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~_¥0esday outline

biological basis of information design
visual dimensions and data dimensions
Fasks

deception and bad infographics
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P — Friday outline

interacting with visualisations:
Filtering, searching, selection

multidimensional data

foolkits: a D3 primer
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key objectives
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what are the of visualisation?

how do you choose a visual representation for datar

how do you evaluate a visualisation?

key objectives
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¥ ~ is ‘pretty’ better?

identifying distortion +

wielding power tools (excel / matlab / etc )

vs hacking

minor objectives




recommended texts
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PERCEPTION FOR DESIGN

ELSEVIER

The Visual Display

of Quantitative Information

EDWARD R. TUFTE

COLIN WARE
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GRAPHICS,
PROCESSIN

UNIT

display

Framebuffer(s)
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Framebuffer(s)

display

bypical computer architecture
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serial /

deliberative
DrocessiNg
“attention-focused”

parietal lobe + frontal cortex

access (o
long term memory

spatial orientation

focus of attention
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perceptual fusion
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John Snow, 1854
L ondon Cholera Outbreak

The Story of London's Most Terrifying Epidemic — and How it Changed Science, Cities and the Modern World.
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X Pump e Deaths from cholera

John Snow, 1854
L ondon Cholera Outbreak

GCOLDE N\
SQUARE

monastery contracted cholera.
Investigation showed that this was not
an anomaly, but further evidence, for
they drank only beer, which they

brewed themselves.”
The Story of London's Most Terrifying Epidemic — and How it Changed Science, Cities and the Modern World.
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5.1 3.5 1.4 0.2 *|. setosa* 5.4 3.4 1.5 0.4 *|. setosa* 5.4 3.4 15 0.4 “I. setosa*
4.9 3 1.4 0.2 *|. setosa* 5.2 4.1 1.5 0.1 *|. setosa* 5.2 4.1 1.5 0.1 ’I. setosa”
4.7 3.2 1.3 0.2 *|. setosa* | |5.5 4.2 1.4 0.2 *|. setosa* | |90 4.2 1.4 0.2 *I. setosa”
4.6 3.1 1.5 0.2 *|. setosa* | |4.9 3.1 1.5 0.2 *|. setosa* | |49 3.1 1.5 0.2 *I. setosa’
5 3.6 1.4 0.2 *|. setosa* 5 3.2 1.2 0.2 *|. setosa* S 3.2 1.2 0.2 *I. setosa”
5.4 3.9 1.7 0.4 *|. setosa* 5.5 3.5 1.3 0.2 *|. setosa* 5.5 3.5 1.3 0.2 "I setosa*
4.6 3.4 1.4 0.3 *|. setosa* 4.9 3.6 1.4 0.1 *|. setosa* 4.9 3.6 1.4 0.1 *I. setosa”
5 3.4 1.5 0.2 *|. setosa* 4.4 3 1.3 0.2 *|. setosa* 4.4 3 1.3 0.2 *I. setosa”
4.4 2.9 1.4 0.2 *]. setosa* 5.1 3.4 1.5 0.2 *]. setosa* 5.1 3.4 1.5 0.2 “I. setosa”
4.9 3.1 1.5 0.1 *. setosa* 5 3.5 1.3 0.3 *. setosa* S 3.5 1.3 0.3 *l. setosa*
5.4 3.7 1.5 0.2 *]. setosa* 4.5 2.3 1.3 0.3 *]. setosa* 4.5 2.3 1.3 0.3 *I. setosa*
4.8 3.4 1.6 0.2 *|. setosa* 4.4 3.2 1.3 0.2 *|. setosa* 4.4 3.2 1.3 0.2 *I. setosa”
4.8 3 1.4 0.1 *|. setosa* 5 3.5 1.6 0.6 *|. setosa* 5 3.5 1.6 0.6 *I. setosa*
4.3 3 1.1 0.1 *|. setosa* 5.1 3.8 1.9 0.4 *|. setosa* 5.1 3.8 1.9 0.4 "I setosa”
5.8 4 1.2 0.2 *|. setosa* 4.8 3 1.4 0.3 *|. setosa* 4.8 3 1.4 0.3 *I. setosa*
5.7 4.4 15 0.4 *|. setosa* 5.1 3.8 1.6 0.2 *|. setosa* 5.1 3.8 1.6 0.2 *I. setosa*
5.4 3.9 1.3 0.4 *|. setosa* 4.6 3.2 1.4 0.2 *|. setosa* 4.6 3.2 1.4 0.2 *1. setosa*
5.1 3.5 1.4 0.3 *|. setosa* 5.3 3.7 15 0.2 *|. setosa* 5.3 3.7 1.5 0.2 *I. setosa”
5.7 3.8 1.7 0.3 *|. setosa* 5 3.3 1.4 0.2 *|. setosa* S 3.3 1.4 0.2 *1. setosa*
5.1 3.8 1.5 0.3 *|. setosa* 7 3.2 4.7 1.4 *|. versicolor* 7 3.2 4.7 1.4 *I. versicolor*
54 3.4 1.7 0.2 *|. setosa* 6.4 3.2 4.5 1.5 *|. versicolor* 6.4 3.2 4.5 1.5 *I. versicolor*
5.1 3.7 1.5 0.4 *|. setosa* 6.9 3.1 4.9 1.5 *|. versicolor* 6.9 3.1 4.9 1.5 *I. versicolor*
4.6 3.6 1 0.2 *|. setosa* 55 2.3 4 1.3 *|. versicolor* 55 2.3 4 1.3 “I. versicolor*
5.1 3.3 1.7 0.5 *|. setosa* 6.5 2.8 4.6 1.5 *|. versicolor* 6.5 2.8 4.6 1.5 *I. versicolor*
4.8 3.4 1.9 0.2 *|. setosa* 5.7 2.8 4.5 1.3 *I. versicolor* 5.7 2.8 4.5 1.3 *I. versicolor*
5 3 1.6 0.2 *|. setosa* 6.3 3.3 4.7 1.6 *|. versicolor* 6.3 3.3 4.7 1.6 1. versicolor*
5 3.4 1.6 04 *|. setosa* 4.9 24 3.3 1 *|. versicolor* 4.9 24 3.3 1 *1. versicolor*
5.2 3.5 1.5 0.2 *|. setosa* 6.6 2.9 4.6 1.3 *|. versicolor* 6.6 2.9 4.6 1.3 *I. versicolor*
5.2 3.4 1.4 0.2 *|. setosa* 5.2 2.7 3.9 1.4 *|. versicolor* 5.2 2.7 3.9 1.4 *I. versicolor*
4.7 3.2 1.6 0.2 *|. setosa* 5 2 3.5 1 *|. versicolor* 5 2 3.5 1 1. versicolor*
4.8 3.1 1.6 0.2 *|. setosa* 5.9 3 4.2 1.5 *|. versicolor* 5.9 3 4.2 1.5 . versicolor*
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4.9 3 1.4 0.2 *|. setosa* 5.2 4.1 1.5 0.1 *|. setosa* 5.2 4.1 1.5 0.1 ’I. setosa”
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5.4 3.9 1.7 0.4 *|. setosa* 5.5 3.5 1.3 0.2 *|. setosa* 5.5 3.5 1.3 0.2 "I setosa*
4.6 3.4 1.4 0.3 *|. setosa* 4.9 3.6 1.4 0.1 *|. setosa* 4.9 3.6 1.4 0.1 *I. setosa”
5 3.4 1.5 0.2 *|. setosa* 4.4 3 1.3 0.2 *|. setosa* 4.4 3 1.3 0.2 *I. setosa”
4.4 2.9 1.4 0.2 *]. setosa* 5.1 3.4 1.5 0.2 *]. setosa* 5.1 3.4 1.5 0.2 “I. setosa”
4.9 3.1 1.5 0.1 *. setosa* 5 3.5 1.3 0.3 *. setosa* S 3.5 1.3 0.3 *l. setosa*
5.4 3.7 1.5 0.2 *]. setosa* 4.5 2.3 1.3 0.3 *]. setosa* 4.5 2.3 1.3 0.3 *I. setosa*
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4.3 3 1.1 0.1 *|. setosa* 5.1 3.8 1.9 0.4 *|. setosa* 5.1 3.8 1.9 0.4 "I setosa”
5.8 4 1.2 0.2 *|. setosa* 4.8 3 1.4 0.3 *|. setosa* 4.8 3 1.4 0.3 *I. setosa*
5.7 4.4 15 0.4 *|. setosa* 5.1 3.8 1.6 0.2 *|. setosa* 5.1 3.8 1.6 0.2 "I setosa”
5.4 3.9 1.3 0.4 *|. setosa* 4.6 3.2 1.4 0.2 *|. setosa* 4.6 3.2 1.4 0.2 *1. setosa*
5.1 3.5 1.4 0.3 *|. setosa* 5.3 3.7 15 0.2 *|. setosa* 5.3 3.7 1.5 0.2 *I. setosa”
5.7 3.8 1.7 0.3 *|. setosa* 5 3.3 1.4 0.2 *|. setosa* S 3.3 1.4 0.2 *1. setosa*
5.1 3.8 1.5 0.3 *|. setosa* 7 3.2 4.7 1.4 *|. versicolor* 7 3.2 4.7 1.4 *I. versicolor*
54 3.4 1.7 0.2 *|. setosa* 6.4 3.2 4.5 1.5 *|. versicolor* 6.4 3.2 4.5 1.5 *I. versicolor*
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4.6 3.6 1 0.2 *|. setosa* 55 2.3 4 1.3 *|. versicolor* 55 2.3 4 1.3 “I. versicolor*
5.1 3.3 1.7 0.5 *|. setosa* 6.5 2.8 4.6 1.5 *|. versicolor* 6.5 2.8 4.6 1.5 *I. versicolor*
4.8 3.4 1.9 0.2 *|. setosa* 5.7 2.8 4.5 1.3 *I. versicolor* 5.7 2.8 4.5 1.3 *I. versicolor*
5 3 1.6 0.2 *|. setosa* 6.3 3.3 4.7 1.6 *|. versicolor* 6.3 3.3 4.7 1.6 1. versicolor*
5 3.4 1.6 04 *|. setosa* 4.9 24 3.3 1 *|. versicolor* 4.9 24 3.3 1 *1. versicolor*
5.2 3.5 1.5 0.2 *|. setosa* 6.6 2.9 4.6 1.3 *|. versicolor* 6.6 2.9 4.6 1.3 *I. versicolor*
5.2 3.4 1.4 0.2 *|. setosa* 5.2 2.7 3.9 1.4 *|. versicolor* 5.2 2.7 3.9 1.4 *I. versicolor*
4.7 3.2 1.6 0.2 *|. setosa* 5 2 3.5 1 *|. versicolor* 5 2 3.5 1 1. versicolor*
4.8 3.1 1.6 0.2 *|. setosa* 5.9 3 4.2 1.5 *|. versicolor* 5.9 3 4.2 1.5 . versicolor*
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- Irfs versicolor Edgar Anderson’s Iris data set
- Iris virginica parallel coordinates
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so how do we come up with these
visual representations anc
which do we choose for a dataset?

- Iris setosa , .
- Irfs versioolor Edgar Anderson'’s Iris data set

- Iris virginica parallel coordinates
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SO you have a dataset...

{X1, X2, X3, X4, ... }

X1
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SO you have a dataset...

{X1, X2, X3, X4, ... } X1

{1, 200, 5, 6, ... } integral

{1.0, 2.0, 1.2, 4, ... } fixed point

{‘a’, '6’, 12¢C, ‘d ... } alpha(-numeric)

{20%, 30%, 1%, 5% ...} fractions of a population
{uégvv o d categorical

o v) . relational

[(5(0),8), 2@ ) ,a(
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SO you have a dataset...

{X1, X2, X3, X4, ... } X1

{1, 200, 5, 6, ... } integral

{1.0, 2.0, 1.2, 4, ... } fixed point

{‘a’, '6’, 12C’, ‘d ... } alpha(-numeric)

{20%, 30%, 1%, 5% ...} fractions of a population
{é uvv oo categorical

{f( ’/\ / @ ), g(@ L

objective - help the user to understand :
relationships

),q(u,v ) o) relational
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SO you have a dataset...

X =

—_ —> - —>
{X1, X2, X3, X4, ...

X1

yl yz y3

"L'l

X2 X3

ftz T3

/

it's probably multivariate

if these are observations of the

(same] of object(s]) over time

if these are observations of different
things at a single point in time

if these are observations of different
things at a different points in time
“observations”
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SO you have a dataset... it's probably multivariate

—_ —> - —>
x = {X1, X2, X3, X4, ... }

if these are observations of the
(same] of object(s]) over time

X1 X2 X3
if these are observations of different

X = yl yZ y3 things at a single point in time

f‘L'l r‘L'Z 3 if these are observations of different

things at a different points in time
“observations”

objective - help the user to understand :
1. elements - specifically relationships among dimensions
[through a large number of examples]
2. relationships -
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data dimension types Visual dimension type-

integral

fixed point
alpha(-numeric)
fractions of a population

categorical

relational
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data dimension types Visual dimension type-

relative location

pOSItIOﬂ centrality

integral

fixed point
alpha(-numeric)
fractions of a population

categorical

relational
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data dimension types Visual dimension type-

relative location

pOSItIOﬂ centrality

integral shape

fixed point

alpha(-numeric)
fractions of a population

categorical

relational
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data dimension types Visual dimension type-

relative location

position

centrality
integral shape
fixed point colour  gaaeny "

alpha(-numeric)

fractions of a population

categorical

relational
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data dimension types Visual dimension type-

relative location

position

centrality
integral shape
: : saturation
fixed point colour opacity
- width
alpha(-numeric) SIZ€ height

fractions of a population

categorical

relational
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data dimension types Visual dimension type-

relative location

pOSItIOﬂ centrality
integral shape
fixed point colour  gaaeny "
; width
alpha(-numeric) size height
orientation

fractions of a population

categorical

relational
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data dimension types Visual dimension type-

relative location

position

centrality
integral shape
- - saturation
fixed point colour opacity
- width
alpha(-numeric) SIZ€ height
orientation

fractions of a population

colour

stroke pattern,

thickness

categorical

relational
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data dimension types Visual dimension type-

relative location

position

centrality
integral shape
- - saturation
fixed point colour opacity
- width
alpha(-numeric) SIZ€ height
orientation

fractions of a population

colour

stroke pattern,

thickness

categorical .
opacity

relational
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data dimension types Visual dimension type-

relative location

position

centrality
integral shape
- - saturation
fixed point colour opacity
- width
alpha(-numeric) SIZ€ height
orientation

fractions of a population

colour

stroke pattern,

thickness

categorical .
opacity

relational texture
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data dimension types Visual dimension type-

relative location

pOSItIOﬂ centrality
integral shape
fixed point colour  gaaeny "
; width
alpha(-numeric) size height
orientation

fractions of a population

colour

stroke pattern,

thickness

categorical .
opacity

relational texture

movement
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data dimension types Visual dimension type-

- o \
oy relative location
pOSItIOﬂ centrality %
\ - /
integral shape
fixed point colour  gaaeny "
: - width ‘®
alpha(-numeric) S1Z€ height @ %o
. . ‘y/ \\\ e \\\Y \\
orientation [N N
fractions of lation
a populatio . . ‘§§\\
Slroke pattern, W
thickness | \ |
categorical . \
opacity v
- SRR
relational texture J_ﬁir[ gt

movement

juxtaposition
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data dimension types Visual dimension type-

o relative location
pOSItIOﬂ centrality %
\ > /
integral shape
fixed point colour  gaaeny "
: : width H &
alpha(-numeric) Size height o %o
DN
- : Y, s N \
_  orientation [N N
fractions of a lation
populatio ok colour ‘§\\§\\
SIroke pattern, W
thickness \ |
categorical . \
opacity v
relational texture ff"‘tr_[

movement

juxtaposition
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pOSiUOﬂ inear mapping of values

ogarithmic..
nin and count..
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DOSILIoN
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DOSILIoN

First three PCA directions
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only have up to 3 spatial
dimensions to work with




orlentation
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orlentation

range-limitec
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orlentation

range-limitec ‘ / — '\ ‘
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orlentation

range-limitec ‘ / — '\ ‘

symmelry properties of the
geometry
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orlentation

ange-limited |/ — X
symmetrgep;ri]peetgesofthe A ’ > A ‘ v A
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orlentation

range-limited

symmelry properties of the
geometry
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orientation
popouts using multiple dimensions
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orientation
popouts using multiple dimensions

1D colour
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orlentation

popouts using multiple dimensions

1D colour

1D orientation
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orlentation

popouts using multiple dimensions

20 color/
orientation

1D orientation

1D colour
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Using colour for continuous values

A (nm)

700

600

500

400
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Using colour for cont

o HOMELAND SECURITY
¥ ADVISORY SYSTEM

SEVERE

VAT ED

FICANT RISK OF

i & GUARDED

LOW
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Using colour for continuous values

problem 1: No natural ordering
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Using colour for continuous values

nroblem 1: No natural ordering
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Using colour for continuous values

nroblem 1: No natural ordering
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Using colour for continuous values

nroblem 1: No natural ordering
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Using colour for continuous values

Drag and drop the colors In each row to arrange them by hue order.
The first and last color chips are fixed. Click on "Score Test" when done.

http:/ /www.colormunki.com/game/huetest_kiosk

nroblem 1: No natural ordering



http://www.colormunki.com/game/huetest_kiosk
http://www.colormunki.com/game/huetest_kiosk

Using colour for continuous values

Drag and drop the colors Iin each row to arrange them by hue order.

The first and last color chips are fixed. Click on "Score Test" when done.

http:/ /www.colormunki.com/game/huetest_kiosk

nroblem 1: No natural ordering

Tuesday, 12 February 13
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Using colour for continuous values

-5.0 -2.0 -1.0 -0.5 -0.2 00 02 05 1.0 2.0 50C

Protanopia affects 8% of males, 0.5% females
of Northern European ancestry

problem 2: ¢ lour sensitivity

rotanopla

1 i
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Using colour for continuous values
problem 3:
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Using colour for continuous values
problem 3: vellow is special
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Using colour for continuous values
nroblem 4: Details: overemphasised or obscured
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hue ‘borders  overemphasise small changes, hue ‘middles’ blend potentially important details
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Using colour for continuous values
roblem S5: pop out can drown out
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UK General Election 2010 results map
The Telegraph
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juxtaposition: small multiples
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multidimensional data
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multidimensional data
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multidimensional data
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multidimensional data
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[an aside: bad stacked areas and “streamgraphs’)

Tuesday, 12 February 13



[an aside: bad stacked areas and “streamgraphs’)

Tuesday, 12 February 13



[an aside: bad stacked areas and “streamgraphs’)

Tuesday, 12 February 13
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(an aside: bad stacked areas and “streamgraphs”)
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multivariate relational data: hierarchical
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multivariate relational data: hierarchical
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multivariate relational data: hierarchical
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multivariate relational data: non-hierarchical
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multivariate relational data: non-hierarchical
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multivariate relational data:

Titanic Survivors
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v Curves? Data: Robert J. MacG. Dawson.
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multivariate relational data: non-hierarchical

Plenty of other interesting visualisations....

Some favourites | didn't mention?
send them to: max@hip.cat
and |'ll compile a list for the class
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v Curves? Data: Robert J. MacG. Dawson.
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1. Barchart baseline fail
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1. Barchart baseline fail

Soaring gas prices

The price of a gallon of regular gas has risen 38 cents in South
Florida in the past month. The national average rose 32 cents.
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2. Perspective and measurement tall
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2. "Huge differences” fall

THE SHRINKING FAMILY DOCTOR

In California

Percentage of Doctors Devoted Solely to Family Practice 100
1975 1990
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1: 2,247 RATIO TO POPULATION
8,023 Doctors

using area (2 dimensions) to represent one dimension
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THE SHRINKING FAMILY DOCTOR

In California

Percentage of Doctors Devoted Solely to Family Practice
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8,023 Doctors

Call centers are a

multi-functional operation.

The reason why consumers
engage in contact centers
may affect the experience
they have with them.
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2. "Huge differences” fall

NON-DISCRIMINATION IN
EMPLOYMENT & OCCUPATION

ILO Convention Il (average score)
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THE ISSUE OF TRUST

Another reason why accents affects customer service is the question of
credibility. If | can not understand you, then | can not trust you.

An expeniment conducted by the University of Chicago demonstrated this
aspect. The question posed, do trivia statements sound less true when
spoken by a non-native spaaker? Furthermore, listeners were toid in
advance that all of the trivia questions were provided by the experimenter,
This way, even listenars who were knowingly prejudice against non-native
accents should not have been affected.

The results showed that the heavier the accent the less trust worthy the
person became.
A NATIVE ACCENT

© MILD ACCENT
HEAVY ACCENT
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In conclusion

Designing effective
iInfographics

IS about effectively
conveying or

- facilitating an
A *; 5 understanding of

e A A i, ' ‘ . relationships in data

/4 & offloading “heavy
g }ij 9 lifting” to our
{ ‘ trained neural
; circuitry.
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VWhile still an art, many design principles grounded in usability can prowde
guidance: natural mappings, simplicity, & avoiding distortion =
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