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Turning points in the history of visual displays
Tufte’s principles for information design
How data visualization differs from infovis
Scales and scaling
Making a scatterplot from scratch

Sorting in tables and table-like figures
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The visual representation
of information dates back
to the Lascaux cave
paintings (~ 15000 BCE)

Simplified images of a
more complex physical

reality

Megalaceros, a giant prehistoric deer

Source: Wikipedia/public domain
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Pictographic writing @ [ @ % N

followed - now simplified hr pr * 53 iw
images could represent 'head' ‘house'  'sun','day' ‘duck’  'to walk'
other ideas

Source: XXX
These cartoons may seem

primitive compared to
later realistic art, but
cartoons are often better
communicators
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Pictographic writing @ L © % A
followed - now simplified hr pr * 53 iw
images could represent 'head' ‘house'  'sun','day' ‘duck’  'to walk'

other ideas

Source: XXX
These cartoons may seem

primitive compared to
later realistic art, but
cartoons are often better

communicators

Where's the hand?
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Pictographic writing
followed - now simplified
images could represent
other ideas

These cartoons may seem
primitive compared to
later realistic art, but
cartoons are often better

communicators

Where's the hand?

Chris Adolph (University of Washington)
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Pictographic writing
followed - now simplified
images could represent
other ideas

These cartoons may seem
primitive compared to
later realistic art, but
cartoons are often better
communicators

Where's the hand?
Which hand did you see
firste
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Source: XXX
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Visual display always involves

representation and
simplification

As pictographic writing
suggests, abstraction is also
frequently present, but took
much longer to develop
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data-art.net/resources/history_of_vis.php

Visual display always involves
representation and
simplification

As pictographic writing
suggests, abstraction is also
frequently present, but took
much longer to develop

Besides writing, earliest

examples are maps

One of the earliest is from c.
600 BCE and lacked a
coordinate system, an
innovation that would only
come c. 200 CE

Chris Adolph (University of Washington)
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data-art.net/resources/history_of_vis.php
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Visual display always involves
representation and
simplification

As pictographic writing

suggests, abstraction is also

frequently present, but took
much longer to develop

Besides writing, earliest

examples are maps

The earliest is from c. 600

BCE and lacked a coordinate
system, an innovation that

Source: Tufte, VDQI
would only come c. 200 CE
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Simplification aids visual communication

Mapmakers have long
known that the best maps
simplify and even distort

reality

Finding features in a
photograph is hard -
sharpening and
repositioning features can

help them pop out

To see this, try to find the

pyramids from space
using satellite photos

Source: Google Earth
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Wait...Where's Giza?

Chris Adolph (University of Washington)
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Mapmakers have long
known that the best maps
simplify and even distort

reality

Finding features in a
photograph is hard -
sharpening and
repositioning features can
help them pop out

To see this, try to find the
pyramids from space
using satellite photos




Mapmakers have long
known that the best maps
simplify and even distort

reality

Finding features in a
photograph is hard -
sharpening and
repositioning features can

help them pop out

To see this, try to find the

pyramids from space

..literally unfindable without prior knowledge using satellite photos

Chris Adolph (University of Washington) VD&M - Principles



Mapmakers have long
known that the best maps
simplify and even distort

reality

b Finding features in a
photograph is hard -
sharpening and
repositioning features can

help them pop out

To see this, try to find the

pyramids from space

Even zoomed in, we can't spot the largest manmade using satellite photos
objects on Earth
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Simplification aids visual communication

Mapmakers have long
known that the best maps
simplify and even distort

reality

Finding features in a
photograph is hard -
sharpening and
repositioning features can

help them pop out

To see this, try to find the

Eyolait 1194011

pyramids from space

Apparently, they’re not downtown... using satellite photos
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No choice but to hunt around for a clue

Chris Adolph (University of Washington)
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Mapmakers have long
known that the best maps
simplify and even distort

reality

Finding features in a
photograph is hard -
sharpening and
repositioning features can
help them pop out

To see this, try to find the
pyramids from space
using satellite photos




Mapmakers have long
known that the best maps
simplify and even distort

reality

Finding features in a
photograph is hard -
sharpening and
repositioning features can

help them pop out

To see this, try to find the

pyramids from space

. . i tellite phot
A minute of searching sandy areas later... using satefiite photos
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To find Waldo,

use a map

The richest, most beautiful
representation isn’t
always the most useful
one

Removing lines, color,

and information can help

Just like in statistical
modeling: we need to
(over-)simplify to learn

A view somewhat at odds
with Tufte...
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Source: Tufte, VDQI

Abstract visual displays are relatively new
A monk made this vague time series plot of planetary movement c. 950 CE

First known use of time as a visual dimension, but unknown until much later
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Tnterest of the NATIONAL DEBT fiom the Revolution.

e 7 o B
e Bottom line is Years, those on the Right hand Millions of Pounds.

Source: Tufte, VDQI

The unknown monk’s plot didn’t catch on - lost in a notebook
Time series plots weren't rediscovered until 1786 (!) by William Playfair
Playfair’s time series dealt with abstract concepts like public debt and trade deficits

Playfair also invented the bar plot and pie chart
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The ancients knew geometry
backwards and forwards

Oddly, they don’t appear to have
discovered graphics

Before 1637 CE, visual

representations = literal depictions a units

of physical relationships above the
ground

To go beyond maps, Descartes

(and perhaps Fermat) had to Ground

recognize something that seems

obvious in retrospect Maps show the distance

between objects and a reference...

Chris Adolph (University of Washington) VD&M - Principles



The ancients knew geometry Wall
backwards and forwards

Oddly, they don’t appear to have

b units to
discovered graphics right of wall
. PR
Before 1637 CE, visual

[ ]
representations = literal depictions

of physical relationships

To go beyond maps, Descartes
(and perhaps Fermat) had to

recognize something that seems
obvious in retrospect ...Or between one object

and multiple references
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The ancients knew geometry Wall
backwards and forwards

Oddly, they don’t appear to have
b units to

right of wall
Before 1637 CE, visual

discovered graphics

representations = literal depictions a units
above the

of physical relationships ground

To go beyond maps, Descartes

(and perhaps Fermat) had to Ground
recognize something that seems
obvious in retrospect Putting these together

makes a map
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The ancients knew geometry Y-axis
backwards and forwards

Oddly, they don’t appear to have
discovered graphics

b units of X
Before 1637 CE, visual '—*_‘.
representations = literal depictions
of physical relationships @ units of Y
To go beyond maps, Descartes
(and perhaps Fermat) had to X-axis

recognize something that seems

obvious in retrospect But what if we change the names

of our references to be general?
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The ancients knew geometry Y-axis
backwards and forwards

Oddly, they don’t appear to have
discovered graphics

Before 1637 CE, visual
representations = literal depictions
of physical relationships

To go beyond maps, Descartes
(and perhaps Fermat) had to X-axis

recognize something that seems

obvious in retrospect We've made something revolutionary:

a relational graphic
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The axes of a Cartesian plane can measure anything

Not just space, distance, time, or motion, but any functional relationship

Chris Adolph (University of Washington) VD&M - Principles



The axes of a Cartesian plane can measure anything

Not just space, distance, time, or motion, but any functional relationship

Can you imagine learning calculus without any visual displays of functions?

1 df(x
f(x) = =x2 slope of f(x), () =x
2 x
versus
0 slope &
of f(x),
o VX o
o o
o o
00 05 10 15 20 00 05 10 15 20
x X
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Cartesian plane an invaluable complement to mathematical formalism,

with endless scientific applications

On a Cartesian plane, any measurable concept can be plotted:

money - attitudes - preferences - qualities - counts

Chris Adolph (University of Washington) VD&M - Principles



Cartesian plane an invaluable complement to mathematical formalism,

with endless scientific applications

On a Cartesian plane, any measurable concept can be plotted:

money - attitudes - preferences - qualities - counts
Still a somewhat unintuitive concept, esp. outside the social sciences
Some natural scientists assume graphs always show things that physically exist

(graphs are thus cartoons of things that could be photographed,
or measured in meters, if only you had a ruler the right size)

Most things we will display in this class could never be photographed or touched

But we can siill learn from visual analogies

Chris Adolph (University of Washington) VD&M - Principles



Eeproduktion Nr.9 "
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designers were making

very modern displays

From a 1911 conference on public health
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By the mid-20th century, statistical graphics fell into disuse
Popular use of information graphics: quick and dirty, for mass media
1970s saw reemergence of statistical graphics (e.g., John W. Tukey)

Now easy to make, because of computers
But computer defaults are inelegant, clunky, misleading

Until 5 years ago, so were most media examples of visual display
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Edward Tufte wrote VDQI in the early 1980s
Responding to garish, inefficient, uninformative, misleading graphics of the time
Tufte started his career as a political scientist
Clearly disappointed by the quality of graphics in social science journals
No one would have predicted VDQI would catch on: self-published

Enormous impact: Tufte now a “guru” of information graphics;

VDQI was one of Amazon.com’s top 100 books of 20th century

Lots of new books, conferences, and jobs in infovis followed

Chris Adolph (University of Washington) VD&M - Principles



Tufte’s VDQI is several things:

o A beautiful, richly detailed, densely illustrated
book

o A call for scientific integrity and seriousness in

SECOND EDITION

grdpth0| dI$P|G)’ The Visual Display

@ A polemic in favor of a particular aesthetics of QT [fomeien

EDWARD R. TUFTE

information graphics

My personal aesthetics are similar to (& influenced by) Tufte’s

But aesthetics are not a science:

We can disagree over whether all of Tufte’s ideas are “right”

Chris Adolph (University of Washington) VD&M - Principles



1. Show viewers substance, not method or graphic design; avoid chartjunk

2. Maximize data, minimize ink & space; data-ink ratio
3. Be honest: avoid illusions and distortions; minimize the lie factor
4. Show the data and facilitate comparison

5. Use small multiples, or repetitions of a basic design

Chris Adolph (University of Washington) VD&M - Principles



Tufte hates

o distracting grid lines or other = 1985 199n 1995 2000 2005

@ gratuitous use of icons,

embellishment (e.g., USA \
Todqy) /_/\ /__/\

@ unnecessary dimensions

scaffolding

o thick lines, overlarge plots

“If statistics is boring, then you’ve got the wrong numbers.”  Tufte

Chris Adolph (University of Washington) VD&M - Principles



Tufte’s Principles 1. Avoid Chartjunk

Tufte hates
e distracting grid lines or other
scaffolding
o thick lines, overlarge plots

e gratuitous use of icons,
embellishment (e.g., USA
Today)

@ unnecessary dimensions

“If statistics is boring, then you’ve got the wrong numbers.”  Tufte
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Tufte hates
o distracting grid lines or other
scaffolding
o thick lines, overlarge plots

@ gratuitous use of icons,
embellishment (e.g., USA
Today)

@ unnecessary dimensions

“If statistics is boring, then you've got the wrong numbers.”

Chris Adolph (University of Washington)
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Tufte’s Principles
2. Maximize data-to-ink
In his first book, Tufte suggested

this might be the worst graphic of
all time

Problems?

Chris Adolph (University of Washington)

Percent of

AGE STRUCTURE OF COLLEGE ENROLLMENT

total enrollment
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Tufte’s Principles
2. Maximize data-to-ink
In his first book, Tufte suggested

this might be the worst graphic of
all time

Problems?

What's the scale?
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Tufte’s Principles
2. Maximize data-to-ink
In his first book, Tufte suggested

this might be the worst graphic of
all time

Problems?

What's the scale?

Why the curves?

Chris Adolph (University of Washington)
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Tufte’s Principles

2. Maximize data-to-ink

In his first book, Tufte suggested
this might be the worst graphic of
all time

Problems?
What's the scale?

Why the curves?
Why are there two lines?

Chris Adolph (University of Washington)
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Percent of AGE STRUCTURE OF COLLEGE ENROLLMENT
total enrollment

72—

Tufte’s Principles

2. Maximize data-to-ink

In his first book, Tufte suggested

this might be the worst graphic of ol

all time ol

Prob|ems? “% UNOER 25
What's the scale? 20 et

Why the curves?
Why are there two lines?

How many data points?

1972 1973 1974 1975 1976
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Percent of AGE STRUCTURE OF COLLEGE ENROLLMENT
total enrollment

72—

Tufte’s Principles

2. Maximize data-to-ink

In his first book, Tufte suggested

this might be the worst graphic of ol

all time ol

Prob|ems? “% UNOER 25
What's the scale? 20 et

Why the curves?
Why are there two lines?
How many data points?

Why such tiny text?

1972 1973 1974 1975 1976
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Percent of AGE STRUCTURE OF COLLEGE ENROLLMENT
total enrollment

72—

Tufte’s Principles

2. Maximize data-to-ink

In his first book, Tufte suggested

this might be the worst graphic of ol

all time ol

Prob|ems? “% UNOER 25
What's the scale? 20 et

Why the curves?
Why are there two lines?
How many data points?

Why such tiny text?

Did this need four colors?

1972 1973 1974 1975 1976
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THERMAL CONDUCTIVITY OF ]
COPPER

THERMAL CONDUCTIVITY, W err™ K-

A good data/ink ratio: Literature review in a page; a model for meta-analyses

Imagine this showed estimates of the effect of class size on educational performance

Chris Adolph (University of Washington) VD&M - Principles



This line, representing 18 mules per
gallon 1978, is 0.6 inches Jong,

Fuel Economy Standards for Autos

Set by Cong nd L by the
Department. In miles per gallan,

"“\. 26

Thig lne, representing 27,5 miles per
gallon in 1985, is 5.3 inches long.

Beware: Usually, distortions are more subtle than this...

Chris Adolph (University of Washington) VD&M - Principles
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0.60 ~

e The worst visual display I've
040
ever seen
é 0.30
e What is the claim?
R
pRE—— = = ¢ : = Do you believe it2
: £ B % § E B % /

BY THE NUMBERS; OVER 35 YEARS, CORNELL'S TUITION HAS TAKEN AN
INCREASINGLY LARGER SHARE OF ITS MEDIAN STUDENT FAMILY INCOME.

16~

14 -

2+

288

1795
s -
1997 =
1998
1999 &

£

1991
1992
1993 ¢

FECKING ORDER: OVER 12 YEARS, CORNELL'S RANKING IN US News
& WORLD REPORT HAS RISEN AND FALLEN ERRATICALLY.
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Staning Bezid zpproons . .
Widcwate's dvele e An even more misleading
IG stucnle cocupy Job A
Gayuga Vacal Trsembe
ushars nire ho lcavs wl
“Judes Mogeanaesns”

combination of these plots on

the cover

Scales are what allow us to
make comparisons within and

across graphics

Clearly, careful thought about
scaling is essential to making

good scientific visuals

does college
have to cost so
much?
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Tufte’s Principles

4. Facilitate comparison
Tufte presents this table of cancer
survival rates

What's good about it2

What could be improved?

Source: Tufte, Cognitive Style of
Powerpoint

Estimates of relative survival rates, by cancer site’

Prostate

Thyroid

Testis

Melanomas

Breast

Hodgkin's disease
Corpus uteri, uterus
Urinary, bladder
Cervix, uteri
Larynx

Rectum

Kidney, renal pelvis
Colon
Non-Hodgkin's
Oral cavity, pharynx
Ovary

Leukemia

Brain, nervous system
Multiple myeloma
Stomach

Lung and bronchus
Esophagus

Liver, bile duct
Pancreas

% survival rates and standard errors

5 year 10 year  I5year 20 year
988 04 952 09 87.1 1.7 8l 30
96.0 08 958 12 940 16 954 21
947 1.1 940 13 911 1.8 882 23
89.0 08 867 1.1 83515 828 19
864 04 783 06 71307 65010
85.1 1.7 798 20 738 24 67.1 28
843 10 83213 808 17 792 20
821 10 762 14 703 19 679 24
705 16 641 1.8 628 21 60.0 24
688 2.1 567 25 458 28 37.8 3.
626 12 552 14 518 18 492 23
618 13 544 16 498 20 473 26
61.7 08 554 10 539 12 523 16
578 1.0 463 12 383 14 343 17
56.7 1.3 442 14 37516 330 18
550 13 493 16 499 19 49.6 24
425 12 32413 297 15 26217
320 14 292 15 276 16 260 19
295 16 127 15 7.0 13 48 15
238 13 194 14 190 1.7 149 19
150 04 106 04 81 04 65 04
142 1.4 79 13 77 16 54 20
75 11 5812 6315 7620
4005 3015 2706 2708
37 /124
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Estimates of relative survival rates, by cancer site’

% survival rates and standard errors There are only a few reasons to

Syer ~[Oyear lSyear yer use a table instead of a graphic:
Prostate 98.8 04 952 09 87.1 17 8l 30
Thyroid 96.0 08 958 12 940 16 954 2.1 Q to convey a handful of
Testis 947 1.1 940 13 9.1 18 882 23
Melanomas 89.0 08 867 II 835 15 828 19 numbers
Breast 864 04 783 06 71307 650 10 9 to report precise values for
Hodgkin’s disease 85.1 1.7 798 20 738 24 67.1 28
Corpus uteri,uterus 843 1.0 832 13 808 1.7 792 20 |ookup
Urinary, bladder 821 10 762 14 703 19 679 24
Cervix, uteri 705 16 641 18 62821 600 24 @ fto present many different
Larynx 688 2.1 567 25 458 28 378 3.1 types of quontiﬁes (i.e.,
Rectum 626 12 552 14 518 18 492 23
Kidney, renal pelvis 618 13 544 16 498 20 473 26 dimensions) for a small
Colon ‘ 61.7 08 554 10 539 12 523 16 number of cases
Non-Hodgkin’s 578 10 463 12 383 14 34317
Oral cavity, pharynx 567 13 442 14 37516 33018
Ovary 550 13 493 16 499 19 49.6 24
Leukemia 2512 32413 29715 262 17 Usually graphics are more
Brain, nervous system  32.0 14 292 15 276 16 261 19 .
Multiple myeloma 295 16 127 15 7.0 13 48 1.5 effechve than tables
Stomach 238 13 194 14 19017 149 19
Lung and bronchus 15.0 04 10.6 04 8.1 04 6.5 04
Esophagus 142 14 7913 77 16 54 20
Liver, bile duct 75 11 5812 6315 7620
Pancreas 4.0 05 30 15 27 06 2.7 08
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Estimates of relative survival rates, by cancer site®

% survival rates and standard errors Simple ideas for effective tables
5 year 10 year  15year 20 year

Prostate 988 04 952 09 87.1 1.7 8. 30 1. Minimize the use of
Thyroid 96.0 08 958 12 940 16 954 2.1

Testis 947 11 94013 9.1 18 88223  guidelines.

Melanomas 89.0 08 867 1.1 83515 828 19

Breast 864 04 783 06 71307 650 10 . " . .
Hodgkin's disease 85.1 17 79820 73824 67.1 28 Most publishers prohibit vertical
Corpus uteri, uterus 843 10 83213 808 1.7 792 20 |ine5 in tables

Urinary, bladder 82.1 10 76214 70319 679 24

Cervix, uteri 705 16 641 18 628 21 60.0 24

Larynx 688 21 567 25 458 28 378 3. Boxes around the whole table are
Rectum 626 12 552 14 518 18 492 23 hartiunk

Kidney,renal pelvis 618 13 544 16 498 20 473 26 chartjun

Colon 61.7 08 554 10 539 12 523 16

Non-Hodgkin's 578 10 463 12 383 14 34317

Oral cavity, pharynx 56.7 13 442 14 375 16 330 18

Ovary 55.0 13 493 16 499 19 496 24

Leukemia 425 12 32413 297 15 262 17

Brain, nervous system  32.0 1.4 292 15 276 16 261 19

Multiple myeloma 295 16 127 15 70 13 48 15

Stomach 238 13 194 14 190 17 149 19

Lung and bronchus 150 04 10.6 04 8.1 04 6.5 04

Esophagus 142 1.4 7913 77 16 54 20

Liver, bile duct 7.5 1.1 58 12 6.3 15 7.6 20

Pancreas 4.0 05 30 15 2.7 06 2.7 08
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Estimates of relative survival rates, by cancer site®

% survival rates and standard errors Simple ideas for effective tables
5 year 10 year  15year 20 year

Prostate 988 04 952 09 87.1 1.7 8. 30 2. Reporl' Ohly a few digi's.
Thyroid 96.0 08 958 12 940 16 954 2.1

Testis 947 11 940 13 911 18 88223

Melanomas 89.0 08 867 I 835 15 828 19 Don't report non-signiFicanr digits
Breast 864 04 783 06 71307 650 10

Hodgkin’s disease 85.1 1.7 798 20 738 24 67.1 28

Corpus uteri,uterus 843 1.0 832 13 808 17 792 20 Every extra digit distracts attention
Urinary, bladder 82.1 10 76214 70319 679 24 from the first. most important one
Cervix, uteri 705 16 64.1 1.8 628 21 60.0 24 !

Larynx 688 2.1 567 25 458 28 37.8 3.

Rectum 626 12 552 14 518 18 492 23

Kidney, renal pelvis 61.8 13 544 16 498 20 473 26

Colon 61.7 08 55410 53912 523 16

Non-Hodgkin's 578 10 463 12 383 14 343 17

Oral cavity, pharynx 56.7 13 442 14 375 16 330 18

Ovary 55.0 13 493 16 499 19 496 24

Leukemia 425 12 32413 297 15 262 17

Brain, nervous system  32.0 1.4 292 15 276 16 261 19

Multiple myeloma 295 16 127 15 70 13 48 15

Stomach 238 13 194 14 190 17 149 19

Lung and bronchus 150 04 106 04 81 04 6504

Esophagus 142 1.4 7913 77 16 54 20

Liver, bile duct 75 11 58 12 6.3 15 7.6 20

Pancreas 4.0 05 30 15 2.7 06 27 08
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Estimates of relative survival rates, by cancer site®

% survival rates and standard errors Simple ideas for effective tables
5 year 10 year  15year 20 year
Prostate 988 04 952 09 87.1 1.7 8. 30 3. Order the table inl'elligeni'ly.
Thyroid 96.0 08 958 12 940 16 954 2.1
Testis 947 1.1 940 13 9l.1 1.8 882 23
Melanomas 89.0 08 867 1.1 835 15 828 19 Ina?2 dimensional fqble, order the
Breast 864 04 783 06 71307 650 10 . .
Hodgkin's disease 85.1 17 79820 73824 67.1 28 rows and columns to highlight
Corpus uteri, uterus 843 10 83213 808 1.7 792 20 relationships
Urinary, bladder 82.1 10 76214 70319 679 24
Cervix, uteri 705 16 641 18 628 21 60.0 24
Larynx 688 21 567 25 458 28 378 3. You can either
Rectum 626 12 552 14 518 18 492 23
Kidney, renal pelvis 618 13 544 16 498 20 473 26
Colon 617 08 554 10 539 12 523 16 diagonalize - sort based on
Non-Hodgkin’s 578 10 463 12 383 14 343 17 order, or
Oral cavity, pharynx 56.7 13 442 14 375 16 330 18
Ovary 55.0 13 493 16 499 19 496 24 cluster - group based on
Leukemia 425 12 32413 297 15 262 17
Brain, nervous system  32.0 1.4 292 15 276 16 261 19 similarify
Multiple myeloma 295 16 127 15 70 13 48 15
Stomach 238 13 194 14 190 17 149 19
Lungand bronchus 150 04 106 04 8.1 04 65 04 More on this later...
Esophagus 142 1.4 7913 77 16 54 20
Liver, bile duct 7.5 1.1 58 12 6.3 15 7.6 20
Pancreas 4.0 05 30 15 2.7 06 2.7 08
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Estimates of relative survival rates, by cancer site®

% survival rates and standard errors Simple ideas for effective tables
5 year 10 year  15year 20 year
Prostate 988 04 952 09 87.1 17 8.l 30 3. Order the table inl'elligeni'ly.
Thyroid 96.0 08 958 12 940 16 954 2.1
Testis 947 11 940 13 911 18 88223
Melanomas 890 08 867 1.1 835 15 828 19 In a 3+ dimensional fqb|e, nest the
Breast 864 04 783 06 71307 650 10 . . . .
Hodgkin's disease  85.1 17 798 20 738 24 7.1 28 dimensions intelligently.
Corpus uteri,uterus 843 10 832 13 808 1.7 792 20
Urinary, bladder 82.1 10 76214 70319 679 24 Note:
Cervix, uteri 705 16 64.1 1.8 628 21 60.0 24 :
Larynx 688 2.1 567 25 458 28 37.8 3.
Rectum 626 12 552 14 518 18 492 23 Table order applies to
Kidney, renal pelvis 61.8 13 544 16 498 20 473 26
Colon 617 08 554 10 539 12 523 16 1-dimensional plots,
Non-Hodgkin's 578 10 463 12 383 14 343 17 like dot p|OfS...
Oral cavity, pharynx 56.7 13 442 14 375 16 330 18
Ovary 55.0 13 493 16 499 19 496 24
Leukemia 425 12 32413 297 15 262 17 and to super tables of p|ofs where
Brain, nervous system  32.0 1.4 292 15 276 16 26.1 19 .
Multiple myeloma 295 16 12715 7013 48 15 rows or columns are categories
Stomach 238 13 194 14 190 17 149 19
Lung and bronchus 150 04 106 04 81 04 6504
Esophagus 142 1.4 7913 77 16 54 20
Liver, bile duct 75 11 58 12 6.3 15 7.6 20
Pancreas 4.0 05 30 15 2.7 06 27 08
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Estimates of relative survival rates, by cancer site®

% survival rates and standard errors The table at left (from Tufte) is
5 year 10 year I5year 20 year eFFecﬁvely designed
Prostate 98.8 04 952 09 87.1 1.7 8l.1 30
Thyroid 96.0 08 958 12 940 16 954 2.1
Testis 947 11 94013 911 1s 88223  Itis diagonalized, uses few digits,
Melanomas 89.0 08 867 1.1 83515 828 19 and facilitates IOO’(UP
Breast 864 04 783 06 71307 650 10
Hodgkin’s disease 85.1 1.7 798 20 738 24 67.1 28
Corpus uteri,uterus 843 10 832 13 808 1.7 792 20 But tables OIWO)’S limit comparison
Urinary, bladder 82.1 10 76214 70319 679 24
Cervix, uteri 705 16 641 18 628 21 60.0 24
Larynx 688 21 567 25 458 28 378 3. The brain is slower to grasp
Rectum 626 12 552 14 518 18 492 23 numerals than grqphical
Kidney, renal pelvis 61.8 13 544 16 498 20 473 26
Colon 61.7 08 554 10 539 12 523 16 representations of numbers
Non-Hodgkin's 578 10 463 12 383 14 34317
Oral cavity, pharynx 56.7 13 442 14 375 16 330 18
Ovary 55.0 13 493 16 499 19 496 24
Leukemia 425 12 32413 297 15 262 17
Brain, nervous system  32.0 1.4 292 15 276 16 261 19
Multiple myeloma 295 16 127 15 70 13 48 15
Stomach 238 13 194 14 190 17 149 19
Lung and bronchus 150 04 106 04 81 04 6504
Esophagus 142 1.4 7913 77 16 54 20
Liver, bile duct 7.5 1.1 58 12 6.3 15 7.6 20
Pancreas 4.0 05 30 15 2.7 06 2.7 08
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Estimates of % survival rates

5 year 10 year 15 year 20 year .
. s —— —— —— Thisfigure (also from Tufte) may
rostate —
D .
S~ be an improvement
-
T
Thyroid 96— 9% —— g4 95 .
N e - It keeps (almost) all the virtues of
9l
Melanomas 89— g7 8 the tab|e, but also makes
Breast 86 s —83 . .
PR comparison easier
Hodgkin's disease 85— 48 \\\
T80 71-
e s L .
74\67 Instead of digging information out
Corpus uteri, uterus 84 —83 —
ZS N . .
iars b e 7 of the table, it now hits the reader
~-76 " "
Cervix, uteri T—__ \\70 — 8 between the eyes

Larynx 69 QM \63\60
57
\46‘ What’s the scale?

.

R

Rectum

~55—

54
Colon 62— 50—

Kidney, renal pelvis

— 47
S4— o

Non-Hodgkin's 58 TS ——
Oral cavity, pharynx 57\
ral cavity, phary \46\
4 ™~ 38—
38

T34

T3
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Estimates of % survival rates

5 year 10 year 15 year 20 year .
. s —— —— —— Thisfigure (also from Tufte) may
rostate e Y,
S .
S~ be an improvement
87
T
Thyroid 9% 9% — g4 95 .
N e s o It keeps (almost) all the virtues of
Sl
Melanomas 89— g B the table, but also makes
87 — 7
Breast 86— T8 ———— g3 . .
S comparison easier
Hodgkin's disease 85— 48 \\\
T80 71-
e s L .
74\67 Instead of digging information out
Corpus uteri, uterus 84 83— . .
Urinary, bladder 8 Bl———7 of the table, it now hits the reader
T~76 u "
Cervix, uteri 71 =0 \\70 — between the eyes

Larynx 69 QM \63\60
57
\46‘ What’s the scale?

.

R

Rectum

Kidney, renal pelvis 55— There isn’t onel

54
Colon 62— T80 — 47

Non-Hodgkin's 58 TS ——
Oral cavity, pharynx 57\
ral cavity, phary \46\
4“4 R
38

54— 5y

T34

T3
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Estimates of % survival rates

5 year l0year  I5year  20yer
2 === b e . .
Prostate R What's missing from the figure
~—
~_ .
T, that was in the table?

Thyroid %% g o5
Testis w—
Melanomas g s
Breast T 83
Hodgkin's disease 85— T

et —

~— 74 s
Corpus uteri,uterus 84 —— —g3 8l ~67
Urinary, bladder 8- -7
76—
Cervix, uteri 7l 70— 8
Larynx € \\ 64 6
N 57\

Rectum 63 46 -
Kidney,renal pelvis 62— 55— 3

~ BN

e

Colon 62 0— 4

Non-Hodgkin's 58 B
Oral cavity, pharynx 57 \

e — 38 T34
TT—m
Ovary S5
Leukemia 43 \\49 ——50 50
32—
) e
Brain, nervous system 32 —
TY—m

Multiple myeloma 30 \
13
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Estimates of % survival rates

5 year 10 year 15 year 20 year

Prostate S What's missing from the figure

TE— that was in the table?
Thyroid 9% 9% g4 95
Testis 95— — 94

B .
Melanomas A Measures of uncertainty.
Breast 86 s 8
Hodgkin's disease 85— /8

g0 7l
g s The table had standard errors
T~ 67

Corpus uteri,uterus 84 —— g3

Urinary, bladder

A major focus of this course is

Cervix, uteri

Tia including uncertainty in plots like
this one

Rectum

Kidney, renal pelvis

Colon
Non-Hodgkin's

Oral cavieypharynx 57
~

38
e T34
—®.
Ovary 55 Bt
Leukemia L I =0 50
2— 3
i 13
Brain, nervous system 32—
29— P

Multiple myeloma 30 \
13
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Small
Multiples:
Repetition of
a display
concept

Tufte’s most
useful

concept

Source: Tufte, Visual Explanations
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date of today’s Tufte proposes medical charts
admission date
t follow the format at left

-lyr 3.24 4.4.93
I I

Glucose 237 ma/dl This chart is annotated for
critically elevated + N pedagogical purposes
elevated + ¥ % .'x"g P L
normal range { . I ‘ ‘ | ( ‘ ‘ ‘ Lots of information; little
reduced - distracting scaffolding
critically reduced —
TT T T But the real pay off of this model
mers than one yeac | today plot is that it can be repeated once
prior to admission first week |
year prior to  of admission earned...

admission
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Surname, Forename M. admitted 3.24.93

Right lower lobe pneumonia, hallucinations, new onset diabetes,
history of manic depressive illness

-l%lr 3.24 4.4.?3 -13‘/r ‘3.24 4.4.9‘3 -lg‘lr 3.24 4.4.9‘3 -1)‘/r ‘3.24 4.4.9‘3
WBC 11100 c/ul Psychosis 0 Glucose 237 mg/dl Mood 0

+ \ . \

. 5 h ) : . . .‘ .. ) l...‘ x :._ ]
VAT F3 ] T[S

T 98.8°F Haloperidol 6.0 mg  Reg Insulin 3 units

[

i 0.56 mmol/I

il

ﬁ

4.4.93 7-South, Bed 5

Discharge. PB MD 1200 4.4.93
No delirium. JT MD 900 4.4.93
Enema given. PAC RN 1100 4.3.93

Will treat for probable constipation.
MBM 2245 4.2.93

Vomited three times. RW RN 2230 4.2.93

Left lower lobe infiltrate or atelectasis.
ALMD 1500 4.2.93

Alert and oriented. No complaints.
PAC RN 1100 4.1.93

Attending to activities of daily living.
PAC RN 1100 3.31.93

A complete layout using small multiples to convey hundreds of pieces of information

Elegant, information-rich, hard to make ...Goal: tools to make this easier

Chris Adolph (University of Washington) VD&M - Principles



How to Sumame, Forename M. admitted 3.24.93 4.4.93 7-South, Bed 5
Right lower lobe pneumonia, hallucinations, new onset diabetes,
history of manic depressive illness

Make

S ” WEC 11100c/u  Psychosis 0 Glucose 237 ma/sl  Mood 0 No delirium. JTMD 9004493

Enema given. PACRN11004393

Will treat for probable constipation.
MBM 2245 42.93

Vomited three times. RW RN 22304293

Left lower lobe infiltrate or atelectasis.
RegInsulin 3 units  Li 0.56 mmol/ ALMD150042.93

— Alert and oriented. No complaints.
PACRN 11004193

1. Start with a ‘
defqiled, f . ::I:::»;;gﬂ;;:t;lliesnIda\IyIMng.

Ambulates with assistance. Weak.
R 18 resp/mi Lorazepam Omg  Glyburide 5mg LC03 0mg PACRN 1400330.93

multifunctional A

still coughing. Breath sounds
diminished at right base.
PBMD 10003.30.93

Discontinued sitters. MM RN 15003.29.93

Follows directions. DB RN 15003.28.93

32093 4193 Ca_ 87 mo/al Tranylcypromine 0mg oo oiaved. RN 70032853
2. Then tile th 3 ’
. Then tile these ; ot Drousy and seeping. T R 213032752
Rl LA Out of restraints. JMT MD 133032793

plots to ; < HE O —

drops. DJS MD12303.27.93

incorporate Covoume 155 Ouputfig 150 o 136mmot I 100mmel point restant and sier neede
+

PM RN 15003.26.93

. 4-point restraints required. Delirious.
Switching to half normal saline for
hydration. Parathyroid hormone test
results pending. LMG MD 9303.26.93

extra variables &

dimensions

Pulled out 1V twice. Hallucinating.
Attempted to drink call light.
- CMRN 70032693

Next screen

Ayr324 4493 -lyr320 4493 yr324 4493 -lyr 324
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1. Start with a detailed, multifunctional plot

2. Then tile these plots to incorporate extra

variables & dimensions

The principles of small multiples extend to

virtually any VDSI

Were the inscriptions on Trajan’s column
cut individually, or pressed from a single
mold?
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Were the
inscriptions on
Trajan’s column
cut individually,
or pressed from
a single mold?

Small multiples -
tiled &
overlapped -

offer an elegant

solution

Source: Tufte, Visual Explanations
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stroke thinned at join /n branches vary

n/m counters almost symmetrical

u wider than n

Franklin Gothic
(Grotesque)

/n branches vary

I

FF Eureka Sans
(Humanist Sans Serif)

u wider than n

r notch slightly deeper than n notch

n/m counters almost symmetrical

Futura u wider than n;

(Geometric Sans Serif) lower stem truncated

r/n notches match

n/m counters almost symmetrical l

Avenir h, nand u have identical structure

(Geometric Sans Serif)

Karen Cheng (UW-Art) uses the same technique in Designing Type (2006, Yale Univ

Press) to explain differences across fonts

iversity of Washingtol

VD&M - Principles



Big data and cheap computing created demand and opportunity for better data visuals

in the media

Graphic designers, computer scientists, and journalists have responded:

Information Visualization, or InfoVis

Beautiful, data-rich graphics for exploring public data
Different goals from scientific visulization of data

InfoVis: emphasis on fun, exploration, beauty, and “wow”

Scientific Visuals: structured comparison, precision, and inference

Chris Adolph (University of Washington) VD&M - Principles



MASS CLASS o 1AU. 2 3
OF STAR  OF STAR

3times —|
mass of Sun LOCKED TO A STAR !
A Planets to the left of this line tend to orbit —-
with the same side always facing the .
star, a process called tidal locking. A 4
tidally locked planet might have one  percury Venus Earth Mars
E side 00 hot for surface life, and A
Sun - g one side too cold. o/ @ (] ° Jupiter  Satum
Y €
HD 35512 —{c ® @ 10"
%o mass b TB\,
ok S 9\1,‘ EARTHLIKE PLANETS
wh o Rocky planets within this zone
' are of special interest to planet
G";’fng:: . . . . . i . hunters, Gas giants (like Jupiter)
‘LlSun & b o TR P and ice giants (like Neptune)
= ’ tend to form farther out from the
fthconfimed) | star, but they can then migrate
A inward to become so-called “"Hot
X Jupiters” in very close orbits.
Y mass T T |
of Sun DISTANCE FROM STAR: Yo 1 AU. (Distance from Earth to Sun) 10

Source: Jonathan Corum, New York Times, “Habitable Zones,”
www.nytimes.com/interactive/2011/12/03/science/space/1202-planet.html
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(=) All Conc
() None
() cancer
() cardio
() children
() diabete
() digestic
() general
(O infectior
) men
() mental
() musculc
() pain
() sex

() urinary
() women
TYPES

(V] AllType
| compou
| enzyme
] mineral
| ather

[ plant /1

W MOHS

garlic

blood pressure

Source: David McCandless and collaborators, “Snake Qil,” informationisbeautiful.net/

visualizations/snake-oil-scientific-evidence-for-nutritional-supplements-vizsweet/
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informationisbeautiful.net/visualizations/snake-oil-scientific-evidence-for-nutritional-supplements-vizsweet/
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[ Wotural Gos | [~ Gas Gionts_|

In Comparison

How does natural gas compare with other fossil fuels?

OlL NATURAL GAS COAL

46 years left 63 years left 119 years left
TWEAK YEARLY PRODUCTION INCREASE TWEAK YEARLY PRODUCTION INCREASE TWEAK YEARLY PRODUCTICH INCREASE
- - E— - —

2% 0% % 2% 0% 4% -1% 0% 5%
average increcse: 1% average increase: 2% averoge increase: 4%

Source: David McCandless for General Electric,

visualization.geblogs.com/visualization/gas
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Find America

Income inequality between high earners and low earners

Sweden W less oqua
Hungary
Norway

Austria

Czech Rep.

Luxembourg

Malta

Source: David McCandless and others, www. informationisbeautiful.net/

visualizations/what-are-wallst-protestors-angry-about
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Everyone

Sleeping, eating, working and watching television take up about two-thirds. Employed White Age 1524 H.S. grads Mo chidren
of the average day. [ Unemployed || Black Age 2564 Bachelors One chid
Women Nt in lab. Hispanic Ags 65+ Advanced Two+ children

Traveiing

Source: Amanda Cox (CSSS grad) et al, “How different groups spend their day,” New
York Times, 8/2/2009, http://www.nytimes.com//interactive/2009/07/31/
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Everyone

Everyone Age 15 0 19 With chidren
The essentials — sleeping, eating, and working — take up the betier part of the day, oflen ended with hdon) S ver CIRE S
watching television. Women 75 and over No children
Sleeping Eating and drinking Household activities Shopping
- o o o
o o% - o% o

T T T T
Family care Working Education Religious activities
100% 100% 100% 100%

o o w o

T T e T T

Socializing Watching television Sports and recreation Correspondence
s oo o s
o% o% o

. " . d h . d "
Source: Nathan Yau, “How Americans spend their day”,

projects.flowingdata.com/timeuse
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A day in the life of 147 men without jobs A day in the life of 147 women without jobs

Job search —!
— Personal care

— Socalizing

Sleeping

Housework

Other
leisure

Shopping

TV and movies

A beautiful synthesis is possible (note the example now focuses on the unemployed)

NYT’s Upshot group revisited this problem in January 2015 using a blend of data
visualization techniques and InfoVis polish

Josh Katz, “How nonemployed Americans spend their weekdays: Men vs. Women,” New York Times,
http://www.nytimes.com/interactive/2015/01/06/upshot/

how-nonemployed-americans-spend-their-weekdays-men-vs-women.html
Chris Adolph (University of Washington) VD&M - Principles
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4 AM 8 AM 12 PM 4 PM 8 PM 12 AM 4 AM
| 1 | | 1

Eric | |

I
I
EnE [ ]
[ ]
The Upshot’s new approach follows Tufte’s principles:
1. Show as much data as possible
here, down to lowest level of individual by time by use

Josh Katz, “How nonemployed Americans spend their weekdays: Men vs. Women,” New York Times,
http://www.nytimes.com/interactive/2015/01/06/upshot/

how-nonemployed-americans-spend-their-weekdays-men-vs-women.html
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4 AM 8 AM 12 PM 4 PM 8 PM 12 AM 4 AM
|

Eric |

|
1]
[ 4:30PM-6:15PM
|:| Job search
I
Tyler I:l |:| m
[ 1]

The Upshot’s approach follows Tufte’s principles:
2. Establish the logic of the graphic with a detailed example

here, through an interactive display that allows user to select each use

Josh Katz, “How nonemployed Americans spend their weekdays: Men vs. Women,” New York Times,
http://www.nytimes.com/interactive/2015/01/06/upshot/

how-nonemployed-americans-spend-their-weekdays-men-vs-women.html
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4 AM 8 AM 12PM 4 PM 8 PM 12 AM 4 AM
1 1 1 | 1

Eric |

|
[ ] [ 5:20PM-5:35PM
|: Traveling
[ 11
Sean (L1 [ | IR IIL
EnE ]
1

The Upshot’s approach follows Tufte’s principles:

2. Establish the logic of the graphic with a detailed example
here, through an interactive display that allows user to select each use

Josh Katz, “How nonemployed Americans spend their weekdays: Men vs. Women,” New York Times,
http://www.nytimes.com/interactive/2015/01/06/upshot/

how-nonemployed-americans-spend-their-weekdays-men-vs-women.html
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M TV and movies

Watching television and movies is a significantly more common Wi h h d H

activity for the nonemployed than looking for work. For every one ith the desi 9 n

person whose main activity was job searching, there were almost six

‘whose main activity was television and movie watching. esta b | iS h e d fh e
1

‘The gender breakdown is striking. Of the 65 people who devoted
more of their daytime to watching TV and movies than any other
activity, 46 are men versus 19 who are women.

Upshot used a series

48 men 19 women

H
H

of small multiples to
show differences

across sexes

Here, they show all
respondents whose

largest time use was

television

[]
Recommendation:

1 sort rows so similar
individuals are
stacked together

(cluster analysis)
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W TV and movies W Leisure/entertainment  Sleeping m Personal care W Shopping/services. Job search

Education W Working W Housework W Socializing W Traveling W Caring for others . oy
Finally, an ambitious
147 men 147 women
aam apm 8pv 12AM 4AM aAM BAM aam T
v ol o e L T S M. S S graphic shows all

data at once

This can only work by

grouping individuals

first by sex (columns
of plots),

. and then by similarity

r of time usage (rows
= of data, sorted via
cluster analysis)
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Turning points in the history of visual displays
Tufte’s principles for information design
How data visualization differs from infovis
Scales and scaling
Making a scatterplot from scratch

Sorting in tables and table-like figures

Chris Adolph (University of Washington) VD&M - Principles
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Perhaps the best plot ever: Minard’s display of Napoleon’s March on Moscow
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Some plots combine multiple elements into a single super-plot or confection

Good confections are better than the sum of their components

because they facilitate connection or comparison across elements

Chris Adolph (University of Washington) VD&M - Principles



Carte Figuralive » s o 3 0 e Fungs o o compagre 3 Ravie 1812 1815,
e pa- N TCNALD, Duspedine Gonical esTonts 1 Chamssisi o eltsite—
Tropeti: Geal s Bont o A s, Ao 30 Nlovessbee 1969.
f..m/zw awwwmwl«w o e el & paivn M wmwm_LW .LJ‘» ¢ plus et on teavees
20 gues. L s ot 5. s, b cute. ot i guide -
....,L‘....,.,., 4 JLJIL Umﬂ anaracf'rmm J‘Clmmdngy ‘kLJ...ml nddie JtJatﬂkr‘wm ;Jmm depuis fe-28 Oclolee.
Foue Lo corps Macichal Davousqi avaiws- i aitachis e NMinsh: L
e Ml e st s et Wit oot tvjocs s ane Yo

H

<

4 MOSCOU
%

oo
a
H
e Lt o & o (o 4. )
.
TABLEAU CRAPHIQUE dela tenpécatute en defrés d thermonitee de Reéaumnu: au dessous o s |
) -~ | P 24 8 q
Wiy I = T :
——r oo "
B D 1 B, -
TreR
BT S

How many dimensions?

iversity of Washingto

VD&M - Principles




Carte Figuralive » s o 3 0 e Fungs o o compagre 3 Ravie 1812 1815,
e pa- N TCNALD, Duspedine Gonical esTonts 1 Chamssisi o eltsite—
Tropeti: Geal s Bont o A s, Ao 30 Nlovessbee 1969.
f..m/zw awwwmwl«w o e el & paivn M wmwm_LW .LJ‘» ¢ plus et on teavees
20 gues. L s ot 5. s, b cute. ot i guide -
....,L‘....,.,., 4 JLJIL Umﬂ anaracf'rmm J‘Clmmdngy ‘kLJ...ml nddie JtJatﬂkr‘wm ;Jmm depuis fe-28 Oclolee.
Foue Lo corps Macichal Davousqi avaiws- i aitachis e NMinsh: L
e Ml e st s et Wit oot tvjocs s ane Yo

H

<

4 MOSCOU
%

oo
a
H
e Lt o & o (o 4. )
.
TABLEAU CRAPHIQUE dela tenpécatute en defrés d thermonitee de Reéaumnu: au dessous o s |
) -~ | P 24 8 q
Wiy I = T :
——r oo "
B D 1 B, -
TreR
BT S

How many dimensions? 7

iversity of Washingto

VD&M - Principles




Carte Figuralive se peacs sassios o 3 &' Qi Fungie s b compage se- Ruusoie. 1812 1813,
P o T Tz Dot Gl st e Chavsict e sty o,

Les oales ¥ omanes peisents o pepeisentés pos Lo fougeuss des 5omes coloces i raison- um i ille-romames ; ifs Sous— de plus dests o teavees ¥
i g i e e Muﬁcw et Lo oo i ot 3 oo ooy e
....,L,....,.,., 2 mwm Umﬂ anaraerm J‘Clmmdngy ‘kLJ ....J iniaisse Jacol; y‘wm el Uomiéc depuis fe- 28 Octol

Foue Lo corps Macidbal ol Masowsi i assions . tachis swe- M

e Mebiloe v ottt e WL, v orinss s v Vi 2
g 1 e tojoncs s e L e 1
P H
k] A -
H
Goabotoe L\ 8
% Witelok N
o
4
%
Botr *
ot
b
TABLEAU CRAPH l/EJeIatmyéa(w‘cméin’:d thermaitre de Réaumr au dessous g zévo. |
| - e 28 8 g
i = i T k9 9" s
T Talen s a5
e R L L X — Jew
Tiex
T

T R T TR TR

How many dimensions? 7

1. Latitude of army & features

Y-coordinate

Principles

iversity of Washingtol



Carle Jiguralive s s s o b 30 Fungs o o Cmpagre 3 Russie 1812 1813,
e g0 . 20t Fosts e Chasscs . ettt
e 423, S, Gl it = s, o 20 Jloveuie 186,
il s pists someqcisonis o o ongucs a.‘,m._meu..aumwuwm_Lam B dom— e pla eits e teasrs
2 gimcs Lo pouge a,.‘l,‘ Py it Lo woic conn s drtinied — iqemonts qi v . Scsce o e o 8 puisic—
mb...,.,.,,a e AL Umﬂ aefgm-afrmm d‘L}mmAngy ;;.LJ ....J s ,Ldmb ,,LWW. el Uomiéc depuis fe- 28 Oclolee. -
. Y » Mkl Disor i i i e N 3
Mmhum—ﬂm—mtolﬁa‘yuvmk avions towor joues succschis avec. L'aewide .. Gt £

o J ]
H

4 MOSCOU
%

TABLEAU CMPH@UE dela températute en degrés d thermométre de Réaumur au dessous e zéro.

Pl 24 8
| i TT o 9" i
T Talen s s
P S . 04" o
Taeex”
SR e TR RO T T B

How many dimensions? 7

1. Latitude of army & features
Y-coordinate

2. Longitude of army & features

X-coordinate

VD&M - Principles




Carle Jiguralive acs peses swassioes o bosones 30 Qe Fougoie s Lo se Russie 1812 4813,
ig m.,m:.& by angad woupague e

‘Lr»u et Chaussict on
) B Gl st A s, Ao 30 Novsusbie. 1963.
s s pists someqcisonis s o logans e s ol s willntic s i il omancs, 5 o 3 pls it e s

L Mosco
e ol g i o3 et . e s .
mb...,.,.,,a e AL Umﬂ aefgm-afrmm d‘L}mmAngy ;;.LJ ....J s ,Lme ,,LWW. el Uomiéc depuis fe- 28 Oclolee. -
Foue el or v 7 o.u., s Macichal Davousqi avaiws- i aitachis e NMinsh: 5
ot Ot W, mw, joucs i aec Ve et H "
w0 g
. § it E—

TABLEAU CMPH@UE dela températute en degrés d thermométre de Réaumur au dessous e zéro.

\ 4 ek
N e kL
i P T T T B TR IR - e ——
. - )
How many dimensions? 7 3. Size of army
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Y-coordinate
2. Longitude of army & features

X-coordinate
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TABLEAU CMPH@UE dela températute en degrés d thermométre de Réaumur au dessous e zéro.

. - )
How many dimensions? 7 3. Size of army
1. Latitude of army & features width of line, numerals
Y-coordinate 4. Advance vs. Retreat

2. Longitude of army & features color of line

X-coordinate
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TABLEAU CRAPHIQUE dela températute en degiés du thermométre de Réaumur au dessous de zéro.

How many dimensions? 7 3. Size of army

1. Latitude of army & features width of line, numerals
Y-coordinate 4. Advance vs. Retreat

2. Longitude of army & features color of line
X-coordinate 5. Division of army

splitting of line
Chris Adalph (University o Washingfon) VD&M - Principles



Carle Jiguralive s s i oo 30 i Fungs o o compagre - Ravie 1812 1815,

Decssic pac . 2D, Duspecin. Gndsal es Fouts e Chrawsrve o ecaite— P Lo 20 o 7865
Lo monabees hmaes prisents soueeisentés oo facgans e s ol s williwitic muwm_lmm. B dom— e pla eits e teasrs L Moscou
%0 ,.m Lyuf».,.‘ L) —— .«um_ e woie- conse i o oo powsi o om—denoi & dcessce b caste om i puiséi %
Los owocages de NC. Chiers, anar zuﬁmm d‘(}mmbrn‘y u.LJ fise Jm& ,,LWW. ;Jmm epuis e 28 Ocdebee. -
1 i juge i Ll L 7 Dice Macichal Davousqi avaiws- i aitachis e NMinsh: . 3
Mm.u,v o o,,g;u, Wt vsioutvjoncs sschis ave Ve + et H
o H >

TABLEAU CRAPHIQUE dela températute en degiés du thermométre de Réaumur au dessous de zéro.

How many dimensions? 7 3. Size of army 6. Temperature
1. Latitude of army & features width of line, numerals linked lineplot
Y-coordinate 4. Advance vs. Retreat
2. Longitude of army & features color of line
X-coordinate 5. Division of army

splitting of line
Chris Adalph (University o Washingfon) VD&M - Principles
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Combines narrative & analysis: a technique mostly lost until this century

May be a spurious relationship here: time and temperature
Note the deaths at river crossings - usually, these rivers would be frozen
Did Napoleon choose too warm a winter to invade Russia?

Chris Adolph (University of Washington) VD&M - Principles
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Tufte is best known, but many other people work on VDSIs
Jacques Bertin, J. W. Tukey are foundational figures, as is...

William Cleveland (statistician), who emphasizes:
o Avoiding cognitive pitfalls
o Transforming data to highlight relationships
o Combining data and model fits: unique ability of graphics

Later weeks of 569 focus on Cleveland’s contributions (Cognition, EDA)

Chris Adolph (University of Washington) VD&M - Principles



Let’s turn from general principles to specific

Scaling is an issue for most scientific graphics

Good scaling incorporates many concerns of Tufte & Cleveland:

Graphical integrity
Highlighting relationships
Facilitating comparison

Maximixing data ink

Two parts to scaling: anchoring and stretching

Chris Adolph (University of Washington) VD&M - Principles



A Myth About Scaling

Some people assert as a

“rule-ofthumb” that graphical GOVT. PAY ROLLS UP! GOVT. PAY ROLLS STABLE!
axes must always include zero 3

Hoff’s example at the right is
the likely origin of this
misleading advice

Miltions of dollars

(To be sure, Hoff never offers

it as a rule)

Source: Darrell Hoff, How to Lie with Statistics
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A Myth About Scaling

Choose scales carefully!

GOVT. PAY ROLLS UP! = GOVT. PAY ROLLS STABLE!

Start point

End point

Units (usual choices:
linear or log)

Parallel scales (optional)

Miltions of dollars

You choices depend on what

you want to show and

compare, not a general rule

Source: Darrell Hoff, How to Lie with Statistics
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A Myth About Scaling

Even in Hoff’s example, the
left plot is befter than the GOVT. PAY ROLLS UP! GOVT. PAY ROLLS STABLE!
right plot 3

Public budgets are usually
very sticky, and 3% changes
can be a big deal

Miltions of dollars

Source: Darrell Hoff, How to Lie with Statistics
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A Myth About Scaling

Neither plot is ideal - instead,
a scale that corresponds to GOV, PAY ROLLS UP! GOVT. PAY ROLLS STABLE!
the “usual range” in which 3
budgets might vary would be

a better choice

But that suggests the plot is

Miltions of dollars

incomplete until compared

with another set of data

...leading back to Tufte’s

recommendation to plot small

multiples

Source: Darrell Hoff, How to Lie with Statistics
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Anchoring the scale

Skyscraper Engineering: What’s Next on the Horizon

Undaunted by the fate of the World Trade Center, developers around Here are some of the legendary structures, plus the next generation of
the world are pushing ahead with plans for taller and taller buildings. urban monuments, made possible by equal parts ego and engineering.

wor One Empire Sta World Trade Center Jin Mao Build
United Arab iilding w Y : ancial Cente
ates, 2000 Ne 973 (des a 998 Sl China (by 2008)

HOGHTS DSED 0N DULDNGS HeHES

60 NEWSWEEK MAY 20, 2002

What's “zero,” exactly, in plots like this one? The ground?
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Tallest buildings on Earth are a
(1.6 x 10%)/(4.2 x 107) x 100 =
0.0038%
blip added to the diameter of
the planet.

42 million ft.

Source: Alyssa Goodman, Harvard-Smithsonian Center for Astrophysics

The center of the planet?

Chris Adolph (University of Washington) VD&M - Principles



2016 US Presidential Primaries

Sometimes, there is no
Authoritarian

meaningful baseline at all

Is there a defensible ublo
“zero point” on
ideology?

Left Right

Libertarian

Source: www.politicalcompass.org


www.politicalcompass.org

2016 US Presidential General

Sometimes, there is no

meaningful baseline at all Authoritarian

Is there a defensible
“zero point” on
ideology?

Can you guess Political Left Right
Compass's ideological

preference?

Libertarian

Source: www.politicalcompass.org

Chris Adolph (University of Washington) VD&M - Principles


www.politicalcompass.org

The most natural scaling for axes is linear
Each inch on the page = k units on the scale.
Linear scales are just one option, and not helpful for skewed data

Logarthmic scaling is often better:
o doesn’t hide data in the corner

o allows linear fits to log data

Remember to label on the original scale
If you do print exponents, indicate the base of the log (e, 10, etc.)

Choose carefully between linear, log-linear, and log-log plots

to facilitate useful comparison of data points

Chris Adolph (University of Washington) VD&M - Principles



Systems of political parties differ across democracies

In some countries (like the US), two major parties vie to win elections by turning out

their base plus middle class swing voters

In other countries (most European countries) there are many parties, including large
parties dominated by the working class

Some political scientists claim having more parties - including worker parties -

produces more redistribution

Source: Torben Iversen & David Soskice, 2002,
“Why do some democracies redistribute more than others?” Harvard University.
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Concepts for this example

Effective number of parties:

@ Number of parties varies across countries
o Electoral rules largely determine potential number parties
> Winner take all (US) — = 2 parties

> Proportional representation — more parties

o To see this, discount trivial parties and use effective number of parties

Chris Adolph (University of Washington) VD&M - Principles



Concepts for this example

Effective number of parties:

@ Number of parties varies across countries
o Electoral rules largely determine potential number parties

> Winner take all (US) — = 2 parties

> Proportional representation — more parties

o To see this, discount trivial parties and use effective number of parties

Poverty reduction:
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Concepts for this example

Effective number of parties:

@ Number of parties varies across countries
o Electoral rules largely determine potential number parties
> Winner take all (US) — ~ 2 parties

> Proportional representation — more parties

o To see this, discount trivial parties and use effective number of parties

Poverty reduction:

o Percent lifted out of poverty by taxes and transfers

o Poverty = an income below 50% of mean income

Chris Adolph (University of Washington) VD&M - Principles



What if we mapped the data?
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POVERTY
REDUCTION

W HIGH
]

I MEDIUM

Low

This map of poverty reduction is colorful, but how to relate it to the number of parties?
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POVERTY
REDUCTION

W HIGH
]

I MEDIUM

Low

EFFECTIVE
NUMBER OF
PARTIES

Il HiGH
]

I MEDIUM

Low

This map of poverty reduction is colorful, but how to relate it to the number of parties?
A pair of maps?
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]
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Low

EFFECTIVE
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]

I MEDIUM

Low

Multiple maps relate variables to geography, not to each other

Geography is incidental to our example: we need a scatterplot to focus on variables

Chris Adolph (University of Washington) VD&M - Principles
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Initial plotting area is

100 —
often oddly shaped
90
(I've exaggerated)
80 — °
70 o ) This plotting area
_ 60 o hides the
§ 50 o o relationship.
g 40 ] ° ° Sometimes it can
even exclude datal
30 .
20
10 - * *
o —
T T T T T T T T
0 2 4 6 8 10 12 14

enpart

Aside: Filled symbols are good for a little data,

but open symbols are better when data overlap
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. Critical user decision:

. Impose sensible, data
70 -
° o ° based plot limits
[ ]
60 | .
A Even more important
o 50 o with small multiples:
4
z R * . unreadable without
Q
407 consistent,
30 Je substantively-driven
limits across plots
20
Don't just leave this
. °
| | | | | | to your package to
2 3 4 5 6 7 .
enpart decide

There appears to be a curvilinear relationship. We can bring that out with...
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e Log scaling.

70 % But why print the
[} L)
o exponents?
60 — o
Logs aren’t intuitive
5 50
3 * . for many readers, but
>
g 40 ° ° they don’t need to
even know we are
30— using them in a
raphic...
20 - grap
° °
| | | | | |
03 0.4 05 06 07 08
logpart
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. To make log scales

easier for everyone
70 - %
° o to read, use a log
[
60 . scale but supply
linear labels...
? %7 . . . .
s That is, plot the tick
g ° °
40 markets at the log
04 e values (exponents),
but label them with
20 1 the original linear
o ° scale numbers
: : ¢ T corresponding to
enpart those tick marks

Next problem: Why use abbreviated computer labels for our variables?
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Computer labels

[ )
.n .
ka1 should stay in the
= [ )
g 70+ ° computer
= * o
c [ ]
©
g 60 . Write out informative
©
> axis titles

50
2 b .
: °

[ )
& 40
2
o
3
S 304
o
=
£ 20
v
[
o [ )
.l T T T T T T T I
2 3 4 5 6 7 8 9

Effective number of political parties (log,, scale)

Next question: What are those outliers?
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With only a little data

" Belgium . .
g & some big outliers,
%
= Denmark
g 70 Finland we should show the
5 Noxeglyerlands
g Sweden name of each case as
u
% France a |abe|
2
> 50 United Kingdom .
g Germany Sometimes we can
3 Australia Italy .
2 40— just replace our
G
5 plotted points with
° 30 1 Canada
3 these labels
£ 20
% Here, let’s combine
= United States Switzerland fh
e glyph (symbol
; T T glyph (symbol)

10
Effective number of political parties (log,, scale) and text chel fOI’

each point, so that

we can use our
Next, we can try to figure out what makes the US and

glyphs to encode a

third variable
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This plot and following plots are made using scatter (tile package in R)

Chris Adolph (University of Washington) VD&M - Principles

93 /124



1%} i
o 80 A Majoritarian u
.— Belgium
177) B Proportional Denmark.
% @  Unanimity Netherlands =
= Norway  m u Finland
|

3 B Sweden
» 60 .
Q
x France
©
+—
> A A
o United Kingdom
> A Germany ™
=
’q“) 40 ) Australia Italy
>
o
Q A Canada
£
o
= 20 A
el
Q
E A °
Qo United States Switzerland
o~

0 T T T T T T

2 3 4 5 6 7

Effective number of parties

Scatterplots relate two distributions.

Why not make those marginal distributions explicit?
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Effective number of parties

Rugs accomplish this by replacing the axis lines with the plots

We could choose any plotting style: from the histogram-like dots...
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Effective number of parties

...to a strip of jittered data...
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...to a set of very thin lines marking each observation

Because we have so few cases, thin lines work best for this example
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Effective number of parties

Let's add a parametric model of the data: a least squares fit line

tile can do this for us
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But we don’t have to be parametric

A local smoother, like loess, often helps show non-linear relationships
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Effective number of parties

M-estimators weight observations by an influence function to minimize the influence of
outliers
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Effective number of parties

Even with an M-estimator, every outlier has some influence

Thus any one distant outlier can bias the result
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A robust and resistant MM-estimator, shown above, largely avoids this problem

Only a (non-outlying) fraction of the data influence this fit. rim(method="MM")
102/ 124
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In our final plot, we add 95 percent confidence intervals for the MM-estimator

A measure of uncertainty is essential to reader confidence in the result
Chris Adolph' (University of Washingfon) VD&M - Principles 103 / 124
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7. Add bestit line(s) & confidence intervals
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3. Choose data markers: points, symbols, text
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5. Choose a color palette

6. Add annotations: labels, arrows, notes

7. Add bestit line(s) & confidence intervals
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. Add axis labels, plot titles
. Choose data markers: points, symbols, text
. Scaling & transformation, add ticks if needed
. Choose a color palette
. Add annotations: labels, arrows, notes
Add bestit line(s) & confidence intervals
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. Decide on dimensions: aspect ratio, axis limits

—

. Add axis labels, plot titles
. Choose data markers: points, symbols, text
. Scaling & transformation, add ticks if needed
. Choose a color palette
. Add annotations: labels, arrows, notes
Add bestit line(s) & confidence intervals

. Add extra plots (e.g., rugs) to make a confection

W ® N o0 OO A W N

. Repeat as small multiples

The tile package for R can help with all of the above:
sensible defaults and powerful options

Chris Adolph (University of Washington) VD&M - Principles



ARMS RACE HANDOUT

Chris Adolph (University of Washington) VD&M - Principles



ARMS RACE HANDOUT

Just as we scale continuous dimensions in plots,

we sort categorical dimensions in tables or table-like graphs
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ARMS RACE HANDOUT

Just as we scale continuous dimensions in plots,

we sort categorical dimensions in tables or table-like graphs

In Semiologie Graphique (1967), Jacques Bertin suggested sorting to diagonalize

—e!

—$2

3

Observed cultural — 4

traits 5

[

> 1

in 9 human 9 8
societies A B c D E F G H

Sorting on the alphabet or a numerical ID is arbitrary, random, and pattern-hiding

Summarize the relationship in this figure
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ARMS RACE HANDOUT

Just as we scale continuous dimensions in plots,

we sort categorical dimensions in tables or table-like graphs

In Semiologie Graphique (1967), Jacques Bertin suggested sorting to diagonalize

e 6
_Qz Y Reciprocal
3 7 classing of
Observed cultural [ : * ; cultural traits
traits and
6 3
> 1 2 —>
in 9 human 8 s human societies
societies A B c P EF & M " = 10

Sorting on the alphabet or a numerical ID is arbitrary, random, and pattern-hiding

Did you see the Likert-scaling of cultural traits?

Obvious when sorted to produce a “diagonal” arrangement

Chris Adolph (University of Washington) VD&M - Principles



Recall the interest rate

policy example

We presented correlates
of conservative and
liberal central banker

preferences
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Response to an

Probability of hawkish dissent

. Increase in ...
Recall the interest rate 0.1% 04%08% 2% 4% 8% 20% 40%
. T T T T T T T T
policy example |
CBExp ++
We presented correlates E(Inflation) "
of conservative and E(Unemployment) -
liberal central banker EcoExp X Dem |
preferences |
EcoExp X Repub | —t
Imagine we had sorted FinExp \—+
the results alphabetically FMExp _
by covariate name GovExp !
|
In-Party & Election —

Unsorted dotplots always ‘
look the same: Republican -~
L

nothing jumps out
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Change in P(hawkish dissent)
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Response to an

Probability of hawkish dissent

Increase in ...
0.1% 04%08% 2% 4% 8% 20% 40%
T T T T T T T T

|
In the final graphic, | FMExp -t
|
sorted by size of effect GovExp —
. EcoExp X Dem JRE— :
Immediately tells a story, |
) Republican -
especially when | bold ‘
the career covariates In-Party & Election ‘
|
E(Unemployment) —+

An arbitrary ordering in a
) ) Y g E(Inflation) :’r
figure is always a missed |

. - CBExp +
opportunity: seize it o ‘
. - FinE -+
highly covariation e !
EcoExp X Repub : —t

|

I I I I I I I
0.03x 0.Ix 02x 0.5x Ix 2x  5x 10x

Change in P(hawkish dissent)
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John Gotti, a New
York mob boss, was
famously acquitted in

a series of trials in

the 1980s

Following a 1987
acquittal, the New
York Times suggested
the jury was swayed
by a defense chart
summarizing the
crimes of prosecution

witnesses

GOTTI IS ACQUITTED
BY A FEDERAL JURY
IN CONSPIRACY CASE

NEW CHARGES ARE LIKELY

Verdict is the First Setback in
Recent Government Drive
Against Mafia Leaders

By LEONARD BUDER

John Gotti was acquitted of Federal
racketeering and conspiracy charges
yesterday in the Government's first
major setback in its recent assault on
organized crime.

Mr. Gotti, who the Government says
is the leader of the nation's most
powerful Mafia family, and six co-de-
fendants were found not guilty of
chatges mey took part in a criminal en-
terprise. They were accused of carry-
ing. oot illegel gambling and loan
sharking operations, armed hijackings
and at least two murders over an 18-
year period.

Despite yesterday’s verdict, Federal
investigators said the 46-year-old Mr.
Gotti might face indictment on new
charges as head of the Gambino crime

the Federal Bureau of Investigation in
New York, when asked if the F.
building up another case against Mr.
Gotti.

“We'll Be Starting Again®
“They'll be ready to frame us again

intwo weeks,” Mr. Gotti told a reporter

before leaving the Brooklyn cou:

in a gray Cadillac that was waiting for

. “In three weeks we'll be starting

again, just watch.”

Until yesterday, Federal prosecutors.
in the Southern and Eastern Districts
of New York had recorded a string of
successes in major organized-crime
cases.

Within the last six months, the heads
of the city's four other Mafia families

e been convicted after trials_in
Manhattan and Brooklyn. They, like
Mr. Gotti and his co-defendants, had
been charged under the Federal Rack-
eteer Influenced and Corrupt Organi-
zations Act, or RICO.

Key Witnesses Were Criminals

“‘Obviously they perceived there was
something wrong with the evidence,”
said Andrew J. Maloney, the United
States Attorney in Brooklyn, referring
to the jury.

Many of the Government's key wit-
ified for

The New York Times

John Gotti

nesse:
the prosecution under grants of im-
munity or in return for payments and
other benefits.

‘The last piece of evidence requested
by the jury for re-examination was a
chart introduced by the defense that

A Weakness
In Gotti Case

showed the criminal
seven prosecution witnesses. It Yiiod
69 crimes, including murder, drug pos-
session and sales and kidnapping.

Mr. Gours lawyer, Bruce Culer,
said the jury showed “courage” be
Cause “It's not casy to say o toa Fed-
eral prosecutor.” He said the jury had
not been impressed with the testimony
of “paid Government informants who
lie, who use drugs, who kill people.”

The verdict, which came on the sev-

day of jury deliberations after a
lnul that lasted almost seven months,

rised many in the packed court.
nwm Friends of the defendants
cheered and applauded; the Govern-
ment prosecutors, Diane F. Giacalone
and John Gleeson, looked glum.

Mr. Gott, who has been dubbed

““Dapper Don” because of his expen-
swe umu and Impecczble grooming,
igged_and

Major U.S. Witnesses
Viewed as Unreliable

By SELWYN RAAB

Many lawyers and prosecutors who
followed events in the_seven-month
trial of John Gotti said the underlying
‘weakness of the prosecution’s case was
its apparent reliance on turncoat ca-

r criminals as key wit-

News nesses against Mr. Gotti
and six co-defendants.

A signal that the cred-
ibility of the prosecution’s
principal witnesses was in doubt came
yesterday morning when the jury, in its
final request before acquitting the de-
fendants of all charges, reviewed an

Analysis

klsscd ench other and their lawyers
Then they stood and applauded as
the 12 members of the jury — whose
identiies had been kep secret t0 pre-
ventpossible tampering — left the
room escorted by Federal marshals.

Chris Adolph (University of Washington) D&M - Principles

It was a chart listing the lengthy
criminal records of seven prosecution
witnesses who had obtained promises
of leniency and other favors from the
Government in return for their testi-
mony against Mr. Gotti

Source: NYT reproduced in Tufte, Envisioning Information
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the 1980s

Following a 1987
acquittal, the New
York Times suggested
the jury was swayed
by a defense chart
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Key Witnesses Were Criminals

““Obviously they perceived there was
something wrong with the evidence,”
said Andrew J. Maloney, the United
States Attorney in Brooklyn, referring
to the jury.

Many of the Government's key wit-
nesses were criminals who testified for
the prosecution under grants of im-

ADaLysIs

A signal that the cred-
ibility of the prosecution’s
principal witnesses was in doubt came
yesterday morning when the jury, in its
final request before acquitting the de-
fendants of all charges, reviewed an
exhibit introduced by the defense.

It was a chart listing the lengthy
cnminal records of seven prosecution

munity or in return for pa and
other benefits.

The last piece of evidence requested
by the jury for re-examination was a
chart introduced by the defense that
showed the criminal backgrounds of
seven prosecution witnesses. It listed
69 crimes, including murder, drug pos-
session and sales and kidnapping.

who had obtained promises
of leniency and other favors from the
Government in return for their testi-
mony against Mr. Gotti....

Source: NYT reproduced in Tufte, Envisioning Information
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CRIMINAL ACTIVITY OF GOVERNMENT INFORMANTS

CRIME CARDINALE LOFARO MALONEY POLISI SENATORE FORONJY CURRO

MURDER X | p

ATTEMPTED MURDER X X

HEROIN POSSESSION AND SALE x
COCAINE POSSESSION AND SALE X X
MARIJUANA POSSESSION AND SALE
GAMBLING BUSINESS X

ARMED ROBBERIES X X X X
LOANSHARKING X

KIDNAPPING X

EXTORTION X

ASSAULT

POSSESSION OF DANGEROUS WEAPONS
PERJURY

COUNTERFEITING

BANK ROBBERY X

ARMED HIJACKING |

STOLEN FINANCIAL DOCUMENTS X
TAX EVASION

BURGLARIES X

BRIBERY

THEFT: AUTO, MONEY, OTHER
BAIL JUMPING AND ESCAPE
INSURANCE FRAUDS

FORGERIES

PISTOL WHIPPING A PRIEST X
SEXUAL ASSAULT ON MINURJ } f J ) x
RECKLESS ENDANGERMENT | | | | [ | X%

bt

>

b

3¢/

/

X
X<

e

<

>

bl
bl et et bt
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Not a scientific chart - pure advocacy. Breaks the rules on purpose:
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Not a scientific chart - pure advocacy. Breaks the rules on purpose:

1. Unbundles categories to produce more ink
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Breaks the rules on purpose:

2. Unsorts the rows to spread the X’s everywhere
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Suppose you're the prosecutor. Can you turn these tricks around on Gotti2
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http://www.tbid.com/toybox/pg/tufte.html

Criminal Activity of Government Informants

|cARINALE| FORONJY | LOFARD |SENATORE |MALONEY| POLISI | CURRO | TYPE
Rackless Endangerment 3 Viokant
Sexual Assullon a Minor 1
Pistol Whipping a Priest 1
Armed Hijacking 1 2
Bank Robbery 1 3
Possassion of Dangerous Weapons 1 3 3 2
Assault 2 1
Extorlion 3
Kidnapping 1 2
Armed Robberies 2 3 3 -
Attempled Murder 2 2
Murder 1 1
Theft: Auto, Money, Other 5 T I e
Burglaries 2 3 1 2
Marijuana Possession and Sale _ Marcotics
Gocaine Posession and Sale 2 3 1
Haroin ion and Sale 1 3 1 _
Bail Jumping and Escape 2 1 2 Judicial
Perjury 1 1
Forgeties 3 2 Financial
i Insurace Frauds 1 1
S Bribary 1 2
= Tax Evasion 1 1
g Stolen Financial Documents 1 1 2
] Counterliting 1 2
= Loansharking 2 1
Gambling Business 2 1 2
Diffsrant Types of Crimea & 7 s 5 s 17 a
Tatal Number of Crimes 12 12 17 19 a1 a4 a5
Viofations of Confidence [ 8 5 7 2 12 o
Falsehood Index 0.00% 61.54% 20.41% 36.84% 6.45% 35.20% 0.00% Average 24%
ey 1o Gl Shades 1 2 ST, 0

Source: Toby Braun, http://www.tbid.com/toybox/pg/tufte.html

Suppose you're the prosecutor. Can you turn these tricks around on Gotti?

is Adolph
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Tatal Number of Crimes 12 12 17 19 a1 a4 a5
Viofations of Confidence o 8 5 7 2 12 o
Falsehood Index 0.00% 61.54% 20.41% 36.84% 6.45% 35.20% 0.00%  Average 24 %
ey 1o Gl Shades 1 2 ST, 0

Classify crimes as violent or dishonest, count them & classify witnesses into “types.”

Would this work?
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Classify crimes as violent or dishonest, count them & classify witnesses into “types.”

Would this work? No.
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Classify crimes as violent or dishonest, count them & classify witnesses into “types.”

1. Index is meaningless: why divide by total crimes?
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= Loansharking 2 1
Gambling Business 2 1 2
Diffsrant Types of Crimea & 7 s 5 s 17 a
Tatal Number of Crimes 12 12 17 19 a1 a4 a5
Viofations of Confidence o 8 5 7 2 12 o
Falsehood Index 0.00% 61.54% 20.41% 36.84% 6.45% 35.20% 0.00%  Average 24 %
ey 1o Gl Shades 1 2 ST, 0

Classify crimes as violent or dishonest, count them & classify witnesses into “types.”

2. Average of index is doubly meaningless

ris Adolph (University of Washingtor VD&M - Principles



Criminal Activity of Government Informants

|carinaLE| ForoNJY | LOFARD |sENATORE |MaLONEY| POLISI | cuRRO | TYPE
Rackless Endangerment 3 Viokant
Sexual Assull on a Minor 1
Pistol Whipping a Priest 1
Armed Hijacking 1 2
Bank Robbery 1 3
Possassion of Dangerous Weapons 1 3 3 2
Assault 2 1
Extorlion 3
Kidnapping 1 2
Armed Robberies 2 3 3 -
Attempled Murder 2 2
Murder 1 1
Theft: Auto, Money, Cther 5 T I e
Burglaries 2 3 1 2
Marijuana Possession and Sale _ Marcotics
Gocaine Posession and Sale 2 3 1
Heroin and Sale 1 3 1 _
Bail Jumping and Escape 2 1 2 Judicial
Perjury 1 1
Forgeties 3 2 Financial
i Insurace Frauds 1 1
S Bribary 1 2
= Tax Evasion 1 1
g Stolen Financial Documents 1 1 2
] Counterliting 1 2
= Loansharking 2 1
Gambling Business 2 1 2
Diffsrant Types of Crimea & 7 s 5 s 17 a
Tatal Number of Crimes 12 12 17 19 a1 a4 a5
Viofations of Confidence o 8 5 7 2 12 o
Falsehood Index 0.00% 61.54% 20.41% 36.84% 6.45% 35.20% 0.00%  Average 24 %
ey 1o Gl Shades 1 2 ST, 0

Classify crimes as violent or dishonest, count them & classify witnesses into “types.”

3. Cell shading suggests a few crimes ~ no crimes

ris Adolph (University of Washingtor VD&M - Principles



Criminal Activity of Government Informants

|carinaLE| ForoNJY | LOFARD |sENATORE |MaLONEY| POLISI | cuRRO | TYPE
Rackless Endangerment 3 Viokant
Sexual Assull on a Minor 1
Pistol Whipping a Priest 1
Armed Hijacking 1 2
Bank Robbery 1 3
Possassion of Dangerous Weapons 1 3 3 2
Assault 2 1
Extorlion 3
Kidnapping 1 2
Armed Robberies 2 3 3 -
Attempled Murder 2 2
Murder 1 1
Theft: Auto, Money, Cther 5 T I e
Burglaries 2 3 1 2
Marijuana Possession and Sale _ Marcotics
Gocaine Posession and Sale 2 3 1
Heroin and Sale 1 3 1 _
Bail Jumping and Escape 2 1 2 Judicial
Perjury 1 1
Forgeties 3 2 Financial
i Insurace Frauds 1 1
S Bribary 1 2
= Tax Evasion 1 1
g Stolen Financial Documents 1 1 2
] Counterliting 1 2
= Loansharking 2 1
Gambling Business 2 1 2
Diffsrant Types of Crimea & 7 s 5 s 17 a
Tatal Number of Crimes 12 12 17 19 a1 a4 a5
Viofations of Confidence o 8 5 7 2 12 o
Falsehood Index 0.00% 61.54% 20.41% 36.84% 6.45% 35.20% 0.00%  Average 24 %
ey 1o Gl Shades 1 2 ST, 0

Classify crimes as violent or dishonest, count them & classify witnesses into “types.”

4. Unbundled categories now makes cells fainter

ris Adolph (University of Washingtor VD&M - Principles



Criminal Activity of Government Informants

|carinaLE| ForoNJY | LOFARD |sENATORE |MaLONEY| POLISI | cuRRO | TYPE

Rackless Endangerment 3 Viokant
Sexual Assull on a Minor 1
Pistol Whipping a Priest 1
Armed Hijacking 1 2
Bank Robbery 1 3
Possassion of Dangerous Weapons 1 3 3 2
Assault 2 1
Extortion 3
Kidnapping 1 F)
Armed Robberies 2 3 3 -
Attempled Murder 2 2
Murder 1 1
Theft: Auto, Money, Cther 5 T I e
Burglaries 2 3 1 2
Marijuana Possession and Sale _ Marcotics
Gocaine Posession and Sale 2 3 1
Heroin ion and Sale 1 3 1 _
Bail Jumping and Escape 2 1 2 Judicial
Petjury 1 1
Forgeties 3 2 Financial
i Insurace Frauds 1 1
< Bribary 1 2
= Tax Evasion 1 1
g Stolen Financial Documents 1 1 2
] Counterliting 1 2
= Loansharking 2 1
Gambling Business 2 1 2
Diffsrant Types of Crimea & 7 s 5 s 17 a
Tatal Number of Crimes 12 13 17 19 a1 a4 a5
Viofations of Confidence o 8 5 7 2 12 o
Falsehood Index 0.00% 61.54% 20.41% 36.84% 6.45% 35.20% 0.00%  Average 24 %
ey o Call Sades 1 2 ST, 0

Classify crimes as violent or dishonest, count them & classify witnesses into “types.”

“Believe the honest drug dealer, and the guy who pistol whipped a priest”



What if we wanted to approach the
question of witness similarity as
scientistse

1. Which crimes tend to cluster

together?

2. Which criminals are similar to each
other?

Chris Adolph (University of Washington) VD&M - Principles



What if we wanted to approach the
question of witness similarity as
scientistse

1. Which crimes tend to cluster

together?

2. Which criminals are similar to each
other?

Let’s order the rows and columns by

similarity using cluster analysis

A diagram sorted in this fashion is

called a heatmap

Chris Adolph (University of Washington)
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Counterfeiting

Insurance Frauds
Theft: Auto, Money, Other .-
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What if we wanted to approach the $53%838S
question of witness similarity as Counterfeiting [ININ
ientists? Insurance Frauds .
scienfisise Theft: Auto, Money, Other .
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1. Which crimes tend to cluster Armed Robberies |
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Substantive Focus

Initial Minimalism
Develop a Style
Write Results Around Figures

Follow Through

Chris Adolph (University of Washington) VD&M - Principles
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