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Scientific Context and Overall Objectives

• Data is now abundant. We need more effective methods, techniques, 
and tools to understand it and make decisions with it

• Aviz is a multidisciplinary project that
– seeks to improve data exploration methods, techniques, and tools
– based on interactive visualization

• Visualization is [Card et al. 99]:
“the use of computer-supported, interactive, visual 
representations of data to amplify cognition.”



Research Program

Aviz focuses on four research themes:

  1   Progressive Data Analysis
  2   Physicality in Input and Output
  3   Perception, Cognition, and Decision Making
  4   Methodologies for Visualization Research



Scalability

What have we done before?
Like everyone:

• Use faster languages, systems
• Avoid interacting, pre-compute
• Use more pixels

Scalability of Exploratory Data Analysis in the Big Data Era:
• When data grows or analyses become complex,

operations take more time to complete
• Humans cannot explore data when latencies exceed ~10s 
• How can we bound the latency

without limiting the data size and analysis complexity?
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Progressive Data Analysis

Progressive Data Analysis
• Generate results as a sequence of  estimates improving over time

– Estimates are generated with bounded latency
• Allow "Interactive Steering" to adjust parameters while computing
• Provide quality and progress measures

The few progressive systems described in the literature are ad-hoc
Aviz wants to design a language for analysis and visualization that is

natively progressive, raising multiple research challenges
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Progressive Data Analysis

• Progressive data analysis
–Language for

progressive computation
–Visualizations, UI and requirements 

for progressive data analysis
–Progressive algorithms

e.g. kNN, projections, k-means, ML 
algorithms

• Scalable visualizations
–Large multidimensional projections
–Exploring BitCoin/Blockchain
–Health data from CNAM
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Physicality in Input and Output

A. Scientific Foundations for 
Data Physicalization

B. Situated Data 
Representations for Personal 
Analytics

C. Visualization using 
Augmented Reality Devices
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http://www.youtube.com/watch?v=ZVdAfDMP3m0


Scientific Foundations for Data Physicalization

• What we did:
– First empirical evaluation of 

physical visualizations
– Robots for dynamic physical 

visualization (zooids)
– Research agenda

• What we will do:
– Study the underlying mechanisms, 

and the situations where 
physicality may be beneficial

– Focus on benefits of physical data 
manipulation
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Situated Data Representations for Personal Analytics

What we did:
• Defined the concept of situated 

data representations
• Background research on fitness 

trackers / noise capturing

What we will do:
• Explore applications in personal 

analytics (EMBER ANR project)
• Explore micro visualizations for 

situated visualization (MicroVis ANR 
project)
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Visualization using
Augmented Reality Devices

• visualizations that provide 
stereoscopic vision or 
control, without removing 
the real world; hybrid 
interaction scenarios

• exploration of 3D 
navigation, precise control, 
combinations of traditional 
interfaces with AR 
representations 
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http://www.youtube.com/watch?v=4l0LVpjX2bY


Perception, Cognition, and Decision Making

A. Perceiving Statistical Information from Visualizations
–Don't inspect each visualized item individually
–How can people better understand “the gist”?

B. Decision making
–Decision making and cognitive biases are important research 

topics in psychology, economics and marketing
–How can visualizations support decision making?
–Explainable machine learning (organized workshops)

C. Illustrative Visualization
–Takes inspiration from illustrators’ experience
–How can we support these styles with visualization?
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3A

• What we did:
– Measured single-item comparison with higher precision
– Found accuracy and bias difficulties with set 

comparison

• What we will do:
– Understand causes of difficulties when comparing sets
– Predict when and why people will have these difficulties 

when using graphs

Perceiving Statistical Information
from Visualizations



Visualization-supported decision making3B

• What we did:
– First empirical demonstration of a 

cognitive bias in visualization
– Taxonomy of cognitive biases for 

visualization research

• What we will do:
– Study group decision-making & social 

choice with visualizations
– Decision making in the presence of 

uncertainty and incomplete information
– Visualizations to promote empathy and 

prosocial behavior (collab with Brazil)



● learn from existing illustrations
& professional illustrators

● often for spatial
representations of 3D
data, but also some for
abstract data

● examples: medical and
genome visualizations

● insights on use of
abstraction in visualization

Illustrative Visualization3C



http://www.youtube.com/watch?v=kn7zuqdut18


4 Methodologies for Visualization Research

A. Promoting and Following Open Research Practices
– Aviz researchers engaged in open research practices
– Active at teaching and steering our field towards more transparent practices
– Collecting and reporting information on prominence of open research practices

B. The Communication of Statistics Results
– Aviz researching inaccurate statistical results in existing visualization literature
– Many problems related to inappropriate reporting of statistical results in science, e.g., 

“dichotomous inference”
– Aviz will conduct research on how to design statistical charts expressing nuances and 

uncertainty

C. Shaping the Visualization Community
– Aviz researchers are heavily involved in the organization structure of visualization conferences 

and journals
– Helping newly created committees to restructure the community based on data.



Prix internationaux
• Jean-Daniel Fekete

– IEEE VGTC Technical Achievement Award
– IEEE VGTC Visualization Academy
– ACM SIGCHI Academy

• Catherine Plaisant
– IEEE VGTC Visualization Career Award
– IEEE VGTC Visualization Academy
– ACM SIGCHI Lifetime Service Award
– ACM SIGMM in Test of Time Awards 2020 (for year 2004)

• Tobias Isenberg
– Associate Editor of the year (2019), Elsevier Computers & Graphics

• Petra Isenberg
– Top 10 most cited scholars from the top venues of this field in the past 10 years (#7)

• Steve Haroz
– ACM SIGCHI 2020 best paper award

• AVI 2020 best paper honorable mention award
• 2 IEEE VIS 2020 poster design awards
• VAST Challenge: Outstanding Comprehensive Mini-Challenge 1 Solution



Collaborations in 2020
•Leading industries and universities

–Microsoft Research
– North American U's: U. of Calgary, NYU, U. of Maryland, Northwestern, UofT, Georgia Tech, 

Ohio State U.
– European U's: TU Wien, U. of Stuttgart, U. of Potsdam, KU Leuven, Linköping U.,  U. of 

Vienna, U. of Nottingham
– CERN, Monash U. (Australia), U. of Canterbury in Christchurch (NZ), KAUST (Saudi Arabia)
– China: University of Hong Kong, University of Qingdao, Xi’an Jiaotong-Liverpool U.

•Other INRIA Project-Teams
–Ilda, EX-SITU, TAU, Hybrid

•French Organizations and Companies
–Telecom Paris: DataIA HistorIA

–EHESS: Exploration of large dynamic social networks

–IRT-SystemX: Visualizing the Blockchain(s) and Bitcoin

–EDF: Interaction in 3D, Visual Analytics, and Progressive Data Analysis

–InraE-MaIAGE: Interactive visualization of cell lineage (Naviscope project)



Publications

• 42 new articles/papers published/accepted 2020–2021
– 18 journal articles (IEEE TVCG, CGF, ...)
– 8 conference papers
– 2 book chapters
– 14 other



Past Internship: Pressure-based 3D Navigation on Phones
● Xiyao Wang, now PhD student (about to defend)
● problem: 3D navigation on phones without occluding much of the small display
● need 7 DOF: translation in x, y, z; rotation around x, y, z; and uniform scaling



http://www.youtube.com/watch?v=yEnTeSz469Q&t=6














http://www.youtube.com/watch?v=yzUXnWIuipg


Best poster design award IEEE VIS 2020

Interactive Version

https://vis2020-ieee.ipostersessions.com/default.aspx?s=0F-57-AB-7B-43-56-6D-41-54-01-DD-A1-15-E1-64-2B


Visualization in Motion
02/03/2020 - 31/08/2020

Student: Lijie Yao (Now Ph.D. Student)
Supervisors: Petra Isenberg (INRIA)

Anastasia Bezerianos (LRI)
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Background Introduction
● Non Situated Visualizations
● Situated Visualization
● Embedded Visualization
● Embedded Physicalization
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Embedded data representation (Wesley Willett, 2016)

https://hal.inria.fr/hal-01377901


Specific Topic
● Understanding characteristics and constraints of visualization under 

movement



Research Approach
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     1 - Sample Collection       2 - Literature Review 3 - Design Space

  4 -  Online Workshop    5 - Exploration Tool  6 - Crowdsourcing Experiment



http://www.youtube.com/watch?v=gV4KobSoiy0


IEEE VIS 2020 Poster

Interactive Version

https://vis2020-ieee.ipostersessions.com/default.aspx?s=48-59-80-16-05-63-FD-2D-4B-95-AE-B5-FF-95-A0-49


Progressive PCA for Massive Time-Series

● EDF needs to forecast the behavior of 
complex hydraulic systems over time

● Ensemble simulations generate multiple 
time-series

○ Thousands of time-series
○ Tens of thousands of dimensions

● Exploring them with existing systems is not 
interactive

Yuhen Feng, Alejandro Ribes,  Jean-Daniel Fekete
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https://docs.google.com/file/d/135Ut34OMq0jI3oATDQjXAPUvUCQ7-kL6/preview


Progressive PCA: Several Trade Offs



Evolution of the Visualization Pipeline



Progressive PCA
Three options:

● IncrementalPCA
○ Loads data incrementally and can compute PCA 

progressively on very large datasets
○ Results start immediately
○ Mediocre quality
○ Overall slow

● Randomized PCA
○ Needs all the data first
○ Starts a bit slower
○ Good quality
○ Converges faster

● Power Iteration with Momentum
○ Starts slowly
○ Fast, excellent quality

Use a hybrid solution:

● Start the Incremental PCA
● When the data is loaded...
● In parallel, start Power Iteration or Randomized 

PCA
● Show Incremental PCA until the other catches-up



Understanding 
Micro Visualizations 
for Fitness Trackers

Ranjini Aravind
Supervisors: 

Petra Isenberg, Tanja Blascheck

Courtesy: Unsplash



Introduction
111 million fitness trackers (smartwatches, wristbands, and sports watches) sold worldwide in 2018 
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Step count

Heart rate

Calories burned

Sleep duration Watch use: ~6.7 sec on average



Our Motivation

48

Current use of fitness trackers 

Perception of standard charts on 
smartwatches

What we know What we wanted to find out

How well could fitness tracker wearers 
read visualizations on small screens
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Methodology

Understand how wearers use 
fitness tracker visualizations

Understand how wearers 
perceive sleep visualizations 

Compare readability of sleep 
visualizations on trackers



EuroVis 2019 Poster
Publication coming soon



https://docs.google.com/file/d/1UUCPhiW5qHIvPrilFSq_YVgSsBrLF79v/preview


Internship Topics



List of internship topics
● Tobias: Hybrid 3D Genome Visualization
● Jean-Daniel: Visualization of Multimodal Brain Connectivity
● Jean-Daniel: Advanced Network Visualization in the Jupyter Notebook
● Jean-Daniel: Scatterplots to Infinity [and Beyond]
● Natkamon: Characterization of Entities in the Bitcoin Blockchain
● Natkamon: Analysis and Visualization of the Bitcoin Forum
● Alaul: Data Representations for Smartwatch Screens



Hybrid 3D Genome Visualization
● existing implementations for both

temporal and spatial control of scale
for 3D genome data

● internship goal: combined implementation
that allows one to switch from one to the other,
essentially to “pivot” between both representations

● requirements: knowledge of 3D graphics coding, C++
● based on existing software framework Marion
● collaboration with TU Vienna & KAUST
● scientific publication planned
● adjusted topics in this context are possible

supervised by Tobias Isenberg
tobias.isenberg@inria.fr



http://www.youtube.com/watch?v=Ira54e3ND74&t=77


Visualization of Multimodal Brain Connectivity

● Brain connectivity can be computed through 
several modalities:

○ Fiber tracts (physiological connectivity)
○ fMRI (functional MRI)
○ EEG at various frequencies

● Each of these modalities provide a full matrix
○ Probability / count for fibre tracts
○ Correlation between signals for fMRI&EEG

● The matrices are thresholded to create a graph
● These graphs need to be compared to 

understand their differences
● These graphs vary with time
● How can be best visualize them?

Collaboration with Fabrizio de Vico Fallani, Inria & Brain 
and Spine Institute (ICM) in Paris

supervised by Jean-Daniel Fekete
Jean-Daniel.Fekete@inria.fr



Advanced Network Visualization in the
Jupyter Notebook

● Aviz has designed many network visualizations
● But they live in a closed world where data 

scientists cannot use them from their favorite 
working environment

● We want to make them available in the jupyter 
notebook, popular in data science

○ Connected with NetworkX in Python
● What are the interaction and communication 

mechanisms needed to benefit from the best of 
both worlds: the notebook and interactive vis?

○ Coordinated views
○ Shared selection
○ Filtering on vertices and time

● Interact with the Python NetworkX community to 
get feedback.

supervised by Jean-Daniel Fekete
Jean-Daniel.Fekete@inria.fr



Scatterplots to Infinity [and Beyond]
Scatterplots are used a lot in visualization, but they 
need special treatments to scale

● We want to be able to visualize as many points 
as we have, to infinity [and beyond]

● Compute a density map
○ Each pixel is a count or a density

● Use a progressive method:
○ Create the density map by loading the data by 

chunks, e.g. 100,000 at a time
○ Visualize intermediary results as they are 

computed
● Several issues:

○ The scale can change
○ Need to pan and zoom

● Python + JavaScript (browser, notebook or not?)

supervised by Jean-Daniel Fekete
Jean-Daniel.Fekete@inria.fr



                   Visual Analytics

● Bitcoin is a cryptocurrency that stores transactions in a public blockchain.
● ~600 million transactions at this moment (>300 GB of raw data) and constantly growing.
● Transaction data is public but the owners of transaction (entity) are pseudonymous.

supervised by Natkamon Tovanich
natkamon.tovanich@irt-systemx.fr

and Petra Isenberg

Source: How does the bitcoin economy work? 
https://blogs.thomsonreuters.com/answerson/bitcoin-economy/ 

Entities (= Users, Actors)  
Behavior Analysis

Cybercrime detection 
and monitoring

Mining Pool
Analysis

https://blogs.thomsonreuters.com/answerson/bitcoin-economy/


                   Visual Analytics supervised by Natkamon Tovanich
natkamon.tovanich@irt-systemx.fr

and Petra Isenberg

Internship Topic: Characterization of Entities (= Users, Actors) in the Bitcoin Blockchain

Transaction-Address Network ● How to identify the pseudonymous users from 
the large Bitcoin transaction data?

● What are the different types of Bitcoin users?
● Can we identify groups of entities based on the 

transaction and network activities?
● What is the general behavior of the entity types 

in Bitcoin?
● How has the activity of each entity type changed 

over the years?
Zola et al. 2019



                   Visual Analytics supervised by Natkamon Tovanich
natkamon.tovanich@irt-systemx.fr

and Petra Isenberg

Internship Topic: Characterization of Entities (= Users, Actors) in the Bitcoin Blockchain

Transaction Activities

Transaction Flow

Transaction-Address Network

User Ego-Network

Zola et al. 2019

Bitcoin Entity Explorer

Jourdan et al. 2018
Blockchain.info



                   Visual Analytics

Goals: Modeling + Visualization

1. Build a machine learning model to 
extract patterns from Bitcoin 
transaction/entity graph.

2. Develop a visual analytics tool to 
help explore Bitcoin data based on 
the model.

We are open for any research domain that you are 
interested in, e.g. characterization of user types, 
transaction network analysis, cybercrime detection, etc.

supervised by Natkamon Tovanich
natkamon.tovanich@irt-systemx.fr

and Petra Isenberg

Lischke & Fabian 2016Weber et al. 2019

McGinn et al. 2016 Ethviewer



Internship Topic: Analysis and Visualization of the Bitcoin Forum

                   Visual Analytics supervised by Natkamon Tovanich
natkamon.tovanich@irt-systemx.fr

and Petra Isenberg

● MiningVis tool help the economist 
exploring and analyzing the evolution 
of mining pool in Bitcoin network

● We want to understand the external 
factors (e.g. market price, news, and 
social media) that affect the evolution 
of mining pools.



Internship Topic: Analysis and Visualization of the Bitcoin Forum

                   Visual Analytics supervised by Natkamon Tovanich
natkamon.tovanich@irt-systemx.fr

and Petra Isenberg

● Applying text mining techniques to 
analyze discussions in the forum.

○ Topic modeling, information extraction, text 
classification, opinion mining, etc.

● Devise a visual analytics tool to help 
the economist to relate the evolution of 
mining pool with activities in the online 
forum.

○ Text + time-oriented visual analytics



Data Representations for Smartwatch

Alaul Islam, Anastasia Bezerianos, Bongshin Lee, Tanja Blascheck, Petra Isenberg. Visualizing Information on Watch Faces: A Survey with Smartwatch Users. Short Papers of the IEEE Conference 

on Visualization (VIS), Oct 2020, Los Alamitos, CA, United States. https://hal.inria.fr/hal-03005319v2

supervised by Alaul Islam
mohammad-alaul.islam@inria.fr 

                & Petra Isenberg 
petra.isenberg@inria.fr

http://www.youtube.com/watch?v=qcZO9_qwsw4
https://hal.inria.fr/hal-03005319v2
mailto:mohammad-alaul.islam@inria.fr
mailto:petra.isenberg@inria.fr


Data Representations for Smartwatch
Smartwatches can track a wide variety of data. On average 
people see FIVE types of data.

● internship goal: 
- Design smartwatch faces with micro-visualizations 

based on our past research
- Investigate face preferences for smartwatch wearers
- If time permits: evaluate

● requirements: interest & some design skills, 
knowledge of Design tools(e.g,Adobe)

● a plus: knowledge of Wear OS/Android, interest in 
future publication

adjusted topics in this context are possible

supervised by Alaul Islam
mohammad-alaul.islam@inria.fr 

                & Petra Isenberg 
petra.isenberg@inria.fr

1st 2nd

3rd

mailto:mohammad-alaul.islam@inria.fr
mailto:petra.isenberg@inria.fr

