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Part 1: How could you choose your model ? Let’s 
dive in a decision tree

1.1 The decision tree 

1.2 Number of dependent variables (DV):

● One DV => Univariate
● Multiple DVs => Multivariate

1.3 Nature of the dependent variable (DV):

● Quantitative
● Qualitative (categorical)

1.4 Number of independent variables (IV):

● Quantitative:
● Continuous
● Ordinal
● Qualitative (categorical)

1.5 Type of question:

● Difference
● Relationship between two variables

1.6 Independence of groups or samples:

● Are the groups or samples independent or paired?
● Number of groups or samples
● Knowledge of the distribution: Is the analysis within 

the framework of parametric or non-parametric 
statistics?

Part 2: Fundamentals of Model Evaluation, 
Model Complexity and Cross-Validation

2.1 Model Evaluation Metrics

● Guideline
● F1-Score and ROC Curve
● Accuracy, Precision, and Recall
● Confusion Matrix

2.2 Understanding Model Complexity

● Bias, Variance, and Model Complexity
● The Bias-Variance Decomposition
● Example: Bias-Variance Tradeoff

2.3 Deeper Dive into Model Complexity

● Optimism of the Training Error Rate
● Estimates of In-Sample Prediction Error
● The Effective Number of Parameters

2.4 Cross-Validation

● K-Fold Cross-Validation
● Leave-One-Out Cross-Validation (LOOCV)
● The Wrong and Right Way to Do 

Cross-validation
● Does Cross-Validation Really Work?

Part 3: Model Selection Techniques and 
Insights

3.1 Model Selection Techniques

● Akaike Information Criterion (AIC)
● Bayesian Information Criterion (BIC) and 

The Bayesian Approach
● Minimum Description Length
● Vapnik-Chervonenkis Dimension
● Cross-Validation for Model Selection

3.2 Additional Insights in Model Selection

● General Presentation and Definition
● Distances Between Models
● Criteria for Model Selection

Part 4: Advanced Techniques in Model Selection

4.1 Regularization Techniques

● L1 and L2 Regularization
● Ridge and Lasso Regression
● Elastic Net

4.2 Feature Selection

● Selecting Relevant Features
● Forward and Backward Selection
● Recursive Feature Elimination (RFE)

4.3 Ensemble Methods

● Bagging and Boosting
● Random Forests
● Model Stacking
● Probability of Preferring One Model Over Another
● Model Selection Algorithm
● Example Treated by Software
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● Inference and Estimation 
Theory

● Statistical Inference
● Probability in Inference
● Types of Statistical Inference
● Point Estimation
● Estimators
● Bias in Estimation
● Consistency in Estimation
● Efficiency in Estimation
● Maximum Likelihood 

Estimation (MLE)
● Interval Estimation
● Confidence Intervals
● Hypothesis Testing
● Null Hypothesis
● Alternative Hypothesis
● Significance Levels
● Alpha Level
● P-Values
● Parametric Hypothesis Tests
● Z-Tests
● T-Tests
● ANOVA
● Nonparametric Hypothesis 

Tests
● Wilcoxon Signed-Rank Test
● Mann-Whitney U Test
● Kruskal-Wallis Test
● Model Evaluation Metrics
● Accuracy
● Precision
● Recall

● F1-Score
● ROC Curve
● Confusion Matrix
● Overfitting
● Bias-Variance Trade-off
● Cross-Validation
● k-Fold Cross-Validation
● Leave-One-Out 

Cross-Validation (LOOCV)
● Model Selection Criteria
● Akaike Information Criterion 

(AIC)
● Bayesian Information 

Criterion (BIC)
● Regularization Techniques
● L1 Regularization
● L2 Regularization
● Ridge Regression
● Lasso Regression
● Elastic Net
● Feature Selection
● Forward Selection
● Backward Selection
● Recursive Feature Elimination 

(RFE)
● Ensemble Methods
● Bagging
● Boosting
● Random Forests
● Model Stacking
● Data-Driven Decisions
● Real-World Scenarios

- Inference & Estimation theory / Models Selection

● Inference and Estimation 
Application

● Statistical Model Selection
● Model Assessment
● Advanced Topics in Model 

Selection

Arbre de décision Sélection de modèle Régularité du modèle
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Use Case: Model Selection in Machine Learning

In the context of the course on Inference and Estimation Theory, covering topics on statistical inference, 
point estimation, interval estimation, hypothesis testing, model evaluation, model selection techniques, 
and advanced topics, let's explore a use case related to model selection in machine learning.

Description:

In this use case, we will focus on using model selection techniques to choose the best machine learning 
model for a classification problem. Model selection is crucial in machine learning to ensure that the 
selected model generalizes well to unseen data and performs optimally.

Key Components:

Introduction to Inference and Estimation Theory: Understanding the basics of statistical inference, point 
and interval estimation, hypothesis testing, and their relevance to machine learning model selection.

Model Evaluation Metrics: Utilizing accuracy, precision, recall, F1-score, ROC curve, and the confusion 
matrix as evaluation metrics to assess the performance of machine learning models.

Model Selection Techniques: Exploring techniques to prevent overfitting, including cross-validation, AIC, 
BIC, and cross-validation-based model selection. Understanding the bias-variance trade-off in model 
complexity.

Advanced Topics in Model Selection: Examining regularization techniques like L1 and L2 regularization, 
feature selection methods, and ensemble methods for improving model performance.

Python Code Example (Model Selection in Machine 
Learning):

In this code, we load the Iris dataset, split it into training and testing sets, and 
compare two machine learning models: Logistic Regression and Random 
Forest. We use 5-fold cross-validation to evaluate their performance and 
select the best model based on average accuracy. Finally, we train the best 
model on the full training set and evaluate it on the test set.

This use case illustrates how model selection techniques from the course on 
Inference and Estimation Theory can be applied in machine learning to choose 
the most suitable model for a specific task, ultimately leading to better 
predictive performance.

- Inference & Estimation theory / Models Selection
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Dive into the world of "Inference and Estimation Theory" with this comprehensive course.

In the initial section, you'll explore the fundamental "Basics of Inference," including statistical inference, the role of probability in inference, and the various types of statistical inference. You'll then move 
on to "Point Estimation," where you'll delve into estimators, their key properties like bias, consistency, and efficiency, and the concept of Maximum Likelihood Estimation (MLE). Additionally, you'll gain 
expertise in "Interval Estimation," covering confidence intervals, their construction, and effective interpretation.

The course proceeds to "Hypothesis Testing and Model Evaluation," starting with the "Foundations of Hypothesis Testing." Here, you'll learn about null and alternative hypotheses, significance levels 
(alpha), and how to interpret p-values. The course demystifies "Parametric Hypothesis Tests," including Z-tests, T-tests, and ANOVA, and their applications. You'll also explore "Nonparametric 
Hypothesis Tests," unveiling tests like the Wilcoxon Signed-Rank Test, Mann-Whitney U Test, and Kruskal-Wallis Test, expanding your analytical toolkit. Furthermore, essential model evaluation metrics 
such as accuracy, precision, recall, F1-score, ROC curve, and the confusion matrix will be covered.

In the following section, you'll navigate the intricacies of "Model Selection Techniques." This includes understanding "Overfitting and Bias-Variance Trade-off," where you'll grasp the concept of 
overfitting and the balance between bias and variance in models. You'll also delve into "Cross-Validation," exploring techniques like k-Fold Cross-Validation and Leave-One-Out Cross-Validation 
(LOOCV) for model assessment and selection. Additionally, the course introduces "Model Selection Criteria," including the Akaike Information Criterion (AIC), Bayesian Information Criterion (BIC), and 
cross-validation-based methods.

The final segment takes you to the cutting edge with "Advanced Topics in Model Selection." Here, you'll explore "Regularization Techniques," including L1 and L2 regularization, Ridge and Lasso 
Regression, and Elastic Net. You'll also learn about "Feature Selection" and its techniques for selecting relevant features, such as forward and backward selection and Recursive Feature Elimination 
(RFE). Lastly, you'll uncover the power of "Ensemble Methods" with insights into bagging, boosting, random forests, and model stacking.

By the end of this course, you'll have a comprehensive understanding of inference and estimation theory, equipping you to apply these concepts in real-world scenarios and make data-driven decisions 
with confidence.

- Inference & Estimation theory / Models Selection


