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The purpose of computing is insight, 

not numbers.


[Richard Wesley Hamming]

visualization

pictures [Card,  Mackinlay, Shneiderman]
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[Wiles et al., BMC Systems Biology]
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SO CAN WE DO 
BETTER?
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THE BANANA CHART REDESIGNED: UPSET

Largest Intersection Includes All Sets



THE BANANA CHART REDESIGNED: UPSET

Three Leftmost Species Are Most Similar



THE BANANA CHART REDESIGNED: UPSET

Rightmost species is most different



http://vcg.github.io/upset/

http://vcg.github.io/upset/


The canonical way to show set data with > 3 sets 

Second-most cited VIS paper of the last decade

> 11 implementations in various languages

See https://upset.app  

COMMUNITY IMPACT

R Tableau Python
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EMPIRICAL & THEORETICAL WORK

Novel Visualization 
Techniques


Visualization Process 
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Data Wrangling 
Methods

TECHNICAL CONTRIBUTIONS DOMAIN DRIVEN TECHNIQUES

Tailored Methods 
and Systems for High 
Impact Science 
Problems




Data Wrangling 
Methods


TECHNICAL CONTRIBUTIONS Reshaping Networks



DOMAIN DRIVEN TECHNIQUES

Tailored Methods 
and Systems for High 
Impact Science 
Problems


Data Wrangling 
Methods


TECHNICAL CONTRIBUTIONS



DOMAIN DRIVEN TECHNIQUES

Tailored Methods 
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Genealogies for Clinical Data Analysis
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Empirically Evaluating Complex Interactive 
Visualization Techniques

Carolina Nobre, Dylan Wootton, Lane Harrison

EMPIRICAL & THEORETICAL WORK

Evaluating Complex 

Systems

[CHI 2020]



Perceptual Studies

Static Visualizations

Controlled Interactions

Complex  
Visualization  
Techniques

Commonly Evaluated Using Crowdsourcing Considered not Amenable

 to Crowdsourced Evaluation



Can we use empirical studies to evaluate complex interactive 
visualizations? 



Which is better for which task?



CONFOUNDERS
HOW CAN WE MAKE SURE THAT WHAT 

WE TEST IS WHAT WE CARE ABOUT? 

CHALLENGE



CONFOUNDERS

VALIDATED & REFINE DESIGN 
BASED ON EXPERT HEURISTIC 

EVALUATION 

DESIGN BASED ON  EXISTING 
GUIDELINES AND KNOWLEDGE 

SOLUTION



SCALE
NEED STATISTICAL POWER


HOW CAN WE DO THIS IN A 
CROWDSOURCED SETTING? 

CHALLENGE



NOVICE USERS
NOVICE USERS DON’T KNOW 

ABOUT ADVANCED 
VISUALIZATIONS

WHAT DID I JUST SEE?

CHALLENGE



NOVICE USERS
TRAINING CAN GIVE USERS THE 

EXPERTISE NECESSARY TO 
COMPLETE THE TASKS.  

SOLUTION

Passive Training



NOVICE USERS
TRAINING CAN GIVE USERS THE 

EXPERTISE NECESSARY TO 
COMPLETE THE TASKS.  

SOLUTION

Active Training



INCENTIVES
HOW CAN WE GET USERS  

TO TRY HARD


AND


TO PARTICIPATE IN AN EXPERIMENT 
THAT TAKES ~1H

 [Alfrey Davilla]

CHALLENGE

https://dribbble.com/vaneltia


AN INTERESTING PROBLEM


MONEY

~ $ 4,500 in 2h

INCENTIVES
SOLUTION



VALIDATION
HOW CAN WE MAKE SURE 

 THIS ALL WORKS?


DETAILED PROVENANCE TRACKING


MULTIPLE PILOTS
minutes 
elapsed

correct task incorrect task

incorrect answers 

during trials

guided 
tour

searched 
for node

browsed away 

vis 
type



A library for reproducible tracking




Tracks “differential state”

Tracks 2 levels:


Application State

Study Metadata (responses, etc.)


https://vdl.sci.utah.edu/trrack/

TRRACK

[VIS Short 2020]



Allows a full re-hyrdrate of every 
analysis session

Great for debugging pilots – what 
went wrong for this person?

Great for detailed analysis


Provenance data vis to spot problems 
e.g. with tasks


 PROVENANCE 
TRACKING

minutes 
elapsed

correct task incorrect task

incorrect answers 

during trials

guided 
tour

searched 
for node

browsed away 
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type



SELECTED RESULTS





PATHS
Is NL or AM better for 

Path Tasks?



NL outperforms AM for path based tasks



What types of insight do NL and AM representations support? 



ATTRIBUTE OVERVIEW
“INSTITUTIONS HAVE MUCH 
FEWER TWEETS IN GENERAL 
THAN PERSON ACCOUNTS” 



TOPOLOGY-ATTRIBUTE
“IT DOES SEEM A BIT ODD THAT 

JEFFREY ALEX AND ROB HAVE SUCH 
LARGE NETWORKS WITH THEIR 

LOWER THEN AVERAGE TWEETING.” 



Yes We Can!

• Picking the right techniques

• Evidence-based design

• Design validation

• Careful training

• Good compensation

• Interesting Tasks

RECAP
CAN WE DO QUANTITATIVE 

EVALUATION WITH COMPLEX 
SYSTEMS?

Pushing the boundary of what can be 
evaluated using crowdsourcing



Should this be the new gold standard 
to evaluate systems? 

NO!


Needs established techniques

Needs specifically designed and 
instrumented systems


Our instrumentation can be used 
broadly

CAVEATS / THOUGHTS



ADVANCED ANALYSIS 
OF STUDY DATA

[CHI 21]



What else can we do with this rich 
data? 


Do different analysis strategies result 
in different results?

INSTRUMENTED 
STUDIES



How do analysis strategies impact user performance 

when using interactive visualizations? 

Participant A Participant B









FUTURE WORK: BETTER SCAFFOLDING FOR STUDIES



LINEAGE: 
VISUALIZING CLINICAL DATA IN GENEALOGY GRAPHS
Carolina Nobre, Nils Gehlenborg, Hilary Coon, Alexander Lex

DOMAIN DRIVEN TECHNIQUES

Clinical Genealogies



ONE PERSON DIES OF 
SUICIDE EVERY 40 SECONDS 

THE WORLD HEALTH 
ORGANIZATION ESTIMATES



SUICIDE IS THE SECOND LEADING CAUSE OF DEATH 
IN YOUTHS BETWEEN 15 AND 29 YEARS OLD
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UTAH HAS THE 5TH HIGHEST 
SUICIDE RATE IN THE COUNTRY, 
WITH BETWEEN 500-600 
CASES PER YEAR.

22.42





Understand Complex Conditions 
Discover Genetic Risk Factors

Dataset:  
118k people, 19k suicide cases, ~2k 
with genomic data, 550 families 
Based on Utah Population Database

MOTIVATION 
& DATA



Find familial cases that also have an 
“interesting” phenotype 
e.g., predominantly female, associated 
with rare psychiatric disease, etc. 

Prioritize those cases for analysis of 
shared genomic sequences  

Proofread the Data!

SPECIFIC 

GOALS





Age

Sex

Race

Bipolar

Depression

Asthma

Obesity

Schizophrenia

Cause of Death

Weapon Used

…



GENEALOGY WITH ~400 MEMBERS RENDERED WITH PROGENY





Family Selector



Pedigree Visualization

Family Selector



Attribute Table

Pedigree Visualization

Family Selector



LINEARIZING
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Can’t show many people Lots of missing data











Currently used by team of Psychiatry 
researchers on a daily basis 

Widespread interest from other labs 
working with UPDB data 

Integration of other data types 
Geospatial, Environmental, Genomic 

USAGE 

& FUTURE WORK
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