
4KG3 Assignment 1 – Linear regression for prediction

Student Name: Jieyu Zhang 

Student Number: 400368960

Objectives: Learn how to use linear regression for prediction.

1. Using data visualization for initial variable investigation and selection 

(a) What are the distributions for the dependent and independent variables? 

Price, the dependent variable, is right-skewed, with a number of outliers over 25,000 and 
the majority of values concentrated below 15,000. While mileage is right-skewed, meaning 
most cars have lesser mileage but some have more than 150,000, age is left-skewed, 
suggesting there are more older automobiles. Fuel type is classified, with gasoline 
accounting for the majority (86.7%), followed by diesel (11.9%) and compressed natural gas 
(1.4%). With a few high-value outliers reaching 192 HP, the horse power is roughly typical, 
centered at 110 HP.

(b) How do they related to each other? 

Older automobiles and autos with more miles on them often cost less since the dependent 
variable, price, has a negative relationship with both age and mileage. Since automobiles 
with greater horsepower often cost more, there is a positive link between horsepower and 
price. The most popular fuel is gasoline. Mileage and Horse Power outliers point to possible 
non-linear correlations.

(c) What appears to be the three or four most important car specifications for predicting the 
used car price?

When estimating the price of a secondhand automobile, age, mileage, horsepower, and fuel 
type are the most crucial factors. Older automobiles and cars with more miles on them are 
often less expensive since age and mileage have an inverse relationship with pricing. Given 
that higher-performance automobiles tend to fetch higher prices, horsepower and price 
seem to be positively connected. Fuel type also matters since market demand and efficiency 
may influence prices for various fuels (Petrol, Diesel, and CNG). These four variables are 
important predictors of auto pricing since they show a great deal of variation.
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2. Data preparation and partition for training, validation, and testing 

(a) Why do we need to convert fuel type to dummy variables?

Since Fuel Type is a categorical variable and the majority of statistical and machine learning 
models demand numerical input, we must turn it into dummy variables. To enable models 
to grasp how fuel type affects pricing, we create dummy variables that convert categories 
(such as gasoline, diesel, and CNG) into binary values (0 or 1). This guarantees accurate 
comparison between fuel types and avoids erroneous assumptions about numerical 
correlations.

(b) Why do we need to do data partition?

Data partitioning is necessary to prevent overfitting and to guarantee that machine learning 
models generalize effectively to new data. We enable the model to learn patterns from one 
part of the dataset (training set), adjust hyperparameters using another (validation set), and 
assess performance on entirely unknown data (test set) by splitting the dataset into training, 
validation, and test sets. By distributing the dependent variable (price) evenly among these 
sets, stratified partitioning preserves uniformity and guards against bias.

3. Run a linear regression with all available variables 

(a) What is the mathematical formula of the regression model obtained? 

Price = -6452.144 + (-128.645 * Age) + (-0.019 * Mileage + (-2065.622 * Fuel Type[CNG] or 
25.500 * Fule Type[Diesel] or 2040.122 * Fule Type[Petrol]) + 46.341 * Hours Power + (-
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1.782 * Metalic(0) or 1.782 * Metalic(1)) + 465.234 * Automatic + (-2.009 * CC) + (-87.320 * 
Doors + 24.562 * QuartTax + 19.014 * Weight

                                    

                                    

(b) How do you calculate the predicted price and the prediction error (residual) for each 
record? 

To cauculate the predicted price we just have to put the value of Age, Mileage, Fuel Type, 
Horse Power, Metalic, Automatic, CC, Doors, QuartTax and Weight in to the formula that is 
showing in question (a).
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To cauculate the Residual we can use “ Residual = Actual Price – Predicted Price”, we just 
have to put the value in the “Price” column as Actual Price and value of “Pred Formula 
Price” column as Predicted Price.

(c) Show the error distribution for training, validation and testing? What are the differences 
between them?

The training set having the fewest outliers and the least residual variance. Although the 
residuals in the validation set vary a little more, they are still comparable to those in the 
training set, indicating good generalization. The test set, on the other hand, includes the 
most severe outliers and the highest residual spread, indicating that the model may be 
overfitting to the training set and struggles with unknown data.

4. Automated variable selection 

(a) What methods have you used for variable selection?

For variable selection, the stepwise regression method was utilized, especially the forward 
selection approach with the Maximum Validation R-Square stopping criteria. This strategy 
begins with no variables and gradually introduces predictors depending on their statistical 
significance and contribution to improved model performance.

(b) What is the best set of variables you will use? What are the criteria used for selection?
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Age, Mileage, Horse Power, CC (Engine Size), Doors, QuartTax, and Weight are the most 
effective variables for forecasting automobile prices, with p-values (<0.05) indicating 
statistical significance. These variables were chosen by stepwise regression (forward 
selection) with Maximum Validation R-Square as the stopping criteria. The selection criteria 
include p-values to assure significance, F-Ratio to quantify contribution, Adjusted R-Square 
for model fit, and AIC/BIC to balance complexity and accuracy. Less relevant variables, such 
as fuel type, automatic transmission, and metallic paint, were eliminated to avoid overfitting 
and enhance model efficiency.
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5. Possible real word applications 

(a) What is the potential business value for used car price prediction? For instance, you may 
consider its possible use for used car sellers or replacement cost evaluation for insurance 
companies.

Many companies benefit from the ability to estimate used vehicle prices. Used car dealers 
may establish fair and competitive rates based on characteristics such as age, mileage, and 
vehicle attributes, allowing them to sell automobiles faster and for a higher profit. Insurance 
firms may utilize price projections to determine the appropriate reimbursement when a 
vehicle is damaged or lost, making claims more equitable. Banks and lenders can use it to 
determine loan amounts by estimating how much an automobile will be valued in the 
future. Car buyers and dealerships also profit since it allows them to determine whether a 
price is appropriate, making purchasing and selling cars easier and more transparent.

(b) Search the web and find out potential utilities of linear regression in other domains such as 
finance, healthcare etc.

One use of linear regression in finance is the Capital Asset Pricing Model (CAPM), which 
assists investors in determining an asset's expected return depending on its risk. The 
formula: Expected return = Risk-Free Rate + Beta * (Market return - Risk-Free Rate) use 
linear regression to estimate beta, a measure of an asset's volatility compared to the 
market. This allows investors to determine if an asset provides a good return for its degree 
of risk.
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6. Report how much time you have spent on this assignment, what problem you have faced and
what you have learned.

I worked on this project for around 5 hours, which included data analysis, model selection, and 
interpretation. One of the most difficult issues was dealing with variable selection, namely 
selecting the most important predictors while avoiding overfitting. Furthermore, understanding 
statistical outputs like p-values, R-squared, and residual distributions needed considerable 
consideration. Another challenge was understanding the influence of category factors and 
transforming them into useful dummy variables. 
This project taught me how to utilize stepwise regression for feature selection, residual analysis 
to measure model performance, and several assessment metrics such as AIC, BIC, and RASE. I 
also learned more about the commercial benefits of predictive modeling, notably in pricing 
strategies for used automobiles and insurance applications. This experience helped me improve 
my abilities in data-driven decision-making and statistical modeling. 
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