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University of Tours

q 31 510 students
§ 3 255 international students, 131 nationalities

q 1 200 teaching & research staff
q 1 300 technical & adminsitrative staff
q 35 research laboratories
q 3 major fields of Research

§ Sciences & Technology
§ Life & Health Sciences
§ Human & Social Sciences
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In the heart of the Loire Valley
The Cradle of the French and the Garden of France 
Notable for its historic towns, architecture, and wines
In the UNESCO list of World Heritage Sites
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The 4 data science quadrants [CACM 2022]
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The 4 data science quadrants [CACM 2022]
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Insights Storytelling
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The data exploration quadrant

Data Exploration
q Interactively analyzing dataset to gain 

insights [Tukey 1977]
q Notoriously tedious
q Background knowledge and human

judgement are key to success
q Poses the greatest challenges for automation

§ Understanding the data analyst’s intentions, 
preferences, perception, cognition capacities, …
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Five subtasks
1. Form of the patterns
2. Interestingness
3. Algorithmic strategy
4. Presentation
5. Interaction
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The data exploitation quadrant

Data Exploitation
q Understanding of insights and models produced

in the earier stages
q Publishing them as building blocks for decisions

and new discoveries
q Some specific activities can be automated to a

high degree
§ E.g., reporting

q But external validation poses additional
challenges
§ E.g., trade-off between accuracy and fairness

6Patrick Marcel - Verónika Peralta



eBISS 2022

Outline

q Part 1: Insights
§ The highlights of the 2015 Sigmod

tutorial
§ What is the problem?

q and how is it solved?
§ Insights

q and their interestingness
§ Human in the loop

q Declarative languages
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q Part 2: Storytelling
§ What is a data narrative?

q Definition and examples
q Conceptual model

§ Crafting process
q focus on storytelling activities

§Automation
q Perspectives
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Part 1: Insights
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Exploratory Data Analysis
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A long time ago…

q An overview of data exploration
techniques by Idreos et al. 
[SIGMOD 2015]

q Sheds a light on the different
approaches to support the 
exploration of large datasets

q What is new since then?
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The 2015 tutorial
Idreos, Papaemmanouil, Chaudhuri. Overview of Data Exploration Techniques. 
Sigmod 2015
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Classification of approaches

q Distinguished contributions at 3 levels:
§ GUI
§ Middleware
§ DB engine
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Salient perspectives of the 2015 tutorial

q A system should be able to provide answers instantly even
if they are not complete
§ Data system architectures should inherently support exploration 

q The overall vision is to achieve data navigation systems that
automatically steer users towards interesting data

q Still lack declarative “exploration” languages to present and 
reason about popular navigational idioms
§ Future directions include processing past user interaction histories
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What is the 
problem?

Insights and 
interestingness

Human in the loop
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What is the problem?
And how is it solved?

14Patrick Marcel - Verónika Peralta



eBISS 2022

Approaches

q Generate and select
§ [SIGMOD 2017, 2019, 2020, 2021, DOLAP 2020, EDBT 2022]

q Guided EDA 
§ [VLDB 2020, CIKM 2021]
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Chain Composite Items (CCI)
Tutorial at [EDBT 2018]
q Retrieval of  items that should be

recommended together
§ E.g., travel itinerary recommendation

q Usually expressed as a constrained
optimization problem

q Chain shaped CIs are traditionally defined in 
terms of:
§ compatibility (e.g., geographic distance), 
§ validity (e.g., the total cost of an itinerary is within

budget)
§ maximality (e.g., the itinerary should be of the 

highest value in terms of its POIs popularities), 
q often used as the objective function.

q Usually NP-hard
§ reduced to TSP or orienteering problems
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Traveling Analyst Problem (TAP) [DOLAP 2020]

q Computation of a sequence of interesting
queries over a dataset
§ Given a time budget on the execution cost
§ Minimizing the distance between queries

q Differs from the classical orienteering
problem
§ Adds a knapsack constraint to it
§ No starting or finish point for the sequence
§ Distance cannot be made analogous to a time 

or to a physical distance
§ Impossible to merge action cost and travel time 

budget
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Finding Top-k insights [SIGMOD 2017]

q Sibling group: subspaces that
differ on a single dimension only

q Extractor: basic analysis operation
on a sibling group 

q Insight: result of a composite 
extractor on a sibling group
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q Problem: Given a dataset and composite extractor depth
§ find top-k insights with the highest scores 
§ among all possible combinations of sibling groups, composite extractors, and insight 

types
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Markov decision problem [VLDB 2020]

q The guided EDA problem: a Markov decision process
§ State: displays several sets of objects
§ Transition: the application of an exploration action to a chosen set
§ Utility: reward obtained by transitioning

q Exploration session: a sequence of exploration actions
q Exploration policy: a function that maps a state to an action

§ And generates an exploration

q Problem: finding a policy that maximizes utility
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Algorithmic strategies

q Exact solutions
§ Unfeasible for real life problems/datasets

q Heuristics
§ Greedy algorithms, dynamic programming or 

dedicated TSP strategies
q Machine learning

§ Active learning, reinforcement learning, etc.
§ Tutorial on Automating Exploratory Data 

Analysis via Machine Learning [SIGMOD  
2020]

q Pattern mining
§ Survey on exploring data using patterns 

[DOLAP 2021]
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In all cases…

q There is a need to define
§ what an insight is
§ what its interestingness is…
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Insights
And their interestingness
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Different forms of insights

q [SIGMOD 2017, 2019, 2021, CHI 2018, EDBT 2021, 2022] (at least)
§ Many synonyms in the literature: insights, highlights, findings, discoveries, etc.
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A focus on comparison insights

q One of the most popular [CHIRA 2020, VLDB 2021]
q 60% of spurious user-reported insights [CHI 2018]

§ Hence the need for systems able to automatically characterize insights
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Comparison insights

q Plenty of them… [VLDB 2021]
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Generation of comparison notebooks [EDBT 2022]

q Is this actually true?
q How to generate comparison

queries that convey only
statistically significant insights?
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Continent April May

Africa 31598 92626

America 1104862 1404912

Asia 333821 537584

Europe 863874 608110

Oceania 2812 467

On average, there were
more cases in May 
compared to April
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Definition of comparison insight [EDBT 2022]
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Notebook generation approach [EDBT 2022]

q Bottleneck
§ generate all hypothesis queries and 

run non parametric statistical tests
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Algorithmic strategy [EDBT 2022]
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Naive approach (sketch)
q Generate all possible insights
q Loop over all insights

§ Compute significance
§ If significant and supported by a hypothesis query

q Add the comparison query to the set Q

q Solve the TAP for Q
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Various optimizations [EDBT 2022]
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Polynomial heuristic for solving the TAP

Group by merging

Sampling
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Insight interestingness

q 2 approaches
§ Heuristic measures

q Many heuristic measures proposed
§ Capturing a different facet of the broad concept 
§ Helping to understand the nature of interestingness

q But studies have shown that
§ there is no single measure that consistently outperfoms the rest
§ interestingness is often subjective and changes dynamically

§ Machine learning [SIGMOD 2020]
q Dynamic selection of interestingness measures
q ML-based models for users’ interest

§ Active learning, learning-to-rank

31Patrick Marcel - Verónika Peralta



eBISS 2022

Interestingness (heuristic)

q 4 main dimensions of 
interestingness [ADBIS 2019]
§ Relevance: data vs goal
§ Novelty: data vs history
§ Peculiarity: data vs data
§ Surprise: data vs belief

q Misses some aspects
§ Presentational: is the insight 

presentation intelligible 
enough?
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Interestingness (heuristic) - exercice
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Continent April May

Africa 31598 92626

America 1104862 1404912

Asia 333821 537584

Europe 863874 608110

Oceania 2812 467… but I expect that
there is on average
less cases as summer
approaches…

Relevance?
Novelty?
Peculiarity?
Surprise?
Presentational?

I’d like to know more 
about Covid19 cases 
in Spring…

…I know nothing
about it…
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Peculiarity: significance

q Insights turned into hypothesis testing
[SIGMOD 2017, CHI 2019, EDBT 2022]

q Allows to:
§ Use p-value for significance
§ Define false discoveries (type 1 errors)

q Visualization supporting a non significant insight
§ Define false omissions (type 2 errors)

q Visualization non supporting a significant insight
§ Credibility

q %age of visualizations supporting an insight

q The risk of type 1 error increases as more 
than one hypothesis is considered at once
§ Correction is needed
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Perculiarity: coverage, impact

q Importance of the subject of an 
insight against the entire dataset
[SIGMOD 2017, 2019, 2021] 

q Anti-monotonic condition
§ if the subject of insight A is a superset

of the subject of insight B, then
impact of A should be no less than
impact of B
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Peculiarity: coherency, distance

q Coherency: is a given EDA operation coherent at a certain point?
§ Learned with heuristic classification rules [SIGMOD 2020] 

q General properties of the operations sequence
§ E.g., a group-by on a continuous, numerical attribute is incoherent

q Dependent on the input dataset’s semantics
§ E.g., If the user focuses on flight delays, aggregating on the columns “departure-delay time” is preferred

q Distance: comparisons of exploration actions
§ Weighted Hamming distance of relational query parts [EDBT 2022]
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Novelty: diversity, curiosity

q Diversity: induce new observations [SIGMOD 2020]
§ Minimal Euclidean distance between the current observation and all previous

displays obtained

q Curiosity: going further in the exploration [CIKM 2021]
§ inversely proportional to the number of times a result is encountered
§ keep a counter for each seen result s

q curiosity(s)=1/counter(s)
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Relevance: familiarity

q Familiarity : concentration ratio of 
target objects in a set [CIKM 2021]
§ Given a target set of familiar objects 𝑇
§ Expected to be higher as the EDA 

session goes
q to avoid "over-exploiting" a set of familiar

objects
§ E.g., variant of the Jaccard index
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Surprise: information content 

q Information theoretic approach [IDA 
2013] 

q Interactive exchange of information 
between data and user, accounting
for the user’s prior belief state 

q Background distribution: probability
measure over the exploration results
§ Approximates the belief that the user 

would attach to the result being expected
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Presentational: Conciseness, descriptional
complexity
q Conciseness: favoring insights being

both informative and easy to 
understand [SIGMOD 2020, SIGMOD 
2021, EDBT 2022]
§ E.g., compact group-by results covering

many tuples
§ Sigmoid or non monotonic function of the 

number of groups and the number of the 
underlying tuples

q Descriptional complexity [IDA 2013]
§ E. g., the more items a set contains, the 

more complex it is to assimilate
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Interestingness: combination

q Product, weighted sum, ratio…
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Interestingness Relevance Novelty Peculiarity Surprise Presentation

Information content / descriptional complexity IDA 2013 X X

Significance * coverage SIGMOD 2017, 2019 X

(Conciseness or distance) + diversity + coherency SIGMOD 2020 X X X

Familiarity + curiosity CIKM 2021 X X

Novelty + perculiarity + surprise IS 2021 X X X

Conciseness * coverage SIGMOD 2021 X X

Significance * conciseness * credibility EDBT 2022 X X

Coverage + diversity SIGMOD 2022 X X
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Human in the loop
Declarative languages
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Languages for EDA

q EDA operations
§ ATENA

q Filter, group, back
§ DORA primitives

q explore-around, explore-within, by facet, by-distribution, by-topic 

q Insight specific primitives
§ COMPARE, ASSESS, VCA: Comparison insight operators

q High level algebra for analytical intentions
§ Intentional OLAP
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ATENA [SIGMOD 2020]

q 3 atomic and easy ways to compose actions allowing to gradually form
complex displays
§ FILTER: select data tuples that match a criteria
§ GROUP: group by and aggregate the data 
§ BACK: backtrack to the previous display to take an alternative exploration path
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DORA [CIKM 2021]

q Set-oriented higher-level
exploration operations
§ Find subsets that have the 

same value for some attributes
§ Find sets that are similar

to/different from an input set 
§ Find sets similar to/different

from an input set in terms of 
their distributions

§ Find 𝑘 diverse sets that overlap
with an input set

§ Find 𝑘 subsets that maximize
the coverage of the input set 
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COMPARE [VLDB 2021] and ASSESS [EDBT 2021]

q COMPARE: semantically
equivalent to a relational
expression consisting of multiple 
sub-queries with unions, group-
bys, and joins
§ In DB engine

q ASSESS: semantics defined in 
terms of a logical cube algebra
§ middleware

q In both cases, logical/physical
optimizations are proposed
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VCA: View Comparison Algebra [TVCG 2022]

Set of composition operators
that summarize, compute
differences, merge, and 
model their operands
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Intentional OLAP [IS 2019]
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Data
Models

Highlights

NEW answers:

assess
describe

explain
predict

suggest

data models

highlights

dashboard

Till now… We advocate…
Query Operators: which data to bring… Query Operators: user intentions…

… as explicitly dictated by the user… … automatically  translated by the 
system to queries

…for an answer being a set of tuples …for an answer being a set of tuples
+ models + highlights
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In summary

q Some answers were brought to the 2015 tutorial’s perspectives
q In terms of:

§ Automation
§ Interestingness
§ Languages
§ In-DB engine support
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End of part 1, thank you for your attention!

Wake-up, it’s Q&A time J

Also, we have PhD positions, so…
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With a little help from…
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Evaluation

q Qualitative human evaluation
§ [SIGMOD 2020, EDBT 2022]

q Users inspect automatically generated
notebooks and rate them according to 
§ Informativity

q How informative the notebook is and how well does
it capture dataset highlights?

§ Comprehensibility
q To what degree is the notebook comprehensible

and easy to follow? 
§ Expertise

q What is the level of expertise of the notebook 
composer?

§ Human Equivalence
q How closely the notebook resembles a human-

generated session? 
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Evaluation

q IDEBench: A Benchmark for Interactive Data 
Exploration [SIGMOD 2020]

q Well adapted for approximate query answering
q Main metrics:

§ Time Requirement Violations: boolean value 
indicating whether a query exceeded the time 
requirement

§ Mean relative error: error between the latest
result of an approximate aggregate query and its
ground-truth

§ Missing Bins/Groups: completeness for an 
aggregate query result

§ Cosine: how much the “shape” of an aggregate
result deviates from the shape of the groundtruth

59Patrick Marcel - Verónika Peralta



eBISS 2022

Next hot topics in EDA and data narrations

q Integrated approaches to 
§ Explore and analyze datasets
§ And then craft, share, query, reuse data narratives

q Explanability
§ Explanations of insights
§ Data narratives as explanations

q Personalization
§ Leveraging user’s preferences, background knowledge, intentions
§ Monitoring their learning curves
§ Personalization of data narratives
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Example of research challenges from 
[CACM 2022]
• Generating collaborative reports 

and presentations, facilitating the 
interrogation, validation and 
explanation of models and results.

• Doing data science as querying or 
programming may help bridge the 
composition and mechanization 
forms of automation.


