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CHAPTER  3 

         PROBABILITY:  

      THE BASIS OF  THE        

 STATISTICAL  INFERENCE 

 



Conditional Probability 

 The probability that an event A will occur given that event B has occurred 

 Notation: P(A|B) 

 Read: the probability of A given B 

 Example: Probability of a person becoming infected with malaria given that 

he/she uses a bed net at night 

 Event B is using a bed net. 

 Event A is becoming infected with malaria. 

 The probability of an event when partial knowledge about the outcome of an 

experiment is known, is called  Conditional probability.. 

 

 P(A|B) = The conditional probability that event A occurs, given that event B 

has occurred. 
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Example 3.4.2 Page 71 

From previous example 3.4.1 Page 69  , answer 

 suppose  we pick a person at random and find that he is 18 years or 

younger (E), what is the probability that this person will be one who 

has no family history of mood disorders (A)?  

 P(A|E)=28/141=0.1986 

 suppose  we pick a person at random and find that he has family 

history of mood (D) what is the probability that this person will be 

18 years or younger (E)?  

 P(E|D)=53/113=0.4690 

 

 Example 3.4.3.Page 71:  Calculating a joint Probability 

Suppose we pick a person at random from the 318 subjects. Find  the 

probability that he will early (E) and has no family history of mood 

disorders (A).  

 P(E ∩A)=28/318=0.0881 
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Multiplicative rule of probability 

 P(A ∩ B) = P(A) P(B|A), P(A)>0 

      P(A ∩ B) = P(B) P(A|B),  P(B)>0 

 

 Example 3.4.4 Page 72: 

We wish to compute the joint probability of Early age at onset (E) and 
a negative family history of mood disorders (A) from a knowledge of 
an appropriate marginal probability and an appropriate conditional 
probability.   

 

P(E ∩ A) = P(E) P(A|E) =   

                (141/318)*(28/141)=28/318=0.088  

 

 Read  Examples 3.4.5 and 3.4.6 Pages 72-73 
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Example:  The probabilities that a randomly selected woman    

who gave birth in 1992 (USA birth  statistics)   

  Probability that mother’s age was ≤24  

 = 0.003 + 0.124 + 0.263 = 0.390 

  What probability rule? 

 Addition Rule 

 

 Given that a mother is under age 30,                                   
what is the probability that she is                                 
under age 20? 

 

 

P( Mother’s age<20 | Mother’s age<30) 

   = P ( Mother’s age<20 and <30 ) / P(Mother’s age <30) 

   = ( 0.003 + 0.124 ) / ( 0.003 + 0.124 + 0.263 + 0.290 )  

   = 0.127 / 0.68  = 0.187 
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Age of 

mother 

Probability 

<15 0.003 

15-19 0.124 

20-24 0.263 

25-29 0.290 

30-34 0.220 

35-39 0.085 

40-44 0.014 

45-49 0.001 

Total 1.000 



Independence 
 If the occurrence of B does not depend on A,  then P(B|A) = P(B) 

 Example:  

  Probability of becoming infected with malaria given that you wear 
a blue shirt  = Probability of becoming infected with malaria 

 Then the multiplicative rule is  P(A∩B) = P(A) P(B) 

 Example:  

 coin tosses – the probability of a heads on the 2nd throw is 
independent of the outcome on the first throw  

 

Note that independence ≠ mutual exclusivity! 

Mutual exclusivity  

 Two events cannot both occur. 

 P(A∩B) = 0. 

 Independence   

 Two events do not depend on each other. 

 P(B|A)=P(B). 

 P(A∩B) = P(A) P(B). 
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Example 3.4.7 Page 74 

 In a certain high school class consisting of 60 girls and 40 
boys, it is observed that 24 girls and 16 boys wear 
eyeglasses . If a student is picked at random from this 
class , the probability that the student wears eyeglasses, 
P(E), is 0.40 . 

 

 What is the probability that a student picked at random 
wears eyeglasses (E) given that the student  is a boy (B)?  

 P(E/B)= P(E ∩ B)/P(B)= 0.40 

 

 What is the probability of the joint occurrence of the 
events of wearing eye glasses and being a boy? 

 P(E ∩ B)=P(B)*P(E|B)= (0.40)*(0.40) = 0.16 

                                                       = P(B)*P(E) 
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Law of Total (Marginal) Probability 

B = (B∩A)U(B∩Ac)  

The law of total probability: 

P(B) = P(B∩A) + P(B∩Ac)  

P(B) = P(B|A)P(A) + P(B|Ac)P(Ac)  

 

 

Bayes’ theorem allows you to use what you know about 

the conditional probability of one event on another to help 

you understand the inverse. 

P(A| B) = P(A∩B) / P(B) 

     = P(B|A ) P(A) / P(B) 

           = P(B|A ) P(A) / [P(B|A)P(A) + P(B|Ac)P(Ac) ] 
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