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LECTURE 6: INTRODUCTION -
CORRELATION AND 
REGRESSION



CORRELATION AND REGRESSION

Purpose

• Analyse the 
relationship between 
two quantitative 
variables X and Y.

ScatterPlot

• First step in studying 
the relationship 
between variables.

• Plots each pair 𝑋 𝑌
as a point in a 
coordinate system.

• Allows visual detection
of:

➢Direction (positive 
or negative)

➢Form (linear or
non-linear)

➢Strength of the
relationship

Correlation

• Measures the degree 
and direction of a 
linear relationship.

• Expressed by the 
correlation 
coefficient (r) →
ranges from –1 to +1.

➢𝑟 > 0: variables 
increase together.

➢𝑟 < 0: one increases 
as the other 
decreases.

Regression

• Describes or predicts
𝑌 based on 𝑋.

• Simple Linear 
Regression Model:

𝑌 = 𝛽0 + 𝛽1𝑋 + 𝜀
• Parameters estimated

by the least squares
method

Key Idea:

• The scatterplot shows the relationship.

• Correlation quantifies the strength of association.

• Regression explains and predicts the relationship.



LECTURE 6: COVARIANCE 
AND CORRELATION 



MEASURES OF RELATIONSHIPS 
BETWEEN VARIABLES

Newbold et al (2013)



COVARIANCE

Silvestre (2007)



INTERPRETING COVARIANCE 

Newbold et al (2013)

Note:

• The sign of the covariance indicates the direction of 

the relationship between the variables.



COEFFICIENT OF CORRELATION 

Silvestre (2007)



FEATURES OF CORRELATION 
COEFFICIENT

Newbold et al (2013)



INTERPRETING CORRELATION
COEFFICIENT (SILVESTRE, 2007)

Silvestre (2007)



INTERPRETING CORRELATION 
COEFFICIENT

r = -1   

• Perfect negative 
linear correlation 

-1 < r ≤ -0,8   

• Strong negative 
linear  correlation 

-0,8 < r ≤ -0,5   

• Moderate negative 
linear correlation 

-0,5 < r < 0   

• Weak negative 
linear correlation

r = 0   

• No linear 
correlation

0 < r < 0,5   

• Weak positive 
linear correlation

0,5 ≤ r < 0,8   

• Moderate positive 
linear correlation 

0,8 ≤ r < 1   

• Strong positive 
linear correlation

r = 1   

• Perfect positive 
linear correlation

Note:

• The sign of r​ indicates the direction of the

association.

• The absolute value ∣r| indicates the strength of

the linear relationship.



SCATTERPLOTS OF DATA WITH 
VARIOUS CORRELATION COEFFICIENTS

Newbold et al (2013)



EXERCISE 2.55

Newbold et al (2013)



EXERCISE 2.55:  SOLUTION

 Answer:

Summary:

• Covariance ≈ 13.24

• Correlation = r ≈ 0.866 (strong 

positive linear relationship, 0.8 ≤ r < 1)



STANDARDIZATION OF A 
VARIABLE

Silvestre (2007)



LECTURE 6: LEAST SQUARES
REGRESSION LINE



LEAST SQUARES REGRESSION
LINE

Silvestre (2007)



LEAST SQUARES METHOD 
AND ESTIMATORS

Silvestre (2007)



PROPERTIES OF THE LEAST 
SQUARES REGRESSION

Silvestre (2007)



EXERCISE 11.19

Newbold et al (2013)



EXERCISE 11.19 A):  SOLUTION

 Answer:



EXERCISE 11.19 A):  SOLUTION

 Answer:



EXERCISE 11.19 B):  SOLUTION

 Answer:



ASSESSMENT OF FIT QUALITY: 
MSE AND RESIDUAL VARIANCE

Interpretation:

• Smaller values of both MSE and residual variance indicate better model fit.

• Both measure the magnitude of prediction errors: the closer the predicted values are 

to the observed values, the smaller these quantities will be. Thus, large values suggest 

poor predictive performance or high variability in the errors.

Silvestre (2007)

MSE is used to 

assess the quality of 

out-of-sample or

future predictions. 

The MSE is 

computed using data 

points outside the 

original dataset



ASSESSMENT OF FIT QUALITY: 
COEFFICIENT OF DETERMINATION

Interpretation:

• 0 ≤ 𝑅2 ≤ 1

• The closer 𝑅2is to 1, the better the model fits the data.

Silvestre (2007)



GENERAL DECOMPOSITION
IN REGRESSION

Silvestre (2007)



ASSESSMENT OF FIT QUALITY



EXERCISE 11.75

Newbold et al (2013)



EXERCISE 11.75 A):  SOLUTION

 Answer:



EXERCISE 11.75 B):  SOLUTION

 Answer:



EXERCISE 11.75 C):  SOLUTION

 Answer:



RELATIONSHIP BETWEEN CORRELATION 
COEFFICIENT AND REGRESSION 
COEFFICIENT 

Conclusion / Interpretation

• The square of the correlation coefficient is

directly related to the squared slope of the

regression line, scaled by the ratio of the

variances of 𝑋and 𝑌.

• This shows mathematically that strong

correlation → steep slope (if 𝑠𝑥, 𝑠𝑦fixed).



RELATIONSHIP BETWEEN R AND R²

Interpretation:

In simple linear regression, 

the coefficient of 

determination (R²) equals 

the square of the correlation 

coefficient (r), meaning the 

proportion of variance in Y 

explained by X is directly 

related to their linear 

association.



THANKS!
Questions?
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