Looking Into The Future…Value
Teacher Notes

The Right Stuff: Appropriate Mathematics for All Students

[image: image1.png]Interest Rate (%)

10

10-year Rates: 1990 - 2009

731

1462

2193 2924 3655 4386 5117

Days since 1/1/1990

5848

6579

7310





Promoting the use of materials that engage students in meaningful activities that promote the effective use of technology to support mathematics, further equip students with stronger problem solving and critical thinking skills, and enhance numeracy.

Overview
 
Students will apply the concepts of 

· Numeracy – Students will be able to indentify whether the dependent variable is increasing or decreasing, and whether it is at an increasing or decreasing rate.
· Modeling– Students will be able to find an appropriate model between variables using technology.
· Multiple Representations– Students will be able to represent the relationship between variables in a table or graph.
Supplies and Materials

· 12.1 Student Worksheet

· Either 12.3 Excel file or 12.4 TI-Nspire™ file
Pre-requisite Knowledge

        Students must understand the difference between a constant and a variable in a formula.  Students must be able to use regression to find a model for data.  Students must understand the rules of exponents.  
Instructional Suggestions

1. Discuss the graph of the ‘10-year Rates’ for the twenty year period from 1990-2009.  Ask the students to explain what they think the future rates will be.  Discuss any patterns they may see in the graph and how they might find a model to make predictions.  
2. Present the formula to find the Future Value and discuss the variables that may effect the result and where they come from.
3. With technology, investigate the results of changing one of the variables while the others remain the same and the effects it will have on the Future Value by doing specific examples.

4. Compare the results of an instance with different rates.
Assessment Ideas

 
On the day you were born, your grandmother put $10,000 into a savings account for you.  The account will earn 3% compounded quarterly.  How much money would be in the account on your 18th birthday? 50th birthday? or on your 65th birthday?  
	Introduction
The goals of this activity are to examine the formula for the future value of a single deposit using the formula  FV = PV (1 + i)n 
and to determine how the future value changes when one of the variables changes and the others remain constant.
Figure 1
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Source: U S Treasury

	Interest rates seem to be constantly in the news.  Home mortgage rates are certainly of interest, as are the rates you get on your savings account.  Interest rates that are used commercially are often tied to rates the Federal Government sets.  One of those rates is the Daily Treasury Yield.  The graph in Figure 1 shows the change in the 10-year treasury yield since 1990 (The complete data set can be found on the worksheet:  “10YR Tbill”.)

Examine the curve showing the yield over the past 15 years.  Is this a curve for which one might find a model that can be used to make valid predications?   Explain.


	Students should immediately recognize the downward trend and may even identify the graph to be something close to linear.  Discussion may include what line would fit the curve the best.

	People who study these sorts of things often place a line along the curve to show the cap on the maximum or peak. The equation of this line is shown. If another peak is forecast for x=9000, what might it be?
Using the equation 

IR = -0.00065 x Day + 9.2 should be 3.35%
                               Figure 2
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	The future value of a single deposit is a function of the present value, the periodic interest rate, and the number of periods.

FV = PV (1 + i)n

PV - present value – the amount of the deposit

  i   - periodic interest rate – the Annual Percentage Rate 

        divided by the number of compounding per year

 n – number of periods – the number of compounding

        over the length of the deposit.
1. At what rate does the future value change as you change the APR and keep the term of the loan and initial value the same?

At what rate does the future value change as you change the term of the loan and keep the APR the same?


	 See the teacher notes in Excel 


	2. Find the periodic interest rate if 

a.  the APR is 6% and money is compounded monthly.

b. the APR is 4 ¼ % and money is compounded quarterly.

c. the APR is 17 ¾ % and money is compounded monthly.

Find the number of periods if
d.  the deposit is for 5 years and money is compounded monthly.

e. the deposit is for 10 years and money is compounded quarterly.

f. the deposit is for 3 years and 6 months and money is compounded monthly.


	a.
i = .06/12 = .005 = 0.5%

b.
i = .0425/4 = .010625 = 1.0625%

c.
i = .1775/12 = .014792 = 2.4792%

d.
n = 5 x 12 = 60

e.
n = 10 x 4 = 40

f.
n = 3.5 x 12 = 42



	3. Find the future value of $1,000 invested for five years at 4% compounded monthly.


	F V = $1000(1+.04/12)^(5x12)
       = $1221.00


	4. If the amount invested is increased what will happen to the future value? 
As the amount invested is increased by constant amounts, will the future value increase at an increasing, constant, or decreasing rate?  
Find a model for the future value as a function of the amount deposited if the APR is 4% and interest is compounded monthly over five years.

(Use technology to aid in this investigation.)


	See the teacher notes in Excel 
The linear relationship is 

FV = 1.221 ( PV )


	5. Find the future value of $1,000 invested for five years at 3% compounded monthly.


	F V = $1000(1+.03/12)^(5x12)
       = $1161.62

	6. If the APR is increased what will happen to the future value? 


As the APR is increased by constant amounts, will the future value increase at an increasing, constant, or decreasing rate?  


Find a model for the future value as a function of the APR if interest is compounded monthly over five years and the  PV = $1000.

	See the teacher notes in Excel
An increasing at an increasing rate (exponential) relationship might be
FV = 1000.62 e 4.975136636(APR)  

         or

FV = 1000.62(144.7686043 APR )
The trendline in Excel produces the e-version of this model. The second version is obtained when finding the regression equation using a TI-Nspire ™.  Thus, you may want to discuss the algebraic steps required to show these two models are equivalent.

	7. If the length of the deposit is increased what will happen to the future value?  

As the length of the deposit is increased by constant amounts, will the future value increase at an increasing, constant, or decreasing rate?  

Find a model for the future value as a function of the term of the deposit using an APR of 4% compounded monthly over five years.

	See the teacher notes in Excel
An increasing at an increasing rate (exponential) relationship might be

FV = 1000 e .0033277901 n  

         or

FV = 1000 (1.003333333 n )




	Examine the model you found in (6).

8. Write a model for the future value as a function of n, if the initial deposit is $5000, the APR is 4.5%.

	FV = 5000 e 0.0037429863 n  

        or

FV= 5000 (1.00375n )

	The highest yield on a 10-yr Treasury Bill (1990-2009) was 9.09%.  The lowest has been 5.19%.

9. What is the difference in interest earned over 10 years on $10,000 at those two rates (compounded monthly)?

	Interest = FV – PV 

FV = 10000 (1 + .909/12)^(10x12)

       = $24,733.52
Interest = $14,733.52

FV = 10000 (1 + .0519/12)^(10x12)

       = $16,784.67
Interest = $6,784.67

The higher rate yielded $7,948.85 more interest.
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