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Lecture 32: Section 11.5: The Error in Regression



Estimating Variance and Standard Deviation
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Estimating Variance and Standard Deviation 

of the Residuals



Estimating Variance and Standard Deviation 

of the Residuals (in Practice)
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Textbook Body Fat Example:  Excel 

Output
The regression equation is:

(weight) 0.2499 -27.376 Fat(%)Body 



Estimating Variance and Standard 

Deviation (in Practice)
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Decomposition of Sums of Sums of Squares



The Coefficient of Determination
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Example

The scatter plot of the iodine value–cetane

number data in Figure portends a

reasonably high r2 value.
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Relationship between Correlation and Slope 

of the Linear Regression Line

 In our model, we have a slope (b1):

 The slope is built from the correlation and the standard 
deviations:

 Our slope is always in units of y per unit of x.

 In our model, we also have an intercept (b0).

 The intercept is built from the means and the slope:

 Our intercept is always in units of y.
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Correlation Coefficient

 The expected product of the deviations of 𝑋 and 𝑌, 𝐸(𝐷𝑋𝐷𝑌) is 

called the covariance of 𝑋 and 𝑌.

 The problem with using covariance is that the units are multiplied 

and the value depends on the units

 Can get rid of this problem by dividing each deviation by the SD of 

the corresponding SD,  that is, put it in standard units. The resulting 

quantity is called the correlation coefficient of 𝑋 and 𝑌:

 Note that it is a pure number with no units, and now we will prove 

that it is always between -1 and 1.



Calculating Correlation Coefficient (In Theory)

𝑟 = 𝐸
𝑋 − 𝜇𝑋
𝜎𝑋

𝑌 − 𝜇𝑌
𝜎𝑌

= 𝐸 𝑍𝑋 × 𝑍𝑌



Calculating Correlation Coefficient (in Practice)

 Sample correlation:
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Thinking about Correlation Calculation



Strength of the relationship between two 

quantitative variables

Correlation Properties

 The sign of a correlation coefficient gives the direction of the 
association.

 Correlation is always between -1 and +1. 

 Correlation can be exactly equal to -1 or +1, but these values 
are unusual in real data because they mean that all the data 
points fall exactly on a single straight line.



Correlation as a measure of linear association

 𝐷 = 𝑌 − 𝑌, 𝐸 𝐷 = 0, 𝑉𝑎𝑟 𝐷 = 1 − 𝑟2 𝜎𝑌
2

 What if the correlation is very close to 1 or -1? What does this 

tell you about 𝑋 & 𝑌?

 What about if the correlation is close to 0? What does this tell 

you about 𝑋 & 𝑌?



Examples of Correlations

https://www.spss-tutorials.com/pearson-correlation-coefficient/

https://www.spss-tutorials.com/pearson-correlation-coefficient/

