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The purpose of computing is insight,

not numbers.

piCtu res [Card, Mackinlay, Shneiderman]
[Richard Wesley Hamming]
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[Neale et al., BMC Genome Biology, 2014]
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THE BANANA CHART REDESIGNED: UPSET

L0
biog

01001 Winy

Oryza sativa Arabidopsis thaliana
40,612/27,049 27,169 / 21,950

dopigesy

Sorghum bicolor
34,496 / 27,397

Brachypodium distachyon
25,532 /21,368 ﬂm

EAES BZ

EUILLNDE ESN|
Plley) SIS

el Ajoep xiuaoyd

e

.

P
-~ \."4

ucAydEisip wnipodAyoselg

——
—

| |

y

'..1 » -!v.rj I_ .!‘._‘.

...‘ H

A

%l afl

Phoenix dactylifera
28,889 /19,027

.69

.'.
..*!

AL

Largest Intersection Includes All Sets
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Three Leftmost Species Are Most Similar
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UpSet - Visualizing Intersecting Sets Choose Dataset Load Data About UpSet UpSet for R
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Genealogies for Clinical Data Analysis

Tailored Methods

@ : 2 & s ,
and Systems for High o, S A
38 NN 12T 12 & f‘g,e & 9 & Nk > Q‘*‘\&\Sp %
140 W 113 W0 Aggregate All Hide All - Expand All KindrediD Relativelp <27 ¢ & o"é W Voo ' o MaxBMI AgeMaxBMI & & c?’q’v
‘ ‘ Total:32 Tatal:e0 Total:30 Total:60 Total:59 Total:58 98%
® 27251 10/ W 30 R o 2 L i ' N n tlal s di s 1 l ..
I m p a Ct S CI e n Ce 47623 HH 81 TR . .. e 65 .. 70 .. L. B0 w5 50 8 el .
68930 NN 244 - 23 3 - W e — ® * q0 - . m
o » 1 #13789 . . . b ht b bt o . - gunshot woun...
176860 NN 426 N 4 3 o0sz [N = ] . o ® e "®, - B -
P bl 603481 NN 181 . 19 = sess B W n . B . . . . -
ro e ms 701533 W 114 10 ER #54315 B | . | E . C * B -
903988 M 58 15 1 #67703 I O a m
| #28 [ W I ® | B . . ® u
1, #26695 = ] o o o o . . B asphyxia
Data Selection v - N o B u®l gv o Bee B -
. - 2 1 #40329 H N L s . . . b B - carbon monox...
KindrediD &, 0 T 170 B — — — — . : m -
RelativelD &, - #43983 0 O : M — < ’ n -
[ #5181 [ H — — — — . . B -
sex ® 1] #42479 M | — — — — e o B -
l il #139 L] ] - * o . . m -
. ! (1 #1967 . . . o o o e . . . - cardiac arre...
1 #5172 [ | o ° o s = -
1 #5171 1 L] — — — — = . B -
deceased ® 0T mosa L] - o o o : ’ m -
l . 1 #66710 [ m - [ * ° . . m -
Y N 1 #6436 H B [l . . N
0 #65130 . . . o e . . B strangulatio...
suicide % 1] 65129 B B L] . . B
l [l #6428 [ H - 2 = g o B
. m—— 1 #4547 ] E E - °* B -
1 #65491 I ] — — — — s g B -
- : 1 #39045 || — — — — o o B -
Depression n
1 #igs2a M W || — — — - - . -
‘I I 1 #as56 [ W I — — — o y -
' F T 1 #4551 B ™ . B . . . . B
1 #2034 [ W m - W . . “ @ H -
Age1D_Depression # 1] #62036 H N o . e . . . H -
i [l wrser M W H — — — — o y B
 — 4 1 #7083 M W I s I . . . R B -
1 #47087 o ] — — — — o . B -
Nr.Diag_Depression # 1 #61319 H O] s | * o E ® B -
i 1 w6135 W W N . - O




Tailored Methods
and Systems for High
Impact Science
Problems

Evaluation
Methodology

Design Spaces /
Taxonomies




Evaluation
Methodology

searched I

o ided i ct
Design Spaces / T duringwinls for node
Taxo n O m ies vis ‘\ /o correct task /» incorrect task
type ) | el ——— — | 1 — I
AM s e e
training trials study \_’ browsed away feedback

I T T
0 8 17 25 33 42 I




Evaluating Complex
Systems
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Empirically Evaluating Complex Interactive
" ...l Visualization Techniques

Carolina Nobre, Dylan Wootton, Lane Harrison

[CHI 2020]
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Static Visualizations

Commonly Evaluated Using Crowdsourcing
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EUROVIS 2019 Volume 38 (2019), Number 3
R. S. Laramee, S. Oeltze, and M. Sedlmair STAR — State of The Art Report
(Guest Editors)

The State of the Art in Visualizing Multivariate Networks

C.Nobre! (2, M. Meyer1 , M. Streit*®, and A. Lex'

I'University of Utah, Utah, USA
2Johannes Kepler University Linz, Austria
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CHALLENGE

CONFOUNDERS

HOW CAN WE MAKE SURE THAT WHAT
WE TEST IS WHAT WE CARE ABOUT?
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©
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SOLUTION

CONFOUNDERS

BASED ON EXISTING

GUIDELINES AND KNOWLEDGE

BASED ON EXPERT HEURISTIC

EVALUATION

Please rate relative to conceivable design alternatives but
assuming a node-link diagram as given.

Nested Bars/Glyphs
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Answer Section

Selected Nodes

26. Embedded bar charts are well suited to encode multiple numerical attributes.
Mark only one oval.

1 2 3 4 5 6 7

Strongly Disagree C) O C) O O Q O Strongly Agree

27. Embedded colored glyphs are well suited to encode multiple categorical attributes.
Mark only one oval.

1 2 3 4 5 6 7

Strongly Disagree Q O O O @ O Q Strongly Agree



CHALLENGE

SCALE

NEED STATISTICAL POWER

HOW CAN WE DO THIS IN A
CROWDSOURCED SETTING?

@ Prolific ABOUT HOWITWORKS PARTICIPANTS PRICING CONTACT LOGI

Quickly find research

participants you can trust.

. o ' | - 5
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| . -
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-
- - N {
- ~ g
- — b
- .~
-

Launch your study to tens of thousands of trusted participants in minutes. -~ ™ .-

o T —— —
e

S
-,
S

Recruit niche or representative samples on-demand. Prolific builds the most
powerful and flexible tools for online research. Sign up for free.

Research Participate

Collect high quality responses from Take part in engaging research, earn
people around the world within cash, and help improve human
minutes. Learn more knowledge. Learn more

' .’*;-“‘.' CANCER

. , ‘ o . i, |
 oviorn arbit T HARARD Granford A feeen  Yale (@ Measuring

ol

Find any research participant, anywhere in the world

Our participant pool is profiled, high quality and fast. The average study is completed in under 2 hours. Filter particip



WHAT DID 1 JUST SEE2

CHALLENGE

NOVICE USERS

NOVICE USERS DON'T KNOW
ABOUT ADVANCED
VISUALIZATIONS




Passive Training

SOLUTION

NOVICE USERS

CAN GIVE USERS THE

NECESSARY TO
COMPLETE THE TASKS.

The network visualization you will see is an adjacency matrix
which represents this network in the following way.




Active Training

SOLUTION

NOVICE USERS

CAN GIVE USERS THE

In this section, you will get familiar with the visualization by following a guided tour of the visualization, and then answering two practice tasks.

N E C E S S A I EY I O Reminder: In order to be compensated for this study, you must complete the guided tour that will pop up at the start of the trials!

You will only be allowed to proceed once you have answered the trial questions correctly.

‘ O M PI E I E I H E I AS KS You are not being timed for this portion of the study so take your time!
|

Start Practice Session




CHALLENGE

INCENTIVES

HOW CAN WE GET USERS
TO TRY HARD

AND

TO PARTICIPATE IN AN EXPERIMENT
THAT TAKES ~1H



https://dribbble.com/vaneltia

Published
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Multivariate Network Exploration - Link COMPLETED
00
0
o S =
26 Aug 2019, 21:04 $15.67/hr 73,947 of 86,264 150/150

v Approve all = Message all $ Bonus payment More
S O L U T I O N PARTICIPANT ID STARTED TIME TAKEN STUDY CODE STATUS v
5d64894fa174790001c3845b 26 Aug 2019, 21113 N/A - Vv
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5¢2e92db867f660001afedba 26 Aug 2019, 2119 N/A - Vv
5d64759fedf23500018f9334 26 Aug 2019, 21:24 00:32:18 HX615JBC ~
5d64939d0d4a200001d27315 26 Aug 2019, 21:25 N/A - Vv
5¢9e41603bd25f001hdcf950 26 Aug 2019, 21:35 N/A - Vv
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5¢8da3f6f2ad95001766a6f3 27 Aug 2019, 18:27 01:01:38 HX615JBC ]
5cc604bd3bbb120018a3c0e2 27 Aug 2019, 18118 00:42:06 HX615JBC N

~$4,500in 2h




guided incorrect answers searched
tour during trials for node

HOW CAN WE MAKE SURE 4\ /» correct task /» incorrect task
THIS ALL WORKS? | e | e
I e
DETAILED PROVENANCE TRACKING o e N browsedaway
\mIHUteS

MULTIPLE PILOTS elapsed




A library for reproducible tracking

? UTAHMEDICAL
«»’ EbUcATION counc I
Original Model| 7

®

- Undo - Redo

Load Iris Dataset

Add plot: petal_length ..

P.Brush: 16

Insight: Cluster

P.Brush: 8

Brush size: 20

TRRACK

P.Brush: 9
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l 50k 0(‘}

i Cluster - Selection

| Sx J
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Insight: Cluster
Cluster of high density..
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- ) J .l P.Brush: 9

Example Applications Trrack Provenance Visualization

Tracks “differential state”
Tracks 2 levels:

Application State

Study Metadata (responses, etc.

https://vdl.sci.utah.edu/trrack/
[VIS Short 2020]




Allows a full re-hyrdrate of every
analysis session

PROVENANCE Great for debugging pilots - what
TRACKING RvEest wrong for this person?

Great for detailed analysis

Provenance data vis to spot problems

-
e.g. with tasks
guided incorrect answers searched
tour (during trials for node
tws 4\ F» correct task /» incorrect task
ype | e ———— ] o o —
AM I s I
training trials study k} browsed away
\minutes

elapsed
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DDDDD

Viau
= [ISophie

PATHS B e

Is NL or AM better for ///// \ g
: / @, ) Doa:d ®
Path Tasks? = S

Lane

i




NL outperforms AM for path based tasks

0.54~[0.46,0.62 1.94~[1.76,2.18]

0.00 0.50 100 O 2 4 6
W= 15630 p= 1.36e—12 d=0.88~[0.63,1.14] W= 5419 p= 3.21e~15 d=—-0.92~[~1.07,—0.75]

T15 - Attribute on Multiple Paths

Accuracy Time (minutes)
0.72~[0.64,0.77] 1.21~[1.09,1.4]
NL —o— \ 4
AM S -
~[0.29,0.44] 2.79~[2.5,3.28]
0.00 0.50 100 O > 4 6

W= 15484 p=4.34e-10 d=0.77~[0.52,1.05] W= 4161.5 p=2.2e-16 d=-0.92~[-1.17,-0.66]



What types of insight do NL and AM representations support?




AITRIBUTE OVERVIEW

‘INSTITUTIONS HAVE MUCH
FEWER TWEETS IN GENERAL
THAN PERSON ACCOUNTS”
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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

* Fvidence-based design

RECAP

CAN WE DO QUANTITATIVE
EVALUATION WITH COMPLEX

* Design validation

e Caretul training

SYSTEMS?

e Good compensation

* |[nteresting Tasks

of what can be
evaluated using crowdsourcing




Should this be the new gold standard
to evaluate systems?

CAVEAIS / THOUGHTS

Needs established techniques

Needs specifically designed and
instrumented systems

Our instrumentation can be used
broadly




ADVANCED ANALYSIS
OF STUDY DAIA




What else can we do with this rich
data?

INSTRUMENTED

SIUDIES Do different analysis strategies result
in different results?
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Pilot Iterations

Study Design

> User Study

Data Analysis —»  Analysis Outcomes

Instrumentation



Study Design

Instrumentation

- UserStudy -»

Pilot Iterations

Data Analysis
M e ubh
2.5 7.1 3.5
TIME VORDER CONFIDENCE

Quantitative Analysis

Robert together being connected to w
Jon Jeffrey Alex and Rob have such lal
o most important nodes in the graph. |
er which is neiskiaiatttin

Qualitative Analysis

reVISit

Sequence Aggregation

Event Sequence Mining

’

Event Playback in Study

_)

Analysis Outcomes



reVISit

Data Analysis
s, N 1.

TIME ORDER CONFIDENCE

Quantitative Analysis

Robert together being connected 10 w
Jon Jeffrey Alex and Rob have such la
0 most important nodes in the graph. |

er which is mmgrn\ere
averane th V=-nothina | cf

Qualitative Analysis

Sequence Aggregation

tvent Sequence Mining

|-

Event Playback in Study




FUTURE WORK: BETTER SCAFFOLDING FOR STUDIES

reVISit: Scalable Empirical Evaluation of Interactive Visualizations

Community Input User Services and Resources
Collaborators Community Workshops Documentation / Examples  Replications  Community Engagement
Core Community Broader Community

Inform Software Development --- vA - SynergisticActivities -~ v 4
- Core Infrastructure: Software Components @ New Component — @ Prototype — @ Robust

Aim 1: Study Infrastructure and Multilevel Instrumentation Aim 2: Data Transformation and Visualization Methods
Study Scaffolding Integration with Crowdsourcing Platforms Data Transformation Event Sequence Visualization
Component Registry  Capturing Insights / Rationale Trials Visualization Study Results Visualization

Provenance Tracking  Designing Trainings Study Replay Interface Qualitative Coding Tools



Clinical Genealogies
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Carolina Nobre, Nils Gehlenborg, Hilary Coon, Alexander Lex




THE WORLD HEALTH
ORGANIZATION ESTIMATES

ONE PERSON DIES OF
SUICIDE EVERY 40 SECONDS




SUICIDE IS THE SECOND LEADING CAUSE OF DEATH
IN YOUTHS BETWEEN 15 AND 29 YEARS OLD




)

AVERAGE SVICIDE RATEBY STAT

(Natio nal average 13.26 per100,000)

. Tt oﬁ 5 stofes States with svicide . Stetes with sbicde.
whhthe Wighest rades abbove fhe. vodes belowthe.,
Suvtide rodes nationcl Quergge. noctio ral aulerage




~_ UTAHHAS THE 5TH HIGHEST
[ o SUUCIDERATE N THE COUNTRY
* WITH BETWEEN 500-400
CASES PER YEAR




American Journal of Epidemiology Vol. 181, No. 5
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Original Contribution

Acute Air Pollution Exposure and Risk of Suicide Completion
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ORIGINAL ARTICLE

Genetic risk factors in two Utah pedigrees at high risk for suicide

H Coon', T Darlington’, R Pimentel”, KR Smith**, CD Huff", H Hu", L Jerominski’, J Hansen', M Klein®, WB Callor®, J Byrd®, A Bakian',
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We have used unique population-based data re!
over twice that expected from demographically

wo high-risk pedigrees.In the frst of these o ThH@ Role of Social Isolation in Suicide

death was 30.95. In the second (pedigree 5), 7/¢
decedents in pedigree 12 and nine in pedigree

analyzed using the Variant Annotation, Analysis,
functional impact of the DNA variation, aggreg: Debora h L TFO ut MA

prioritized variants that were: (1) shared across |
{(3) < 5% in genotyping data from 398 other Ut:
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YN Understand Complex Conditions
M\ Discover Genetic Risk Factors

Dataset:
118k people, 19k suicide cases, ~2k

with genomic data, 550 families
Based on Utah Population Database



J{IM[3[Ml Find familial cases that also have an
HiIJ\KJ “interesting” phenotype

e.g., predominantly tfemale, associatea

with rare psychiatric disease, etc.

Prioritize those cases for analysis of
shared genomic sequences

Proofread the Data!







Age

Sex
Race

Bipolar
Depression
Asthma
Obesity
Schizophrenia

Cause of Death
Weapon Used




GENEALOGY WITH ~400 MEMBERS RENDERED WITH PROGENY
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Family Selector

ID  #People
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IN{t/3 Currently used by team of Psychiatry
AR /@ researchers on a daily basis

Widespread interest from other labs
working with UPDB data

Integration of other data types
Geospatial, Environmental, Genomic
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