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A.
Student Performance Objectives - TEKS Correlation
(a) Basic understandings

(3) Function concepts. A function is a fundamental mathematical concept; it expresses a special kind of relationship between two quantities. Students use functions to determine one quantity from another, to represent and model problem situations and to analyze and interpret relationships.

(4) Relationship between equations and functions. Equations and inequalities arise as a    way of asking and answering questions involving functional relationships. Students work

in many situations to set up equations and inequalities and use a variety of methods to solve them.

(5) Tools for algebraic thinking. Techniques for working with functions and equations are essential in understanding underlying relationships. Students use a variety of representations (concrete, pictorial, numerical, symbolic, graphical, and verbal), tools, and technology (including, but not limited to, calculators with graphing capabilities, data collection devices, and computers) to model mathematical situations to solve meaningful problems.

(6) Underlying mathematical processes. Many processes underlie all content areas

 in mathematics. As they do mathematics, students continually use problem-solving language and communication, and reasoning (justification and proof) to make
connections within and outside mathematics. Students also use multiple

representations, technology, applications and modeling, and numerical fluency in problem-solving contexts.

(A.1) Foundations for functions.  The student understands that a function represents a dependence of one quantity on another and can be described in a variety of ways. 

 (A) The student describes independent and dependent quantities in functional relationships.

 (B) The student gathers and records data and uses data sets to determine functional relationships between quantities.

 (C) The student describes functional relationships for given problem situations and writes equations or inequalities to answer questions arising from the situations.

 (D) The student represents relationships among quantities using concrete models, tables, graphs, diagrams, verbal descriptions, equations, and inequalities.

(A.11) Quadratic and other nonlinear functions.  The student understands there are situations modeled by functions that are neither linear nor quadratic and models the situations. 

(A)  The student uses patterns to generate the laws of exponents and applies them in problem-solving situations.

(C)  The student analyzes data and represents situations involving exponential growth and decay using concrete models, tables, graphs or algebraic methods.

B.
Lesson Objectives

The purpose of this lesson is to introduce the student to the concept of exponential growth with emphasis on its comparison to a linear growth function. 

C.
How Students Encounter Concepts
The students will use the two Lotto jackpot payment options to demonstrate the comparison of exponential growth to linear growth.  The student will use current data in their calculations to create algebraic, tabular and graphical models.  Finally, the student will make decisions based on their models.

D.
Set up/ Materials

· Student activity worksheets

· Access to the Internet

· Graphical Analysis software

· Graphing Calculator

E.
What the Teacher should do to prepare

This activity requires that the students know the current Jackpot of the Lottery.  The students are directed to find this information by searching the Lotto website.  If they do not have access to the internet, the teacher will need to obtain this information for the students.  The students will record this information in the first question.

Supplementary Comments

· Because of the size of the numbers (lots of zero’s) students often make mistakes entering numbers into the calculator.  

· The Time in years is meant to be at the end of year 1, at the end of year 4, etc.  This may be confusing to the students, but is necessary for the formulas to work.  The initial amount is at the end of the ""zero year".

· The students may have to follow two or three links on the individual bank's web sites to find the rate information they need. Key links for them to follow are “current rates”, “CD or Certificate of Deposit”, “great rates”.

F.      Answers
Note : because this lesson was written using the internet to be interactive and up to date, the actual answers will vary. For this answer key, Questions 1-12 are in an Excel spreadsheet.  To change the two values in the gray boxes (The current lotto amount and a bank interest rate) double click on the gray box and change the values in the spreadsheet, then close the Excel file.
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$4,000,000.00

2.

$1,120,000.00

3.

$2,880,000.00

4.

$115,200.00

5.

$1,440,000.00

6.

12.5 years

7.

Answers will very

8.

interest rate

5.10%

Bank of America

9.

Number of Years

Annual Payment Total 

received to date

Cash Option Amount in 

your Account

Initial amount

$115,200.00

$1,440,000.00

1

$230,400.00

$1,513,440.00

4

$576,000.00

$1,757,006.45

5

$691,200.00

$1,846,613.78

10

$1,267,200.00

$2,368,043.37

14

$1,728,000.00

$2,889,352.42

15

$1,843,200.00

$3,036,709.39

20

$2,419,200.00

$3,894,187.09

23

$2,764,800.00

$4,520,900.62

24

$2,880,000.00

$4,751,466.56

10.

 number of years

total amount of payments received and amount in Cash option CD account.

11.

Annual payments : total received = initial amount (1+ number of years)

     

Cash option: account balance = P(1 + rate)^number of years

12.

Time period

payment increase

cash balance increase

0 to 1

$115,200.00

$73,440.00

4 to 5

$115,200.00

$89,607.33

15 to 15

$115,200.00

$147,356.97

23 to 24

$115,200.00

$230,565.93


13. The payments option increases the same for every year while the invested cash option money increases more and more as the years increase

14. The line is a strait line. The slope is constant.

15. The line curves upwards.  The slope is not constant and increase as the years increase

16.  The formula for the amount of money in the CD account has a variable for an exponent changing the slope or amount of increase in money

17. 11.6 years

18. Increasing the interest rate would make the graph (amount of money) increase faster.

19. Increasing or decreasing the principal (lump sum) would shift the graph up and down.

20. Answers will vary, most will choose the cash option.
G.
Homework

H.
Extentions
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        Payment Options Box
	      Anyone who plays the Texas Lottery chooses how they would like to receive their prize. (If they win!)  On the bottom of each play-slip is a payment options box.   Each lottery player checks one box:  !) the 25 annual payments box, or 2) the cash value option box. 

· The first option (25 annual payments) pays the winner the full amount of the Lotto jackpot for that drawing in partial payments over 25 years.

· The second option (cash value option) pays the winner only HALF of the lotto amount (called a lump sum) when the winning ticket is cashed in.

     For some people this is an easy choice. For others it’s not so easy!  Which would you choose?  Complete the following worksheet to help you make the decision.


Before continuing, the following information must be taken into consideration.  It is from the Texas Lottery Web page.

How much of a prize is taken out for taxes?
For U.S. citizens and resident aliens, we withhold 28% for federal taxes on any amount over $5000. For non-resident aliens, the amount is 30% on amounts over $600. Each individual's tax situation is different, and the amount owed may be higher or lower than the amount withheld. We suggest players contact a competent tax professional or the I.R.S. for additional information.

With Cash Value Option, how much does the jackpot winner receive? 
With Cash Value Option, a player will receive approximately one half of the estimated jackpot. This is the amount that would have been used to purchase a 25-year investment if the player had chosen annual payments. That amount will vary with interest rates so there is no fixed percentage that a player will receive. The other half is the interest that would have been earned if the player had chosen to receive the payments over 25 years. Remember that 28% (30% for non-resident aliens) will be withheld for federal tax.
1. What is the estimated payout for the next Lotto Texas jackpot?_________

(You can obtain this information from your teacher or by logging on to the Texas Lottery Website at  http://www.txlottery.org/).

2. How much of the jackpot will be withheld for taxes?__________________

3. How much will the jackpot be worth after taxes?____________________

4. What would your yearly payment be if you chose the 25 annual payments for this jackpot? _____________________________________________________

5. What would your single lump sum be if you chose the cash option for this jackpot? _________________________________________________________

6. How many years until the sum of your yearly payments would equal the lump sum? _________________________________________________________

7. Which option would you choose? _____________________________ 

Explain your answer. ______________________________________

______________________________________________________

______________________________________________________

Most people who have money invest it in order to make more money.  They let other people (banks, stock brokers etc.) use their money in return for some extra money back (interest).  The amount of money in your account is given by the formula                                T = P(1 + i)n

      

Where:
T is the total amount of money in your account

P is the principle, or the amount of money you start with in your account.

i is the interest rate in decimal form.

n is the number of years the money has been in the account.

You have decided to place your new winnings in a CD (certificate of deposit).  A CD is like a savings account with restrictions on when and how you access your money, but it pays you more because it has a higher interest rate.  Find a current interest rate from a local bank. You may find your own, or look on one of these sites: 

	http://www.bankunited.com/
	http://www.jeffersonstatebank.com/

	http://www.broadwaybank.com/
	http://www.sateacherscu.com/

	http://www.usaafcu.org/
	http://www.bankofamerica.com/


8. What interest rate did you find? ___________________ for which bank?_______________.

9. Fill in the chart below:

· Use your answer in question 4 to fill in the annual payment total column.

· Use your answer in question 4 for the principle, P, and the interest rate you found on a web site for i, to fill in the Cash option total column.  Use the formula given to calculate the amount in your account for each year.

	Number of years
	Annual Payment TOTAL Received to Date
	Cash Option Amount in Your Account

	Initial amount
	
	

	1
	
	

	4
	
	

	5
	
	

	10
	
	

	14
	
	

	15
	
	

	20
	
	

	23
	
	

	24
	
	


10. What is the independent variable? ____________________________________

What are the dependent variables? ____________________________________

11. Write the formulas or Algebraic rules for the above data.

Annual Payments option _____________________________________________

Cash option (see above)______________________________________________

12. Use your information in question 6 to fill in the table below.  

Calculate the monetary increase for each interval below.

	Time

 Period            
	Increase in Total Annual Payments 
	Increase in Cash Options Account Balance

	From year 0 to year 1
	
	

	From year 4 to year 5
	
	

	From year 14 to year 15
	
	

	From year 23 to year 24
	
	


13.  How do the yearly increases differ for the different payment options? 

_________________________________________________________

_________________________________________________________

Input the data from the table in question 6 into Graphical Analysis.  

You will need to:

· Create a new column. (Data ( New Column ( Manually-entered)

· Name all three columns

· Change your point protector on one column. (column options)

· Set number of decimal places needed. (column options)

· Click on Graph(Y-Axis Options(check the two bottom boxes on the left side.
14.  Describe the line representing money received to date for the Annual payment option._____________________________________________

_________________________________________________________

15.  Describe the “line” representing the amount of money in your Cash Option account.___________________________________________________

_________________________________________________________

16.  How can you account for their differences?________________________

_________________________________________________________

_________________________________________________________

17.  Approximately how many years does it take your Cash Option CD account to reach the value off the total Lotto jackpot (question 3) you would have received had you chosen the 25 annual payments option?

 ______________

(hint – you may want to use your calculator and your answers for number 8 above to help you with these problem)

18.  How would changing the interest rate affect the graph of your problem (growth of your money)? ___________________________________________________

19.  How would changing the amount of principle affect the graphs?

___________________________________________________

20. The next time someone you know buys a lottery ticket, which payment option will you want him or her to check? (you must explain your answer) ____________________________________________________
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		1.		$4,000,000.00

		2.		$1,120,000.00

		3.		$2,880,000.00

		4.		$115,200.00

		5.		$1,440,000.00

		6.		12.5 years

		7.		Answers will very

		8.		interest rate		5.10%		Bank of America

		9.		Number of Years		Annual Payment Total received to date		Cash Option Amount in your Account

				Initial amount		$115,200.00		$1,440,000.00

				1		$230,400.00		$1,513,440.00

				4		$576,000.00		$1,757,006.45

				5		$691,200.00		$1,846,613.78

				10		$1,267,200.00		$2,368,043.37

				14		$1,728,000.00		$2,889,352.42

				15		$1,843,200.00		$3,036,709.39

				20		$2,419,200.00		$3,894,187.09

				23		$2,764,800.00		$4,520,900.62

				24		$2,880,000.00		$4,751,466.56

		10.		number of years

						total amount of payments received and amount in Cash option CD account.

		11.		Annual payments : total received = initial amount (1+ number of years)

						Cash option: account balance = P(1 + rate)^number of years

		12.		Time period		payment increase		cash balance increase

				0 to 1		$115,200.00		$73,440.00

				4 to 5		$115,200.00		$89,607.33

				15 to 15		$115,200.00		$147,356.97

				23 to 24		$115,200.00		$230,565.93






