Dividing up the Treasure
Background:   After the treasure was successfully stolen from the Island of Dr. Moreau, the crew met on deck to discuss how the treasure would be divided.  The captain was nervous, he sensed that the crew didn’t trust him and were about to throw him overboard.  He had to think quick and this is what he came up with:

“Mates, we will divide up the loot so that each of you will get your fare share.  I have come up with a plan.  You will be given a scoop of coins and the scoop will contain 20% cautorillos, 13% bits, 13 % 2bits, 16% pieces of eight, 14% escudos, and 24% doubloons.”

The sailors (and you) thought this was a good idea, besides; they really needed the captain to navigate the ship, so they agreed.

In the late 1800s the country of Spain switched its currency to silver coins called reales.  When the sailors returned home they needed to know how much they had in reales, and you want to know how much in dollars.  Some conversions are needed:

Cautorillo (orange) = ¼ reale

Bit (brown) = 1 reale

2 bits (red) = 2 reales

Pieces of eight (green) = 8 reales

Escudo (yellow) = 16 reales

Doubloon (blue) = 32 reales 
1 reale=.122 oz of silver

1 oz of silver= $14.00

Problem:

1.  When you get your scoop of coins, how much will it be worth in both reales and in dollars?

2. Based on the number of coins in your scoop, how many of each kind of coin should you have gotten?

3. Based on the number of each kind of coin you should have gotten, how much money should your scoop have been worth, in reales and in dollars?

4. Did you get more or less than you were supposed to receive? Notice the captain never told you how many total coins would be in the scoop (clever captain).
5. If you did not get the right amount, were you cheated or was it an accident?

You should be able to determine all of these things!

Let’s start with what you observed (what you actually received in your scoop).

Value of the Loot you Actually Received
	Name of the coin
	color of coin
	number received
	value in reales

	cautorillo
	orange
	 
	 

	bit
	brown
	 
	 

	2 bits
	red
	 
	 

	pieces of eight
	green
	 
	 

	escudo
	yellow
	 
	 

	doubloon
	blue
	 
	 

	total number of coins in the scoop
	 
	total reales
	 

	
	
	total oz. of silver
	 

	
	
	value in dollars
	 


Now let’s look at what you expected to receive.

Value of the Loot you Expected to Receive
	Name of the coin
	color of coin
	% promised
	number should have received
	value in reales

	cautorillo
	orange
	20
	 
	 

	bit
	brown
	13
	 
	 

	2 bits
	red
	13
	 
	 

	pieces of eight
	green
	16
	 
	 

	escudo
	yellow
	14
	 
	 

	doubloon
	blue
	24
	 
	 

	
	total number of coins in the scoop
	 
	total reales
	 

	
	
	
	total oz. of silver
	 

	
	
	
	value in dollars
	 


Were you cheated or did you get close enough to the amount promised to be OK?

To test this we will do something called Chi-Square Analysis.  This is to find out if any difference in what you observe (or receive in this case) and what you expected is small enough to be due to random chance.  It’s a lot of numbers, but easy to do.

First let’s look at the formula for Chi- Square = (O-E)2/E

Looking at the formula, if your observed was exactly what you expected, what would be the value of your chi-square??

Now let’s follow some steps to calculate your chi-square:

1.  Fill in the Chi-Square Analysis chart with information you already know:

a.  The actual number of each kind of coin you received

b. The expected number of each kind of coin you should have received

2.  For each type of coin now subtract the actual from the expected and record your number (be sure to include the negative or the positive sign) in the column labeled “Deviation”

3. Since some of your deviations are positive and some are negative they can’t be added together to get a correct answer.  You need to first square each of your deviations and write the value in the column labeled “Deviations Squared”.

4. For each kind of coin, divide the deviation squared by the number of coins you expected for that type of coin and write your answer in the column labeled “D2/E”.

5. Add all of the numbers in the D2/E column and write them in at the bottom.  This is your Chi Square value.

6. What does it mean??? Is it close to zero?  How close to zero does it need to be??

7. A bunch of math teachers sat around and determined that if your Chi-Square value for 6 different kinds of coins is equal to 11.07 or less, YOU WERE NOT CHEATED! Missing a few coins of one type and having a few extra of another type was just due to random 

chance.

	Name of the coin
	color of coin
	% promised
	number you actually  received
	number you expected to receive
	deviation 
	deviation squared
	D2/E
	

	cautorillo
	orange
	20
	 
	 
	 
	 
	 
	

	bit
	brown
	13
	 
	 
	 
	 
	 
	

	2 bits
	red
	13
	 
	 
	 
	 
	 
	

	pieces of eight
	green
	16
	 
	 
	 
	 
	 
	

	escudo
	yellow
	14
	 
	 
	 
	 
	 
	

	doubloon
	blue
	24
	 
	 
	 
	 
	 
	

	 
	total coins
	 
	 
	 
	 
	total D2/E
	 
	This is your Chi-Square value


