Applied Statistics

Correlations

“Statistics is merely a quantisation of common sense”



Correlations

Describe data (Quantify & Visualise)

Overview of subjects

Version 1.2, 6. Nov. 2020

Applied Statistics

‘ Information Scatter plot (2D) Histogram Statistical
Confidence interval
Correlations Mean & Std. e B e
Plot Estimators Uncertainties Error propagation
Y ides: W, Mon. — . 2, - .,

Transformation

Accept-Reject

X

Simulation DATA »| Likelihood

Stides: W2, T

T
Experiment design ChiSquare

A\

Simulate data (Design & Cross Check)

Model data (Predict & Understand)

Hypothesis testing

< Binomial

v — Poisson
] Pany

|Uniform| | Exponential | | Gaussian|

References:
Barlow: R. J. Barlow - “Statistics”
Bevi : P. H. Bevi - “Data Reduction and Error Analysis”

Central Limit Theorem

Batow: 41, Sides: Weekd, Mondsy

Cowan: G. Cowan - “Statistical Data Analysis”
PDG: Particle Data Group 2020 Reviews
Slides: T. C. Petersen - “Applied Statistics 2020” course (W = Week)

Wiki: Good reference for ALL subjects (only specified when essential) :
SciPy: SciPy Statistical Functions and (very brief) documentation TESt hYPOtheses on data (DeCIde)
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Correlation
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http://www.guessthecorrelation.com

Correlation

Recall the definition of the Variance, V:

V=02= 23 (@i —w)? =Bz -



Correlation

Recall the definition of the Variance, V:
1 T
V=0"==) (z— )’ =Ellz—p)? = Bl2") — p°

()

Likewise, one defines the Covariance, Vyy:

Viw = 5 D@1 — ) i — 1) = El(zi = 1) (31 — )
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Recall the definition of the Variance, V:
1 T
) 2 D 2 2
V=0?==) (&)’ =Elz—p)? = E[*) —u
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Likewise, one defines the Covariance, Vyy:

Viw = 5 D@1 — ) i — 1) = El(zi = 1) (31 — )

“Normalising” by the widths, gives Pearson’s (linear) correlation

coefficient:

Pxy =
920y o(p) = \/%(1 ~p?)2 +0(n?)



Correlation

Correlations in 2D are in the Gaussian case the “degree of ovalness”!
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Note how ALL of the bottom distributions have o = 0, despite obvious correlations!




Correlation Matrix

The correlation matrix Vyy explicitly looks as:

Vey =

Very specifically, the calculations behind are:

(E[(Xy — ) (X1 — )] E[(Xy — p1) (X — )]
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Correlation and Information

Correlations influence
results in complex ways!

They need to be taken into
account, for example in
Error Propagation!

Correlations may contain
a significant amount of
information.

We will consider this more
when we play with
multivariate analysis.




Planck example
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Rank correlations

Sometimes, variables are perfectly correlated, just not linearly:

In this case the Pearson Spearman corre.lation =1
et Pearson correlation=0.88

correlation is not the best 10— ! 1 ! ! 1

measure. '

Rank correlation compares
the ranking between the
two sets, and therefore gets
a good measure of the
correlation (see figure).

The two main cases of rank _10”@””””? """"" S A S
correlations are: : : : : |
e Spearman’s rho —15- ‘ ' ' ‘ '

e Kendall’s tau X




Rank correlations

An additional advantage is,
that the rank correlation is
less sensitive to outliers:

The two rank correlations are
special cases of a more general
rank correlation.

Typically, Spearman’s rank
correlation is used.

The definition is:

Spearman correlation=0.84
Pearson correlation=0.67
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where r; and s; is the rank of the i’th element.




Non-linear correlations

Non-linear correlations (associations) are harder to measure, but possible:

e Maximal Information Coefficient (MIC), see reference and Wikipedia on MIC.
e Mutual Information (MI), linked to entropy, see Wikipedia on MI and SKLearn.

e Distance Correlation (DC) between paired vectors, see Wikipedia on DC.
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Original paper: "Detecting Novel Associations in Large Data Sets” (2011). Science 334 (6062): 1518-1524. 45


https://en.wikipedia.org/wiki/Maximal_information_coefficient
https://en.wikipedia.org/wiki/Mutual_information
https://scikit-learn.org/stable/modules/generated/sklearn.metrics.mutual_info_score.html
https://en.wikipedia.org/wiki/Distance_correlation

Non-linear correlations

Non-linear correlations (associations) are harder to measure, but possible:
e Distance Correlation (DC) between paired vectors, see Wikipedia on DC.
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https://en.wikipedia.org/wiki/Distance_correlation

Correlation Vs. Causation
“Com hoc ergo propter hoc”

(with this, therefore because of this)

Fig.1
IS FACEBOOK DRIVING
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[t is a common mistake to think that correlation proves causation...

17



Correlation Vs. Causation
“Com hoc ergo propter hoc”

(with this, therefore because of this)
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