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Part 1: Inference, Hypothesis Testing, Experimental Design and Application

1.1 Basics of Statistical Inference

1.2 Foundations and General Definitions of Hypothesis Testing

● Null and Alternative Hypotheses
● Significance Level, p-Values, and their Interpretation
● Errors and Choosing a Test

1.3 Principles of Experimental Design

● Factorial Design and Classic Experimental Plans
● Control Groups, Randomization, Replication, and Blocking
● Necessity of Randomization

1.4 Planning, Implementing, and Analyzing Experiments

● Choosing Variables and Determining Sample Size
● Ethical Considerations
● Designing Surveys and Observational Studies: Principles, Sampling Methods, and Biases

1.5 Power, Effect Size, and Experimental Analysis

● Understanding and Analyzing Statistical Power
● Effect Size Measures: Cohen's d, Eta-squared, etc.
● Power Analysis in Experimental Design
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Part 1: Fundamentals of Hypothesis Testing

1.1 Introduction to Hypothesis Testing

● Definition and significance of hypothesis testing
● Role of hypothesis testing in research and 

decision-making

1.2 Types of Hypotheses

● Null hypothesis (H0) and alternative hypothesis (H1 
or Ha)

● One-tailed vs. two-tailed tests
● Prediction of future outcomes

1.3 Errors in Hypothesis Testing

● Type I error (False Positive) and Type II error (False 
Negative)

● Relationship between significance level (α) and 
power of the test (β)

1.4 P-value and Significance Level

● Interpretation of the p-value
● Setting and understanding the significance level 

(commonly at 0.05)

Part 3: Assumptions and Limitations

3.1 Assumptions in Hypothesis Testing

● Common assumptions such as normality, 
independence, and homoscedasticity

● Implications of violating assumptions

3.2 Power and Sample Size

● The concept of statistical power
● Impact of sample size on hypothesis tests

3.3 Multiple Comparisons Problem

● Risk of Type I error with multiple tests
● Correction techniques (e.g., Bonferroni correction)

3.4 Limitations of p-values

● Misinterpretations and misconceptions
● Recent critiques and discussions in the statistical 

community

Part 2: Steps and Considerations in Hypothesis 
Testing

2.1 Setting Up Hypotheses

● Formulating null and alternative hypotheses
● Identifying the appropriate test statistic

2.2 Choice of Significance Level

● Impact of α on decision making
● Considerations based on research context

2.3 Conducting the Test

● Calculation of the test statistic
● Determining the critical value or critical region

2.4 Making a Decision

● Rejecting or failing to reject the null hypothesis
● Interpretation in the context of the research question

Part 4: Advanced Topics and Practical Application

4.1 Non-parametric Tests

● When and why to use non-parametric tests
● Key differences from parametric tests

4.2 Bayesian Hypothesis Testing

● Comparison with traditional (frequentist) hypothesis 
testing

● Bayes factor and its interpretation

4.3 Resampling Methods

● Introduction to bootstrapping and permutation tests
● Application in hypothesis testing

4.4 Reporting and Interpreting Results

● Importance of transparency in reporting
● Effect sizes, confidence intervals, and other essential 

metrics

- Hypothesis Testing
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Null and Alternative Hypotheses

Baptiste Mokas- Inference & Estimation theory / ED & HT / Part 2: Hypothesis Testing - Theory and Application / 2.1 Foundations and General Definitions of Hypothesis Testing

Part 2: Hypothesis Testing - Theory and Application

2.1 Foundations and General Definitions of Hypothesis Testing
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Part 1: Inference, Experimental Design and Application

1.1 Basics of Statistical Inference
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Part 1: Inference, Experimental Design and Application

1.2 Principles of Experimental Design
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Part 1: Inference, Experimental Design and Application

1.2 Principles of Experimental Design
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Part 1: Inference, Experimental Design and Application

1.2 Principles of Experimental Design
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Part 1: Inference, Experimental Design and Application

1.2 Principles of Experimental Design
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Part 1: Inference, Experimental Design and Application

1.2 Principles of Experimental Design
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Sondage F de fisherBiais expérimentalÉtude de cohorte Niveau de signification p-valueHypothèse nulle vs hypothèse alternative

Test bilatéralCollecte des donnéesHypothèse alternative (H1) Principe d’un test de probabilitéInvariance du maximum de vraisemblance

Test d'hypothèseÉtude cas-témoinsHypothèse nulle (H0) Risque de deuxième espèce (beta)

Fiabilité des données

Puissance du test

Risque de première espèce (alpha) Plan d’expérience

Test à deux queuesTest d’homogénéité sur la variance Statistique de test Test à une queueThéorème de Kolmogorov-Smirnov
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Use Case: Hypothesis Testing in Clinical Trials

In the context of the course on Inference and Estimation Theory, covering topics on statistical inference, 
point estimation, interval estimation, hypothesis testing, experimental design, and advanced topics, let's 
explore a use case related to hypothesis testing in clinical trials. This use case involves applying 
hypothesis testing techniques to determine the efficacy of a new medical treatment.

Description:

In this use case, we will focus on using hypothesis testing to assess the effectiveness of a new medical 
treatment compared to an existing standard treatment. This scenario is common in clinical trials when 
researchers need to make decisions about the adoption of a new treatment protocol based on statistical 
evidence.

Key Components:

Introduction to Inference and Estimation Theory: Understanding the basics of statistical inference, point 
and interval estimation, and the role of probability in making informed decisions.

Hypothesis Testing: Applying hypothesis testing principles to compare the effectiveness of medical 
treatments, including defining null and alternative hypotheses, setting significance levels, and 
interpreting p-values.

Experimental Design: Planning a clinical trial with control groups, randomization, and replication. 
Deciding on the appropriate sample size and considering ethical considerations in experimental design.

Advanced Topics in Inference and Estimation: Exploring Bayesian inference as an alternative approach 
to traditional hypothesis testing, nonparametric estimation for flexibility in data analysis, and the 
importance of statistical power and effect size in clinical trials.

Python Code Example (Hypothesis Testing in Clinical 
Trials):

In this code, we generate synthetic recovery time data for two treatment 
groups and perform a two-sample t-test to compare the effectiveness of the 
new treatment to the standard treatment. The code calculates the t-statistic, 
p-value, and determines whether to reject the null hypothesis based on a 
predefined significance level (alpha).

This use case demonstrates how hypothesis testing techniques from the 
course on Inference and Estimation Theory can be applied to make critical 
decisions in clinical trials, ultimately impacting healthcare outcomes and 
treatment protocols.

- Inference & Estimation theory / Experimental Design & Hypothesis Testing
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"Introduction to Inference and Estimation Theory" is your gateway to the fascinating world of statistical inference, where you'll uncover the core principles and techniques that empower you to draw 
meaningful conclusions from data. Whether you're a statistician, data analyst, or researcher, this comprehensive course equips you with the knowledge and tools to make informed decisions based on 
evidence.

The journey begins with "Basics of Inference," unraveling the essence of statistical inference, the role of probability, and the different types of statistical inference. You'll grasp the fundamentals of "Point 
Estimation," exploring estimators, their properties (bias, consistency, efficiency), and the powerful concept of Maximum Likelihood Estimation (MLE). Next, "Interval Estimation" comes into focus, where 
you'll dive into confidence intervals, learn how to construct them, and gain the expertise to interpret these intervals effectively.

"Hypothesis Testing" takes center stage in Part 2, beginning with the "Foundations of Hypothesis Testing." You'll delve into null and alternative hypotheses, significance levels (alpha), and the 
interpretation of p-values. Parametric hypothesis tests, such as Z-tests, T-tests, and ANOVA, are demystified in "Parametric Hypothesis Tests," including their applications in various scenarios. The 
course then explores "Nonparametric Hypothesis Tests," unveiling tests like the Wilcoxon Signed-Rank Test, Mann-Whitney U Test, and Kruskal-Wallis Test, and how they extend your analytical toolkit.

"Experimental Design" takes the spotlight in Part 3, starting with the "Principles of Experimental Design." Learn about control groups, randomization, replication, and the power of factorial design. Dive 
into the art of "Planning Experiments," from choosing experimental variables to determining sample sizes and considering ethical aspects of design. Discover "Designing Surveys and Observational 
Studies," where you'll uncover survey design principles, sampling methods, and the nuances of bias and error in observational studies.

In "Advanced Topics in Inference and Estimation" (Part 4), you'll embark on a deeper exploration. "Bayesian Inference" introduces you to Bayes' Theorem, posterior probability, and the integration of 
prior information into estimation and hypothesis testing. "Nonparametric Estimation" showcases kernel density estimation, nonparametric regression, and the power of bootstrap resampling. Finally, 
"Statistical Power and Effect Size" reveals the critical importance of understanding statistical power, along with effect size measures like Cohen's d and Eta-squared, and how they drive power analysis 
in experimental design.

By the end of this course, you'll be equipped with a robust understanding of inference and estimation theory, ready to navigate the complexities of data analysis, experimentation, and hypothesis testing 
with confidence.
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