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▶ Conditional probability.



Conditional probability



Conditional probability

▶ The probability of an event may change if we have
additional information about outcomes.

▶ Starting with the multiplication rule, 𝑃(𝐴 ∩ 𝐵) = 𝑃(𝐴)𝑃(𝐵|𝐴),
we have that

𝑃(𝐵|𝐴) = 𝑃(𝐴 ∩ 𝐵)𝑃(𝐴)
assuming that 𝑃(𝐴) > 0.



Example: families
Suppose a family has two pets. Assume that it is equally likely
that each pet is a dog or a cat. Consider the following two
probabilities:
1. The probability that both pets are dogs given that the
oldest is a dog.

2. The probability that both pets are dogs given that at least
one of them is a dog.

Discussion Question

Are these two probabilities equal?
A) Yes, they’re equal
B) No, they’re not equal

To answer, go to menti.com and enter 90 74 79.

menti.com


Example: families

Let’s compute the probability that both pets are dogs given
that the oldest is a dog.



Example: families

Let’s now compute the probability that both pets are dogs
given that at least one of them is a dog.





Example: dominoes (source: 538)
In a set of dominoes, each tile has two sides with a number of
dots on each side: zero, one, two, three, four, five, or six. There
are 28 total tiles, with each number of dots appearing
alongside each other number (including itself) on a single tile.

https://fivethirtyeight.com/features/can-you-eat-an-apple-like-a-toddler/


Example: dominoes (source: 538)
Question 1: What is the probability of drawing a “double” from
a set of dominoes — that is, a tile with the same number on
both sides?

https://fivethirtyeight.com/features/can-you-eat-an-apple-like-a-toddler/


Example: dominoes (source: 538)
Question 2: Now your friend picks a random tile from the set
and tells you that at least one of the sides is a 6. What is the
probability that your friend’s tile is a double, with 6 on both
sides?

https://fivethirtyeight.com/features/can-you-eat-an-apple-like-a-toddler/


Example: dominoes (source: 538)
Question 3: Now you pick a random tile from the set and
uncover only one side, revealing that it has six dots. What is
the probability that this tile is a double, with six on both sides?

https://fivethirtyeight.com/features/can-you-eat-an-apple-like-a-toddler/




Simpson’s Paradox (source: nih.gov)

Discussion Question

Which treatment is better?
A) Treatment A for all cases.
B) Treatment B for all cases.
C) Treatment A for small stones and B for large stones.
D) Treatment A for large stones and B for small stones.
To answer, go to menti.com and enter 90 74 79.

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1339981/
menti.com


Simpson’s Paradox (source: nih.gov)

Simpson’s Paradox occurs when an association between two
variables exists when the data is divided into subgroups, but
reverses or disappears when the groups are combined.
▶ See more in DSC 80.

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1339981/






Summary, next time



Summary

▶ The probability that events 𝐴 and 𝐵 both happen is
𝑃(𝐴 ∩ 𝐵) = 𝑃(𝐴)𝑃(𝐵|𝐴).
▶ 𝑃(𝐵|𝐴) is the probability that 𝐵 happens given that
you know 𝐴 happened.

▶ Through re-arranging, we see that 𝑃(𝐵|𝐴) = 𝑃(𝐴∩𝐵)
𝑃(𝐵) .


