	Algebra I/Unit 5/Lesson Seed	[AVERAGE RATE OF CHANGE FOR VARIOUS FUNCTIONS 



MSDE Mathematics Lesson Seed 
	[bookmark: _GoBack]Domain: 
· Interpreting Functions (F-IF)

Cluster Statement:
· Interpret functions that arise in applications in terms of the context.
 
Standard:
· F-IF.6 Calculate and interpret the average rate of change of a function (presented symbolically or as a table) over a specified interval. Estimate the rate of change from a graph. 


	Purpose/Big Idea: 
· Students will make connections between what they know about tables and graphs for functions that are linear, absolute value, quadratic, and piece-wise. 

· Students will also explore the similarities and differences of functions to determine function values and rate of change (in terms of an interval and slope formula). 

· Students will become familiar with the PARCC assessment prototype of using inequalities with comparison tables.


	Materials: 
· It will be helpful to print copies of each “part” of the worksheet in different colors in order to differentiate which groups are working on which part.

· OPTIONAL: The teacher may use the answer key provided in order to print out BLANK copies (you must delete the answers) for the students to have in order to show their work and write down their answers. 

	Description of how to use the activity:
1. Separate the class into groups of 2-4 students (depending on size of class). 

2. Make sure that there are enough copies of each “part” for all students. (See Materials above.)

3. Assign students “jobs” for the activity in order to make them all accountable. 

a. For example, “mathematician” = writes down all the answers to the table with work, “secretary” = writes down all the answers to the questions with explanations, “evaluator” = explains the answers that the group came up with in the table to the whole class, “presenter” = explains the answers that the group came up with to the questions to the whole class.

4. As students are working, use guiding questions to steer the groups from the wrong direction to the right direction.

5. When groups begin to finish, bring the whole class back together for group presentations of the information. Have different groups present different “parts” of the worksheet.

a. Remind students listening to ask good questions.

6. Have a wrap-up discussion with the whole class after the presentations about their previous misconceptions and recent findings of slope and rate of change.

	Guiding Questions:
· Discussion with students in groups when heading down the wrong path (#4 above):

· “What if the table/graph was larger?” “What if the x- or y-axis was extended?”

· “Can you graph the table that was given?” “Can you make a table of the graph that was given?”

· “Should rate of change be positive/negative for an increasing/decreasing graph?”

· Discussion with whole class during presentations of information learned (#5 above):

· “Why is  because my group said that ?” 

· “Is the rate of a quadratic function always decreasing then increasing?” “Is the rate of a linear or piece-wise function always increasing?”

· Discussion with whole class after presentations (#6 above):
· “Is rate of change the same for ALL functions?”

· “What functions have similar concepts with rate of change?”

· “Give examples of rate of change in the real world.”

· “How can you use this activity to help your knowledge with rate of change in the real world?”

· “What predictions can you make about rate of change for particular functions?”






ALGEBRA I – UNIT 5					Name: _________________________________

PART I: Linear Rate of Change
Given the graph below of a linear function f(x), compare the quantities in the table and decide if the quantities are less than, greater than, or equal.
[image: http://staff.argyll.epsb.ca/jreed/math9/strand4/graph_line.gif]
	First Quantity
	Comparison

	Second Quantity

	
	
	

	
	
	

	The rate of change on the interval 
	
	The rate of change on the interval 



Use the graph and table of  to answer the following questions.
1. What connections can you make from the linear function table? 





2. Describe the point  in context to the problem.




3. Make a prediction for the rate of change on the interval .




PART II: Exponential Rate of Change
Selected values of an exponential value function g(x) are shown in the table below. 

	x
	g(x)

	1
	3

	2
	9

	4
	81

	5
	243

	8
	6561



Use the values from the table above to determine the relationship between the First Quantity and the Second Quantity for each row of the table below.

	First Quantity
	Comparison

	Second Quantity

	
	
	

	
	
	

	The rate of change on the interval 
	
	The rate of change on the interval 



Use the tables of  to answer the following questions.
1. Describe the difference between the average rate of change on the interval  and the interval .



2. Describe the overall rate of change of g(x).



3. What reasoning were you able to use to compare the rate of change on the interval from 4 to6 with the rate of change on the interval between 7 and 9 without knowing an exact value for g(9)?


4. Describe how the rate of change differs on the interval .

PART III: Quadratic Rate of Change
[image: http://www.ck12.org/flx/show/image/user%3Abullcleo1/Alg_I-1001-07.png-201207181342658684893738.png]Given the graph below of a quadratic function h(x), compare the quantities in the table and decide if the quantities are less than, greater than, or equal.
















	First Quantity
	Comparison 

	Second Quantity

	
	
	

	
	
	

	
	
	

	The rate of change on the interval 
	
	-1



Use the graph and table of  to answer the following questions.
1. At what point on the graph is the rate of change zero?



2. Predict what the rate of change will be on the interval . Explain.



3. Describe how the rate of change differs on the interval .


PART IV: Piece-Wise Rate of Change
[image: http://www.algebra-class.com/image-files/step-functions-1.gif]Given the graph below of a step function p(x), compare the quantities in the table and decide if the quantities are less than, greater than, or equal.
















	First Quantity
	Comparison 

	Second Quantity

	
	
	

	
	
	

	
	
	

	
	
	

	The rate of change on the interval 
	
	The rate of change on the interval 



Use the graph and table of  to answer the following questions.
1. Predict the cost of postage for a letter that weighs anything in the interval  ounces.



2. According to the trend of the graph, will the cost of postage for a letter ever be $0.80? Explain.



3. Describe the similarities between the rate of change of a piece-wise function and the rate of change of a linear function.


PART V: Comparing Rate of Change
Given the graph m(x) and table n(x) below, compare the quantities in the table and decide if the quantities are less than, greater than, or equal.
	x
	n(x)

	6
	0

	3
	-2

	0
	-4

	-3
	-6

	-6
	-8


[image: http://www.ck12.org/flx/render/perma/resource/default/image/user%3Ack12editor/c7591ced297f5f1b3426c19f6d267ac5.png]               Graph m(x)












	First Quantity
	Comparison 
	Second Quantity

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	The rate of change for the function m(x) on the interval 
	
	The rate of change for the function n(x) on the interval 



Use the graph of , the table of , and the table above to answer the following questions.
1. Does the graph of  ever have a rate of change that is constant like the table of ?




2. What similarities and/or differences can you determine about the rate of change of a quadratic function and a linear function?


ANSWER KEY
PART I: Linear Rate of Change
	Answer to First Quantity
	First Quantity
	Comparison 
	Second Quantity
	Answer to Second Quantity

	100
	
	>
	
	90

	10
	
	=
	
	10

	10
	The rate of change on the interval 
	=
	The rate of change on the interval 
	10



Use the graph and table of  to answer the following questions.
1. What connections can you make from the linear function table? The graph is increasing. The rate of change is the same no matter what. 
2. Describe the point  in context to the problem. The water has not been heated yet, so the temperature of the water before it was heated was .
3. Make a prediction for the rate of change on the interval . The rate of change would be that the function is still increasing at  per minute.

PART II: Absolute Value Rate of Change
	Answer to First Quantity
	First Quantity
	Comparison 
	Second Quantity
	Answer to Second Quantity

	2
	
	<
	
	6

	2
	
	>
	
	-2

	2
	The rate of change on the interval 
	=
	The rate of change on the interval 
	2



Use the graph and table of  to answer the following questions.
1. Why is the slope different on the interval  than the interval ? The graph is an absolute value graph, which is V-shaped. Therefore the left side of the function is decreasing and the right side of the function is increasing.
2. At what point on  does the slope change from negative to positive?At the point .
3. What is the slope at the point found in Question 2? Explain. The slope would be zero because it is neither increasing or decreasing at that point.
4. Describe how the rate of change differs on the interval . The rate of change is decreasing at a rate of -2 on the interval  and increasing at a rate of +2 on the interval .
PART III: Quadratic Rate of Change
	Answer to  First Quantity
	First Quantity
	Comparison 
	Second Quantity
	Answer to Second Quantity

	3
	
	>
	
	-9

	-4
	
	<
	
	4

	-4
	
	>
	
	-8

	-1
	The rate of change on the interval 
	=
	-1
	-1



Use the graph and table of  to answer the following questions.
1. At what point on the graph is the rate of change zero? At the point .
2. Predict what the rate of change will be on the interval . Explain. The rate of change will be +9 on the interval  because it is increasing and symmetric with the interval  where the rate is -9 because the slope is decreasing.
3. Describe how the rate of change differs on the interval . The rate of change is decreasing on the interval  and increasing on the interval .
PART IV: Piece-Wise Rate of Change
	Answer to First Quantity
	First Quantity
	Comparison 
	Second Quantity
	Answer to Second Quantity

	$0.39
	
	<
	
	$0.47

	$0.43
	
	=
	
	$0.43

	$0.90
	
	>
	
	$0.86

	0
	
	=
	
	0

	$0.02
	The rate of change on the interval 
	=
	The rate of change on the interval 
	$0.02



Use the graph and table of  to answer the following questions.
1. Predict the cost of postage for a letter that weighs anything in the interval  ounces. The cost of postage for a letter that weighs 6-7 ounces would be $0.51. 
2. According to the trend of the graph, will the cost of postage for a letter ever be $0.80? Explain. No because the cost is always an odd amount of cents because it starts at $0.39 (odd) and increases by $0.02 per ounce (an even amount).
3. Describe the similarities between the rate of change of a piece-wise function and the rate of change of a linear function. Both have a constant rate of change. No matter what the interval range is, the rate of change will always be same for any value on the entire interval.
PART V: Comparing Rate of Change
	Answer to    First Quantity
	First Quantity
	Comparison 
	Second Quantity
	Answer to         Second Quantity

	-6
	
	=
	
	-6

	
	
	>
	
	

	negative
	
	<
	
	positive

	6
	
	>
	
	

	1
	
	<
	
	3

	
	
	=
	
	

	large & positive
	The rate of change for the function m(x) on the interval 
	>
	The rate of change for the function n(x) on the interval 
	



Use the graph of , the table of , and the table above to answer the following questions.
1. Does the graph of  ever have a rate of change that is constant like the table of ? Yes at the point . The point at the maximum (or minimum) of a quadratic will always have a slope that is constant (or zero), just like a linear function.
2. What similarities and/or differences can you determine about the rate of change of a quadratic function and a linear function? A quadratic function’s rate of change is consistent as it is symmetric. The increasing side of the function will always have the same rate of change as the absolute value of the interval that is symmetric with it. (For example, the following two intervals are symmetric:  On the other hand, a linear function’s rate of change is also consistent; however, it is constant on all intervals whether it is increasing or decreasing. 
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