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WHAT IS DATA VISUALIZATION?



DATA

MORE UNDERSTANDABLE REPRESENTATION
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representacquire refineparse interactfilter mine

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.

COMPUTER SCIENCE MATH/STATISTICS/MINING GRAPHIC DESIGN IxD / INFOVIZ / HCI

VISUALIZATION PIPELINE

Ben Fry
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HOW DO WE REPRESENT DATA?



DATA ENCODING

position | orientation distinctive glyphs  |  bumps  |  points  |  whiskers

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

SCALE 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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Markings Enclosure
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Line Length Line Width



ACCURACY IN PERCEPTION

position

length

slope

angle

area

volume

color
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1.1, 1.4, 1.7, 2.0, 2.3, …. stage 1, stage 2, stage 3, … messenger, ribosomal, transfer, …



C
H

AR
T 

SU
G

G
ES

TI
O

N
S:

 A
 T

H
O

U
G

H
T 

ST
AR

TE
R 

| A
N

D
RE

W
 A

BE
LA

 | 
20

06
 | 

C
O

U
RT

ES
Y 

O
F 

BU
SI

N
ES

S.
C

U
A.

ED
U

/F
AC

U
LT

Y/
AB

EL
A.

C
FM

C
O
M
PA

RI
SO

N

DISTRIBUTION

RELATIONSHIP

C
O
M
PO

SITIO
N























LAYERS
LAYERS
LAYERS



LAYERS
LAYERS
LAYERS



LAYERSLAYERSL A Y E R S

















DESIGN+VISUALIZATION
2019.06.24

STRATEGIES



DESIGN+VISUALIZATION
2019.06.24

STRATEGIES











DESIGN+VISUALIZATION
2019.06.24

STRATEGIES







ATOMS
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glucose 6.6



glucose 6.6



glucose 6.6



glucose 6.6



STUDENT PERFORMANCE DASHBOARD – BY JASON LOCKWOOD – from INFORMATION DASHBOARD DESIGN BY STEPHEN FEW
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STAR PLOT
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STAR PLOTS



STAR PLOTS
AS GLYPHS



EYE SPACING

HEAD ECCENTRICITY

EYE PUPIL SIZE

NOSE SIZE

MOUTH CURVATURE

MOUTH WIDTH

MOUTH OPENNESS

NOSE WIDTH

EYE SIZE

EYE ECCENTRICITY
EYEBROW SLOPE

HERMAN CHERNOFF THE USE OF FACES TO REPRESENT POINTS IN K-DIMENSIONAL SPACE GRAPHICALLY | 1973
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[GEORGE UNDERWOOD]



DEPTH

QUICK INSPECTION

ANALYSIS TOOL

BATCH/DISCIMINATION TOOL
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data + goal

c viz engine c



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

• c/c++

• tcl/tk

• python/qt

• java

• R



rendering
geometry
generation

processing
algorithmsdata ui

interaction

INTERACTIVE RENDERERS

• OpenGL

• WebGL
è three.js

HIGHER LEVEL:

• OpenInventor
• C++/GL

• Java3D
• Unity
• Unreal

MESAGL

DIRECT3D
OPENGL ES



• C++

• Java

• Lua

• Obective-C

• JavaScript

• C#

rendering
geometry
generation

processing
algorithmsdata ui

interaction

MODERN PROGRAMMING LANGUAGES/ENVIRONMENTS

Cinder, Open Framework

Processing

Löve (Moai, …)

Swift

PLOTLY, D3, VEGA

Unity



rendering
geometry
generation

processing
algorithmsdata ui

interaction

• POVRay

• RenderMan$$

MODELLERS:

• Blender

• Maya$$

RAY TRACERS



BLENDER G



POVRAY G



RENDERMAN G

perceptual o
cean | na

sa





rendering
geometry
generation

processing
algorithmsdata ui

interaction

• POVRay

• RenderMan$$

MODELLERS:

• Blender

• Maya$$

RAY TRACERS



rendering
geometry
generation

processing
algorithmsdata ui

interaction

• WWW/HTML

• QT (python)

• GTK+ (python)

• TK (TCL/TK)

• KIVY (python)

• iOS, Android

• Java Swing
• Cocoa, Motiff…

GUI TOOLKITS



• ParaviewVTK

• LLNL VisItVTK

• EnSight$

• tableau$

• D3jsWWW

• Many EyesWWW

• ModrianR,

• TopCat, …

rendering
geometry
generation

processing
algorithmsdata ui

interaction

VISUALIZATION SYSTEMS









• ParaviewVTK

• LLNL VisItVTK

• EnSight$

• tableau$

• D3jsWWW

• Many EyesWWW

• ModrianR,

• TopCat, …

rendering
geometry
generation

processing
algorithmsdata ui

interaction

VISUALIZATION SYSTEMS



• D3.jsWWW

• VEGA.jsonWWWrendering
geometry
generation

processing
algorithmsdata ui

interaction

DATA TO GEOMETRY



SELF ORGANIZING MAPS | BARBARA WOLD + GILBERTO DESALVO  + SANTIAGO LOMBEYDA









REPETITION

PROXIMITYALIGNMENT

CONTRAST

USE DESIGN TO SHOW RELATIONSHIPS



BALANCESATURATIONHUE VALUE

SIZETEXTUREOPACITY

DOMINANCE USE DESIGN TO PURPOSEFULLY
CONVEY IMPORTANCE

READ ORDER



2D DESIGN

CAVEATS
DESIGN

CHART
JUNK



Fig. 2. The gcr2 mutants exhibit all known ABA defects. 

XIGANG LIU ET AL. SCIENCE 2007;315:1712-1716, AAAS



_USING DESIGN TO MAKE MEANING CLEAR AT A GLANCE

SIMPLIFY
_ REMOVE JUNK

_ RE-PLACE REPETITIVE ELEMENTS
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COLOR



HEATMAPS: SATURATION + VALUE DRAW ATTENTION



Hue + VALUE Draw ATTENTION

Source: dePace, Angela and Felice C. Frankel, Visual Strategies.
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_rods
grayscale

100 million
low light
less sharp

_cones
red | green | blue/violet

6 million
blue less sensitive
some fovea for extra detail
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SCALE SHAPE

COLOR MOTION
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Information Dashboard Design
—Displaying Data for At-a-Glance Monitoring
Stephen Few

Interactive Visualization—Insights into Inquiry
Bill Ferster

Visualizing Data
Ben Fry

The Ecological Approach to Visual Perception
James Gibson

Envisioning Information
Edward Tufte

The Visual Display of Quantitative Information
Edward Tufte

The Visual Miscellaneum
David McCandless

The Signal and the Noise
Nate Silver

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