
Fundamental Probability and Statistics 

"There are known knowns. These are things we know that we know. There are 
known unknowns. That is to say, there are things that we know we don't know. But 
there are also unknown unknowns. There are things we don't know we don't 
know," Donald Rumsfeld !



Probability Theory 

Probability Space:  

Example: Toss possibly biased coin once  

Take 

Note: Fair coin if p = 1/2 



Probability Theory 
Example: Two coins tossed possibly multiple times and outcome is ordered pair 

Let 

Then 

Definition: Events A and B are independent if 



Random Variables and Distributions 
Definition: 

Definition: 

Definition: 

Example:  



Distributions and Densities 
Definition: 

Definition: 

Definition: 

PDF Properties:  



Density Properties 
Example: 

Example: 



Density Properties 
Additional Properties: 



Multivariate Distributions 

Note: Important for longitudinal data 

Joint CDF:  

Joint Density (if it exists):   

Example: 



Multivariate Distributions 

Example: 

Note:  

Note:  



Multivariate Distributions 

Definition: 

Definition: Marginal density function of X 

Definition: X and Y are independent if and only if 

or 

Note:  



Estimators and Estimates 
Definition: An estimator is a function or procedure for deriving an estimate from 
observed data.  An estimator is a random variable whereas an estimate is a real 
number. 

Example: 


