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	Resources:

TI 83+ graphing calculators for every student.
One copy of the double sided worksheet at the end of this lesson per student.

One number cube or dice per student.
JMAP Theoretical Probability  Worksheet
Amsco’s Mathematics A,  Chapters 13-1 through 13-3

Barron’s Let’s Review Math A, Section 15.1
Prentice Hall’s New York Math A, Unit New York 1-7 and 2-8

	Homework:

Students should complete the JMAP Theoretical Probability Worksheet. 
	Evaluation:

JMAP Regents Book by Topic

Algebra / Probability / Theoretical Probability


Classroom Dialogue
Overview of Lesson:  This lesson consists of a group activity followed by a writing exercise and concludes with the Regents Math A problems on probability.  Faster students can move on to the writing and problem solving activities while other students complete their experiments.
Group Activity:  

· Distribute a double-sided worksheet (last two pages of this lesson plan) and a number cube to each student.  

· Use the first page of the worksheet to explain the concepts of experimental probability and theoretical probability.

· Explain that the top half of the worksheet is a line graph where each student will record the results of experiments with number cubes.

· Show the students how to put an “x” in the appropriate column to record each experiment.  (Encourage them to be neat and to make each “x” the same size.)

· Explain to the students that the numbers below the line graph are the different combinations of two number cubes that result in a given outcome for the experiment.  For example:  Question:  How many ways are there to get a 2?  Answer:  Only 1 – Both number cubes must come up with 1’s – these are called “snake-eyes” with dice.

· Instruct the students to complete anywhere from 60 to 100 experiments, throwing 2 dice at a time, and to record their results on the line graph.

· Tell the students to work in pairs or groups of three, but that each much record the results of the experiment on their own paper.

· Give the students time to do the experiments.

Writing Activity
· When students are finished with their experiments, have them complete the second side of the sheet using fractions (not decimals) to show probability.
· The results for experimental probability will typically be different for each group of students.  
· The numerator of each fraction will relate to the number of “x”’s in each column of the line graph.  
· The denominators of all fractions will be the total number of experiments conducted.  (Each toss of the cubes is an experiment). 
· The numbers for theoretical probability will relate to the portion of the front page of the worksheet in which the different possible number cube combinations for each column are summarized.   All students should get the same fractions.
· The numerators of each fraction will correspond to the number of ways that the outcome could be achieved.
· The denominators of each fraction will be 36 and will correspond to the total possible outcomes when tossing two six-sided number cubes.  Students will often figure out the total number of outcomes by adding the individual outcomes shown below the line graph.  
· Connection:  This presents a great opportunity to make connections to the multiplication-counting principal and show that (6 possible outcomes with one number cube) times (6 possible outcomes with the other number cube) equals 36.   A follow up question might be how many outcomes are possible with a six sided number cube and a five sided number cube?  (Answer: 30).
Regents Problem Solving Activity.  Students should work together to complete the JMAP Theoretical Probability Worksheet.

· The three questions at the bottom of the second page of the handout for this lesson and the problems on the JMAP Theoretical Probability Worksheet provide excellent frameworks for introducing and discussing various concepts from the Big Ideas shown below:  
BIG IDEAS:
Experimental Probability
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Testing Tip.  Regents Math A problems generally focus on theoretical probability and not experimental probability.
Theoretical Probability
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The probability of an event happening is always greater than or equal to zero and less than or equal to one.
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· If an event cannot happen, the probability is 0.

· If an event is certain to happen, the probability is 1.

Probability can be expressed as a fraction, a decimal, or a percent.

An “event” is the particular outcome being measured, and in the above equation refers to the “favorable outcome” in the numerator, even though some events, like rain during the school picnic, are not really very favorable.
Unrelated Events are events in which a particular 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.
Mutually Exclusive Events are events that preclude other events from occurring.  For examples:

· If a spinner lands on blue, it cannot land on “not” blue.  

· If it rains, it cannot “not” rain.  

· If a teacher calls on a girl, she cannot call on a boy.  

· If the door is open, it is not closed.  

· If a student is a freshmen, the student is not a sophomore.  

The sum of all probabilities for mutually exclusive events is always 1.
Sample Math A Regents Problem
	A box contains six black balls and four white balls. What is the probability of selecting a black ball at random from the box?
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One Solution

	We need a clear picture of what is in the box:
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The probability formula is 
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We know that there are 10 balls altogether, so the number of possible outcomes is 10.

We know that a black ball is the event we are looking for (the favorable outcome), and the are 6 black balls.  The numerator is 6.

We write:  
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Any of these numbers are correct.  One of them agrees with our solution choices, so we select solution (2) 
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NYS Core Performance Standards:

Key Idea 6:  UNCERTAINTY

Students use the ideas of uncertainty to illustrate that mathematics involves more than exactness when dealing with everyday situations.

Performance Indicators:

6b.
Use experimental or theoretical probability to represent and solve problems involving uncertainty.
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	Experimental Probability
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	Theoretical Probability
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	Experimental Probability
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Summarize the results of your experiments in rolling number cubes.  
Write the experimental probability of each numerical outcome in the spaces provided below.

	1
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	3
	4
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	Theoretical Probability
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Count the number of favorable combinations for each numerical outcome when rolling two number cubes and the total number of possible outcomes.

Write the theoretical probability of each numerical outcome in the spaces provided below.
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1. What is the sum of the probabilities for experimental probability?                        For theoretical probability?
2. What are the relative advantages of experimental and theoretical probability?

3. Examine the information that you recorded on the opposite side of this paper.  Does your line graph look anything like a histogram?   What is the relationship between histograms and probability?
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