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Conditional
Probability
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Suppose you roll a pair of dice:

The probability that the sum of the numbers on the
dice is equal to 9 is 4/36 since there are 4 of the 36
outcomes where the sum is 9:

What if you see that the red die shows the number
5, but you still haven Õt  seen the green die? What
then are the chances that the sum is 9?
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Suppose you roll a pair of dice:

The probability that the sum of the numbers on the
dice is equal to 9 is 4/36 since there are 4 of the 36
outcomes where the sum is 9:

What if you see that the red die shows the number
5, but you still haven Õt  seen the green die? What
then are the chances that the sum is 9?
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Suppose you roll a pair of dice:

The probability that the sum of the numbers on the
dice is equal to 9 is 4/36 since there are 4 of the 36
outcomes where the sum is 9:

What if you see that the red die shows the number
5, but you still haven Õt  seen the green die? What
then are the chances that the sum is 9?

Answer = 1/6
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A class has the following grade distribution:

Grade #  of students
A 5
B 14
C 7
D 9
F 8

If a student is randomly picked from this class,
what is the probability that the student is an A
student if it is known that the student is passing
the course ?
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A class has the following grade distribution:

Grade #  of students
A 5
B 14
C 7
D 9
F 8

If a student is randomly picked from this class,
what is the probability that the student is an A
student if it is known that the student is passing
the course ?

Solution: 5/35 (as opposed to 5/43 if we have no
information)
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Conditional Probability
If A and B are events with P(A) ! 0, then the
conditional probability of B given A is defined by

P(B | A)  is read as the conditional probability of B
given A , in other words, the conditional probability
that B occurs if we know that A occurs .

  
P(B | A) =

P(B ! A)

P( A)
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A = event Ò5 on red Ó when pair of dice are rolled

B = event Òsum is 9 Ó

  
P(B | A) =

P(B ! A)

P( A)
=

1 / 36

6 / 36
=

1

6

  
P(B | A) =

P(B ! A)

P( A)



COPYRIGHT © 2006 by LA VON B. PA GE

A = event selected student is passing the course

B = an ÒAÓ student is selected from the class

  
P(B | A) =

P(B ! A)

P( A)

  
P(B | A) =

P(B ! A)

P( A)
=

5 / 43

35 / 43
=

5

35
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Barbara, Carol, Alice, Peggy, and Sabrina are
competing for two roles in a play.  We will
assume that the two to get roles will be
randomly chosen from the five girls.  What is
the conditional probability that Peggy gets a
role if we know that Carol does not get a
role?
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Barbara, Carol, Alice, Peggy, and Sabrina are
competing for two roles in a play.  We will
assume that the two to get roles will be
randomly chosen from the five girls.  What is
the conditional probability that Peggy gets a
role if we know that Carol does not get a
role?

Solution:

A = event ÒCarol does not  get a role Ó
B = event ÒPeggy does get a role Ó
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A = event ÒCarol does not  get a role Ó
B = event ÒPeggy does get a role Ó

C(5,2) = 10

# 1 Barbara & Carol
# 2 Barbara & Alice
# 3 Barbara & Peggy
# 4 Barbara & Sabrina
# 5 Carol & Alice
# 6 Carol & Peggy
# 7 Carol & Sabrina
# 8 Alice & Peggy
# 9 Alice & Sabrina
# 10 Peggy & Sabrina
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A = event ÒCarol does not  get a role Ó
B = event ÒPeggy does get a role Ó

C(5,2) = 10

A = {#2, #3, #4, #8, #9, #10}
so P(A) = 6/10

A !  B = {#3, #8, #10}
so P(A !  B) = 3/10

P(A) =
C(4,2)
C(5,2)

=
6
10

        P(B! A) =
C(3,1)
C(5,2)

=
3

10

# 1 Barbara & Carol
# 2 Barbara & Alice
# 3 Barbara & Peggy
# 4 Barbara & Sabrina
# 5 Carol & Alice
# 6 Carol & Peggy
# 7 Carol & Sabrina
# 8 Alice & Peggy
# 9 Alice & Sabrina
# 10 Peggy & Sabrina
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A = event ÒCarol does not  get a role Ó
B = event ÒPeggy does get a role Ó

C(5,2) = 10

A = {#2, #3, #4, #8, #9, #10}
so P(A) = 6/10

A !  B = {#3, #8, #10}
so P(A !  B) = 3/10

P(A) =
C(4,2)
C(5,2)

=
6
10

        P(B! A) =
C(3,1)
C(5,2)

=
3

10

# 1 Barbara & Carol
# 2 Barbara & Alice
# 3 Barbara & Peggy
# 4 Barbara & Sabrina
# 5 Carol & Alice
# 6 Carol & Peggy
# 7 Carol & Sabrina
# 8 Alice & Peggy
# 9 Alice & Sabrina
# 10 Peggy & Sabrina

P(B |A) =
P(B! A)

P(A)
=

3/10
6/10

=
1
2
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A = event ÒCarol does not  get a role Ó
B = event ÒPeggy does get a role Ó

Alternate easy solution:

# 1 Barbara & Carol
# 2 Barbara & Alice
# 3 Barbara & Peggy
# 4 Barbara & Sabrina
# 5 Carol & Alice
# 6 Carol & Peggy
# 7 Carol & Sabrina
# 8 Alice & Peggy
# 9 Alice & Sabrina
# 10 Peggy & Sabrina
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# 1 Barbara & Carol
# 2 Barbara & Alice
# 3 Barbara & Peggy
# 4 Barbara & Sabrina
# 5 Carol & Alice
# 6 Carol & Peggy
# 7 Carol & Sabrina
# 8 Alice & Peggy
# 9 Alice & Sabrina
# 10 Peggy & Sabrina

A = event ÒCarol does not  get a role Ó
B = event ÒPeggy does get a role Ó

Alternate easy solution:

Answer = 3/6
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P(B | A) =

P(B ! A)

P(A)

P(B !  A) = P(A) "  P(B | A)

Example: If 2 cards are dealt from a standard 52-
card deck, what is the probability that both are
hearts?

Solution:

  

C(13, 2)

C(52, 2)
=

1

17
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Example: If 2 cards are dealt from a
standard 52-card deck, what is the
probability that both are hearts?

Alternate Solution:

A = event Ò1st card dealt is a heart Ó
B = event Ò2nd card dealt is a heart Ó

P(B !  A) = P(A) "  P(B | A)
                 = 13/52 "  12/51 = 3/51 = 1/17

P(B !  A) = P(A) "  P(B | A)
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If two cards are dealt from a standard 52-card
deck, what is the probability that both are hearts if
we know that at least one of them is a heart?

Solution:

B = event that both of the cards dealt are hearts
A = event that at least one of them is a heart

  
P(B | A) =

P(B ! A)

P( A)
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If two cards are dealt from a standard 52-card deck,
what is the probability that both are hearts if we
know that at least one of them is a heart?

Solution:

B = event that both of the cards dealt are hearts
A = event that at least one of them is a heart

P(B) = 1/17 (we computed that a few moments ago)

Also notice that B !  A = B, so P(B !  A) = 1/17

But what about P(A)?
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If two cards are dealt from a standard 52-card deck,
what is the probability that both are hearts if we
know that at least one of them is a heart?

Solution:

B = event that both of the cards dealt are hearts
A = event that at least one of them is a heart

P(B) = 1/17 (we computed that a few moments ago)

Also notice that B !  A = B, so P(B !  A) = 1/17

But what about P(A)?

P(A) =1# P(Ac ) =
C(39,2)
C(52,2)

=1 # 19
34

=
15
34

#1
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If two cards are dealt from a standard 52-card
deck, what is the probability that both are hearts if
we know that at least one of them is a heart?

Solution:

B = event that both of the cards dealt are hearts
A = event that at least one of them is a heart

P(B |A) =
P(B! A)

P(A)
=

1/17
15/ 34

=
2

15
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both women) 

Two men (Jim and Bob) and three women (Ann,
Beth, and Carol) are on a committee.  Two of the
five are to be chosen to serve as officers.  I f the
officers are chosen randomly, what is the
probability that both officers will be women?

Solution:

P( =  
C(3,2)
C(5,2)

=
3

10
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both women) 

Two men (Jim and Bob) and three women (Ann,
Beth, and Carol) are on a committee.  Two of the
five are to be chosen to serve as officers.  I f the
officers are chosen randomly, what is the
probability that both officers will be women?

Solution:

P( =  
C(3,2)
C(5,2)

=
3

10

Alternate: 3/5 "  2/4 = 3/10
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Two men (Jim and Bob) and three women (Ann,
Beth, and Carol) are on a committee.  Two of the
five are to be chosen to serve as officers.  What is
the probability at least one of the officers will be a
woman?

Solution:

P(at least one woman) = 1 Ð P(both men)

                 = 1# C(2,2)
C(5,2)

= 1# 1
10

=
9

10
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both

Two men (Jim and Bob) and three women (Ann,
Beth, and Carol) are on a committee.  Two of the
five are to be chosen to serve as officers.  What is
the probability both officers will be women given
that at least one is a woman?

Solution:

P(both women | at least one woman)

=
P(  women & at least one woman)

P(at least one woman)

=
P(both  women)

P(at least one woman)
=

3/10
9/10

=
1
3

  
P(B | A) =

P(B ! A)

P( A)
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Two men (Jim and Bob) and three women
(Ann, Beth, and Carol) are on a committee.
Two of the five are to be chosen to serve as
officers.  What is the probability both officers
are women if you know that Beth is an
officer?

Solution:

P(both officers women | Beth is an officer)

=
P(both women & Beth is an officer)

P(Beth is an officer)

=
2/10
4/10

=
1
2
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A baby has 5 blocks in a bucket.  One block is red,
one is yellow, one is green, one is blue, and one is
black.  The baby pulls out a block, looks at it, and
puts it back in the bucket.  If he does this 4 times
before he gets bored and crawls away, what is the
probability the 4 blocks pulled out are red, yellow,
blue, and green (in that specific order)?

Solution:

1

54
=

1
625
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A baby has 5 blocks in a bucket.  One block is red,
one is yellow, one is green, one is blue, and one is
black.  The baby pulls out a block, looks at it, and
puts it back in the bucket.  If he does this 4 times
before he gets bored and crawls away, what is the
probability the 4 blocks selected are all the same
color?

Solution:

5

54
=

1
125
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=
P( )

P(all different )

P(                      

A baby has 5 blocks in a bucket.  One block is red,
one is yellow, one is green, one is blue, and one is
black.  The baby pulls out a block, looks at it, and
puts it back in the bucket.  If he does this 4 times
before he gets bored and crawls away, what is the
probability the the blocks are red, yellow, blue, and
green (in that order) given that the blocks the baby
chooses are different colors from each other?

P(                      |  all different colors) 

=  
&  all different colors)

P(all different colors)

=
1/ 625

5" 4 " 3" 2/625
=

1
120



COPYRIGHT © 2006 by LA VON B. PA GE

H H H H H T H T H H T T

T H H T H T T T H T T T

If a coin is tossed 3 times, what is the probability
that all three tosses come up heads given that at
least two of the tosses come up heads?

Solution:
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If a coin is tossed 3 times, what is the probability
that all three tosses come up heads given that at
least two of the tosses come up heads?

Solution:

H H H H H T H T H H T T

T H H T H T T T H T T T

P(3 heads | at least 2 heads)

=
P(3 heads)

P(at least 2 heads)
= 1/ 8

4/8
=

1
4


