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Transitional Math Course:   STEM Pathway
Transitional Math Unit:  Unit 2: Polynomial Functions	
Unit Learning Segment:  Sports and Technology
Recommended Length of Task: 5 lessons (@50 minutes each = 300 total minutes)
	TASK OBJECTIVES

	Task Title
	Sports and Technology 

	Task Summary
	Students engage in a series of activities to utilize functions and their graphs through modeling found within real-world situations involving sports and technology.

	Materials Needed
	NOTE: All activities, with the exception of the paper football activity, can be performed remotely, if needed, with modifications if students have access to the internet and graphing calculators.
· Paper, straws (or popsicle sticks or pencils), paper cups, tape, tape measure or meter stick for the paper football activity 
· Student and Teacher Access to Internet with ability to access various resources.
· Teacher to have ability to project videos with sound from YouTube 
· Teacher ability to project a graphing calculator (TI Smartview, Wabbitt Emu, etc.)
· Student access to a Graphing Calculator.
· EXTENSION activity = Student access to Tracket Software downloaded… available for free at https://physlets.org/tracker/ 
· Student Handouts as identified in the resource link column for each lesson day
· Video links as identified in the resource link column for each lesson day
· Teacher to have a Teacher Desmos Account in order to log in to create a class code for the DESMOS Will it Hit the Hoop Activity prior to the corresponding lesson which can be found at https://teacher.desmos.com/activitybuilder/custom/56e0b6af0133822106a0bed1
Students will need to go to student.Desmos.com and enter in the corresponding class codes.
· Teacher to have a Teacher Desmos Account in order to log in to create a class code for the DESMOS Super Mario Bros prior to the corresponding lesson which can be found at https://teacher.desmos.com/activitybuilder/custom/5c7614041509d870d4838bfd
Students will need to go to student.Desmos.com and enter in the corresponding class codes.
 

	Key Performance Indicators
		CA-A2.H. Solve application problems and create models involving polynomial equations.

	CA-A2.J. Apply standard factoring techniques to polynomials 

	CA-A2.K. Solve quadratic equations by factoring, completing the square, & the Quadratic Formula.

	CA-A2.L. Graph quadratic functions and be able to determine the quadratic function from the graph.

	CA-A2.M. Understand the relationship between zeros and factors of a polynomial of degree 2 and higher.

	CA-A2.N. Solve polynomial equations and inequalities of degree 2 and higher.

	CA-A1-A - Understand the concept of a function and use function notation.

	CA-A1-B - Interpret the dependent and independent variables in the context of functions.

	CA-A1-C - Create and interpret expressions for functions in terms of the situations they model including selecting appropriate domains for these functions.

	CA-A1-D - Understand the relationship between a function and its graph.

	CA-A1-F - Analyze functions using different representations (verbal, graphic, numeric, algebraic)




	Standards of Mathematical Practice
	1. Make sense of problems and persevere in solving them
2. Reason abstractly and quantitatively
3. Construct viable arguments and critique the reasoning of others
4. Model with mathematics
5. Use appropriate tools strategically
6. Attend to precision
7. Look for and make use of structure.
8. Look for and express regularity in repeated reasoning



	CHECKING FOR UNDERSTANDING

	Description of Product
	[bookmark: _1fob9te]Students engage in a series of activities to utilize functions and their graphs through modeling found within real-world situations involving various sports and technology.

	Formative Check Points 
		Lesson 1
	Basketball – Making Predictions

	Lesson 2
	Vertical Jump & Volleyball

	Lesson 3
	Video Games (Mario)

	Lesson 4
	Football - Throwing

	Lesson 5
	Football- Kicking 

	Lesson 6
	Olympic Sports






	TASK RUBRIC

	Competency and Indicator
	Level 1 – No Evidence
	Level 2 – Partially Meets
	Level 3 - Approaches
	Level 4 - Meets
	Level 5 - Exceeds

	CA-A2. Students can simplify expressions, solve equations, and graph functions from the linear, POLYNOMIAL (of degree 2 or higher), rational, and radical function families in mathematical and authentic problem solving situations. 
	Student does not meet prerequisite skills.
	Student demonstrates prerequisite skills.
	Student demonstrates understanding of simple indicators.
	Student demonstrates understanding of complex indicators in an authentic task.
	Student demonstrates understanding of indicators that goes beyond expectations.

	CA-A2.H. Solve application problems and create models involving polynomial equations. 
	H. Not yet able to write or interpret solutions of a polynomial equation from an authentic task
	H. Identify independent and dependent variables of an authentic task

AND 

H. Identify appropriate formulas needed
	H. Solve a given polynomial equation from an authentic task.
	H. Interpret solutions from a polynomial equation from an authentic task

AND

H. Write a polynomial equation which represents an authentic task
	H.  Find and correct errors with polynomial equations which represent an authentic task Explain errors and corrections. Justify process if no error is made

	CA-A2.J.  Apply standard factoring techniques to polynomials.
	J. Not yet able to factor
	J. Recall multiplication facts, factors, greatest common factor
	J. Factor polynomials with minor errors or that are not completely simplified
	J. Factor polynomials completely and verify the product of factors
	J. Find and correct errors when factoring a polynomial.  Explain errors and corrections. Justify process if no errors exist

	CA-A2.K. Solve quadratic equations by factoring, completing the square, and the Quadratic Formula.
	K. Not yet able to solve a quadratic equation by factoring, completing the square, or Quadratic formula
	K. Solve a quadratic equation using one method
	K. Demonstrate different methods of solving a quadratic equation
	K. Demonstrate different methods of solving a quadratic equation from authentic tasks
	K. Defend best method for solving a quadratic equation from an authentic task

	CA-A2.L. Graph quadratic functions and be able to determine the quadratic function from the graph.

*Vertex, standard, and factored forms can be used.
	L. Not yet able to graph a quadratic equation and write a quadratic function from its graph
	L. Identify the features of a quadratic function

AND

L. Identify the features of a quadratic function given a graph

	L. Graph a quadratic function

AND

L. Write a quadratic function given a graph
	L.  Graph a quadratic function from an authentic task

AND

L. Write the quadratic function from a graph in an authentic task
	L. Find and correct errors when graphing a quadratic function from an authentic task.

AND

Find and correct errors when writing a quadratic function from the graph in an authentic task 

AND

Explain errors and corrections. Justify process if no errors exist

	CA-A2.M. Understand the relationship between zeros and factors of a polynomial of degree 2 and higher.
	M. Not yet able to explain the relationship between factors and zeros of a polynomial function
	M. Identify the rational zeros given a factored polynomial and given the graph of a polynomial.

AND

M. Given the rational zeros of a polynomial, write a possible polynomial function
	M. Explain the relationship between the factors and zeros of a polynomial function
	M. Explain the relationship between the factors and zeros of a polynomial function from an authentic task
	M. Given imaginary or irrational zeros, write a possible polynomial function

	CA-A2.N. Solve polynomial equations and inequalities of degree 2 and higher.

*Assume the polynomial is factorable.
	N. Not yet able to solve a polynomial equation or an inequality
	N. Factor and identify zeros of polynomials of degree 2 and higher


	N. Solve a polynomial equation and inequality
	N. Solve a polynomial equation and inequality from an authentic task
	N. Find and correct errors when solving a polynomial equation or inequality from an authentic task. Explain errors and corrections. Justify process if no error exists


[bookmark: _3znysh7]
	TASK IMPLEMENTATION

	Task Launch: Students will be shown a video about how technology and mathematics is being used to help improve improve athletic performance specifically basketball

	Task Steps/Procedures
	Resource Link
	Solution Paths & Potential Misconceptions
	Participation

	Lesson 1

Teacher will explain that the search to improve the play of basketball is getting help from technology.

Teacher will show Noah Basketball video.

Teacher will explain that while the Noah basketball system can predict whether a ball will go in, we will use our knowledge of parabolas in place of the Noah system.


Students to work on Desmos Activity–Will the ball go in?
















Teacher will introduce a 
Challenge Problem involving basketball via a video.


Students will work with a partner on the challenge problem.

Students will share their results to the challenge problem.

If needed, teacher will share show video explaining the solution to the challenge problem.
	





Noah Basketball Video Link
https://vimeo.com/247188204











Will the Ball Go In? 
Students will do the activity using the teacher created code for: https://student.desmos.com













Intro to Challenge Video
https://www.pbs.org/video/thirteen-kids-get-math-math-basketball-introduction/
	















Teacher Resource:
https://teacher.desmos.com/activitybuilder/custom/56e0b6af0133822106a0bed1
NOTE: Teacher will need to log in ahead of time to Desmos and create a class code using the above link and then have students enter the created code at https://student.desmos.com


It is encouraged that the teacher use the DESMOS “snapshots” option to show individual student work to the class for discussion purposes.











If students struggle on how to begin the process of solving the challenge problem, the teacher can show the beginning of the video that corresponds to the challenge solution found at: 
https://www.pbs.org/video/thirteen-kids-get-math-math-basketball/
	
Large group









Individually participating with a computer






Students to work with a partner

 NOTE: This lesson can be performed remotely, if needed, with few modifications assuming students have computer/internet access and access to graphing calculators or TI Graphing Software downloaded on an accessible computer.

	Lesson 2

Teacher will illustrate how technology collects data in regards to time thru phone apps or online programs to determine vertical height (see potential sources in resource link column)














Students work on the corresponding vertical jump problem and the teacher will facilitate.




Students will work through problems associated with volleyball- passing and serving.
	
Teacher will show:
What’s My Vertical I- phone App 

OR

example video and corresponding graph at
https://www.thehoopsgeek.com/measurement-app/

OR

Teacher will take a video of a student jumping and upload 
Video to use the online vertical jump program found at:
https://www.thehoopsgeek.com/measurement-app/



U2A2-Lesson 2A-Vertical Jump to be downloaded.






U2A2-Lesson 2B-Volleyball Handout to be downloaded.
	
Teacher can help explain the connection of time to vertical jump height by showing that the higher a ball is thrown up in the air the longer it takes to come down. Thus, vertical height can be determined by height which can be modeled as a function dependent on time. 

Teacher can remind students that vertical height function can model an athletes current jump ability but that the model can change if an athlete improves strength and power thru training which increases vertical jump.

Check out the Vertical Height Teacher Resource at:
https://www.ck12.org/algebra/graphing-with-the-vertex-form-of-quadratic-functions/rwa/Jump-Height/


For Problem #1c of the Volleyball Problems, it is the discretion of the teacher to identify the form in which students are to write the function or to leave it open to be at the discretion of the student and students can use DESMOS as a checking tool to determine if their function fits the path.

In Problem #2A of the Volleyball problems, when graphing the given function, the concept of domain and range can help determine an appropriate window setting.

In problem #2E, it is recommended that teachers encourage students to solve this problem two ways as a checking tool…example algebraically plugging 31 in for x as well as analyzing the graph.

	Large Group

















Partner




Individual 


NOTE: This lesson can be performed remotely, if needed, with few modifications assuming students have computer/internet access and access to graphing calculators or TI Graphing Software downloaded on an accessible computer.

	Lesson 3

Teacher to show students “101 Questions” ACT 1 video pertaining to Mario Bros and ask what they notice and what they wonder.

Teacher can talk about how  the ability to jump is one of the most important abilities ever put into a video game and that Super Mario Bros.,  one of the best-selling video games of all time, is a great example of jumping being used in a video game where jumping is determined by the character’s acceleration, velocity, and position. 


Students will work on the Desmos Super Mario Brother Activity 















If time, teacher to explain that the jumping action associated with basketball along with motion capture technology and 3D modeling has led to big videogames such as NBA2K 

Teacher to play video showing how video games are created using real life motion and 3d modeling…


	

What do you Notice?  What do you wonder? ACT 1 video pertaining to Mario Brothers.
https://www.101qs.com/1831-super-mario-bros#
















Students to do DESMOS Super Mario Brother Activity entering teacher created code at https://student.desmos.com














NBA2K Video found at:
https://youtu.be/TGTTkqDvfdw 
	







DESMOS Super Mario Brother Activity found at:
https://teacher.desmos.com/activitybuilder/custom/5c7614041509d870d4838bfd 
NOTE: Teacher will need to log in ahead of time to Desmos and create a class code using the above link and then have students enter the created code at https://student.desmos.com

Teacher Guide for the Desmos Super Mario Brothers Activity located at:
https://teacher.desmos.com/activitybuilder/teacherguide/5c7614041509d870d4838bfd 

If additional help is needed regarding the answers to the Desmos Activity, the teacher or student can reference Video beginning at 7:24 located at https://youtu.be/ewAHYVzMobw 


	

Large Group















Individual



NOTE: This lesson can be performed remotely, if needed, with few modifications assuming students have computer/internet access and access to graphing calculators or TI Graphing Software downloaded on an accessible computer.

	Lesson 4

Teacher to show introductory video on Madden20.


Teacher to explain that Madden 20 is a videogame involving football showcasing the signature moves of star athletes like Kansas City Chiefs Quarterback Patrick Mahomes who is the Madden 20 cover athlete.  

Teacher to lead students through Football Throwing Activity involving Mahomes.



	

Intro Video involving Madden20 found at:
https://youtu.be/fsSXpxf6D1o 







 



U2A2-Lesson 4-Football Throwing Handout located at:
https://digitalcommons.imsa.edu/pfs_tr/8/ 
	









Teacher should act as a facilitator during the activity who asks questions and encourages students to discuss methods of solving.  Teacher to provide questions and to offer more help when needed. 

By analyzing the given graph, students can answer various questions for #1, but it is also encouraged that students confirm the results using more algebraic means.

Teachers can use the provided powerpoint containing videos and screen shots to facilitate discussion or help students on how to use the simulator.
https://digitalcommons.imsa.edu/pfs_tr/8/  


	
Large Group 













Individual Practice
NOTE: This lesson can be performed remotely, if needed, with few modifications assuming students have computer/internet access and access to graphing calculators or TI Graphing Software downloaded on an accessible computer.

	Lesson 5

Teacher to explain that technology not only helps to make football video games but can also help improve the performance of football players as well as other athletes.

Teacher to show introductory video.

Students to work on “Field Goals and Functions” Problem 



Students to discuss process/ reasoning of solutions.


Students to make a paper football and goal.  Then, write the function modeling the path of the paper football which makes a field goal.
	









Lesson 5 Introductory Video
https://youtu.be/usWRg1-Mtqs 

U2A2-Lesson 5- Field Goals and Functions Handout found at:
https://digitalcommons.imsa.edu/pfs_tr/15/






Paper Football Resources:
https://www.invent.org/blog/stem-activity/paper-football
paper, paper cups, straws (or popsicle sticks, or pencils), and tape…use tape measure or meter stick to measure distance.
	












While #1 can be completed without technology, it is recommended to use a graphing calc or Demos to answer the various parts to #2



Various paper footballs can be made…simplest is a piece of paper wadded up. How does the type of paper football impact the path of the football?

Students may use different
methods to write the function that models the path of the paper football.
	


Large Group





Small Groups of 3-4


NOTE: Not including the paper football portion of this lesson, the lesson can be performed remotely, if needed, with few modifications assuming students have computer/internet access and access to graphing calculators or TI Graphing Software downloaded on an accessible computer.

	Lesson 6

Teacher to play intro video on Olympics being the “Greatest Show”

Students to work on Olympic Sports: Part 1 Handout in a group

Students to explain solutions to Olympic Sports Part 1 Handout

Students to work individually or with a partner on Olympic Sports: Part 2 Handout
	

Olympics Greatest Show Video
https://vimeo.com/344875156


U2A2-Lesson 6- Olympic Sports Handout Part 1 found on page 1 and 2 of the document to be downloaded.



U2A2-Lesson 6- Olympic Sports Handout Part 1 found on page 3 and 4 of the document to be downloaded. 

	





Students will present solutions
to their peers. It is an expectation that students are having viable arguments and
critique the reasoning of
others. It is recommended
that the instructor set
appropriate expectations for
argumentation and debate.
	





Small Groups
of 3 or 4.






Individually or with a partner using a computer

NOTE: This lesson can be performed remotely, if needed, with few modifications assuming students have computer/internet access and access to graphing calculators or TI Graphing Software downloaded on an accessible computer.




	ACCESS & DIFFERENTIATION TO PROMOTE LEARNING

	Considerations for Multiple Means of Expression
	Considerations for Multiple Means of Engagement
	Considerations for Multiple Means of Representation

	Students could be encouraged to
create a visual model of the
various contextual situations
even with when a graph is not required.
Other Ideas:
https://ssbp.mycampus.ca/www_ains_dc/Introduction7.html
	Students can work in groups, with a partner, or individually to encourage communication as well as various forms of solving methods.
Other Ideas:
https://ssbp.mycampus.ca/www_ains_dc/Introduction8.html
	Students can solve problems algebraically or graphically, with graphing calculators or online software such as Desmos or Geogebra.
Other Ideas:
https://ssbp.mycampus.ca/www_ains_dc/Introduction6.html


	Opportunities for Extension
	Students could perform various sports activities, or standing long jump, and take video with a cell phone or ipad, and use Tracker Software (downloadable at https://physlets.org/tracker/ ) to collect data which can be use to model movement with functions and graphs.  

Students could be introduced to various careers associated with the development of sports related videogames with resource at https://footballbythenumbers.discoveryeducation.com/educator-resources 
https://youtu.be/FMsCnrfIpg0

Graphing Calculator activity:
https://education.ti.com/en/activities/stem/stem-behind-sports/field-goal

Teacher could share of a presentation (or portion of) that talks about the Math needed for Game Developers to build a better jump in video games.
https://youtu.be/hG9SzQxaCm8 

	Opportunities for Remediation
	https://courses.lumenlearning.com/intermediatealgebra/
https://www.ck12.org/c/algebra/
https://teacher.desmos.com/polygraph-parabolas

	Opportunities for Additional Skill Practice
	https://www.engageny.org/file/50111/download/algebra-i-m1-topic-a-lesson-2-teacher.pdf?token=o8NobMc5 
http://mymathuniverse.com/channels/12/channel_content_items/138




