                                                                                          
[image: image1.png]




	NEW YORK STATE CORE CURRICULUM:

· 5D. Use statistical methods including the measures of central tendency to describe and compare data.


	OBJECTIVES:
· To investigate the mathematical relationship between the probability of certain letters being used in the English language and the game Scrabble
· To collect data in order to determine the probability that each letter in the alphabet will be used in a written document
· To use technology to create scatter plots of the data that is collected.
· To use technology to find linear regression.


	MATERIALS:
· TI-83 Plus/TI-84 Plus
· Copy of the United States Constitution (or some other written document)


SCRABBLE MATH
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INTRODUCTION:
One popular family board game is Scrabble.  It was created during the Great Depression by an out-of-work architect named Alfred Mosher Butts.
  Before producing the game, Alfred Mosher Butts researched board games and found that many individuals enjoyed word games.  It was while he was analyzing the front page of the New York Times that Alfred Mosher Butts was able to see that vowels (a, e, i, o, u) were used more often in the English language than consonants.  From this astute observation, he was able to determine point values for each letter in the alphabet and how many of each letter should exist in the board game.  The process that Alfred Mosher Butts used in helping create Scrabble is today known as statistics.  Statistics is the study of the probability of events occurring based upon known information and allows for educated guesses to be made. 

Was Alfred Mosher Butts correct with his analysis that vowels are used more often in the English language than consonants?  Does Scrabble game uphold his educated guess?  In this activity, you will use statistics to determine the probability that a certain letter will be used in the English language.  You will then determine the mathematical relationship between these probabilities and Scrabble.  

PROBLEM: 
What letters of the alphabet occur most frequently in the English language?  Does a relationship exist between these probabilities and the point values assigned to letters in Scrabble?  Do the probabilities of a letter appearing in any given word have a connection with the number of tiles of each letter of the alphabet in the game of Scrabble?  
COLLECTING THE DATA:

1. Your teacher will provide you with a copy of the United States Constitution along with a specific section of the document that you will be responsible for collecting the data from.  Once you have received the document, you may begin tallying the number of each letter of the alphabet that appears in your designated section.           ***Helpful Hint:  It will be easier to tally the letters by starting at the beginning of your section and one at a time marking off each individual letter on the table provided by your teacher.***

2. Record the tallies and totals on the DATA COLLECTION AND ANALYSIS page. 

3. Once you have recorded your tallies and totals on your own worksheet, record your tallies on the class data chart provided by your teacher.  Make sure to record your tallies in your specific column.  For example, if you tallied the letters from handout one, make sure you put your data in the column labeled hand out one.

4. WHEN ALL OF THE CLASS HAS RECORDED THEIR DATA ON THE CLASS DATA CHART, calculate the total number of each individual letter was found in the entire United States Constitution.  To do this, add up the number or a’s, b’s, c’s, etc… that each group found.  Record these totals in chart on the DATA COLLECTION AND ANALYSIS page.  ***THIS IS THE DATA THAT YOU WILL BE ENTERING INTO YOUR CALCULATOR*** 
SETTING UP THE TI-83 PLUS/TI-84 PLUS

Before starting your data collection, make sure that your calculator has the STAT PLOTS turned off, that all equations in the Y= menu are cleared, all lists in your calculator are cleared and Diagnostics are turned on.

	1. To turn off the STAT PLOTS: Press `            !. The STAT PLOT menu should appear (see Figure 1).  Choose option 4: PlotsOff and then press e.

2. To clear the Y= menu: Press !     and clear all of the equations that are there.

3. To clear all lists: Press `+  .  The memory menu should appear on the screen (see Figure 2).  Choose option 4: ClrAllLists and then press e.
4. To turn Diagnostics On: Press `0.  Use the arrow keys to scroll down to DiagnosticOn.  Once you have DiagnosticOn highlighted, press e e.

	[image: image3.emf]
Figure 1
[image: image4.emf]
Figure 2


ENTERING THE DATA IN THE TI-83 PLUS/ TI-84 PLUS:
	1. Press S   and select 1: Edit by pressing e (see Figure 3).

2. Enter the total number of each letter (a to z) in L1.
3. Return to the home screen by pressing `M.  Once you are at the home screen, press `S.  This will get you to the LIST menu (see Figure 4).  
4. Arrow to the right until you see the MATH menu on the screen.  After you are in the MATH menu, choose option 5 : sum( (see Figure 5).  
5. You should see sum( on your home screen.  Press `1 )  to find the sum of all of the letters used in the Constitution (you entered these values in L1).  See Figure 6.   

6. This is the TOTAL number of letters in the Constitution.  Record this on the DATA COLLECTION AND ANALYSIS page.
7. We now need to put values in L2, so we have to go back to the STAT menu. Press S   and select 1: Edit by pressing e.

8. Press > : to highlight L2 (see Figure 7).   
9. Press `1 / the total number of letters in the Constitution (see Figure 8).  Press e  to see the calculation.  This is the formula that will be used in order to give the values that should be in L2.  These values are the probabilities that a certain letter will used in the English language. 
10. You now need to enter the rest of the values that will be needed for the activity.  Press > : to highlight L3 (see Figure 9).  
11. In this column, enter the point values for each letter found in the game of Scrabble.  These values are listed in a table on the DATA COLLECTION AND ANALYSIS page.  To do this, enter each number and then press e.

12. Press > : to highlight L4.  

13. Now you must enter the number of tiles of each letter that can be found in the game of Scrabble.  These values can be found in the table on the DATA COLLECTION AND ANALYSIS page. To do this, enter each number and then press e.
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	SETTING UP THE WINDOW:
	

	1. Before you can look at your data, you have to get the correct scale for x-axis and y-axis.  To do this, we need to adjust the WINDOW.  To enter into the WINDOW menu, press @.  See Figure 10.
2. Set the Xmin value by identifying the minimum value in L2.  Choose a number that is less than the minimum.  Enter this number as the Xmin on the WINDOW screen.
3. Set the Xmax value by identifying the maximum value in L2.  Choose a number that is greater than the maximum.  Enter this number as the Xmax on the WINDOW screen.

4. Set the XSCL to .01
5. Set the Ymin value by identifying the minimum value from L3 AND L4.  Choose a number that is less than the minimum.

6. Set the Ymax value by identifying the maximum value from L3 AND L4.  Choose a number that is greater than the maximum.  

7. Set the YSCL to 1.
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GRAPHING THE DATA: 
SETTING UP A SCATTER PLOT:

	To look at the plot of the probabilities of each letter being used in the English language versus the point values assigned to each letter in Scrabble:
1. Press `! and select 1: Plot1 by pressing e.  See Figure 11.
2. Set up the plot as shown in Figure 12 by pressing e;e;`2;`3; e. 
3. Press %  to see the plot (see Figure 13).
To look at the plot of the probabilities of each letter being used in the English language versus the number of tiles of each letter in Scrabble:

4. In order to see this plot, we need to turn Plot1 off first.  To do this, press `!e>e.  See Figure 14.
5. Press `! and select 2: Plot2 by pressing e.  See Figure 15.
6. Set up the plot as shown in Figure 16 by pressing e;;`2;`4;e.
7. Press %  to see the plot (see Figure 17).
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ANALYZING THE DATA:


FINDING A LINEAR REGRESSION:

	For the probabilities of each letter being used in the English language versus the point values assigned to each letter in Scrabble:
1. Return to the home screen by pressing `M.
2. Press S and move the cursor to the right (using the arrow keys) so that the CALC menu is displayed.  See Figure 18.
3. Select 4: LinReg(ax+b) and press e. See Figure 19.
4. Press `2,`3, (see Figure 20).
5. Press v  and move the cursor to the right one so that you are looking at the Y-VARS menu.  See Figure 21.
6. Select 1: Function by pressing e (Figure 22).
7. Select 1:Y1 by pressing e (see Figure 23).
8. Press e to calculate the linear regression.  The function is pasted in Y1 (see Figure 24).

For the probabilities of each letter being used in the English language versus the number of tiles of each letter in Scrabble:

9. Repeat steps 2 – 8 for the linear regression of the probabilities versus the number of each tile.  ***The only step that must be altered is step 4.  It should be `2,`4, (see Figure 25).***
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ANSWER THE QUESTIONS ON THE DATA COLLECTION AND ANALYSIS PAGE.

Name ________________

Date _________________

DATA COLLECTION AND ANALYSIS

COLLECTING THE DATA:

HANDOUT #__________

	LETTER
	TALLY
	NUMBER OF EACH LETTER (THE NUMBER OF A’S, B’S, C’S ETC…IN YOUR SECTION)
	CLASS TOTALS FOR THE NUMBER OF EACH LETTER 

	A

	
	
	

	B

	
	
	

	C

	
	
	

	D

	
	
	

	E

	
	
	

	F

	
	
	

	G

	
	
	

	H

	
	
	

	I

	
	
	

	J

	
	
	

	K

	
	
	

	L

	
	
	

	M

	
	
	

	N

	
	
	

	O

	
	
	

	P

	
	
	

	Q

	
	
	

	R

	
	
	

	S

	
	
	

	T

	
	
	

	U

	
	
	

	V

	
	
	

	W

	
	
	

	X

	
	
	

	Y

	
	
	

	Z

	
	
	


TOTAL NUMBER OF LETTERS IN THE US CONSTITUTION:___________________________
	LETTER
	POINT VALUES ON SCRABBLE TILES
	NUMBER OF TILES OF EACH LETTER
	
	LETTER
	POINT VALUES ON SCRABBLE TILES
	NUMBER OF TILES OF EACH LETTER

	A
	1
	9
	
	N
	1
	6

	B
	3
	2
	
	O
	1
	8

	C
	3
	2
	
	P
	3
	2

	D
	2
	4
	
	Q
	10
	1

	E
	1
	12
	
	R
	1
	6

	F
	4
	2
	
	S
	1
	4

	G
	2
	3
	
	T
	1
	6

	H
	4
	2
	
	U
	1
	4

	I
	1
	9
	
	V
	4
	2

	J
	8
	1
	
	W
	4
	2

	K
	5
	1
	
	X
	8
	1

	L
	1
	4
	
	Y
	4
	2

	M
	3
	2
	
	Z
	10
	1


ANALYZING THE DATA:

1. For the probabilities that a letter will be used in the English language versus the number of points each letter is worth in the game Scrabble:
a.) The linear regression equation is_____________________________________________.

b.) The r value (linear correlation coefficient) is __________________________________.
2. For the probabilities that a letter will be used in the English language versus the number of tiles of each letter in the game Scrabble: 
a.) The linear regression equation is_____________________________________________.

b.) The r value (linear correlation coefficient) is __________________________________.
3. The quantity r, called the linear correlation coefficient, measures the strength and direction of a linear relationship between two variables.  Positive r values indicate a relationship between the x and y variables such that as the values for x increase, the values for y also increase.  Negative r values indicate a relationship between the x and y variables such that as the values for x increase, the values for y decrease.  A correlation greater than 0.8 is described as strong, whereas a correlation less than 0.5 is described as weak.  Using this information answer the following questions:
a.) There is a ___________________________________ correlation between the probability that a letter will be used in the English language and the number of points that the letter is given in the board game Scrabble.

b.) There is a ___________________________________ correlation between the probability that a letter will be used in the English language and the number of tiles of each letter that can be found in Scrabble.
4. Based upon the activity, what is the relationship between the probability that a letter will be used in the English language and the number of points that are given for each letter in Scrabble?  Is it a strong relationship?  How do you know?
_________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
5. Based upon the activity, what is the relationship between the probability that a letter will be used in the English language and the number of tiles of each letter that are given in Scrabble?  Is it a strong relationship?  How do you know?
_________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

6. According to the data, what letters appear more often in the English language? 
 __________________________________________________________________________________
7. If you were creating your own word game and assigning points to different letters, what letters would have the highest point values?  Why? ________________________________________________________________________________________________________________________________________________________________________
________________________________________________________________________________________________________________________________________________________________________

EXTENSIONS

· Repeat the same activity that you completed for the US Constitution for some other written document.  Do you get the same probabilities that a letter will be used in the English language as you found in this activity?  
	NEW YORK STATE CORE CURRICULUM:

· 5D. Use statistical methods including the measures of central tendency to describe and compare data.


	OBJECTIVES:

· To investigate the mathematical relationship between the probability of certain letters being used in the English language and the game Scrabble
· To collect data in order to determine the probability that each letter in the alphabet will be used in a written document
· To use technology to create scatter plots of the data that is collected.
· To use technology to find linear regression.


	MATERIALS:

· TI-83 Plus/TI-84 Plus
· Calculator Link
· Copy of the United States Constitution (or some other written document)


TEACHER NOTES

SCRABBLE MATH
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PREPARATION:

· If you can find the document that you want to use in an electronic version, then it is easy to calculate the total number of a’s, b’s, c’s etc… by using the FIND/REPLACE option in Microsoft Word.
· It helps the students to be able to tally the letters in certain sections if you increase the font and put it in BOLD.  
· Do not give each student more than 100 LETTERS to tally because it can become frustrating. 
· If you want to look at more letters, give each of your classes a different document and then put all of the information together.
MANAGEMENT:

· It will take different students different amounts of time to tally the letters in the section.  You may want to have a worksheet or something else for those students who finish tallying early to do while they wait for the others.
· It is easier to tally the letters by going through each letter one at a time starting at the beginning and putting tally marks in the boxes.  Then at the end you can count the tally marks and find the total number of each letter that was in the section.
· Instead of having students put their totals up on the board or overhead, if you use the TI-Navigator system, you can have students type their individual data into L1, collect it, and then put it all together and send it right back to them.  This will be faster then having to calculate all of the totals by hand. 
ANSWERS TO DATA COLLECTION AND ANALYSIS QUESTIONS:

COLLECTING THE DATA:

· Here is the tally information for the US Constitution:
	LETTERS
	TOTAL
	PROBABILITIES
	POINT VALUES
	NUMBER OF TILES

	A
	1720
	0.078292139
	1
	9

	B
	368
	0.016750876
	3
	2

	C
	786
	0.035777687
	3
	2

	D
	736
	0.033501752
	2
	4

	E
	3048
	0.138740953
	1
	12

	F
	603
	0.027447767
	4
	2

	G
	274
	0.01247212
	2
	3

	H
	1233
	0.056124539
	4
	2

	I
	1420
	0.064636533
	1
	9

	J
	64
	0.002913196
	8
	1

	K
	38
	0.00172971
	5
	1

	L
	997
	0.045382129
	1
	4

	M
	441
	0.02007374
	3
	2

	N
	1579
	0.071874004
	1
	6

	O
	1612
	0.073376121
	1
	8

	P
	405
	0.018435068
	3
	2

	Q
	29
	0.001320042
	10
	1

	R
	1267
	0.057672174
	1
	6

	S
	1677
	0.076334835
	1
	4

	T
	2195
	0.099913515
	1
	6

	U
	614
	0.027948473
	1
	4

	V
	258
	0.011743821
	4
	2

	W
	230
	0.010469298
	4
	2

	X
	65
	0.002958715
	8
	1

	Y
	294
	0.013382494
	4
	2

	Z
	16
	0.000728299
	10
	1


· The total number of letters in the US Constitution is 21,969.
ANALYZING THE DATA:
1. For the probabilities that a letter will be used in the English language versus the number of points each letter is worth in the game Scrabble:

a.) The linear regression equation is y = -53.690x + 5.411.
b.) The r value (linear correlation coefficient) is -0.681
***MAKE SURE THAT ALL STUDENTS HAVE THE NEWEST OPERATING SYSTEM OR THEY WILL END UP WITH DIFFERENT REGRESSION EQUATIONS***
2. For the probabilities that a letter will be used in the English language versus the number of tiles of each letter in the game Scrabble: 

a.) The linear regression equation is y = 74.343x + .910.
b.) The r value (linear correlation coefficient) is 0.885.

3. ***You may want to go into more about the linear correlation coefficient or possibly the coefficient of determination.  Maybe explain the difference between a positive and a negative correlation.***

a.) There is a good correlation between the probability that a letter will be used in the English language and the number of points that the letter is given in the board game Scrabble.

b.) There is a strong correlation between the probability that a letter will be used in the English language and the number of tiles of each letter that can be found in Scrabble.

4. Based upon the activity, what is the relationship between the probability that a letter will be used in the English language and the number of points that are given for each letter in Scrabble?  Is it a strong relationship?  How do you know?
Based upon the activity there is a good relationship between the probabilities and the point values.  You know this by the r value, which was -0.681.  This is slightly higher than 0.5 and lower than 0.8, so you can say the relationship is good.  Since r is negative, we also know that as the probabilities increase, the point values decrease.

5. Based upon the activity, what is the relationship between the probability that a letter will be used in the English language and the number of tiles of each letter that are given in Scrabble?  Is it a strong relationship?  How do you know?
Based upon the activity there is strong relationship between the probabilities and the number of tiles.  You know this from the r value, which is 0.885 and since the r value is positive, you also know that as the probabilities increase the number of tiles of that letter also increase.
6. According to the data, what letters appear more often in the English language? 
A,E,H,I,N,O,R,S,T
7. If you were creating your own word game and assigning points to different letters, what letters would have the highest point values?  Why? 

The letters with the lowest probabilities would have the highest point value because it is harder to use them.  The ones that occur most often would have the lowest point values.
EXTENSION:

· You can also do this activity with many different documents to get a better sample of the letters used in the English language.  One extension that might be interesting is to look at the front page of the New York Times and figure out the probabilities of each letter from that because that is how Alfred Mosher Butts made the observations that he did.  
· This activity also provides an opportunity for several interdisciplinary connections:
1. ENGLISH: You could ask students about the language that was used when the game was created?  Has language evolved since the Depression?  Would the probabilities change as language changes?  For example, we use different words now than individuals did during the Depression, would this have an affect on the results of the activity if a modern piece of literature was used instead of the United States Constitution.
2. HISTORY:  You could also look at what was going on in history during the Depression.  Several other games came out of this time period, is there a connection between them?  Is there a connection between Scrabble and the events that took place during this time period?  
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