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Slope-Intercept Applications

Teacher Notes

A.  
Student Performance Objectives - TEKS Correlation 


(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.

(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. 

(E):  The student interprets and makes decisions, predictions, and critical judgments from functional relationships.

(A.2) Foundations for functions.  The student uses the properties and attributes of functions.

(B): The student identifies the mathematical domains and ranges and determines reasonable domain and range values for given situations, both continuous and discrete.

(A.3) Foundations for functions.  The student understands how algebra can be used to express generalizations and recognizes and uses the power of symbols to represent generalizations.

(B): The student looks for patterns and represents generalizations algebraically.

(A.4) Foundations for functions.  The student understands the importance of the skills required to manipulate symbols in order to solve problems and uses the necessary algebraic skills required to simplify algebraic expressions and solve equations and inequalities in problem situations.

(A):  The student finds specific function values, simplifies polynomial expressions, transforms and solves equations, and factors as necessary in problem situations.

(A.5) Linear functions.  The student understands that linear functions can be represented in different ways and translates among their various representations.

(B):  The student determines the domain and range for linear functions in given situations.

(C):  The student uses, translates, and makes connections among algebraic, tabular, graphical, or verbal descriptions of linear functions. 

(A.6) Linear functions. The student understands the meaning of the slope and intercepts of the graphs of linear functions and zeros

 of linear functions and interprets and describes the effects of changes in parameters of linear functions in real-world and mathematical situations.

(A):  The student develops the concept of slope as rate of change and determines slopes from graphs, tables, and algebraic representations.

(D):  The student graphs and writes equations of lines given characteristics such as two points, a point and a slope, or a slope and y-intercept.

(E):  The student determines the intercepts of the graphs of linear functions and zeros of linear functions from graphs, tables, and algebraic representations.

(A.7) Linear functions.  The student formulates equations and inequalities based on linear functions, uses a variety of methods to solve them, and analyzes the solutions in terms of the situation.

(A):  The student analyzes situations involving linear functions and formulates linear equations or inequalities to solve problems.

(B):  The student investigates methods for solving linear equations and inequalities using concrete models, graphs, and the properties of equality, selects a method, and solves the equations and inequalities.

(C): The student interprets and determines the reasonableness of solutions to linear equations and inequalities.

B.  Critical Mathematics Explored

The principal focus of these activities is for students to identify the rate of change and an initial value (y-intercept) from a problem situation.  Students then use this information to create a table, draw a graph, write a linear equation, make predictions, and answer questions about the situation.

C.  How Students Encounter Concepts

In the absence of technology, students will use traditional pencil and paper work.  Since graphing calculators should be available to them, students may choose to use a graphing calculator or the spreadsheet program such as Graphical Analysis.  The teacher may want to have students work with a partner or in a small group.  He or she may also want to provide the groups with large sheets of blank or graph paper on which to display their work.  These problems are excellent opportunities for mathematical discussions and/or student presentations.

D.  Teacher Notes/Hints

There are four activities in this section: Bill Miller Wages, T-shirt Production, Shoe Production, and Gas Costs.  They are all of the same difficulty level and are practically identical in their organization and questioning techniques.  Bill Miller Wages has a y-intercept of zero, so it may seem slightly easier to the students.  Gas Costs has a negative decimal slope so it may seem more difficult.  The four problems are identified only as problems A, B, C, and D, so the teacher may use them in any order or manner he/she wishes.  Here are two possible ways the teacher can use these activities.

1.  The teacher presents one of the problems to the class as an example, using this time to review important concepts as they are needed.  Then, the students work on a second problem with a partner or in a small group.  One group is selected to present their solution to the class for class discussion.  The third problem can be used as a homework assignment, and the fourth as an assessment.

2.  If the teacher is confident that the students need no review, let the students tackle all of the problems in groups of 3 or 4 students.  Give nearby groups different problems.  After they have had time to work, groups with the same problem should be encouraged to compare their solutions.  At the end of class, groups can present their solutions to the class or post their solutions on butcher paper or large graph paper.  The teacher should use three of the problems for classwork and the fourth as a reflect and apply homework assignment.  (Caution:  since Problem A is the easiest, with a y-intercept of zero, the teacher may only want to assign the harder B and C to the groups)

E.  List of Materials

· Copies of the activities for each student or each group.

· Rulers

· Graphing calculators or Graphical Analysis software

· Graph paper, butcher paper, and markers if students will be displaying/presenting their solutions.

F.  Prerequisite Skills/Connections

If you are using method two suggested above, you will want to review the following topics before assigning groups and handing out the problems.  If you are using method one, you can review the topics as you work through the first problem with your students.

1.  What is a rate of change?   

2.  What does a good graph looks like?  The graph should have a title.  It should have the axes labeled with the appropriate units, such as minutes, feet, gallons, etc. (not just x and y).  The scale should be marked on both axes since it does not have to be the same.  However, on one axis the scale must be consistent; remind students that they cannot start counting by two’s and then change to five’s – they must pick a scale and stick with it.  However, the two axes do not have to have the same scale, students may count by two’s on the x-axis and five’s on the y-axis.  Students should be encouraged to use a ruler and a pencil when drawing their graphs.

3.  What is the proper form in which to write the equation?  Slope-intercept form is y = mx + b.  In this form, m is the slope and b is the y-intercept.   

G.  Objective

The student will be able to read a problem and identify the rate of change and an initial value from the problem situation.  He or she will be able to use that information to complete a table of values.  Then, the student will use the points in his or her tables to graph a linear function, write a linear equation, and answer questions and make predictions.

H.  Vocabulary


Function, rate of change, slope, rate of change, y-intercept, linear equation, wages, overhead costs

I.  Supplementary Comments/Extensions

The Bill Miller problem should be easy for the students to do on their own.  For the other three problems, the students may need help getting the table started because of the initial value.  Once they have the table started, the students should be able to work with a partner or in a small group with minimal help from the teacher.  If students grasp the basic concepts in this lesson, you may want to let them use the special capabilities on the graphing calculator or in the Graphical Analysis software to derive the equation.  This would be especially useful to some students who cannot get past the symbolic manipulation, but who understand how to find the data in the problem and the questions to be answered.  You may even find that you need to stop to reteach important concepts such as graphing skills, rate of change, y-intercept, or writing linear equations.   

J.  Answers and Notes

Bill Miller Wages

1.      

	Hours Worked
	Pay Received

	0
	0

	1
	6

	2
	12

	3
	18

	10
	60

	20
	120

	30
	180

	n
	6n


2.  The rate of change is $6 per hour.

3.  An equation for the function is w = 6h, where w is the wages earned and h is the hours 

     worked.

[image: image3.wmf]4.  Sample graph with an x-scale of 5 and a y-scale of 10:

5.  If you worked a 40 hour week, you would earn $240.

     If you worked a 15 hour week, you would earn $90.

6.  You would have to work 32 hours to make $192.

7.  An equation for the function is h = p/6, where h is the hours worked and p is the pay received.

T-shirt Production

1.      

	# of T-shirts
	Production Costs

	0
	5,000

	1
	5,003

	2
	5,006

	3
	5,009

	100
	5,300

	1,000
	8,000

	10,000
	35,000

	n
	5,000 + 3n


2.  The rate of change is $3 per T-shirt.

3.  An equation for the function is c = 5,000 + 3t, where c is the production cost and t is the number of t-shirts. 

[image: image4.wmf]4.  Sample graph with an x-scale of 100 and a y-scale of 1,000:

5.  The cost of 15,000 T-shirts is $50,000.

     The cost of 8.000 T-shirts is $29.000.

6.  You could print 31,666 T-shirts for $100,000.  (The exact answer is 31,666(, but you can’t print ( of a T-shirt.)

7.  The y-intercept is $5,000.  It is the fixed overhead costs of printing the T-shirts.

8.  The slope is 3.  It is the cost, in dollars, per T-shirt, after the overhead costs.

Shoe Production

1.      

	Pairs of Shoes
	Production Costs

	0
	100,000

	10
	100,300

	500
	115,000

	1,000
	130,000

	5,000
	250,000

	10,000
	400,000

	30,000
	1,000,000

	n
	100,000 + 30n


2.  The rate of change is 30 dollars per pair of shoes.

3.  An equation for the function is c = 100,000 + 30p, where c is the production cost and p is the number of pairs of shoes. 

[image: image5.wmf]4.  Sample graph with an x-scale of 100 and a y-scale of 10,000:

5.  It would cost $145,000 to make 15,000 pair of shoes.

     It would cost $220,000 to make 40,000 pair of shoes.

6.  If the production costs were $175,000, you would have to make 2,500 pairs of shoes.

7.  The y-intercept is $100,000.  It is the fixed overhead costs of making the shoes.

8.  The slope is 30.  It is the cost, in dollars, per pair of shoes, after the overhead costs.

Reflect and Apply

1.      

	# of miles driven
	Gas left in tank

	0
	13

	1
	12.96 

	2
	 12.92

	3
	 12.88

	100
	 9

	150
	 7

	200
	 5

	n
	 13 – 0.04n


2.  The rate of change is –0.04 gallons per mile driven.

3.  An equation for the function is g = 13 – 0.04m, where g is the gallons left in the tank and m is the number of miles driven. 

[image: image6.wmf]4.  Sample graph with an x-scale of 50 and a y-scale of 1:

5.  You can drive 325 miles before you run out of gas.  (This is the x-intercept.)

6.  You have driven 300 miles if there is 1 gallon left in the tank.

7.  The y-intercept is 13.  It is the number of gallons of gas in the tank when you start driving.

8.  The slope is –0.04.  It is the amount of gas that is used for each mile driven.

K.  Extensions

Internet Research:


Find information on a company that sells shoes or T-shirts over the world wide web.

E-mail them to find out what type of costs are included in their fixed operating costs.  You could also get a price list of different items they sell and ask how many pair of shoes or T-shirts they sell in a year.  Students should turn in a copy of the e-mail that they sent as well as any response they receive.

Field Activity Ideas:


Ask students for the amount of miles their car (or a parent’s car) travels on one tank of gas.  They should use the odometer and be as exact as possible.  They also need to know the amount of gas needed to fill the tank.  Use this information to find the number of miles per gallon their car travels (the gas mileage) and to calculate the number of gallons used for each mile driven.  Students should do this for several different vehicles, if possible, to compare their results. 

Project Ideas:

1.  Students can call different places to get hourly wages and graph each.  Compare the earnings for each of the jobs for a 40-hour workweek.  List the qualifications needed for each of the jobs.  Do the higher paying jobs have more requirements?

2.  Call a local T-shirt manufacturer and get the costs of making a T-shirt for a school club if you sell 10, 25, 50, or 100 shirts.  Graph the data and write a paragraph about your findings.  What factors influence the cost of the T-shirts that you order?

[image: image7.bmp]
MODELING EARNINGS

Problem A

	Hours Worked
	Pay Received

	           0
	

	           1
	

	           2
	

	           3
	

	          10
	

	          20
	

	          30
	

	           n
	


BILL MILLER PROBLEM: An entry-level employee at Bill Miller’s earns a wage of $6 per hour.  The total wage earned is a function of the number of hours worked.


1. Find the wages earned for various hours worked.  

2. What is the rate of change of the salary with respect to hours worked?

3. [image: image8.bmp]Write an equation expressing your total wages in terms of the number of hours worked.

4. Graph your earnings equation. 

5. How much money would you make if you worked a 40-hour week? A 15-hour week? How many hours would you have to work to make $192?

6. Write a formula/equation expressing the number of hours worked given the pay

earned.
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MODELING MANUFACTURING COSTS

Problem B

	# Of 
T-shirts
	Production Costs

	        0
	

	        1
	

	        2
	

	        3
	

	      100
	

	      1,000
	

	      10,000 
	

	        n
	


T-SHIRT PROBLEM: A company that prints T-shirts determines that the annual cost of producing printed shirts is $3 per shirt plus a $5000 fixed overhead costs.  The total cost of printing T-shirts is a function of the number of shirts to be produced.  


1. Make a table representing costs for printing various quantities of T-shirts.


2. What is the rate of change of the cost of printing T-shirts with respect to a T-shirt printed?


3. [image: image10.bmp]Write an equation expressing the total cost of printing T-shirts in terms of the number of shirts to be printed.

4.  Sketch a graph of your equation. 





5. How much would it cost to print 15,000 T-shirts?  8,000 T-shirts?

6. How many T-shirts would you have printed if the total cost was $100,000?

7. What is the y-intercept for your equation and what does it represent?

8. What does the slope (rate of change) represent?

[image: image11.wmf]MODELING MANUFACTURING COSTS

Problem C

	Pairs of shoes
	Production Costs

	0
	

	10
	

	500
	

	1000
	

	5000
	

	10000
	

	30000
	

	n
	


SHOE PROBLEM: A shoe manufacturer determines that the annual cost of making a pair of shoes is $30 per pair plus $100,000 fixed overhead costs.  The total cost of making shoes is a function of the number of pairs to be made.


1.  Complete the table representing costs making
    various number of shoes.

2.  What is the rate of change of the cost of manufacturing the shoes with respect to the number of pairs made?

[image: image12.wmf]3.  Write an equation expressing the total cost of manufacturing the shoes in terms of the number of pairs to be made.

4.  Sketch a graph of your cost 
     equation.    

5. How much would it cost to make 15,000 pairs of shoes?  40,000 pairs?

7. What is the y-intercept for your equation?   What does it represent in this situation?


6. How many pairs of shoes would you have make if the total manufacturing cost was $175,000?

8. What does the slope (rate of change) represent?
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