
Part 1: Exploring Data – variables  
 
Topic: Linear regression  
 

- To quantify linear relationship between explanatory variable (x) and response variable (y) 
- Predicts the average response for all subjects with a given value of the explanatory variable 
- A straight line that describes how a response variable y changes as an explanatory variable x 

changes 
 

y = a + bx or y = mx + c 

 
1. Least squares regression line 

 
- ‘Best fit’ 
- Used to find best fit straight line for x-y data 
- We want the line to be as close as possible to the data points in the vertical (y) direction 

(since that is what we are trying to predict)  
- We want the residuals to be as small as possible overall  
- A residual is the difference between an observed value of the response variable and the 

value predicted by the regression line, for each x value in the data: 
 

Residual = observed y (y) – predicted y (y-hat) 
Observed y = actual data point at x 

Predicted y = y intercept of the line at the given x 

 
- Use the line that minimizes the sum of the squares of the residuals (SSR) 
- Best fit line is the one with slope and intercept such that the SSR is the smallest value 

o See equation below 
 
2. Regression line calculation from data 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
3. Correlation squared (r2) 
 

- Fraction of variation in the values of y that is explained by the regression line (line of best fit) 
- Measures “usefulness” or accuracy of the linear regression prediction 
- Example 

o  r = 1 → R2 = 1 → regression line explains all (100%) of the variation in y (perfect 
correlation)  



o r = 0.6 → R2 = 0.36 → regression line explains 36% of the or variation in y!  
▪ Other 64%? 

 
4. Residual plots 
 

- Used to decide if the data is following a linear trend 
- Process 

o Always have a scatterplot first  
o Obtain the regression line (linear trend line)  
o Calculate the residual at each point  

- A residual plot is a scatterplot of these regression residuals (on y) against the corresponding 
explanatory, x, variable  

- Use this to assess the fit of a regression line... look for a random scatter around zero  
o Random: linear is appropriate 
o Patterned: linear not appropriate 

- Only tick labels on excel when you are including the headings in the data entry otherwise 
will give wrong values!  

 
5. Cautions about correlation and regression  
 

- Only describe linear relationships  
- Always plot the data before interpreting (past not future) 
- The criterion for linearity is the random residual plot (not r2)  
- Both r and the regression equation are affected markedly by outliers  
- Beware of extrapolation… predicting outside of the range of x  
- Beware of lurking variables… have important effect on the relationship among the variables 

in a study, but are not included in the study  
- Correlation does not imply causation, even if r = 1 

 
 


