Organizing Topic:	Linear Modeling 

Mathematical Goals:
· Students will model linear relationships using a CBR™ (Calculator Based Ranger).
· Students will explore positive, negative and zero slopes as rates of change.
· Students will make predictions using the line (curve) of best fit for the modeled data as well as evaluating the mathematical model for specific values in the domain of the data.	

Standards Addressed: AFDA.1; AFDA.2; AFDA.3; AFDA.4 

Data Used: Data obtained using the CBR™, Internet Web sites, surveys, experiments and data provided in tables.

Materials:
· CBR™
· Applications: EasyData™ and Transformation™ Application
· Graphing calculator and links
· Handout – Up to Speed
· Handout – Investigating Slope, Equations, and Tables using the CBR™
· Handout – See Starbuck Run
· Handout – White Water Rafting on Silly Creek
· May also need graph paper

Instructional Activities:
I.	Introduction--Up to Speed
Students will acknowledge the average rate of change by discussing speed as miles per hour.  If a car is set on cruise control, how far will it travel in 1 hour, 2 hours, 
5 hours?
Concepts covered include:   
· domain and range; 
· scatter plots;
· continuity; 
· function;	
· evaluation of a function for domain values;
· independent and dependent variables;
· rate of change (slope); 
· slope-intercept form of an equation;
· linear regression; 
· transformations; and
· direct variation. 


II.	Investigating Slope, Equations, and Tables using the CBR™
Students will physically model positive and negative lines by using the CBR™ and walking toward or away from the CBR™. Extension to the activity would be to model horizontal lines and have students attempt to model vertical lines.
Concepts covered include: 
· scatter plots; 
· domain and range; 
· continuity; 
· function;
· evaluation of a function for domain values;
· independent and dependent variables;
· rate of change (slope); 
· slope-intercept form of an equation;
· linear regression; 
· transformations; and 
· direct variation. 

III.	See Starbuck Run
Students will be given data in a table that represent the results recorded as a horse runs. The data represent a positive rate of change but do not have a correlation coefficient of 1. 
Concepts covered include: 
· scatter plots; 
· domain and range; 
· continuity; 
· function;
· evaluation of a function for domain values;
· independent and dependent variables;
· rate of change (slope); 
· slope-intercept form of an equation;
· linear regression; 
· transformations; and 
· direct variation. 

IV.	White Water Rafting on Silly Creek
Students will be given data in a table that represent recorded distances and elevations of a group of white water rafting enthusiasts on their spring trip. The data represent a negative rate of change and do not have a correlation coefficient of 1.
Concepts covered include: 
· scatter plots; 
· domain and range; 
· continuity;
· function;
· evaluation of a function for domain values;
· independent and dependent variables;
· rate of change (slope);
· slope-intercept form of an equation;
· linear regression; 
· transformations; and
· direct variation. 


Activity I:  Teacher Notes—Up To Speed
  
Up To Speed builds understanding of the mathematical model of a vehicle on cruise control and the distance traversed (at a constant pace.)  Students will plot the data, (hours, distance) and discuss which function family the data most resembles (linear); whether the data are discrete or continuous; whether the relation is a function; the domain and range of the data; and the independent and dependent variables. 

Students will enter the data in the graphing calculator and determine the equation of the line of best fit using the Transformation™ Application. Students will also discuss the meaning of the y-intercept and the slope in the context of Up To Speed.
Students may also use the equation of the line of best fit to determine how far a car will travel in n hours. 


Up to Speed

What does it mean when we say “60 miles per hour”?
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1. Create a scatter plot using the data and coordinate plane above.
a) What is the independent variable?
b) What is the dependent variable?

2. Using the graphing calculator, enter data into the lists (hours into L1 and miles into L2).  Graph the scatter plot in a “friendly” window. 
a) What is the domain of the relation?
b) What is the range of the relation?
c)  Is the relation continuous?
d)  Is the relation a function?
e) What family of functions does the data most resemble?

f) Write the general form of the equation that would represent the data.

3.	What is the average rate of change in miles per hour for the entire trip?
a) Show computations.

b) Turn on the Transformation™ Application and determine the equation of the line of best fit using the general form of the equation representing the data.  Record the equation for the line of best fit.

y = ________________________________
c) What do you notice about your answers in parts 3a and 3b?

4.	What is the rate of change in miles per hour when driving, according to the table, from time = 0 to the end of the first hour?
a) Show computations.



b) Enter data into the graphing calculator for the indicated hours and distance in L3 and L4. Readjust the window and graph.  Use the Transformation™ Application and determine the equation of the line of best fit using the general form of the equation.
Record the equation for the line of best fit.

y = _________________________

c) What do you notice about your responses to parts 4a and 4b?                 


5. What is the rate of change in speed when driving, according to the table, from the 3rd to the 4th hour? 
a) Show computations.



b) Enter data into the graphing calculator for the indicated hours and distance in L3 and L4. Readjust window and graph.  Use the Transformation™ Application and determine the equation of the line of best fit using the general form of the equation representing the data.  Record the equation for the line of best fit.

y = ________________________ 
a) 
b) 

c) What do you notice about your responses to parts 5a and 5b?

6. Compare each of the answers in 3c, 4c, and 5c.  Explain your response.



7. Using linear regression, determine the equation that best models the data for the entire trip.  Record the equation generated by the linear regression.




8. How does the equation from the linear regression compare to the equations of the lines of best fit determined using the Transformation™ Application? 


9. What do you think the average rate of change in miles per hour was 2 hours after the start of the trip?  

10.	Calculate the distance traveled at

a) 3 hours


b) 7 hours


c) 1.5  hours


Fitting the Equation
11.  The graphing calculator will automatically store the residuals, RESID, under 2nd [Stat]. Residual = Actual – Fitted values.  The closer the sum of the residuals is to zero, the better the fit.  At this time, L1 has time data and L2 has the distance traveled.  You have already determined the equation of the curve of best fit, recorded in question 7. Stat Plot 1 will activate the scatter plot for (time, distance) graph.  Press 2nd [Graph] to view the table for the line (curve) of best fit. Complete the table below. 

	TIME
L1
	ACTUAL DISTANCE
L2
	FITTED DISTANCE
L3
	ACTUAL – FITTED
L4 = L2 – L3
	(ACTUAL – FITTED)2
L5 = (L4)2

	0
	
	
	
	

	1
	
	
	
	

	2
	
	
	
	

	3
	
	
	
	

	4
	
	
	
	

	5
	
	
	
	

	6
	
	
	
	

	7
	
	
	
	

	8
	
	
	
	

	9
	
	
	
	

	Total Actual – Fitted  [Sum(L4)]
	
	

	Total (Actual – Fitted)2 [Sum(L5)]
	
	



12.  Turn on Stat Plot 2 to activate another scatter plot of (time, RESID).  See above to
	enter RESID for the Ylist.  If this was a perfect fit, Stat Plot 2 values would all be on the x-axis.  Why?



How does the above table help us determine if the line of best fit is actually the best?

Activity II:  Teacher Notes--Investigating Slope, Equations, and Tables Using the CBR™

Students need to work in groups of two or three.  Groups will be instructed to either walk toward or away from the CBR™.  The idea is for the “walker” to walk at a steady rate so that the data recorded will stretch across the screen.  One calculator and one CBR™ unit should be issued to each group for the initial portion of the activity.

Set up the activity with an interval of 0.5 seconds and number of samples as 20. (Your experiment length will compute automatically.)  Students need to position themselves so that nothing will come between the walker and the CBR™ as data are recorded.
Students may accept the graph they obtain or use the “Select Region” function available in the program to isolate a section of the graph, eliminating areas not needed.  Students will complete the table and graph on the handout with the data obtained from the “walk”.

Discussion may include domain; range; definition of a function; evaluation of a function at a given domain value; slope (positive, negative, zero, undefined); relating the table to the points on the graph; relating what the “walker” was doing at specific points in time or over a time interval; independent and dependent variables; and continuity.  Remaining members of the groups need to obtain a calculator for their own use and link to obtain the recorded data.




Investigating Slope, Equations, and Tables Using the CBR™

1.	My group is walking away from/walking toward the CBR™. (Circle the correct response for your group.) 
2. Using one calculator and one CBR™ unit for your group, set up the activity using the EasyData™ Application with an interval of 0.5 seconds and number of samples to be taken by the CBR™ as 20. (Your experiment length will compute automatically.)
3. Position the CBR™ so that nothing will interfere or come between the walker and the CBR™ as data are recorded.
[image: [image]][image: [image]]4.	All members of the group need to complete the table and graph below with the data obtained from the “walk”. Be sure to label the axes with a title and values.

5. Remaining members of the groups need to obtain a calculator for their own use and link to obtain the recorded data.
6. Graph the data on the calculators in a friendly window.
a)	What is the independent variable?
b)	What is the dependent variable?

7.	Determine the following about the relation that is the data obtained from your “walk”.
a)	Domain?					b)	Range?

c) Continuous?				d)	Function?

e)	What type of graph (from the families of functions) does the data most resemble?

g) Write the general form of the equation that would represent the data.

h) What unit of measure would be appropriate for the average rate of change in feet over a given time?

8.	Determine the rate of change between the following selected points in time:
a)	t = 0.5 and t = 1

b) t = 3 and t = 4

c) t = 8.5 and t = 9.5

d) t = 0  and t = 10

9.	Turn on the Transformation™ Application and enter the general form of the equation representing the data. Manipulate the values to determine the line of best fit.
Record the equation for the line of best fit. 

y = _________________________________

10.	How does the equation of the line of best fit (#9) relate to the results in #8?  


11.	How does the appearance of the data in this activity compare with the data in Up
	to Speed?



12.	Determine the equation generated by the linear regression for the entire walk.
Record the equation from the linear regression. 

		y = _________________________________

13. How does the equation from the linear regression compare to the equations of the        lines of best fit determined using the Transformation™ Application? 


14.	What was the rate of change of the speed of the walker in feet per second 2.5 	seconds after the start of the walk?
	15.   Determine the total distance traveled at:

a)	5 seconds


b)	7.8 seconds

16.		If the walk was continued, where would the walker be after 18 seconds?

Fitting the Equation 
17.	The graphing calculator will automatically store the residuals, RESID, under 
	[2nd] [Stat].  The closer the sum of the residuals is to zero, the better the fit.  
	Why?  At this time, L1 is time and L2 is the distance traveled.  You have already determined the curve of best fit, recorded in question 13.  Turn on Stat Plot 1 to activate the scatter plot for (time, distance) graph.  Press [2nd] [Graph] to view the table for the curve of best fit.  Complete the table below. 

	TIME
L1
	ACTUAL DISTANCE
L2
	FITTED DISTANCE
L3
	ACTUAL – FITTED
L4 = L2 – L3
	(ACTUAL – FITTED)2
L5 = (L4)2

	0
	
	
	
	

	1
	
	
	
	

	2
	
	
	
	

	3
	
	
	
	

	4
	
	
	
	

	5
	
	
	
	

	6
	
	
	
	

	7
	
	
	
	

	8
	
	
	
	

	9
	
	
	
	

	Total Actual – Fitted  [Sum(L4)]
	
	

	Total (Actual – Fitted)2 [Sum(L5)]
	
	



Turn on Stat Plot 2 to activate another scatter plot of (time, RESID).  See above to
enter RESID for the Ylist.

If this was a perfect fit, Stat Plot 2 values would all be on the x-axis. Why?

18.	How does the above table help us determine if the line of best fit is actually the best?

Activity III:  Teacher Notes--See Starbuck Run

Students may participate in the activity individually or in small groups.  Students will continue to determine the average rate of change of data showing a positive correlation. 

Students will need to recognize that the data in the table are not in the order typically written; therefore, they must identify the independent and dependent variables. Computations to calculate average rate of change for various intervals will result in different values in this activity. Discussions may include the average rate of change for the entire steeplechase, the average rate of change for each time and/or distance interval; whether the data are continuous; whether the data represents a function; the meaning of the y-intercept and the slope within the context of the problem; and whether we can determine the location of the horse at time equals 150 seconds.


See Starbuck Run

Mike Millionaire is watching a 10-furlong steeplechase near Charles Town, WV.  He is doing some research during the steeplechase in anticipation of attending to watch his favorite horse, Starbuck, at some future date.  As Starbuck passes a furlong (F) marker, Mike Millionaire records the time (t) elapsed in seconds since the beginning of the steeplechase.  The data are shown in the table below.
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Looking at the Data
1. Create a scatter plot using the data and coordinate plane above.
a)   What is the independent variable?
b)   What is the dependent variable?

2.	Using the graphing calculator, enter data into the lists (L1 and L2) and graph in a friendly window. 
a) Domain?					b)	Range?

c)	Continuous?				d)	Function?

e)	What type of graph (from the families of functions) does the data most    resemble?

f) Write the general form of the equation that would represent the data.

g) What unit of measure would be appropriate for the average rate of change in furlongs over a given time?

3.	How fast is Starbuck running from the start to the very end of his event?
	
4.	How fast is Starbuck running from the exact moment he passes the 4th furlong marker to the moment he passes the 5th furlong marker?
  

5.	How fast is Starbuck running from the moment he passes the 6th furlong marker to the moment he passes the 7th furlong marker?  



6.	How fast is Starbuck running during the last furlong?



7.	How long does it take for Starbuck to finish the event?



1. Turn on the Transformation™ Application.  Use the general form of the equation and manipulate the a and b to determine the equation of the line of best fit for the given data.      
Record the equation.
	y = ____________________________

a)	What does the a in the equation of the line of best fit represent? 

b)  What does the b in the equation of the line of best fit represent?  

 9.	How does the appearance of the data in this activity compare with Up to Speed?


10.	How does the equation of the line of best fit relate to the outcomes of questions 3 through 6?  Explain.


11.	Using the calculator, determine the equation from linear regression for the entire          event.
Record the equation from the linear regression.
	
	y = ____________________________

12.	How does the equation from linear regression compare to the equations of the lines of best fit determined using the Transformation™ Application? 


13.	What is the average rate of change when the horse was 46 seconds from the start of the steeplechase?  

14.	Calculate the total distance traveled at the end of:
a. 46 seconds

b. 150 seconds

c. 90 seconds

Investigation
15.	Between which two furlong markers is Starbuck running the fastest?  Show your computations and explain in writing.


16.	Compare the values recorded in the table with the graph, the average rate of   change and what is happening in the steeplechase.

Fitting the Equation
17.	The graphing calculator will automatically store the residuals, RESID, under [2nd] [Stat]. At this time, L1 is time and L2 is the distance traveled.  You have already determined the equation of the curve of best fit, recorded in #11. Turn on Stat 
	Plot 1 to activate the scatter plot for (time, distance) graph.  Press [2nd] [Graph] to view the table for the curve of best fit.  Complete the table below. 

	TIME
L1
	ACTUAL DISTANCE
L2
	FITTED DISTANCE
L3
	ACTUAL – FITTED
L4 = L2 – L3
	(ACTUAL – FITTED)2
L5 = (L4)2

	0
	
	
	
	

	1
	
	
	
	

	2
	
	
	
	

	3
	
	
	
	

	4
	
	
	
	

	5
	
	
	
	

	6
	
	
	
	

	7
	
	
	
	

	8
	
	
	
	

	9
	
	
	
	

	Total Actual – Fitted  [Sum(L4)]
	
	

	Total (Actual – Fitted)2 [Sum(L5)]
	
	



Turn on Stat Plot 2 to activate another scatter plot of (time, RESID).  See above to enter RESID for the Ylist.

If this was a perfect fit, Stat Plot 2 values would all be on the x-axis. Why?	




How does the above table help us determine if the line of best fit is actually the    best?

Activity IV:  Teacher Notes--White Water Rafting on Silly Creek

Students may participate individually or in small groups.  Students will continue to determine an average rate of change but this activity is an example of a negative correlation. The average rate of change will relate a distance measure to another distance measure. 

Computations to calculate average rate of change for various intervals will result in different values in this activity.  Discussions will include the average rate of change for the entire trip; the rate of change for each interval; whether the data is continuous; whether the data represents a function; and the meaning of the y-intercept and the slope in the context of the problem.  Students are also asked to determine the most dangerous section that the white water rafters will experience on their trip. 


White Water Rafting on Silly Creek

White water rafting enthusiasts in West Virginia enjoy a stretch of 3.60 miles on Silly Creek.  A contour map of a section of the river shows that there is a drop in elevation of more than 770 feet.  Estimations of the elevations in feet (y) at various distances in miles down the creek (x) from the start of the rafting trip are shown in the table below.
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1.	Create a scatter plot using the above data and coordinate plane.
a)	What is the independent variable?			
b)	What is the dependent variable?

2.	Using the graphing calculator, enter data into the lists (L1 and L2) and graph in a friendly window. 
a) Domain?					b)	Range?

c)	Continuous?				d)	Function?

e)	What type of graph (from the families of functions) does the data look like?

f) Write the general form of the equation that would represent the data.

g) What unit of measure would be appropriate for the average rate of change in elevation over a given distance?


3.	Distance is measured in _____________. 

4. Elevation is measured in ___________________.
5. What unit of measure would be appropriate for the average rate of change in elevation for a given distance?

6.	Calculate the total distance traveled.  Show calculations.

7. Calculate the total change in elevation.

8. What is the average rate of change in the elevation over the distance traveled from the start to the very end of the trip for the white water rafter?

9. Explain how your answers to questions 6 and 7 relate to your findings in question 8?


10. What is the rate of change in the elevation over the distance traveled from the start of the trip, 0 miles, to the time when the white water rafter passes the 0.55 mile marker?

11. What is the rate of change in the elevation over the distance traveled from the time   when the rafter passes the 1.73 mile marker to the time when she passes the 1.97 mile marker?

12.	Turn on the Transformation™ Application.  Use the general form of the equation  
	and manipulate a and b to determine the equation of the line of best fit for the given 
	data.      
			Record the equation that represents the line of best fit.
			y = ________________________
	
a)  What does a in the equation of the line of best fit represent? How is a 
	related to white water rafting on Silly Creek?


b)	What does the b in the equation of the line of best fit represent?  How is b 	related to white water rafting on Silly Creek?



13.	How does the data in this activity compare with Up to Speed and See Starbuck  Run?



14.	Compare the equation of the line of best fit (question 12) to your results in questions 10 and 11.  Explain.



15.	Using linear regression, determine the equation of the line of best fit for the entire white water rafting trip.  Record the equation for the linear regression.



16.	How does the linear regression equation compare to the equations of the lines of best fit determined using the Transformation™ Application? 



17.	Determine the average rate of change in the elevation over the distance traveled when the white water rafters pass the 1.42 mile marker.
	
	
	
18.	Calculate the elevation at the specified distances from the beginning of the trip:
a)	1.3 miles

b)	1.8 miles

c)	3.75 miles


Investigation  
19.	White water rafting on Silly Creek will be the most dangerous between which two points?  Explain your reasoning. 





20.	Relate the values recorded in the table with the graph, the average rate of change in elevation over the distance traveled, and what the white water rafters are experiencing during their trip. 

  
Fitting the Equation
21.	The graphing calculator will automatically store the residuals, RESID, under [2nd] [Stat]. The closer the sum of the residuals is to zero, the better the fit.
At this time, L1 is elevation and L2 is the distance traveled.  You have already determined the equation of the curve of best fit, recorded in #15. 
Stat Plot 1 will activate the scatter plot for (elevation, distance) graph.  
Press 2nd [Graph] to view the table for the curve of best fit.  
Complete the table below. 

	TIME
L1
	ACTUAL DISTANCE
L2
	FITTED DISTANCE
L3
	ACTUAL – FITTED
L4 = L2 – L3
	(ACTUAL – FITTED)2
L5 = (L4)2

	0
	
	
	
	

	1
	
	
	
	

	2
	
	
	
	

	3
	
	
	
	

	4
	
	
	
	

	5
	
	
	
	

	6
	
	
	
	

	7
	
	
	
	

	8
	
	
	
	

	9
	
	
	
	

	Total Actual – Fitted  [Sum(L4)]
	
	

	Total (Actual – Fitted)2 [Sum(L5)]
	
	



Turn on Stat Plot 2 to activate another scatter plot of (elevation, RESID).  See above to enter RESID for the Ylist.
If this was a perfect fit, Stat Plot 2 values would all be on the x-axis. Why?

22.	How does the above table help us determine if the line of best fit is actually the best?


Sample Resources:

The Math Forum – Exploring Data: Exploring Data, Courses and Software http://mathforum.org/workshops/usi/dataproject/usi.genwebsites.html
· The Data Library – Pat Daley
This site includes collaborative projects - specific data collection projects that teachers and their students may become a part of; data sets that can be downloaded then sorted, manipulated, and graphed; and other sources of data - sites like the Bureau of Labor Statistics and the Chance Database that offer many more data sets in other formats.

Texas Instruments Education Technology Activities
http://education.ti.com/calculators/downloads/US/Activities/  
Find ready to use math activities; topic search by title
· Crime Scene Investigations – Stride Pattern Analysis with CBR2™
· Bungee Jumper
· Distance vs. Time to school
· Do You Have a Temperature?  TI-83
· Home for the Holidays
· Math TODAY: More Students Apply Early
· Math TODAY - Wildfire Deaths
· Math TODAY - Population On The Move
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