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Data narration = Narrating with data visualization

❑ The activity of producing narratives supported by facts extracted 
from data analysis, using interactive visualizations 
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 J. Hullman, S. Drucker, N. Riche, B. Lee, D. Fisher, E. Adar: “A Deeper Understanding of Sequence in Narrative Visualization”, 
TVCG 19:12, 2013.

 S. Carpendale, N. Diakopoulos, N. Riche, C. Hurter: “Data-Driven Storytelling”, Dagstuhl Reports 6:2, 2016.



Outline

❑ What is a data narrative? 

❑ A panorama of tasks and tools for supporting data narration

Focus on: 
▪ Supporting intentional querying

▪ Searching interesting findings

❑ Open challenges
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What is a data narrative?

A data narrative is a structured composition of messages that 

(a) convey findings over the data, and, 

(b) are typically delivered via visual means in order to facilitate their 
reception by an intended audience.
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Based on definitions of narrative and storytelling:
 D. Elson: “Modeling narrative discourse”, Ph.D. thesis, Columbia University, 2012.
 S. Chatman: “Story and Discourse: Narrative Structure in Fiction and Film”, Cornell paperbacks, 1980.
 S. Chen, J. Li, G. Andrienko, N. Andrienko, Y. Wang, P. Nguyen, C. Turkay: “Supporting Story Synthesis: Bridging the Gap between 

Visual Analytics and Storytelling”, TVCG 2018.
 F. El Outa, M. Francia, P. Marcel, V. Peralta, P. Vassiliadis: “A conceptual model of data narrative for exploratory data analysis”, 

ER 2020.



Examples
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Top 20 nations by spending by visitor to London in 2012
Source: The Guardian
URL: https://www.theguardian.com/cities/gallery/2014/oct/28/london-life-mapped-data-visualisation-graphics#img-6
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Examples
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Covid-19 situation update worldwide
Source: European Centre for Disease Prevention and Control
URL: https://www.ecdc.europa.eu/en/geographical-distribution-2019-ncov-cases

Verónika Peralta



Examples
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Stroke, a Silent Killer of Women, Facts About Women and Strokes
Source: GOOD
URL: https://www.good.is/infographics/facts-about-women-and-strokes
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Examples
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Coronavirus: 100 days that changed the world
Source: The Guardian
URL: https://www.theguardian.com/world/ng-interactive/2020/apr/09/how-coronavirus-spread-across-the-globe-visualised
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Examples
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How BuzzFeed News Used Betting Data To Investigate Match-Fixing In Tennis
Source: BuzzFeed News
URL: https://www.buzzfeednews.com/article/johntemplon/how-we-used-data-to-investigate-match-fixing-in-tennis#.vyKWjpWkn



©adn-co.news

Structuring

Building data narratives
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Analysis goal
Analytical questions

Data collection 
and analysis

findings

messages
©elegantthemes.com
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A model in 4 layers
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 S. Chatman: “Story and Discourse: Narrative Structure in Fiction and Film”, Cornell 
paperbacks, 1980. 

 F. El Outa, M. Francia, P. Marcel, V. Peralta, P. Vassiliadis: “A conceptual model of 
data narrative for exploratory data analysis”, ER 2020.
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A model in 4 layers
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 F. El Outa, M. Francia, P. Marcel, V. Peralta, P. Vassiliadis: “A conceptual model of 
data narrative for exploratory data analysis”, ER 2020.
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Outline

❑ What is a data narrative? 

❑ A panorama of tasks and tools for supporting data narration

Focus on: 
▪ Supporting intentional querying

▪ Searching interesting findings

❑ Open challenges
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 H. Ben Lahmar, M. Herschel: “Provenance-based Recommendations for Visual Data Exploration”, TaPP 2017.

 J. Hullman, S. Drucker, N. Riche, B. Lee, D. Fisher, E. Adar: “A Deeper Understanding of Sequence in Narrative Visualization”, TVCG 
19:12, 2013.

 C. Xiong, J. Shapiro, J. Hullman, S. Franconeri: “Illusion of Causality in Visualized Data”, IEEE Trans. Vis. Comput. Graph. 26(1), 
2020.

 R. Kosara, J. Mackinlay: “Storytelling: The next step for visualization”, IEEE Computer 46, 2013.
 S. Carpendale, N. Diakopoulos, N. Riche, C. Hurter: “Data-Driven Storytelling”, Dagstuhl Reports 6:2, 2016.
 E. Segel, J. Heer: “Narrative visualization: Telling stories with data”, TVCG 16(6), 2010.

 S. Liu, W. Cui, Y. Wu, M. Liu: “A survey on information visualization: recent advances and challenges”, Vis Comput 30, 2014.
 L. McNabb, R. Laramee: “Survey of Surveys (SoS) - Mapping The Landscape of Survey Papers in Information Visualization”,  

Comput. Graph. Forum 36(3), 2017.
 A. Sarikaya, M. Correll, L. Bartram, M. Tory, D. Fisher: “What do we talk about when we talk about dashboards?”, TVCG 25(1), 

2019.

Tasks for supporting data narratives
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Factual StructuralIntentional

Visual Storytelling
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 S. Idreos, O. Papaemmanouil, and S. Chaudhuri: “Overview of data exploration techniques”, SIGMOD 2015.
 K. Wongsuphasawat, Y. Liu, J. Heer: “Goals, process, and challenges of exploratory data analysis: An interview study”, CoRR

abs/1911.00568, 2019.
 T. Milo, A. Somech: “Automating Exploratory Data Analysis via Machine Learning: An Overview”, SIGMOD 2020.

 R. Burke, A. Felfernig, M. Göker: “Recommender systems: An overview”, AI Magazine 32 (3), 2011.
 Y. Zhang, X. Chen: “Explainable Recommendation: A Survey and New Perspectives”, Found. Trends Inf. Retr. 14(1), 2020.
 K. Stefanidis, G. Koutrika, E. Pitoura: “A survey on representation, composition and application of preferences in database 

systems”, ACM Trans. Database Syst. 36(3), 2011.

 P. Vassiliadis, P. Marcel: The road to highlights is paved with good intentions: envisioning a paradigm shift in OLAP modeling”,
DOLAP 2018.

 L. Geng, H. Hamilton: “Interestingness measures for data mining: A survey”, ACM Comput. Surv. 38(3), 2006.
 K. McGarry: “A survey of interestingness measures for knowledge discovery”, The knowledge engineering review 20(1), 2005.
 M. Kaminskas, D. Bridge: “Diversity, serendipity, novelty, and coverage: A survey and empirical analysis of beyond-accuracy 

objectives in recommender systems”, TiiS 7(1), 2017.
 P. Marcel, V. Peralta, P. Vassiliadis: “A framework for learning cell interestingness from cube explorations”, ADBIS 2019.

 P. Jovanovic, S. Nadal, O. Romero, A. Abelló, B. Bilalli: “Quarry: A User-centered Big Data Integration Platform”, Inf Syst Front, 2020.
 R. Bonaque, T. Cao, B. Cautis, F. Goasdoué, J. Letelier, I. Manolescu, O. Mendoza, S. Ribeiro, X. Tannier, M. Thomazo:       

“Mixed-instance querying: a lightweight integration architecture for data journalism”, VLDB Endow. 9(13), 2016.
 R. Castro Fernandez, Z. Abedjan, F. Koko, G. Yuan, S. Madden, M. Stonebraker: “Aurum: A Data Discovery System”, ICDE 2018.
 E. Pena,  E. Almeida, F. Naumann: “Discovery of Approximate (and Exact) Denial Constraints”, VLDB 2019.
 T. Rekatsinas, X. Chu, I. Ilyas, C. Ré: “HoloClean: Holistic Data Repairs with Probabilistic Inference”, VLDB 2017.
 L. Berti-Équille, M. Ba: “Veracity of Big Data: Challenges of Cross-Modal Truth Discovery”, J. Data and Inf. Quality 7(3), 2016.
 S. Cazalens, J. Leblay, I. Manolescu, P. Lamarre, X. Tannier: “Computational fact-checking: a content management perspective”, 

VLDB Endow. 11(12), 2018.

Tasks for supporting data narratives
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 D. Gkesoulis, P. Vassiliadis, P. Manousis: “CineCubes: Aiding data workers gain insights from OLAP queries”, Inf. Syst. 53, 2015.
 O. Bar El, T. Milo, A. Somech: “Automatically Generating Data Exploration Sessions Using Deep Reinforcement Learning”, SIGMOD 

2020.

 S. Chen, J. Li, G. Andrienko, N. Andrienko, Y. Wang, P. Nguyen, C. Turkay: “Supporting 
Story Synthesis: Bridging the Gap between Visual Analytics and Storytelling”, TVCG 2018.

 D. Metilli, V. Bartalesi, C. Meghini: “A Wikidata-based tool for building and visualising
narratives”, Int. J. on Digital Libraries 20(4), 2019.

 P. Vassiliadis, P. Marcel, S. Rizzi. “Beyond Roll-Up's and Drill-Down's: An Intentional Analytics Model to Reinvent OLAP”, 
Information Systems 85, 2019. 

 M. Mazuran, E. Quintarelli, L. Tanca: “IQ4EC: Intensional answers as a support to exploratory computing”, DSAA 2015.

Tasks for supporting data narratives
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Intentional analytics model

❑ Query operators are user intensions that are automatically translated to queries

❑ Answers are complemented with KDD models and highlights
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 P. Vassiliadis, P. Marcel, S. Rizzi. “Beyond Roll-Up's and 
Drill-Down's: An Intentional Analytics Model to Reinvent 
OLAP”. Inf. Syst. 85, 2019. 

 A. Chédin, M. Francia, P. Marcel, V. Peralta, S. Rizzi: “The 
Tell-Tale Cube”, ADBIS 2020. OLAP III: Intentional querying, Intelligent results, Interesting highlights

Example:

with SALES describe quantity 
for month = ‘2020-04’ 
by type and country
using clustering size 3

1 23



Challenges

❑ Which queries to execute?
▪ Many possibilities (ex. explain operator)

▪ It is an optimization problem

❑ Which models to execute?
▪ Automatic tuning

❑ Which highlights to select?
▪ Interestingness w.r.t. intention

▪ Select the most effective visualization

▪ Put data and highlights to work together
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 P. Marcel, N. Labroche, P. Vassiliadis: “Towards a benefit-based optimizer for Interactive Data Analysis”, DOLAP 2019. 



Which queries to execute?

❑ Given 
▪ a set of n queries

▪ a function estimating an interestingness score for a query

▪ a function estimating the execution cost of a query

▪ a function estimating a cognitive distance between queries 

❑ Find a sequence of m ≤ n queries (without repetition) s.t.: 
▪ it maximizes the overall interestingness score

▪ the sum of the costs does not exceed a time budget 

▪ it minimizes the overall cognitive distance between the queries

19

 A. Chanson, B. Crulis, N. Labroche, P. Marcel, V. Peralta, S. Rizzi, P. Vassiliadis: “The Traveling Analyst Problem”, DOLAP 2020. 

Traveling Salesman

Problem

Knapsack Problem

The optimization problem
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Which models to execute?
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 M. Feurer, A. Klein, K. Eggensperger, J. Springenberg, M. Blum and F. Hutter: “Efficient and Robust Automated Machine 
Learning”, Advances in Neural Information Processing Systems 28, 2015.

 A. Chédin, M. Francia, P. Marcel, V. Peralta, S. Rizzi: “The Tell-Tale Cube”, ADBIS 2020.
 V. Satopaa, J. Albrecht, D. Irwin, B. Raghavan: “Finding a kneedle in a haystack: Detecting knee points in system behavior”, 

ICDCS 2011. 

nb clusters

co
st/erro

r

❑ Choosing models: 
▪ Examples: top-k, bottom-k, skyline, outliers, clustering 

❑ Tuning models:
▪ Auto-learning, meta-learning

▪ Example: setting clustering size
❑ The best separation of clusters can be set to the knee                          

of the evaluation graph of the clustering algorithm

❑ Kneedle algorithm



… different from its peers in 
the same context?

… disconfirming or challenging 
previous beliefs?

… presenting information 
previously unknown to the user?

… providing an answer to the user’s 
ultimate information goal?

Novelty

Surprise

To what extent is a piece of info …Interestingness
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Relevance

Peculiarity

 P. Marcel, V. Peralta, P. Vassiliadis: “A framework for learning cell interestingness from cube explorations”, ADBIS 2019.
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Interestingness

❑ A multitude of measures to be reused. Some surveys:

❑ Dynamically selecting the appropriate measure:
▪ Predicting what is interesting

▪ ML-based models for learning users’ interest
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 L. Geng, H. Hamilton: “Interestingness measures for data mining: A survey”, ACM Comput. Surv. 38(3), 2006.
 K. McGarry: “A survey of interestingness measures for knowledge discovery”, The knowledge engineering review 20(1), 2005.
 M. Kaminskas, D. Bridge: “Diversity, serendipity, novelty, and coverage: A survey and empirical analysis of beyond-accuracy 

objectives in recommender systems”, TiiS 7(1), 2017.
 P. Marcel, V. Peralta, P. Vassiliadis: “A framework for learning cell interestingness from cube explorations”, ADBIS 2019.

 T. Milo, C. Ozeri, and A. Somech. “Predicting ‘what is interesting’ by mining interactive-data-analysis session logs”, EDBT 2019.

 E. Huang, L. Peng, L. D. Palma, A. Abdelkafi, A. Liu, Y. Diao: “Optimization for active learning-based 
interactive database exploration”, VLDB 2018.

 Y. Luo, X. Qin, N. Tang, G. Li: “Deepeye: Towards automatic data visualization”, ICDE 2018.
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PresentationalStructuralIntentionalFactual

Data Narrative Management System



Conclusion

❑ A first definition and a conceptual model of data narrative

❑ Complex process combining varied tasks
▪ Good support for data exploration and visualization

▪ Precursor works arounds intentional querying, interestingness mining, story 
synthesis

❑ Many open challenges around supporting intentional and structural 
tasks
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People working around this
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OLAP III


