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visualization
design lab

Applied Visualization Research
Biology, Medicine, Humanities, ...
Visualization Design Models
User-centered Design
Visualization Techniques
Visualization Frameworks
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visualizaktion
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- Card, Mackinlay, Shneiderman
- Richard Wesley Hamming



Banana M. acuminata
Date  P.dactylifera
Cress  Arabidopsis thaliana
Rice  Oryzasativa
Sorghum Sorghum bicolor
Brome Brachypodium distachyon







... makes data accessible

DLV | combines strengths of
Visualizakion

...enables
... communicates




Can We Trust Statistics?

Variance x: 11vy:4.122
Correlation x - y: 0.816
Linear regression: y = 3.00 + 0.500x

I I1 II11 IV
X Y% X Y X Y% X Y%
10 8.04 10 9.14 10 7.460 3 06.58
8 0.95 8 8.14 8 ©0.77 8 5.760
13 7.58 13 8.74 1312.74 8 1.7-
9 8.81 9O 8.77 9 T7.11 3 8.84
11 8.33 11 9.260 11 7.81 8 8.47
14 9.96 14 8.1 14 8.84 8 7.04
o /.24 o 0.13 6 ©6.08 8 5.25
4 4,26 4 3.1 4 5.39 19 12.5
12 10.84 12 9.13 12 8.15 8 5.50
7 4.8 7 7.26 7 A A7 7.91
5 5,<Mean x:9y: 7.50 . 6.89



Anscombe’s Quartett

Mean x: 9y: 7.50
Variance x: 11vy:4.122
Correlation x - y: 0.816

Linear regression: y = 3.00 + 0.500x
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Same Stats, Different Graphs: Generating Datasets with Varied Appearance and Identical Statistics through
Simulated Annealing, CHI 2017, Justin Matejka, George Fitzmaurice


https://www.autodeskresearch.com/people/justin-matejka
https://www.autodeskresearch.com/people/george-fitzmaurice

Visualization in the Data Science Process

Exploratory
Data

Raw Data is
Collected

Machine

Learning
Algorithms
) Sutistica
«é; - ‘- Models
Build Data | | ?

Visualizations | B Make

] Report ~ Decisions
Findings |

Product

Figure 2-2. The data science process



Interacting with Data

The Future of Data Analy5|s
is (also) Interactive

Selected &
\Derlved Data

Interactlon

Data

Informative,
Incomplete,

J




Visualization =

Human Data Interaction
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Genealogies & Clinical Data
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Multidimensional Data
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Hendrik Strobelt Bilal Alshallak  Joseph Botros

Brant Peterson Mark Borowsky

Hanspeter Pfister Alexander Lex
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YeliT1a7< "8 Visualize measures for
“f‘?"‘” stfmrm / isoform abundance,

Lternative base-pair/exon expression,
splicing analysis junction reads

for a




Splicing

Exon Intron Exon Intron Exon

Remove introns as part of the transcription process



Omitted Exons

Exon Intron Exon Intron Exon




Truncated Exons

Exon Intron Exon Intron Exon




Isoforms

Isoform 1

Isoform 2

Isoform 3



Reads from mRNA-seq data tell us about expression of exons

Junction reads tell us about which (parts of) exons are spliced out



Junction Information




Explore differences between samples
and groups of samples

A I

Quality control

Discover novel isoforms




The Competition: Sashimi Plots
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Isoform abundance
Exon expression
Junction reads

...for hundreds of samples
...for multiple groups

Data & Visualization
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Expression View
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Isoform View
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Junction View




Junction View - Group Comparison




Junction View - Group Comparison




Junction View - Group Comparison




Case Study: Leukemia vs Glioblastoma
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Motivakion

Understand Complex Psychiatric
Conditions

Discover Genetic Risk Factors

Dataset: 118k people, 19k suicide cases,
550 families







Age

Sex

Race

Bipolar

# diagnosis bipolar
Depression

# diagnosis depression
Asthma

# diagnosis asthma
Obesity
Schizophrenia
Cause of Death
Weapon Used




Multivariate Attributes and Graphs

How can we deal with graphs that contain rich attribute data?
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Genealogy with ~400 members rendered with Progeny
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De-Cycling




De-Cycling




Linearization
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Aggregation

People of Interest




Aggregation

One row for every person of interest
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Node Attributes

Numerical (Age) Categorical (Depression)
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Improve multi-family exploration

Find phenotype patterns across families

Add genetic data

Extend to other datasets
phylogenies, ...
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Intelligence Data: How are two suspects connected?
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Intelligence Data: How are two suspects connected?



Biological Network: How do two genes interact?



Coauthor Network: How is HP Pfister connected to Ben
Shneiderman?



Challenge: Graph Size

How can we deal with graphs too large
to sensibly render at once?
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Network Data
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Pathfinder Approach

Query for paths




Pathfinder Approach
Show moeeyirds dibgram..




Pathfinder Approach
Update rankingrto adematikedhmigbrtant paths Path Score
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Pathfinder Approach

Update ranking to identify important paths  Path Score
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Biological Network

Gefierated from Compound

A K th D
Wa C
\ / ‘__"@ 1?& NOdPS, 71k Eﬂﬁﬁgutes
Gene Expression Data -
\ \ Copy Number Data
/‘ $ Sets & Sets &
Biological Pathways Biological Pathways




Example: KEGG Metabolism Overview




‘ Two genes are co-expressed. What is
| Av\alvsm their underlying connection?
Nuestions

What are alternative routes from A to B?

How is gene A connected to Pathway B?

Is the connection from A to B the same in
many pathways?

Is the route connecting A and B active?




Pabhfinder Views



' Path Statistic

: Length 0 1 2 3 -
Start |Hanspeter Pfis| End |Ben Shneidern n Advanced Query
gl © ] o ] o | 3 ] 105

- e —— — - — m Paths 108/108
Path List =[=5 |Fath Top 1l Edges 196/196
1 ® e O | Nodes 95195 O 108
1. Hanspeter Pfiste Erank van H’n 2 | « Author (95/95) ——
» G P PRat tatistics View -
» CHI Ben Shneiderma: NG
| N | Hanspeter Pfister 1
’ TV.CG e ¥ ! Jean-Daniel Feke N
SN ERranan I I - | Catherine Plaisar [N

cited
degree
tvcg_publication

X

» CHI

[» TVCG
chi_publications
cited

degree
tvcg_publication

e

» CHI
TVCG
chi_publications
cited
degree
tvcg_publication

4.

l CHI

» TVCG
chi_publications
cited
degree
tvcg_publication

4.

+ CHI

P TVCG
chi_publications
| cited

degree
tvcg_publication

I
4.

' CHI

b TVCG
chi_publications
cited

" degree

tvcg_publication

|

4.

» CHI

» TVCG
chi_publications
cited
degree
tvcg_publication

B
e
[
T
[
Hanspeter Pﬁsteu'—‘.lem—Daiel Feke LWandy = Mmkaj Ed Huai-hsin
. L 2
[ 3 K-)
| ] [ ] B —
T ] I [
[ ] [ I | B
T | B | [

s — (R —
©

{Fralcvaam} { Adam Perer ‘*

m. ¢. schraefel

Tim Berners-Lee | I‘
!

|

\

{ Robert Jacobs M:

Isaac S. Kohane | “

Peter Szolovits ‘ |

N

Daniel J. Weitzne | ”

Jefirey Heer | | |

Stuart K. Card ;“
)
|

Jean-Daniel Feke

Desney S. T
Krzysztof Gajos
Paul Andre
Adam Perer
Jacob O. Wobbro
Frank van Ham
Wendy E. Macka
Jeffrey Nichols
Juho Kim

Brad A. Myers
Santa Yardi

Ed Huarhsin Chi
Nam Wook Kim
Torsten Moller

m. ¢. schraefel
Enn Treacy Solov
Alan Boming

Sets 137/843

«CHI (107/667)

Interacting with e
A Crowdsourced .
Excentnc Labelin
Predictability and
LifeFlow: visualzi
LifeFlow: visualzi
Algning temporal
The challenges o
LifeLines: Visual
ManyNets: an int
Query Previews ir
‘| hear the patterr
Organization ove
Scheduling on-of
Integrating statist
Touchstone: exp)
Cobi: communitys
From slacktivism t
Demonstrational i
Improving the pe:
Frenzy: collabora’
The many faces ¢

l"\ﬂ\l ﬂﬂl\'\lﬂ ~es

«TVCG (30/176)

Preface.

Promoting Insight
Evaluation of File
Temporal Summa
Temporal Event £
Visualzing Chang

A Task Taxonomy
Evaluation of Arte
Balancing Systen
‘Search, Show C«
Empincal Studies

Video Snapshots
MizzBee: A Multisc
MulteeSum: A To
Overview Use n !
Melange: Space

A Principled Way
What Makes a Vi
FacetMap: A Sca
SoccerStones: A

ConTour: Data-Dr
Entourage: Visua

11T md Vriinbiend

Krzysztof Z. {\gjo & N

108







Query and Search

Specify start and end

Start/end can be node lists
Start/end can be defined

through set membership




Query and Search

Specify start and end

K-shortest path search

Continue until all path of
length of k-th path are found
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Visualization Design Strategies




1. Encoding channel primacy

2. Show relationships explicitly

3. Use queries

4. User color sparingly

5. Enable annotation / provenance
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3. Use queries
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4. User color sparingly

Limik wse

Primarily use it to highlight items of
interest
fop out e the
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Only one color for primary attribute (suicide, blue)



#21768

11 m L

E - I .
#777 B B 0

4 E L

H = °s
#6107 H B B B 0 ° o

B [ o ."
#24070 H B o

6 m B % o &
#42258 B B »

5 - 0%e
#16807 B ] o

6 S - v,
#25707 | ] °

8 - oo
#24460 ] o

9 - o &
#65051 M I .

m B o ‘o
#37542 | Ll .

6 — B X,
#1629 ] o

== B e

6 - B e
#3057 W B H B o 0 0

5 H B foo

13 m B - eos

Another color for highlights, to emphasize parent-child relationship (orange)
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Adding a color for an additional attribute (deceased yes/no, green)



5. Enable annotation / provenance

What Aid jﬁ'u, sSee / Ehinle when LOOM’EMQ
abt this visualization?

t here? Can I g0 backe?
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