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Correlation is not causation
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Concepts > Association
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CcConce pts » Association

Two measurements are associated when knowing something about the state of one
tells you something about the state of the other.
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Concepts > Correlations
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Concepts > Correlations
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Concepts > Correlations

Weight (kg)

100
a0

60
50

LINEAR CORRELATION

Weight (kg)

160 170 180 120 200
Height (ecm)

100
20
80
70
60

NON-LINEAR CORRELATION

160 170 180 190 200
Height (cm)

CORRELATION COEFFICIENT
between -1 and 1.

28202 587:00:04]EM|



Concepts > Correlations

CORRELATION COEFFICIENT
between -1 and 1.

+: positive correlation
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Concepts > Correlations
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Concepts > Correlations

CORRELATION COEFFICIENT
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Concepts > Causation
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Concepts > Causation

CAUSE AND EFFECT

CORRELATION DOESN'T IMPLY CAUSALITY

CORRELATION +-> CAUSALITY
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Concepts > Causation

CAUSE AND EFFECT

CORRELATION DOESN'T IMPLY CAUSALITY

CORRELATION ——%—> CAUSALITY

CAUSALITY DOES IMPLY CORRELATION
CAUSALITY =——» CORRELATION

CORRELATION IS A NECESSARY CONDITION FOR CAUSALITY,
BUT NOT A SUFFICIENT ONE
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Concepts > Causation

CAUSE AND EFFECT
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Concepts > Causation
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Concepts > Causation

Association of Exposure to Artificial Light at Night
While Sleeping With Risk of Dbesity in Women
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Concepts > Causation
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Concepts > Causation
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Concepts > Causation
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NEWS RELEASES

Monday, June 10, 2019
Sleeping with artificial light at night
associated with weight gain in women

Eliminating light while sleeping could reduce obesity.

SOURCE: HTTPS://WWW.NIH.GOV/NEWS-EVENTS/
NEWS-RELEASES/SLEEPING-ARTIFICIAL-LIGHT-
NIGHT~ASSOCIATED-WEIGHT-GAIN-WOMEN
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Concepts > Causation
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associated with weight gain in women

Eliminating light while sleeping could reduce obesity.
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TV LIGHT WHILE SLEEPING CAUSES OBESITY
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Concepts > Causation
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’ Eliminating light while sleeping could reduce obesity.
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Concepts > Causation
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Concepts > Causation
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Concepts > Causation

m;&MmmwmaNm
While Sleeping With Risk of Obesity in Women

Sy 4 A U A A | W | b ) W

—— T
- ™

. SOURCE: ASSOCIATION OF EXPOSURE TO

- o ARTIFICIAL LIGHT AT NIGHT WHILE SLEEPING
e o e e et ey e e WITH RISK OF OBESITY IN WOMEN.
— - VO bt JAMA INTERN MED;
= o DOI: 10.1001/ JAMAINTERNMED.2019.0571
A1y Percentage of women with BMI 2 30
~ -
' No light 25.4%
Body smaill light 25.8%
40K Mass
Index Light outside of room 30%
Light/TV in room 40%

NEWS RELEASES

Monday, June 10, 2019
Sleeping with artificial light at night
associated with weight gain in women

’ Eliminating light while sleeping could reduce obesity.

SOURCE: HTTPS://WWW.NIH.GOV/NEWS-EVENTS/
NEWS-RELEASES/SLEEPING-ARTIFICIAL-LIGHT-
NIGHT~-ASSOCIATED-WEIGHT-GAIN-WOMEN

TV LIGHT WHILE SLEEPING CAUSES OBESITY
TV LIGHT CAUSES BAD SLEEP CAUSES OBESITY @

OBESITY

LEAVING TV ON WHILE SLEEPING
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Concepts > Causation
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H ASSOCIATION BETWEEN A AND B
Concepts » Causation
COULD HAPPEN BECAUSE..

Positive correlation
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Concepts > Causation

Positive correlation
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Concepts > Causation

Positive correlation Positive correlation
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ASSOCIATION BETWEEN A AND B
COULD HAPPEN BECAUSE..

ACAUSESB RAIN CAUSES UMBRELLA SALES
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Concepts > Causation

Positive correlation Positive correlation
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Concepts > Causation

Positive correlation Positive correlation
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H ASSOCIATION BETWEEN AANDB
Concepts > Causation
COULD HAPPEN BECAUSE..
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Concepts » Causation
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Concepts > Causation

Positive correlation Positive correlation
° P A o e ®
° e = ° L]
A ....:' ENERGY .o..:.
RAIN o ® ENERATE o
VINDMILLS
B B
UMBRELL WIND INTENSITY
;‘\1'
Positive correlation Positive correlation
A S ke A o2
.. :’ e :‘
o L
ALCOHOL o.. :. e I{CE-CREAM o.. :. N
ABUSE ALES
B B
DEPRESSION BEER SALES

ASSOCIATION BETWEEN AANDB
COULD HAPPEN BECAUSE..

ACAUSESB RAIN CAUSES UMBRELLA SALES

BCAUSESA WIND INTENSITY CAUSES
WINDMILL-GENERATED ENERGY

CYCLIC CAUSATION

DEPRESSION CAUSES ALCOHOL ABUSE
& ALCOHOL ABUSE CAUSES DEPRESSION

HIDDEN FACTOR C CAUSESAANDB

ICE-CREAM SALES
HOT WEATHER <_
BEER SALES

17/:287:202587:07:161PM]



Concepts > Causation
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Number of people who died by becoming tangled in their bedsheets
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25. Selection Bias and Data Attrition

What you see depends on
where you look
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25. Selection Bias and Data Attrition
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25. Selection Bias and Data Attrition
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THE INDIVIDUALS YOU SAMPLE FOR YOUR STUDY DIFFER SYSTEMATICALLY FROM THE POPULATION
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26. Selection Bias and Data Attrition
election pias

THE INDIVIDUALS YOU SAMPLE FOR YOUR STUDY DIFFER SYSTEMATICALLY FROM THE POPULATION

THE SAMPLE SHOULD BE RANDOM WITH RESPECT TO THE QUESTION WE ARE ASKING
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25. Selection Bias and Data Attrition
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25. Selectlon Blas and Data Attntlon

BEGINNING

DURING

o

OQQ’QQ’CQ’Q.Q 00

12

3 PARTICIPANTS

40UTOF13=3

o

1OUT OF 10 = 10%



25. Selectlon Blas and Data Attntlon

BEGINNING
. 13 PARTICIPANTS

® 00 03 09 © 03 00 ©

o)
a DURING
‘@D

4 OUTOF 13 =30%

10UTOF 10 =10%

11/26/202587:13:2 760




25. Selection Bias and Data Att
N PR g . p

rition

INITIALLY RANDOM SAMPLE >> NON-RANDOM SUBSET OF THE SAMPLE IS NOT TAKEN INTO ACCOUNT

al

BEGINNING

S

© 00 03 03 005 00

DURING

13 PARTICIPANTS

4 OUTOF 13 =30%

10UT OF 10 = 10%

t1/:287/:202587:13:37/PM)



25. Selection Bias aqd Data Attrition

v ‘—r o~

Age of death and musical genre

AVeral

je age ol deatl popular musicians by g¢ and s¢

Average age at death

B0 US tomala 1o axpoctiancy
75 4 s

70 4 4 Fo

65 4
80
55 4
50 4
45 4
40 4
35 1
30 «
25 e ————

US male life expaclancy

Male musicians
7

remale musiclans

' o & S
D ” ]
e";\ * e&ﬁ
N &
& &
Genre

Lite expectancy dala trom: hitp /'demog berkelay edu/-andeew/ 181 84igurel himl
O heconvesalion.com Source Asthoe

S, darsne Jlol e e oo iene o aat o g ly giieie e e e n gy

L T




25, Sel

ect_ion Bias and Data Attrition

ViU

Ag

Average

e of death and musical genre

M

age ol geal popuiar JSicians Dy g¢ and se

Average age at death

B0 =
75 1 !

70 4
65 4
80 4
55 4
50 4
45 +
40 4
35 4
30 4

o —

Male musicians
7

25

US lomale lito axpoctancy

Lite sxpectancy dala lrom: hitp /'demog betkeley edu/~andrew!181 BAigurel hemi

0 Meconvetsation.com

Sl -

R e T N LSRN R E It NN W TIT I M D W N T .Y

Laay

Sowrce Authoe

&L

Average age at death

25 30 35 40 45 50 55 60 65 70 75 80

Blues

Jazz

Country

Gospel

R&B/Doo Wap/Soul
Pop

Folk

World Music
Electronic/Disco/Funk
Rock

Punk

Metal

Rap

Hip Hop

® Male
@® Female



Music to die for

Age of death and musical genre

a4y

Average age at death

80 = US tomale lito axpoctancy
75 =

70 4 e V4

65 4
80
55 1
50 4
45 +
40 4

US male life expactancy

Male musicians
2

35 4 Female musictans
30 4

25 ey — ——————

& P8 wf&@““\ & «i:e@“::;;é* TR
&}Q@ « 4
o
Genre

Lite expectancy duta trom: hitp /idemog berkeley edu/~ andrew/ 151 84igure2 hem!
£ heconvesalion.com Source Asthoe

SOURCE: HTTPS://THECONVERSATION.COM/MUSIC-TO-DIE-FOR-HOW-~-

Average age at death

25 30 35 40 45 50 55 60 65 70 75 80

Blues
Jazz
Country
Gospel

oe
ve
o

R&B/Doo Wap/Soul
Pop

Folk

World Music
Electronic/Disco/Funk
Rock

Punk
Metal
Rap

Hip Hop

® Male
@® Female

11'/:287202587:15:181PM]



Attrition bias and chameleons

SOURCE: REDRAWN. ORIGINAL: CALLING BULLSHIT, C.T. BERGSTROM & J.D. WEST
/28 202587:15:381RM|



Attrition bias and chameleons

r T T T T
2013 2014 2015 2016 2m7

SOURCE: REDRAWN. ORIGINAL: CALLING BULLSHIT, C.T. BERGSTROM & J.D. WEST
28/ 202587:15:481RM|



Attrition bias and chameleons

r T T T T
2013 2014 2015 2016 2m7

SOURCE: REDRAWN. ORIGINAL: CALLING BULLSHIT, C.T. BERGSTROM & J.D. WEST
28/ 202587:15:581RM)



Attrition bias and chameleons

. . . . :
2013 2014 2015 2016 2m7

SOURCE: REDRAWN. ORIGINAL: CALLING BULLSHIT, C.T. BERGSTROM & J.D. WEST
11/28Y202587:16:08]PM



Attrition bias and chameleons

Bornin 2015

B |
| —
Bornin 2014
]
|
. |
I
I
Bornin 2013 —_—

2013 2014 2015 2016 207

SOURCE: REDRAWN. ORIGINAL: CALLING BULLSHIT, C.T. BERGSTROM & J.D. WEST
1/:28/202587:16: 18] PM)



Attrition bias and chameleons

Bornin 2015

) [
| —
Bornin 2014 —
- ]
|
. |
I
Bornin 2013 . ... . |

2013 2014 2015 2016 207

SOURCE: REDRAWN. ORIGINAL: CALLING BULLSHIT, C.T. BERGSTROM & J.D. WEST

/28720258716 28]EM|



Attrition bias and chameleons

o 20]5
| ]
]

Bornin 2014
. ]
orn in —
|
I
|
]
]
Bornin 2013 .

T T T T
2013 2004 2015 2016 2017

SOURCE: REDRAWN. ORIGINAL: CALLING BULLSHIT, C.T. BERGSTROM & J.D. WEST
1/:28/202587:16:38]PM)



Attrition bias and chameleons

Born in 2015
—
; [
Bornin 2014 __

.|

. ]
- ]

Bornin 2013 .

T T T
2013 2014 2015 2016 2017

SOURCE: REDRAWN. ORIGINAL: CALLING BULLSHIT, C.T. BERGSTROM & J.D. WEST

/2872025871648 M|



Attrition bias and chameleons

Born in 2015
—
; [
Bornin 2014 __

|

]
]

Bornin 2013 .

T T T
2013 2014 2015 2016 2017

SOURCE: REDRAWN. ORIGINAL: CALLING BULLSHIT, C.T. BERGSTROM & J.D. WEST
1/:28/202587:16: 58] PM)



Attrition bias and chameleons

Born in 2015
@ —
. [
Bornin 2014 __
__

]
Bornin 2013 __
[

T T T
2013 2014 2015 2016 2017

SOURCE: REDRAWN. ORIGINAL: CALLING BULLSHIT, C.T. BERGSTROM & J.D. WEST

1287202 587:17:08[PM]



Attrition bias and chameleons

Born in 2015
@ —
; [
Bornin 2014 __
__

]
Bornin 2013 __
[

T T T
2013 2014 2015 2016 2017

SOURCE: REDRAWN. ORIGINAL: CALLING BULLSHIT, C.T. BERGSTROM & J.D. WEST

1287202 587:17:18]PM]



Attrition bias and chameleons

@ Born in 201 Average age at death

(chameleons)
Bornin 2015
@ — 0 02505075 1 125 15 175 2

— £ 201 °
Bornin 2014 __ ol 2014 ®
] b
= % 2015 °
. ]
Bornin2013  _ Ee— o @
[
| 1

T T T
2013 2014 2015 2016 2017

SOURCE: REDRAWN. ORIGINAL: CALLING BULLSHIT, C.T. BERGSTROM & J.D. WEST

1287202 587:17:28|PM]



Attrition bias and chameleons

@ - Average age at death

(chameleons)
Bornin 2015
@ — 0 02505075 1 125 15 175 2

- c[ 203 °
Bornin 2014 __ ol 2014 ®
| 1
= % 2015 °
]
[
] 1

T T T
2013 2014 2015 2016 2017

SOURCE: REDRAWN. ORIGINAL: CALLING BULLSHIT, C.T. BERGSTROM & J.D. WEST

H/287202587:17:38]M|



Attrition bias and chameleons

Year of birth

Average age at death
(chameleons)
0 02505075 1 125 15 175 2
2013 o
2014 [
2015 [
2016 ®

Average age at death

25 30 35 40 45 50 55 60 65 70 75 80

Blues
Jazz
Country

Gospel

R&B/Doo Wap/Soul
Pop

Folk

World Music

Electronic/Disco/Funk

Rock
Punk [
Metal
Rap es
HipHop wse

® Male
® Female

11'/:287202587:17:48|PM]






26- importance of the Context



26. The Importance of Context

To be truthful and revealing, data graphics must bear on the question at heart of quantitative thinking:

COMPARED TO WHAT?
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Mastering Data Visualization: Theory & Foundations

STATISTICAL TRAPS

Incorrect Normalization of Data

1/28/2025 7:23:59PM




27. The Incorrect Normalization of the Data

< Incorrect normalization of data >




27. The Incorrect Normalization of the Data

=

'/ 28/202587:24:19]BM]



27. The Incorrect Normalization of the Data

F 1 1

335 »  Before sricter Connecticat Traffic Deatha,
enfororment Before (1955) and After [1946)
Serscter Enforcement by the Pabce
Against Cars Excoeding Speed hmat
yoo

e Afber sricner
i
1955 1938

SOURCE: THE VISUAL DISPLAY OF QUANTITATIVE INFORMATION,
E. TUFTE

'/ 28/202587:24:29] M)



27. The Incorrect Normalization of the Data

F 1 1

324 s Defore stricter Connecticat Traffic Deaths,
enfororment Before (1933) and After (1936)
Stricter Enforcement by the Pobce
Against Cars Excoeding Speed hmat
Yoo

o Affver uricter

L H 1938

SOURCE: THE VISUAL DISPLAY OF QUANTITATIVE INFORMATION,
E. TUFTE

Number of Incidences

J I [
60 70 a0

Caleulated Joint Temperature (°F)
SOURCE: REDRAWN.

ORIGINAL: THE ELEMENTS OF GRAPHING DATA,
WILLIAM S, CLEVELAND

'/ 281202587:24:39]EM)



27. The Incorrect Normalization of the Data

124 «  Defore sricter Connecticat Traffic Deatha, 3— e
enfororment Before (1933) and After (1936)
Serscter Enforcement by the Pobce
Apaimue Cars Excording Speed hmat
- .
T
yoo g
]
'E 1— o ™ ]
o Afber mrioer i
273
L] 1936 o —

J I [
60 70 a0

Caleulated Joint Temperature (°F)

SOURCE: THE VISUAL DISPLAY OF QUANTITATIVE INFORMATION,
E. TUFTE

SOURCE: REDRAWN.

ORIGINAL: THE ELEMENTS OF GRAPHING DATA,
WILLIAM S, CLEVELAND

you plot your data in order to see a particular effect, =~ R aae

\‘UU II IUCH. IH-CII'\E QI.IIE LIdL MITIES QIS 1IVLE Quuiuviial SliISwe Lo Wil 'U“I unm.



.

nees

B
!
X
5
!
_M

- e

19701979

o—d

e 3 o e

Voe €l N toranty by
-
w3 wnpats wew o 0n 8 et b

B0 bt

g
- mer, 0N

T8 LTS

27. The Incorrect Normalization of the Data

Som

Jon §

"0 W Wy )

SOURCE: THE WASHINGTON POST (1978) VIA

L DISPLAY OF QUANTITATIVE INFOR

N, E. TUFTE

MATIO

THE VISUA




27. The Incorrect Normal

..,‘,.».. :

L L L Gy R Py S US——— DS
N e o iy aeet b Sy et et in e OPEC Benchmark Prices
g wenity of thet i s sevly ielinnd Be  aerh se Musin o Mereay % sl ot the OMIC o
ol ks privms, bvwene, vary widvly by o8 ook gren. Mast of B 04 & il waden eag berm ]9 0_1979
— — —:z i, bt vama & ool o8 & o e Bene {
- R T -

Sy - T e 313 34
..'w..--.‘ - — L]
- e e

s
1= (M 1974 man
i ol )

31048

T R
20 20

T

o § e - e Jm Jon
WO W W W e W 1w wrr wrn we I

SOURCE: THE WASHINGTON POST (1979) VIA
THE VISUAL DISPLAY OF QUANTITATIVE INFORMATION, E. TUFTE.

t1/:28//:202587:25:09]PM)




27. The Incorrect Normalization of the Data

M

E
L

PROE

>IBLE

L~

2-D INSTEAD OF 1-D
LIE FACTOR

Vv

IRLZ0 LTSS

LS LTS
AR 7AN AN

19701979

pragp—
ELE LA TS e T

., -

S ASTAN AN e

jor~r |

- et e ) pe et

* AU\ ranie-

2
:
X
5
!
I

we vy % el ot e OPIC

o s ol waden ey b

vamme o sl o & e e Bese

et meh el bee €d e iaty by
B0 . bt

)

s

Bt w3 wnpars wen oo e

NATLRTUN oo -y

M
el

i

il

e

[

o )

W0 W W )

3) VIA

C
MATION, E. TUFTE.

97

SOURCE: THE WASHINGTON POST (1€

SUAL DISPLAY OF QUANTITATIVE INFOR

THE VI

t1/:28//:202587:25:20/PM)




PROBLEMS:

LE

>1B

¢
~

INVI

PROBLEMS:

3LE

ISIE
2-D INSTEAD OF 1-D

LIE FACTOR
LINE PLOT

Vv

et

e

rees

$1334

— - — |

NM_ e T TR A

.;, Zs

19701979

prgg—p—
- e et NN,

i s OPEC Benchmark P

W My 5wl ot e OMIC
Mt of s ol nde g e
et

- e
o
..

ik
Qi

i

g
:
3
£

f

27. The Incorrect Normalization of the Data

SOURCE: THE WASHINGTON POST (1978) VIA
£1%/:28//202587:25:30]PM|

THE VISUAL DISPLAY OF QUANTITATIVE INFORMATION, E. TUFTE.




PROBLEMS
DATA IS NOT NORMALIZED

>
—d
W
— O
o5 w
& o
= (24
" (o]
< O
e
_..D-h-
<
= O
Q@ o
g 9 %
. B £ ©
..r.NCL
m £ q o
— wow
%LQEN
S N = o

e s

,v""

M e BT T I LAt

[l TS eaantas T N
o N NN
S
2 )
- uu“.“, -~ T TR
S -~ TSN Aean Ay

i

T T R ot

&' e vn . OPEC Benchmark Prices

- OFVC
e e e b e G bane

wwn o Manaay & sl ot e OMC
l:-dh-u~-—bb-'~—
et mhet b o s danty by

ndoens e o st

-

sid

Hi

-
-

- —

f

g

WO W ey )

et

ey

5 8
134
R =
104
e
-
14
-
14
e
T
°

27. The Incorrect Normalization of the Data

11'/:287:202587:25:40lPM|

979) VIA

c

MATION, E. TUFTE.

SOURCE: THE WASHINGTON POST (1

SPLAY OF QUANTITATIVE INFOR

THE VISUAL DI




it

27. The Incorrect Normalization of the Data

VIS:

DATA IS NOT NORMALIZED

CORRECTLY

INVISIBLE PROBLE

LEMS:

-
-]

1913

VISIBLE PROE

2-D INSTEAD OF 1-D
LIE FACTOR

LINE PLOT

et
e

Y
%

] g T Y A

'

-

a

B\ == =S aaas
,n .
!

B
M,ﬁ — e e w8 N TAUTUN Ta s

19701979

prgeg——
e w008 TN e

i et v . OPEC Benchmark Prices

wn wr Mermay & sl ot e OMIC
Mt o s ol ol g e
ot s - o e e B

e
.

s id

Mﬁ..nw ||||| g

slfjilt 3
L m
m.zmwzm....__....m.," z

e R W R

SOURCE: THE WASHINGTON POST (1979) VIA

DISPLAY OF QUANTITATIVE INFOR

MATION, E. TUFTE.

THE VISUAL

11'/:287:202587:25:50]PM|




27. The Incorrect Normalization of the Data

LE PROBLEMS:

B

INVISI

VISIBLE PROBLEMS:

DATA IS NOT NORMALIZED

1913

2-D INSTEAD OF 1-D

LIE FACTOR
LINE PLOT

st | LN .

- —————— z

AU EN

g ————l o
. i“bt“;m’ll!-"vtu- -.v

o AANANYE N

- wenaml. ==
w0t NN e -

i ¥ :
1 ==
1) ———

g TN

e Y TNV

CORRECTLY

“rx T‘
= o —
P =
=
T =
=

-
3

SOURCE: THE WASHINGTON POST (1979) VIA

SPLAY OF QUANTITATIVE INFOR

2020

MATION, E. TUFTE.

Dl

THE VISUAL

11/:287:202587:26:00]PM)




i

27. The Incorrect Normalization of the Data

Q
W
N
7 m Hif ‘v_“_ ‘_ il H_
z = dildi{ 41411414114
Z O Ll
o) m LI L 00 DO O L 1)
oz
E
W v m —_ 0 AU B R
T il
5 <€ O flb B B
r o O L L0 L0 30 130 0 1
I - |
v 1
< —
o
=
O 2 = 2
& W O
o ﬂ = 0
7 £ q o
= w oW
g S u 2
> N o
.__o,
%
\
B . e e TR L T T
= sa, pmmmm s ARVANAN L EN -
~ 1
(= 1,
-
g e
~ -

o ol o wnde ng b
W e b

e i e OPEC Benchmark Prices

won v My & el ot e OMIC

i

] g

i
1
:

mmrﬂ._ A
G H e I
m:& ‘& N o
fahil m . .m. i

R TR R

SOURCE: THE WASHINGTON POST (1979) VIA

THE VISUAL DISPLAY OF QUANTITATIVE INFOR

2020

MATION, E. TUFTE.

11/:287:202587:26:101PM)




27 The Incorrect Normallzatlon of the Data

DRI prns aen st b e sncnliod bamihonnh  Nosty of of i e menmmmmanit wald i OO
e e S e s iy et i s> OPEC Benchmark Prices
gt ety o St iy s sty el e nerh ge Basin wr My & sl o the OMIC o s1ase
ol irhes privns, bowonn, very widvly by o8 oot gre. Magt of e o & il wader leag-berm ]9 0_1979 3
. o - - i, bt whemn - ool o & e e e { v
R o u*u—-.-‘-m o a et mwhet b el -y —
T e L —— T -0 . et e 13 24 g
(D .-.m.d....—a.q -—— - h ae ) por st s
Lt other punes are B0 wartd s eupars are 40 on @ apet Sosa. V":“':"“ o
LiLL . -~
114 1Mk 1474 - 228
Oetar par ol '-"‘F:_
UL " (\0‘! >~
$10 44
184
T
e
14 a E ﬂ
o+ !
34
-1 s.«vd*‘udn
4
A
MU
AL 3
o 1 don. T Jom o~ I - e 1
W0 W Wz 1ere wrs 1w wrr wirn wie 1y

THE VISUAL

SOURCE: THE WASHINGTON POST (1978) VIA
DISPLAY OF QUANTITATIVE INFORMATION, E. TUFTE

600

500 19722100

100

300

<00

100
1972 ‘74

‘90 The price of crude oul/

NOMINAL |

/

SOURCE: THE SUNDAY TIMES (1978) VIA

THE VISUAL DISPLAY OF QUANTITATIVE INFORMATION, E. TUFTE.

t1'/:28//202587:26:20/PM)



27. The Incorrect Normalization of the Data

=

'/ 281202587:26:30]EM)




27. The Incorrect Normalization of the Data

| 4

Reported cases of syphilis in the US

—— Absalute number of cases
—— Number of cases adjusted by population | |

a
40 150 160 1w Ta80 10 2000 2010 20X
Yo

'/ 281202587:26:40]EM)




27.The In

\ 4

correct Norma

lization of the Data

Reported cases of syphilis in the US

08k

v

- Absolute number of cases

~—— Number of cases adjusted by population | |

0
190

w50

NETHERLANDS muimaimso= A w

The first case of COVIO-19 in Netherlands was reported 227 days ago on
27/02/2020, Since then, the country has reported 180,268 cases. and

G.642 doathe

Corfren] rem Crwy

R

1o

~ e oy 2O W -y ez

et L o Ave s

uUs

o Caes contiemed exch ity - ay-werngel  J UP

The first case of COVID-19 in US was reported 263 days ago on
22/01/2020 Since then, the country has reported 7,762 546 cases, and
214 768 deaths

“

-

Comdrress rew s
]

-~ rx oy 25 ~n e 52

Y Qoy ey At e

SOURCE: CORONAVIRUS RESOURCE CENTER,

JOHN HOPKINS UNIVERSITY

11'/:287:202587:27:00[PM|



27. The Incorrect Normalization of the Data

I Y aYal

160,000
140.000
120.000

100.000

80,000

00
0 20 0 60 80 100 120 140 160 180 200 220 240 260

Number of days since 100 cases recorded

Data as of: 11/15/20 SOURCE: USA TODAY &
e SQURCE JODS Hopkins University JQLALLORINS UNVERSIIY R




27. The Incorrect Normalization of the Data

Ve -

160,000

140,000

120,000

100.000

80,000

-
—

o0
0 20 0 60 80 100 120 140 160 180 200 220 240 260

Number of days since 100 cases recorded

Data as of: 11/15/20 SOURCE: USA TODAY &

W ISISIEEIS ISRt

90999990999
9099999999
90999990999
00900000009

=

5 INFECTIONS OUT OF 100 = 5%



27 The Incorrect Normallzatlon of the Data o

160,000

140.000

120,000

100,000

0 20 «© 60 80 100 120 140 160 180 200 220 240 200

Number of days since 100 cases recorded

Data as of: 11/15/20 SOURCE: USA TODAY &

W et te—

aaas




27. The Incorrect Normalization of the Data

o

Daily number of new positives (Spain)

15.000
10.000

5.000

7 Apr. 11 May 17 Jun. 4 Aug. 1 Oct

SOURCE: GOOGLE.COM VISUALIZATION,
DATA FROM WIKIPEDIA

'/ 28/202587:27:40]EM]




27. The Incorrect Normalization of the Data

o

Daily number of new positives (Spain)

15.000
10.000

5.000

7 Apr. 11 May 17 Jun. 4 Aug. 1 Oct

SOURCE: GOOGLE.COM VISUALIZATION,
DATA FROM WIKIPEDIA

'/ 28/202587:27:50]EM)




27. The Incorrect Normalization of the Data

r.

Daily number of new positives (Spain)

15.000
10.000

5.000

7 Apr. 11 May 17 Jun. 4 Aug. 1 Oct

SOURCE: GOOGLE.COM VISUALIZATION,
DATA FROM WIKIPEDIA

11/2872025§7:28:00]PM




27, The Incorrect Normalization of the Data

o

Daily number of new positives (Spain)

15.000
10.000

5.000

7 Apr. 11 May 17 Jun. 4 Aug. 1 Oct

SOURCE: GOOGLE.COM VISUALIZATION,
DATA FROM WIKIPEDIA

11'/:287:202587:28:10[PM|



27. The Incorrect Normalization of the Data

Disease Deaths per Day Worldwide




27. The Incorrect Normalization of the Data

Disease Deaths per Day Worldwide

_’ [‘ o
—_ = 2432
B 2216
i 2110
— iE 200
= 1544
E 1233
i 1027
[ 548
I 440
B 3%
E 3
i 39
247
18
i
9
20




27. The Incorrect Normalization of the Data

Disease Deaths per Day Worldwide

—.’ ["—
— 0= 2432
B 2216
i 2110
— I 2002
= 1644
1233
i 1027
[ 548
I 440
B 3%
B 3
9
247

a3
50




27. The Incorrect Normalization of the Data

Disease Deaths per Day Worldwide

—_—

.
— =
=
B s
i 440
‘ 3%
E 3
]
247
%
20




27. The Incorrect Normalization of the Data

Disease Deaths per Day Worldwide

. e
—_— = 240
RE 2216

Carl T. Bergstrom @ @CT_§ 2
You can't compare deaths during the early phase of an epidemic with
steady-state deaths from endemic disease.

It wasn't cbvious back then that COVID would become the leading cause
—but it was obvious it would be a lot worse than shown
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28. The Simpson's Paradox

L)L

Simpson's paradox, or the Yule-Simpson effect, is a phenomenon in probability and statistics,
in which a trend appears in several different groups of data but disappears or reverses
when these groups are combined.
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Simpson's paradox, or the Yule-Simpson effect, is a phenomenon in probability and statistics,

in which a trend appears in several different groups of data but disappears or reverses
when these groups are combined.

UC Berkeley admission rates for men and women (1973)

Applicants Admitted

Men 8442 44 %
Women 4321 35%
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Simpson's paradox, or the Yule-Simpson effect, is a phenomenon in probability and statistics,
in which a trend appears in several different groups of data but disappears or reverses
when these groups are combined.

UC Berkeley admission rates for men and women (1973) By departments:
Applicants Admitted Wonen
hesi 8442 (ZZZ) Applicants Admitted | Applicants Admitted
Women 4321 35%

A 825 62 % 108 82 %
B 560 63 % 25 68 %

Women less likely c 329 7% 993 4%

to be admitted in D 47 33% 375  35%

UC Berkeley

= = E 191 28 % 393 24 %
F 373 6 % 341 7 %
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Simpson's paradox, or the Yule-Simpson effect, is a phenomenon in probability and statistics,
in which a trend appears in several different groups of data but disappears or reverses
when these groups are combined.

UC Berkeley admission rates for men and women (1973) By departments:
Applicants Admitted Men Wosmen
Men 8442 44 % 2 . : : :
= Applicants Admitted | Applicants Admitted
Women 4321 35%

A 825 62 % 108 82 %
B 560 63 % 25 68 %

Women less likely c 825 QL@ 593 34%

tobe admitted in D 417 3% 375  35%

UC Berkeley

— ~ E 191 (28 %) 393 24 %
F 373 6 % 341 7 %

t1/:287/:202587:32:311PM)




28 The Simpson's Paradox
4 LG ~ .y _— :

Simpson's paradox, or the Yule-Simpson effect, is a phenomenon in probability and statistics,
in which a trend appears in several different groups of data but disappears or reverses
when these groups are combined.
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Total applicants =1000

600 women (60%)
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Department A

90 positions available

Applicants (%)
250 m (63%)

150w (37%)
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Total applicants =1000 Total positions=100

Department A
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Applicants (%) Fair admission (%)
250 m (63%) 57 m (63%)
150w (37%) 33w (37%)
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Total applicants =1000 Total positions=100

Department A

90 positions available

Applicants (%) Fair admission (%) Admitted Admitted
250 m (63%) 57 m (63%) men: women:
150 w {3?%) 33w (3?%} A B7m A 33w
B: 2m B: 8w
59 m 41w
Department B - -
600 women (60%) 10 positions available o —
450 W Applicants (%) Fair admission (%) - -
150m (25%) 2m (25%)
450w (75%) 8w (75%)
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