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What is Statistics?
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Statistics is the study of the

collection, analysis, interpretation,

presentation and organization of
data.

— Dodge, Y. (2006) The Oxford Dictionary of
Statistical Terms, OUP.
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Why Statistics?
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We have questions and want
answers, but our intuition is
not always right.
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Data Analysis

Exploratory Data Analysis

* the process of gathering evidence much like detective work

Confirmatory Data Analysis

* the process of evaluating evidence is comparable to a court trial

= UNIVERSITY OF

¥) CALGARY




Exploratory Data
Analysis
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Exploratory Data Analysis

* Understanding data and finding interesting things from the data

* Visualizations can help
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Confirmatory Data
Analysis
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Confirmatory Data Analysis

* Testing hypotheses
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Basic Statistical Terms
* Mean
* Variance

e Standard Deviation
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Some Data
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Mean (Average)
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Median (Middle)
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Mode (Most Common)
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Mode (Most Common)
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Why would we use mode over mean?

* Mean -> Good for continuous and symmetrical data (clustered around a point)

* Median -> When data has weird distribution this can avoid outlier influence
* Ex when Bill Gates walks into the bar the average income in the bar goes up but the
median is unchanged (ordinal data -> sortable)
* Mode -> Great for nominal data
* (not ordered or relative and can’t do math on it)

* Could be used for other data but generally less useful that other ‘central tendency
measures’

* Ex. USRIs report to instructor most common answer as 1-7 on the likert scale of strongly
disagree to strongly agree (i.e. the mode of answers)

* When data is normally distributed (They are all the same!)
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https://80000hours.org/2012/10/quantification-as-a-lamppost-in-the-dark-quantification-part-3/
https://creativecommons.org/licenses/by/3.0/
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How different is one value relative to avgrage?
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Differential (one value) 2
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diff = (value - mean) =2-5=-3
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Variance (of all data)
Average of squared differentials
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Variance = s

= 6.8

N

&l UNIVERSITY OF

¥ CALGARY



25

Standard Deviation (of all data)

Root of variance
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Standard Deviation =v6.8
=2.6
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Basic Statistical Terms
* Mean — average
* Variance — squared deviations of individual data points from the mean

 Standard Deviation — square root of the variance
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Different Data Sets

X Y X Y X Y X Y
10  8.04 10  9.14 10  7.46 8  6.58
8  6.95 8  8.14 8  6.77 8  5.76
13 7.58 13 8.74 13 12.74 g8  7.71
9 8.81 9 8.77 9 7.11 8 8.84
11 8.33 11 9.26 11 7.81 8 8.47
14 95.96 14 8.1 14 8.84 8 7.04
6  7.24 6  6.13 6  6.08 8 525
4 426 4 3.1 4  5.39 19 125
12 10.84 12 9.11 12 8.15 8  5.56
7  4.82 7  7.26 7  6.42 8  7.01
5  5.68 5  4.74 5 573 8  6.89
” Anscombe 1973 & EALEARY
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A hypothesis is a liability

https://genomebiology.biomedcen
tral.com/articles/10.1186/s13059-
020-02133-w

 students without a specific
hypothesis were almost five times
more likely to discover the gorilla
when analyzing this dataset
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https://genomebiology.biomedcentral.com/articles/10.1186/s13059-020-02133-w
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Statistics

* Descriptive Statistics — gives information that describes the data in some
manner

* Inferential Statistics — uses descriptive statistics to estimate population
parameters
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Descriptive Statistics
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Descriptive Statistics
* Measures of Centre

* Measures of Spread
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Descriptive Statistics

* Measures of Centre
Central Tendency
1. Mean — average
2. Median — the middle value (in a sorted set of data points)
3. Mode — most frequently occurring value
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Measures of Centre

Central Tendency

1. Mean — average

2. Median — the middle value (in a sorted set of data points)
3. Mode — most frequently occurring value
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Measures of Spread

How data points are deviated from the average of a distribution

1.

2.
3.
4

Variance — squared deviations of individual data points from the mean
Standard Deviation — square root of the variance
Range — difference between max and min

Interquartile Range (IQR) — difference between Q3 and Q1
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Box Plot

Assume no outliers

4th quartile

3rd quartile I
2nd quartile t
T 1st quartile I

This Photo is licensed under CC BY-NC

38

S MOXIMUM (Q4)

G Q3

s ME QN (Q2)

s () |

s NAIN[MUM

LN UNIVERSITY OF

™%

&% CALGARY


https://newonlinecourses.science.psu.edu/stat100/lesson/3/3.4
https://creativecommons.org/licenses/by-nc/3.0/
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Measures of Spread (Box Plot)

How data points are deviated from the
average of a distribution

1.

2
3. Range — difference between max and mir
4

Interquartile Range (IQR) — difference
between Q3 and Q1

Assume no outliers o

4th quartile

v

3rd quartile
2nd quartile I
st quartile I
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QI

Minimum
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Inferential Statistics
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We want to know about these
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We want to know about these We have these to work with
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We want to know about these We have these to work with
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(Population mean) (Sample mean)

el UNIVERSITY OF

7,

$¥% CALGARY



44

We want to know about these

.

Parameler .U

(Population mean)

We have thesa to work with
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Inference
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(Sample mean)
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Lisa Sullivan
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Parent population (can be changed with the mouse)
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http://onlinestatbook.com/stat_sim/sampling_dist/
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http://onlinestatbook.com/stat_sim/sampling_dist/
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Spurious Correlations

hitp://tylervigen.com
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Correlation?

T USED 10 THINK,
(ORRELATION IMPUED
CAUSATION.

1

THEN I TOOK A

STATISTICS CLASS.
NOW I DON'T,

B

SOUNDS LKE THE
ELF’IES HELPED.

WELL, I"‘THTE-E

M
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http://disjointedthinking.jeffhughes.ca/2013/04/correlation-and-causation/
https://creativecommons.org/licenses/by-nc/3.0/
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Causation?

ANOHER HUGE. STuDY
FOUND No EVIDENCE THAT
CELL PHONES CAUSE CANCER.
LHAT WAS THE WHO. THINKING?

T THINK THEY JsT
GOT 1T BACKLARD.

@P.

This Photo by xkcd.com is licensed under CC BY-SA-NC
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HUH?
WELL, TAKE
A LOCK.
/

UNITED STATES:
L [ e
TOTRL CANCER
| INCIDENCE -
+ 50
2
PER, legern : L
W7o 1980 1itg 20en 2000

YOURE NOT...THERE ARE S0
MANY PROBLEMS WITH THAT,

JUST To BE SAFE, UNTIL
I SEE MCRE DATA T'M

GOING To ASSUME CANCER
CAUSES CELL PHONES.
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http://blog.anggriawan.com/2014/07/logical-fallacy.html
https://creativecommons.org/licenses/by-nc-sa/3.0/

Onward to ...
Qualitative Analysis

Jonathan Hudson
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