includes both data and visual
descriptions, and with both voice and sketch inputs.

The average completion time is 8.1 seconds (range: 4.9-12.9
seconds). The main performance bottleneck is the LLM calls, with
all other computation steps, combined, taking less than 200 mil-
liseconds. Faster LLM API providers could substantially reduce
latency. More advanced reasoning models may improve accuracy,
though likely at the cost of longer response times.

6. Discussion, Limitations, and Future Work

We discuss the design implications of the system, the limitations of
the approach, and potential directions for future work.

Authoring Visualizations with Sketches—Balancing Quality
and Efficiency. In supporting SlideSAVR’s goals of ease-of-use
and presentation-paced response, we make trade offs in chart qual-
ity. Our constrained Vega-Lite configuration mitigates issues like
excessive legends, but cannot guarantee the quality of every output.
For instance, in Figure 5 (3, the line stroke is too thin and the upper
bar chart appears disproportionately tall relative to the sketch. Such
issues reflect the limits of LLM agents in handling fine-grained
visual design details. These challenges become more pronounced
when visualizations extend beyond slide-based presentations—
such as in storytelling contexts—where one-shot generation is of-
ten insufficient. Prior work such as ChartGPT [TCD*24] and Data
Formulator [WTL23, WLD*25] has explored such iterative design
problems. As an opportunity for future work, combining sketches
with natural language could also support iterative refinement.

Human-AI Communication with Deictic Gestures. In linguis-
tics, deixis refers to language where the meaning of certain expres-
sions depends on the context of their use [Stal7], such as the phrase
‘over there’ in the sentence “Look at that apple tree over there.”
Deictic gestures are also widely used in interpersonal communica-
tions about data [HI24], e.g., “this peak corresponds to weekday
traffic.” The multimodal input in SlideSAVR can also be viewed as
a form of deictic expression, where the sketch complements spoken
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natural language, acting as the context the agents require to under-
stand the verbal expressions. This mode of communication is natu-
rally understood by human audience members, and our system pro-
vides initial evidence that it can also be effectively interpreted by
LLM-based Al agents. We envision that this form of interaction—
combining sketches and voice—could be extended to other LLM-
driven data systems, enabling users to express analytical intents in
more intuitive and flexible ways.

Evaluation, Psychological Implications, and New Presentation
Dynamics. Our evaluation focused on the system functionality,
demonstrating the core capabilities and technical feasibility. The
evaluation shows that SlideSAVR can effectively present analysis
results without coding or complex manual operation—addressing
one of the key psychological barriers for live analysis identified
in prior work and our formative study (Section 3). However, the
broader psychological effects remain unknown. The technical eval-
uation is confined to isolated components rather than the complete
workflow. The extent to which the tool may reshape the evolving
dynamics of data presentation is also still unknown. We have not
yet evaluated user perceptions of LLM usage in such assistive sys-
tem, for either presenters or audience members. While the lack of
a user study limits our evaluation, we show that sketch-and-voice
can enable live data presentation as a practical and compelling
paradigm. A next step is an in-the-wild study to understand how
it changes how people plan, structure, and deliver talks.

Another gap in the evaluation is the inherent diversity in nat-
ural language expressions and uncertainty of intent. Although we
tested different types of verbal expression, the potential space is
vast. Misinterpretation and underspecification are therefore diffi-
cult to avoid. Future work can more comprehensively assess and
track how well LLMs can handle inputs across a spectrum of clar-
ity, and how effectively users can phrase requests to reduce errors.

Limitations on APIs Capabilities and MLLM Hallucination. A
limitation of the current implementation is its predefined function-
ality; for example, it supports only three types of sketch-based aug-
mentations. SlideSAVR’s architecture can accommodate additional
augmentation and data exploration techniques as new modules. For
instance, sketch-based sliders [TBJ15] for data exploration could
be added by extending the API toolkit. Likewise, more complex
analytical automations [MDW*23] could be encapsulated as API
calls to expand the capabilities. However, a challenge is scaling the
LLM'’s ability to reliably recognize a larger number of sketch types.
Future work could investigate how many distinct tasks an LLM can
support, and evaluate semantic distance between tasks.

Another limitation is the possibility of hallucination [PO25]. In-
troducing stronger guardrails (e.g., requiring presenters to review
all content before it is shown to the audience) improves reliability
but reduces automation, creating an inherent trade-off. Determining
how best to balance this trade-off requires systematic user evalua-
tion, which should be explored in future work.
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