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· Simple Outcomes
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· Without Repetition
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Probability Distributions
· Random Variables
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· Probability Mass Function (PMF)
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· Asymptotic Tails
· Parameters
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· Parameters
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· Degrees of Freedom
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· Degrees of Freedom
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Sampling Distributions
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· Standard Error of the Mean
· Effects of Sample Size
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· Normal Approximation
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Inferential Statistics: Estimation
· Point Estimation
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· Unbiasedness
· Efficiency
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· Confidence vs. Probability
· Understanding Confidence Levels
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· Confidence Interval for a Population Mean
· Population Standard Deviation Known (Z-interval)
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· Assumptions
· Critical Values
· Population Standard Deviation Unknown (t-interval)
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· Degrees of Freedom
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· Degrees of Freedom
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· For Means
· Margin of Error
· Confidence Level Effects
· For Proportions
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· Confidence Level
· Margin of Error
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Inferential Statistics: Hypothesis Testing
· The Logic of Hypothesis Testing
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· Proof by Contradiction
· Null Hypothesis (H₀)
· Status Quo
· No Effect Hypothesis
· Alternative Hypothesis (H₁)
· Research Hypothesis
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· One-Tailed vs. Two-Tailed Tests
· Directional Hypotheses
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· Significance Level
· Type II Error (β)
· False Negative
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· Effect Size
· Significance Level
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· Relationship Between Errors
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· The Hypothesis Testing Process
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· Alternative Hypothesis Formulation
· Selecting a Significance Level (α)
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· Critical Value Method
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· Calculating the Test Statistic
· Formula Application
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· Making a Statistical Decision
· Critical Value Approach
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· Decision Rules
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· Interpretation
· Decision Rules
· Interpreting Results
· Statistical vs. Practical Significance
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· Hypothesis Tests for a Single Population
· Test for a Population Mean
· Z-test (σ known)
· Assumptions
· Test Statistic
· Steps
· t-test (σ unknown)
· Assumptions
· Test Statistic
· Degrees of Freedom
· Steps
· Test for a Population Proportion (Z-test)
· Assumptions
· Test Statistic
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· Steps
· Test for a Population Variance (Chi-Square test)
· Assumptions
· Test Statistic
· Degrees of Freedom
· Steps
· Hypothesis Tests for Two Populations
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· Equal Variances Assumed
· Pooled t-test
· Assumptions
· Unequal Variances
· Welch's t-test
· Degrees of Freedom Adjustment
· Large Sample Z-test
· Comparing Two Dependent Population Means (Paired t-test)
· Assumptions
· Difference Scores
· Test Statistic
· Steps
· Comparing Two Population Proportions
· Independent Samples
· Assumptions
· Pooled Proportion
· Test Statistic
· Steps
· Comparing Two Population Variances (F-test)
· Assumptions
· F-statistic
· Degrees of Freedom
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Analysis of Variance (ANOVA)
· One-Way ANOVA
· Purpose
· Comparing Multiple Means
· Extension of t-test
· Assumptions
· Normality
· Testing Normality
· Robustness
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· Levene's Test
· Bartlett's Test
· Independence
· Random Sampling
· Experimental Design
· Hypotheses
· Null Hypothesis
· Alternative Hypothesis
· F-Distribution
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· Degrees of Freedom
· ANOVA Table
· Sources of Variation
· Between Groups
· Within Groups
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· Calculation of Sums of Squares
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· Post-Hoc Tests
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· Bonferroni Correction
· Scheffé's Method
· Two-Way ANOVA
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· Interaction Effects
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· Factor A Effects
· Factor B Effects
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· Same as One-Way ANOVA
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· Interpretation of Results
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Correlation and Regression
· Correlation Analysis
· Purpose
· Measuring Linear Relationships
· Strength and Direction
· Pearson Correlation Coefficient (r)
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· Interpretation of r Values
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· Symmetry
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· Interpreting Correlation
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· Curved Patterns
· Outlier Effects
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· Point-Biserial Correlation
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· Purpose
· Prediction
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· The Regression Model
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· Normal Equations
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· Residual Plots
· Independence
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· Confidence Intervals
· Slope Confidence Interval
· Mean Response Confidence Interval
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· Interpretation of Coefficients
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· No Perfect Multicollinearity
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· Interpretation
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· Hypotheses
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· Testing Relationship Between Variables
· Contingency Table Analysis
· Contingency Tables
· Row and Column Variables
· Cell Frequencies
· Marginal Totals
· Hypotheses
· Independence Assumption
· Expected Frequency Calculation
· Formula
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· Small Sample Sizes
· Types of Data Suitable
· Ordinal Data
· Skewed Distributions
· Outlier-Prone Data
· Advantages and Disadvantages
· Fewer Assumptions
· Lower Power
· Robustness
· Sign Test
· Purpose
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· Post-Hoc Comparisons
· Spearman's Rank Correlation Coefficient
· Purpose
· Monotonic Relationships
· Alternative to Pearson Correlation
· Calculation
· Ranking Variables
· Correlation of Ranks
· Interpretation
· Strength of Monotonic Relationship
· Tied Ranks
· Handling Procedures
Experimental Design
· Introduction to Experimental Design
· Purpose
· Causality Establishment
· Control of Variables
· Principles of Experimental Design
· Control
· Controlling Extraneous Variables
· Elimination vs. Constancy
· Matching
· Randomization
· Random Assignment Methods
· Simple Randomization
· Block Randomization
· Stratified Randomization
· Importance for Validity
· Replication
· Importance
· Implementation
· Sample Size Considerations
· Types of Variables
· Independent Variables
· Manipulated Variables
· Levels or Treatments
· Dependent Variables
· Outcome Measures
· Measurement Considerations
· Extraneous Variables
· Confounding Variables
· Control Methods
· Common Designs
· Completely Randomized Design
· Structure
· Random Assignment
· Advantages and Limitations
· Analysis Methods
· Randomized Block Design
· Blocking Variables
· Block Formation
· Implementation
· Efficiency Gains
· Latin Square Design
· Structure
· Limitations
· Factorial Design
· Two-Factor Designs
· Main Effects and Interactions
· Interpretation
· Higher-Order Designs
· Validity in Experimental Design
· Internal Validity
· Threats to Internal Validity
· Control Methods
· External Validity
· Generalizability
· Population Validity
· Ecological Validity
· Construct Validity
· Measurement Issues
· Statistical Conclusion Validity
· Power Analysis
· Effect Size
Advanced Topics in Statistics
· Bayesian Statistics
· Philosophy of Bayesian Inference
· Subjective Probability
· Prior Information Use
· Bayes' Theorem Revisited
· Continuous Version
· Likelihood Function
· Prior and Posterior Distributions
· Types of Priors
· Informative Priors
· Non-informative Priors
· Conjugate Priors
· Updating Beliefs
· Prior Sensitivity Analysis
· Bayesian Inference
· Parameter Estimation
· Credible Intervals
· Hypothesis Testing
· Comparison with Frequentist Inference
· Computational Methods
· Markov Chain Monte Carlo (MCMC)
· Gibbs Sampling
· Time Series Analysis
· Introduction to Time Series
· Time Series Data Characteristics
· Components of a Time Series
· Trend
· Linear Trends
· Non-linear Trends
· Seasonality
· Seasonal Patterns
· Seasonal Indices
· Cyclical Variation
· Business Cycles
· Long-term Cycles
· Irregular Variation
· Random Fluctuations
· Noise
· Time Series Decomposition
· Additive Models
· Multiplicative Models
· Smoothing Methods
· Moving Averages
· Simple Moving Averages
· Weighted Moving Averages
· Exponential Smoothing
· Simple Exponential Smoothing
· Holt's Method
· Winters' Method
· Forecasting
· Time Series Models
· ARIMA Models
· Seasonal Models
· Model Selection
· Model Evaluation
· Forecast Accuracy Measures
· Cross-validation
· Survival Analysis
· Introduction
· Time-to-Event Data
· Censoring
· Right Censoring
· Left Censoring
· Interval Censoring
· Survival and Hazard Functions
· Survival Function
· Hazard Function
· Cumulative Hazard
· Kaplan-Meier Estimator
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