
Econ 205 
Multivariate (Joint) Probability Distributions – 3



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

• Conditional Distributions
• Conditional Pmf of Y given X=x and Conditional Pdf of Y given X=x

• Conditional Mean of Y given X=x and Conditional Variance of Y given X=x

• The Mean and Variance via the Conditional Mean and Conditional Variance: 
Two Theorems

• Independence

• Bivariate Normal Distribution

• Examples



Conditional pmf of Y given X=x
Conditional pdf of Y given X=x 

Recall Marginal pmf s and Marginal pdf s:
Definition:

Remark: fi(yi) is an alternative notation for fyi
(yi).



Conditional Mean and Conditional Variance
Compare with the Mean:Definition:

For a discrete r.v. Y: For a continuous r.v. Y:

Let g(Y) be a function of Y.

For a discrete r.v. Y: For a continuous r.v. Y:

Compare with the Variance:



The Mean and Variance via the Conditional Mean 
and Conditional Variance : Two Theorems



Independence

Recall: Independence of random 
variables 

The continuous case is similar.



The Bivariate Normal Distribution-1

(Note that this statement is not true in general.)

Note that for a bivariate normal distribution:

The marginal pdf of X is:



The Bivariate Normal Distribution-2

Observe the following:



EXAMPLES



Example 1: Conditional pmf of Y given X=x
Recall the definition of conditional pmf of Y 
given X=x:

Assume that the joint distribution of X and Y is given 
in the following table:



Example 1 (cont’d):
Recall the definition of conditional pmf of Y 
given X=x:



Example 2: Conditional pdf of Y given X=x

Recall the definition of conditional pdf of Y 
given X=x:

Assume that the joint pdf of X and Y is

It can be shown that 

The conditional pdf of Y given X=x is defined for 
0<x<1 and undefined otherwise. For 0<x<1:



Example 3: Conditional pdf of Y given X=x

Recall the definition of conditional pdf of Y 
given X=x:



Example 4: Conditional Mean and Conditional 
Variance 

Recall the definition of conditional pdf of Y 
given X=x:

Consider the joint pdf of Example 2 again. Let’s find the 
conditional mean and the conditional variance. The 
conditional pdf of Y given X=x for 0<x<1  was computed 
as:

Using the definitions,

for 0<x<1

for 0<x<1

for 0<x<1



Example 5: The Mean and Variance via the 
Conditional Mean and Conditional Variance

Recall the following two theorems:

+



Example 6: The Bivariate Normal Distribution
Recall:



References

• Devore, J.L. and Berk, K.N. (2012) Modern Mathematical Statistics 
with Applications, 2nd Edition, New York: Springer.

• Wackerly, D.D., Mendenhall, W. and Scheaffer, R.L., (2008) 
Mathematical Statistics With Applications, 7th Edition, Pacific Grove: 
Duxbury.


	Default Section
	Slide 1: Econ 205 
	Slide 2: Course Outline
	Slide 3: Course Outline (cont’d)
	Slide 4: Table of Contents of Devore & Berk
	Slide 5: Content of this presentation
	Slide 6: Conditional pmf of Y given X=x Conditional pdf of Y given X=x 
	Slide 7: Conditional Mean and Conditional Variance
	Slide 8: The Mean and Variance via the Conditional Mean and Conditional Variance : Two Theorems 
	Slide 9: Independence
	Slide 10: The Bivariate Normal Distribution-1
	Slide 11: The Bivariate Normal Distribution-2

	EXAMPLES
	Slide 12: EXAMPLES
	Slide 13: Example 1: Conditional pmf of Y given X=x 
	Slide 14: Example 1 (cont’d):
	Slide 15: Example 2: Conditional pdf of Y given X=x 
	Slide 16: Example 3: Conditional pdf of Y given X=x 
	Slide 17: Example 4: Conditional Mean and Conditional Variance  
	Slide 18: Example 5: The Mean and Variance via the Conditional Mean and Conditional Variance
	Slide 19: Example 6: The Bivariate Normal Distribution
	Slide 20: References



  +

