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« Stats review cont’d
* Exploring
— Distributions

— Summaries
— Visualization

 Testing and evaluating the results (beginning)
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Lower layers in the Analytics Stack
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Stats review — cont'd

Definitions/ topics

(Statistic

« Statistics

* Population and Samples
« Sampling

e Central Tendencies
&Frequency

~

« Distributions and parameters

/-Frequency distributiorD

* Probability

* Significance tests

* Hypothesis (null and
alternate)

* P-value

/

Previous class
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Measure of Central Tendency

* Mean: The most commonly used measure of central tendency, commonly
referred to as “Average”, sensitive to extreme values (sensitive to outliers)

— Population Mean Population Mean Sample Mean
N n
X, X,
— Sample Mean e ; ' Y- ;
N n

N = number of items in | n = number of items in
the population the sample

Image Resource: https://www.onlinemathlearning.com/population-mean.html Courtesy: Quick Study Academic — Statistics www.quickstudy.com
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Standard Deviation

Population standard deviation of grades of eight students |edit]

Suppose that the entire population of interest is eight students in a particular class. For a finite set of numbers, the population
standard deviation is found by taking the square root of the average of the squared deviations of the values subtracted from their
average value. The marks of a class of eight students (that is, a statistical population) are the following eight values:

2,4,4,4,5,5,7,9.
These eight data points have the mean (average) of 5:

_2+44+4+4+454+5+47+9 40

8 =52

First, calculate the deviations of each data point from the mean, and square the result of each:
(2-52=(-3)%=9 (5-52=02=0
(4-52=(-1)2=1 (5-5)2=02=0
(4-52=(-1)%=1 (7-52=2=4
(4-52=(-1)2=1 (9-5)2=4%2=1s.

EN]

The variance is the mean of these values:

o2 — 9+1+14+1404+0+4+16 32

= =4,
8 8

and the population standard deviation is equal to the square root of the variance:

o=+4=2.

https://en.wikipedia.org/wiki/Standard_deviation
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Standard Error

* Versus standard deviation = SD (i.e. from the mean)
« SE ~ SD/sample size

* S0, as size increases SE << SD !! Big data
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Grouped Frequency Distribution aka binning

Histogram of E
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Distributions s AN AN

Normal Distribution

» Shape N

F Distribution Chi-Square Distribution  Exponential Distribution Weibull Distribution

» Parameter(s) (\

L} L ]
* Which one fits? f
I I . Lognormal Distribution Birnbaum-Suanders Gamma Distribution Double Exponential
(Fatigue Life) Distribution Distribution

e,

Power Normal Distribution Power Lognormal Tukey-Lambda Distribution
Distribution

C

Extreme Value Distribution Beta Distribution

Figure 2-1. A bunch of continuous density functions (aka probability
distributions)
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Distributions AN

Normal Distribution Uniform Distribution Cauchy Distribution t Distribution

» Shape /\ N \
» Parameter(s)

— Mean f\ f\

-_ S ta n d a rd d eVi ati O n Lognormal Distribution ~_ Birnbaum-Suanders Gamma Distribution Double Exponential
(Fatigue Life) Distribution Distribution

— Skewness
— Etc. /\ /\

Power Normal Distribution Power Lognormal Tukey-Lambda Distribution

Distribution

Extreme Value Distribution Beta Distribution

C

Figure 2-1. A bunch of continuous density functions (aka probability
distributions)
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Plotting these distributions

* Histograms and binning
» Getting used to log scales

» Going beyond 2-D
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Heavy-tail distributions

 Probability distributions whose tails are not exponentially bounded
e.g. long-tail distributions - common in business, marketing, social media mechanisms

Few that dominate

More that add up

Equal areas

http://en.wikipedia.org/wiki/Heavy-tailed distribution
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http://en.wikipedia.org/wiki/Heavy-tailed_distribution

Probability Density
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Cumulative
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Variability in normal distributions
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Frequencies v. Probabillities

 Actual rate of occurrence in a sample or population — frequency
» Expected or estimate likelihood of a value or outcome — probability

 Coin toss — two outcomes (binomial) p= 0.5 (of “heads”)
» Major of study

* University year

* Which US State you live in

7~
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Normal Distribution

« Many naturally occurring phenomena are modeled by the normal
distribution.

* Normal distributions are continuous: generalization of the binomial
distribution, where n->infinity and the degree of concentration around the
mean is specified by the parameter sigma.

* Bell-shaped curve or Gaussian distribution, which is parameterized by its
mean and standard deviation.
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Normal Distribution

0.5

34.1% 34.1%

» The normal distribution implies
tight bounds on the probability of
lying far from the mean. 68% of the
values must lie within one sigma i :
(standard deviation) of the mean, T e e e
and 95% within two times the sigma Ry 66.3% o the o w1 o v f e aversge (o 19051
(standard deviation) and 99.7% lie ey 55550 o gt 1wt oo s atons o e svrne (rom o o2

within the three the sigma (standard

deviation)

Image Credit: W3C school:
https://www.w3schools.com/statistics/statistics_normal_distribution.php
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Distribution tests

most distributions have tests

*Wilcoxon-Mann-Whitney test

— Comparing populations

Two data samples are independent if they come from distinct populations and the samples do not affect each other. Using
the Mann- Whitney-Wilcoxon Test, we can decide whether the population distributions are identical without assuming them to
follow the normal distribution.
http://www.r-tutor.com/elementary-statistics/non-parametric-methods/mann-whitney-wilcoxon-test

« Kolmogorov-Smirnov
» Shapiro-Wilk
* Anderson-Darling

« It got out of control when people realized they can name the test after themselves,
V. someone else...
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http://www.r-tutor.com/elementary-statistics/non-parametric-methods/mann-whitney-wilcoxon-test

Distributions

* Go over the distributions listed here (make
yourself familiar with these distributions):

http://www.quantitativeskills.com/sisa/rojo/alldist.zip

—
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Probability

Before dive into the Naive Bayes lecture in upcoming
classes, lets go over some definitions in probability.

* Probability is the measure of the likelihood that an
event will occur.

* In other words, probability is a measurement of how
likely an event occurs.

 Probability of event A:

Number of ways A can occur
Number of possible outcomes

P(A) =

Reference: https://en.wikipedia.org/wiki/Probability
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Probability

 You should know/understand the two probability
concepts:

1) Joint Probability
2) Conditional Probability

Reference: https://en.wikipedia.org/wiki/Probability
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Probability

Joint Probability: specifies the probability of event A and
event B occurring together.

(Joint Probability A and B |
\

P(A) P(B)

P(A,B)

https://en.wikipedia.org/wiki/Joint_probability _distribution
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Probability

Joint Probability: specifies the probability of event A and
event B occurring together.
If the two events are independent,

What is the probability of getting two 6’s when you roll two dice?

The probability of rolling(getting) two 6’s:

P(AB) = P(A)* P(B) = - *

o) e

https://en.wikipedia.org/wiki/Joint_probability _distribution Image/Photo Credit: https://pngtree.com/freepng/two-dice_1504759.html
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Probability

Conditional Probability: probability of event A
occurring, given that event B occurred.

P(4,B)
P(B)

P(A|B) = = Probability of A, given B ; P(B)>0

P(A) P(B)

P(A,B)

https://en.wikipedia.org/wiki/Conditional_probability

—
Tetherless World Constellation / )

®)Rensselaer £



The Complement Rule

P(not A)=1-P(A)

P(Blnot A) = 1 — P(not B|not A)
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Bayes Theorem

e The relationship between conditional probabilities, P(B|A) and
P(A|B) can be expressed using the Bayes Theorem.

P(A|B) «P(B)

P(BIA) = “

Reference: https://en.wikipedia.org/wiki/Bayes%27 theorem
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Bayes Theorem

e The relationship between conditional probabilities, P(B|A) and
P(A|B) can be expressed using the Bayes Theorem.

Conditional Probability / Likelihood

\ Prior Probability
P(A|B) *P(B)‘/

P(A)\

Marginal Probability / evidence

P(B|A) =

Posterior Probability

~ Probability of cause given effect

Reference: https://en.wikipedia.org/wiki/Bayes%27 theorem
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Bayes Theorem

e The relationship between conditional probabilities, P(B|A) and
P(A|B) can be expressed using the Bayes Theorem.

probability that smoke originates from fire

\ / probability of fire

P(A|B) «P(B)

P(A)\

probability of smoke

P(B|A) =

probability fire is causing smoke

~ Probability of cause given effect

Reference: https://en.wikipedia.org/wiki/Bayes%27 theorem
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Hypothesis

1. Write the original claim and identify whether it is the null hypothesis or the
alternative hypothesis.

2. Write the null and alternative hypotheses. Use the alternative hypothesis
to identify the type of test.

3. Write down all information from the problem.

4. Find the critical value using the tables

5. Compute the test statistic

6. Make a decision to reject or fail to reject the null hypothesis. A figure
showing the critical value and test statistic may be useful.

7. Write the conclusion.

g
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Hypothesis

« What are you exploring?
« “Regular” data analytics features ~ well defined hypotheses
— Big Data messes that up

» E.g. Stock market performance / trends versus unusual events

(crash/ boom):
— Populations versus samples — which is which?

— Why?
 E.g. Election results are predictable from exit polls

—
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Null and Alternate Hypotheses

* HO - null

* H1 — alternate

* If a given claim contains equality, or a statement of no change
from the given or accepted condition, then it is the null
hypothesis, otherwise, if it represents change, it is the
alternative hypothesis.

* It never snows in Troy in January
« Students will attend their scheduled classes

—
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Accept or Reject?

* Reject the null hypothesis if the p-value is less than the
level of significance.

* You will fail to reject the null hypothesis if the p-value is
greater than or equal to the level of significance.

 Typical significance 0.05 (!)
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E.g. Election prediction

* Exit polls versus election results
* How is the “population” defined here?

* What is the sample, how is it chosen?
— What is described and how is that used to predict?
— Are results categorized? (where from, specialty, age)

* What is the uncertainty?
— It is reflected in the “sample distribution”
— And controlled/ constraints by “sampling theory”
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F-test

F=S,2/S,°
where S;and S, are the
sample variances.

The more this ratio deviates
from 1, the stronger the
evidence for unequal -
population variances.
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https://www.youtube.com/watch?v=EVCfuk9PdMU

Random Numbers

« Can a computer generate a random number?
« Can you?
* Why? — to reduce selection bias!

* In R — many ways — see help on Random {base}
and get familiar with set.seed()
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Summary: exploration

« Going from preliminary to initial analysis...

* Determining if there is one or more common distributions
involved — i.e. parametric statistics (assumes or asserts a
probability distribution)

* Fitting that distribution -> provides a model!

* Or NOT
— A hybrid model or

— Non-parametric (statistics) approaches are needed — more
on this to come

—
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Summary - considerations

 Quality, uncertainty and bias — you will often spend a lot of
time with the data

e Distributions—the common and not-so common ones and
how cyber vs. natural data can have distinct distributions

* How simple statistical distributions can mislead us

* Populations and samples and how inferential statistics will
lead us to model choices (no we have not actually done that
yet in detail)

* Preparing data for exploratory analysis

« Toward models!

I ~_
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Reminder: finish Lab 0

* Reminder to finish the last week intro to Lab (Lab 0 —
installing R)

* R!I' ( how is your learning/coding in R going?) keep
learning/coding...

 Create the Github repository for this class if you
have not created it yet and email the repo URL to me
(eleisa2@rpi.edu)

=
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Thanks!
(See you Friday)

*** Experiment with R!

® Rensselaer



