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PRIMER INTO DATA VISUALIZATION



ABOUT YOU

your name

how you want to be called, and how you will submit your work

programming experience

oython? r? javascript? use of Al? codex? claudecode?

datavis

data? tableau? infographics? pbjs? unity? D3?




I DATA ]

MORE UNDERSTANDABLE
REPRESENTATION




IMAGES COURTESY OF GALILEO PROJECT: SUN SPQOTS | ANIMATION AND COLORING BY SANTIAGO LOMBEYDA | GALILEO | 1612 | COURTESY OF GALILEO.RICE.EDU



TOMOAKI ISHIYAMA CHIBA UNIVERSITY | JAPAN
Cosmological N-body simulation of the formation and evolution of large scale structures in the Universe | 2015 --



DATAZ2DISCOVERY

SCOTT DAVIDOFF JPL

KRYS BLACKwWoOD JPL

MAGGIE HENDRIE ART CENTER

HILLARY MUSHKIN CALTECH

SANTIAGO LOMBEYDA CALTECH+ARTCENTER






DATAZDISCOVERY|LIGO

WILLIAM LINDMEIER, STEPHEN BADER, & LUNA LIE (in collaboration with RANA ADHIKARI) LIGO INTERFEROMETER WATCH
Interface to visualize and analyzed hundred of data channels from LIGO Interferometer | DATA2DISCOVERY 2014 —



ARTCENTER/JPL/CALTECH DATA TO DISCOVERY PROGRAM LIGO INTERFEROMETER WATCH
Mars Rover path planning tool | DATA2DISCOVERY 2014









DATAZDISCOVERYIRSKETCH

FIGURE COURTESY OF ARTCENTER/JPL/CALTECH DATA TO DISCOVERY PROGRAM RSKETCH
Mars Rover path planning tool | DATA2DISCOVERY 2015






ARTCENTER/JPL/CALTECH DATA TO DISCOVERY PROGRAM RSKETCH
Mars Rover path planning tool | DATA2DISCOVERY 2015
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FIGURE BASED ON ORIGINAL FIGURE BY BEN FRY
VISUALIZING DATA: EXPLORING AND EXPLAINING DATA WITH THE PROCESSING ENVIRONMENT | O'REILLY MEDIA, 2008



FIGURE BASED ON ORIGINAL FIGURE BY BEN FRY
VISUALIZING DATA: EXPLORING AND EXPLAINING DATA WITH THE PROCESSING ENVIRONMENT | O'REILLY MEDIA, 2008
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HOW DO WE REPRESENT DATA?



BASIC DATA ENCODING



SPATIAL SHAPE

position | scale | orientation distinctive glyphs | bumps | points | whiskers

BASIC DATA ENCODING

COLOR

luminosity | hue | saturation | texture vibration | rotation | deformation



Position

LECTURE 01 INTRODUCTION | THE BASICS
WEEK.01 33



Scale Onientation

LECTURE 01 INTRODUCTION | THE BASICS
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Luminosity Hue

LECTURE 01 INTRODUCTION | THE BASICS
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Shape Motion

LECTURE 01 INTRODUCTION | THE BASICS
WEEK.01 36



Line Length Line Width

LECTURE 01 INTRODUCTION | THE BASICS
WEEK.01 37



Transparency

Texture
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INTRODUCTION | THE BASICS

LECTURE 01
WEEK.0O1



. X X JOK

Markings Enclosure
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HOW DO WE REPRESENT DATA?






GAPMINDER







SPATIAL SHAPE

position | scale | orientation distinctive glyphs | bumps | points | whiskers

BASIC DATA ENCODING

COLOR

luminosity | hue | saturation | texture vibration | rotation | deformation
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—very single pixel should testify directly to content.”
—Edward Tufte
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“To affect through the eyes what we fail to convey to the public
through their word-proof ears.” —Florence Nightingale
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DOSItION
length
slope
angle
area
volume

color

[
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BY NATURE OF DATA

[QUANTITATIVE]

1.1, 1.4, 1.7, 2.0, 2.3, ....

POSITION

LENGTH

ANGLE

SLOPE

AREA

VOLUME

VALUE

SATURATION

HUE

TEXTURE

CONNECTION

CONTAINMENT

SHAPE

[ORDINAL]

stage 1, stage 2, stage 3, ...

POSITION

VALUE

SATURATION

HUE

TEXTURE

CONNECTION

CONTAINMENT

LENGTH

ANGLE

SLOPE

AREA

VOLUME

SHAPE

[NOMINALJ

messenger, ribosomal, transfer, ...

POSITION

HUE

TEXTURE

CONNECTION

CONTAINMENT

VALUE

SATURATION

SHAPE

LENGTH

ANGLE

SLOPE

AREA

VOLUME
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data gOa\

VIZ engine




IMPORTANCE OF THE FIRST LOOK



ABSTRACTDATA | 2D/3D DATA

multi—dimensiona| data F\)ECOF\)DS : Scalar/\/ector/tengor + time

nfoviz SCiviz

GEOMETRIC STRUCTURE



MPG Cylinders Horsepower Weight Acceleration Year Origin :
8.50.4 2.8 8.2 440.250.4 1500.5500.45.30.469.582.54.83.2 3 i
18.000000 8.000000 130.000000 3504.000000 12.000000 70.000000 1.000000 :
15.000000 8.000000 165.000000 3693.000000 11.500000 70.000000 1.000000 :
18.000000 8.000000 150.000000 3436.000000 11.000000 70.000000 1.000000 i
16.000000 8.000000 150.000000 3433.000000 12.000000 70.000000 1.000000
17.000000 8.000000 140.000000 3449.000000 10.500000 70.000000 1.000000
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RESOURCES

IEEE VIS CONFERENCE

SciVis | InfoVis | VAST

IEEE Xplore
https://clsproxy.library.caltech.edu/login?url=http://ieeexplore.ieee.org/Xplore/DynWel.jsp

ACM Siggraph Conference
ACM Digrtal Library

https://clsproxy.library.caltech.edu/login?url=http://portal.acm.org/dl.cfm



MPG Cylinders Horsepower Weight Acceleration Year Origin

8.50.4 2.8 8.2 440.250.4 1500.5500.45.30.469.582.54.83.2 3

18.000000 8.000000 130.000000 3504.000000 12.000000 70.000000 1.000000
15.000000 8.000000 165.000000 3693.000000 11.500000 70.000000 1.000000
18.000000 8.000000 150.000000 3436.000000 11.000000 70.000000 1.000000
16.000000 8.000000 150.000000 3433.000000 12.000000 70.000000 1.000000
17.000000 8.000000 140.000000 3449.000000 10.500000 70.000000 1.000000
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dats processing geometry rendering

a|gorithms ceneration

t ¥4

Interaction

USUAL VISUALIZATION ENGINE



VIK

python/qt
c/ct+
processing deometry | tel/tk

data algorithms gpneration rendering
| java

Interaction

D



INTERACTIVE RENDERERS

processing
data a|gorithms

1

geometry
generation

1

rendehng

1

interaction \

ul

MESAGL

Q penG |_ DIRECT3D

OPENGL ES

WebGL — WebGPU
three.|s

babylon.js

HIGHER LEVEL:

Qpenlnventor
C++/GL
COIN

UNITY/UNREAL



RAY TRACERS

POVRay
RenderMan®
- MODELLERS:
processing geometry . . :
data a|gorithms generation rendermg ‘ B\ender

AAaya$$




GUI TOOLKITS

\ . Javascript
. Vue, React

- QT/Python

| EGACY
.G TK+/Python

processing geometry Ui ) TK (__C L/““K)

data a|gorithms generation rendermg

1 1

interaction

HARDWARE SPECIFIC

. 10S, Android
. Java Swing
k / . Cocoa, Motiff...




VISUALIZATION SYSTEMS

~

data

processing geometry
a|gorithms ceneration

1

rendehng

N

interaction

ul

ParaviewVK

LLNL VisltVIK
EnSight$
Matlab®

tableau®

CODE D3JSWWW

ObservableWWW

Flourish®

TomCat, Mollegro, ...






TABLEAU












var data = [3.4,2.3,7.7,9.1,1.1];

var rects = d3.select('svg')
.selectAll('rect’)
.data(data)
.enter()
.append('rect"')
.attr('width', (d,i) => d*100)
.attr('height', 40)
attr('x’, 40)
attr('y’', (d,i) => 1*50+50)
.attr('fill’, (d,i) => d3.rgb(100,200,d*75) );

<SVG»

data

Il
—

<RBECD




Flourish.studio




() Observable









go to editor.p5js.org
LOGIN



this is Pb5JS
























pit.ly/caltechvizdata



! SPATIAL 5 E SHAPE E

position | scale | orientation distinctive glyphs | bumps | points | whiskers

BASIC DATA ENCODING

COLOR MOTION

DAODD

luminosity | hue | saturation | texture vibration | rotation | deformation




QUICK INSPECTION

ANALYS5YS TOOL

BATCH/DISCIMINATION TOOL

PRAGMATIC VISUALIZATION PRECEPT | LEVEL OF ENGAGEMENT
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TARGET
INFRASTRUCTURE

PLAN

DATA

class DataStore {
constructor() { }
syncData() {}

mana- =

class UIMananager {
constructor() { }
registerAction() {}
propagateEvent() {}

}

class DataManager {
constructor() { }

loadData() {}

summarizeData() {}

class MainCanvas {
constructor() { }
activateData() {}
ractToEvent() {}

PRAGMATIC VISUALIZATION PRECEPT | Al ENGAGEMENT =



Visualizing Data
Getting Started with p5.js
Ben Fry

The Visual Display of Quantitative Information
Envisioning Information
Edward Tufte

The Data Loom
Information Dashboard Design —Displaying Data for At-a-Glance Monitoring
Stephen Few

Interactive Visualization—Insights into Inquiry

Bill Ferster The Semiology of Graphics
Jacques Bertin

The Ecological Approach to Visual Perception

James Gibson Visual Complexity: Mapping Patterns and Information
Manuel Lima

Information is Beautiful

The Visual Miscellaneum Designing Interactions

David McCandless Bill Moggridge

The Signal and the Noise About Face: The Essentials of Interaction Design

Nate Silver Alan Cooper

Graphesis: Visual Forms of Knowledge Production “Design considerations for collaborative visual analytics"
Johanna Drucker Jeff Heer, Manesh Agrawala

Visual Strategies: A Practical Guide to Graphics for Scientists and Engineers “The Good, The Bad, The Biased"

Felice Frankle Danielle Szafir



