
Chapter 4: Correlation and Linear Regression 

4.1 Looking at Scatterplots  
Describing scatter plots:  
• Look for direction: whats the sign – positive, negative, or neither?  
• Look for form: straight, curved, something exotic, or no pattern?  
• Look for strength: how much scatter?  
• Look for the unexpected – unusual observation such as an outlier.  

4.2 Assigning Roles to Variables in Scatterplots  
• One variable plays the role of the explanatory or predictor variable, while the other 

takes on the role of the responsible variable. We place the explanatory variable on the x 
axis and the responsible variable on the y axis.  

• The x and y variables are sometimes referred to as the independent and dependent 
variables, respectively.  

4.3 Understanding Correlation  
Measures of Association  
• Do large values of x tend to be associated with large values of y? (x and y are variables) 

o Graphical answer from scatter plots  
o If you had to put a number on the strength of 

the linear association between two variables, 
what would it be? 

• Covariance is a numerical measure 
o Positive (negative) covariance à positive 

(negative) linear association  
o Zero covariance à no linear association  

• Covariance is not scale free  
o Is a covariance of 500 “big”?  
o Covariance between height and weight depends 

upon the units of measure of each variable  
• The correlation coefficient is a standardized, unit-

free measure of linear association 
o We can standardize each of the variables and with these we can compute a measure 

of strength called the correlation coefficient.  
 
How to Interpret a Correlation Coefficient  
Note: can still be ‘relatively strong’ if there is one outlier.  
• Exactly –1. A perfect downhill (negative) linear relationship 
• –0.70. A strong downhill (negative) linear relationship 
• –0.50. A moderate downhill (negative) relationship 
• –0.30. A weak downhill (negative) linear relationship 
• 0. No linear relationship 
• +0.30. A weak uphill (positive) linear relationship 
• +0.50. A moderate uphill (positive) relationship 
• +0.70. A strong uphill (positive) linear relationship 
• Exactly +1. A perfect uphill (positive) linear relationship 
1) If no relationship at all exists, calculating the correlation doesn’t make sense because 
correlation only applies to linear relationships; and 2) If a strong relationship exists but 



it’s not linear, the correlation may be misleading, because in some cases a strong curved 
relationship exists. That’s why it’s critical to examine the scatterplot first. 
 
Correlation Conditions  
• Correlation measures the strength of the linear association between two quantitative 

variables. Before you use correlation you must check three conditions:  
o Quantitative variables condition: correlation applies only to quantitative variables.  
o Linearity condition: Correlation measures the strength only of the linear association 

and will be misleading if the relationship is not straight enough.  
o Outlier condition: Outlier’s throw data off, when you see one it is a good idea to 

report the correlation both with and without the point.  
 
Correlation Properties  
• The sign of a correlation coefficient gives the direction of the association  
• Correlation is always between – 1 and +1 
• Correlation treats x and y symmetrically 
• Correlation has no units  
• Correlation is not affected by changed in the centre or scale of either variable  
• Correlation measures the strength of the linear association between the two variables  
• Correlation is sensitive to unusual observations 
 
Correlations depicted in each of these scatterplots?  

 
 
Correlation: a statistical relationship between two variables.  
Causation: a rational relationship between two variables  

4.5 The Linear Model 
• If there is a discernable pattern then there is association 
• We can model the relationship with a line and give the equation.  
• Specifically, we can find a linear model to describe the relationship we saw between 

Price and Weight.  
• A linear model is just an equation of a straight line through the data.  
• The points in the scatterplot don’t all line up, but a straight line can summarize the 

general pattern with only a few parameters.  
• We know the model won’t be perfect.  



• No matter what line we draw, it won’t go through many of the points. 
 
 

 
 
 
 
Here the relationship is moderate, 
positive, and linear (r = 0.498) 
 
 
 
 
 
 
 

Residuals  
Difference between predicted and actual.  

Any linear model can be written in the form where b0 and b1 are 
numbers estimated from the data and 𝒚 is the predicted value. We use the ^ to 
distinguish the predicted value from the observed value y.  
The difference between the predicted value and the observed value, y, is called the 
residual and is denoted e. 

 
 
 
The sum of residuals e = y1 – 𝑦1 from the regression line is always: zero  
Why? The sum of the deviations are always going to be zero.  

𝑦𝑖 −   𝑦𝚤 = 0
!

!!!

 

 
Using the regression equation:  
(𝑦 − 𝑦𝑏𝑎𝑟)/𝑠𝑦 = 𝑟  (𝑥 − 𝑥𝑏𝑎𝑟)/𝑠𝑥  (where r is the correlation coefficient between y and x)  
 
if x is one standard deviation away from its mean, what would the model predict for the 
distance of y from its mean ybar?  
Y is predicted to be less than one standard deviation about ybar  
 
• Always going to predict a value of y, closer to the actual, than the x is to the mean – 

is this correct? 
 
The line of best fit (regression line) 
• Some residuals will be positive and some negative 
• The smaller the sum of the squares of the residuals, the better the fit.  
• The line of best fit is the line for which the sum of the squared residuals is smallest – 

often called the least squares line. 



• This line has the special property that the variation of the data around the model, as 
seen in the residuals, is the smallest it can be for any straight-line model for these 
data.  

 

4.6 Correlation and the Line  

 

• To find b1 = 
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• To find b0 = 𝑦 − 𝑏!𝑥 
• The slope tells us that for every 1 unit more of x, y will go up by that slope.  
• The intercept is the value of the line when the x variable is zero.  

4.7 Regression to the Mean  
• If x is 2 SDs above its mean, we won’t ever move more than 2 SDs away for y, since r 

can’t be bigger than 1.0.  
• So each predicted y tends to be closer to its mean (in standard deviations) than its 

corresponding x was.  
• This property of the linear model is called regression to the mean. This is why the line 

is called the regression line.  

4.8 Checking the model  
Conditions:  
1. Quantitative Variables Condition  
2. Linearity Condition  
3. Outlier Condition (no point needs special attention – outlying points can dramatically 

change a regression model).  

4.9 Variation in the Model and R2 
• If the linear model were perfect, the residuals would all be zero and would have a 

standard deviation of 0.  
• The squared correlation R2 gives the fraction of the data’s variation accounted for by 

the model.  
• Because R2 is a fraction of a whole it is given as a percentage.  
• The value should always be between 0% and 100%.  
• R2 of 100% is a perfect fit, with no scatter around the line.  
 
Tips:  
1. Don’t say correlation when you mean ‘association’. Association is a deliberately vague 

term used to describe the relationship between two variables. Correlation is a precise 
term used to describe the strength and direction of a linear relationship between 
quantitative variables.  

2. Don’t correlate categorical variables – make sure they are quantitative  
3. Don’t confuse correlation with causation, just because two variables are related does 

not mean that one causes the other.  
 


