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Correlation

Measures the strength and
direction of a relationship
between two metric variables

For example, the relationship
between weight and height or
between consumption and
price: it is not a “perfect”
(deterministic) relationship, but
we expect to find one on
average



Correlation

Correlation measures to what extent two (or

more) variables are related

Correlation expresses Positive correlation Negative correlation
: Xpres: indicates that the two indicates that they
a relationship. This ) : . :
. : variables move in the move in opposite
relationship can be: . L
same direction directions

The question is: do two variables “move
together”?




Covariance

Measures the co-movement of two variables x and y across observations

Covariance estimate:
e =0 —y)
n
For each observation i, a situation where both x and y are above or
below their respective sample means increase the covariance value,
while the situation where one of the variables is above the sample mean
and the other is below decreases the total covariance.

COV(x,y) =

Contrarily to variance, covariance can assume both positive and negative
values.

If x and y always move in opposite direction, all terms in the summation
above will be negative, leading to a large negative covariance. If they
move always in the same direction there will be a large positive
covariance.



Interpreting Covariance

* Covariance between two variables:

Cov(x,y) >0 — xandy tend to move in the same direction
Cov(x,y) <0— xandytend to move in opposite directions

Cov(x,y)=0— xandy are independent



From covariance to correlation

Covariance, like variance, depends on the measurement
units.

If one measures prices in dollars and consumption in
ounces, a different covariance value is obtained as
compared to the use prices of Euros and consumption in
Kilograms, even if both situation refer exactly to the
same goods and observations.

Some form of normalization is needed to avoid the
measurement unit problem

The usual approach is standardization, which requires
subtracting the mean and dividing by the standard
deviation.



Correlation

* Considering the covariance expression, where the
numerator is based already on differences from the

means, all that is required is dividing by the sample
standard deviations, for both x and y.

i=1 (% — f) i =)
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Correlation coefficient

* The correlation coefficient r gives a measure (in

the range —1, +1) of the relationship between two
variables

— r=0 means no correlation
— r=+1 means perfect positive correlation
— r=-1 means perfect negative correlation

e Perfect correlation indicates that a p% variation in
x always corresponds to a p% variation in y



Correlation and causation

* Note that no assumption or consideration is
made on causality,

* The existence of a positive correlation of x and y
does not mean that is the increase in x which

leads to an increase in y, but only that the two
variable move together, to some extent.

* Thus, correlation is symmetric, so thatr, =r,,



Scatter Plots of Data with Various
Correlation Coefficients
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Using Excel to Find

the Correlation Coefficient

Ed Microsoft Excel - Book1
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* Click OK.. ..

e Select

ools/Data Analysis

Choose Correlation from the
selection menu
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Using Excel to Find
the Correlation Coefficient

(continued)
A I B | c e € [ F [ G [ H |
1 | Test#1 Score Test#2 Score, th
2 78 821
3 92 88}
4 86 In Correlation ‘ 2| x|
5 83 90} B
b 95 925 Input Range: .A- 1:$6$11 lL-I
7 85 85} Cancel |
8 91 89, Grouped By: {+/Columns
9 76 81 Rows Help |
10 bata) 965 [V Labels in First Row /
11 79 7
o T ~QOutput\options / /
13 " Quthut Range: I i
14 % New \Worksheet PA/ [
15 ~
16 MNew Workboo
17 \ 7/
T \/

* Input data range and select
appropriate options P

. Test #1 Score | Test #2 Score
* Click OK to get output

Test #1 Score 1
Test 7 Score?| 0.733243705 1

A= IIN | —



Interpreting the Result

e r=.733

100 -

Scatter Plot of Test Scores

95

90

* Thereis a relatively

85

Test #2 Score

strong positive linear

80

relationship between s

70

test score #1 ©

75

80 85 90 95
Test #1 Score

100

and test score #2

e Students who scored high on the first test tended to

score high on second test
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Scatter Plots and Correlation

e A scatter plot (or scatter diagram) is used to show the
relationship between two variables

* Correlation analysis is used to measure strength of the
association (linear relationship) between two variables

* Only concerned with strength of the relationship

* No causal effect is implied



Scatter Plot Examples

Linear relationships Curvilinear relationships
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Scatter Plot Examples

(continued)

Strong relationships Weak relationships

Chap 13-16



Scatter Plot Examples

(continued)

No relationship

Chap 13-17



Correlation Coefficient

(continued)

* The population correlation coefficient p (rho)
measures the strength of the association between
the variables

* Unit free
 Range between -1 and 1

* The closer to -1, the stronger the negative linear
relationship

* The closer to 1, the stronger the positive linear
relationship

* The closer to 0, the weaker the linear relationship

Chap 13-18



Correlation coefficient -example

10?‘“

We want to study the relationship among the web
advertising expenditure and turnover (in tousand of
dollars) for 8 retailers.

Is there a relationship between the two
variables?

turnover Web advert
expenditure
y X
35 8
49 9
27 7
33 6
60 13
21 7
45 11
51 12
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Example.. Step by step

turnover Web-adv
expenditure
y X (v-y) (x-X)
35 8 -5.125 -1.125
49 9 8.875 -0.125
27 7 -13.125 -2.125
33 6 -7.125 -3.125
60 13 19.875 3.875
21 7 -19.125 -2.125
45 11 4.875 1.875
ol 12 10.875 2.875
y =40.125 X =9.125

co-variance(axy)=2*1’°‘2'187(5 /8 = 26.61

(y-¥)* (x-X) vy —¥)? (x —%)*
5.766 26.266 1.266
-1.109 78.766 0.016
27.891 172.266 4516
22.266 50.766 9.766
77.016 395.016 15.016
40.641 365.766 4516
9.141 23.766 3.516
31.266 118.266 8.266

212.875K 1230.875 46.875

Co-deviance




(continued)

Calculation Example

co-variance(axy)=2125';875 = 26.61

& 1230.875

turnover _

% y o . op = 5 = 53.85 o, =12.404
501 ° °
° 0f = 46'88 ™ _sgs oy = 2.42
°® [

30 1 .
° 26.61 0.886
Pxy = 12.404 « 2.42)

0 2 4 6 8 10 12 14

X — web expenditure

r =0.886 — relatively strong positive
linear association between xand y

Let’s try with R ! &



Scatterplot

Scatterplots allow to check whether there is a potential link between two quantitative variables. For this reason,
scatterplots are often used to visualize a potential correlation between two variables. For instance, when drawing a
scatterplot of the length of the sepal and the length of the petal:

plot({datsSepal.Length, dat$Petal.Length)
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Correlation

Another descriptive statistics s the correlation coefficient.

The correlation measures the flinear relationship between two variables, and it can be computed with the corf()

function:

cor{dat$Sepal.Length, dat$Sepal.wWidth)

# [1] -2.1175698
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