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WHAT YOU WILL LEARN

Statistical Applied

theory '\statistics
!

This lecture



GOALS

« Learn basic intuitions and terminology

« Perform basic statistical inference with R Python
* Focus on high-level principles

« Accent on estimation rather than null hypothesis testing ("the
New Statistics")



A RECENT EXAMPLE

0, 5\ H\ National overview w F"UEThirtinght 2020

Biden is favoredto win the election

We simulate the election 40,000 times to see who wins most often. The sample
of 100 outcomes below gives you a good idea of the range of scenarios our
model thinks is possible.
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https://projects.fivethirtyeight.com/2020-election-forecast/
https://projects.fivethirtyeight.com/2020-election-forecast/

A DEFINITION

 Statistics is the study of the collection, analysis,
interpretation, presentation and organization of data.

Dodge, Y. (2006) The Oxford Dictionary of Statistical Terms, OUP.



ANOTHER DEFINITION

» Statistics has been described as the science of
uncertainty.

But, paradoxically, statistical methods are often used to create a
sense of certainty where none should exist.

Andrew Gelman, blog post 22/09/2016



WHAT ARE STATS?

A set of tools and methods

With an old tradition:
— Origins in demographics
— Anchored in mathematics & probability theory
— Visual representations play a role

— enerally strong focus on computationally cheap numerical
calculations



WHAT ARE STATS?

« Good for:
- Summarizing data for presentation
- Answering empirical questions rigorously
- Making predictions
- Making rational, evidence-based decisions
- A long accumulated experience!



STATS & VISUALIZATION

Exploratory data analysis is sometimes compared to detective
work: it is the process of gathering evidence.

Confirmatory data analysis is comparable to a court trial: it is the
process of evaluating evidence.

Exploratory analysis and confirmatory analysis ‘can—and
should—proceed side by side”(Tukey; 1977).

Quoted from the SAS Institute
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STATISTICAL TOOLS

DESCRIPTIVE STATISTICS

INFERENTIAL STATISTICS




STATISTICAL TOOLS

DESCRIPTIVE STATISTICS
INFERENTIAL STATISTICS



AN EXAMPLE

» Selling encyclopedias
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day Seller 1 Seller 2 Seller 3 Seller 4 Seller 5 Seller 6
1 €320 €80 €139 €330 €133 €387
2 €74 €60 €98 €44 €182 €29
3 €340 €67 €42 €100 €51 €91
4 €322 €54 €89 €44 €67 €886
5 €146 €195 €47 €173 €49 €227
6 €24 €288 €124 €111 €730 €79
7 €42 €249 €26 €77 €672 €45
8 €76 €67 €140 €382 €195 €171
9 €99 €312 €125 €123 €43 €98

10 €915 €77 €106 €250 €149 €70
11 €202 €504 €101 €205 €682 €134
12 €47 €167 €126 €48 €93 €63
13 €34 €65 €55 €56 €333 €1,157
14 €76 €46 €89 €104 €56 €470
15 €75 €34 €184 €35 €299 €205
16 €68 €37 €275 €170 €57 €192



day Seller 1 Seller 2 Seller 3 Seller 4 Seller 5 Seller 6
1 €320 €80 €139 €330 €133 €387
2 €74 €60 €98 €44 €182 €29
3 €340 €67 €42 €100 €51 €91
4 €322 €54 €89 €44 €67 €886
5 €146 €195 €47 €173 €49 €227
6 €24 €288 €124 €111 €730 €79
7 €42 €249 €26 €77 €672 €45
8 €76 €67 €140 €382 €195 €171
9 €99 €312 €125 €123 €43 €98

10 €915 €77 €106 €250 €149 €70
11 €202 €504 €101 €205 €682 €134
12 €47 €167 €126 €48 €93 €63
13 €34 €65 €55 €56 €333 €1,157
14 €76 €46 €89 €104 €56 €470
15 €75 €34 €184 €35 €299 €205
16 €68 €37 €275 €170 €57 €192
17 €126 €23 €114 €30 €43 €60
18 €43 €290 €89 €446 €57 €226
19 €149 €215 €43 €63 €62 €72
20 €31 €81 €26 €469 €60 €39
21 €81 €127 €47 €68 €315 €566
22 €141 €70 €317 €40 €160 €42
23 €113 €947 €203 €102 €108 €76
24 €209 €48 €81 €102 €50 €56
25 €94 €95 €67 €21 €54 €41
26 €159 €125 €67 €263 €69 €173
27 €271 €176 €250 €35 €48 €24
28 €52 €85 €77 €136 €95 €82
29 €30 €12 €317 €157 €240 €58
30 €104 €31 €181 €113 €45 €27
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CENTRAL TENDENCY

Arithmetic Mean SUM a+b+o I':I'Iust sltuatmn"s
[average] G o ——— (“averageitem”)
size 3
Median Middle of sorted list Wildlyvarying samples
[middlevalue] (2 middles? Average ‘em) (houses, incomes)
Mode Most popularvalue Mo compromises
[mostpopular] (winner takes all)
Geometric Mean 5 Investments, growth, area,
[average factor] 1”[' .ﬂ‘b{‘j volume
Harmonic Mean 3 Speed, production, cost
[average rate] 1 1 1



CENTRAL TENDENCY

(a) Negatively skewed (b} Mormal (no skew) {c) Positively skewed
Mean
Madian
Mlccle hMuode Mode

Freqguency

X A

- >
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CENTRAL TENDENCY

Mc|>de Median
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DISPERSION

Standard Deviation 100

90 .




ASSOCIATION

Correlation

exam &
results

hours
revising

POSITIVE CORRELATION
e people who do more revision
get higher exam results.
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ASSOCIATION

Correlation

r=-0.08
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Average Sales

Seller1 Seller2 Seller3 Seller4 Seller5 Seller6

€149 €154 €122 €143 €173 €195



Average Sales

Seller1 Seller2 Seller3 Seller4 Seller5 Seller6

€149 €154 €122 €143 €173 €195
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LET US TRAVEL TO THE FUTURE



806 Quarz 21 September 2014
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BACK TO THE PRESENT



September 2014

day Seller 1 Seller 2 Seller 3 Seller 4 Seller 5 Seller 6
1 €320 €80 €139 €330 €133 €387
2 €74 €60 €98 €44 €182 €29
3 €340 €67 €42 €100 €51 €91
4 €322 €54 €89 €44 €67 €886
5 €146 €195 €47 €173 €49 €227
6 €24 €288 €124 €111 €730 €79
7 €42 €249 €26 €77 €672 €45
8 €76 €67 €140 €382 €195 €171
9 €99 €312 €125 €123 €43 €98

10 €915 €77 €106 €250 €149 €70
11 €202 €504 €101 €205 €682 €134
12 €47 €167 €126 €48 €93 €63
13 €34 €65 €55 €56 €333 €1,157
14 €76 €46 €89 €104 €56 €470
15 €75 €34 €184 €35 €299 €205
16 €68 €37 €275 €170 €57 €192



September 2014

200 -

150 -
‘“100-
E

50 -

0-

Seller 1 Seller 2 Seller 3 Seller 4 Seller 5 SeIIer 6

How much can we trust this chart?



STATISTICAL TOOLS

DESCRIPTIVE STATISTICS

INFERENTIAL STATISTICS




STATISTICAL INFERENCE

We want tﬂ;m -;m.;hesa We have thesea to work with
LOIRE W A o
XK pF kR D X xF
’E,.s:zfm e
* % B
g

Inference
Parameler ‘L.[ ¢ X  Statistic

(Population mean) (Sample mean)




STATISTICAL INFERENCE

« Terminology:

— Sample vs. population

— Mean, median, standard deviation, correlation, etc:
— A sample statistic (e.g., M)
— A population parameter (e.g., u)



STATISTICAL INFERENCE

« Unit of statistical analysis

We want to know about these We have these to work with

, PR
KK Xk ) «&i‘fm
.

= "the thing that I'm sampling from a larger population”
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What is the unit of statistical analysis?



SAMPLING ERROR
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Mean 78 mm Hg , 11

Mean =71.3




SAMPLING DISTRIBUTION

The sampling distribution of a statistic is the distribution of that

statistic, considered as a random variable, when derived from a
random sample of size ».

It may be considered as the distribution of the statistic for all
possible samples from the same population of a given size.



SAMPLING DISTRIBUTION

e Demo http://onlinestatbook.com/stat_sim/sampling_dist/

Parent population (can be changed with the mouse)

| Clear lower 3 |

Normal *

0

Samle et Sample:
ample Data r \
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Distribution of Means, N=5
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1425 ; 3
1140 4 N=5 e
833 4 [ | Fit normal
570 4
285 4

0 -4




SAMPLING DISTRIBUTION

Parent population (can be changed with the mouse)

| Clear lower 3 |

Normal *

Samle et Sample:
amplie Data )
6 P Animated
5 ] —
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SAMPLING DISTRIBUTION

« But we don't know the
population distribution!

Sample Data
&




SAMPLING DISTRIBUTION

 Resampling techniques
+ Bootstrapping

Bootstraps
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resample with replaceme 00



elements

9909000900000 000000000
9900000000 0000000000
9900009000000 00000000
9000000000 000000000

Ny bootstrap
samples

AW NN =

YNy 90900000000000000000



elements

Ny bootstrap
samples

AW NN =

W Nb

9909000900000 000000000
9900000000 0000000000
9900009000000 00000000
9000000000 000000000

900000000900 00000000

Bootstrap distribution

A




Complete element space

Q9090909009000 0
elements

9909000900000 000000000
9900000000 0000000000
9900009000000 00000000
9000000000 000000000

Bootstrap distribution

Ny, bootstrap
samples

AW NN =

YNy 90900000000000000000

Theorem (B. Efron, Ann. Statist. 1979)

When N tend to infinity, the distribution of average values computed from bootstrap samples is
equal to the distribution of average values obtained from ALL samples with N elements which can
be constructed from the complete space. Thus the width of the distribution gives an evaluation
of the sample quality.




SAMPLING DISTRIBUTION

 How to summarize a sampling distribution?




SAMPLING DISTRIBUTION

 How to summarize a sampling distribution?

« With an error bar

20

25 1

20 A

15 A

10 A

m Male m Female




SAMPLING DISTRIBUTION




SAMPLING DISTRIBUTION

Standard error

95% confidence interval



SAMPLING DISTRIBUTION

 How did people do before computers?

.........................

y © 100000000000000000000000000904
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NORMAL DISTRIBUTION

Central Limit Theorem

Given certain conditions, the arithmetic mean of a sufficiently large
number of iterates of independent random variables, each with a
well-defined expected value and well-defined variance, will be
approximately normally distributed



NORMAL DISTRIBUTION

“Exact” t-based confidence intervals

— S
X +t—=
Jn

t ~ 1.96 for large samples




CONFIDENCE INTERVALS

SORRY,

WE SUST
CAN'T TRUST
YOu...

35 -




CONFIDENCE INTERVALS

o A
y 1'g =§=1‘u§_ \

True sampling distribution




CONFIDENCE INTERVALS

95% confidence interval



Different random samples

tinyurl.com/danceptrial2



CONFIDENCE INTERVALS

« Several interpretations

* « arange of plausible values for u. Values

outside the Cl are relatively implausible. »
(Cumming and Finch, 2005)

« Examples of presentation formats:
2.2m, 95% CI [1.6m, 2.8m]
2.2m+/- 0.6m
from 1.6mto 2.8m




CONFIDENCE INTERVALS

* « a range of plausible values for u. Values

outside the Cl are relatively implausible. »
(Cumming and Finch, 2005)

Drug A °

Drug B o

I [ [ | 1 blood pressure
0 1 2 3 4 5



CONFIDENCE INTERVALS

* « a range of plausible values for u. Values

outside the Cl are relatively implausible. »
(Cumming and Finch, 2005)

Drug A °

Drug B °

I [ [ | 1 blood pressure
0 1 2 3 4 5



CONFIDENCE INTERVALS

« « g range of plausible values for u. Values
outside the Cl are relatively implausible. »

(Cumming and Finch, 2005)

A-B o
A-C o
A-D °
[ | | ] diff. in blood press.

-2 -1 0 1 2 3



CONFIDENCE INTERVALS

« "“values close to our M are the Plausibility

best bet for u, and values closer
to the limits of our Cl are —=:0>-
successively less good bets."

&
Confidence interval

(Cumming, 2013)



BACK TO OUR EXAMPLE

» Selling encyclopedias




Average Sales
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AFTER THE BREAK

Bootstrap confidence interval tutorial with Python.

Download the tutorial zip file from the class website.






