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Statistics in the Public Debate

Public debates rely on metrics: Inflation, growth, (un)employment,
education, life expectancy, pollution, etc.

The value of a metric, on a given point of time, and for a given spatial
scale, is a useful (and widely used) ingredient.

These metrics, generally called statistics, are produced by:

National agencies: INSEE (France), Labor/Census Bureaus (US),
ABS (AU)

International bodies: Eurostat, IMF, WB, UN Agencies

Smaller entities: Trade unions, NGOs
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Statistics in the Public Debate

Access to statistical data is crucial:

To disseminate reliable information to the broad public

To support journalists, enabling efficient work in an environment
flooded with continuous information

To counter misinformation, especially on social media → enables
(semi-)automatic fact-checking
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Challenges in Accessing Statistical Data

Statistics are publicly available, but finding metric values is hard:

Heterogeneous formats: CSV, Excel, HTML tables, JSON, SDMX
(XML), etc.

Sometimes compressed, potentially with other content

Tables with up to millions of rows (e.g., in Eurostat)

1 We need automatic ways to query large corpora of statistical tables

2 The targeted audience are broad public/journalists → queries must be
in natural language
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Statistical vs Relational Tables

Statistical tables represent multidimensional data:

E.g., “New jobs created” by year, country, sector, age group: each
statistical value (metric) is defined for a set of d dimension values.

Flattened into 2D tables for compatibility with classical tools:
serialization.

FRDEEN … PL

18 to 24 years old
25 to 34 y.o.

Above 74 y.o.
…

… … … … …

… … … … …

… … … … …

Number of new jobs created across the European Union

1988 …
Industry, DE, 24 to 34 y.o.
Trade, DE, 24 to 34 y.o.
Services, DE, 24 to 34 y.o.

Trade, EN, 25 to 34 y.o.

Education, FR, 25 to 34 y.o.

Education, PL, Above 74 y.o.

2025
2024

2023
1988

…

Industry
Trade

Services
…

Education

2024 2025
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Statistical vs Relational Tables

Challenges of serialized statistical tables:

Key semantics are in row or column headers; cells are mostly
numerical (no semantic cues).

High dimensionality leads to very large tables (one row per
combination of dimension values).

Context for dimension values often missing.

Can traditional systems (for relational tables) handle this complexity?
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Table Discovery Methods

Table Discovery (TD) → Finding relevant tables within a corpus in
response to natural language queries.

Recent methods [WF23, BAW+25, GHM+25] leverage DL and LLMs:

Annotated data generation

Table schema synthesis

Result re-ranking

They are designed for relational tables with well-defined schemas.

Two core challenges:

1 Can they efficiently address the Statistical Table Discovery (STD)
problem, i.e., the TD problem over statistical tables?

2 Is it possible to come up with a more frugal method to be used by a
broader public (journalists, citizens)?
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The STAR Approach

STAR = Space- and Time-aware Statistic Retrieval

At indexing time, STAR:

1 Ignores numerical values → indexes only linguistic elements (titles,
row and column headers)

2 Spatio-temporal entities are extracted

3 Aggregates linguistic elements and projects them in a latent space via
a LM → store vectors in a multidimensional index

4 Extracted spatio-temporal elements are indexed separately using
standardized hierarchies:

A Directed-Acyclic Graph for space (through reference sources, e.g.,
GeoNames)
A “natural” time hierarchy (through regular expressions)

→ STAR reasons about spatio-temporal covering
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The STAR Approach

At query time, STAR:

1 Takes as input an NL question

2 Question is parsed to extract spatio-temporal entities

3 Computes the subset of tables matching the constraints

4 Tables of the subset are ranked by semantic similarity with the
embedding of the question

5 If no tables are found, the spatio-temporal constraints are
progressively relaxed until having k ⩾ 1 matches.
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Experiments: Datasets

Dataset: ∼7 600 Eurostat tables in CSV format (Df ):

As serialized tables

With d ⩾ 1 dimensions: always includes time, and in most cases space

Along with their titles (and IDs)

Subset of 2 000 smallest tables used for scalability tests (Dℓ).

Dataset #Tables Size (MB) #rows #columns

Dℓ 2 000 30.3 111 (± 101) 19 (± 23)
Df 7 605 98 521.7 69 077 (± 318 706) 41 (± 270)

Eurostat

7678 Statistical Tables 

Metadata (Titles, IDs)

Full Statistical Data
API Call Filtering

Metadata
Association

Statistical Data

Datasets
      : 2000 Tables

      : 7605 Tables
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Experiments: Systems

We evaluate 7 systems:

STAR using standard SBERT embedder [RG19]

STAR using PEARL [CVS24] → LM for short, context-free phrases

SoTA TD systems [WF23, BAW+25, GHM+25] (with code fixes)

BM25 baseline with ElasticSearch, and its variant BM25+Syn.

Eurostat

7678 Statistical Tables 

Metadata (Titles, IDs)

Full Statistical Data
API Call Filtering

Metadata
Association

BM25Solo* PneumaSBERT Embedder

PEARL Embedder

Stringification Table Textual 
Representation

Context 
Titles

Content
TablesSTAR

Statistical Data TD Systems

Datasets
      : 2000 Tables

      : 7605 Tables

Birdie*

Table JSONL 
Representation

JSON-ification

* Systems indexed on       only
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Experiments: Question Sets

Two questions sets (for evaluation):

Initial (Si ): Lexically close to the table content

Reformulated (Sr ): Same semantic meaning as Si , but with maximal
lexical variation

…

API Call 2

Tables of     

GPT-4o

Prompt Construction (1/2) 
Question Templates Generation

Prompt Construction (2/2) 
Question Selection & Rephrasing

100 Sampled, 
Distinct Tables

5 Questions 
Templates 

Random
Selection

…

LLM Question Generation (Input: 1 Table, Output: 1 Question)

100 Questions

Humans

API Call 1

Questions

Tables

Sanitization

Reformulation
Sanitized Questions

Results in two high-quality, manually sanitized question sets
Evaluating on both lexical and semantic understanding

Gauquier et al. (ENS, Inria, U. Lisboa) ICDE 2026 May 8, 2026 16 / 23



Experiments: Metrics

We score each system with 2 metrics:

HitRate@k: Proportion of questions from a question set for which a
system returned the golden table in its top-k (1 ⩽ k ⩽ 10).
→ Standard metric in the literature

Relevance@k: measures a system’s ability to return semantically
relevant tables in its top-k results (1 ⩽ k ⩽ 5).
→ More interesting, as there might be ⩾ 1 relevant tables
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Experiments: Results – Running Time

Running time of the systems, for indexing and querying:

Model
Indexing Time (s) Query Time (s)
Dℓ Df (Dℓ,Si ) (Dℓ,Sr ) (Df ,Si ) (Df ,Sr )

BM25 13 7 701 0.95 0.91 41.83 45.23
BM25+Syn. 13 7 701 3.39 3.34 47.16 51.47
Solo 81 847 OOM 1 267.05 1 143.06 OOM OOM
Pneuma 45 300 532 020 3 793.23 3 680.90 1 770.44 1 814.24
Birdie 24 135 OOM 20.83 20.32 OOM OOM
STAR - SBERT 371 45 103 36.77 37.66 186.62 190.95
STAR - PEARL 208 44 279 29.68 34.83 106.19 116.68

Lexical-only methods scale and are the fastest

Solo and Birdie do not scale to large datasets (OOM)

For indexing: STAR is 12× to 393× faster than TD systems

For querying: Slower than Birdie on Dℓ, but 16× faster than the only
scaling TD system (Pneuma) on Df
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Experiments: Results – Metrics

STAR - PEARL STAR - SBERT Birdie Pneuma Solo BM25 + Syn. BM25
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Takeaways

1 We formalize the STD problem, and the challenges of statistical data

2 We present STAR, a space and time-aware statistic retriever,
operating over query semantics

3 We provide a large novel benchmark for the STD task:

7 600 statistic tables from Eurostat (98 GB),
200 carefully curated questions for lexical and semantic evaluation,
nearly 5 000 manually annotated (question, table) pairs

4 STAR outperforms prior TD systems and lexical-only methods:

Some competing systems fail to scale (OOM errors)
Even when close in score → STAR is at least 12× faster
STAR requires no GPU (unlike LLM-based TD systems)
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Thank you for your attention!

Any questions?

STAR code

https://gitlab.inria.fr/cedar/star-statcheck

Benchmark & extended version

https://github.com/AntoineGauquier/efficient

and scalable search for statistics/
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