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Abstract
Data science plays an increasingly central role in decision-making
across domains, yet the effectiveness of these decisions hinges not
only on sophisticated algorithms but also on how well systems
support human interpretation, exploration, and communication
of data. This tutorial explores the intersection of semantics, natu-
ral language processing (NLP), and human-computer interaction
in creating human-centric data exploration tools that promote ac-
cessibility, trust, and transparency. This includes techniques for
generating perceptually meaningful visual encodings, using NLP
for query interpretation and ambiguity resolution, and designing
conversational interfaces that align with users’ intent. The tutorial
will highlight research from a broad set of contributors in the SIG-
MOD/VLDB, HCI, and visualization communities, spanning natural
language interfaces for databases, multimodal interaction systems,
semantic search for data repositories, and the use of AI and large
language models to augment visual and textual analysis.

As part of this 1.5-hour session, we will present case studies
and systems that demonstrate how human-centric design can be
integrated into the data analysis pipeline, including tools that sup-
port mixed-initiative interaction, adaptive defaults, and subjective
query interpretation. We will also discuss open challenges and re-
search opportunities, such as semantic inferencing for unstructured
data, retrieval-augmented generation (RAG), and ethical consider-
ations around fairness, explainability, and user agency. Drawing
from principles in perception, linguistics, AI, and HCI, this tuto-
rial aims to equip attendees with both conceptual frameworks and
practical techniques to build more inclusive, interpretable, and in-
telligent data systems. It is intended for a broad audience in the
SIGMOD/VLDB community interested in designing the next gener-
ation of data exploration tools that are aligned with human needs.
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1 Themes and Topics
As natural language techniques span various aspects of the vi-
sual analysis workflow, the field of information visualization needs
to consider the challenges and research opportunities that NLP
presents as it continues to grow in relevance. This tutorial will ex-
plore how semantics, natural language interfaces, and cooperative
interaction principles can support human-centric data exploration.
We will address the following three themes of research:
Theme 1: Leveraging Semantics for Visual Communication.
Semantics serve as a critical foundation in making data visualiza-
tions both perceptually effective and contextually aligned with
user expectations. As part of this tutorial, we will explore relevant
research on how semantic reasoning can guide the creation of visu-
alizations that communicate insights more intuitively and support
user decision-making.

Semantics influence key design elements such as colors and icons,
ensuring their alignment with natural cognitive associations. For
example, leveraging linguistic co-occurrence data enables visual-
ization systems to assign perceptually distinct and semantically
appropriate colors and icons to categorical data [30, 31]. From a
perceptual standpoint, semantic alignment has also been shown to
improve user comprehension and accessibility. Research from the
visualization community has explored how linguistic annotations
and textual context influence visual understanding, with growing
interest in integrating structured language descriptors into visual
summarization tools [26, 33]. These principles are now converging
with work in NLP and knowledge representation to create end-to-
end pipelines where semantic cues guide both visual generation
and interpretation.

While these ideas are well established in the visualization com-
munity, semantics-aware techniques are gaining significant traction
in the data management research community as well, particularly
in aiding schema understanding, dataset discovery, and automated
data explanation. Early foundational work on semantic data mod-
els [2, 17, 34] emphasizes the importance of capturing inclusion,
aggregation, and attribution relationships between entities to better
reflect real-world data structures. These models introduce concep-
tual taxonomies and ontologies that can enrich data interpretation
and visualization defaults (e.g., inheritance in class hierarchies or
contextual constraints in object-oriented databases). Automated
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Data Explanation [13] is a system that uses external semantic knowl-
edge bases (e.g., DBPedia and Wikipedia) to automatically gener-
ate textual explanations and contextual summaries of relational
datasets. Their research shows how semantic enrichment can assist
users in interpreting data meaningfully, offering mixed-initiative
interactions that align with the goals of accessible and explainable
visualization systems. In the context of large-scale data lakes, Fan
et al [10] present a contrastive learning framework for semantics-
aware dataset discovery. By generating contextualized embeddings
for columns using pre-trained language models, their research cap-
tures nuanced relationships across heterogeneous datasets, facil-
itating tasks such as table union search and downstream ML ap-
plications. These column-level semantic representations can be
foundational in guiding automatic visualization recommendations
based on similar structures or themes across data repositories.

This growing convergence between visualization, NLP, and data
management research highlights a shared goal: using semantics not
only to improve perceptual design but also to structure, annotate,
and surface data in ways that reflect human understanding and
intent. Specifically, this part of the tutorial session will discuss how
semantics can:

• Automate the generation of perceptually meaningful and
context-aware data encodings through linguistic signals, on-
tologies, and knowledge bases.

• Enhance accessibility, usability, and interpretability by align-
ing visual and textual representations with user expectations
and domain semantics.

• Support schema and type inference, semantic annotation,
and entity linking to improve dataset understanding and
searchability in large-scale data environments.

• Enable semantics-aware defaults and recommendations in
data exploration tools by leveraging pre-trained models,
metadata, and learned embeddings.

• Facilitate adaptive and personalized data presentations across
devices and user contexts while preserving core analytical
intent and clarity.

Theme 2: Supporting Analytical Conversation Systems
Facilitating conversational interactions with data is a key direction
in building intelligent and accessible data systems. This theme will
explore research approaches that integrate natural language inter-
faces (NLIs), pragmatic reasoning, and system-level query inter-
pretation to support cooperative, mixed-initiative interactions. We
will highlight techniques that allow users to issue underspecified
or ambiguous queries in natural language and receive meaning-
ful, context-aware responses—bridging the gap between human
intent and system execution. These methods are particularly rele-
vant to research challenges in semantic parsing, query generation,
provenance tracking, and interactive data exploration at scale.

NLIs to support analytical conversations have explored tech-
niques for interpreting user intent and resolving underspecified or
ambiguous queries using contextual inferencing techniques, sup-
ported by ambiguity widgets that help users iteratively refine or
clarify their inputs [9, 14, 28, 32]. These interactions are grounded
in Gricean cooperative principles [15], fostering a mixed-initiative
dialogue between the system and the user.

There is also research exploring the translation of natural lan-
guage into SQL queries[25], addressing linguistic ambiguity through
user interaction and feedback. Precision interfaces [39] also explore
generating customizable UIs from query logs to enable guided, in-
teractive query refinement—blurring the line between structured
querying and conversational interaction. Meanwhile, recent sys-
tems bringNLI capabilities to spreadsheet environments [12], demon-
strating how task-driven natural language interactions can be tightly
integrated with familiar productivity tools.

These systems collectively highlight the technical challenges and
opportunities of building robust NLIs for data: interpreting user
intent, managing ambiguity, generating executable queries, and pro-
viding cooperative feedback. They also demonstrate the diversity
of application contexts, ranging from databases to dashboards and
spreadsheets, emphasizing the importance of both linguistic under-
standing and system-level design. To ground these ideas in concrete
systems and practical innovations, we will review a range of NLI-
based tools that exemplify different approaches to conversational
data interaction.

This portion of the tutorial will address the following topics:

• Techniques for semantic parsing and contextual inferencing
that effectively resolve underspecification and ambiguity in
natural language queries.

• System best practices for implementing cooperative conver-
sational principles, covering strategies for incorporating user
clarification and feedback, iterative query refinement, and
provenance tracking.

• Guidelines for designing interfaces that integrate natural
language with other modalities (e.g., visual, touch, and voice
inputs) to create adaptive, user-centric systems.

• Frameworks for assessing the effectiveness of conversational
mechanisms in analytical tools. We will explore evaluation
metrics for query translation accuracy, response latency, and
user engagement, as well as discuss standard benchmarking
practices.

Theme 3: Recommendation and Search Systems
Navigating the increasing volume, complexity, and heterogeneity
of data in modern data ecosystems, such as data lakes, warehouses,
and federated systems requires advanced tools that go beyond
keyword search or manual exploration. This theme will focus on
recommendation and semantic search systems that integrate tech-
niques from natural language processing, information retrieval, and
data management to support intuitive, context-aware exploration
of structured and semi-structured data.

Visualization recommendation (VizRec) systems play a crucial
role in making data exploration more efficient and accessible, espe-
cially in large and unfamiliar datasets. These systems aim to bridge
the gap between raw data and user insights by automatically sur-
facing meaningful visual patterns, summaries, or suggestions based
on the data’s statistical properties or metadata [5, 24, 38, 40]. Other
systems recommend visualizations based on statistical heuristics,
data patterns (e.g., correlations, outliers, clusters), or user-specified
tasks [8, 22, 27, 36, 37]. These systems often precompute summaries
or insights, relying on lightweight profiling techniques or material-
ized views to scale to large datasets. More recent systems [1] go a

852



Supporting Human-Centric Data Exploration Through Semantics and Natural Language Interaction SIGMOD-Companion ’25, June 22–27, 2025, Berlin, Germany

step further by incorporating user goals and hypotheses into the
recommendation process.

As these visualization recommendation systems increasingly
incorporate user intent and data semantics, they naturally intersect
with research in search and data discovery, wherein the goal is not
just to visualize data, but to intelligently retrieve, interpret, and
guide exploration across complex data repositories. Early work in
search systems, ranging from structured query interfaces [6, 11, 20]
to keyword [3, 19] and natural language-based approaches [4, 7],
explore techniques for semantic augmentation in data reposito-
ries. This includes using curated metadata (e.g., attribute names,
value types), synonym expansion, and external ontologies to enrich
search indexing and query interpretation. To support question and
answering (Q&A), systems, such as QUERIX[21] and NaLIR[25]
demonstrate how natural language inputs can be parsed using de-
pendency parsers (e.g., Stanford CoreNLP [23]) and mapped to
structured query representations. These approaches often involve
the detection of analytical intents, such as temporal, spatial, or
aggregation operations. A unique challenge in data-centric search
systems, as opposed to document retrieval, is the sparse textual
footprint of many datasets and visualizations. Similar to techniques
in multimedia retrieval [18, 35], where image and video content
is indexed using external descriptors or metadata, we apply onto-
logical enrichment and visual metadata parsing (e.g., extracting
chart types, axes, XML descriptors) to augment searchability and
semantic coverage across data collections. Semantic search tech-
niques, originally developed for improving precision in document
retrieval, have increasingly influenced how we explore and retrieve
structured and semi-structured data from data repositories. These
methods aim to interpret user intent and understand the contextual
significance of query terms, going beyond literal keyword matching
to retrieve more relevant and conceptually aligned results [16, 29].

This portion of the tutorial will explore:
• Techniques for generating real-time, context-aware sugges-
tions during query formulation, leveraging schema profiling,
metadata, and learned embeddings. We will highlight ap-
proaches that support progressive query construction over
structured datasets, enhancing usability in large and hetero-
geneous data repositories.

• Systems that combine Q&A, exploratory search, and design-
oriented search patterns. These approaches support a range
of analytical workflows by integrating structured query gen-
eration, visual summarization, and pre-authored content
retrieval.

• Methods for detecting and operationalizing vague or subjec-
tive language in search queries, using techniques from word
co-occurrence models and large language models.

Future research topics, discussion, and wrap-up
As the tutorial concludes, we will turn our attention to emerging
research directions and open challenges in human-centric data ex-
ploration, particularly at the intersection of semantics, data systems,
and artificial intelligence (AI). These discussions are intended to
spark new ideas and collaborations across the community, where
core advances in query processing, data modeling, and system
architecture can meaningfully contribute to more intelligent and
accessible data experiences.

One major area of interest is the semantic understanding of un-
structured and semi-structured data. As data systems increasingly
ingest heterogeneous content—from text and spreadsheets to dash-
boards, logs, and sensor data—semantic enrichment becomes vital
for tasks such as schema discovery, metadata generation, entity
resolution, and intent modeling. We will explore how Generative AI
models, particularly RAG frameworks, can be used to interpret and
surface insights from diverse sources, such as documents, reports,
and transcripts, enriching query interfaces and recommendation
systems with contextual knowledge. At the same time, we face
pressing questions about the role of human creativity and agency
in increasingly automated analytical workflows. While LLMs can
suggest queries, generate visualizations, and summarize results,
future tools must move beyond passive automation to actively sup-
port user-driven exploration and decision-making. Ultimately, these
future directions point toward a new generation of data systems
that combine the strengths of declarative querying, AI augmenta-
tion, and interactive design. The session will close with an open
discussion, inviting participants to reflect on the tutorial’s themes
and contribute their perspectives on future research opportunities.

2 Audience
This tutorial is designed for researchers, practitioners, and grad-
uate students in data management, information retrieval, natural
language processing, and human-centered data systems who are in-
terested in the integration of semantics, AI, and interaction in data
exploration workflows. It is especially relevant for those working
on or interested in natural language interfaces for databases, seman-
tic search, visualization recommendation systems, data discovery,
and AI-augmented analytics.

Attendees should have a foundational understanding of data
management principles (e.g., query processing, schema design, or
indexing), along with a basic familiarity with natural language
processing and data visualization. While advanced knowledge of
machine learning or visualization is not required, some experi-
ence with AI models (e.g., transformers, embeddings, or retrieval-
augmented generation) will help participants engage more deeply
with the content. The tutorial aims to bridge communities across
SIGMOD/VLDB, HCI, and visualization disciplines, providing con-
ceptual frameworks, system-level insights, and emerging research
opportunities for building human-centric, intelligent data systems.

3 Presenter
Vidya Setlur is the senior director of Tableau Research. Her area of
expertise is in natural language processing and computer graphics.
She earned her doctorate in 2005 at Northwestern University and
loves pushing the boundaries of product innovation, drawing from
both research and engineering. Vidya’s interests are in developing
novel computer algorithms and user interfaces that enhance visual
communication and the understanding of user intent through se-
mantics. Her research draws inspiration from information retrieval,
computational linguistics, human perception, and cognitive science
to help users effectively interact with devices and information in
their environment.
Website: https://www.tableau.com/research/people/vidya-setlur
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