Part One - The Dice Experiment

Objective:  Students will explore the normal distribution by experimenting with dice

combinations, data analysis, and discussion.

Prerequisite Knowledge:  
Before starting this project, the student should know how to construct a frequency table and calculate the mean, variance, standard deviation, percentages and expected values.  They will know how to link TI graphing calculators and have a working knowledge of Microsoft Excel or another comparable spreadsheet.  This lesson may be modified for all secondary grade levels. 

Procedure:

What are the chances of getting my lucky number when I roll the die?  Through a large class discussion, students will think of all the possible ways to roll the individual numbers on a single die and create a frequency table of the data.  The students will discover that the equal chances on the roll create a flat distribution, and the theoretical probability of rolling any individual number is
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.  This is also a chance to reinforce the basic concepts of an independent probability.  We can use this example to define the possible outcomes and the sample space.  After developing this for a single die, the teacher should introduce a second die to the sample space. The teacher should put a second chart on the board, and develop the possible outcomes of rolling two dice.  To illustrate the possible combinations of two dice, it is strongly suggested that the dice be different colors.  The initial chart should appear as follows: 

	
	
	
	
	
	
	
	
	
	
	
	

	Roll
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12



At this point, ask the students how many ways the dice can be rolled to get a two (2).  Fill in the chart as follows.

	
	1-1
	
	
	
	
	
	
	
	
	
	

	Roll
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12


Repeat the question for a three (3).  Discussion will often result as to whether a 1-2 and a 2-1 are the same.  This is where the different colored dice clarify their questions.  If the dice are red and white, a red 1 and white 2 are clearly different than a red 2 and white 1.  I usually pick one color and tell the students I always log that color first.  I continue to ask the students about each individual number and fill in the chart until I have the following:

	
	1-1
	2-1

1-2
	3-1

2-2

1-3
	4-1

3-2

2-3

1-4
	5-1

4-2

3-3

2-4

1-5
	6-1

5-2

4-3

3-4

2-5

  1-6
	6-2

5-3

4-4

3-5

  2-6
	6-3

5-4

4-5

3-6
	6-4

5-5

4-6
	6-5

5-6
	6-6

	Roll
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12


At this point, it is good to add another row to the table.  We will use this row to enter the theoretical probabilities of each possible roll.  Discussion here can go in several directions depending on the level of the students.  It has been my experience that students will generally count the possible outcomes in the sample space (36).  We will take some time to relate the sides of the dice to the number of outcomes. I have the students state the probabilities of each outcome.  I will write the numbers the students give me in each space.  I tell the students “I don’t like this number” if the probability is not in lowest terms. My table now looks as follows: 
	
	1-1
	2-1

1-2
	3-1

2-2

1-3
	4-1

3-2

2-3

1-4
	5-1

4-2

3-3

2-4

1-5
	6-1

5-2

4-3

3-4

2-5

 1-6
	6-2

5-3

4-4

3-5

 2-6
	6-3

5-4

4-5

3-6
	6-4

5-5

4-6
	6-5

5-6
	6-6

	Roll
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12

	Probability
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At this point we discuss the sums of the individual probabilities, and discover that the total is one, as expected.  We also start to discuss the shape of the distribution.   We can now revisit the numbers on the dice, and discover that there are 6*6 or 36 possible outcomes in the sample space.   This is generally the end of day one.
Part Two- The Dice Experiment

NOTE:  This portion of the project will take about two class periods.

Procedure:  The student will load the “diceroll” program on to their graphing calculator by using the link function. They will randomize their calculators so the data gathered is valid. This can be done by having each student type in the last 4 digits of their phone number, then hitting the sto key and then select math.  Go to the prob menu and select rand.  This will ensure each student’s data is unique.  The student will collect a minimum of 72 rolls of the calculator dice using the “diceroll” program.  Have the students work in pairs, with one rolling and the other recording the sums of the rolls.  This procedure should be repeated with each student using their own calculators.  The student will also need two dice.  This procedure should again be repeated using the dice, each collecting a minimum of 72 rolls.


The student worksheet (attached) details the procedure the students should use to complete a spreadsheet.  A template (attached) is provided on the internet for the students to access.  
Description of columns in the template:

Dice Total – the sum of the rolled dice


Ex Dice – the expected value for the rolls of the dice

Ex Calc – the expected value for the calculator rolls

Ex Tot – the sum of the Ex Dice and Ex Calc 

Cnt Dice – the actual count of the rolls of the dice

Cnt Calc – the actual count of the calculator rolls

Cnt Total – the sum of Cnt Dice and Cnt Calc

Dice Var – Cnt Dice minus Ex Dice

Calc Var – Cnt Calc minus Ex Calc

Dice % - Cnt Dice(individual number, 2,3,4, etc.) divided by total of rolls of dice times 100

Calc % - Cnt Calc divided by total rolls on the calculator times 100

Tot % - Cnt Tot divided by total rolls times 100

Dice Var % - Dice % minus theoretical %

Calc Var % - Calc % minus theoretical %

Tot Var% - Tot %- theoretical %

A copy of a sample spreadsheet and a copy of the spreadsheet with the formulas used is attached.
Dice Probability Instruction Sheet

Your results will be based on 144 rolls
Answer the following questions and complete the following tasks.  

Part 1:

· Is this a trial with the calculator?

· Build a frequency table to compile your results.

· Repeat using dice.

Part 2:

· Make a spreadsheet including each of the following.

· Find the expected values for each value (2-12), for both the dice and calculator.

· Record the actual values for each value (2-12).

· Find the variance. (The difference between actual and expected values) for the calculator, dice and total of calculator and dice.

· Find the expected percentage for calculator, dice and total of calculator and dice.

· Find the actual percentage for calculator, dice and total of calculator and dice.

· Find the variances associated with each percentage.

· Make and print a bar graph of your results, and the expected results using EXCEL.

· You will have three graphs total.

· Find the following for a theoretical and your actual distributions:

· 
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· You will have three sets of values.

· Find the positive and negative values of the first and second standard deviations for all three sets of values. 

Type an answer to the following questions:

1. Does either of the graphs of your distributions resemble the graph of the theoretical distribution?  Compare and contrast the graphs.

2. How do the actual values of 
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 compare to the theoretical values of each you calculated.  If there is a difference, can you explain this difference?

3. List seven factors that may have influenced the outcome of this experiment.

4. Compare the graph of the class’ results to your individual results.

5. Compare the results of the rolls by the calculator to your rolls.  Is the calculator an accurate way to collect this type of data?  Explain.

6. What are some things we could do to improve the accuracy and reliability of this experiment?

7. Based on this data, what is the most likely total of a single roll of two dice?
Answers to Discussion Questions

1. Does either of the graphs of your distributions resemble the graph of the theoretical distribution?  Compare and contrast the graphs.

They are similar, but variations may occur.  Compiling class data creates a closer model.

2. How do the actual values of 
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 compare to the theoretical values of each you calculated.  If there is a difference, can you explain this difference?

Student values will be different than theoretical values.  This illustrates that theoretical and experimental probabilities are rarely identical.
3. List seven factors that may have influenced the outcome of this experiment.

Answers may vary.  Possible answers include: the way the dice were rolled, errors in logging data, addition errors, keyboarding errors, etc.

4. Compare the graph of the class’ results to your individual results.

Compile class results and display the graph. Students should note that the classroom results look different from their graph. The class results more closely resemble the theoretical distribution.

5. Compare the results of the rolls by the calculator to your rolls.  Is the calculator an accurate way to collect this type of data?  Explain.

The students should conclude that the calculator is an accurate method of data collection.

6. What are some things we could do to improve the accuracy and reliability of this experiment?

Answers may vary.  Careful recording of scores and checking results could improve the accuracy and reliability.  Other student responses will be discussed.
7. Based on this data, what is the most likely total of a single roll of two dice?
Students should conclude that seven is the most likely sum of two rolled dice.

** Explanations necessary for open questions.

Lesson:  Probability Distribution Demonstrated with Dice

Program: Dice Roll

The following program was used to simulate the rolling of 2 dice.

Program for TI-82

PROGRAM:DICEROLL

:ClrHome

:Fix 0

:Output (2,5,”+++”)

:Output(2,10,”+++”)

:Output(3,5,”+”)

:Output(3,7,”+”)

:Output(3,10,”+”)

:Output(3,12,”+”)

:Output(4,5,”+++”)

:Output(4,10,”+++”)

:Lbl D  

:iPart (rand*6+1)→S

:iPart (rand*6+1)→T

:Output(3,11,S)

:Output(3,6,T)

:If getKey=105:Stop

:Goto D

Program for TI-83, TI-83 plus and TI-84 plus

PROGRAM:DICEROLL

:Fix 0

:ClrHome

:Output (2,4,”+++”)

:Output(2,10,”+++”)

:Output(3,4,”+”)

:Output(3,6,”+”)

:Output(4,4,”+++”)

:Output(3,10,”+”)

:Output(3,12,”+”)

:Output(4,10,”+++”)

:Lbl A  

:randInt (1,6)→Z

:randInt(1,6)→T

:Output(3,5,T)

:Output(3,11,Z)

:getKey→N

:If  N=105:Stop

:Goto A

:Pause
Dice Problem – Page 1

_1152534729.unknown

_1152534758.unknown

_1152534768.unknown

_1152534779.unknown

_1152534743.unknown

_1152534711.unknown

_1152532159.unknown

_1152534688.unknown

_1132995425.unknown

_1132997061.unknown

