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Statistical Modeling for Data Analysis

Course Number: DS-2202
Duration: 2 days

Course Description

Apply statistical modeling for problems where machine learning doesn't fit. Probability
distributions, statistical metrics, sampling, and inference cover PDF/PMF, the central limit
theorem, descriptive and inferential statistics, confidence intervals, hypothesis testing, and
inference errors. Linear and logistic regression handle estimation, model evaluation, and
practical forecasting. Monte Carlo and Bayesian methods quantify uncertainty through
simulation, priors, updating, MCMC, and Bayesian regression. Together these techniques fit
regulated industries, limited-data teams, and explainability-sensitive analyses where
rigorous statistics outperform machine learning. Hands-on labs produce statistical reports,
regression models with quantified uncertainty, Monte Carlo simulations, and Bayesian
analyses on realistic datasets across forecasting, hypothesis-testing, and uncertainty-
quantification scenarios. The course is designed for data scientists, analysts, and
developers with Python and DS-1201 experience.

Skills Gained

By the end of this course, participants will be able to:

e Apply probability distributions for solid statistical analysis
e Calculate relationships between variables to identify key drivers
e Build regression models to optimize processes and forecast outcomes

e Apply Monte Carlo and Bayesian methods to quantify uncertainty

Who Can Benefit

This course is designed for:
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e Data Scientists & Analysts

e Software Developers

Prerequisites

Participants should enter this course with:

e Practical Python Experience

e DS-1201 or equivalent

Organizational Objectives

This course assists organizations to:

* Lower regulatory risk through statistically defensible analyses in regulated industries

* |mprove forecasting accuracy through deliberate Monte Carlo and Bayesian
techniques

e Build a working statistical-modeling discipline across data-science teams
e Establish auditable analyses through deliberate hypothesis testing and confidence
intervals
Software

All attendees must have a modern web browser and an Internet connection.

Course Details

Module 1 - Understanding Probability Distributions

By the end of this module, you will be able to articulate probability distributions and their
types, apply PDF and PMF, use the central limit theorem, estimate distributions from data,
and apply distributions to data-science problems.

e |ntroduction to probability distributions
e Types and properties of probability distributions
 PDF vs. PMF
e Central limit theorem and law of large numbers
» Estimating probability distributions from data
* Applications of probability distributions in data science
e Hands-on Lab: Generate and visualize continuous and discrete probability
distributions.
Module 2 - Statistical Metrics and Interpretation

By the end of this module, you will be able to articulate descriptive and inferential statistics,
compute statistical metrics in Python, and apply them to data-science problems.
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e Introduction to Statistical Metrics
e Descriptive Statistics: Summarizing Data
* Inferential Statistics: Making Predictions from Data
» Statistical Metrics in Python
* Practical Applications of Statistical Metrics in Data Science
e Hands-on Lab: Calculate descriptive statistics and run correlation and regression
analysis using Python.

Module 3 - Sampling and Statistical Inference

By the end of this module, you will be able to apply sampling methods, work with sampling
distributions and the central limit theorem, build confidence intervals, run hypothesis tests,
and recognize errors in statistical inference.

e Sampling and statistical inference fundamentals

e Sampling methods and the sampling distribution

e Central limit theorem in inference

e Confidence intervals and estimation

e Hypothesis testing and inference errors

* Practical applications of sampling and inference

e Hands-on Lab: Perform Simulating Sampling Distribution and Confidence Interval
Calculation # TODO: legacy had 2 labs; consolidate or split module.

Module 4 - Linear and Logistic Regression

By the end of this module, you will be able to apply linear and logistic regression, estimate
parameters, evaluate regression models, and apply regression to practical data-science
problems.

e Introduction to Regression Analysis

e Linear Regression

* Logistic Regression

e Estimation in Regression

* Model Evaluation in Regression

e Practical Applications of Linear and Logistic Regression

e Hands-on Lab: Predict response with simple linear regression and run logistic
regression for binary classification.

Module 5 - Monte Carlo Methods

By the end of this module, you will be able to apply Monte Carlo methods, walk the steps in
a Monte Carlo simulation, recognize their applications, implement Monte Carlo in Python,
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and reason about advantages and limitations.

e Introduction to Monte Carlo Methods
e Core Concepts of Monte Carlo Methods
e Steps in a Monte Carlo Simulation
» Applications of Monte Carlo Methods
e Implementing Monte Carlo Methods in Python
e Advantages and Limitations of Monte Carlo Methods
e Hands-on Lab: Estimate Pi via Monte Carlo simulation and run Monte Carlo integration
on a hard problem.
Module 6 - Bayesian Statistics and Inference

By the end of this module, you will be able to apply Bayes’ theorem, choose priors, perform
Bayesian updating and posterior estimation, run Bayesian hypothesis testing, apply MCMC
methods, and connect Bayesian regression to machine learning.

e Bayes’ theorem and Bayesian inference foundations

e Components of Bayesian inference and choosing priors
e Bayesian updating and posterior estimation

e Bayesian hypothesis testing and model selection

e Markov Chain Monte Carlo (MCMC) methods

e Bayesian regression and machine learning

e Hands-on Lab: Apply Bayesian updating with a Beta-Binomial model and run Bayesian
linear regression with PyMC3.
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