
Discriminating with the discriminant
Students are introduced to the axis of symmetry formula and the discriminant and use their knowledge of the number system to investigate the roots of a parabola.
Visible learning
This lesson incorporates Path content.
Learning intention
To understand the relationship between the quadratic formula and the features of a parabola.
Success criteria
I can write an equation for the axis of symmetry of a parabola.
I can calculate the discriminant.
I can use the value of the discriminant to identify how many roots a quadratic equation has.
I can explain how the discriminant provides information about the roots of a quadratic equation and its graph.
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Table 1: lesson summary
	Section
	Summary of activity
	Teaching strategy
	Teaching points

	Warm up
	Students are reminded of our number system on slide 3 of the PowerPoint Discriminating with the discriminant. Students work through 3 Open Middle problems to reinforce different number types.
	Pose-Pause-Pounce-Bounce
Visibly random groups of 3
Vertical non-permanent surfaces
Gallery walk
	Students are reminded of the different types of numbers.

	Launch
	Students identify as many features as they can for the parabolas in Appendix A.
	Visibly random groups of 3
Vertical non-permanent surfaces
Gallery walk
Pose-Pause-Pounce-Bounce
	The Launch section highlights to students that we can have graphs without -intercepts.

	Explore
	Students use the quadratic formula to find the -intercepts of parabolas and then determine the axis of symmetry (Appendix B) They look for connections between the quadratic formula and the features of the graphs.
	Visibly random groups of 3
Vertical non-permanent surfaces
Pose-Pause-Pounce-Bounce
	Students link the axis of symmetry and -intercepts to the quadratic formula.

	Summarise
	Use slides 9 and 10 of the PowerPoint Discriminating with the discriminant to discuss which parts of the quadratic formula tell us the axis of symmetry and the number of roots.
Students create a flowchart summarising the information, then create their own flowchart using specific parabolas.
	Visibly random groups of 3
Vertical non-permanent surfaces
Gallery walk
	Students generalise the information, identifying the effect of the value of the discriminant on the number of roots and the graph.

	Apply
	Students discover strategies to sketch parabolas that do not have -intercepts in Appendix D.
	Think-Pair-Share
Pose-Pause-Pounce-Bounce
	Students apply their knowledge of the discriminant to a context.



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
simplifies algebraic fractions with numerical denominators and expands algebraic expressions MA5-ALG-C-01
solves linear equations of more than 3 steps, monic and non-monic quadratic equations, and linear simultaneous equations MA5-EQU-P-02 (Path)
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Activity structure
Please use the associated PowerPoint Discriminating with the discriminant (DWTD PPT) to display images in this lesson.
Warm up
1. State that the number −4 is an integer. Pose the question, ‘What other types of numbers do we know about?’ and initiate the sharing of ideas using the Pose-Pause-Pounce-Bounce question strategy (PDF 557 KB) (bit.ly/posepausepouncebounce).
1. Display slide 3 of the PowerPoint (DWTD PPT) to remind students of the different types of numbers.
1. In a Think-Pair-Share (bit.ly/thinkpairsharestrategy), have students think of a number for each section. Click on slide 3 of the PowerPoint (DWTD PPT) to reveal examples.
Counting numbers are called natural numbers.
1. Introduce students to real and unreal numbers and define unreal numbers as the square root of a negative number.
1. Assign students to visibly random groups of 3 (bit.ly/visiblegroups) at vertical non-permanent surfaces (bit.ly/VNPSstrategy).
1. Display slide 4 of the PowerPoint (DWTD PPT) and ask students to complete the Open Middle 1 problem.
Possible solutions include , and .
1. Students are to do a gallery walk (bit.ly/DLSgallerywalk) and look at the answers of the other groups.
1. Teachers could also choose to repeat steps 5 and 6 using slide 5 of the PowerPoint (DWTD PPT).
Launch
1. Continuing in their random groups of 3 at their vertical non-permanent surfaces, distribute Appendix A ‘Coloured graphs’, printed in colour on A3 paper in A3 plastic sleeves, to each group.
1. Ask groups to join the dots of the same colour to make parabolas and identify specific features of each graph.
1. Have students do a gallery walk to observe other groups' work, then initiate a discussion about what features students were able to find.
Students should have been able to find the vertex of each graph, the axis of symmetry, the equation of the parabola and for some of the parabolas, the - and -intercepts. Students were first introduced to the features of a parabola in the activity ‘It’s a drag’ in Lesson 2 – features of a parabola of Unit 12 – investigating parabolas and found equations of parabolas from their graphs in Lesson 6 – parabola Marbleslides of Unit 12 – investigating parabolas.
1. Allow groups time to return to their work and complete their graph sheets by ensuring that they add any features they observed from their gallery walk to their graphs.
A sample solution is provided on slide 7 of the PowerPoint (DWTD PPT).
Use the Pose-Pause-Pounce-Bounce questioning strategy to discuss:
Why could we find more features on some graphs than others?
How can we determine the features from just the equation?
Explore
1. Display slide 9 of the PowerPoint (DWTD PPT) to remind students of the quadratic formula.
2. Inform students that we will be investigating the quadratic formula to learn what else it can tell us about parabolas.
3. Distribute Appendix B ‘Using the quadratic formula’ to groups of 3 at their vertical non-permanent surface. This would be better on A3 paper in plastic sleeves, or groups could draw the table on a vertical non-permanent surface and work out the calculations.
The table in Appendix B shows the equations for each of the coloured graphs in Appendix A.
4. Have students use the quadratic formula to find the -intercepts for each parabola and then find the axis of symmetry.
5. In their groups of 3, ask students to discuss any patterns or similarities and differences they noticed in their table, or when completing their calculations.
6. Combine students with a group nearby and have them share their findings with each other.
Summarise
1. Display slide 10 of the PowerPoint (DWTD PPT) and animate to reveal the formula for the axis of symmetry, but do not tell students that it is in fact the axis of symmetry.
Use a Pose-Pause-Pounce-Bounce questioning strategy for students to share what they think this part of the formula tells them about the parabola.
Students should identify that this is the axis of symmetry. As the -intercepts of a parabola are symmetrical either side of this, the  creates one intercept to the right of this line and one intercept to the left of this line.
Click again on slide 10 of the PowerPoint to focus on the discriminant (DWTD PPT).
Define the symbol delta (), meaning ‘small change’ and the notation used to represent the discriminant.
Pose the question ‘What does the word “discriminate” mean?’ and initiate a sharing of ideas using the Pose-Pause-Pounce-Bounce question strategy.
The word ‘discriminate’ means to distinguish between different things or people.
Display slide 11 of the PowerPoint (DWTD PPT) and ask groups to assign one of 3 criteria to each graph in Appendix B.
Ask groups to consider what they notice and wonder about the link between the discriminant and the graph. Prompting questions could include:
What part of the equation is left if ? What does this mean for the graph?
What happens if ? What does this mean for the graph?
What happens if ? What does this mean for the graph?
What does having a square number as the discriminant mean for our roots?
1. Click to animate slide 11 of the PowerPoint (DWTD PPT) to reveal the number of roots associated with each inequality.
1. Continuing in their groups of 3, distribute Appendix C ‘Flowchart’ to each group on A3 paper. Have groups complete the flowchart, sketching graphs as visual examples in each empty box.
1. Have students create an equation that meets each of the criteria and discuss how they found each one.
1. Allow groups to do a gallery walk to observe other groups' flowcharts and to check their equations. Distribute an individual copy of Appendix C for students to complete their own summary.
Apply
1. In a Think-Pair-Share, ask students to sketch the parabola made by the equation 
Students should be able to find the -intercept at , the axis of symmetry,  and the vertex at . When this equation is placed in the discriminant, it shows , so there are no -intercepts.
1. [bookmark: _Hlk178672073]Use the Pose-Pause-Pounce-Bounce questioning strategy to ask students how we would sketch the graph of , considering it has no -intercepts.
Students may suggest picking 2 points on either side of the vertex to substitute in and then use to graph the parabola or to find the other value for  when  to mirror the -intercept.
Distribute Appendix D ‘Sketching’ to each student. Ask students to first determine how many roots each equation has, before trying to sketch them.
Students are to share their solutions with a partner and explain how the discriminant helped them with their strategy to sketch each of the parabolas.
Use the Pose-Pause-Pounce-Bounce questioning strategy to ask how students approached sketching each of the parabolas, given the information provided by the discriminant.
1. 

Assessment and differentiation
Suggested opportunities for differentiation
Warm up
Give students a list of different numbers as a prompt.
Students may need to be reminded of what rational and irrational numbers are.
Launch
Students could be given specific features of the parabola such as vertex, axis of symmetry and intercepts to find.
Students could be given only 3 sets of dots from Appendix A.
Explore
Students could be extended by including non-monic equations.
Summarise
The flowchart in Appendix C could be done as a class.
Students could be provided with the pieces of missing information for the flowchart and asked to place them in the correct position.
Extend students by introducing the notion of positive defined and negative defined.
Apply
Students could complete Appendix D in pairs.
Less confident students could complete Appendix D at a vertical non-permanent surface.


Suggested opportunities for assessment
[bookmark: _Hlk147833561]Warm up
Monitor student interactions to assess for understanding of rational and irrational numbers.
Launch
Appendix A could be collected to assess students' ability to find features and equations from a graph.
Explore
Appendix B could be collected to assess students' understanding of the general form of the parabola and their ability to find -intercepts and the axis of symmetry.
Summarise
Monitor students' contribution to discussion questions to assess for an understanding of the discriminant affecting the roots of a quadratic equation.
The equations could be monitored for the understanding of grouping graphs and equations based on the discriminant.
Apply
Appendix D could be collected to form part of the unit’s summative assessment.


[bookmark: _Appendix_A]Appendix A
Coloured graphs
[image: Green dots (-1,5)(0,4)(1,5)
Black dots (-3,5)(-4,4)(-5,5)
Orange dots (5,1)(4,0)(3,1)
Red dots (-1,1)(0,0)(1,1)
Dark Blue dots (-3,1)(-4,0)(-5,1)
Purple dots (-1,-3)(0,-4)(1,-3)
Light blue dots (3,-3)(4,-4)(5,-3).]

[bookmark: _Appendix_B]Appendix B
Using the quadratic formula
	Colour of graph
	Equation
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Appendix C
Flowchart
[image: Flow chart starting with the discriminant. The flowchart then splits into 3 branches one for discriminant greater than zero, one for discriminant less than zero and one for discriminant equal to zero. Students then fill in how many roots there are for each condition and sketch an example of what a parabola meeting that condition would look like.]


[bookmark: _Appendix_D]Appendix D
Sketching
For each of the following quadratic equations:
find the value of the discriminant
sketch the parabola.
1. 
1. 
1. 
1. 
1. 


Sample solutions
Appendix B – using the quadratic formula
	Colour of graph
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	Quadratic formula calculation
	-intercepts
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Appendix C – flowchart
[image: A completed flowchart starting with the discriminant.]


Appendix D – sketching
For each of the following quadratic equations:
find the value of the discriminant
sketch the parabola.
1. 

There are no real roots.
[image: Sketch of y=x^2+4.]


1. 

There are 2 real roots.
[image: Sketch of y=−x^2+4.]
1. 

There are 2 real roots.
[image: Sketch of y=3x^2−4.]
1. 

There is one real root.
[image: Sketch of y=x^2−6x+9.]

1. 

There are 2 real roots.
[image: Sketch of y=-x^2−3x+1.]
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