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VISUAL EXPLANATIONS

Thinking Graphically

Lessons From Edward Tufte




Who Is Edward Tufte?

an analytical design theorist, educator, and landscape sculptor best
known for his self-published books on analytical design
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Anscombe’s Quartet

IV

X y
10 8.04
8  6.95
13 7.58
9 881
11  8.33
14  9.96
6 7.24
4  4.26
12 108
7  4.82
5  5.68

X y
10 7.46
8 677
13 12.7
9 7.11
11 7.81
14 8.84
6 6.08
4 539
12 8.15
7 6.42
5 573
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How would you
describe the
differences in

these datasets?




Anscombe’s Quartet

Metric_________________ Value

mean of the y values /.5
equation of the least-squared regression line v =3+ 0.5x
sums of squared errors (about the mean) 110
regression sums of squared errors

(variance accounted for by x) 27.5
residual sums of squared errors

(about the regression line) 13.75
correlation coefficient 0.82
coefficient of determination 0.67



Anscombe’s Quartet
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Another example: Pearson Correlation

1 0.8 0.4 o -0.4 -0.8 -1




Other reasons?

Visualization is the highest bandwidth channel into the human brain

As data volumes grow, visualization becomes a necessity rather than a luxury.
o “A picture is worth a thousand words”




Visualization is important...

Import
l Visualise

Tidy — Transform ) — Communicate
‘\ ~ Model

Understand

--Grolemund & Wickham, R for Data Science, O'Reilly 2016



Graphical Excellence

Show the data

Induce the viewer to think about substance rather than methodology
Avoid distortion

Present many numbers in a small space

Make large data sets coherent

Encourage comparisons

N o oA W

Reveal the data at several levels from broad overview to fine
structure

o0

Serve a purpose
9. Be integrated with statistical and verbal descriptions of data

-- Principles of Graphical Excellence, Edward Tufte
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CARTE FIGURATIVE
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Graphical excellence gives the viewer:
>the greatest # of ideas

o in the shortest time
o with the least ink
°in the smallest space.




One of the oldest graphical displays

Yu Chi Thu

Europe until

IN

ilar

INg sim

Map of the tracks of Yu the Great
Carved in stone in 1137 A.D.
(idea probably older)

Noth
~1550
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CHART of all the IMPORTS and EXPORTS tr and tiom FNGLAND
From bhe Year 1j00 lo 1782 b W Flayfawr
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One of the earliest timeseries charts




Life-cycle of the Japanese Beetle

January February | March April May | June | July August ]September| October November ]| December

L. Hugh Newman Man and Insects (London, 1965), pp 104-105




Visual
Strive For representations of

Graphical data must tell the
Integrity truth.




The Lie Factor

Size of effect in the visualization
Size of effect in the data

Lie Factor =

Thr lire, feprsening 18 IrERcs o

galkoa in 1553, e os inche losg,

Fuel Economy Standards for Autos
Tt by Congeria 3 suppbivsetegd b o Traraporidon
Depii e i Pk e o

26

S 2T

Thig: liree, represemimsy 25,0 mes pet

pallos i 1985, o £.3 InChes lemp

wew York Times, Supias® 0, 30078, . D=2,

According to Tufte the Lie Factor of this graph is 14.8. A numerical change of 53% is
represented by a graphical change (size of horizontal lines) of 783%.



Graphical
Integrity

The representation of
numbers, as physically
measured on the
surface of the graph
itself, should be
directly proportional
to the numerical
guantities
represented




Graphical Integrity

The number of
information carrying
(variable) dimensions
depicted should not

exceed the number of " O BT
dimensions in the data.




Graphical Integrity

325 o Before stricter Connecticut Traffic Deaths,

enforcement Before (1955) and After (1956)
Stricter Enforcement by the Police
Against Cars Exceeding Speed limit

300 | Graphics must not
guote data out of
context.
e After stricter
enforcement
275 - |
1955 1956



Graphical Integrity
JAYAVAYAN

guote data out of
context.




Graphical Integrity

28 -
325 s Connecticut Traffic Deaths,
1951-1959
300
...__..

275 .

\ Graphics must not
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Graphical Integrity

Traffic Deaths per 100,000

16 Persons in Connecticut,
Massachusetts, Rhode Island,
and New York, 1951-1959
14 f.\
! 77N\
Fd
\
'---.__.,’ \ ]
\
\
[ g
®
. = New York
12 | /\
o,
* //, \\"":',, \\\ // \‘.
[ N 7 *® ~
-~ a’ A .' ®
10 ° ! \ . Connecticut
\
P _o Rhode Island
/ ‘\ Pid
- ——-a / \ -=-*
,f, N / N---*
8 L L \\ /
o
1 1 1 1L [ 1L ' ']
1951 1953 1955 1957 1959

Massachusetts Graph|cs mUSt nOt

guote data out of

context.



Data-ink

Total ink used to print the graphic

Maximize
Data |n k = proportion of a graphic’s ink devoted to the

non-redundant display of data-information

1.0 - proportion of a graphic that can be erased




Example: High or Low Data Ink ratio?

15% —

10%
5% I

Jan Feb Mar Apr May Jun Jul Aug Sep




Relationship of Actual Rates of Registration to Predicted Rates

(104 cities 1960).
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Maximize Data Ink

I X
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Trim the fluff from your graphics as much as possible!



Avoid Chart
Junk

The excessive and
unnecessary use of
graphical effects in
graphs used to
demonstrate the
graphic ability of the
designer rather than
display the data.



CHART JUNK

5 Colors

2 Curvy lines
2 Polygons

2 Broken Axis
3 Dimensions

To display: 5 numbers

Possibly the worst graph
ever made

1972 1373 1974 908 9%




MONSTROUS COSTS

Total House and Senate
campaign expenditures,
in millions




The proportion of the
total size of the graph
Aim for high that is dedicated
data density displaying data.




Shrink
Principle

Many graphs can

be shrunk way
down without
losing legibility or
information
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February March Apri May June July August September October



Small Multiples

Horsepower vs Top Speed

: by decade
Series of the same b o o
small graph repeated
in one visual . d(
"B : .
1960s 1970s 1980s

Top Speed “°-
mph  so-

Horsepower, bhp



Visualization too cluttered?

Cl L] tte r Don't remove data, change the

design.

Credibility comes from detail and

in many cases one can clarify a

C‘U ‘t*e r design by adding detail.

IS A FAILURE OF DESIGN,
NOT ToO MVUCH INFORMATION.




NATO Invasion; Taliban Deposed

£,195,665,261
10f 515
AFGHANISTAN

3,809,767

BURUNDI
553,999

IRAQ
530,51

975 1976 W77 W7 W9 180 1961 WE2 WET W64 1985 1966 1947 1HEd WA WH0 W91 1992 1993 WS4 1995 1996 1997 1998 1999 2oocmmz 2005 2004 2005 2006 2007 2008 2009 200 20m 2012

Hyperakt and Ekene ljeoma visualized migrations
over time and space in The Refugee Project
http://www.therefugeeproject.or




Subway Trips on Monday February 3, 2014

ts, we show
first then the

Braintree branch. Trains on the

li

Service starts at 5AM on Monday
.~ morning. Each line represents the
- the Ashmont bnnz
"~ Train frequency increases around
—  6:30AM as morning rush hour

Braintree branch "jump over” the

path of one train. Time continues
Ashmont branch.

downward, so steeper lines
indicate slower trains.
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am. Hover over the diagram to the right to display trains at a

different time.

Trains are on the right side of the track relative to the direction

they are moving.
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and the evening lull.
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Locations of each train on the red, blue, and oran




Use color or other
differentiation to
Layering & separate important
Separation classes of information.
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Muted colors, subtle
shading and thin contour
lines allow multiple types
of data to be layered
together in this 1958
topographic map of
Chattanooga, Tennessee.




1+1=3(or more)

Effective layering
of information is
difficult because
of interactions

B Sky

Sunny side of pyramid

Can create non- 'Eﬂ Shady side of pyramid

information
patterns and
texture




Moire effect
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Source: Center for Political Studies Media Content Analysis Study, 1974 ; available through the University of
Michigan, ICPSR. Not to be cited without full bibliographical reference to the present article.



Select the
appropriate
graphic for
the data &
analysis
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Aesthetics &
Technigue

Carefully chosen graphical format

Design uses words, numbers, and drawings

Displays an accessible complexity of detail

Has a narrative quality, a story to tell about the data
Technical details of production done with care

Avoid content-free decoration, including chartjunk
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Greater bird
of paradise
Paradisaea

apoda

/I

Habitat range
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THE FAMILY TREE
15 genera, 39 species
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Sy
Black Magnificent Superb bird Standardwing Black-billed Twelve-wired
sicklebill riflebird of paradise bird of paradise sicklebill bird of paradise
Epimachus Ptiloris Lophering Semioptera Drepanormnis Seleucidis
fastosus magnilicus superba wallzcl albertisi melanofeucys
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Paradise-

Western King of Saxony Curl-crested Trumpet
parotia bird of paradise & manucode manucode crow
Parotia Preridophore b Manucodia Phonygemmus Lycocovax
sefifata afberti comvii pyrrhop & H
Elavation (1)
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2 genera, 6 species 3 genera, 6 species

ELEGANT EVOLUTION
Genetic analysis has shown that birds of paradise
belong to an avian group that includes crows and jays.
The family Paradisaeidae’s spectacular array of form
and color evolved over the past 20 million years.

PUncak Jaya s
16,024 ft
4,884 m

& D'Entrecasteaux Islinds

ologist Edwing Scholes and biologist/photographer Tim Laman. Senior Grap

Editor Fernando Baptista, Graphics Specialist Maggie Smith and freelance researcher Fanna Gebreyesus.

National Geographic




The final
word...

The principles should not be applied
rigidly or in a peevish spirit; they are
not logically or mathematically
certain; and it is better to violate
any principle than to place graceless

or inelegant marks on paper

--Tufte, Visual Display of
Quantitative Information, page 191



