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Part 1: Introduction to Multiple Linear Regression

1.1 The studied model

● the multiple regression model
● Vector of dimension
● Note
● The model (4)
● Example with 2 facto

1.2 Matrix notation

● model in matrix notation
● Note
● Example

1.3 Estimation of B using the OLS method

● The vertical distance between the data points

1.4 Matrix differentiation

● Definition
● Properties
● Exercise

1.5 Application to OLS estimation

● Equation
● Exercise
● Theorem
● Exercise

1.6 Properties of OLS estimators

● Theorem
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1.7 Study of residuals (fitting errors)

● Definition of model residuals
● Exercise
● Fact
● Decomposition

1.8 Measure of the goodness of fit of a model

● the coefficient of determination
● The mean squared error

1.9 Comparison of models

● Definition
● Exercise
● Comparison of nested models
● GRETL

1.10 Estimation of σ²

● Theorem
● Proof
● Consequence of Cochran's theorem

1.11 Confidence intervals

● Equation
● Note
● Construction of a confidence interval

1.12 Confidence interval for a linear combination of the 
coefficients

● Vector
● Equation

1.13 Prediction interval

● Random variable
● Note

1.14 Simultaneous confidence regions

● Theorem
● Reminder
● Proof
● Cochran's theorem
● Equation
● Note
● Examples
● Note
● Proofs
● Exercise
● Example

1.15 Hypothesis testing: significance of a coefficient Bj

● Test of the true value
● Mathematical translation
● Decision rule
● Returning to the choice of s
● Equation
● Summary
● Note

1.16 Notion of p-value

● Definition
● Note

1.17 Test of a linear constraint on the coefficients

● Equation
● Hypotheses
● Decision
● Example

1.18 Test of significance of multiple coefficients

● Testing the joint nullity
● Test of overall significance of the model
● Comparing the models
● Statistics
● Test of comparison of two nested models
● Note

1.19 Test of multiple linear constraints on the coefficients

● Testing multiple linear restrictions
● Hypotheses
● Test of multiple linear constraints on the coefficients
● Proof

1.20 Analysis of results and validation of model sumptions

● Two related questions

1.21 Analysis of residuals

● Study of residuals
● Curvature in the form of residuals



Baptiste Mokas

KNOWLEDGE TREE
AMIRI COURS M1

Baptiste Mokas

Part 1: Introduction to Multiple Linear Regression

1.22 Notion of leverage

● Definition + Note
● Properties
● Note

1.23 Standardized residuals

● Definition

1.24 Studentized residuals

● Definition
● Properties

1.25 Cook's distance

● Definition
● DFFITS
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Part 1: Introduction to Multiple Linear Regression

1.1 Overview of Multiple Linear Regression

● Definition and Purpose of Multiple Linear Regression
● Distinction from Simple Linear Regression

1.2 Multivariate Data and Variables

● Identifying Dependent and Independent Variables in 
Multivariate Data

● Role of Multiple Independent Variables

1.3 The Multiple Linear Regression Model

● Formulating the Multiple Linear Regression Equation
● Interpretation of Coefficients

1.4 Assumptions and Diagnostic Checks

● Assumptions of Multiple Linear Regression
● Diagnostic Techniques for Assumption Violations

Part 3: Model Evaluation and Selection

3.1 Model Fit Measures

● R-squared, Adjusted R-squared, and Their 
Interpretations

● Comparing Models for Model Selection

3.2 Residual Analysis

● Diagnosing Residual Patterns and Model Fit
● Residual Plots and Their Interpretations

3.3 Multicollinearity

● Understanding Multicollinearity and Its Effects
● Detection and Remedies

Part 2: Estimation and Inference

2.1 Estimation Methods

● Least Squares Estimation in Multiple Linear 
Regression

● Calculation of Model Coefficients

2.2 Hypothesis Testing

● Testing the Overall Significance of the Model
● Individual Coefficient Tests and Interpretation

2.3 Confidence Intervals

● Constructing Confidence Intervals for Coefficients
● Practical Interpretation of Confidence Intervals

Part 4: Interaction Effects and Nonlinearity

4.1 Interaction Terms

● Incorporating Interaction Effects in Multiple Linear 
Regression

● Interpretation of Interaction Coefficients

4.2 Polynomial Regression

● Introduction to Polynomial Terms
● Handling Nonlinear Relationships with Polynomial 

Regression

Part 5: Model Validation and Assumptions

5.1 Cross-Validation Techniques

● K-Fold Cross-Validation for Model Validation
● Preventing Overfitting in Multiple Regression

5.2 Outlier Detection and Handling

● Identifying and Addressing Outliers in Multiple 
Regression

● Robust Regression Methods
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1.3 Estimation of B using the OLS method
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1.7 Study of residuals (fitting errors)
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1.7 Study of residuals (fitting errors)
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1.7 Study of residuals (fitting errors)
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1.8 Measure of the goodness of fit of a model
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1.8 Measure of the goodness of fit of a model
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1.9 Comparison of models
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1.10 Estimation of σ²
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1.12 Confidence interval for a linear combination of the coefficients
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1.18 Test of significance of multiple coefficients
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Use Case: Predictive Modeling in Real Estate

In the context of the course on Multiple Linear Regression, which covers topics related to understanding 
multiple linear regression, estimation and inference, model evaluation and selection, interaction effects, 
and model validation, let's explore a use case related to predictive modeling in the real estate industry.

Description:

In this use case, we will apply multiple linear regression techniques to predict real estate property prices 
based on various independent variables. Accurate price prediction is crucial in real estate for both 
buyers and sellers to make informed decisions. Multiple linear regression allows us to model the 
relationship between property attributes and its price.

Key Components:

Introduction to Multiple Linear Regression: Understanding the fundamentals of multiple linear 
regression, including the purpose, formulation of the regression equation, and interpretation of 
coefficients.

Estimation and Inference: Applying estimation methods such as least squares to calculate model 
coefficients. Conducting hypothesis tests to determine the significance of independent variables and 
constructing confidence intervals.

Model Evaluation and Selection: Assessing model fit using measures like R-squared and adjusted 
R-squared. Analyzing residuals to diagnose model fit and detect any patterns. Understanding 
multicollinearity and its effects.

Interaction Effects and Nonlinearity: Incorporating interaction terms to capture complex relationships 
between independent variables. Using polynomial regression to handle nonlinear relationships.

Model Validation and Assumptions: Employing cross-validation techniques to validate the model's 
performance and prevent overfitting. Identifying and handling outliers using robust regression methods.

Python Code Example (Real Estate Price Prediction):

In this code, we load a real estate dataset containing property features and 
prices. We split the data into training and testing sets, fit a multiple linear 
regression model, and use it to predict property prices. We then evaluate the 
model's performance using mean squared error (MSE) and R-squared.

This use case demonstrates how multiple linear regression, as covered in the 
course, can be applied to real-world scenarios like predicting real estate 
property prices, providing valuable insights for buyers and sellers in the real 
estate market.
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Explore the comprehensive course on Multiple Linear Regression, covering key concepts and techniques for understanding and applying regression models in data analysis. You'll start by gaining an 
overview of multiple linear regression, including its definition, purpose, and distinctions from simple linear regression. The course introduces you to multivariate data and variables, teaching you to 
identify dependent and independent variables in complex datasets.

You'll delve into the core of the multiple linear regression model, learning to formulate the regression equation and interpret coefficients. The course will guide you through the assumptions and 
diagnostic checks essential for reliable regression analysis.

Next, you'll explore estimation methods, focusing on least squares estimation in multiple linear regression. Hypothesis testing techniques are covered, allowing you to assess the overall significance of 
the model and the significance of individual coefficients. The course also equips you with the skills to construct and interpret confidence intervals for model coefficients.

In the realm of model evaluation and selection, you'll dive into measures of model fit, including R-squared and Adjusted R-squared, and understand how to compare different models for effective model 
selection. You'll also learn to perform residual analysis, diagnose residual patterns, and address model fit issues. Additionally, you'll explore the concept of multicollinearity and its effects on regression 
models, along with methods for detection and mitigation.

The course delves into interaction effects and nonlinearity, showing you how to incorporate interaction terms and polynomial regression to handle complex relationships in your data.

Finally, you'll explore model validation and assumptions, including cross-validation techniques like K-Fold Cross-Validation and methods for outlier detection and handling in multiple regression.

By the end of this course, you'll possess a robust understanding of multiple linear regression, enabling you to build, evaluate, and refine regression models, make data-driven decisions, and address 
various challenges in regression analysis.
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