
Modelling quadratics
Students use the path of a ball to explore the use of quadratic models in sports. They then examine other applications outside of sport where quadratic modelling is used and identify limitations in each model.
Students will need at least one digital device per pair to interact with activities in this lesson.
Visible learning
Learning intentions and success criteria should be shared with students later in the learning episode.
Learning intention
To understand how parabolas provide an effective model to represent real-life scenarios.
Success criteria
I can use a quadratic model to determine the maximum value of a variable.
I can identify limitations of models that use quadratic relationships.
I can interpret information from the graph of a parabola.
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Table 1: lesson summary
	Section
	Summary of activity
	Teaching strategies
	Teaching points

	Launch
	Students observe the flight of cricket balls in the video ‘The Greatest Australian Sporting Moments of all time (0:30 to 3:45)’ (bit.ly/Ballsportingmoments) and think about the path travelled. 
	Notice and wonder
	Students should recognise that the flight of a ball can be modelled using a parabola.

	Explore
	Students work through the ‘Will It Hit the Hoop?’ (bit.ly/Desmoshitthehoop) activity predicting if the ball goes in the hoop before mapping the path of the ball with a parabola. Students then look at a variety of models of netball shots in Appendix A and answer a series of questions.
	Desmos classroom activity
Pose-Pause-Pounce-Bounce
	Students recognise how they can predict the flight of a ball using a parabola.

	Summarise
	Use slide 3 of the PowerPoint Modelling quadratics for students complete a PMI table reflecting on the use of a parabolic curve as a model. Use slides 4–7 of the PowerPoint to explicitly teach how to interpret parabolic models. 
	Plus, Minus, Interesting
Think-Pair-Share
Worked examples (Your turn)
	Students discover the pluses, minuses and limitations of the models and learn how to communicate their thinking. 

	Apply
	Students examine 3 different exponential models in
Appendix B and question the limitations of each model.
	
	Students examine different parabolic models and question their limitations.



Syllabus outcomes
A student:
develops understanding and fluency in mathematics through exploring and connecting mathematical concepts, choosing and applying mathematical techniques to solve problems, and communicating their thinking and reasoning coherently and clearly MAO-WM-01 
identifies connections between algebraic and graphical representations of quadratic and exponential relationships in various contexts 
MA5-NLI-C-01
identifies and compares features of parabolas and exponential curves in various contexts MA5-NLI-C-02
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Activity structure
Please use the associated PowerPoint Modelling quadratics (MQ PPT) to display images in this lesson.
Launch
Show students the video ‘The Greatest Australian Sporting Moments of all time’ (0:30 to 3:45) (bit.ly/Ballsportingmoments).
Ask students to think about the path of the balls as they are moving.
Generate a class discussion on what they notice and wonder (bit.ly/noticewonderstrategy) about the paths of the balls.
Students should notice that the balls follow a parabolic shape but may wonder if it is exactly a parabola. 
Explore
1. Reveal the learning intentions and success criteria for this learning episode. 
With at least one device per pair of students, have students open the Desmos activity ‘Will It Hit the Hoop?’ (bit.ly/Desmoshitthehoop). 
Before completing this activity, you will need to set up a Desmos classroom (bit.ly/desmosclassroomstrategy). There are discussion points on pages 2, 26, 28, 29 and 30. The pacing feature could be used to restrict the students during the activity at these points. 
The unit of measure in the Desmos activity is feet. This could be a good time to discuss the metric and imperial measurement systems and that some things in Australia, such as socket sets, are still measured using the imperial system.
Distribute Appendix A ‘Netball shot’ to pairs and have students discuss the questions in the Appendix. 
Use the Pose-Pause-Pounce-Bounce questioning strategy (PDF 557KB) (bit.ly/posepausepouncebounce) to ask random students to share their answers to each of the questions in Appendix A.
Summarise
1. Display slide 3 of the PowerPoint (MQ PPT) and ask pairs to complete the Plus, Minus, Interesting (PMI) table (bit.ly/PMI_plusminusintersting). Students reflect on using parabolic graphs to model the path of balls by writing down and completing the PMI table before discussing what they wrote in a Think-Pair-Share (bit.ly/thinkpairsharestrategy).
Plus – symmetrical, able to translate, easy to read the maximum point and the axis of symmetry.
Minus – does not allow for changes to symmetry.
Interesting –how closely the models align to the flight of a ball.
Use slides 4–7 from the PowerPoint (MQ PPT) for explicit teaching of interpreting parabolic graphs using the Worked examples (Your turn) method (bit.ly/supportingstrategies).
Apply
1. Distribute Appendix B ‘Modelling everyday situations’ to each student and have them complete the questions. Students will read information from the graphs and question the model for limitations. 
1. Bring students back together and discuss some of the reasoning for each scenario's final question.


Assessment and differentiation
Suggested opportunities for differentiation
Explore
Support students by providing them with one graph, instead of the 4 graphs in Appendix A.
Students could be challenged to pose a prompting question(s) for other groups. 
Summarise
The PMI can be completed through a whole class discussion.
The Your turn questions could be modified to include whole numbers or percentages depending on student readiness.
Apply
Appendix B could be set up as a jigsaw task (bit.ly/jigsawgroupstrategy) with 3 stations for each of the scenarios.
Students could be placed in pairs or visibly random groups of 3 for peer support to complete Appendix B.


Suggested opportunities for assessment
[bookmark: _Hlk147833561]Explore
The teacher could monitor student responses to the questions on the PowerPoint to assess for Working mathematically processes.
Summarise
The teacher can collect PMIs as evidence of students’ understanding of the limitations of using quadratic models.
Apply
Student responses to Appendix B can be collected as evidence of interpreting parabolic graphs.
One of the scenarios from Appendix B could be collected as an exit ticket.


[bookmark: _Appendix_A]Appendix A
Netball shot
Shot 1
[image: A concave down parabola with the y-intercept at 1.8 and the x-intercepts at -1 and 7.]
Shot 2
[image: A concave down parabola with the y-intercept at 1.8 and the x-intercepts at -1.5 and 8.5.]


Shot 3
[image: A concave down parabola with the x-intercepts at 1.2 and 6.7. No visible y-intercept. ]
Shot 4 [image: A concave down parabola with the x-intercepts at 1.2 and 7.2. No visible y-intercept. ]


Questions
1. Which shot goes the highest? 
Where does each ball land?
Which ball travels the furthest? How do we know? 
In shot 1 and 2 the shooter stands at the origin. How tall is the shooter?
Where does the shooter stand for shots 3 and 4? 
A netball hoop is 3.05 m high. Do all the balls go in? How do you know? 
What are the limitations of using a parabola to model netball shots? 
Do we need all 4 models? Would one model be enough? Why or why not? 


[bookmark: _Appendix_B]Appendix B
Modelling everyday situations
Stopping distance
When driving, the stopping distance is determined by the speed of the car in dry conditions. The diagram below is a model of stopping distance () in terms of speed (). 
[image: A parabolic shape in the first quadrant, starting at the origin and passing through (140,130).]
1. Determine the stopping distance for a car travelling at the following speeds:
60 km/h 
100 km/h
140 km/h.
Determine the maximum speed the car can be travelling if it needs to stop within the following distances:
20 m
50 m.
Use the graph to support the decision to reduce speed zones in schools to 40 km/h.
What are the limitations of the model?
Missile
A missile is fired vertically from the top of a cliff. Its trajectory has been graphed below.[image: A parabolic shape in the first quadrant. The y-intercept (height) is 120m and the x-intercept (time) is 25.7 seconds. ]
1. What is the maximum height that the missile reaches?
How high is the cliff?
For approximately how many seconds does the missile travel before reaching the ground?
What are the limitations of this model? 
How would this model change if the missile was launched from flat ground rather than the top of a cliff? 
Sydney Harbour Bridge
[image: A graph of y=(-536)/253009 x^2+134.]
The Sydney Harbour Bridge can be modelled using the equation  where  is the number of metres above the road deck and  is the distance (in metres) either side of the vertex of the bridge.
Use the graph to find:
1. The maximum distance the arch is above the roadway.
The length of the roadway across the bridge.
What are the limitations of this model?
Check your answers by researching the height and span of the bridge. Comment on whether the model is accurate for the Sydney Harbour Bridge.


Sample solutions
Appendix B – modelling everyday situations
Stopping distance
1.   
 
A car travelling at 40 km/h stops in 15 m, whereas a car travelling at 60 km/h stops in 30 m, which is double the distance. School zones have a lot of children and therefore the car needs to be able to stop quickly. 
The model is not transferable to other weather conditions or heavier vehicles.
Missile
1. 


The missile does not go into the ground to the depth indicated. It also does not allow for a collision with an intercepting missile.
The parabola would have the starting point at the origin.
Sydney Harbour Bridge
1. .
.
The bridge might not be perfectly parabolic in shape. 
Students should get the same answer as this is the actual formula for the Sydney Harbour Bridge.
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