	Background Information

	Content/Grade Level

	Algebra I 

	Unit

	Unit 5:Quadratic Functions and Modeling 

	Lesson Title

	Quadratic Regression and Modeling

	Essential Questions/Enduring Understandings Addressed in the Lesson

	Essential Questions
· When and how is mathematical modeling used to solve real world problems?
· How are functions used to solve real world problems?
· Which function is the best fit for the situation?
· What characteristics of problems would determine how to model the situation and develop a problem solving strategy?
· What characteristics of problems would help to distinguish whether the situation could be modeled by a particular type of function?
· When is it advantageous to represent relationships between quantities symbolically? numerically? graphically?
Enduring Understandings
· Mathematics can be used to solve real world problems and can be used to communicate solutions.
· Quadratic, linear and exponential functions can be used to solve real world problems.


	FOCUS
Standard(s) Addressed in This Lesson

	The focus of this lesson is on fitting quadratic functions to data and using the data to solve problems in context. The activities address portions of the standards listed below.

S.ID.6  Represent data on two quantitative variables on a scatter plot, and describe how the 
             variables are related. (supporting standard)
a. Fit a function to the data; use functions fitted to data to solve problems in the context of the data. Use given functions or choose a function suggested by the context. Emphasize linear, quadratic, and exponential models.
F.IF.4  For a function that models a relationship between two quantities, interpret key features of 
           graphs and tables in terms of the quantities, and sketch graphs showing key features 
           given a verbal description of the relationship. (major standard) 

	COHERENCE

	How does this lesson connect to prior learning/future learning and/or other content areas?
Connections
Middle School 
In 8th grade, standard 8.SP.1 called for students to describe patterns in data to include recognizing when a pattern was nonlinear. 

Algebra I
In earlier units of Algebra I, students have addressed both standards listed as the focus for this lesson.  Once students develop an understanding of quadratic functions, it is necessary to revisit these standards and include quadratic regression.  Ultimately, by the end of Algebra I students should be able to look at patterns in data and make decisions about whether a linear, exponential or quadratic function would serve as the best model for a given data set. This lesson seeks to provide an initial exposure to quadratic regression.  Follow up lessons should provide tasks that would require students to determine the best function to model a data set without being told which function to use.

Algebra II
Analysis of patterns in data for determining appropriate models continues in Algebra II. The evidence statements for Algebra II reveal that students will fit trigonometric and exponential functions to data sets on the PARCC assessments 

	RIGOR

	Procedural Skill
· As students complete the quadratic regression they are practicing the procedural skills associated with; entering data into lists, creating a scatter plot; determining a regression equation; and producing the graph of a regression equation using a graphing calculator. This might not seem like the procedural skills in the traditional sense, but a lengthy sequence of key strokes is needed to accomplish the listed tasks.  It takes practice to be able to carry out the sequence with skill and efficiency. 
Conceptual Understanding 
· Students improve their conceptual understanding of the behavior of quadratic relationships as they analyze scatter plots in this lesson.
Modeling/ Application 
· The PARCC evidence statement associated with S.ID.6a states that students must solve multi-step contextual word problems with a degree of difficulty appropriate to the course, requiring application of course level knowledge and skills articulated in S.ID. and limiting function fitting to linear, exponential and quadratic functions.  This lesson introduces fitting quadratic functions to data in a contextual setting.  As students engage in the activities in this lesson they begin their journey towards developing the proficiency described in the evidence statement. 

	Student Outcomes 

	The student will:
· identify attributes of quadratic relationships.
· create a scatter plot.
· determine a quadratic regression equation using technology.
















	Learning Experience

	Standards for Mathematical Practice
(SMP)
	Component
	Details

	
	Warm Up/Drill

	Materials Needed for the Warm Up/Drill
· Graph of the path of a football pass(provided)
· Tier 1,2, and 3 assignments (provided)
· Projection device

Facilitation Suggestions for the Warm Up/Drill
· Based on knowledge of student’s needs, assign students to one of  3 groups based on the following criteria
· Tier 1 Students: Students in this group are able to handle open-ended questions with ease.
·  Tier 2 Students: Students in this group need minimal support via a few leading questions.  
· Tier 3 Students: Students in this group need scaffolding via detailed questions. 
· Project an image of the graph of the football pass.
· Instruct students to examine the graph for a minute making mental notes about the information communicated via the graph. 
· Distribute the appropriate handout to each group based on their designation as Tier 1,2 or 3.
· Instruct students to work alone first to complete the assignment.
· As student groups complete the assignment, ask group members to share responses within their group.
· Debrief whole class by asking questions that have the same meaning but are not word for word like any of the questions on any one of the assignments.  This will help students to use information they processed in a slightly different way. For example, you might ask, “How high was the football when it left the quarterback’s hand?”



	
	Motivation
	Materials Needed for Motivation Activity 
· Ability to show about 45 seconds of the video found at http://www.youtube.com/watch?v=TFRHhcd986c
· This video clip shows the path of water from a drink fountain. Watching this clip could also serve as motivation for this lesson.
http://www.youtube.com/watch?v=9jZ6FVo9YeM

Facilitation Suggestions for Motivation Activity 
· The first video clip provides footage of a variety of remarkable basketball shots. Viewing this clip for a few seconds serves as an opening for discussion about collecting data that could be modeled by a quadratic function. Show the video and mention that in earlier lessons students have collected data that could be modeled by linear or exponential functions.  The goal of this lesson, is once again to collect data but this time a quadratic function will serve as the best model for the data

	
	Activity 1:  Data Collection



	Materials needed for Activity 1
· Beanbag or tennis ball
· a video camera to record the path of beanbag tosses (A student’s smart phone will work)
· an electronic copy of a piece of graph paper (an option is provided)
· projection device
· graphing calculator

Preparation for Activity 1
· project the image of a first quadrant grid on the wall (grid provided)

Facilitation Suggestions for Activity 1

· ask a student volunteer to stand in front of the projected image of the graph paper such that their hand will be on top of a point the y-axis of the graph paper when  an object they are throwing is released
· ask a second student volunteer to film the student throwing the given object
· the image captured on film should have a slight resemblance to the image below 
[image: ]










· play the video back for students in slow motion and ask students to estimate the coordinates of  points along the path of the thrown object.
· record the coordinates of about 10 points in a data table.
· instruct students to enter the data into two lists in their graphing calculator.
· instruct students to create a scatter plot of the points 
· ask students which of the functions they have studied might serve as an appropriate model for the data
· as this may be the first time students have completed a quadratic regression, take time to slowly walk them through the process for using the capabilities of a graphing calculator to complete a quadratic regression.
· after each step ask students to compare screens to make sure that everyone is following the process.
· 
instruct students to enter the quadratic regression equation into  on their calculator 
· instruct students to graph the regression equation over the scatter plot.
· ask questions about how well the regression model fits the data points on the scatter plot.
· Instruct students to make a copy of the graph on their paper
· Discuss appropriate labels for the axes
Teacher Note: Now is where the focus turns to Standard F.IF.4. Ask a variety of questions that require students to interpret features of the graph and the scatter plot in terms of the context of the quadratic model. Sample questions are below.
 Key Questions
· What is the y-intercept of the graph of our regression model?  What does this information tell us about the path of the beanbag?  
· What are the coordinates of the vertex of the graph of our regression model? What does this information tell us about the path of the beanbag? 
· What are the x-intercepts of the graph of our regression model? What does this information tell us about the path of the beanbag?

 Review the students’ graphs for three critical data points and hand-drawn parabola.
  
UDL Connections 
· Principle I:  The opening “tiering” activity is an option for comprehension.
· Principle III:  Students are actively engaged in a high-interest hands-on activity, as well as discussion and writing.


	
	Formative Assessment
How will evidence of student attainment of the lesson outcomes be determined?
	Materials Needed
· One copy of the Formative Assessment task per student.
Facilitation Suggestions for  Closure
· Distribute one copy of the Formative Assessment to each student.
· Instruct students to complete the Formative Assessment task individually. 
· Collect student copies of the task.
· Review student responses to determine depth of understanding.
· Use data from your review of student responses to inform activities for the next lesson. 

	
	Closure/Summary 

	Materials Needed
· Projection device to display the closure task shown below. (note a printed version of this Exit Ticket is available if you prefer to make student copies.)

Facilitation Suggestions for  Closure
· Display the closure task shown below.
Describe characteristics of the scatter plot of a data set that might make you consider quadratic regression over linear or exponential regression when determining a model to fit data
· Instruct students to discuss this prompt with a partner.
·  Project the words linear, quadratic and exponential on a board. 
· Solicit a list of “look fors” that would be displayed by a scatter plot that modeled each type of function. 











	Supporting Information

	
	Details

	Interventions/Enrichments
· Special Education/Struggling Learners
· ELL
· Gifted and Talented

	Tiering activity allows students with limited background knowledge to gain the requisite information to participate meaningfully.

	Technology

	· Graphing calculator
· Smart phone with ability to record a video of  the person throwing an object as described in Activity 1.
· Projection device that can play the video
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Warm-Up
Scenario:  The graph below describes the path of a pass that the quarterback from West Lake University threw in Friday night’s game against Clayton University.      
              
[image: ]			


 (
Height 
(Feet)
Distance  (
Yards)
)








			                       

Warm-Up/Tier One
What do you know about the scenario and how do you know it?






















Warm-Up/Tier 2
1. What are the variables in this scenario?

2. Which variable is the independent variable? How do you know?


3. Which variables is the dependent variable? How do you know?


4. What is the y-intercept of this graph?


5. What does the value of the y-intercept tell you about this scenario?


6. What are the coordinates of the maximum value shown on this graph?

7. What do the values of the coordinates of this highest point tell you about the scenario?


8. What are the coordinates of the lowest point on the graph?


9. What do the values of the coordinates of the lowest point tell you about the scenario?


10.  What is the domain of this graph?

11. What is the range of this graph?




Warm-Up/Tier 3
1.  What is the independent variable (the label on the x-axis)?


2.  What is the dependent variable (the label on the y-axis)?


3.  What is the y-coordinate of the point on the graph that lies on the vertical axis?
(0,__)

4.   What does the value of the y-coordinate of the point that lies on the vertical axis tell 
             you about the football pass?


5.  What are the coordinates of the highest point on the graph?  
(13, __ )

6.  What do the coordinates of the highest point on the graph tell you about the football pass? 


7.  What are the approximate coordinates of the last point on the right on this graph? 
( 26 , ___ )

8.  What do the coordinates of the last point on the right of the graph tell you about the football pass?

9.  What is the domain of the relation shown on this graph?  


10.  What does the domain describe in this scenario?


1)  What is the range of the relation shown on this graph?


2)  What does the range describe in this scenario?





Activity 1:Beanbag Toss Exploration

1)  Record the coordinates of the data points determined while watching the video of the beanbag toss.  (Leave the first row blank)











	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	


2) Create a scatter plot of the data using a graphing calculator. Make a copy of the scatter plot on the grid below.














3) Using a graphing calculator, determine the equation of a quadratic regression model for the data.  Record this equation below.

4) Using a graphing calculator, graph the quadratic regression model over the scatter plot.  Sketch this image on the grid used in problem #2.

5) What are appropriate labels for the column headings for the table in problem #1 and for the axes on the graph in problem #2?

6) What is the height of the beanbag when it is released? How do you know this?



7)  What is the horizontal distance of the toss when it hits the ground? How do you know?  What feature of the graph communicates this information?



8) What is the maximum height of the beanbag AND what is the horizontal 
distance it reaches its maximum height? How do you know?  What feature of the graph communicates this information?

    

9)  Predict what the height would be if the beanbag were 3 feet away from your throw. How did you arrive at your prediction?




10)  Predict the horizontal distance(s) when your beanbag is 5 feet in the air.  How did you arrive at your prediction?

















Formative Assessment
Car owners who wonder why they are unable to get the gas mileage advertised for their make and model of car should examine their driving habits. Many cars achieve the best fuel economy when driven at approximately at a certain speed. Data reflected fuel economy at various speeds for a particular make of car is provided. 
1. What does the data in the table below tell you about the relationship between average speed and fuel economy?
	Speed
(miles per hour)
	Fuel Economy
(miles per gallon)


	15
	22.3

	20
	25.5

	25
	27.5

	30
	29.0

	35
	28.8

	40
	30.0

	45
	29.9

	50
	30.2

	55
	30.4

	60
	28.8

	65
	27.4

	70
	25.3













2. Create a scatter plot for the data in the table above. Sketch the scatter plot in the space below. 









3. Determine a quadratic regression equation for the data.  Record the equation below and sketch the graph of the regression equation on the scatter plot above.
 


4. Describe the fit of the graph of the regression equation on the scatter plot.





5. Create a list of ten facts that can be determined about the relationship between speed and fuel economy based on the regression equation.  Explain how you know each fact.




Closure /Summary
Describe characteristics of the scatter plot of a data set that might make you consider quadratic regression over linear or exponential regression when determining a model to fit data.
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