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Conditional Probability

The idea behind conditional probability is that for two events we want to know the probability of the second event happening if the first one happened.
A good example from the book is tossing two fair coins. The sample space is:

S = {hh, ht, th, tt}

Let’s define event E as getting two heads. The possible outcomes for E are:

E = {hh}

What is the probability of two heads? 
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If we know that we have one head already, what is the probability of two heads? Our sample space is reduced to:

S = {hh, ht, th}

So, the probability of two heads, given that one is a head, is 
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The official formula for conditional probability is:
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 is read: Probability of E given F has occurred.

Tree Diagrams

A tree diagram is a visual way of representing conditional probability. A branch leads from an outcome of one event to an outcome of the next event. Each branch is labeled with the probability that the next outcome will happen.
We can follow a path of desired outcomes along the branches. By multiplying the probability of each branch, we can calculate the probability of that sequence of outcomes occurring.

Drawing a Tree Diagram

To draw a tree diagram:

1. Make a starting point.

2. From the starting point, draw a branch for each possible outcome for the first event.

3. Mark the end of the branch with the outcome.

4. Label each branch with the probability of that outcome occurring.

5. From each outcome for the first event, draw a branch for each possible outcome for the second event.

6. Mark the end of the branch with the outcome.

7. Label each branch with the probability of that outcome occurring.

For dependent events, the probabilities change for each subsequent event.

Example: A box contains 2 black marbles and 2 white marbles. Draw a tree diagram for picking 2 marbles without replacement.

1. Make a starting point.

2. From the starting point, draw two branches.

3. Mark the end of one branch with a B, and the end of the other branch with a W.

4. Label each branch with a 1/2.

5. From the end of the B branch, draw two branches.

6. Mark the end of one branch with a B, and the end of the other branch with a W.

7. For the second B branch, label it 1/3 because one of the black marbles has already been picked. There is one black marble remaining, and three marbles total.

8. For the second W branch, label it 2/3 because one of the black marbles has already been picked. There are two white marbles remaining, and three marbles total.
9. From the end of the first W branch, draw two branches.

10. Mark the end of one branch with a B, and the end of the other branch with a W.

11. For the second B branch, label it 1/3 because one of the white marbles has already been picked. There is one white marble remaining, and three marbles total.

12. For the second W branch, label it 2/3 because one of the white marbles has already been picked. There are two black marbles remaining, and three marbles total.

To calculate the probability of drawing a black marble and then a white marble:
1. From the starting point, follow the branch to the black marble. Probability is 1/2.
2. From the black marble outcome, follow the branch to the white marble. Probability is 2/3.

3. Multiply: (1/2)*(2/3)=1/3.
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