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I’ve spent a lot of time at ICG – and it was great! 

2003 First ICG Class with Franz Leberl and (then new) 
Horst Bischof; Teaching Assistant: Tom Pock 
2006 ICG BS Thesis w. Horst Bischof & Martin Urschler 
2008 ICG MS Thesis w. Dieter Schmalstieg  
2012 ICG PhD Thesis w. Dieter Schmalstieg

ME & ICG























RESEARCH AREAS



Evaluation 
Methodology  

Qualitative Studies 

Design Spaces / 
Taxonomies 

EMPIRICAL & THEORETICAL WORK

Novel Visualization 
Techniques 

Visualization Process 
Innovations 

Data Wrangling 
Methods 

Accessibility

TECHNICAL CONTRIBUTIONS DOMAIN DRIVEN TECHNIQUES

Tailored Methods 
and Systems for High 
Impact Science 
Problems 



VIS IN DATA SCIENCE 
CHALLENGES & OPPORTUNITIES



1. SYSTEMS ARE HARD
2. INTERACTION IS POWERFUL BUT 
EPHEMERAL
3. DATA IS NOT THE TRUTH



1. SYSTEMS ARE HARD



Publishing software increases impact 
of your work 

Spent a lot of time on building 
interactive visualization systems 

Adoption is minimal. Why? 

SYSTEMS ARE HARD



Hard to build good UX in  
academic setting  
$$$ 
Maintenance != publishing 

Analysts don’t want a new & 
complicated tool unless it is a significant 
improvement 

Limited expressivity 
Simplicity – expressivity trade-off

SYSTEMS ARE HARD



1. The idea matters most 

2. Work on reusable components 

3. Meet users where they are 

4. Commercialize

WHAT CAN WE DO?



Reusable component in  
common environment
Idea matters
Commercialize 



Idea matters

Basic UpSet Idea has been re-
implemented in R, Python, Tableau, 
JavaScript, etc. 



Reusable component in  
common environment

An R package that generates useful 
figures for inclusion in papers



Commercialize

There is a need for complex visualization 
systems, but you need resources to make 
it useful. 

datavisyn works with 5 of the 10 biggest 
pharmaceuticals



Publish good ideas! [dough] 

Publish small, maintainable software packages that fit into an 
ecosystem 

Reusability, flexibility, less maintenance burdens  

Develop DSLs instead of UI systems (Vega, reVISit, …) 
UIs are just A LOT OF WORK 
DSLs can do things in well defined ways 
Tooling (including UIs) can follow later

OPPORTUNITIES



1. SYSTEMS ARE HARD
2. INTERACTION IS POWERFUL BUT 
EPHEMERAL
3. DATA IS NOT THE TRUTH



2. INTERACTION IS POWERFUL BUT 
EPHEMERAL



WHAT ARE 
SELECTIONS?



SOME THINGS ARE 
BEST DONE THROUGH 

VISUALIZATION + 
INTERACTION Unassigned

Category A

Category B

Filter Label

Categorize Aggregate

Interesting

Follow Up

Great Example



BUT, unlike code interaction typically 
leaves no trace 
Not reproducible  
Not reusable  

Interaction is also “siloed”  
Typically a dead end 

EPHEMERAL 
INTERACTION



INSPIRATION:  
LITERATE PROGRAMMING



[Donald E. Knuth, 1984]

Explain the why and how 
using any means necessary! 
Text 
Images / Visualizations 
Formulas 
Videos 
Links 
Code

LITERATE PROGRAMMING



LITERATE PROGRAMMING IN THE WILD

Observable R Markdown Jupyter Notebooks



THERE IS NO STRAIGHTFORWARD WAY TO DO  
LITERATE DATA VISUALIZATION



Current State:  
no record of what was done,  
let alone why 

Idea: make the process of an interactive, 
visual analysis session well reasoned and 
documented  

LITERATE VISUAL 
DATA ANALYSIS

Gratzl, Lex, Gehlenborg, Cosgrove, Streit; EuroVis 2016



36

Exploration



37

Authoring



38

Presentation



A web-based provenance library  
Easy to integrate in web apps 

https://github.com/Trrack/trrackjs  

TRRACK

https://github.com/Trrack/trrackjs


We solved the WHAT, 
but not the WHY 

No progress towards reusability.. 

So, what else can we do?

PROGRESS;  
BUT 

PROVENANCE IS 
“DUMB”



SEMANTIC SELECTIONS

Information Visualization 2021. Kiran Gadhave, Jochen Görtler, Carolina Nobre,  
Oliver Deussen, Miriah Meyer, Jeff Phillips, Alexander Lex



Correlation

Multivariate OptimizationCategories Ranges

Outlier Clusters



Speed up complex 
selections

WHY DO WE CARE? 

Outliers?Selection



ID Based Selection:  
Selected Elements: 7, 9, 13, 18, 22 

Semantic Selection: 
Elements in K-Means cluster centered at [2, 3] 

Meaningful, higher level concept:  
improves reproducibility 

Robust to changes and updates in dataset:  
enables re-usability

WHY DO WE CARE? 



HOW DO WE INFER INTENT?

Confirming Intent  
& Annotation

I think this cluster…

Selection
K-Means 
DBScan 
Regression 
Outlier Detection 
Skyline 
Decision Trees / Ranges 
Categories

Predictions Ranking
Jaccard Distance 
Naive Bayes  
Classifier 
Heuristic  
Measures

1. Range 
2. Cluster 
3. Outlier 



Visualization and Selection Annotation of Intent and Predictions

http://vdl.sci.utah.edu/predicting-intent/ 

http://vdl.sci.utah.edu/predicting-intent/


WORKFLOWS
Based on semantic selections, we 

can create reusable workflows!

EuroVis 2022. Kiran Gadhave, Zach Cutler, Alexander Lex
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Robust “Filter Outliers” Workflow

Brush selection Refine selection
to select outliers Filter out

OutputInput

CAPTURING SEMANTICS OF WORKFLOWS



REUSING  WORKFLOWS ON UPDATED DATA

New Data Point

U
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Apply Workflow



REUSING SELECTIONS ON UPDATED DATASETS

Changed Dataset Tracking A Selected ClusterOriginal Selection



Track interaction in native plots  
Enable data wrangling operations (filter, label, 
aggregate, etc.) 
Make steps permanent (like code) 
Allow downstream use of modified data

NEXT: CAN WE ALL DO THIS WITH STANDARD PYTHON PLOTS?

Vega-Altair





Fits perfectly in ecosystem of python 
data analysis 
No installation burden 
Interactive VIS is suddenly a first 
class operation in notebooks 

MAINTAINABLE SOFTWARE 
 FITS INTO AN ECOSYSTEM 



1. SYSTEMS ARE HARD
2. INTERACTION IS POWERFUL BUT 
EPHEMERAL
3. DATA IS NOT THE TRUTH



3. DATA IS NOT THE TRUTH



8/11/22, 11:30 AM Utah Coronavirus Map and Case Count - The New York Times

https://www.nytimes.com/interactive/2021/us/utah-covid-cases.html 1/13

https://nyti.ms/2X1ivcI

Updated Aug. 11, 2022

New reported cases
 

Tracking Coronavirus in Utah: Latest Map and Case Count

All time Last 90 days

Mar. 2020 Aug. Jan. 2021 Jun. Nov. Apr. 2022

Test positivity rate

Mar. 2020 Aug. 2022

Hospitalized

Mar. 2020 Aug. 2022

Deaths

Mar. 2020 Aug. 2022

7–day
average

U.S.A. World Health

5,000

10,000 cases

Dec 27



8/11/22, 11:30 AM Utah Coronavirus Map and Case Count - The New York Times

https://www.nytimes.com/interactive/2021/us/utah-covid-cases.html 1/13

https://nyti.ms/2X1ivcI

Updated Aug. 11, 2022

New reported cases
 

Tracking Coronavirus in Utah: Latest Map and Case Count
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The visualization 
showed many cases not using 

blood recycling. But to my knowledge, 
we almost always turn on the 

machine for it. 

Likely, sometimes they 
were not recorded. 





Data is imperfect 
but experts know how and why 
Challenges:  
Hardly documented (lab notebooks, 
methods sections) 

Not saliently available to others 
Bad tool support  
Limited metadata formats

IMPLICIT KNOWLEDGE



A DATA HUNCH IS AN ANALYST'S KNOWLEDGE 
ABOUT HOW AND WHY THE DATA IS AN 

IMPERFECT AND PARTIAL REPRESENTATION OF 
THE PHENOMENA OF INTEREST.





RATING, COMMENTING, COLLABORATING



Biases and Trust 
Reinforcing preconceived ideas? 
Explain away “inconvenient” data 
points? 

Need to provide reasoning and 
justifications 
Intended for trusted teams

CHALLENGES



Currently a stand-alone tool 
Goals:  
integrate with plotting library, such 
as Vega-Altair (see “systems are 
hard) 
preserve hunches across data 
structures and analysis steps 

Many other efforts needed to address 
the gap between data and truth

IMPLICATIONS



1. SYSTEMS ARE HARD
2. INTERACTION IS POWERFUL BUT 
EPHEMERAL
3. DATA IS NOT THE TRUTH
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