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“The ubiquity of visual metaphors in
describing cognitive processes hints
at a nexus of relationships between

7

- Mackinlay & Card (1999)




External
Cognition
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QUARTZ

Part 1.
Data Wrangling

Part 2:
Visual Encodings

Part 3:
Graphical Critique

Part 4:
Practical Advice



art 1:
ata Wrangling




Clean data sets
are all alike;
every unclean

data set is
unclean in its
own way




Things to Consider:

- Make Numbers = Numbers
- Make Dates — Dates
- Make Nans — Nans

- Make sure strings aren’t corrupted




Before we visualize,
let’s up




Afghanistan 1999 19987071

Afghanistan 2000 2666 20595360

Brazil 1999 37737 172006362
Brazil 2000 80488 174504898
China 1999 212258 1272915272

China 2000 213766 1280428583
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country year - value

Afghanistan 1999 cases
Afghanistan 1999 population 19987071
Afghanistan 2000 cases 2666

Afghanistan 2000 population 20595360

Brazil 1999 cases 37737
Brazil 1999 population 172006362
Brazil 2000 cases 80488
Brazil 2000 population 174504898
China 1999 cases 212258
China 1999 population 1272915272
China 2000 cases 213766

China 2000 population 1280428583
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A
Afghanistan 1999 cases A A

Afghanistan 1999  population 19987071 Q—o 4-)
Afghanistan 2000 cases 2666

Afghanistan 2000  population 20595360 QG 4-)
Brazil 1999 cases 37737
Brazil 1999 population 172006362 Lo )
Brazil 2000 cases 80488

Brazil 2000  population 174504898 Q—o 4-)
China 1999 cases 212258

China 1999  populaton 1272915272 Q—O 4-)
China 2000 cases 213766

China 2000 population 1280428583 v v Q—o )
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Afghanistan 1999 cases
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Afghanistan 2000 population 20595360

Brazil 1999 cases 37737
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China 2000 population 1280428583
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We want to
gather the values
corresponding to
each key.
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Afghanistan 745 2666
Brazil 37737 80488

China 212258 213766
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We want to
spread the
values to the
corresponding
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Ry Part 2:
Visual Encoding



Compare area of circles




Compare length of bars




Compare length of bars




Compare area of circles




Visual Encoding Channels

Length Position Shape
| | O
I O ouAd
Area Angle Slope
Color Value Volume Color Hue
o0 — ( X N X |

And many more ...




Accuracy ranking of quantitative perceptual tasks.

Better Worse
< >
Angle Volume Color Hue
— 000 o
Position Length L k Area
= O — Slope © Q Color Value Shape
= ®o OOAQ







- Operations: =, #

| . "
b . Nominal:
- Labels and Categories
“. - Example: Pill Shape
> . '\ )



.. Nominal:
- Labels and Categories
. - Example: Pill Shape
- Operations: =, #

Ordinal:
- Ordered Sets
- Example: Drug Schedule
- Operations: =, #, <, >



Nominal:
- Labels and Categories
- Example: Pill Shape
- Operations: =, #

Ordinal:
- Ordered Sets
- Example: Drug Schedule
- Operations: =, #, <, >

Quantitative:
- Numerical Measurement
- Example: Dosage
- Operations: =, #, <, >, -, %
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Copyrighted Material

JACQUES BERTIN

Semiology
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Unordered Data
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Bertin's Levels of Organization

Position N O Q

Size N O Q

Colorvaue N Q «a

Texture N o

ColorHue N

Angle N Nominal
Ordinal

Shape N Quantitative
Note:

QCOCN



and Comp N4

Leland Wilkinson

The Grammar
of Graphics

Second Edition

@ Springer




Grammar of Graphics

- 1. Data
il 2. Transformations
3. Marks
The Grammar 4. Encoding - mapping from fields to mark
of Graphics properties
e 5. Scale - functions that map data to visual
scales

6. Guides - visualizations of scales (axes,
legends, etc.)

@ Springer
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William Playfair

Most of modern statistical graphics can be

traced back to William Playfair a Scottish
engineer and political economist.
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Chance of Winning Presidency

100% >95% Trump
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Measle cases per 100000 people
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FOLLOWUS: |} ¥ B
‘GET THE UPSHOT IN YOUR INBOX

: TheUpshot

Stephen Curry’s 3-Point Record in
Context: Off the Charts

‘This chart contains 752 lines — one for each N.B.A.
player who finished in the top 20 in 3-point attempts
made in each season since 1980. Sitting atop it is the
Golden State Warriors' Stephen Curry, who finished the
regular season with a record 402 3-pointers.

‘The record is an outlier that defies most comparisons, 350
but here is one: It is the equivalent of hitting 103 home
runs in a Major League Baseball season.

The colors show a clear progression toward more 3-
pointers. In the 1979-80 N.B.A. season, the first to

feature the 3-pointer, making just 21 was good enough
to put a player among the league’s top 20. On Feb. 27, 300
Curry made 12 3-pointers in a single game.

Stephen Curry, 2014-15 (286)

How can we best put the gap between Curry and the best
three-point shooters in history in context? Over the past

30 years, the number of 3-point field goals has trended

steadily upward. If we project that trend into the future,

402 becomes a perfectly natural number of 3-point field 250
goals for an N.B.A. player to make.

In the mid-2030s.

) %

Shot Distance

2015-16 Season Through Jan 9

Click a Shot Range or Shot Result to filter or highlight

Missed

W Made

Shots Taken & Shooting % by Distance from Basket

Shot Distance

[

.[.

30 £0%
Shooting % #*

Shots Taken

Stephen Curry Hates Mid-Range Jump Shots

Shots Taken by Range

% of Shots Taken ~ Shooting % Shots Taken
5% 346
196

Short 25 29%

- |

Data Visualization is

Everywhere!



Edward R. Tufte

Envisioning Information

Edward Tufte

TERHA T AN N

The Visual Display

of Quantitative Information

EDWARD R. TUFTE

EDWARD R. TUFTE

VISUAL EXPLANATIONS

EDWARD TUFTE BEAUTIFUL EVIDENCE

IMAGES AND QUANTITIES, EVIDENCE AND NARRATIVE




Edward Tufte

“Graphical excellence is that which gives to the
viewer the greatest number of ideas in the shortest
time with the least ink in the smallest space.”

— Edward R. Tufte, The Visual Display of
Quantitative Information



Edward Tufte

“Graphical excellence is that which gives to the
viewer the greatest number of ideas in the shortest
time with the least ink in the smallest space.”

— Edward R. Tufte, The Visual Display of
Quantitative Information



Edward Tufte

“Graphical excellence is that which gives to the
viewer the greatest number of ideas in the shortest
time with the least ink in the smallest space.”

— Edward R. Tufte, The Visual Display of
Quantitative Information

(within reason!)



Data to Ink Ratio
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Data to Ink Ratio
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Data to Ink Ratio

15%

10%

5%

Jan Feb Mar Apr May Jun Jul Aug Sep

Reasonable?

. i i I I i i
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Jan Feb Mar Apr May Jun Jul Aug Sep

15%



Data to Ink Ratio
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50%

25%
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Data to Ink Ratio

Tukey



Data to Ink Ratio

Tukey Tufte #1



Data to Ink Ratio

Tukey Tufte #1 Tufte #2



Data to Ink Ratio

Unreasonable?

Tukey Tufte #1 Tufte #2



Sparklines

69

130 .
|
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6:51AM  12:30 PM

28 day summary with change over previous period

Tweets

66

Selling

\
|

| $646.72
Revenue

Tweet impressions

1.4M

“A sparkline is a small intense,
simple, word-sized graphic with
typographic resolution ... ”

- Edward Tufte,
Beautiful Evidence, p. 46-63.

Profile visits Mentions Followers

21.9K 447 56.8K



Small Multiples

“At the heart of quantitative reasoning
is a single question: Compared to
what?

Small multiple designs answer directly
by visually enforcing comparisons of
changes, of the differences among
objects, of the scope of alternatives.”

- Edward Tufte,
Envisioning Information, p. 67
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Fi U ative M Aap of the successive losses in men of the French Army in the Russian campaign 1812 ~ 1813
Drawn by M. Minard, Inspector General of Bridges and Roads (retired).

Paris, November 20, 1869.
The numbers of men present are represented by the widths of the colored zones at a rate of one millimeter for every ten thousand men; they are further written
across the zones. The red designates the men who enter Russia, the black those who leave it. —— The information which has served to draw up the map has been
extracted from the works of M.M. Thiers, de Ségur, de Fezensac, de Chambray and the unpublished diary of Jacob, the pharmacist of the Army since
October 28th. In order to better judge with the eye the diminution of the army, I have assumed that the troops of Prince Jérome and of Marshal Davout, who had
been detached at Minsk and Mogilev and have rejoined near Orsha and Vitebsk, had always marched with the army.
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Part 4. O

Practical Advice




Ten Simple Rules for Better Figure

N OOk WN o

O ©

Nicolas P. Rougie

Know your audience

|dentify your message

Adapt the figure to the support medium
Captions are not optional

Do not trust the defaults

Use color effectively

Do not mislead the reader

Avoid “Chartjunk”

Message trumps beauty

Get the right tool

OPEN G ACCESS Frodly avallabls online

COMPUTATIONAL
B10L0GY

Ten Simple Rules for Better Figures

Nicolas P. Rougier'***, Michael Droettboom®, Philip E. Bourne®

NI Bordease SudOvest, Talerce, france, 2Lall, UMA 5800 CNRS,

Talence, Frarce, 3insseune of Neurodegenrative Olseases, UNR 5293 CNRS, Bordemsa, France.

4 5poce Telescope Science mstitute, Baltimore, Martand, Lnted Sttes of America, §Office ef the Director, The Nagicaal Inszises of Heahth, Bethesda, Marytand, Unisec

States of Amerca

Sciendific vinalization s classically
defined as the ocess of graphically
displaying scientific data. However, chis

s many differen ways to
represent the same data: scaser ploss,
tinear plots, bar plots, and pie charss, to
name just a few. Furthermore, the same
data, using the same type of plot, may be
perceived very dﬂmnm d'p(nd.ny o
wha is looking at
accurate definition for scient
tion would be a graphical
between people and data. In this shor:
article, we do not prewend o explain
e\mmm; abous this i

Rule 1: Know Your Audience

Given the definition above, problems
arise when how a visual is perceived
differs significantly from the intent of
the conveyer. Consequently,
wnt o identify, as early as
the design process, the au

nce and the
message the visual is to convey. The

phical design of the visual should be

E:
informed by this intent. If you are
making a figure for yourself and your
direct collaborators, you can passibly

process, because each of you knows
what the figure is about. However, if
you intend 1o 'unluh a figure in a

journal, you should make sure
e s correct and comveysal che

need to design 2 simple, pos
ed, figure that reveals
most salient part of your rut.r(h
Figure 1) This has proven to
difficult exercise [3].
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Rule 2: Identify Your Message

A figure is meant w expeess an idea or
introduce some faces or 2 result that would
be too lang for nearly bl
explain only with words, for an
aricde o during 2 tme-limited oral

e., what i the underlying message
AmY A cx By i ey i
d, this

design of the figure, as shown in Figure 2.
Only afier dentifying the message will it
be worth the time to develop your figure,
just as you would take the time to craft
s when writing an
aricle only afier deciding on the main
points of the tex:. If your figure i abie 10
convey a striking message at finst glance,
chanoes are increased that your article will
draw more astention from the cammunity.

your words an

Rule 3: Adapt the Figure to the
Support Medium

A figure can be displayed an 2 variety of
media, sch a5 a poster, 2 compuier
‘monitar, 2 projection screen (as in an orl
presencation), or 2 simple sheet of paper
as in @ princed aricle). Each of these
media represents different physical sizes
for the figure, bus more imporzanty, eac
of them also implies cifferent ways of
viewing and interacting with the f

For example, during an oral pnun..n.m:
a figure will be displayed for 2 limited
time. Thus, the viewer must quickly
understand what is
represents while si3l Lsening o your
explanation. In such 2 stuation, the fgure

ssplayed and what it

be ke s sl the message s
visnlly siient in order to grab
tion, as shown in Figure 3. It s alwo
imporant to keep in mind that during oral

ents muss consequenty be
ines) or bigger {p:
colors shoukd have strong contrast, g
vertical text shoukd be avoided, ec. For a
ournal article, the situation s totally
different, because the reader i able to
gure as long as necessary. This

ded, aloay

view th

caption. If we ke into accoun:
that more and more people now read
articles on computer screens, they lso
have the p s

figure.

Rule 4: Captions Are Not
Optional

Whether describing an_experimental

<en
everything within the fgure itself-
should be accompanied by
capeian explains how to read the
and provices additional precision for what
cannot be graphically represened.

eres
at you must lh.n n advance about the
estions people would ask. For example,
ou have a bar pic, do not expect the
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Know your audience
|dentify your message
Adapt the figure to the support medium
Captions are not optional
Do not trust the defaults
Use color effectively

Do not mislead the reader
Avoid “Chartjunk”
Message trumps beauty
Get the right tool
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