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Tufte’s Design Principles

-

CS 4460 — Intro. to Information Visualization
October 23, 2017
John Stasko

Please see appropriate
books for missing images

Learning Objectives n
— )
Understand and be able to apply Tufte's
principles:

Graphical integrity (baselines, size coding)

Maximize data-ink ratio

Avoid chartjunk

Macro/micro-readings

Small multiples

Minimize/unite grids, labeling, legends

Appropriate applications of color
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Today’s Agenda
i

Edward Tufte has written seven books, including Misual Explanations, M 1, The Visual
Digplay of Quantitative Information, and Data Anaivsis for Politics and Policy. He writes, designs, and
self-publishes his books on analytical design, which have received more than 40 awards for content and design.
He 15 Professor Ementus at Yale University, where he taught courses in statistical evidence, information design,
and interface design. His current work: inchides landscape sculpture, printmaling, video and a new bool

This website describes Edward Tufte's books, one-day course, and artwork. For further information, call
Graphics Press at 203 272-3187, or fax 203 272-8600, or email.

For amoderated forum on analytical design, go to ASK E.T.
BOOKS

EOWARD R TUFT

VISUAL EXPLAMATIONS

TEEE T W

BT  e  SEiEl
SECOND EDITION " 5 s

The Visual Display
of Quantitative Information

Fall 2017 CS 4460 3

Graphical Excellence
Principles

Graphical excellence is the well-designed
presentation of interesting data---a matter of
substance, of statistics, and of design

Graphical excellence consists of complex
ideas communicated with clarity, precision
and efficiency

According to Tufte

Fall 2017 CS 4460 4
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Graphical Excellence -

Principles
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

Graphical excellence is nearly always
multivariate

And graphical excellence requires telling the
truth about the data

Fall 2017 CS 4460 5

Summary -
ﬁc'i

1. Tell the truth
Graphical integrity

2. Do it effectively with clarity, precision...
Design aesthetics

Let’s look at each of these

Fall 2017 CS 4460 6
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1. Graphical Integrity

—
Your graphic should tell the truth about
your data
Example Stock market crash? e
Ec.i

500

— T

475

450

1998 1999 2000 2001 2002
Fall 2017 CS 4460 8



10/25/2017

Example

500 -/"\./.\

250
Show entire scale
0
1998 1999 2000 2001 2002
Fall 2017 CS 4460 9
Example
NJ‘T
500
250
Show in context
0
1960 1970 1980 1990 2000
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Chart Integrity

E}}ﬁ
ﬁé
Where's baseline?
What's scale?
What's context?
Fall 2017 CS 4460 11
Where's 0?
VOI 1 | p' 54 (1) Note middle ‘70 o
N — Y
Fall 2017 CS 4460 12



Huge Difference?
i

SHOULD BRITAIN LEAVE EU?

59%

Source: Ipsos MORL

55%

Compare area of
right bar to that
of the left bar

Remain

Fall 2017 CS 4460 13

Huge Difference?

36

IF BUSH TAX CUTS EXPIRE

Compare area of
right bar to that
of the left bar

8:01p ET

F(\V\\ TOP STORIES [ TECHNOLOG!

N 1300868 © 64.33 S&P 137932 8
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Vol 1, p 54 (2)

What's being compared?

Fall 2017 CS 4460 15

Vol 1, 57

Scale?

Fall 2017 CS 4460 16
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Vol 1, p. 74

Great work!

Fall 2017 CS 4460 17

Vol 1, p. 74

Ahhhh

Show the context

Fall 2017 CS 4460 18
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Local Example

A huge rise?

Atlanta Journal Constitution
Summer ‘08

Fall 2017 CS 4460 19

More of the
data

Atlanta Journal
Constitution
Dec. ‘08

Fall 2017 " CS 4460 ' 20
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http://www.businessinsider.com/gun-deaths-in-florida-increased-with-stand-your-ground-2014-2

A Redesign
i

Gun deaths in Florida Gun deaths in Florida

Number of murders committed using firearms Number of murders committed using firearms

0
873
200
2005
Florida enacted
400 its ‘Stand Your

Ground’ law

|

T

600

2005
Florida enacted
its ‘Stand Your
Ground’ law
800
873
1,000

1990s I 2000s 120105 1990s 2000s
Source: Florida Department of Law Enforcement Source: Florida Department of Law Enforcement

C.Chan 16/02/2014 ) REUTERS.
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Watch Size Coding
M
Height/width vs. area vs. volume

Fall 2017 CS 4460 22
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Vol 1, p. 69

area = value?

Fall 2017 CS 4460 23

Vol 1, p. 62

volume = value?

Fall 2017 CS 4460 24
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http://www.huffingtonpost.com/randy-krum/false-visualizations-when_b_5736106.html

Circle Width vs. Area

MEDIA

"BLOG

Original Design

2 e
False Visualizations: When Journalists Get Data V'
Wrong

WHERE WE DONATE VS. DISEASES THAT KILL US
DEmee b
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e - -
s e B [ -
e BUSTITESURIAC BTSSR MINS
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S 0 i v
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Corrected Design

WHERE WE DONATE VS. DISEASES THAT KILL US
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http://www.ft.com/intl/cms/s/2/7£7e0d28-5225-11e5-8642-453585f2cfcd. html

Areas? Not Sure

Europe

Pending asylum applications

Migrant cnsxs explained in numbers

CPme & Arsne @R X [
As of June 2015, '000 (figure in brackets are The EU'is g thousands of
pending applications per 1,000 population) in Europe.
Selected countries . going and where are they coming from?
M Schengen visa countries
Schengen candidate countries
B Non-Schengen visa countries
Relocation proposals
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©.8) g - Countres agreed o take ot & eacn memer state under 8 proposed.
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Source: Eurostat * May 2015 figures o1
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Measuring Misrepresentation
Visual attribute value should be directly
proportional to data attribute value

Size of effect shown in graphic

Lie f =
Ie factor Size of effect in data
_ 4280
p.62 94= —454
oil barrels
Fall 2017 CS 4460 27

2. Design Aesthetics .
Set of principles to help guide designers

Fall 2017 CS 4460 28
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Design Principles

Maximize data-ink ratio

Data ink

Data ink ratio =
Total ink used in graphic

= proportion of graphic’s ink devoted
to the non-redundant display of
data-information

Fall 2017 CS 4460 29

Vol 1, p. 94

Good Bad

Fall 2017 CS 4460 30
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Vol 1, p. 30 q
S——
Outstanding
Fall 2017 CS 4460 31
More... q
S———)

Above all else, show the data
Maximize the data-ink ratio
Erase non-data-ink

Erase redundant data-ink
Revise and edit

Fall 2017 CS 4460 32
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More... .
S

Maximize data density

number of entries in data matrix

data density of graphic =
area of data graphic

Quote ...

Fall 2017 CS 4460 33

Maximize Data Density -

“Data-rich designs give a context and credibility to
statistical evidence. Low-information designs are suspect:
what is left out, what is hidden, why are we shown so
little? High-density graphics help us to compare parts of
the data by displaying much information within the view
of the eye: we look at one page at a time and the more
on the page, the more effective and comparative our eye
can be. The principle, then, is:

Maximize data density and the size of the data matrix,
within reason.”

Vol 1, p 168

Fall 2017 CS 4460 34
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Redesign charts
™

Bar chart, scatter plot, box plot

Fall 2017 CS 4460 35

Bar chart B
e —"—

45%
40%
35%
30%
25%
20% |
15%
10%

5%

0%

Fall 2017 CS 4460 36

10/25/2017

18



10/25/2017

Bar chart B
M

45%
40% |
35% |
30% |
25% |
20% |
15% |
10% |
5% |
0%
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Bar chart B
45% -
35% -
25% -
15% -

5% -

Fall 2017 CS 4460 38
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Bar chart

.

35% -
25% -

15% -

> AN EEEEE
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Bar chart

.

35% -

25% -

15% -

5% -

Fall 2017 CS 4460 40
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Box plot

—e——

Box plot §
-

Fall 2017 CS 4460 42
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Box plot

Fall 2017 CS 4460 44
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Scatter plot

Fall 2017 CS 4460 45

Scatter plot

Fall 2017 CS 4460 46
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Scatter plot

Fall 2017 CS 4460 47

Scatter plot

Fall 2017 CS 4460 48
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Design Principles

Avoid chartjunk
Extraneous visual elements that detract from

message
Fall 2017 CS 4460 49
Vol 1, p 108
Fall 2017 CS 4460 50
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Vol 2, p.34
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N~ )

A classic

Diamonds Were A
Girl’s Best Friend

Fall 2017 CS 4460

51

http://www.usatoday.com/news/snapshot.htm

USA Today

N~ )

g Jmeractive Festures, Microvol fatern
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o -7
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Snacks for Santa

Cookies and milk

RAEE 5 6 e o e
Conblon: =
R I O %

E15[X)|
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http://junkcharts.typepad.com/
Junk Charts Blog

3
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More Thoughts
M
Great narrative: Vol.2, bottom page 33-34

Fall 2017 CS 4460 54
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Design Principles
%
Utilize multifunctioning graphical elements
(macro/micro readings)

Graphical elements that convey data
information and a design function

Fall 2017 CS 4460 55
Fall 2017 CS 4460 56
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Vol 1, p. 141

US Army Divisions
going to France in
WW I

Leonard P. Ayres
The War with Germany
1919

Fall 2017 CS 4460 57

Manhattan 1989
VOI 2! P- 37 Manhattan Map Company %{Y

Fall 2017 CS 4460 28
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Vol 2, p. 42

Viet Nam Memorial
in Washington D.C.

Maya Ying Lin

58,000+ dead soldiers

Fall 2017

Vol 2, p. 44

CS 4460

59

Fall 2017

CS 4460

60
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Vol 2, p. 43

Names listed
chronologically by death

Fall 2017 CS 4460 61

Design Principles

Use small multiples

Repeat visually similar graphical elements
nearby rather than spreading far apart

Fall 2017 CS 4460 62
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Vol 1, p. 170

23 hours of
LA air pollution

Fall 2017 CS 4460 63

Vol 1, p. 173

Chromosomes of
man, chimpanzee,
gorilla & orangutan

Fall 2017 CS 4460 64
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Vol 1, p. 174

Consumer
Reports

Fall 2017 CS 4460 65

Vol 2, p. 68

NY Trains

Fall 2017 CS 4460 66
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Vol 2, p. 68

How to draw letters

Fall 2017 CS 4460 67

Vol 2, p. 69

Calligraphy

Fall 2017 CS 4460 68
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More Recent Additions

Sparklines

Small, repeated
graphics
(frequently line
graphs)

Fall 2017 CS 4460 69

Sparkline Examples

$64,368 Vanguard 500 Index  -20% +122% -11.7% -08%
199901 65months 2004428 low  high W03428 1Zmonth 2004428 low  high 62510 Fidelity Magellan -1l +113
Euroforeign exchange $ 1.1608 " AN 11907 8252 126858 § 11025 e ~ T IS0 10783 12858 50379 AmerAlnvestCoAm -1.2 + 94
Euroforeign exchange ¥ 12132 ™, ~ 13017 6930 14031 ¥ 13284 S o 1007 12480 14031 47355 Amer AWAMutaallny  -15 + 99
Euroforeign exchange £ 07111 Spmmnr™" 08645 5711 07235 £ 04914 * e 04865 08556 0.7235 40500 AMCO InstTot Return  -23 + 24
37641 AmerAGrowFdAmer -2% +141
31,161 Fidelity Contrafund =10 +107
28,29 Fidelity Growth &lnc  -1.6 + &2
25314 AmerAlnc Fund Amer -05 + 39
24,155 Vanguard Instl Index  -20 4123 116 -07
TOP SEASON
Spikes or trends? Babe Ruth

Home-un careers of some he
hitters. Some players consistently

.

1914-1935 60

Do g bomme n vears: trs Hank Aaron
L ‘ ahililaltal
Their best home-un performances 1954-1976 47 th..
are in parentheses.

Roger Maris

Babe Ruth

16141035 80) /Y TN

Hank Aaron

19541976 (44) AV
Maris

?)9557'1968 (81) ~"N

Carl Yastrzemski

19611983 (44) ~—~ M\

Mark McGwi

15862001 (70) S ~A N

Barry Bonds

1986 (73) =

Sammy Sosa

1080 (66) —~—

Source: Baseball Encyckopedia,
Baseball Aimanac

Fall 2017

1957-1968 61  hal Bilane.

Car| Yastrzemski

1961-1983 44  usuate Wlleutumsilstncse
Mark McGwire

wwsszoor 0 il
Barry Bonds

1986- ¢ ansllnline] 101
Sammy Sosa

1989- 66 _sedllll ‘

CS 4460
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Design Principles .
S

Content is king

Quality, relevance and integrity of the content
is fundamental

What's the analysis task? Make the visual
design reflect that

Integrate text, chart, graphic, map into a
coherent narrative

Fall 2017 CS 4460 71

Graph and Chart Tips .
Avoid separate legends and keys -- Just
have that information in the graphic

Make grids, labeling, etc., very faint so
that they recede into background

Fall 2017 CS 4460 72
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Vol 2, P- 54 New Jersey Transit

Before

After
Fall 2017 CS 4460 73

Vol 2, p. 63

Before

After

Fall 2017 CS 4460 74
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Vol 3, p. 74

—

Before After

Fall 2017 CS 4460 75

Using Color Effectively n
—
“The often scant benefits derived from
coloring data indicate that even putting a
good color in a good place is a complex
matter. Indeed, so difficult and subtle

that avoiding catastrophe becomes the

first principle in bringing color to
information: Above all, do no harm.”

Fall 2017 CS 4460 76

38



10/25/2017

Proper Color Use -

To label

To measure

To represent or imitate reality
To enliven or decorate

Fall 2017 CS 4460 77
Examples )
\,ﬁ
The bad...
Fall 2017 CS 4460 78
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Vol 1, p. 153

—
Fall 2017 CS 4460 79
Description -

—

“..despite its clever and multifunctioning data measure, formed by
crossing two four-colored grids, this is a puzzle graphic. Deployed
here, in a feat of technological virtuousity, are 16 shades of color
spread on 3,056 counties, a monument to a sophisticated computer
graphics system. But it is surely a graphic experienced verbally not
visually. Over and over, the viewers must run little phrases through
their minds, trying to maintain the right pattern of words to make
sense of the visual montage: “Now let's see, purple represents
counties where there are both high levels of male cardiovascular
disease mortality and 11.6 to 56.0 percent of the households have
more than 1.01 persons per room...”

Fall 2017 CS 4460 80
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Vol 2, p. 82

— )
Vol 2, p. 88 q
—

“Color’s multidimensionality can also enliven and inform
what users must face at computer terminals, although some
color applied to display screens has made what should be a
straight-forward tool into something that looks like a grim
parody of a video game.”

Fall 2017 CS 4460 82
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Vol 3, p. 77

Fall 2017 CS 4460 83
Examples
%
The good...
Fall 2017 CS 4460 84
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Vol 2, p. 91 & Vol 3, p. 76 -

Fall 2017 CS 4460 85

Guides for Enhancing Visual Qualitx_ﬁ
Ec.i

Attractive displays of statistical info
have a properly chosen format and design
use words, numbers and drawing together

reflect a balance, a proportion, a sense of relevant
scale

display an accessible complexity of detail

often have a narrative quality, a story to tell about
the data

are drawn in a professional manner, with the
technical details of production done with care

avoid content-free decoration, including chartjunk

Fall 2017 CS 4460 86
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Information Overload .
—

What about confusing clutter? Information overload?
Doesn’t data have to “boiled down” and “simplified”?
These common questions miss the point, for the
quantity of detail is an issue completely separate from
the difficultly of reading. Clutter and confusion are
failures of design, not attributes of information. Often
the less complex and less subtle the line, the more
ambiguous and less interesting is the reading. Stripping
the detail out of data is a style based on personal
preference and fashion, considerations utterly indifferent
to substantive content. Vol. 2, p. 51

Fall 2017 CS 4460 87

Minard graphic

size of army latitude temperature
direction longitude date
Fall 2017 CS 4460 88
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Graphical Displays Should

Show the data Reveal the data at several
Induce the viewer to think levels of detail, from a broad
about substance rather than overview to the fine structure

about methodology, graphic
design the technology of
graphic production, or

Serve a reasonably clear
purpose: description,

something else exploration, tabulation, or
Avoid distorting what the data decoration

have to say Be closely integrated with
Present many numbers in a statistical and verbal
small space descriptions of a data set

Make large data sets coherent

Encourage the eye to compare
different pieces of data

Fall 2017 CS 4460 89

Website & Seminar

OF EDWARD TUFTE AND GRAPHICS PRESS
LLC P.O.BOX 430 CHESHIRE ¢410 500 8222454

The dhape ofSotun s €0 s shown.
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Discussion Forum

- o x

£dmard ToneForum i
| € 0a edwarctite.com C tufte SR8 9 AR =
05 [ s 8 Ovwie 8 Uiy B WS @ Woton A

| 8 vt vt B i o T 9 [ 100 B k0 0 s 0 @ s - oA

ToWomT 0 c 0w eiuses O

At this moderated forum, T wall dealing with nfe design. Oth then extend the discussion. | vl try 1o answer questions that have
eneral imterest or where [ have something to say. Not all questions will be answered, usually because I doa't know the amswer

" a 3star threads
Bt ET

[ Cusrene T

alac Edward Tufte

on Edward Tufte
ot company can aend vou 19° Stadf
staff
Tufle course reviews

T Edward Tufte
d Tufte

« Edward Tufie
: Edvard Tufte

Edward Tufte
1055 Edword T

sew_Imoroving & gox

sobic Edward Tufte v
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Interesting Contrast
i

Fieto BT =5
|1 Gmai - Inbox @1) - tstasko@gmailc... - | Ml Negel Holmes - Home x|+ E . -
> m negenoimes.com @ [$9- nigel hotmes I

4 Most Visited @ Getting Started [ Marietts N Traffic % 1 %, 1331 || 4801 % 4% % Zimbea I 72 ™M Genail [ JazzRadio BB kLU » I Bookmarks

Nigel Holmes

nigel holmes / explanation graphics http://www.nigelholmes.com

maps charts
and diagrams

(l nttp://www.nigelnolmes.com/work/indechtm

Fall 2017 CS 4460 92
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More Bad Examples

PR
QUARTZ

Thn most misleading charts of 2015, fixed

http://gqz.com/580859/the-most-misleading-charts-of-2015-fixed/
http://viz.wtf/

Fall 2017 CS 4460 93

Learning Objectives |
%

Understand and be able to apply Tufte's
principles:

Graphical integrity (baselines, size coding)

Maximize data-ink ratio

Avoid chartjunk

Macro/micro-readings

Small multiples

Minimize/unite grids, labeling, legends

Appropriate applications of color

Fall 2017 CS 4460 94

47



10/25/2017

Upcoming

S——
Storytelling/Communication
Prep: The Fallen of WWII video

Lab: D3 Enter, Update, & Exit
Prep: Murray, chapter 9

Fall 2017 CS 4460 95

Sources Used

—

E. Tufte, The Visual Display of Quantitative
Information

E. Tufte, Envisioning Information

E. Tufte, Visual Explanations
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