
Goal: Investigate the relationship between the miles per gallon (mpg) and several features of a 

car using linear and logistic regression.  

 

Problem 1 

 

Classify the cars into 3 categories: low, medium and high mpg: 

 

I sorted the dataframe and use np.array_split to split the dataframe into 3 parts. Below is the 

output that I got after groupby the category.  

 

 
 

Problem 2 

 

Create a 2D scatterplot matrix to display the correlations between the different attributes of the 

car. 

 



 
 

 

The weight and displacement pair-wise feature combination is the most informative regarding 

the three mpg categories because it has the highest correlation. Moreover, you can clearly see 

low weight and displacement correspond to high category. Medium weight and displacement 

correspond to medium category. High weight and displacement correspond to low category.  

 

 

 

 

 

 

 



Problem 3 

 

Use ordinary least squares estimator to predict the MPG of a car. 

 
 

Problem 4 

 

Split the dataset in the first 200 samples for training and the rest 192 samples for testing. Use 

OLS solver to regress for 0th to 3rd order polynomial on a single independent variable (feature) 

each time by using mpg as the dependent variable. 

 

Training_Set Mean Squared Error: 
acceleration's'0 order's mean squared error is 59.06319 

acceleration's'1 order's mean squared error is 49.0194 

acceleration's'2 order's mean squared error is 48.42065 

acceleration's'3 order's mean squared error is 48.0136 

 

 

cylinders's'0 order's mean squared error is 59.06319 

cylinders's'1 order's mean squared error is 21.31451 

cylinders's'2 order's mean squared error is 20.76854 

cylinders's'3 order's mean squared error is 19.26468 

 

 

displacement's'0 order's mean squared error is 59.06319 

displacement's'1 order's mean squared error is 19.66003 

displacement's'2 order's mean squared error is 16.88157 

displacement's'3 order's mean squared error is 16.78953 

 



 

horsepower's'0 order's mean squared error is 59.06319 

horsepower's'1 order's mean squared error is 22.77429 

horsepower's'2 order's mean squared error is 16.8092 

horsepower's'3 order's mean squared error is 16.34371 

 

 

model year's'0 order's mean squared error is 59.06319 

model year's'1 order's mean squared error is 40.17046 

model year's'2 order's mean squared error is 37.42571 

model year's'3 order's mean squared error is 37.41196 

 

 

origin's'0 order's mean squared error is 59.06319 

origin's'1 order's mean squared error is 38.68184 

origin's'2 order's mean squared error is 37.60805 

origin's'3 order's mean squared error is 1828.35575 

 

 

weight's'0 order's mean squared error is 59.06319 

weight's'1 order's mean squared error is 17.06116 

weight's'2 order's mean squared error is 15.12569 

weight's'3 order's mean squared error is 15.1216 

 

Test_Set Mean Squared Error: 

 
acceleration's'0 order's mean squared error is 63.01418 

acceleration's'1 order's mean squared error is 50.84666 

acceleration's'2 order's mean squared error is 49.75099 

acceleration's'3 order's mean squared error is 50.37267 

 

 

cylinders's'0 order's mean squared error is 63.01418 

cylinders's'1 order's mean squared error is 26.91072 

cylinders's'2 order's mean squared error is 27.33905 

cylinders's'3 order's mean squared error is 24.53442 

 

 

displacement's'0 order's mean squared error is 63.01418 

displacement's'1 order's mean squared error is 23.16152 

displacement's'2 order's mean squared error is 21.05027 

displacement's'3 order's mean squared error is 21.06452 

 

 

horsepower's'0 order's mean squared error is 63.01418 

horsepower's'1 order's mean squared error is 25.33563 

horsepower's'2 order's mean squared error is 21.69581 

horsepower's'3 order's mean squared error is 22.75747 

 

 

model year's'0 order's mean squared error is 63.01418 

model year's'1 order's mean squared error is 40.80604 

model year's'2 order's mean squared error is 39.97366 



model year's'3 order's mean squared error is 40.137 

 

 

origin's'0 order's mean squared error is 63.01418 

origin's'1 order's mean squared error is 44.28936 

origin's'2 order's mean squared error is 43.93626 

origin's'3 order's mean squared error is 2013.37182 

 

 

weight's'0 order's mean squared error is 63.01418 

weight's'1 order's mean squared error is 20.43057 

weight's'2 order's mean squared error is 19.69495 

weight's'3 order's mean squared error is 19.71088 

 
 



 
 



 
 



 



 
 



  
 



 
 

The second order polynomial performs the best in the test set because it has the lowest mean 

squared error across all the features. The most informative feature for mpg consumption in that 

case is weight because it has the lowest mean squared error, as the result has shown below. 

 

Second Order Polynomial Mean Squared Error for Test_Set breakdown by features: 
acceleration's'2 order's mean squared error is 49.75099 

cylinders's'2 order's mean squared error is 27.33905 

displacement's'2 order's mean squared error is 21.05027 

horsepower's'2 order's mean squared error is 21.69581 

model year's'2 order's mean squared error is 39.97366 

origin's'2 order's mean squared error is 43.93626 

weight's'2 order's mean squared error is 19.69495 

 



Problem 5 

Modify the OLS solver to be able to handle second order polynomials of all 7 independent 

variables simultaneously (i.e. 15 terms). 

 

 
 
0 order's mean squared error for training set is 59.06 

1 order's mean squared error for training set is 10.06 

2 order's mean squared error for training set is 5.97 

 
0 order's mean squared error for testing set is 63.01 

1 order's mean squared error for testing set is 12.09 

2 order's mean squared error for testing set is 9.29 

 

Problem 6 

 

Using logistic regression (1st order) for low/medium/high classification. 

 

 

 
The accuracy on the training set is 94.22%. 

The accuracy on the testing set is 90.82%. 



 

 

Problem 7 

 

If a USA manufacturer (origin1) had considered to introduce a model in 1980 with the following 

characteristics: 6 cylinders, 350 cc displacement, 180 horsepower, 3700 lb weight, 9 m/sec2 

acceleration, the expected MPG rating is 20.71 and the mpg category is low. 

 

  


