Data Visualization

FOUNDATIONS (2)

The three principles
of good
visualization design
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Good visualization design is

1. Trustworthy

2. Accessible

3. Elegant

A. Kirk. Data Visualization, SAGE Publications, 2016.

Trustworthiness

Trust # truth

Trustworthy Truthful

List data sources
Explain your choices

You want to be here




Trustworthiness

Lying with visualization is easy

Intentionally and unintentionally

How charts lie?

Phenomenon Data Chart

@@% il~

Bad data Misrepresenting
data
Wrong data Cherry-picking
data
Ignoring

uncertainty

B2 G

Person

Confirmation
bias
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Bad data

Garbage in, garbage out

o Unrepresentative data
o Polls on unrepresentative populations
o Measurements on unrepresentative samples
o Too much missing data
o Biased data
o Question framing in polls
o Choice of measures

This is a problem when it is not made clear and the data is
used for analyses that are suitable for more ‘regular’ data

Data Visualization
Foundations (2)

Unrepresentative data

METEORITE IMPACTS IN THE LAST CENTURY

@leptocyon




Unrepresentative data

Abraham Wald and the
Missing Bullet Holes

Armour planes so that they
don’t get shot by enemy
fighters. Armour is heavy, so
use it only where is really

needed.

Section of plane Bullet holes per square foot
Engine 144

Fuselage 1473

Fuel system 1:65

Rest of the plane 1.8

How charts lie?

Phenomenon Data Chart
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Bad data Misrepresenting
data
Wrong data Cherry-picking
data
Ignoring

uncertainty

Person

Confirmation
bias
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Wrong data

Comparisons using
o Non-comparable data

o Absolute instead of cumulative data (and vice versa)
o Absolute instead of relative data (in charts and choropleth maps)

The fraction of Australians
that identified as Anglican
at the 2011 census

Non-comparable data used in

‘/0;‘- [ v ¢ o |
America’s health care prices Two issues
are out of control. These 11 o Prices not adjusted for
charts prove it. purchasing power
S oottt aries o Different sources of
Sas data
The data source
specifically warns

against using this
data for comparison
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Absolute instead of
cumulative data

uuuuuuuuuuuuuuuuuuu

Absolute instead of
cumulative data
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Absolute instead of
cumulative data

Cumulative Jobs Gained/Lost

Bush Last Year, Obama First Year

s://itunes.apple.com/us data-literacy-and-data-visualization/id693097601

Cumulative instead of
absolute data

Cumulative iPhone sales
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Cumulative instead of
absolute data

Cumulative iPhone sales

400 million iPhones

Absolute data in comparisons

Most dangerous cities
Total murders in 2014

Chicago
407
New York
328
Detroit
304

Los Angeles

259
Philadelphia

248

ws.nationalgeographic.com/2015/06/150619-data-points-five-ways-to-lie-with-

Data Visualization
Foundations (2)



Absolute data in choropleth
maps

THE BUSINESS IMPLCATIONS ARE CLEAR.

J

PET PEEVE #208:
GEOGRAPRIC PROFLE MAPS WHICH PRE
BASICALLY JUST FOPULATION MAPS

How charts lie?

Misrepresenting

Bad data
data
Wrong data Cherry-picking
data
Ignoring

uncertainty

Phenomenon Data Chart Person

Confirmation

bias
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Misrepresenting data

Ignoring conventions
o Placement of dependent and independent variables
o Inverted y axis
o Unequal intervals
o Pie charts that do not add up to 100%

Abusing scales
o Bar charts with truncated axis
o Aspect ratio bias
o Dual axes
o Improper scaling of areas (and pictograms)

Unnecessary 3-D
Improper categorization
Oversimplifying

Inverted y axis

Gun deaths in Florida _ Iragsbloody toll

Number of murders committed using firearms
0

200
2005
Florida enacted
its ‘Stand Your

400 4
Ground’ law

«L

o

600

800

873

1,000 16505 T 20005 T2010s

Source: Florida Department of Law Enforcement

C.Chan 16/02/2014 3 REUTERS
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Unequal intervals

Average percentage
change in after-tax

JAX DECREASE || TAX INCREASE

income in 2009 McCAIN

FAMILY INCOME
1n 2008 dollars TAX DECREASE
Above $2.87 million (0 -$269,364
$603.403 to $2.87 million s -$45,361
$226,982 t0 $603,402 -$7871
$160,973 t0$226,981 -$4,380
$111,64610$160,972 -$2,614
$66,355 10 $111,645 -$1,009
$37,596 10 566,354 -$319
$18.98210$37,595 $113
Upto$18,981 -$19

Average cut: -$1,195

+$701,885
+$115,974
-$12
-$2,789
-$2,204
-$1,290
-$1,042
-$892
-$567

-$160

Apparent Changes

Average | Households
Change Affected
McCain -2% 100%

Obama | -0.3% 66%

23
U nequal intervals
McCain Tax Plan Obama Tax Plan
e, REPUBLICAN) (DEMOCRAT
10p0.9%— sap
( Actual Changes
£ 105160,972 (Tax Policy Center est.)
3 108111,645
Total Households
Change Affected
& 2
3 McCain | -$4.2tr | 100%
2 137,595
2 Obama | -$2.9tr | 81.3%
L 518,981
24
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Unequal intervals

JOB LOSS BY QUARTER

15 MIL

13.5 MIL

DEC ‘07 SEPT ‘08 MARCH ‘09 JUNE ‘10 L

FOK |/
fringii SOURCE: BLS o

.CoM

Over 100% pie chart

THE SMALL BUSINESS ADMINISTRATION REPORTS:

30%

new businesses

——70%
5 1% new businesses

new businesses
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Bar chart with truncated axis

How 2012 STACKS UpP

THE VWARMEST YEARS ON RECORD

CONTIGUOUS U.S.

SIS

2012: HOTTEST YEAR ON RECORD

Average Annual Temperature in Contiguous U.S.

= L
1921 1999 1934 2006

1998

2012

e

Source: NOAA' National Climatic Data Center - State of the Cimate National Overview

500°

cLIMATE ((6D) CENTRAL

Aspect ratio bias

(s1 ($1
S2 (82
3. (S3.
February pril ne August October February June October
SOK
(s2 \/
February  March April May June July August September October

Banking to 45 Degrees
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Dual axes

PLANNED PARENTHOOD FEDERATION OF AMERICA:
ABORTIONS UP — LIFE-SAVING PROCEDURES DOWN Services provided by Planned Parenthood

2,007,311

Cancer screening and
prevention services

935,573

. ¢ % 1 ),
S e
! <3 289,780 Abortions 527000

SOURCE: AMERICANS UNITED FOR LIFE

Improper scaling of areas (and
pictograms)

$41 BILLION IN SALES

BILLIONS OF DOLLARS

GDP OF AFGHANSTAN
$21 BILLION

$4.1 BILUON N SALES $11.3 BILUON IN SALES
FASSUCHRSALEY $9.4 BILLION IN SALES

$8 BILUON IN SALES 15

$5.2 BILLON IN SALES

@Q%&!
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Improper scaling of areas (and
pictograms)

Square

3x Even worse, if

the elements
are 3-D

2X

Unnecessary 3-D

[ vor [l Other B wabor [l other
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Unnecessary 3-D

ANATOMY OF A
WINNING TED TALR

Improper categorization

Percentage of US women who smoke while pregnant

16-4

48-74
W8.7-10.2
W111-136
W 139-184
W51

No data

Data Visualization
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Improper categorization

Figure 1. Prevalence of maternal smoking at any time during pregnancy, by state:
United States, 2016

-

HT’

U.S. prevalence: 7.2%

NOTE: Access data table for Figure 1 at: https:/www.cdc.. 305_table. pdf#1.
SOURCE: NCHS National Vital Statistics System, Natality.

Improper categorization

30%

25%

Data Visualization
Foundations (2)
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Improper categorization

30%

25%

20%

15% =

10% ._../

M"/

v

13 5 7 9 m 13 15 17 19 21 23 25 27 29 31 33 35 37 39 41 43 45 47 49 51

0%

Oversimplifying

Clarify, not simplify!

To clarify, add detail.

Edward Tufte

Data Visualization
Foundations (2)
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Box plot vs. violin plot

Box (and whisker) plot Violin plot

@ OUTLIER More than 3/2
Yy times of upper quartile (sca|e)

0.3+

95% confidence

MAXIMUM Greatest value, interval

excluding outliers

Density Plot
UPPER QUARTILE 25% of i —
data greater than this value Width = Frequency

0.2 4

— MEDIAN 50% of data is
greater than this value;

middle of dataset Median

LOWER QUARTILE 25% of 0.1

data less than this value Interquartile range

MINIMUM Least value,
excluding outliers

@ OUTLIER Less than 3/2
times of lower quartile

Oversimplifying

Raw Data Box-plot of the Data Violin-plot of the Data

|||

—_
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How charts lie?

Phenomenon Data Chart Person

Bad data Misrepresenting Confirmation
data bias

Wrong data Cherry-picking
data

Ignoring
uncertainty

Cherry-picking data

A chart shows as much as it hides, so think about what
might be missing

o Hiding (unfavorable) data
o Concealing existing patterns
o Suggesting patterns that are not there

Correlation # causation

Data Visualization
Foundations (2)
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Hiding (unfavorable) data

Gas Prices During \
Obama'’s and Bush'’s o
First 26 Months in Office ~

A

OBAMA -
+67%

BUSH

A;;f“’

Price per gallon
25

Concealing existing patterns

SOUTHWEST BORDER APPREHENSIONS

OCTOBER - APRIL

000

1921298

170,223

168,000

165,244

2011 2012

Total Southwest Border Apprehensions
(by fiscal year)
1,643,679

RERRS BR33
0 583

_____ aaaa

FactCheck.org chart based on U.S. Border Patrol data.
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Concealing existing patterns

HHHHHHHH

MORE
EXPENSIVE

ssssssss

2000 2002 2004 2006 2008 2010 2012 2014 2016 2018 Anmefare

Suggesting patterns that are
not there

- 5% Hillary Clinton
) approval rate

Jan 2014 May 2015

23



Suggesting patterns that are
not there

The real cause of increasing autism prevalence?

25000+ . ~300000
A Autism

200004 ™ Organic Food Sales

200000
15000+

10000+
100000

Sales
($ millions)

5000- r=0.9971 (p<0.0001)

pasoubeiq sjenpiAlpu|

c'\l LI llll‘\ll
P P Q O FEE &
) ) N N NN
B EE S S S S S S S

Sources: Organic Trade Association, 2011 Organic Industry Survey; U.S. Department of Education, Office of Special
Education Programs, Data Analysis System (DANS), OMB# 1820-0043: "Children with Disabilities Receiving Special
Education Under Part B of the Individuals

with Disabilities Education Act

Suggesting patterns that are
not there

Spurious correlations: http://www.tylervigen.com/spurious-correlations

Per capita cheese consumption
correlates with

Number of people who died by becoming tangled in their bedsheets

Correlation: 94.71% (r=0.947091)

2000 2001 2002 2003 2004 2005 2006

331bs

31.5Ibs

30Ibs

Cheese consumed

2000 2001 2002 2003 2004 2005 2006

8- Bedsheet tanglings - Cheese consumed

2007

2008

2008

2009

2009

800 deaths

600 deaths

400 deaths

200 deatns

SuySuer 19ayspag
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How charts lie?

Phenomenon Data Chart Person

Bad data Misrepresenting Confirmation
data bias

Wrong data Cherry-picking
data

Ignoring
uncertainty

lgnoring uncertainty

o Misrepresenting uncertainty

o Concealing uncertainty

Data Visualization
Foundations (2)
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Misrepresenting uncertainty

The cone of uncertainty is widely misinterpreted

TRACKING IRMA
RALEIGH;

TUESDAY 8:00 AM

2y

MONDAY 8:00 AM 5
115 MPH

30 MPH

\ \

SUNDAY 8:00 AM 4 m
\

140 MPH

Misrepresenting uncertainty

The cone of uncertainty is widely misinterpreted

TRACKING IRMA

TUESDAY 8:00 AM
30 MPH 3

= MONDAY 8:00 AN
115 MPH

SUNDAY 8:00 AM
140 MPH

Data Visualization
Foundations (2)
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Misrepresenting uncertainty

The cone of uncertainty is widely misinterpreted

TRACKING IRMA

115 MPH

\
SUNDAY 8:00 AM (g m
S ¢

140 MPH
@

biavi
()

Misrepresenting uncertainty

The cone of uncertainty is widely misinterpreted

TRACKING IRMA

TUESDAY 8:00 AM
30 MPH 3

= MONDAY 8:00 AN
115 MPH

SUNDAY 8:00 AM
140 MPH

Data Visualization
Foundations (2)
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Misrepresenting uncertainty

The cone of uncertainty is widely misinterpreted

TRACKING IRMA

MONDAY
115 MPH §
-

SUNDAY £
140 MPH

Misrepresenting uncertainty

The cone of uncertainty is widely misinterpreted

TRACKING IRMA

O5% g

TUESDAY 8:00 AM
30 MPH

, \2:5%
2.5;%\\ v

MONDAY 8:00 AM 4
115 MPH
\ \

SUNDAY 8:00 AM m

4B

140 MPH

L8\ E WEATHER]
£ O wRALWEATHER |

Data Visualization
Foundations (2)
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Misrepresenting uncertainty

The cone of uncertainty is widely misinterpreted

THURSDAY 8:00 AM B
25 MPH

‘L\
|
WEDNESDAY 8:00 AM 2/3 (RALEIGH
30 MPH
\ \
o 1/3 of the time,
N ; the path of the eye of
L e . the storm will go
srpeioiliaden | (G either way beyond the
\ boundaries of the cone

SUNDAY 8:00 AM m

140 MPH

TRACKING IRMA

L\ WEATHER]

Concealing uncertainty

& Alcohol-specific mortality by gender DSR (all ages) (2005-07)

Directly age standarised Rate

Data Visualization
Foundations (2)
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Concealing uncertainty

Directly age-standardised mortality from alcohol attributable conditions for men and women
by borough in Surrey, rate per 100,000 people (2005/06).

800

Rate ps
—
- ¥
—_—
T
E—

How charts lie?

Phenomenon Data Chart Person

Bad data Misrepresenting Confirmation
data bias
Cherry-picking
data

Wrong data

Ignoring
uncertainty

Data Visualization
Foundations (2)
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Confirmation bias

Charts lie because we lie to ourselves — we see what we
want to see

31



Confirmation bias

Donald J. Trump &

I want to encourage all of my many Texas friends to vote in the primary
for Governor Grog Abbott, Senator Ted Cnuz, Lt. Gov. Dan Patrick, and
Attorney General Ken Paxton. They are helping me to Make America

Great Again! Vote early or on March 6th.
20K 27K 99K

553 223 49K

‘ Nancy Steffan

Really?

Election 2016: County-Level Results

Donald J. Trump & donaldTi Fet
Such a beautiful map, thank you!

=" Nancy Steffan 510t
‘ Really?

Confirmation bias

RIGHT

CITIZENS

TRUMP

THE INSIDE STORY
OF THEPEOPLE'S MOVEMENT
TOTAKEBACK AMERICA

* Kk ok ok ok

JACK POSOBIEC

COUNTIES *,

TRUMP

THE INSIDE STORY
OF 46% OF VOTERS’ MOVEMENT
TOTAKEBACK AMERICA

* ok ok ok Kk

JACK POSOBIEC

Data Visualization
Foundations (2)
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Confirmation bias

Surface on the
county-level map:

Red: 80%
Blue: 20%

Map by Kenneth Field
https:/twitter.com/kennethfield/
status/970827334038237184

Confirmation bias

Surface on the
county-level map:

SHARE OF THE POPULAR VOTE IN THE 2016 PRESIDENTIAL ELECTION
Donald Trump NN 46.1% 62,984,825 votes
Hillary Clinton I 48.2% 65,853,516 votes

Other candidates 5.7%

PERCENTAGE OF ELIGIBLE VOTERS
Didn't vote I 40.0%
Voted for Donald Trump I 27.7%

Voted for Hillary Clinton [N 28.9%
Voted for other candidates 3.4%

Data Visualization
Foundations (2)
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Confirmation bias

Surface on the
county-level map:

] Red: 80%
' Blue: 20%

Bubble size is proportional
to the number of votes
received just by the candidate
who won on each county

Confirmation bias

SHARE OF THE POPULAR VOTE IN THE 2016 PRESIDENTIAL ELECTION
Donald Trump I 46.1% 62,984,825 votes
Hillary Clinton 48.2% 65,853,516 votes
Other candidates 5.7%

PERCENTAGE OF ELIGIBLE VOTERS

Didn't vote G 40.0%
Voted for Donald Trump G 27.7%
Voted for Hillary Clinton | EEG— 28.9%
Voted for other candidates 3.4%

VOTES FOR HILLARY CLINTON

Bubble size is proportional to the number of votes per county
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Confirmation bias

These are the numbers that truly matter in a U.S. Presidential Election

ELECTORAL TRUMP CLINTON
VOTES 304 Other:7 227

270
WHO WON ON EACH STATE STATE SIZE ADJUSTED BY ELECTORAL VOTES

To achieve trustworthiness

o List the source(s) of data

o Show representative and unbiased data (or clearly denote and explain why this is
not the case)

o Compare only data that can be meaningfully compared
o Be mindful of the choice between absolute and cumulative values
o Use relative instead of absolute data in comparisons

o Follow conventions

o Do not abuse scales

o Do not use 3-D representations for non 3-D data

o Choose categories mindfully

o Do not oversimplify

o Present the entire relevant data

o Do not suggest patterns that are not there

o Show uncertainty

o Be wary of confirmation bias

Data Visualization
Foundations (2)
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Trustworthiness

However... some rules can be bent (as long as you know
what you are doing)

Data Visualization
Foundations (2)
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