Probability of Multiple Events

Getting Started: 

Review of Previous Lesson/HW/Do Now
Statement of Objectives: 

A.S.23 Calculate the probability of:

· a series of independent events
· a series of dependent events
· two mutually exclusive events
· two events that are not mutually exclusive

A2.S.13 Calculate theoretical probabilities, including geometric applications.
Big Idea: 

Probability of One Event
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Probability of Multiple Events with “and” Wording.

The probability of independent events A and B both occurring is equal to the probability of the first event times the probability of the second event.
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This principle of multiplying probabilities of independent events can be extended to three or more independent events.
Independent or Unrelated Events are events in which the outcome of one event has no influence on the outcome of the other event.  For example, if a coin is tossed twice, the outcome of the first toss is unrelated to the outcome of the second toss.  Each coin toss is an unrelated event.  If a coin is tossed and number cube rolled, the coin toss is independent of the cube roll, etc.

Sample Problem:

	The weather forecast says there is a 60% chance of rain today and a 40% chance of rain tomorrow.  What is the probability that it will rain today and tomorrow?

(1)  100%


(3)
20%

(2)    50%


(4)
24%


Solutions

	The questions involves multiple events and the word “and”, so we multiply the probability of the independent events.  We presume that rain today and rain tomorrow are independent events.  
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With Replacement and Without Replacement Problems.  

Many Regents problems involve selecting balls, marbles, or somethings from a bag, box, or whatever.  These are probability of multiple events problems, and it is important to know whether the outcome of the first event influences the second event.  For example, if the first ball, marble, or whatever is selected and then replaced, or put back, the outcome of the first event would not influence the second event.  If the second event occurs without replacement, then the outcome of the first event will most definitely influence the denominator of the probability equation and possibly the numerator of the equation.

Modeling:

Sample Math A Regents Problem Without Replacement

	Bob and Laquisha have volunteered to serve on the Junior Prom Committee. The names of twenty volunteers, including Bob and Laquisha, are put into a bowl. If two names are randomly drawn from the bowl without replacement, what is the probability that Bob’s name will be drawn first and Laquisha’s name will be drawn second?
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One Solution

	We know that this is a probability of multiple events problem where we multiply.  The formula is 
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, where 
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is the probability of picking Bob’s name and 
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is the probability of picking Laquisha’s name.  
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If Bob’s name is picked, there will only be 19 names left in the bowl for the second event.  Therefore,
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We can now write the probability of both events occurring as,
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.  The answer is choice (2).


The Same Math A Regents Problem with Replacement

	Bob and Laquisha have volunteered to serve on the Junior Prom Committee. The names of twenty volunteers, including Bob and Laquisha, are put into a bowl. If two names are randomly drawn from the bowl without replacement, what is the probability that Bob’s name will be drawn first and Laquisha’s name will be drawn second? 


One Solution

	With replacement does not change the probability of the first event.  
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Now, however, because there is replacement, Bob’s name is put back in the bowl and there are still 20 names when the second name is drawn.  The probability that Laquisha’s name will be drawn in the second drawing is
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, and the probability of picking Bob, then Laquisha with replacement is
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With or without replacement makes a difference!


Another Math A Regents Problem

	There are four students, all of different heights, who are to be randomly arranged in a line. What is the probability that the tallest student will be first in line and the shortest student will be last in line?


One Solution

	There are actually four events here, so the probability of multiple events formula will look like 
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, picking the tallest student, has a probability of 
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.  This leaves three students for the next pick.
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would be desirable if either of 2 middle height kids are chosen, so 
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.  This leaves two students for the next pick.
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is a desired outcome only when one of the two remaining students (the taller of the two) is picked, so 
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.  This leaves only one student for picking.
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.  Now that we have all the individual probabilities calculated, we have to multiply them all together.
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Another Solution

	The same problem can be solved as one big event using knowledge of probability with knowledge of the multiplication counting principle.  The idea is to count the number of favorable outcomes and the number of possible outcomes.
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· The number of favorable outcomes is 1 choice for the first pick, 2 choices for the second pick, 1 choice for the third pick, and 1 choice for the last pick.  
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.  This is the number of favorable outcomes and 2 becomes our numerator.

· The number of possible outcomes is simple.  We have 4 choices for the first pick, 3 choices for the second pick, 2 choices for the third pick, and 1 choice for the last pick.  
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Student Activity.  Students should complete the JMAP Probability of Multiple Events Worksheet
ENRICHMENT

Probability of Multiple Events with “or” Wording.

The probability of mutually exclusive events A or B occurring is equal to the probability of the first event plus the probability of the second event.
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This principle of adding probabilities of mutually exclusive events can be extended to three or more independent events.
Teaching Note:  The probability of multiple events with “or” wording has never been tested on a Regents Math A examination.

Sample Problem:

	The probability of landing on blue with a particular spinner is 25%.  The probability of landing on red with the same spinner is 15%.  What is the probability of landing on blue or red?


Solutions

	The questions involves mutually exclusive events and the word “or”, so we add the probability of the independent events.  We presume that landing on blue and landing on red are mutually exclusive.  
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The probability of non-mutually-exclusive events A or B occurring is equal to the probability of the first event plus the probability of the second event minus the the probability of events A and B.
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NOTE:  This topic has never been tested on a Regents Math A examination.

Return to our Chance of Rain Problem:

	The weather forecast says there is a 60% chance of rain today and a 40% chance of rain tomorrow.  What is the probability that it will rain today or tomorrow?  (Notice the change in wording from and to or .)


Solutions

	Notice that the question involves or wording.  This means that we are going to add.  The question is whether rain on Saturday and rain on Sunday are mutually exclusive events.  They are not.  Therefore, we must use the formula
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We let P
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 (this latter value is not given -- we learned it in our first look at this problem – see above).
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Teaching Tip

Venn diagrams can be useful when teaching probability of mutual events.  Examples of the use of Venn diagrams with the two rain problems in this lesson are shown below:

Recall the first problem, which stated, “The weather forecast says there is a 60% chance of rain today and a 40% chance of rain tomorrow.  What is the probability that it will rain today and tomorrow?”  Start with a Venn Diagram, as follows:
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In the first question, we found the amount of overlap between the two circles.  There is a 24% chance it will rain on both days.
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In the second weather question, we added the probability of the individual events together and then subtracted the amount by which we were over-counting.
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Check for Understanding: 

Guided Practice: 

Selected worksheet.
Independent Practice: 

Students should complete the worksheet on their own.
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