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3t A % (Statistical Thinking)

0 Statistics is the science of learning from data (7,
)

0 Data are numbers, but ’rhey are not " just numbers’

0 3o (data)+3 P! (context)=F 3 (information)

o ] ¢ 50 (just a number)
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Always Look at the Data

2 23.8% vs. 49.9% (average)
A v A H A (Census Bureau): 11.8% vs. 74%
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Data Beat Anecdotes
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= E. W. Campion, “Editorial: power lines, cancer and fear,
England Journal of Medicine, 337, No. 1 (1997).
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Beware the Lurking Variable
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Ontime Delayed Rate of Late Flights

Alaska 3274 501 501/3775
Airlines =13.3%
America 6438 787 187/7225
West =10.9%

America West i1 21" i i
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Alaska Airlines  America West

On Time Delayed On Time Delayed

LLos Angeles 497 62 694 117
Phoenix 221 12 4840 415
San Diego 212 20 383 65
San Francisco ~ 503 102 320 129
Seattle 1841 305 201 61

Total 3274 501 64338 787



B e xS
¥ RERFE(S D)
0 F - EF A S PRI 3F 5 58 E Alaska
Airlines 3214

0.35

0.3 [ Alaska Airlines

0.233

0.25 B America West
0.2

0.144
0.11

0.14
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0.1

0.05

Los Angeles Phoenix San Diego San Francisco Seattle




1 Hint: The hub of Alaska Airlines is in Seattle and the
hub of America West is in Phoenix.

D%ﬁ%%

A. Barnett, “How numbers can trick you,

b

Technology
Review, October 1994, Department of Transportation.

0 Simpson’s paradox



44

T
»

4

Yo R e =k
&-@’g\z& ,_ﬁ’g'ﬁa

147 (Simpson's Paradox <

3 BRECLR ML § 7 B
#c(lurking varlable) @ EER ST R
i %% Bz B efd B 2 e B 82 RE R i
*@%wﬁ

:ﬁ‘z%” 7;34&}&&



'5.:‘%

?’

A

¥ AR ? (Simpson’s Paradox)

FTRMNT A BT ek Y G B hlEE
Not Not
counts |Accepted accepted Total percents |Accepted accepted
Men 198 162 360 Men 55% 45%
Women 88 112 200 Women| 44% 56%
Total 286 274 560
. p
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(Simpson’s Paradox)

-
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Not Not
counts |Accepted accepted Total percents| Accepted accepted
Men 18 102 120 Men 15% 85%

Women 24 96 120 Women| 20% 80%
Total 42 198 240
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(Simpsons.Paradox)

8 [

Not Not
counts |Accepted accepted Total percents| Accepted accepted
Men 180 60 240 Men 75% 25%

Women 64 16 80 Women| 80% 20%
Total 244 76 320
P
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(Simpsons.Paradox)
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(Noetic Sciences Review, Summer 1993, p. 28)
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Where the Data Come from Matters
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Variation is Everywhere
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(Conclusions are not certain)

X - ¥R’ (mammograms)&_F ¥ 14 "F M 5L R 5t

TR AT RAT 0 R
6}%«'4‘]“*“"‘ LR e " FE 1K 26%
"é? "MK 2.95% 1% i ® ﬁz’l&(confldence interval) &
17%~34%
H. C. Cox, “Editorial: benefit and harm associated with
screening for breast cancer,” New England Journal of

Medicine, 338, No. 16 (1998)
Statistics gives us a language for talking about
uncertainty that is used and understood by statistically
literate people everywhere.
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0 There are three kinds of lies: lies, damned lies,
and statistics.

-- Benjamin Disraeli (1804—1881 > s W7 4p > & A » &
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(/< “Statistical thinking will one day be as necessary for
efficient citizenship as the ability to read and write.”)
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HOW TO LIE WITH STATISTICS

LBrEEE 0k

[ %)% st e 5&) i
Darrell Huff= (1954) asla B2 (2005)
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How to Lie with Charts
by Gerald Everett Jones
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0 F L]l E RALSEE A (FDR Poll)

0 1936+

o Franklin D. Roosevelt (FDR) vs. Alf Landon

0 XAPAIER L ol iEE A Landon € < 2%, % % FDR
~ 25
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i HSEHs 0 $  (simple random sampling )
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& R 44 $&  (stratified random sampling )
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2. v iE & T 5(Average)
0 = B ¥ * eh¢ & (central tendency) B &

T 5% (mean)

¢ i+ # (median)

¥ # (mode)
7 Average could mean any of them

[ ’;H'?Bd/— vs. ik £l & fie

o0 01 0.2 03 04



http://zh.wikipedia.org/wiki/File:Standard_deviation_diagram.svg
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Incomes: Mean = $37,000
$9000 Median = $12,000
$9000 Mode = $9000
$9000
$12,000 Each is a legitimate average but can
$120,000 serve conflicting purposes
$85,000

$15,000



T I3 VS. P>k

300 BE i (skewed) o oK g
< id%i.}?ﬁ/% ’ 12»\7:k|_ J «E’ﬁég{*)]} P )Eg:

PLLBER R S8 B AR BIIRE > TRAR
PFLeT a8 o~ T i B FeE A o fw B0 T~
ﬁjw'\ﬁ'{? Ao A7 & {25 K% E'J ) ‘)fﬁﬂﬁlfm d fi"_ﬁi
G LA



* R L 15 ‘?
N

-1 Person Money 7 Mean $146
01 John 2

o Ann 3 = Median $3
1 Bob 1

o Mary 10 7 Mode $2

0 Sue 5

o1 Carol 2

1 Ken 999
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suitja s, (statistical inference)
B3k fﬁ Z_(testing hypotheses)
%«p % -k & (significance level )
p T [ (confidence interval)
% ¥¢ -k & (confidence level)
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T 2 (Average)
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“Many of the truths we hold onto depend

on our point of view"
Ben Kenobi, Star Wars £ %5 < Bt
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Direct Labels - Scale

Enrolilment Increases Dramatically

30
9.5
P

2% f’f Thousands
28.5 f of student=s
28 f_,-r"
2f.5 /.rf
2f =
6.5 S
26

] — | o = Liy vh = = 5]

i i or- i i o i i i

> 2.2 222 2.2 B

Chart shosars an increase of 3,000 students 10 & years
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Direct Labels - Scale

Enrollment Paltems Stagnant % a0, 7 F 5 o

100
70
&0
o
&0
50
A0

A T e & s ey WP

——Thousands of
stude nds

Year

wame as previons chart - different zero point
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Direct Labels - Scale

Enrollment Stable

a0

410

—+— Thousands
0 —, r—— of students

20

10
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wame as previous 2 charts different zero and different scale
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Encoding - Primary Colors

B Migrant Educcrdion
O Prison Educetion

B Acult Ltemicy

O Kinclemgjerten

Use of primary colors presents data in a cheerful setting.
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Encoding - Dark Palefte 7 ¥#: #/¥
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# R

B Acult Literacy

B Migmint Educotion
B Prison Ecluccrdion
B Endergorten

B e e e
TR

Use of dark, heavy colors depicts data’as oppressive, sad, ete.
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After you plot your dataq, think!

The statistician Abraham Wald (1902-1950) invented
some statistical methods that were military secrets
during World War Il. Here is one of his simpler ideas.

Wald studied the location of enemy bullet holes in
planes returning from combat. He plotted the
locations on an outline of the plane. As data
accumulated, most of the outline filled up.

Put the armor in the few spots with no bullet holes,
said Wald.

That's where bullet hits the plane that didn't make it
back.
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Intentional deceit = %, ,‘X%
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“How to Lie with Statistics” by Darrell Huff (1954).
(53R 53 803 Fo ic ] HOFE% i 528

(2005) ~ &= F = L ik o

“The Basic Practice of Statistics” ( % I 5% ) by

David S. Moore (2010).

Linda Tansil’s powerpoint on “How to Lie with
Statistics as in the book by Darrell Huff” (2003)
from internet
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