& CATOLICA
DN

Bad Graphs
And Good Principles

Miguel Salema
October 1, 2023
CATOLICA
7 LISBON

BYSINESS & ECONOMICS

Miguel Salema Bad Graphs 1



& CATOLICA
@SN

Section 1

Good Plots Matter
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CATOLICA
Anscombe’s Quartet LISBON

These four datasets have the same conventional statistics and lead to the
same linear model. However, the data are quite different.

I 11 111 v

'S Y X Y X Y X Y
100 8.04 10.0 9.14 100 7.46 8.0 6.58 N =11
8.0 695 8.0 8.14 8.0 6.77 8.0 576 mean of X’s = 9.0
13.0 758 13.0 874 13.0 12.74 80 771 mean of Y’s = 7.5
9.0 881 9.0 877 9.0 711 80 884 equation of regression line: Y = 3+0.5X
11.0 833 11.0  9.26 11.0 781 8.0 847 standard error of estimate of slope = 0.118
140 9.96 140 810 140 884 8.0 7.04 e t =424 _
60 7.24 6.0 6.13 6.0 6.08 80 525 sum of squares X - X = 110.0
4.0 426 4.0 3.10 4.0 539 19.0 12,50 regression sum of squares = 27.50
12.0 10.84 120 9.13 12.0 8.15 8.0 556 residual sum of squares of Y = 13.75
7.0 482 7.0 7.26 7.0 6.42 8.0 791 correlation coefficient = .82
50 5.68 50 474 50 573 80 6.89 2 = .67

Solution: Plot your data

Graphics can be more precise than conventional statistics, contrary to
popular belief.
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Graphics Reveal Data
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Previously Seen in OQur Classes... LISBON

We already talked about how to do good graphs.
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GDP per capita (PPP$)

But can you detect a bad plot?
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Code of previous plot LISBON
——

library(tidyverse)

library(gapminder)

gapminder %>
filter(year %inj, c(1952, 1972, 1992, 2007)) %>%
ggplot(aes(y = lifeExp,
x = gdpPercap)) +
geom_point (aes(size = pop/1000000,
color = continent)) +

scale_x_logl0() +
labs(x = "GDP per capita (PPP$)",

y = "Life Expentancy (years)",

color = "Continent",

size = "Population\n(millions)") +
facet_wrap(vars(year)) +
scale_color_manual (values = c("#b34745",

"#de8f44",
"#AOC7BE",
"#00a1d5",
"#696598")) +
geom_smooth(method = "1m",
se = FALSE,
color = "black") +
theme_bw ()
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My plot from AJR (2001)
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Section 2

Graphical Integrity
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Don’t Be a Liar S LISBON

Many people think about statistical graphs as a tool to lie. However,
graphs are no different than words in this regard. We just need to follow

the principles of graphical integrity.

Follow the rule

size of the effect shown in graphic

size of the effect in data
The lie factor must be between 0.95 and 1.05 for the graphic to do a
reasonable job at representing data.

Lie Factor =
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Present Correct Proportions |l ‘

s
‘ n DO YOU THINK INDIAN
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Investment Realization
(1st Semester 2020)
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Line Plots Don’t Have to Start at Zero... LISB()N

The rouble collapse against US dollar
Exchange rate for 100 Russian roubles

$1.50
$1.00 $0.97
$0.50
$0.00 — T T
Jan Jul Jan
2021 2021 2022
Source; Bloomberg, Last Update: 28 Feb 2022, 10:00am [B]B|C]
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ANNUAL
GENERAL
MEETING
2022 | ATLANTA

j &8  VOTING RESULTS

2022 | ATLANTA

el 608.26

CINDY

PARLOW 785.12
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Total Weighted Vote: 1,500
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Don’t Extrapolate |

AVERAGE AVERAGE
CPI SCORE CPI SCORE
L]
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AG YOU CAN SEE, BY LATE
NEXT MONTH YOU'LL HAVE
OVER FOUR DOZEN HUSBANDS,

J HOLD ON -
O " SHOULDN'T YOU
BE USING MORE

THAN TWO

DATA POINTS?

Miguel Salema Bad Graphs



. & CATOLICA
Context is Important H SON
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Be Precise: Don’t Just Draw
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Correlation or Causation? | LISB()N
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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
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Correlation or Causation? Il LISBON

More Buck For Your Bang:
People Who Have More Sex Make
The Most Money

; Max Riiin-Nadler o

ave the most se

has found that people v
rther depressing the world's low-paid plebes

Causality only exists in a very specific occupation... Extroversion is the
third omitted variable.
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Correlation or Causation? IlI Hﬂ;(g;};

Ice Cream Sales vs. Shark Attacks

Jan Feb  Mar  Apr  May  Jun Jul Aug  Sep oct Nov  Dec

===|ce Cream Sales ====Shark Attacks
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Correlation or Causation? IV LISBON

Number of Babies named "Mia" in the U.S. correlates with Number of
UFO Sightings Around the World

Babies named "Mia"
UFO sightings

» v T T T T T T T T
1945 1950 1955 1960 1965 1970 1975 1980 1985 1990 1995 2000

Data: NUFORC, SSA « Number of UFO sightings is shown by factor 5.2
Visualization by Cédric Sc

er| #30DayChartChalleng: Day 13: Correlation
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Correlation or Causation? V

MORE IPHONES MEANS
MORE PEOPLE DIE FROM
FALLING DOWN STAIRS
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Correlation or Causation? VI LISBON

Age of Miss America &
Murders by Steam, Hot Vapors, and Hot Objects
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A

Careful with Missing Data
e

Is this country Greenland?

© Yes

® No
No data o
Nope, that’s Mexico
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Section 3

Graphical Sophistication
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Don’'t Waste Ink

CATOLICA
LISBON

INESS & ECONOMICS

Don't make graphs that are:
m Too simple. Show more than
one variable. Use colors, size,
arrows, to show more than one

variable.
m Too obvious.

Short attention spans

Since you have people's attention,
transmit the maximum information

you can

Miguel Salema
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Useless |
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Top 10 Happiest Countries in 2023

This chart shows the top 10 happiest countries according to
the 2023 World Happiness Report.

Finland

Denmark
Iceland
Israel
Netherlands
Sweden
Norway
Switzerland

Luxembourg

New Zealand (o]

Kilde: World Happiness Report
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Obvious |1

Portugal is smaller and the USA, Russia and China combined!
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Use little Non-Data Ink LISB()N
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Non Data Ink Can be erased without loss of information. This graph has
too much ink in the grid:

ip of Actual Rates of to Predicted Rates
(104 citiea 1060).

om<n-omn-=
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Keep It Simple |
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Oryza sativa Arabidopsis tha
40,612 /27,049

Sorghum bicolor [

34,496 / 27,39

Brachypodium distachyon
25,5632 /21,368

759

, SRS LN L

Phoenix dactylifera

28,889 / 19,027
Figure 4 Six-way Venn diagram showing the distribution of shared gene
families (seq e clusters) g M. acumi P. dactylifera,
Arabidopsis thaliana, Oryza sativa, Sorghum bicolor and Brachypodium
distachyon genomes. Numbers of clusters are provided in the intersections.
The total number of sequences for each species is provided under the species
name (total number of sequences/total number of clustered sequences).

d Graphs
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Keep It Simple Il

Monday's nghs

£ ¥ NwsBoulder
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Weather Fores Office
Denver/Boulder
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weather.gov/bou

35



& CATOLICA
DN

Section 4

Make it Beautiful and Effortless
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Make It Intuitive

- Ireland's position in the Olympic Medals Table

54”‘ 63rd @ 63

e
56th | \{
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2000 2004 2008 2012 2016 2020 2024
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Figure 5. CDST Vendor Market Share

m Cerner m EPSi (Strata) m Epic
Stanson Health M Nuance M Premier
W Truven/IBM W Elsevier B Zynx Health

W NDSC/Change W CPSI/Evident W Other/Unknown
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Colors Matter LI/SI()N
e
OMICRON PREVALENCE
ACROSS ENGLAND
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m—m%
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3D Is Not “Cool” tl/é,g())L]\lJCA
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Where the Money Goes
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Lines Should Show Trends |
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