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Communicating uncertainty

Visualizing uncertainty



Communicating
uncertainty




The Bay of Pigs

Joint Chiefs said
"fair chance of
success"

In Pentagon-speak,
that meant 3:1 odds
of failure

25% chance of
success!
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Misperceptions of probability

1in5vs. 20%




Misperceptions of probability

Utah [Eoier

<1in100

Chance the Democrat wins (<0.1%)

Candidate

Forecasted vote share

>991n 100

Chance the Republican wins (>99.9%)

Chance of winning

Mitt Romney (R)
Jenny Wilson (D)

Other candidates

12.0

| >99 in 100

<1in100
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Misperceptions of probability

Texas [eEavr

1In4 3iIn4

Chance the Democrat wins (25.5%) Chance the Republican wins (74.5%)
Candidate Forecasted vote share Chance of winning
I -

Ted Cruz (R) 51.4 3 |n‘4
| I

Beto O'Rourke (D) 471 1in4
|

Neal M. Dikeman (Lib.) 1.5

7138



Misperceptions of probability

Chance of rain = Probability x Area

100% chance in
1/3 of the city

0% chance in
2/3 of the city

Chance of rain
for city =33%
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Misperceptions of probability
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Misperceptions of probability

Note: The cone contains the probable path of the storm center but does not show
the size of the storm. Hazardous conditions can occur outside of the cone.

-~

B
Jamaica

Tue

ig

_fmf“//? '1. --ﬁ
L BOW 75w | (70w 5. BOW __ 55W 50V

Current information: x Forecast positions:

Hurricane Maria
Tuesday September 19, 2017

Center location 16.6 N 63.6 W @ Tropical Cyclone Q Post/Po
2 PM AST Intermediate Advisory 14A Maximum sustained wind 160 mph  Sustained winds: D<39mp
NWS National Hurricane Center Movement WNW at 10 mph S 39-73 mph H 74-110 mph M
Potential track area: Watches: Warnings: Current wind ex!

Day 1-3 Day 4-5 Hurricane Trop Stm Il Hurricane [l Trop Stm Il Hurricane Trog

Hurricane Maria map, NOAA

SEVERITY Category ll5 H4 M3 W2 W1 M Tropical storm

Sun. 8 a.m.

b
\
\

\

="

\
\
\

\
Turks/ang

\efads

SANES N 5. day forecast

N of storm's path
N

Y Rritich
e PR ~ =

Haiti Do ninican ~ N

® Republie Qo Islands

al:=Rrine j

Puerto/Rico8qn

Tropical-storm-
force winds

. Grenada
Curacao

Jaracas cn
@ frinidad

Hurricane Maria map, New York Times

Map data ©2017 Google, INEGl = Terms of Use

10 / 38



The needle

Popular vote margin

W T
osamA'12 1) Iy

Clinton +1.4

FORECAST, in pct. points
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The needle

Nat
‘ A ate Cohn & Following v
@Nate_Cohn

The GA-6 live model is live.
nytimes.com/elections/resu

g%, Virgil Texas @ Qvirgiltexas - Jun 20
Replying to @Nate_Cohn
Nate

Alp Ozcelik @ @alplicable - Jun 20

Ppradet, B Ty Replying to @Nate_Cohn
\'\

\ | p DO NOT DO THIS TO ME AGAIN

Sarcasmorator @Sarcasmorator - Jun 20

Replying to @Nate_Cohn @jacquicollins_

| ah, yes, the election stress-o-meter

1 © 0 2 Q3w M

4:47 PM - 20 Jun 2017 from Manhattan, NY 12 / 38



Visualizing uncertainty
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Problems with single numbers

Weight
©

20-

Cats

Dogs

Dogs

...:‘ 9 o “’ . o~
o BERS G

14 [ 38



More information is always better

Avoid visualizing single numbers when you
have a whole range or distribution of numbers

Uncertainty in single variables

Uncertainty across multiple variables

Uncertainty in models and simulations



Put data into equally spaced buckets (or bins),
plot how many rows are in each bucket

library(gapminder)

gapminder_2002 <- gapminder |>

10 -
filter (year == 2002)

ggplot(gapminder_2002,

aes(x = lifeExp)) + 5-
geom_histogram()

count

1 1
40 50

1 1
60 70

80
lifeExp
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Histograms: Bin width

No official rule for what makes a good bin width

Too wide: (One type of) just right:
binwidth = 50 binwidth = 2

ToOo narrow:

binwidth = 0.2

6-
100 -
15-
75-
4_
10-
- - -
c c c
> > >
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25-
L} 1 1 1 1 1 ] L] 1 1
40 50 60 70 80 25 50 75 100 125
lifeExp lifeExp

) 1 Ll L] L]
40 50 60 70 80
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Histogram tips

Add a border to the bars Set the boundary;
for readability bucket now 50-55, not 47.5-52.5

geom_histogram(..

«y color = "white") geom_histogram(..., boundary = 50)
30-
30-
20~
= =
5 S 20
Q 0
o o
10-
||||| ||||| 10- |III|‘||||||||||||||IIII\IIII\
0- IIIII IIIII o- N IIII
1 1 1 1 1 L] 1 1 L) 1
40 50 60 70 80 40 50 60 70 80
lifeExp

lifeExp 1838



Use calculus to find the probability of each x value

0.04 -
ggplot(gapminder_2002,

aes(x = LlifeExp)) +
geom_density(fill = "grey60", 0.03-
color = "grey30")

density
o
N

0.01-

0.00 -

1 1 1 1 1
40 50 60 70 80
lifeExp
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Density plots: Kernels and bandwidths

Different options for calculus change the plot shape

lifeExp
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Density plots: Kernels and bandwidths

Different options for calculus change the plot shape

"epanechnikov”

kernel = '"gaussian

J 3 n
0.04 - 0.04 -
0.03- 0.03-
> >
= =
2 2 0.02 -
S 0.02- S 0
el ©
0.01- 0.01-
0.00 - 0.00 -
L) 1 1 L 1 1
40 50 60 70 80 40
lifeExp

SIO GIO
lifeExp lifeExp
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Show specific distributional numbers

0.4-
ggplot(gapminder_2002,
aes(x = lifeExp)) + .
geom_boxplot()
0.0- -
-0.2-
-0.4-

[ ' \ t |
lifeExp
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Box plots

25% Median 75%

v Z ¥
Minimum Maximum
25% - (1.5 x IQR) 75% + (1.5 x IQR)
v V

1 |

Interquartile range (IQR)
20 30

Highway MPG

1 T

Outliers

40
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Mirror density plot and flip

Often helpful to overlay other things on it

ggplot(gapminder_2002,

aes(x = "",
y = lifeExp)) + 70-
geom_violin() + o
geom_boxplot(width = 0.1) ﬁem-
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Uncertainty across multiple variables

Visualize the distribution of a
single variable across groups

Add a fi11 aesthetic or use faceting!



Multiple histograms

Fill with a different variable

This is bad and really hard to read though

ggplot(gapminder_2002,
aes(x = lifeExp,

30-
fill = continent)) +
geom_histogram(binwidth = 5,

color = "white",
boundary = 50)

10- III
IIIIIIIII III|||
0- M IIIIII

IﬁeExp

continent
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Multiple histograms

Facet with a different variable

Africa

Europe

ggplot(gapminder_2002, 15
aes(x = LlifeExp,
fill = continent)) + 10
geom_histogram(binwidth = 5, 5
color = "white",

boundary = 50) + € 0

guides(fill = "none'") + 3
facet_wrap(vars(continent)) 15~

10 -

5-

0-

40 50 60 70 80

Americas

Asia

Oceania

] |
40 50 60 70 80
lifeExp

40 50 60 70 80
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Pyramid histograms

gapminder_intervals <- gapminder |[> (80,85]-
filter(year == 2002) |> (75.80] -
mutate(africa =

ifelse(continent == "Africa", (70,75] -
"Africa",
"Not Africa")) |> ‘Dwamr
mutate (age_buckets = E(&Nﬁp
cut (lifeExp, é ’
breaks = seq(30, 90, by = 5)). ! 5560-
group_by(africa, age_buckets) |> &
summarize(total = n()) (50,55] -
ggplot(gapminder_intervals, (45,50] -
aes(y = age_buckets, (40.45] -
x = ifelse(africa == "Africa", ’
total, -total), (35,40] -

fill = africa)) +
geom_col(W'idth = 1, color = "white")

30 20 10 0 10
ifelse(africa == "Africa", total, -total)
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Multiple densities: Transparency

ggplot(filter (gapminder_2002,

continent != "Oceania"),
aes(x = lifeExp,
fill = continent)) +
) 0.10 -
geom_density(alpha = 0.5)
continent
. Africa
Q Americas
(3] -
© || Asia
0.05- Europe
0.00 -
40 50 60 70 80
lifeExp
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Multiple densities: Ridge plots

library(ggridges)

ggplot(filter (gapminder_2002,
continent != "Oceania"),
aes(x = lifeExp,
fill = continent,
y = continent)) +
geom_density_ridges()

continent

Europe -

Asia -

Americas -

Africa -

30

40

50

60
lifeExp

70

80

90

continent
Africa

Americas

30/38



Multiple densities: Ridge plots

Distribution of DW-NOMINATE of U.S. House by Party: 1963-2013

1963 1

1973

1983 4

1993 4

First Year of Each Congress

2003 1

2013 1

. 0.5 1.0
First Dimension DW-NOMINATE

O-
o

1.0 05
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I\Ilultiple geoms: gghalves

library(gghalves)

ggplot(filter (gapminder_2002,
continent != "Oceania"),
aes(y = LlifeExp,
X = continent,
color = continent)) +
geom_half_boxplot(side = "1") +
geom_half_point(side = "r")
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Multiple geoms: Raincloud plots

library(gghalves)

ggplot(filter (gapminder_2002,
continent != "Oceania"),
aes(y = lifeExp,

X = continent,

color = continent)) +
geom_half_point(side = "1", size = 0.3) +
geom_half_boxplot(side = "1", width = 0.5,

alpha = 0.3, nudge = 0.1,

continent

geom_half_violin(aes(fill = continent), Americas -

side = "r'") +
guides(fill = "none", color = "none") +
coord_flip()

Africa -

Europe -

Asia -

lifeExp
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ncertainty in model estimates

You'll learn how to make these in the next session)

Internal
Domestic political stability, government cohesion omitted, rescaled .
Government cohesion  —g@g— ——
Years executive in office o
Years since competitive election (]
Opposition vote share [ )
-0.5 0.0 0.5 1.0
External
Political stability of neighbors, weighted by distance @

Count of coup activity of neighbors within 900 km t
Relative violent protest activity, weighted by distance ¢_

Relative nonviolent protest activity, weighted by distance #
-0.5 0.0 0.5 1.0
Shaming
Relative state-based shaming —— ‘|_._
-0.5 0.0 0.5 1.0

Posterior median change in CSRE

@ Basic model @ Alternate model
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Uncertainty in model estimates

Within Between
Total legal barriers +_._ Total legal barriers £
Barriers to advocacy r Barriers to advocacy A
Barriers to entry I8 A Barriers to entry e
Barriers to funding —A— ® Barriers to funding __._‘__
CSRE | CSRE I
0.5 1.0 1.5 2.0 0.5 1.0 1.5 2.0

Percent change in ratio of aid channeled to NGO type (odds ratio)

A Foreign NGOs
® Domestic NGOs

@ (1) Total barriers
@ (2) Total barriers, by type

(3) Civil society reg. env. (CSRE)
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ncertainty in model estimates

Organizational practices Issue area
Reference groups = no accountability; no transparency Reference group = emergency response

Human rights A
Environment A

1 2 3 0.6 0.8 1.0

Financial transparency

‘ Refugee relief
Accountability |+

exp(6) exp(6)
Funding sources Relationship with host government
Reference group = many small private donations Reference group = friendly relationship with government

Government grants A : Under crackdown
A Criticized

Handful of wealthy private donors

exp(é) | | 'exp(e) | | 36 /38



Uncertainty in model effects

(You'll learn how to make these in the next session)

I~
~

Predicted CSRE in following year
]

40 60 80 Less Normal More
(1) (3) (5)

Relative protest activity

Political stability of neighbors

== NO coups in neighboring countries

== Coup activity in neigboring countries == Nonviolent == Violent 37/ 38



Uncertainty in model outcomes

How the popular vote for the House translates into seats

How various breakdowns in the national popular vote correspond to the most likely distributions of House
seats by party, according to our forecast

HIGHER PROBABILITY —3 Democrats are favored to win a

- majority of seats if they win the
popular vote by at least 5.5 points
Party breakdown Y
320-115
300-135
280-155
260-175 —
240-185 Democrats win both the
popular vote and the House
MAJORITY
Democrats win the popular vote, GOP wins both
240-195 but Republicans win the House :
260-175
280-155
D+25 D+20 D+15 D+10 D+5 EVEN R+5 R+10

Popular vote margin

FiveThirtyEight's 2018 midterms model outcomes plot
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