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i3 Mark Twain Ziii:  “There are three kinds of lies: lies, damned lies, and statistics”
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HOW TO

LIE WITH
STATISTICS

Darrell Hufl

Over Half a Million Copies Sold—
An Honest-to-Goodness Bestseller

9.
10.

The Sample with the Built-in Bias
The Well-Chosen Average
The Little Figures That Are Not There

Much Ado about Practically Nothing
The Gee-Whiz Graph
The Semiattached Figure

Post Hoc Rides Again
Hm!; to I.l”‘ I3.]ck to a St’]tiStiC'




EEFRIFIE (Simpson's Paradox)

A& : UC Berkeley fEIRERINPEFEMER IR LILS?

Applicants Admitted
Men | 8442 44% S I
Women 4321 35%



EE#*IFIE (Simpson's Paradox)
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A& : UC Berkeley fEIRERINPEFEMER IR LILS?

Department
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Men

Women

Applicants | Admitted Applicants | Admitted

825
560
325
417
191
373

62%
63%
37%
33%
28%
6%

108
25
593
375
393
341

82%
68%
34%
35%
24%
7%
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it (Statistical Thinking)
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« JEASRUXT 1000 AHITHUAE (H2)

PIER (FixETCE)
- FHIE: 52% + 3%

o 4HEAEE: 48% + 2%
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IR TESLT vs. HERTTEST

iR TESt IERT ST
(f5: {7y Median) (47: A/B hgt)
BAY (Why) BA/Y (Why)
- IEHIEARS o FAREASUEHERT S
3% (How) 7% (How)
« HUEILCE (3E. PuBl. FES) « ULt (Estimation)
o ZUERIIL « H{=X|g] (Confidence Intervals)

. [Rig0LE (Hypothesis Testing)
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IBRE"ER"5 (Age 51)

Age Age
0.04 M

Minimum 0.42 .
5-th Percentile 4 .
Qi 20.125
Median 28 (1 I
Q3 38 @
] 0024 | 4 |
95-th Percentile 56 N
[

Maximum 80
Range 79.58 | H H H
IR 17.875 o HIIHI]‘ ‘
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Python AR EDA 7 (ZHATIIR )

% 1: Pandas + Matplotlib

SMELAEF
« YIFE . BEEFRRELEIHE
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IBRE" R "5 (Age Fl)

StE—  ska | m

Minimum 0.42
5-th Percentile 4
Qi 20.125
Median 28 '
Q3 38 |
95-th Percentile 56 [ N
o il E—
o | N 20
Range 79.58 T B o
IQR 17.875 o |||HII‘H Hm HH‘mthl: -
0 40 60 °
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Python fffj EDA 5 (HEiIik

[ ] [ ]
H§ 2 : Pa n d a S - p rOfI I I ng & pandas-profiling / pandas-profiling = O sponsor  @Watch ~ 138 YrStar 61k Y Fork 934
Ad = Titanic Dataset Overview Variables Interactions Correlations  Missing values  Sample
'H"I'::n
® REIE

® MLAEH] e
m Reproduction Wamingsm

Dataset statistics Variable types
Number of variables 12 CAT 6
Number of observations 891 NUM
Missing cells 866 BOOL 1
Missing cells (%) 8.1%
Duplicate rows 0
Duplicate rows (%) 0.0%
Total size in memory 322.0KB
Average record size in memory 370.1B
Variables
;aslsengirld fe0 Distinct count 891 Mean 446.0
profile = ProfileReport(df, title="Pandas Profiling Report") I Urique () 1000%  Mimimum 1 IIIIIIIIII
Missing 0 Maximum 891
Missing (%) 0.0% Zeros 0 A
Infinite o] Zeros (%) 0.0%
Infinite (%) 0.0% Memory size 7.1 KB
Toggle details
Survived Distinct count 2 o T
Boolean Unique (%) 0.2% [ S
Missing 0
Missing (%) 0.0%
Memory size 7.1 KiB

Toggle details



DataPrep.EDA it B#x

1. Pandas + Matplotlib ® © ©
2. Pandas-profiling © @ ®
3. DataPrep.EDA © © ©
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i8S . Task-Centric EDA

LMESS/ARLEY AP gt

« /AT, (Declarative)
o [EIRYSFFENEFIAERER) EDA {155

API 735

- plot(df) — "BAEEESIESEAIEAHE"

+ plot_missing(df) — "8 T HEEIEEFIIHREERR"
- plot(df, x) — "FAEIEES x 9"

- plot(df, x,y) — "$AEIEE x f1 y Z[ERIXAR"
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IS (Correlation Analysis) &

H4248%1% (Correlation) ?
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- EIFIIRHAIR: BTREEZANRREXR
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= : FREFEMHEXME

1 height

151.
139.
136.
156.
145.
163.

2
3
4
o
6
o’
8

149.

765
-
525
845
415
83
225

weight

47
36

53

62

. 8256065
. 4858065
31.
. 0419145
41.
. 992589
38.

864838

276872

2434755

age
63
63
65
41
51
35
32

O R OR OO 3|
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height weight age male | 20
151.765 47.8256065 63
139.7 36.4858065 63
136.525 31.864838 65
156.845 53.0419145 41
145.415 41.276872 51
163.83 62.992589 35

149.225 38.2434755 32

—

O R ORKROOoOR =
weight (kg)

20 5 i " i i i
140 150 160 170 180 190 200 210
height (cm)
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ARE (FEPE)

200

height weight age ale
151.765 47.8256065 63
139.7 36.4858065 63
136.525 31.864838 65
156.845 53.0419145 41
145.415 41.276872 51
163.83 62.992589 35

149.225 38.2434755 32

—

1801
160f

140}
£ 120}
3 100f

60

weight

a0}

O ROR ORI

20 1 1 1 1 1 1
140 150 160 170 180 190 200 210
height (cm)

© ||| 2w



7mBEZREER (Hexbin Plot)

height weight age male | 9
151.765 47.8256065 63
139.7 36.4858065 63
136.525 31.864838 65
156.845 53.0419145 41
145.415 41.276872 51
163.83 62.992589 35

149.225 38.2434755 32

—

O R ORKROOoOR =
weight (kg

20 L 1 1 1 1 1
140 150 160 170 180 190 200 210
height (cm)
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height
151.
139.
136.
156.
145,
163.
149,

765
-
525
845
415
83
225

weight

47 .
36.
31.
53.
41.
62.
38.

8256065
4858065
864838
0419145
276872
992589
2434755

age

63
63
65
41
51
35
32

= 75th
120r| == 50th
25th

male

501

ol ol SN olNolll i

a : A A . A : A
%30 140 150 160 170 180 190 200 210
height {cm)
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ih75=E (Covariance)

B ZE (Covariance) : HER N TR EENRITE.

cov(X,Y)=E

cov(X,Y) = E

nl‘E 4. MELARFE
ZERTEREM (W FrEX) |,

(X - E[X

YELIERZEE

XY — E[X

(Y — E

|E[Y’

Y])]
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BE/RiEERFEEL (Pearson's Correlation) ™

RIREMAXFRE: HERNEELZAZERRIIRELEE.

cov(X,Y)

PXY =
Ox0y

ZTFE GeE -1 3 +1)
« [-1,0): GafEX
« (0, +1]: IEfBX
e -18; +1: TLEMHEX

RBRTE
- HEEEELIUXRR
- MRBEIFEBUX

p=-1 -1< p <0

+1 p=0

0< p <+1 P
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Hr B /REFKIEXFEEL (Spearman’s rank correlation)

HREZ/RETMBEXZRE: HERINZEZHRBFRENEE.

s

cov(ry,ry)
Ory Ory

= Pryry =

%I EIR: S IRInED

%
- WEREEENEE

JEACI/IHFA (Rank) |, BITERI/REMEREEL

o ¥fSkewedfrEFaE
o AIAMBEIEZMRIBIARE

Spearman correlation=1
Pearson correlation=0.88
T i ! 1 i 1

“200 02 04 06 08 1.0
X
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- (/N = I(éa\) © HEHEZE cov(X,Y)
1 1 2 cov(X,Y) =E (X — E[X])(Y — E[Y])|
2 2 4 © HERRBDARRH r
3 3 5 oy — cov(X,Y)
’ Ox Oy
4 4 4

© HEHEREHRERAZHp

cov(ry,ry)

s = Prxyry =

Oryx Ory
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@ 1175 (Covariance)

Cov(X.Y) =2[(X-X)(Y-Y)] /N

© KRRHIBRZE (Pearson'sr)

r=Cov(X,)Y)/(c X %o Y)

Z2IE - FINT S E S SR IR -

Cov =240

=12.0/5=2.40

r=0.87

=240/ (1.41 x 1.96)
=240/2.76 =0.87

© HTRREHEXRE A ONVD MOARIA p =0.82

P& CERY=4IM X - BLFi9HER2.5)
X{& 1 2 3 4
Rank X 1 3 4
Y& 2 5 4
Rank Y 1 25 4 25

a0 O o

Cov(Rank) = 1.60
0_RX=1.41,0_RY=1.38

p=1.60/(1.41x1.38) = 0.82
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FitEdg
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— EAMESELT vs. HERTIES ST

— Task-Centric EDA

- BXMDtr (A E. B/, HiRZ/RE)
MEERTEST
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