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LECTURE 01
2025.WEEK.01

INTRODUCTION | THE BASICS

ABOUT YOU

3

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

programming experience
python? r? javascript? use of AI? codex? claudecode?

datavis
data? tableau? infographics? p5js? unity? D3?



DATA

MORE UNDERSTANDABLE 
REPRESENTATION

_WHAT IS THE ROLE OF VISUALIZATION



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



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



DATA2DISCOVERY
SCOTT DAVIDOFF JPL

KRYS BLACKWOOD JPL

MAGGIE HENDRIE ART CENTER

HILLARY MUSHKIN CALTECH

SANTIAGO LOMBEYDA CALTECH+ARTCENTER





DATA2DISCOVERY|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 --



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



DATA2DISCOVERY|RSKETCH

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





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



EHLMANNLAB|COREINSPECTOR















ACQUIRE PARSE FILTER MINE REPRESENT REFINE INTERACT

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

WHAT IS DATA VISUALIZATION?

[VISUALIZATION PIPELINE]
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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

WHAT IS DATA VISUALIZATION?

[VISUALIZATION PIPELINE]

CHOOSE A BASIC 
VISUAL MODEL, SUCH 

AS A BAR GRAPH, 
LIST, OR TREE.

OBTAIN THE DATA, 
WHETHER FROM A 
FILE ON A DISK OR 
A SOURCE OVER A 

NETWORK.

IMPROVE THE 
BASIC 

REPRESENTATION 
TO MAKE IT 

CLEARER AND 
MORE VISUALLY 

ENGAGING.

PROVIDE SOME 
STRUCTURE FOR 

THE DATA'S 
MEANING, AND 
ORDER IT INTO 

CATEGORIES

ADD METHODS FOR 
MANIPULATING THE 

DATA OR 
CONTROLLING WHAT 

FEATURES ARE 
VISIBLE.

REMOVE ALL BUT 
THE DATA OF 

INTEREST.

APPLY METHODS FROM 
STATISTICS OR DATA 

MINING AS A WAY TO 
DISCERN PATTERNS OR 

PLACE DATA IN 
MATHEMATICAL 

CONTEXT.
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WHAT IS DATA VISUALIZATION?

[VISUALIZATION PIPELINE]

GRAPHIC DESIGN IxD / INFOVIZ / HCICOMPUTER SCIENCE MATH/STATISTICS/MINING/ML/AI
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HOW DO WE REPRESENT DATA?



BASIC DATA ENCODING



BASIC DATA ENCODING

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

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

SPATIAL SHAPE

COLOR MOTION
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Position
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Scale Orientation
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Luminosity Hue
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Shape Motion
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Line Length Line Width
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Texture Transparency



LECTURE 01
WEEK.01

X
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INTRODUCTION | THE BASICS

Markings Enclosure
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HOW DO WE REPRESENT DATA?
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TABLEAU
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GAPMINDER



GAPMINDER



BASIC DATA ENCODING

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

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

SPATIAL SHAPE

COLOR MOTION
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WHY REPRESENT DATA?
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SCIENCE

ART DESIGN



EDWARDTUFTE
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“Every single pixel should testify directly to content.”
—Edward Tufte
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FLORENCENIGHTINGALE
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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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PLOTS PLOTS PLOTS
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LAYERS



LAYERSLAYERSL A Y E R S
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position

length

slope

angle

area

volume

color [ ACCURACY IN PERCEPTION]



POSITION

LENGTH

ANGLE

SLOPE

AREA

VOLUME

VALUE

SATURATION

HUE

TEXTURE

CONNECTION

CONTAINMENT

SHAPE

POSITION

VALUE

SATURATION

HUE

TEXTURE

CONNECTION

CONTAINMENT

LENGTH

ANGLE

SLOPE

AREA

VOLUME

SHAPE

POSITION

HUE

TEXTURE

CONNECTION

CONTAINMENT

VALUE

SATURATION

SHAPE

LENGTH

ANGLE

SLOPE

AREA

VOLUME

[QUANTITATIVE]

[EFFECTIVENESS]
BY NATURE OF DATA

[ORDINAL] [NOMINAL]
1.1, 1.4, 1.7, 2.0, 2.3, …. stage 1, stage 2, stage 3, … messenger, ribosomal, transfer, …



DATA



DATA

USER REPRESENTATION



DATA

USER QUESTION REPRESENTATION
TING
STUDENT

WHAT IS THE __
TING CAN FIND AT __
SUCH THAT ___ ?

PLOT EMPHASIZING
_____ SORTED BY
_____



DATA



ACQUIRE PARSE FILTER MINE REPRESENT REFINE INTERACT

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

WHAT IS DATA VISUALIZATION?

[VISUALIZATION PIPELINE]

GRAPHIC DESIGN IxD / INFOVIZ / HCICOMPUTER SCIENCE MATH/STATISTICS/MINING/ML/AI



THE
IZATIONVISUAL
ENGINE
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data + goal

c viz engine c



IMPORTANCE OF THE FIRST LOOK



2D/3D DATA
scalar/vector/tensor + time

sciviz
ABSTRACT DATA
multi-dimensional data RECORDS

infoviz
GEOMETRIC STRUCTURE



2D/3D DATAABSTRACT DATA

GEOMETRIC STRUCTURE

MPG Cylinders Horsepower Weight Acceleration Year Origin

8. 50.4 2.8 8.2 4 40. 250. 4 1500. 5500. 4 5. 30. 4 69.5 82.5 4 .8 3.2  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

… … … … … … … … …



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 Digital Library

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



2D/3D DATAABSTRACT DATA

GEOMETRIC STRUCTURE

MPG Cylinders Horsepower Weight Acceleration Year Origin

8. 50.4 2.8 8.2 4 40. 250. 4 1500. 5500. 4 5. 30. 4 69.5 82.5 4 .8 3.2  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

… … … … … … … … …



renderinggeometry
generation

USUAL VISUALIZATION ENGINE

processing
algorithmsdata ui

interaction



rendering
geometry
generation

processing
algorithmsdata ui

interaction

• VTK

• python/qt

• c/c++

• tcl/tk

• java

• R



rendering
geometry
generation

processing
algorithmsdata ui

interaction

INTERACTIVE RENDERERS

• OpenGL

• WebGL →WebGPU
è three.js
è babylon.js

HIGHER LEVEL:

• OpenInventor
• C++/GL
• COIN

• UNITY/UNREAL

MESAGL

DIRECT3D
OPENGL ES



rendering
geometry
generation

processing
algorithmsdata ui

interaction

• POVRay

• RenderMan$$

MODELLERS:

• Blender

• Maya$$

RAY TRACERS



rendering
geometry
generation

processing
algorithmsdata ui

interaction

• Javascript
• Vue, React

• QT/Python

LEGACY
•GTK+/Python
• TK (TCL/TK)

HARDWARE SPECIFIC
• iOS, Android
• Java Swing
• Cocoa, Motiff…

GUI TOOLKITS



• ParaviewVTK

• LLNL VisItVTK

• EnSight$

• Matlab$

• tableau$

• CODE D3jsWWW

• ObservableWWW

• FlourishR

• TomCat, Mollegro, …

rendering
geometry
generation

processing
algorithmsdata ui

interaction

VISUALIZATION SYSTEMS



TABLEAU
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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) => i*50+50)

.attr('fill’,  (d,i) => d3.rgb(100,200,d*75) );

data = [
3.4,
2.3,
7.7,
9.1,
1.1

];

<SVG>

<RECT>



Flourish.studio







P5JS



LOGIN
go to editor.p5js.org



this is P5JS

















bit.ly/caltechvizdata



BASIC DATA ENCODING

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

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

SPATIAL SHAPE

COLOR MOTION



BATCH/DISCIMINATION TOOL

ANALYSYS TOOL

QUICK INSPECTION

PRAGMATIC VISUALIZATION PRECEPT | LEVEL OF ENGAGEMENT •
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ai
✦
✦

✦ ✧✧
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DATA

ᐧ Solution 01

ᐧ Solution 02

Alternative 02.1

Alternative 02.2

ᐧ Solution 03

ᐧ Further Explorations
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EXAMPLES
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TARGET
INFRASTRUCTURE

PLAN
AI

DATA

class DataStore {

constructor() { }

syncData() {}

manageUpdate() {}

}

class UIMananager {

constructor() { }

registerAction() {}

propagateEvent() {}

}

class DataManager {

constructor() { }

loadData() {}

summarizeData() {}

}

class MainCanvas {

constructor() { }

activateData() {}

ractToEvent() {}

}



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 Ecological Approach to Visual Perception
James Gibson

Information is Beautiful
The Visual Miscellaneum
David McCandless

The Signal and the Noise
Nate Silver

Graphesis: Visual Forms of Knowledge Production
Johanna Drucker

Visual Strategies: A Practical Guide to Graphics for Scientists and Engineers
Felice Frankle

The Semiology of Graphics
Jacques Bertin

Visual Complexity: Mapping Patterns and Information
Manuel Lima

Designing Interactions
Bill Moggridge

About Face: The Essentials of Interaction Design
Alan Cooper

“Design considerations for collaborative visual analytics”
Jeff Heer, Manesh Agrawala

“The Good, The Bad, The Biased”
Danielle Szafir


