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Part 1: Foundations of Simple Linear Regression

1.1 Introduction to the Model

● Random variable
● Endogenous variable

1.2 Model Estimation

● Model form

1.3 Model Assumptions

1.4 Ordinary Least Squares Line

● Line equation
● Sum of squared residuals
● Partial derivatives
● Exercise
● Line equation
● Interpretation of the slope

1.5 Properties of OLS Estimators

● Theorem
● Unbiasedness of OLS estimators
● Theorem 2
● Gauss-Markov theorem
● Linear combination

1.6 Graphical Illustrations
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1.7  1.7 Residual Analysis

● Measuring the quality of fit
● Analysis of variance equation
● Decomposition
● Equalities

1.8 Estimation of σ²

● Definition
● Theorem
● Proof

1.9 Exercise on Empirical Mean

1.10 Confidence Interval

● Results from the previous theorem
● Confidence interval

1.11 Confidence Interval for σ²

● Percentiles of a distribution

1.12 Confidence Region for σ²

● Order of a Fisher-Snedecor distribution

1.13 Hypothesis Testing / Model Significance

1.14 Overall Model Significance Test

● Decision rule
● DROITEREG()

1.15 Prediction

● Predicting the value of Y
● Prediction error
● Estimated variance of prediction error

1.16 Precision Interval
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1.1 Introduction to the Model
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1.2 Model Estimation
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1.3 Model Assumptions
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Part 1: Foundations of Simple Linear Regression

1.4 Ordinary Least Squares Line
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1.4 Ordinary Least Squares Line
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1.4 Ordinary Least Squares Line
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1.4 Ordinary Least Squares Line
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1.4 Ordinary Least Squares Line
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1.5 Properties of OLS Estimators
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Part 1: Foundations of Simple Linear Regression

1.5 Properties of OLS Estimators

● Unbiasedness of OLS estimators
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1.5 Properties of OLS Estimators
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1.5 Properties of OLS Estimators

● Linear combination
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1.6 Graphical Illustrations
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1.7 Residual Analysis
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1.7 Residual Analysis
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1.7 Residual Analysis
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1.7 Residual Analysis
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1.8 Estimation of σ²
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1.8 Estimation of σ²
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1.8 Estimation of σ²
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1.9 Exercise on Empirical Mean
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1.10 Confidence Interval
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1.10 Confidence Interval
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1.11 Confidence Interval for σ²
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1.12 Confidence Region for σ²
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Part 1: Foundations of Simple Linear Regression

1.13 Hypothesis Testing / Model 
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Part 1: Foundations of Simple Linear Regression

1.14 Overall Model Significance Test
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1.14 Overall Model Significance Test
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1.15 Prediction
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1.15 Prediction
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1.15 Prediction
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1.15 Prediction

- Linear Models examples / Simple Linear Regression / Part 1: Foundations of Simple Linear Regression / 1.15 Prediction



Baptiste Mokas

Precision Interval

Baptiste Mokas

Part 1: Foundations of Simple Linear Regression

1.16 Precision Interval
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Part 1: Foundations of Simple Linear Regression

1.1 Introduction to Linear Regression

● Definition of Linear Regression
● Common Applications in Statistics

1.2 Dependent and Independent Variables

● Identifying Variables in the Context of Linear 
Regression

● Concept of Dependent and Independent Variables

1.3 Simple Linear Regression Model

● Basic Equation of Simple Linear Regression
● Interpretation of Coefficients

1.4 Assumptions of Linear Regression

● Linearity, Independence, Homoscedasticity, and 
Residual Normality

● Diagnosing Assumption Violations

Part 3: Evaluation of Simple Linear Regression

3.1 Coefficient of Determination (R-squared)

● Definition and Interpretation of R-squared
● Limitations of R-squared

3.2 Hypotheses and Statistical Tests

● Global Model Significance Test
● Individual Coefficient Significance Test

3.3 Cross-Validation and Overfitting

● Cross-Validation Techniques
● Overfitting Prevention

Part 2: Estimation Methods

2.1 Ordinary Least Squares (OLS) Method

● Principle of Minimizing the Sum of Residual Squares
● Calculating Regression Coefficients

2.2 Interpretation of Coefficients

● Slope Coefficient (Regression Slope)
● Intercept Coefficient (Regression Intercept)

2.3 Standard Error of the Estimate (SEE)

● Computing SEE
● Using SEE to Assess Model Fit

Part 4: Diagnostics and Visualization

4.1 Scatterplot

● Using Scatterplots to Visualize the Relationship
● Identifying Outliers

4.2 Residual Analysis

● Histograms and QQ-plots of Residuals
● Checking for Normality

4.3 Influence and Leverage

● Identifying Influential Observations
● Impact of Leverage on Regression
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Exogénéité Analyse de régressionCombinaison linéaire Coefficient de détermination (R²)Estimateur des moindres carrés ordinaires 
(EMCO) Hétéroscédasticité

Combinaison linéaire de coefficients Régression linéaire

Estimation par régression linéaire

Régression simpleRégression linéaire généralisée Résidus de déviance

Résidus (modèle de régression)

Résidus de Pearson
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Use Case: Predicting Student Performance in Exams

In the context of the course on Simple Linear Regression, which covers topics related to understanding linear regression, estimation 
methods, model evaluation, diagnostics, and visualization, let's explore a use case related to predicting student performance in exams 
based on study hours.

Description:

In this use case, we will apply simple linear regression techniques to predict a student's exam score based on the number of hours 
they studied. Understanding the relationship between study hours and exam scores is important for educators and students to 
optimize study strategies.

Key Components:

Introduction to Linear Regression: Understanding the fundamentals of linear regression, its definition, and common applications in 
statistics.
Dependent and Independent Variables: Identifying variables in the context of linear regression, such as the dependent variable 
(exam score) and independent variable (study hours).
Simple Linear Regression Model: Formulating the simple linear regression equation to model the relationship between study hours 
and exam scores. Interpreting the coefficients, including the slope and intercept.
Assumptions of Linear Regression: Understanding the assumptions of linear regression, including linearity, independence, 
homoscedasticity, and residual normality. Diagnosing violations of these assumptions.
Ordinary Least Squares (OLS) Method: Applying the OLS method to estimate regression coefficients by minimizing the sum of 
squared residuals. Calculating and interpreting regression coefficients.
Standard Error of the Estimate (SEE): Computing the SEE to assess model fit and quantify the dispersion of data points around the 
regression line.
Coefficient of Determination (R-squared): Calculating and interpreting R-squared as a measure of the proportion of variation in 
exam scores explained by study hours.
Hypotheses and Statistical Tests: Performing statistical tests to assess the significance of the regression model as a whole and the 
individual coefficients.
Cross-Validation and Overfitting: Using cross-validation techniques to evaluate the model's performance and prevent overfitting.
Diagnostics and Visualization: Visualizing the relationship between study hours and exam scores using scatterplots. Analyzing 
residuals through histograms and QQ-plots to check for normality. Identifying influential observations and assessing leverage.

Python Code Example (Student Performance Prediction):
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Embark on a fascinating journey into the heart of Simple Linear Regression, a foundational statistical concept that forms the bedrock of data analysis. This journey begins with a captivating narrative that invites you 
to explore the world of data-driven decision-making. Imagine you are a data enthusiast, eager to unravel the mysteries hidden within datasets, seeking the key to making informed predictions and extracting 
meaningful insights. Simple Linear Regression promises to be your guiding light in this quest. It's not just about crunching numbers; it's about understanding the intricacies of relationships between variables, 
discovering patterns, and harnessing the power of data to drive informed choices.

To fully appreciate the significance of Simple Linear Regression, it's essential to delve into its historical context and the influential figures who shaped its development. Picture renowned statisticians like Sir Francis 
Galton and Karl Pearson, whose pioneering work laid the groundwork for this statistical technique. Their contributions have endured through time, underscoring the enduring relevance of Simple Linear Regression. 
As you embark on your journey, you'll stand on the shoulders of these giants, drawing inspiration from their groundbreaking insights to navigate the complexities of data analysis.

The practicality of Simple Linear Regression extends across a wide spectrum of industries and professions. Consider the retail executive eager to forecast product sales based on advertising expenditure or the 
scientist exploring the correlation between environmental factors and species abundance. Business analysts leverage it to optimize marketing budgets, while researchers employ it to examine cause-and-effect 
relationships in diverse fields. Whether you're a data scientist, economist, marketer, or simply someone with a curiosity for understanding the world through data, this course offers invaluable skills that transcend 
disciplinary boundaries.

In an era where data is the lifeblood of organizations and informs critical decision-making, mastering Simple Linear Regression is not just advantageous; it's essential. As you progress through this course, you'll gain 
a deep understanding of how data can be harnessed to make predictions, identify trends, and inform strategies. The course empowers you to transform raw data into actionable insights, equipping you with the tools 
to make data-driven decisions that can steer your career towards new heights. By mastering Simple Linear Regression, you become a proficient data storyteller, capable of translating complex information into 
narratives that drive meaningful change.

Now that you've embarked on this enlightening journey into the world of Simple Linear Regression, it's time to take action. Enroll in our course to unlock the full potential of this statistical tool and elevate your data 
analysis skills. Whether you're driven by personal curiosity, professional growth, or the desire to make a positive impact in your field, this course offers the knowledge and expertise you need. Join our community of 
learners and begin your exploration of the data-driven future today. Feel free to reach out to the Weeki team for further guidance or any inquiries you may have. Together, we'll pave the way for a future illuminated by 
data-driven insights and informed decision-making.
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