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Two Examples
Simple Linear Regression

“The Trench Data”
How long should it take to dig a trench? 

Multiple Linear Regression
 Journal of Statistics Education Body Fat Data
Predicting Body Fat Percentage from “dry” measurements
http://ww2.amstat.org/publications/jse/v4n1/datasets.johnson.html

Minitab
http://www.minitab.com/en-us/
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Describe the Association

Assuming that a line is the correct model, then we have a 
strong, positive, and statistically significant correlation.



Fit the Least Squares Regression Line

The Model

                                                    , for  

The Fitted Equation

                                          , for 
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Summary Statistics

s = The estimated standard deviation of the residuals
       (Smaller is better.)

R2 = The proportion of the variability in y that is accounted for by
           the independent variable(s). 
           (Larger is better.)



Conditions for Inference

+ The model is correct

+ The errors follow a normal distribution

+ The errors have constant variability around the model

+ The errors are independent of each other (not autocorrelated)



Are the conditions met?

+ Is the model correct? Scatterplot

Residual = Observed – Predicted =                              = y - yhat
+ Do the residuals follow a normal distribution? Histogram

+ Do the residuals have constant variability around the model?
   Scatterplot. Or, the residual plot.

+ Are the residuals independent of each other? Hard to check.



Fitted Line Plot



Histogram of the Residuals



Residual Plot (Residuals vs Predictions)



Fitted Line for log-log Transformed Data



Residual Plot for log-log Transformed Data
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Describe Association through Correlations



Describe Association through Correlations



Fit the Multiple Regression Model

The Model

                                                               , for  

The Fitted Equation

                                                       , for 
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The Overall F-Test

There is nothing worthwhile in the model.

There is something worthwhile in the model.                                                               

The “reduced model” is adequate.

A more complex model is necessary.
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Conditions for Inference

+ The model is correct

+ The errors follow a normal distribution

+ The errors have constant variability around the model

+ The errors are independent of each other (not autocorrelated)



Are the conditions met?

+ Is the model correct? Multivariate data, so hard to check.

Residual = Observed – Predicted =                              = y - yhat
+ Do the residuals follow a normal distribution? Histogram

+ Do the residuals have constant variability around the model?
   Residual plot, also helps to confirm that the model is correct. 

+ Are the residuals independent of each other? Hard to check.



Histogram of the Residuals



Residual Plot (Residuals vs Predictions)



Describe Association through Correlations
Recall



The “Forest” of Regression Models



The “Forest” of Regression Models



Two Strong “Movers”



Unloading the truck …



Navigating the stairs …



Which variable 
is doing the 
“heavy lifting”?



Describe Association through Correlations

Collinearity!



“Tell me what collinearity looks like!”

“This is what collinearity looks like!”

r = 0.924



Navigating the Forest
+ Check the residual plots at least at the beginning and the “end.”

+ Maintain statistical significance.

+ Monitor the summary statistics, such as the R2.

+ Are you in the correct forest?
     Transformations?
     Interactions?
     Powers?
     Principal components?
     Unobserved (latent) variables?



Navigating the Forest (continued)
+ “Surround” the model with simple models and the full model.

+ Celebrate parsimony.

+ Lean toward interpretability.

+ Consider stepwise (automated) variable selection methods.

+ Identify “candidate” models, examine the predictions they 
make.
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