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Web site of the course (Remember)

* http://people.irisa.fr/Alexandre.Termier/dmv/

* Web site contains:
* General information
* Up-to-date schedule (will be the reference)
* Links to documents


http://people.irisa.fr/Alexandre.Termier/dmv/

Definition

Computer-based visualization systems provide visual
representations of datasets designed to help people
carry out tasks more effectively
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Context

Visualization is suitable when there is a need to
augment human capabilities rather than replace
people with computational decision-making methods

* Need to present results to users -> data visualization
Huge lack of communication between data mining / data vis community
This course: a small step to improve this communication



Where?

Inte tation’
[ ferpietato Knowledge

ﬂ l Transformation
Patterns
[ Preprocessing

[ Sdection ‘F-Transfmm:d

Pr:pru ces S:d
5 Data

Targ-:t : : :
| Data [ E :

Data

http://www2.cs.uregina.ca/~dbd/cs831/notes/kdd/1_kdd.html




Where? l

Evaluation

o e ] .

l [ Transfarmahun :
Patterns E
Preprocessing [—F/hat:’

] ‘F-Transfmm:d Why?

Pr:pru c:is:d How?
5 Data i :
Targ-:t : !
F Y i
1 Data ' i
Data - -
H http://www2.cs ca/~dbd/cs831/notes/kdd/1_kdd.html

‘ Produce I:> Analyze

[ Interpretation/ Knowledge

[ Selection




Simple Example
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Context

* Scientific visualization is mostly concerned with:
* 2,3, 4 dimensional, spatial or spatio-temporal data
* Discretized data

* Information visualization focuses on:
* High-dimensional, abstract data
Discrete data
Financial, statistical, etc
Visualization of large trees, networks, graphs
Data mining: finding patterns, clusters, voids, outliers
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Content

*|ntroduction

* Data abstraction

* Task abstraction
*Visualization Design
Validation



Introduction

Why data vis (in general)?



Bring the computer in the loop

* Enable the exploration of large datasets
* Temporal dimension
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Bring the computer in the loop

* Computational capacity
 Scalability: How to deal with increasingly data sizes?

* Display capacity

* Information density: limit of the displayed information

13



Bring the human in the loop

Digiscope - Univ. Paris Saclay
http://www.digiscope.fr



Bring the human in the loop

* The question is hot known in advance

* The analysis process is driven by the user
* Take advantage of the ability of humans to find patterns

 Augment the human decision process
* Improve decision making

Results for a single sample
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Provide external representations

* Offload internal cognition and memory usage to the perceptual system
* Data organized by spatial location
* Support perceptual inference
* Select just the relevant information

The Wealth & Health of Nations
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Show the data in detail

* The dataset structure in detail is better just a summary
* Explore the data to find patterns
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Variance
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Show the data in detail

* The dataset structure in detail is better just a summary
* Explore the data to find patterns

https://matplotlib.org/gallery.html



Show the data in detail

* The dataset structure in detail is better just a summary
* Explore the data to find patterns
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Depend on vision... \C

* The Visual system is a high-bandwidth channel of
information

* A significant amount of visual information is done in
parallel at the preconscious level

20



... but be careful

* Need to know its strengths and limitations

Edward H. Adelson

21



... but be careful ¢ X

* Need to know its strengths and limitations
* Human perceptual and cognitive capacity limits?



https://www.youtube.com/watch?v=u08wpm9HSBO
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https://www.youtube.com/watch?v=uO8wpm9HSB0

... but be careful ¢ X

* Need to know its strengths and limitations

* Human perceptual and cognitive capacity limits?

* Change blindness: the phenomenon where even very
large changes are not noticed if we are attending to
something else in our view



Interactivity

* For big datasets, the user nor the display can
enable the visualization of the entire dataset at
once

-

https://bl.ocks.org/mbostock/5944371
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Interactivity

* A static view only allows for a single view of a

limited nhumber of dimensions
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Interactivity

* A static view only allows for a single view of a
limited number of dimensions

* The same dataset can be sorted using a number of
different criteria
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Interactivity
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Visualization Design

Methodology to design visualizations
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Data and Dataset Types
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Data and Dataset Types
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, What?
Attributes

An is some specific property that can be
measured, observed or logged

@ Attribute Types

—> * Categorical > Categorical
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, What?
Bar Charts vs Line Charts
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Zacks, Jeff, and Barbara Tversky. "Bars and lines: A study of graphic
communication." Memory and Cognition 27 (1999): 1073-1079.
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What?
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What?

Ime Varying Data
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Why?

ask Abstraction

e Reframe tasks from domain-specific form into abstract form
* Ease the design process using references

* The focus on tasks enables the improvement of them
* Making more effective, user-friendly...

e Tasks can be classified in:

* Actions — Verb - High-level task
* Targets — Noun - Precise goal



Action Classification

* Analyze
e Consume
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Why?

Action Classification
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Action Classification

e Search

Target known Target unknown

Location

"% Looku *le*¢  Browse
known e
LECAGH @.> Locate "@-> Explore
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* Query
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arget Classification

e All Data  Network Data

= Trends =2 Qutliers = Features < Topology

e Attributes e Spatial Data

* One
= Shape
= Distribution  * Extremes gl .

* Many

< Dependency = Correlation = Similarity

-l

Why?

% Paths
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Network Visualization

Gehlenborg, Nils, and Bang Wong. Points of view: Networks
Nature methods 9.2 (2012): 115-115.
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How?
How to...

. ... the data in the view spatially?



Arrange / Encode
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Arrange / Encode

How?
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Hadley Wickham A Layered Grammar of Graphics. Journal of Computational and Graphical Statistics Vol. 19, Iss. 1,2010
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w?
Arrange / Encode e
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How?

Arrange / Encode

Parallel Coordinates
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> Ali S
ign :
8.5 50\ 50
00 £
5.0 00 L L.
12
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Q
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35 20 N =1
20 n \’

https://bl.ocks.org/jasondavies/1341281
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How?
How to...

. ... the data with all non-spatial channels?



How?

Display

 What is the best way to visually encode the data ?
* How the human visual system discriminate visual stimuli?

Steven'’s Psychophysical Power Law: S= IV

 Two major dimensions

e Color
* Shape

Perceived Sensation

0 1 2 3 4 S
Physical Intensity
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Visual Encoding

Length (1D size) -
Color luminance l:] Bl
Color saturation HE |

Position an common scale

Position on unaligned scale " o—i
Tilt/angle | S

Volume (3D size) ovow iy
Area (2D size) - = W .
Curvature ) ) D
Depth (3D position) e ——e

Effectiveness

VAN

How?
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. . .. . How?
Visual discrimination

1.0 1.5 2.0 2.5 3.0
Log Error

Crowdsourcing graphical perception: using mechanical turk to assess visualization design. Jeffrey Heer and
Michael Bostock. 2010. ACM SIGCHI Conference on Human Factors in Computing Systems, p. 203-212
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How?

Color Encoding

* Color Components

=2 Hue < Saturation = Luminance
CER

Y43

SEII

e Color sensitivity

: 7
/SRR

os /A

o \\\
o ) \\
0,0 —-—/ . ‘ \\__

350 400 450 500 550 600 650 700 750 800
A (nm) —
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How?

Color Encoding

Number of data classes: i pada 0 a0 ed
_ DLOR |
Nature of your data: i
@ sequential O diverging O gualitative
Pick a color scheme: ™ T
Multi-hue: Single hue: 11
I = = ]
I i I I
L— — |

Only show: i | 4-classYIGnBu ]_— | | I
[ colorblind safe @ J 0O /J — | |
I print friendly - 8
O photocopy safe - =

#fffcc
Context: i #21daba

#alda
U roads El :
[ cities IEI #41b6cd
[ borders (- #225ea8
Background:
@ solid color
O terrain
|
EC-DTI'EI'ISPE’EI'IC:.‘

http://colorbrewerZ.org/ Color Use Guidelines for Data Representation, Brewer, C. A. 1999. Proceedings of the

Section on Statistical Graphics, American Statistical Association, Alexandria VA. pp. 55-60.
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How?
How to...

. ... the data in the view?



How? |

Manipulate

Titanic Survivors

Survived
Perished Survived

Perished — Male
@ Select

® Navigate
<t

B4 Curves? Data: Robert J. MacG. Dawson

https://www.jasondavies.com/parallel-sets
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Manipulate

How? |

® Change
| 0. "

® Select
I@
® Navigate

<t
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How?
How to...

° .. data between views?



Facet (multi-view

File Edit Misc Base //:= Help
IED.&S.&
Y
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How?

® Juxtapose
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Weaver. Building Highly-Coordinated Visualizations In Improvise.

Proc. InfoVis 2004, p. 159-166
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63



Facet (multi-view

8- datavoyager
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Mo specified visualization yet. Start exploring by dragging a field to encoding pane on the |eft or examining univariate summaries below.
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Univariate Summaries
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How?

Univariate Summaries

2 YEAR(Year) # COUNT
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©
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https://vega.github.io/voyager2/
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How?
How to...

. ... the data in the view?



Reduce

Yang, Jing, et al. "Interactive hierarchical dimension ordering, spacing and filtering for exploration of
high dimensional datasets." IEEE Symposium on Information Visualization, 2003
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Reduce

box plot violin plot
204 - 20 4 —
104 101
) )
i i ® Aggregate
-10 1 -10 gg g
- o e e - 5 1
—204 - - —20 _— £ C ¥
o £
xi x‘2 x‘3 x|4 xll xl2 xé x‘4
xlabel xlabel

https://matplotlib.org/gallery.html

S. Bachthaler and D. Weiskopf, "Continuous Scatterplots," in IEEE Transactions on Visualization
and Computer Graphics, vol. 14, no. 6, pp. 1428-1435, 2008.

S. Ingram, T. Munzner and M. Olano, "Glimmer: Multilevel MDS on the GPU," in IEEE
Transactions on Visualization and Computer Graphics, vol. 15, no. 2, pp. 249-261, 2009.
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How?

Reduce

Filter

Narnes starting with 'P' per million babies
»
14000
Paul
Rankin 1900s 20 12000
J (® Aggregate
10,000
>
p'}
B.000 oF
6,000
® Embed
100 =
18805 1890s 1900s 1910s  1920s 1930s 1940s 19505 1960s 1970s 1980s 1990s 2000s 2016

http://www.babynamewizard.com/voyager

Eric A. Bier, Maureen C. Stone, Ken Pier, William Buxton, and Tony D. DeRose. 1993.
Toolglass and magic lenses: the see-through interface. ACM SIGGRAPH '93
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Example: Progressive Partition and Multidimensional Pattern

Extraction for Large-Scale Spatio-Temporal Data Analysis

@ CTScan powered by CR/RTC-HMI1 Dataset ~ CRM Measure ~ turnover .Resldual
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Liu, Dongyu, Panpan Xu, and Liu Ren. "TPFlow: Progressive partition and multidimensional pattern extraction for large-scale
spatio-temporal data analysis." IEEE transactions on visualization and computer graphics 25.1 (2018): 1-11.
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Pattern Comparison

@Basmchart @ Enable Encode Encode

comparlson deviation partition

Temporal —

Categorical = Es
=
—

Numerical

||||||
llllll
|
i
-

@ oo SR NULL




Data Encoding
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TPFlow: Progressive Partition and Multidimensional Pattern
Extraction for Large-Scale Spatio-Temporal Data Analysis

IEEE VAST 2018 - Conference on Visual Analytics Science and Technology
(TVCG Track*)

Dongyu Liu Panpan Xu LiuRen
Hong Kong University of Bosch Research North America
Science and Technology, Hong Kong Sunnyvale, CA

(With Audio)

® EENEAD
F= THE HONG KONG (=) BOSCH
*Paper selected to IEEE Transations on Visualization and Computer Graphics (TVCG) Ll;&u 25’5?23'11@85385'““ " Invented forlife
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What?

\_

Data

Abstraction

Why?

Task
Abstraction

J

\_

J

Visualization

[ Validation

Design

Works?

How?



Works?

Validation

* How do you know if it works?

* How do you measure it?
 How do you decide the benchmark data?

* How do you argue that one design is better or
worse than another?

 What does it better mean?
* Do user get something done faster?



Works?

Why it can go wrong?

e | do not understand

e Poor match with the properties of the human perceptual
and cognitive system

* Lack of context
 Comprehensible by a human in some other setting

 Scalability problems



Works?

Why it can go wrong?

http://yifanhu.net/GALLERY/GRAPHS



Good Practices

* Do not optimize, satisfy
* The perfect visualization does not exist!!

* Need to know a wide variety of vis techniques
* Ease the design process using references

e Justification and Alternatives
e 3Dvs 2D?

* Eyes Beat Memory
* Comparing views better than switch views

* Interactivity and Responsiveness

Works?



Life Cycle [ Works"}

* Follow the of a visualization tool
* Profile of the user (expert, novice,...)

-

)
Why? o ¢
)

-
f-y

What? [ How? }

7= 3 s g
- - od o
& . b T e
w5 " ""»ﬂ‘ Al

Trust the experts!

Prototype!

Evaluate! 78



Example: Using Dashboard Networks to Visualize Multiple
Patient Histories
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Overview of 15 Most Relevant Attributes Describing the Condition of a Patient

Attribute Description Att. Type Value Domain Visual
Enc.
PSA Pre-OP The value of the PSA hormone is a most important biological indicator for ~ Numerical [0;200.0[::,
prostate cancer. Last measurement of the PSA hormone before OP (surgery). median : 8.7 o
PSA at segment | Value of the PSA hormone at start of the visualized temporal segment. Numerical [0;4.472.0[%5
start median : 0.21 2
PSA at segment | Valuc of the PSA hormone at the end of the visalized temporal segment. Used ~ Numerical — [0;4,472.0[ 2
end to assess the progression of the PSA value within the segment interval, median : 0.26 =}
PSA trend in | Trend of the PSA hormone value within the duration of a temporal segment.  Numerical | —70.3;4381 .68[:—:5- 3
segment Depicts the delta between the PSA values in a relative way. median : 0.0
pT-status Histopathological status of the tumor, obtained by pathology report (pT -  Ordinal pta. pt2b, ptc, pt3a ;
pathological tumor). Used for prognoses about the progress of the disease. pr2b. ,,,3(‘, prd )
pN-status Histopathological characteristics of the tumor, obtained by pathology report.  Ordinal NX,NO.N1
Used for prognoses about the progress of the disease.
Gleason Score Histopathological characteristics of the tumor, obtained by pathology report.  Ordinal 2+3,34+2,34+3,3+4,3+5, 'm".
Used for prognoses about the progress of the disease. 4+4+3,444,445,54+3,5+4 ' ®m
OK after OP Outcome variable (biological condition) reflecting a good condition after OP.  Boolean [ f alse,lrue]
Is active until relapse or metastases.
BCR Outcome variable (biological condition) describing the biochemical recurrence Boolean [ f alse, 1 rue]
(relapse) of the tumor. Used for prognoses about the progress of the disease. ge
Metastases Outcome variable (biological condition) describing whether a patient got ~ Boolean [ false,t rue]
metastases. Metastases are the most severe biological indicator in the dataset.
DOD Biological end point when a patient died of disease. Often used for cause-effect  Boolean [f alse,t I‘ll(?I o!
analyses, (
op Treatment attribute reflecting whether a patient had surgery. In the dataset all ~ Boolean [false,true]
patents received OP.
RTX Treatment attribute reflecting whether a patient got radiation therapy. Local ~ Boolean [ f alse,true]
treatment, only affecting the prostate area.
HT Treatment attribute reflecting whether a patient had hormone therapy. Systemic  Boolean [fal se.1 rue]
treatment, affecting the whole human body.
CHT Treatment attribute reflecting whether a patient got chemotherapy. Often  Boolean [ false,t rue] ‘

applied in severe situations, e.g.. when metastases are detected.
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Immersive Analytics

Focus



Immersive Analytics

“Science of analytical reasoning facilitated by
immersive human-computer interfaces”

Skarbez R, Polys NF, Ogle JT, North C and Bowman DA (2019) Immersive Analytics: Theory and Research Agenda. Front. Robot. Al 6:82. doi: 10.3389/frobt.2019.00082
Chandler, T., Cordeil, M., Czauderna, T., Dwyer, T., Glowacki, J., Goncu, C., et al. (2015). “Immersive analytics,” in 2015 Big Data Visual Analytics (BDVA), (Hobart, TAS: IEEE), 1-8.
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Space-Time Cube Geovisualization
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J. A. W. Filho, W. Stuerzlinger and L. Nedel, "Evaluating an Immersive Space-Time Cube Geovisualization for Intuitive Trajectory Data Exploration,"
in IEEE Transactions on Visualization and Computer Graphics, vol. 26, no. 1, pp. 514-524, Jan. 2020, doi: 10.1109/TVCG.2019.2934415. 83



INFOVIS PAPER

Evaluating an Immersive Space-Time Cube
Geovisualization for Intuitive Trajectory Data

Exploration

Jorge Wagner, Wolfgang Stuerzlinger, Luciana Nedel

030 20-25 October 2019 : :
oo VIS:201 o leeevis.org
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Inner Map Selection Board

S.Y. Ssin, J. A. Walsh, R. T. Smith, A. Cunningham and B. H. Thomas, "GeoGate: Correlating Geo-
Temporal Datasets Using an Augmented Reality Space-Time Cube and Tangible Interactions,"
2019 IEEE Conference on Virtual Reality and 3D User Interfaces (VR), Osaka, Japan, 2019, pp. 210-

219, doi: 10.1109/VR.2019.8797812.
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Bento Box
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Johnson S, Orban D, Runesha HB, Meng L, Juhnke B, Erdman A, Samsel F and Keefe DF (2019) Bento Box: An Interactive and Zoomable
Small Multiples Technique for Visualizing 4D Simulation Ensembles in Virtual Reality. Front. Robot. Al 6:61. doi: 10.3389/frobt.2019.00061




FiberClay

Altitude

Complex Traffic Flow

Top view

Top view Simple traffic flow

C. Hurter, N. H. Riche, S. M. Drucker, M. Cordeil, R. Alligier and R. Vuillemot, "FiberClay: Sculpting Three Dimensional Trajectories to Reveal Structural Insights," in
IEEE Transactions on Visualization and Computer Graphics, vol. 25, no. 1, pp. 704-714, Jan. 2019, doi: 10.1109/TVCG.2018.2865191. 87
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FiberClay: Sculpting Three Dimensional
Trajectories to Reveal Structural Insights
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oolkits for Immersive Analitics

“—— GUl-based prototyping is easy to l2amn and use but is mors templated Grammar-based prototyping requires learning the grammar but is more flexible ——f»

§ oridth*118240, *depth®:114320, "height®
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B 1 1 : . e .
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R. Sicat et al., "DXR: A Toolkit for Building Immersive Data Visualizations," in IEEE Transactions on Visualization and Computer Graphics,
vol. 25, no. 1, pp. 715-725, Jan. 2019, doi: 10.1109/TVCG.2018.2865152. 89



Research Challenges in Immersive Analytics

* Combining Human and Computer Intelligence

* The Utility of Immersion

* Desighing Immersive Analytics Systems

* Facilitating Collaboration through Immersion

* Changing the Process of Analysis with Immersion
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Preprocessing
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Further reading

* Remy Dautriche. Multi-scale Interaction Techniques for the Interactive Visualization of Execution
Traces. Chapter 3.3, Pattern Visualization, 2016

* T. Munzner. Visualization. Chapter 27, p 675-707, of Fundamentals of Graphics, Third Edition, by Peter
Shirley et al. AK Peters, 2009.

e http://www.cs.ubc.ca/labs/imager/tr/2009/VisChapter/akp-vischapter.pdf

* T Munzner. "A Nested Model for Visualization Design and Validation," in IEEE Transactions on
Visualization and Computer Graphics, vol. 15, no. 6, pp. 921-928, Nov.-Dec. 2009.

* http://ieeexplore.ieee.org/abstract/document/5290695/

* J. Heer, M. Bostock, and V. Ogievetsky. "A tour through the visualization zoo." Queue 8.5 (2010): 20.
e http://cacm.acm.org/magazines/2010/6/92482-a-tour-through-the-visualization-zoo/pdf

* |. Herman, G. Melangon, and M. S. Marshall. "Graph visualization and navigation in information
visualization: A survey." IEEE Transactions on visualization and computer graphics 6.1 (2000): 24-43.

e http://ieeexplore.ieee.org/abstract/document/841119/

* F. Beck et al. A taxonomy and survey of dynamic graph visualization. Computer Graphics Forum. Vol.
36. No. 1. 2017.

e http://onlinelibrary.wiley.com/doi/10.1111/cgf.12791/full
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http://www.cs.ubc.ca/labs/imager/tr/2009/VisChapter/akp-vischapter.pdf
http://ieeexplore.ieee.org/abstract/document/5290695/
http://cacm.acm.org/magazines/2010/6/92482-a-tour-through-the-visualization-zoo/pdf
http://ieeexplore.ieee.org/abstract/document/841119/
http://onlinelibrary.wiley.com/doi/10.1111/cgf.12791/full

Further reading

Visualization Analysis and Design

Design for Information: An Introduction to the Histories, Theories, and Best Practices
Behind Effective Information Visualizations

The Functional Art: An introduction to information graphics and visualization

B A8 " cthe
e AN fu nctional

an introduction to
information graphics
and visualization

alberto cairo
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