8th Grade Open Response

Currency Exchange From the Land of Three*

KY Academic Expectation 1.5:  Students use mathematical ideas and procedures to communicate, reason, and solve problems.

KY Academic Expectation 2.7:  Students understand number concepts and use numbers appropriately and accurately.

KY Core Content MA-M-1.1.4:  Concepts—Students will describe properties of, define, give examples of, and/or apply to both real-world and mathematical situations:  place value of whole numbers and decimals.

Tamarack and Shadrack lived in the Land of Three and heard tales of life in the United States from various travelers.  They wanted more than anything to travel to the U.S. and buy a skateboard so they could also have fun rolling around & doing tricks on a board, just like American kids.  When they counted their Land of Three money, they found that Tamarack had $1120 (base 3) and Shadrack had $1212 (base 3).  If they combined their money, would they have enough to buy the skateboard on sale at Mr. Rags for $87.00 (U.S. base 10 dollars)?

**Remember:  A distinguished mathematician always shows the work!

a) Find the sum of the base 3 dollars that Tamarack and Shadrack have together.

b) Assuming that 1 Land of Three dollar = 1 U.S. dollar, find the amount of U.S. dollars that Tamarack and Shadrack each have individually.  Will they have enough to purchase the skateboard if they put their money together?

c) What is the exact cost of the skateboard in base 3 dollars?

d) Since Shadrack has more money than Tamarack, will he need to pay more than ½ of the cost?  Find the exact amount that each person would pay in base 10 dollars.

e) How many base 3 dollars will Shadrack have left after they pay for the skateboard?

*To teachers:  If you would like to use this problem, but your students have not studied the base 3 number system, you may choose to give them A Brief Guide to the Basics of Base 3, included below.
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Currency Exchange from The Land of Three

8th Grade Open Response Question 

[image: image1.wmf] Tamarack and Shadrack lived in the Land of Three and heard tales of life in the United States from various travelers.  They wanted more than anything to travel to the U.S. and buy a skateboard so they could also have fun rolling around & doing tricks on a board, just like American kids.  When they counted their Land of Three money, they found that Tamarack had $1120 (base 3) and Shadrack had $1212 (base 3).  If they combined their money, would they have enough to buy the skateboard on sale at Mr. Rags for $87.00 (U.S. base 10 dollars)?

**Remember:  A distinguished mathematician always shows the work!

a) Find the sum of the base 3 dollars that Tamarack and Shadrack have together.

b) Assuming that 1 Land of Three dollar = 1 U.S. dollar, find the amount of U.S. dollars that Tamarack and Shadrack each have individually.  Will they have enough to purchase the skateboard if they put their money together?

c) What is the exact cost of the skateboard in base 3 dollars?

d) Since Shadrack has more money than Tamarack, will he need to pay more than ½ of the cost?  Find the exact amount that each person would pay in base 10 dollars.

e) How many base 3 dollars will Shadrack have left after they pay for the skateboard?

A Brief Guide to the Basics of Base 3

Just as studying a foreign language gives you a greater appreciation for English, studying base 3 is a great way to gain insight into the place value concepts and exponential growth behind our base 10 number system.  The chart below shows the base 10 values of the first five places in the base 3 number system.  Notice that the value of each place increases by a power of 3.  In base 3 you would have to regroup anytime you get a group of 3.

Base 10/Base 3 Place Value Conversion Chart

	3^4
	3^3
	3^2
	3^1
	3^0

	54
	27
	9
	3
	1


Since the only digits in base 3 are 0, 1, and 2, the first 20 (base 10) counting numbers in base 3 would look like this:

1, 2, 10, 11, 12, 20, 21, 22, 100, 101, 102, 110, 111, 112, 120, 121, 122, 200, 201, 202.  

You can find the value of any base 3 counting number by adding up the places shown in the table above.  Think of each digit in the base 3 number as telling how many groups you have in that place and then look at the chart to see the size of each group.  

Currency Exchange From the Land of Three

Open Response Scoring Guide

The final score is the sum of the points earned as indicated below:

	
	0.5 points
	Student shows work for all parts of the problem.

	a)
	0.5 points
	Student correctly states that the sum of their base 3 dollars is $10102.

	b)
	0.5 points
	Student correctly states that Tamarack has $42.00 in base 10.

	
	0.5 points
	Student correctly states that Shadrack has $50.00 in base 10.

	
	0.5 points
	Student answers the question by stating that they do have enough money to buy the skateboard.

	c)
	0.5 points
	Student correctly states that the skateboard costs $10020 in base 3.

	d)
	0.5 points
	Student correctly states that Tamarack would pay all his money ($42.00) and that Shadrack would have to pay the balance of $45.00 base 10 dollars.

	e) 
	0.5 points
	Student correctly states that Shadrack would have $12 base 3 dollars left after making the purchase.


Currency Exchange from the Land of Three

Distinguished Response

a) To find the sum of the amount that Tamarack and Shadrack have together, I used the paper and pencil method to add the places together and I regrouped whenever I got a group of 3.  When I added the ones column I got a total of 2, so I could keep the 2.  In the next column (the 3’s column) I got a sum of 3, so I knew I had to regroup, leaving 0 in that column.  Since I did regroup 1 into the 9’s place, I got a total of 4 in that column and had 1 left over after i regrouped 3 into the 27’s column.  The sum of the 27’s column was then 3, which meant I had to regroup into the 81’s column and had 0 left in the 27’s column.

1120

                      +1212


          10102

b) To find the amount of base 10 dollars for each person, I used the base 3 place value chart and added all the groups together.

· Tamarack had a total of $42.00, which came from adding one group of 27, 1 group of 9, 2 groups of 3, and 0 groups of 1:  27+9+6=$42

· Shadrack had a total of $50.00, which came from adding 1 group of 27, 2 groups of 9, 1 group of 3, and 2 groups of 1:  27+18+3+2=$50

· Since together they have $92.00, they would have enough money to buy a skateboard together.

	
	3^3 = 27
	3^2 = 9
	3^1 = 3
	3^0 = 1

	Tamarack Base 3
	1
	1
	2
	0

	Shadrack Base 3
	1
	2
	1
	2


c) The exact cost of the skateboard in base 3 dollars is $10020.  I found this by seeing how I could group the $87 into the base 3 places.  I found I could make one group of 81, which is the 5th place from the right in the base 3 number system.  Then I had $6 more to put into the base 3 places.  I did not have enough to make any groups of 27 or 9, so I ended up with zeros in the third and fourth places from the right to show that there were no groups of that size.  Since I could make 2 groups of 3, I put a two in the second place from the right.  The zero on the far right means that there were no single dollars left over.

d) Tamarack will pay all his money, which is $42.00 in base 10.  That leaves a balance of $45.00 for Shadrack to pay.

e) Since Shadrack started with $50.00, he would have $5.00 base 10 dollars left after paying the balance.  $5.00 in base 10 converts to $12 in base 3, because the 5 fits into the base 3 place value system as 1 group of 3 and 2 single dollars left over.

