Lesson Title: Let’s Get This Straight

Grade Level:  9

Topic: Linear Functions

Materials:  Paper, pencils, TI-83 or TI-84 graphing calculator, Phone Bill Handout, Insights Into Algebra; www.learner.org/channel/workshops/algebra/workshop2/lessonplan1.html, 
Reardon Data Analysis Gifts. Inc 

Time: One 50 minute class period

Lesson Overview: 

In this lesson, students will learn how to write an equation of a linear function when given a set of data. They will interpret the meaning of the slope and y-intercept and then use the equation to find other values of x and y. 

 Lesson Objectives:
Students will be able to: 

· Examine a set of data and plot it on a graph. 

· Determine the equation of the line that contains the data points. 

· Understand the meaning of the slope and y-intercept. 

· Justify the equation by predicting other x- and y-values. 
New York State Standards: 

4A.  Represent problem situations symbolically by using algebraic expressions, 

       sequences, tree diagrams, geometric figures, and graphs.

7A.  Represent and analyze functions using verbal descriptions, tables, equations, and    

       graphs.

7B.  Apply linear and quadratic functions in the solution of problems.

7C.  Translate among the verbal descriptions, tables, equations, and graphic forms of   

       functions.

7D. Model real-world situations with the appropriate function.

Anticipatory Set:  

1. Give students a copy of the Phone Bill handout. Explain to the class that the handout contains a copy of an actual phone bill. Have students look at the phone bill data (Calling Card Calls) - code, minutes, and cost - and determine whether to include all of the calls in the data set. 
  
Ask the students:

-Should we use all 7 calls for data? Discuss. 



-Which data should be used? Discuss.
2. Students should notice that all of the calls have the code "EC" except for the second call, which is coded "NC." They might hypothesize that they should eliminate the call coded NC from the data set. 
3. Prompt students to examine the cost and length of the first two calls. 
4. Students should notice that the EC call is more expensive than the NC call, even though it's shorter. They should conclude that the class should eliminate the call coded NC from the data set. (You may want to tell them that NC is a lower billing rate applied to nighttime calls.)
Developmental Activity:
1. Pass out graphing calculators to each student. Using the graphing calculator, have 

   the students enter the data into the lists: # of minutes into L1 and cost into L2. Be sure 
   to emphasize to the students that the Costs listed in L2 must correspond to the proper # 
   of Minutes listed in L1. Your calculator, by default will use the data in L1 as the x- 
   coordinates so be sure to enter the correct data into L1 (independent variables) and L2 
  (dependent variables).  
2. Make a scatter plot of the data using the graphing calculator. Ask students to 
    discuss the meaning of the x- and y-values and to decide the appropriate values to 
    use in the window setting. Consider the following: x = minutes, y = cost of the call, 
    xmin = 0, xmax = 50, xscl = 10, ymin = 0, ymax = 20, yscl = 5. Make sure students 
    can justify their choices, and remind them that these values represent the domain 
    and range in this problem.
3. Elicit from the class that if the data points were connected, they would form a line.
4. Ask the students what the equation of this line is. Allow students time to devise a 
     plan for finding the equation of the line formed by connecting the data points. 

5. Ask students to report on their plan. Students should mention that they would find 
     the slope and y-intercept of the line. Focus on the slope first and make sure students 
     understand how to use the data to find the slope. 
· If there is less than 15 minutes left, skip steps 6, 7, 8,9  and 10 use the LineReg (regression line – the line that best fits the collection of data points) function on the graphing calculator to determine the slope and y intercept of the equation. 
· To do this, Press  STAT , right arrow once to CALC, choose number 4. LineReg( ax=b ),  Enter.  This will display the general equation of a line, the slope of the equation (a = .240000000) and the y intercept ( b = .85000000).  
· To draw the graph of the line, press Y=  , then VARS  and choose number 5. Statistics , then right arrow twice to highlight EQ (equations) and press ENTER to execute 1.RegEQ.  The formula for the regression line will automatically paste to Y1=.  
· Press GRAPH  to display the line and the scatter points.

· Continue on with step 11.

6. Give the students time to choose two data points and find the slope (m = 0.24).
         m =y / x
         m= y2 –y1/ x2- x1
7. Ask students to discuss how to find the value of the y-intercept. They should 
    conclude that the y-intercept, b, is 0.85. 
8. Have the class verify the values for both the slope and the y-intercept and 
    determine that the equation of the line is y = 0.24x + 0.85.
9. Check the equation by graphing it and decide how well the equation fits the data. 
    The students should notice that the equation falls on all of the data points, and is 
    therefore a perfect fit.
10. Ask students to consider whether or not it matters which two data points they 
     choose to find the equation of the line. Students should determine that because the 
     data points all lie on the line, they could choose any two and arrive at the same 
     equation.
11. Press  TRACE  and then the up arrow or down arrow to move between the graphs of    

     the scatter plot and  the equation of the line. Move along the graphs with the right and   

     left arrow keys.

· On the graph of the equation, press 8,  ENTER.  This will display the value x=8 and also display the corresponding y value, y= 2.77 
· Discuss the  meaning of this point.  The students should understand that this point means that if you talk for eight minutes, the cost of the call would be $2.77.
12. Ask students to choose another x-value and find the corresponding y-value. Have  

    them interpret the meaning of this point.  Have the students do this for  

    x = 1,5,15,26,32   and compare the equation values for the Cost of the call with the 

    actual data.  They should see that all of these values are exactly the same as the 

    original data, and therefore the line is an exact fit.
13. Ask students to look at the table values for x = 0 to x = 5 and describe any 
patterns they see. Students should notice that for each increase of x, the y-values 
increase by $0.24.
14. Give the students some time to determine the meaning of the slope and the y-
    intercept in this problem context.
15. Make sure they understand that the slope represents the fact that the increase in 
cost for the call is 24 cents per minute and the y-intercept of 0.85 represents the 
initial fee for the call. 
16. Ask the class to determine the cost of a one-minute phone call. Students should 
report that this call would cost $1.09 ($0.85 as the initial fee plus $0.24 for up to 
one minute). Ask students how much it would cost if the call lasted only 15 
seconds. Students should realize that any call of one minute or less would cost 
$1.09. 
17. When Ask the class to find the cost of a one-hour phone call. Discuss the method they 
chose to solve the problem - table, graph, or equation - and their reason for 
choosing that method. 

18. Ask students how much it would cost to talk on the phone for 24 hours. Note: When   

     you are trying to predict data values that are beyond the range of the data used to 

     estimate the model, it is called extrapolation. 
     Students will first need to determine the number of minutes in 24 hours. 
For example: 

19. Students should then substitute the number of minutes, 1440, into one of the 
 equations above to find the cost. (Answer: $346.45)
20. Ask the students to determine how long a call lasted if it cost $6.13. (Answer: 22 
minutes) 

Closure:

      Tell the students: 


Today we examined a set of  phone data, plotted it on a graph, determined the equation of a line from those data points, and interpreted the graph to discover the linear relationship between the length of a phone call and its cost. In this particular situation, the slope represented the cost per minute of the call, and the y-intercept represents the initial charge for connecting a call.
Assessment:

     Students  are informally assessed throughout the lesson.  Be sure to confirm the students understanding by noting their responses to the following questions.
· In step 4   “What is the equation of this line?”       
ANS. Y = .24x + .85

· In step 5  “ What is slope? And how do we find it?”

  ANS. The slope of a line is the rate at which y changes for each unit of   

           change in x. We can find it by using the formula :

m =y / x 

                                                            m= y2 –y1/ x2- x1

           where m = the slope, and (x1,y1) , (x2,y2) are any points on the 
           line.
· In step 7  “ What is the y-intercept? And how do we find it?”

ANS. The y- intercept is the point where the graph of the equation    

          crosses the y axis.  X= 0 at this point. We determine this point by  

          tracing the equation of the line to X = 0 and reading the y value, or 
          we can calculate the y-intercept by using the equation y = mx + b 

          and a point from the line and the slope determined in step 6. (or the 

·           RegLine function)
· In step 14 “What does the slope and y-intercept mean in the context of the phone bill problem?

ANS..24 is the slope, which represents the cost per minute once the call 

         has been connected.  .85 is the y-intercept which represents the   

initial cost of connecting the call.
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