
Mathematics Stage 5 (Year 10) – unit of learning
Investigating parabolas

Contents
Rationale	4
Overview	5
Outcomes	6
Core	6
Path	7
Lesson sequence and details	10
Learning episode 1 – What’s that graph?	10
Teaching and learning activity	10
Syllabus content	10
Learning episode 2 – features of a parabola	12
Teaching and learning activity	12
Syllabus content	12
Learning episode 3 – modelling quadratics	14
Teaching and learning activity	14
Syllabus content	14
Learning episode 4 – areas for expansion	16
Teaching and learning activity	16
Syllabus content	16
Learning episode 5 – difference of 2 squares	18
Teaching and learning activity	18
Syllabus content	18
Learning episode 6 – parabola Marbleslides	20
Teaching and learning activity	20
Syllabus content	20
Learning episode 7 – factorising monic quadratics	23
Teaching and learning activity	23
Syllabus content	23
Learning episode 8 – factorising non-monics	25
Teaching and learning activity	25
Syllabus content	25
Learning episode 9 – solving quadratic equations	27
Teaching and learning activity	27
Syllabus content	27
Learning episode 10 – sketching parabolas	29
Teaching and learning activity	29
Syllabus content	29
Learning episode 11 – completing the square	31
Teaching and learning activity	31
Syllabus content	31
Learning episode 12 – can’t factorise, no problems	34
Teaching and learning activity	34
Syllabus content	34
Learning episode 13 – discriminating with the discriminant	37
Teaching and learning activity	37
Syllabus content	37
Learning episode 14 – problem solving quadratics	39
Teaching and learning activity	39
Syllabus content	39
References	41


[bookmark: _Toc112681287][bookmark: _Toc179363868]Rationale
[bookmark: _Toc112681289]The NSW Department of Education publishes a range of curriculum support materials, including samples of lesson sequences, scope and sequences, assessment tasks, examinations, student and teacher resource booklets, and curriculum planning and curriculum evaluation templates. The samples are not exhaustive and do not represent the only way to complete or engage in each of these processes. Curriculum design and implementation is a dynamic and contextually-specific process. While the mandatory components of syllabus implementation must be met by all schools, it is important that the approach taken by teachers is reflective of their needs, and faculty or school processes.
[bookmark: _Hlk112402278][bookmark: _Hlk112408500][bookmark: _Hlk112408586][bookmark: _Hlk112408794]The NSW Education Standards Authority (NESA) defines programming as ‘the process of selecting and sequencing learning experiences which enable students to engage with syllabus outcomes and develop subject specific skills and knowledge’ (NESA 2022). A program is developed collaboratively within a faculty. It differs from a unit in important ways, as outlined by NESA on their Advice on units page. A unit is a contextually-specific plan for the intended teaching and learning for a particular class for a particular period. The organisation of the content in a unit is flexible and it may vary according to the school, the teacher, the class and the learning space. They should be working documents that reflect the thoughtful planning and reflection that takes place during the teaching and learning cycle. There are mandatory components of programming and unit development, and this template provides one option for the delivery of these requirements. The NESA and department guidelines that have influenced this template are elaborated upon at the end of the document.
This resource has been developed to assist teachers in NSW Department of Education schools to create learning that is contextualised to their classroom. It can be used as a basis for the teacher’s own program, assessment, or scope and sequence, or be used as an example of how the new curriculum could be implemented. The resource has suggested timeframes that may need to be adjusted by the teacher to meet the needs of their students.

[bookmark: _Toc179363869]Overview
Description: this program of learning addresses content from the focus areas of Algebraic techniques A, B and C, Non-linear relationships A, B and C and Equations B and C. The lessons and sequences in this program of learning are designed to allow students to explore expanding, factorising and solving quadratics, as well as graphing parabolas.
Duration: this program of learning is designed to be completed over a period of approximately 5 weeks but can be adapted to suit the school context.
Explicit teaching: suggested learning intentions and success criteria are available for some lessons provided. Learning intentions and success criteria are most effective when they are contextualised to meet the needs of students in the class. The examples provided in this document are generalised to demonstrate how learning intentions and success criteria could be created.
[bookmark: _Hlk174522782]Accessing the resources: this program of learning includes a range of student-facing and teacher resources. All resources can be accessed from the Stage 5 Unit 12 – investigating parabolas catalogue page.
[bookmark: _Toc112681290]

[bookmark: _Toc179363870]Outcomes
[bookmark: _Toc179363871]Core
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
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
Mathematics K–10 Syllabus © NSW Education Standards Authority (NESA) for and on behalf of the Crown in right of the State of New South Wales, 2022.


[bookmark: _Toc179363872]Path
A student:
simplifies algebraic fractions involving indices, and expands and factorises algebraic expressions MA5-ALG-P-01
selects and applies appropriate algebraic techniques to operate with algebraic fractions, and expands, factorises and simplifies algebraic expressions MA5-ALG-P-02
solves monic quadratic equations, linear inequalities and cubic equations of the form  MA5-EQU-P-01
solves linear equations of more than 3 steps, monic and non-monic quadratic equations, and linear simultaneous equations MA5-EQU-P-02
interprets and compares non-linear relationships and their transformations, both algebraically and graphically MA5-NLI-P-01
The identified Life Skills outcomes that relate to this unit are MALS-ADS-01 – uses strategies for addition and subtraction, MALS-MDI-01 – uses strategies for multiplication and division and MALS-PAT-01 – recognises and applies patterns in everyday contexts.
Mathematics K–10 Syllabus © NSW Education Standards Authority (NESA) for and on behalf of the Crown in right of the State of New South Wales, 2022.

Prior to planning for teaching and learning, please consider the following:
Engagement
· How will I provide authentic, relevant learning opportunities for students to personally connect with lesson content?
· How will I support every student to grow in independence, confidence and self-regulation?
· How will I facilitate every student to have high expectations for themselves?
· How will I identify and provide the support each student needs to sustain their learning efforts?
Representation
· What are some different ways I can present content to enable every student to access and understand it?
· How will I identify and address language and/or cultural considerations that may limit access to content for students?
· How will I make lesson content and learning materials more accessible?
· How will I plan learning experiences that are relevant and challenging for the full range of students in the classroom?


Expression
· How will I provide multiple ways for students to respond and express what they know?
· What tools and resources can students use to demonstrate their understanding?
· How will I know every student has understood the concepts and language presented in each lesson?
· How will I monitor if every student has achieved the learning outcomes and learning growth?

[bookmark: _Toc179363873]Lesson sequence and details
[bookmark: _Toc179363874]Learning episode 1 – What’s that graph?
[bookmark: _Toc179363875]Teaching and learning activity
Students explore how linear, exponential and quadratic tile patterns grow, to develop their understanding of the features of each relationship.
[bookmark: _Toc179363876]Syllabus content
· Represent quadratic and exponential relationships using graphing applications
· Construct a table of values to graph non-linear relationships involving quadratics and exponentials
· Explain that quadratic relationships are represented by parabolas
· Identify graphs and equations of parabolas and exponential curves
· Associate graphs of straight lines, parabolas and exponential curves with the appropriate equations

Table 1 – lesson sequence and details
	Teaching and learning activities
	Required resources
	Registration, adjustments and evaluation notes

	What’s that graph?
Duration: 1–2 lessons
Learning intention
· To understand the similarities and differences between linear, exponential and quadratic relationships.
Success criteria
· I can construct a table of values to graph relationships.
· I can identify graphs of linear, exponential and quadratic relationships.
· I can identify equations of linear, exponential and quadratic relationships.
	· What’s that graph? PowerPoint
· Appendix A, printed (one per group of 3)
· Appendix B, printed (one per student)
	


[bookmark: _Toc112681291]

[bookmark: _Toc112681297][bookmark: _Toc179363877]Learning episode 2 – features of a parabola
[bookmark: _Toc179363878]Teaching and learning activity
Students are introduced to the features and terminology of parabolas through the context of a vehicle’s braking distance.
[bookmark: _Toc179363879]Syllabus content
· Recognise quadratics and exponentials in real-life contexts
· Identify and describe the key features of parabolas of the form  and  including the vertex, - and -intercepts, axis of symmetry and concavity
· Recognise non-linear relationships in real-life contexts and solve related problems


Table 2 – lesson sequence and details
	Teaching and learning activities
	Required resources
	Registration, adjustments and evaluation notes

	Features of a parabola
Duration: one lesson
Learning intention
· To be able to identify the features of a parabola.
Success criteria
· I can identify and name the vertex and axis of symmetry of a parabola.
· I can identify the intercepts of a parabola.
· I can identify the concavity of a parabola.
· I can use quadratic relationships to model real-world scenarios.
	· Features of a parabola PowerPoint
· Appendix A, printed, cut into scenarios
· Appendix B, printed (one per pair)
· Device (per pair)
	




[bookmark: _Toc179363880]Learning episode 3 – modelling quadratics
[bookmark: _Toc179363881]Teaching and learning activity
Students use the projection 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.
[bookmark: _Toc179363882]Syllabus content
· Recognise quadratics and exponentials in real-life contexts
· Recognise non-linear relationships in real-life contexts and solve related problems


Table 3 – lesson sequence and details
	Teaching and learning activities
	Required resources
	Registration, adjustments and evaluation notes

	Modelling quadratics
Duration: one lesson
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 parabolic relationships.
· I can interpret information from the graph of a parabola.
	· Modelling quadratics PowerPoint
· Appendix A, printed (one per pair)
· Appendix B, printed (one per student)
· Device (per pair)
	


[bookmark: _Toc179363883]Learning episode 4 – areas for expansion
[bookmark: _Toc179363884]Teaching and learning activity
Students explore the area model to expand binomial products.
[bookmark: _Toc179363885]Syllabus content
· Expand binomial products algebraically using the distributive law or consider areas of rectangles as a possible method of expansion
· Expand binomial products (Path)
· Solve problems involving expansion and factorisation of algebraic expressions (Path)
· Expand and simplify a variety of algebraic expressions including binomial products and the special products (Path)


Table 4 – lesson sequence and details
	Teaching and learning activities
	Required resources
	Registration, adjustments and evaluation notes

	Areas for expansion 
Duration: 2–3 lessons
Learning intention
· To be able to expand binomial products.
Success criteria
· I can identify a binomial expression.
· I can explain the difference between monic and non-monic binomial expressions.
· I can use the area model to expand binomial products.
· I can explain patterns between the binomial products and their expanded form.
	· Areas for expansion PowerPoint
· Appendix A and C, printed (one per pair)
· Appendix B, printed on A3 (one per group of 3)
· Appendix D, printed (one per group of 3)
· A3 plastic pockets
	


[bookmark: _Toc179363886]Learning episode 5 – difference of 2 squares
[bookmark: _Toc179363887]Teaching and learning activity
Students explore the difference of 2 squares by discovering an efficient way to square large numbers.
[bookmark: _Toc179363888]Syllabus content
· Expand binomial products algebraically using the distributive law or consider areas of rectangles as a possible method of expansion
· Expand binomial products (Path)
· Solve problems involving expansion and factorisation of algebraic expressions (Path)
· Prove and apply these special products , ,  (Path)
· Expand and simplify a variety of algebraic expressions including binomial products and the special products (Path)
· Factorise algebraic expressions involving the special products and strategies, including common factors, grouping in pairs for 4-term expressions and quadratic trinomials (monic and non-monic) (Path)


Table 5 – lesson sequence and details
	Teaching and learning activities
	Required resources
	Registration, adjustments and evaluation notes

	Difference of 2 squares 
Duration: 1–2 lessons
Learning intention
· To know how to use the difference of 2 squares to expand binomial products.
Success criteria
· I can expand binomial products.
· I can explain why a binomial product would result in a difference of 2 squares.
· I can identify when a binomial product will result in a difference of 2 squares.
	· Difference of 2 squares PowerPoint 
· Appendix A (teacher copy)
· Appendix B, printed (one per student)
· Appendix C, printed (one per pair, cut into cards)
· Mini whiteboard (per pair)
	


[bookmark: _Toc179363889]Learning episode 6 – parabola Marbleslides
[bookmark: _Toc179363890]Teaching and learning activity
Students explore transformations of parabolas through the context of gaming, using Desmos’ Marbleslides.
[bookmark: _Toc179363891]Syllabus content
· Explain that quadratic relationships are represented by parabolas
· Graph and compare parabolas of the form  and  using graphing applications
· Identify and describe the key features of parabolas of the form  and  including the vertex, - and -intercepts, axis of symmetry and concavity
· Use graphing applications to compare parabolas of the form , ,  and , and describe their features and transformations (Path)
· Identify and describe features of different types of graphs based on their equations (Path)
· Identify a possible equation from a graph and verify using graphing applications (Path)


Table 6 – lesson sequence and details
	Teaching and learning activities
	Required resources
	Registration, adjustments and evaluation notes

	Parabola Marbleslides 
Duration: 1–2 lessons
Learning intention
· To understand the relationship between a parabola and its equation.
Success criteria
· I can describe the effect that the value of  has on the shape and position of a parabola with an equation in the form of . 
· I can describe the effect the value of  has on the shape and position of a parabola with an equation in the form .
· I can describe the effect the value of  has on the position of a parabola with an equation in the form .
· I can use the values of ,  and in the quadratic equation  to draw a parabola.
	· Device (per pair)
	




[bookmark: _Toc179363892]Learning episode 7 – factorising monic quadratics
[bookmark: _Toc179363893]Teaching and learning activity
Students learn how to factorise monic quadratic trinomials using area models.
[bookmark: _Toc179363894]Syllabus content
· Factorise monic quadratic trinomial expressions (Path)
· Solve problems involving expansion and factorisation of algebraic expressions (Path)
· Expand and simplify a variety of algebraic expressions including binomial products and the special products (Path)
· Factorise algebraic expressions involving the special products and strategies, including common factors, grouping in pairs for 4-term expressions and quadratic trinomials (monic and non-monic) (Path)


Table 7 – lesson sequence and details
	Teaching and learning activities
	Required resources
	Registration, adjustments and evaluation notes

	Factorising monic quadratics
Duration: 1–2 lessons
Learning intention
· To be able to factorise monic quadratic trinomials.
Success criteria
· I can identify the coefficient of  and the constant term. 
· I can find factors of a number. 
· I can explain how to represent a monic quadratic trinomial expression in factorised form. 
	· Factorising monic quadratics PowerPoint
· Appendix A, B and C, printed (one per pair)
	


[bookmark: _Toc179363895]Learning episode 8 – factorising non-monics
[bookmark: _Toc179363896]Teaching and learning activity
Students practise finding the product, sum and factors of non-monic quadratics before exploring different methods to factorise them.
[bookmark: _Toc179363897]Syllabus content
· Factorise algebraic expressions involving the special products and strategies, including common factors, grouping in pairs for 4-term expressions and quadratic trinomials (monic and non-monic) (Path)


Table 8 – lesson sequence and details
	Teaching and learning activities
	Required resources
	Registration, adjustments and evaluation notes

	Factorising non-monics 
Duration: 1–2 lessons
Learning intention
· To be able to factorise non-monic quadratic trinomials.
Success criteria
· I can find the product of the constant term and leading coefficient and determine the factors that equate to the coefficient of the  term.
· I can represent a non-monic quadratic trinomial expression in factorised form. 
· I can explain how to factorise a non-monic quadratic trinomial expression using my preferred method.
	· Factorising non-monics PowerPoint 
Appendix A and D, printed (one per student)
Appendix B, printed (per group of 9 students)
Appendix C (optional)
· One sticky note (per student)
	


[bookmark: _Toc179363898]Learning episode 9 – solving quadratic equations
[bookmark: _Toc179363899]Teaching and learning activity
Students develop a method for solving quadratic equations and link this to finding the -intercepts of parabolas.
[bookmark: _Toc179363900]Syllabus content
· Solve quadratic equations of the form , limited to , using factors (Path)
· Solve equations of the form  by factorisation and by completing the square (Path)
· Use substitution to verify solutions to quadratic equations (Path)


Table 9 – lesson sequence and details
	Teaching and learning activities
	Required resources
	Registration, adjustments and evaluation notes

	Solving quadratic equations 
Duration: 2 lessons
Learning intention
· To be able to solve quadratic equations.
Success criteria
· I can factorise a quadratic expression.
· I can find the roots of a quadratic equation.
· I can find the -intercepts of a parabola.
	· Solving quadratic equations PowerPoint 
· Appendix A and B, printed (one per student)
· Appendix C, printed (per group of 3)
	




[bookmark: _Toc179363901]Learning episode 10 – sketching parabolas
[bookmark: _Toc179363902]Teaching and learning activity
Students use quadratic equations to sketch a parabola and label its features.
[bookmark: _Toc179363903]Syllabus content
· Find - and -intercepts algebraically, where appropriate, for the graph of , given ,  and  (Path)
· Determine the equation of the axis of symmetry of a parabola using either the formula  or the midpoint of the -intercepts (Path)
· Find the coordinates of a parabola’s vertex using a variety of methods (Path)
· Graph quadratic relationships of the form  by identifying and applying features of parabolas and their equations without graphing software (Path)
· Identify and describe features of different types of graphs based on their equations (Path)

Table 10 – lesson sequence and details
	Teaching and learning activities
	Required resources
	Registration, adjustments and evaluation notes

	Sketching parabolas 
Duration: 1–2 lessons
Learning intention
· To know how to sketch a parabola from a quadratic equation.
Success criteria
I can identify the concavity of a parabola given its equation. 
I can explain how to find the vertex and the - and -intercepts of a parabola from its equation.
I can sketch the graph of a parabola, labelling its features. 
	· Sketching parabolas PowerPoint 
· Appendix A and B, printed (one per student)
· Optional: plastic pockets
	


[bookmark: _Toc179363904]Learning episode 11 – completing the square
[bookmark: _Toc179363905]Teaching and learning activity
Students use area models to unpack completing the square before solving equations using this method. Students then progress to finding the vertex of parabolas and centre of circles.
[bookmark: _Toc179363906]Syllabus content
· Prove and apply these special products , ,  (Path)
· Expand and simplify a variety of algebraic expressions including binomial products and the special products (Path)
· Factorise algebraic expressions involving the special products and strategies, including common factors, grouping in pairs for 4-term expressions and quadratic trinomials (monic and non-monic) (Path)
· Solve equations of the form  by factorisation and by completing the square (Path)
· Use substitution to verify solutions to quadratic equations


Table 11 – lesson sequence and details
	Teaching and learning activities
	Required resources
	Registration, adjustments and evaluation notes

	Completing the square 
Duration: 2 lessons
Learning intentions
· To be able to solve quadratic equations by completing the square.
· To be able to use completing the square to identify features of different graphs.
Success criteria
· I can find the constant term to add to complete the square.
· I can solve quadratic equations by completing the square.
· I can find the vertex of a parabola by completing the square.
I can find the centre and radius of a circle by completing the square.
	· Completing the square PowerPoint 
· Appendix A (teacher copy)
· Appendix C, D and  E, printed (one per student)
· Appendix B, printed (one per pair of students)
	




[bookmark: _Toc179363907]Learning episode 12 – can’t factorise, no problems
[bookmark: _Toc179363908]Teaching and learning activity
Students are introduced to the quadratic formula and use this to solve quadratic equations. The students are then presented with a variety of quadratic equations and determine the best strategy to solve them.
[bookmark: _Toc179363909]Syllabus content
· Apply the quadratic formula to solve quadratic equations (Path)
· Apply the most appropriate method to solve a variety of quadratic equations (Path)


Table 12 – lesson sequence and details
	Teaching and learning activities
	Required resources
	Registration, adjustments and evaluation notes

	Can’t factorise, no problems 
Duration: 2 lessons
Learning intentions
· To be able to use the quadratic formula to solve quadratic equations.
· To be able to choose the most appropriate strategy to solve a quadratic equation.
Success criteria
· I can identify the values of 𝑎, 𝑏 and 𝑐 in a quadratic equation expressed in the form .
I can accurately substitute values into the quadratic formula 
I can find the roots of a quadratic equation using the quadratic formula.
I can rearrange and solve quadratic equations.
	· Can’t factorise, no problems PowerPoint 
· Appendix A, printed (one per pair)
· Appendix C, printed (one per student)
· Appendix D (teacher copy)
· Appendix E and F, printed A3 (per group of 3)
· A3 plastic pockets
· Optional: Appendix B, printed (one per student, cut into cards)
	




[bookmark: _Toc179363910]Learning episode 13 – discriminating with the discriminant
[bookmark: _Toc179363911]Teaching and learning activity
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.
[bookmark: _Toc179363912]Syllabus content
· Determine the equation of the axis of symmetry of a parabola using either the formula  or the midpoint of the -intercepts (Path)
· Find the coordinates of a parabola’s vertex using a variety of methods (Path)
· Graph quadratic relationships of the form  by identifying and applying features of parabolas and their equations without graphing software (Path)
· Identify and describe features of different types of graphs based on their equations (Path)
· Identify whether a given quadratic equation has real solutions, and if there are real solutions, whether or not they are equal (Path)


Table 13 – lesson sequence and details
	Teaching and learning activities
	Required resources
	Registration, adjustments and evaluation notes

	Discriminating with the discriminant 
Duration: 2 lessons
Learning intention
· To understand the relationship between the quadratic formula and the features of a parabola.
Success criteria
· I can write and 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. 
	· Discriminating with the discriminant PowerPoint 
· Appendix A, printed in colour A3 (per group of 3)
· Appendix B and C, printed A3 (per group of 3)
· Appendix C and D, printed (one per student)
· A3 plastic pockets
	


[bookmark: _Toc179363913]Learning episode 14 – problem solving quadratics
[bookmark: _Toc179363914]Teaching and learning activity
Students explore the practicalities of the vertex and intercepts in real-world scenarios.
[bookmark: _Toc179363915]Syllabus content
· Use graphing applications to solve a pair of simultaneous equations where one equation is non-linear and interpret the solution
· Solve quadratic equations resulting from substitution into formulas in various contexts (Path)
· Model and solve word problems using quadratic equations in various contexts (Path)


Table 14 – lesson sequence and details
	Teaching and learning activities
	Required resources
	Registration, adjustments and evaluation notes

	Problem-solving quadratics 
Duration: 1–2 lessons
Learning intention
To be able to solve problems that involve quadratics.
Success criteria
I can identify what the features of a parabola mean within a context. 
I can create an equation from a worded problem.
I can find the roots and vertex of a parabola from a quadratic equation.
I can interpret solutions to real-world problems.
	· Problem-solving quadratics PowerPoint 
· Appendix A (teacher copy)
· Appendix B, printed (per group of 3)
· Device (per group of 3)
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