
Econ 205 
Probability – 1



Course Outline

• Discrete Random Variables and 
Their Probability Distributions 

• Discrete Random Variable
• The Probability Distribution for 

Discrete Random Variable 
• The Expected Value of Random 

Variable
• Moments and Moment-Generating 

Functions
• The Bernoulli Probability 

Distribution
• The Binomial Probability 

Distribution 
• The Geometric Probability 

Distribution 
• The Negative Binomial Probability 

Distribution  
• The Hypergeometric Probability 

Distribution 
• The Poisson Probability Distribution
• Probability-Generating Functions 

• Continuous Random 
Variables and Their 
Probability Densities

• Continuous Random 
Variable

• The Probability Distribution 
for Continuous Random 
Variable 

• The Expected Value for 
Continuous Random 
Variable 

• Moments and Moment-
Generating Functions

• The Uniform Probability 
Distribution 

• The Normal Probability 
Distribution 

• Exponential Probability 
Distribution

• Chi-Square Probability 
Distribution

• Tchebysheff's Theorem 

• Probability

• Probability and 
Inference

• The Discrete Case 

• Calculating the 
Probability of an Event 

• Conditional Probability 
and the Independence 
of Events 

• Laws of Probability 

• The Law of Total 
Probability and Bayes’ 
Rule 

• Introduction to 
Random Variables and 
their distributions



Course Outline (cont’d)

• Multivariate Probability Distributions 

• Bivariate and Multivariate Probability Distributions 

• Independent Random Variables

• Marginal and Conditional Probability Distributions 

• The Expected Value of a Function of Random Variables 

• Special Theorems 

• The Covariance of Two Random Variables 

• The Expected Value and Variance of Linear Functions of 
Random Variables

• The Multinomial Probability Distribution 

• The Bivariate Normal Distribution 

• Conditional Expectations

• Functions of Random Variables
• Finding the Probability Distribution of a 

Function of Random Variables 

• The Method of Distribution Functions 

• The Method of Transformations 

• The Method of Moment-Generating 
Functions

• Multivariable Transformations Using 
Jacobians



Table of Contents of Devore & Berk



Content of this presentation
• Statistics

• Probability
• Probability and Inference
• Sample Spaces and Events

• Experiment, Sample Space, Event (Simple and Compound), Relations from Set Theory, 
Mutually Exclusive (Disjoint) events

• Axioms, Interpretations and Properties of Probability 
• Axioms, More probability properties, Determining probabilities systematically, Equally 

likely outcomes 

• Counting Techniques
• Product Rule for ordered pairs, tree diagrams, a more general product rule for k-tuples, 

permutations, combinations

• Examples



Statistics

• “A branch of mathematics dealing with the collection, analysis, 
interpretation, and presentation of masses of numerical data”

• “The discipline which provides methods for organizing and 
summarizing data and for drawing conclusions based on information 
contained in the data”

• “A theory of information with inference making as its objective”

• The objective of statistics is to make an inference about a population 
based on information contained in a sample from that population and 
to provide an associated measure of goodness for the inference.



Probability

• “Probability is a measure of one’s belief in the occurrence of a future 
event.”

• “Probability refers to the study of randomness and uncertainty.”

• “Probability can be associated with the concept of relative 
frequency.”

• The theory of probability provides methods for quantifying the 
chances or likelihoods associated with the various outcomes.



Probability and Inference



Sample Spaces and Events:

Some Relations From Set Theory: Distributive Laws

DeMorgan’s Laws

Remark: An alternative notation 
for the complement of a set is used here.



Axioms, Interpretations and Properties of Probability -1

Proposition:

Proposition:

Proposition:

Proposition:

Proposition:



Axioms, Interpretations and Properties of Probability-2 
• Determining Probabilities Systematically

• Equally Likely Outcomes



Counting Techniques-1

Tree Diagrams:

Product Rule for ordered pairs:

Product Rule for k-tuples:

Permutations:

Notation:

Remark: An alternative notation used for Pk,n is Pk
n. 



Counting Techniques-2
Combinations:



EXAMPLES



Examples 1-2: Sample Spaces and Events
Example 1: Simple and compound events

Example 2: Simple and compound events



Example 3: Sample Spaces and Events, Axioms of Probability
Example 3: Infinite Sample Space, Verification of Axioms 1 and 2



Examples 4-5: Axioms, Interpretations and Properties of Probability

Example 4:  (Recall                                                   ) Example 5:  (Recall                                                ) 



Example 6: Axioms, Interpretations and Properties of Probability
Example 6: Determining probabilities systematically, 
     Equally likely outcomes 



Example 7: Axioms, Interpretations and Properties of Probability
Example 7: Determining probabilities systematically



Example 8: Counting Techniques
Example 8: Product Rule for k-tuples

Remark: “mn-rule” is another name for 
“the product rule for k-tuples”. 



Examples 9-10-11: Counting Techniques
Example 9: Permutations

Example 10: Permutations

Example 11: Permutations
 Prove the following theorem:

Proof:



Example 12: Counting Techniques
Example 12: Permutations, Combinations Example 13: Combinations
Given n distinct objects and k fixed, which one is bigger: 
Pk,n or Ck,n? 



Example 13: Counting Techniques
Example 13: Combinations
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