A Dicey Distribution
(Table 2)

PUZZLE:

Take 2 dice. Roll the dice and then:
1. Multiply the top two numbers

2. Multiply the bottom two numbers

3. Multiply the top of one die by the bottom of the other

4. Now multiply the other top and bottom

5. Now add up all of your (four) answers.
6. Repeat at least x more times.
What do you get?  Explore your results.  What is happening?  Why?

Teacher Note: Most dice are made up so that opposite faces add up to 7.  Make sure that 6 is opposite 1, the 5 is opposite 2, and the 4 is opposite 3 for the purposes of the puzzle. 
Source: http://www.cut-the-knot.org/Outline/Arithmetic/TwoDice.shtml
GOAL:

Students will have engaged with a physical representation of the distributive property on a path towards proving a solution to the puzzle.
(Students may use several paths to get to the answer, after which the extensions become very open-ended.)

EXTENSIONS (Problem to Problem):

Upper Level (Grades 8-12):

What could you change to always get the answer of x? your favorite number? Square roots on dice faces.

Add a dice.  What happens?

What happens if there are more faces on the dice.

Design your own puzzle changing one aspect of the problem (i.e. number of faces, numbers on faces, variables, dice shape), 2 aspects, 3 aspects…  What happens?

Lower Level (Grades K–7):

Probability of results.

Construction of a cube.

Practicing arithmetic facts.

Organizing data in a table.
Noticing patterns in the data.
MATHEMATICAL CONTENT:



-Distributive Property




-Commutative Property (addition and multiplication)




-Relates to FOIL method




-Arithmetic in solving puzzle




-Construction of a cube




-Probability of Rolling Dice




-Variables and Substitution (variable on a face)

-Symbolic Distribution (variable on a face)




-Combinatorics (adding a dice)

STUDENT LEVEL:
-Puzzle is targeted at an eighth grade student.  Distributive property with variables is introduced in eighth grade.

-Extensions designed for upper level student or higher grade levels.  Addition of multiple variables, triangular numbers.

-Extensions designed for lower level student or lower grade levels which practice basic arithmetic, explore probability, organize data, and examine 3D geometrical shapes and characteristics.

VOCABULARY:
Dice

Faces

Cube

Sum

Product

Distribute

Commute

Order of operations

Square number

Square root

Variable

Data

Substitution

Table

Graph

Equation

Combination

Triangular numbers

Factors

Probability

Equally likely

STUDENT RESPONSES:
Student 1:

2 Dice

Possible Combinations

Dice 1


	Top
	Bottom

	1
	6

	2
	5

	3
	4

	4
	3

	5
	2

	6
	1


Dice 2


	Top
	Bottom

	1
	6

	2
	5

	3
	4

	4
	3

	5
	2

	6
	1


If I roll… 1-6 and any other dice, that’s 6 combinations:

1 – 6 ……. 1 – 6


1 – 6 ……. 2 – 5

1 – 6 ……. 3 – 4

1 – 6 ……. 4 – 3

1 – 6 ……. 5 – 2

1 – 6 ……. 6 – 1

Dice 1: 
1-6, 6 combinations


2-5, 6 combinations

3-4, 6 combinations

4-3, 6 combinations

5-2, 6 combinations

6-1, 6 combinations

      36 combinations TOTAL
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Student 2:

With two dice the problem works applying the distributive property.

i.e.

we have

a,b,c,d that exist in the integers mod 6 plus 1

such that a+b=c+d=7

we multiply a*c, a*d, b*c, b*d and then add them up

we get (a*c+a*d+b*c+b*d) 

which becomes (a(c+d)+b(c+d)

and then (a+b)(c+d)

which is (7)(7)=49

when we extend to three dice 

we have

a,b,c,d,e,f

such that a+b+c+d=e+f

we multiply 

a*c,a*d,a*e,a*f

b*c,b*d,b*e,b*f

c*e,c*f

d*e,d*f

so we sum

(a*c+a*d+a*e+a*f+b*c+b*d+b*e+b*f+c*e+c*f+d*e+d*f)

(a*(c+d)+a(e+f)+b(c+d)+b(e+f)+c(e+f)+d(e+f))

(a+b)(c+d)+(a+b)(e+f)+(c+d)(e+f)

7*7+7*7+7*7

3*49=147
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With four dice

We have 6(49) (we can combine four dice in pairs 6 ways)

Five dice (10(49) ways)

Six – 15(49) ways

Seven – 21(49)

Etc

(triangular numbers!!!!!!)
Student 3:

	Die 1 

Top
	Die 2

 Top
	Die 1 Bottom
	Die 2 Bottom
	Top 1 

x 

Top 2
	Bottom 1 

x

Bottom 2
	Top 1 

x 

Bottom 2
	Top 2 

x 

Bottom 1
	Total



	1
	1
	6
	6
	1
	36
	6
	6
	49

	1
	2
	6
	5
	2
	30
	5
	12
	49

	1
	3
	6
	4
	3
	24
	4
	18
	49

	1
	4
	6
	3
	4
	18
	3
	24
	49

	1
	5
	6
	2
	5
	12
	2
	30
	49

	1
	6
	6
	1
	6
	6
	1
	36
	49

	2
	2
	5
	5
	4
	25
	10
	10
	49

	2
	3
	5
	4
	6
	20
	8
	15
	49

	2
	4
	5
	3
	8
	15
	6
	20
	49

	2
	5
	5
	2
	10
	10
	4
	25
	49

	2
	6
	5
	1
	12
	5
	2
	30
	49

	3
	3
	4
	4
	9
	16
	12
	12
	49

	3
	4
	4
	3
	12
	12
	9
	16
	49

	3
	5
	4
	2
	15
	8
	6
	20
	49

	3
	6
	4
	1
	18
	4
	3
	24
	49

	4
	4
	3
	3
	16
	9
	12
	12
	49

	4
	5
	3
	2
	20
	6
	8
	15
	49

	4
	6
	3
	1
	24
	3
	4
	18
	49

	5
	5
	2
	2
	25
	4
	10
	10
	49

	5
	6
	2
	1
	30
	2
	5
	12
	49

	6
	6
	1
	1
	36
	1
	6
	6
	49
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