[image: image131.png]Aspire

LEARN MORE. EARN MORE.





	Program Information
	[Lesson Title]

Base Function Fun

	TEACHER NAME
	PROGRAM NAME

	
	[Unit Title]

	NRS EFL(s)
4


	TIME FRAME
120 minutes 

	Instruction 
	ABE/ASE Standards – Mathematics

	
	Numbers (N)
	Algebra (A)
	Geometry (G)
	Data (D)

	
	Numbers and Operation
	
	Operations and Algebraic Thinking
	
	Geometric Shapes and Figures
	
	Measurement and Data
	

	
	The Number System
	
	Expressions and Equations
	A.4.9
	Congruence
	
	Statistics and Probability
	

	
	Ratios and Proportional Relationships
	
	Functions
	A.4.12, A.4.13, A.4.14, A.4.15
	Similarity, Right Triangles. And Trigonometry
	
	Benchmarks identified in RED are priority benchmarks. To view a complete list of priority benchmarks and related Ohio Aspire lesson plans, please see the Curriculum Alignments located on the Teacher Resource Center (TRC).

	
	Number and Quantity
	
	
	Geometric Measurement and Dimensions
	
	

	
	
	
	Modeling with Geometry


	
	

	
	Mathematical Practices (MP)

	
	(
	Make sense of problems and persevere in solving them. (MP.1)
	(
	Use appropriate tools strategically. (MP.5)

	
	(
	Reason abstractly and quantitatively. (MP.2)
	(
	Attend to precision. (MP.6)

	
	(
	Construct viable arguments and critique the reasoning of others. (MP.3)
	(
	Look for and make use of structure. (MP.7)

	
	(
	Model with mathematics. (MP.4)
	(
	Look for and express regularity in repeated reasoning. (MP.8)

	
	LEARNER OUTCOME(S)
· Students represent contextual situations using functions. 

· Students analyze functions to draw conclusions about real-life situations.
	ASSESSMENT TOOLS/METHODS
· Parts 4 and 5 serve as evidence of student mastery.

· During part 4, the teacher should actively listen to partner discussions for signs of understanding or of misconceptions. 
· When students are working, the teacher should have students speak out loud as they solve the problems.

	
	LEARNER PRIOR KNOWLEDGE

· Students should be familiar with plotting points on an X-Y plane, point-slope form and slope-intercept form of linear equations, solving linear equations, and translating points.

	
	INSTRUCTIONAL ACTIVITIES 
1. To begin the lesson, review the concept of point-slope form with students.  Start with the basic equation 𝑦 = 𝑥 and graph it on a large piece of graph paper or on GeoGebra.  Ask students what it would look like in point-slope form: 𝑦 − 0 = 1(𝑥 − 0).  Break the students into two groups (down the middle of the class).  Ask one group of students what would the equation of a line be that was “moved” or translated 3 points to the right: 𝑦 − 0 = 1(𝑥 − 3), and ask the other group of students what would be the equation of the line that was “moved” or translated down 2 points: 𝑦 + 2 = 1(𝑥 − 0).
Have each group present their findings to the other group and add their equation to the graph.  Now, ask the whole class what the equation of a line would be if it was moved right 3 and down 2, 𝑦 + 2 = 1(𝑥 − 3) and graph it as well on the same graph.  Now that all the equations are graphed, ask students to find the equation of each graph in slope-intercept form (see Teacher Answer Sheet).  Ask students if they notice any patterns between the original equation and graph, 𝑦 = 𝑥, and each of the other equations and graphs.
For example, the equation 𝑦 + 2 = 1(𝑥 − 3) can be thought of as taking the equation down two and over three, or in slope-intercept form, 𝑦 = 𝑥 − 5 just down 5 or right 5 (graph moves opposite than one might originally guess; subtracting 3 from the x means right 3). It would be worth mentioning to students that you can think of what would give you (0,0) or our original origin.  For the point-slope form, you would have to plug 3 in for x and -2 in for y to get the original origin and for the slope-intercept form you would have to plug in a 5 in for the x only to get the original origin.
Then ask students what the graph 𝑦 = 3𝑥 looks like in comparison to the original equation 𝑦 = 𝑥.  Since (0,0), doesn’t change, ask students what happened to the point (1,1).  There are two possible answers to this question, one way is that it tripled to (1,3) or it was cut by a factor of 3 to (1/3, 1).  So if you think in terms of x not moving, the y is tripled, but if you think of the y not moving, the x has to be cut by a factor of 3 to keep the equation balanced.
2. (I do) Write the equations 𝑦 = 𝑥2 and 𝑦 = 𝑥3 on the board. Introduce students to the terms “quadratic” and “cubic” to describe each of the equations.  Then make a three column t-table to find key points and graph each equation (see Teacher Answer Sheet for example).  Write the equation 𝑦 = 3(𝑥 − 2)3 + 1 on the board. Explain that since the highest power of x is 3, we know it is a cubic, the 3 is going to stretch the graph vertically by a factor of 3, the 2 is going to move the graph 2 points to the right, and the 1 is going to move the graph one point up.  From that information and the reference graph of 𝑦 = 𝑥3, we have everything we need to graph the new equation.  Making a table can help visualize how each “move” changes your points to help graph your new equation (see Teacher answer sheet).  It is important when getting the new y values, that we follow the order of operations, the stretch of 3 comes before the shift up of 1.  Plot your new points on a graph to construct your new quadratic equation.

3. (We do) Pass out the Base Equation Tasks handouts to students and ask students to read question 1.  After giving students time to read the question, ask them what type of equation is the question asking you to graph and how you know (cubic, highest power of x is 3).  Then ask students about what each non-variable number represents in the equation.  Starting with the negative sign (or negative one) it “stretches” the y-values by a factor of negative one, the two in the parenthesis moves the points to the left two points, and the two outside the parenthesis means moves points up two.

4. (You do) Have students work in pairs to complete the remaining problems.  Provide students with graph paper to make sketches of each graph and if available, allow students to use GeoGebra or other graphing software to check their answers.  As pairs finish, have the partners split up and find new partners to compare their answers.

5. Go through each of the problems having students present their solutions and justify their answers.  Allow time for students to check their solutions and make corrections if needed.  For the word problems, make sure students understand the context.  Discuss which parts of the graph make sense for the given context.
	RESOURCES
(Optional) SmartPal kit (SmartPal sleeves, wipe off cloths, dry erase markers) – inserting a blank sheet of paper into the sleeves will give students a reusable sheet of paper that they can quickly try answers out on and erase without using up a pencil eraser.  It’s quicker as well. 

(Optional) Calculator 

Base Function Tasks - handout
(Optional) This lesson lends itself to the plotting and graphing applications of the free online software GeoGebra.  Excel can also be used to calculate the translated points.


	
	DIFFERENTIATION



	Reflection
	TEACHER REFLECTION/LESSON EVALUATION



	
	Additional Information

Exit slip: Given the following information, graph the function 𝑦 = −[(𝑥 − 3)2] – 1
Given:
x
𝑦 = −(𝑥2)
-2
-4
-1
-1
0
0
1
-1
2

-4

[image: image1.emf]
Answer

x

𝑦 = −[(𝑥 − 3)2] − 1

1

-5

2

-2

3

-1

4

-2

5

-5

[image: image2.emf]
Next Steps

After students master the transformations of base functions, introducing students to finding the roots of functions would help students build their understanding of functions and increase their capacity to construct graphical representations of functions.
Purposeful/Transparent

This lesson starts with a review of point-slope and slope-intercept form to help build students understanding of how thinking of the equation 𝑦 = 𝑥 as a base function for linear functions can offer yet another way of understanding how to transform and graph functions.  After review, students are introduced to quadratic and cubic functions and their attributes as well as a step by step procedure to transform key points to graph other functions.  After a doing a similar example as a class, students are paired up to work through another example and then move into contextualized problems using the concepts to find key points and information that is vital for making decisions.
Contextual

This lesson used equations and graphs to represent everyday situations from volume of objects, money, and objects in motion, to the growth of bacteria at different temperatures.
Building Expertise

Students build on their knowledge of graphing functions and translating points to find important information about real life situations.




NOTE: The content in the Additional Information box exceeds what is required for the OBR Approved Lesson Plan Template. This information was provided during the initial development of the lesson, prior to the creation of the OBR Approved Lesson Plan Template. Feel free to remove from or add to the Additional Information box to suit your lesson planning needs.
Vocabulary Sheet
Cubic Equation — Any equation of the form [image: image4.png]ax®*+bx*+cx+d=0



 and [image: image6.png]a#0



; the highest power of x is 3.

Linear Equation — an equation for which the average rate of change between any pair of points remains the same and is written [image: image8.png]


 in standard form; the highest power of x or y is 1 (though it could also be 0).

Quadratic Equation — Any equation of the form [image: image10.png]Ax*+Bx+C=y



 where [image: image12.png]A#0



; the highest power of x is 2.

Translation — a type of transformation where you move a figure along a straight line in a given direction and distance.

T-table — a table used to organize points where the x-values are listed in one column and y-values are listed in another column and each row corresponds to a point.
Base Function Tasks

1. Graph the function [image: image14.png]y=—(x+2)3+2



.
2. Graph the function [image: image16.png]y=2(x+3) -1




3. The formula for the amount of air needed to pump up a balloon is given by the equation [image: image18.png]Zn(x —1)°
y =-n(x



 where [image: image20.png]


 is the radius of the balloon.  Using 3.14 as an estimation of pi, graph the function and use it to estimate the radius of the balloon when the volume of air in the balloon is approximately 30 cubic inches.
4. Dianne is a terrible gambler.  She loses $35 an hour and runs out of money after six and a half hours at the slots machine.  Determine the equation and graph of the amount of money Dianne has in her possession and determine the amount of money she started with.

5. The number of bacteria in a refrigerated piece of meat is given by the equation 
[image: image22.png]y =20(x—1)*+53



 where [image: image24.png]


 is the temperature in degrees Celsius.  Graph this function and determine the minimum number of bacteria in a piece of meat. At what temperature does this minimum occur?
6. A cube of side length [image: image26.png]


 is set on top of a box with the known volume of 45 cubic inches.  Determine an equation and graph for the total volume of the cube and box.
7. The height, in feet, of an object above the ground is given by [image: image28.png]y =—16(x — 4)* + 254



, where [image: image30.png]


 is the time in seconds.  Graph this function and determine what would be the maximum height of the object above the ground.
8. A t-shirt company charges $5 a t-shirt plus a setup fee.  If having 15 t-shirts made costs $95, determine and graph the equation that the company uses to charge its customers and determine what the company charges for a setup fee. 
Teacher Answer Sheet

From lesson plan:
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In the following answers, the gray columns represent the original values before the graph was shifted/scaled.  The blue columns represent the points that appear on the graph after the shift/scale.

Table for graphing [image: image38.png]
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 : Original
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 : Shifted two points right
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 : Original
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 : Stretched by a factor of three
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 : Shifted up one point
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From Base Functions Tasks:
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 : Original
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 : Shifted two points left
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 : Original
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 : Stretched by a factor of  -1
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 : Shifted up two points
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	1. 
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 : Original
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 : Shifted three points left
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 : Original
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 : Stretched by a factor of 2
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 : Shifted down one point
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 : Original
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 : Shifted one point right
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 : Original
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 : Stretched by a factor of 4.186667
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 : Original
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 : Shifted six and a half points right
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 : Original
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 : Stretched by a factor of -35
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 : Original
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 : Shifted one point right
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 : Stretched by a factor of twenty
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 : Shifted up 53 points
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	5. 
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 : Original
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 : Original
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 : Shifted up 45 points
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 : Original
	[image: image112.png]


 : Shifted four points right
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 : Original
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 : Stretched by a factor of -16
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 : Shifted up 53 points
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 : Original
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 : Shifted 15 points right
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 : Original
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 : Stretched by a factor of 5
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 : Shifted up 
95 points
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