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[bookmark: _Toc112681287][bookmark: _Toc211509047]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. 
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: _Toc211509048]Overview
Description: this program of learning addresses content from the focus areas of Working with functions and Graph transformations. The lessons and sequences in this program of learning are designed to allow students to explore graphical transformations of functions, including reflections, translations and dilations. Students will investigate how changes to equations affect graphs within the scope of the Mathematics Advanced course, and determine key features such as domain, range, intercepts and asymptotes. Students then apply this knowledge to solve a range of problems including those involving direct and inverse variation.
Duration: this program of learning is designed to be completed over a period of approximately 4 weeks but can be adapted to suit the school context.
Explicit teaching: explicit teaching is embedded throughout this unit of learning to ensure clarity and support for all students. Each lesson includes clearly stated learning intentions and success criteria, and uses purposeful questioning strategies with sample questions provided to check for understanding. Learning is explicitly connected to real-world contexts and prior mathematical concepts to enhance relevance and meaning. A gradual release of responsibility guides students from teacher-led instruction to independent practice, supported by worked examples and self-explanation prompts that deepen understanding and build confidence.
[bookmark: _Toc112681290]

[bookmark: _Toc211509049]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 
applies algebraic techniques and the laws of indices and surds to manipulate expressions and solve problems MAV-11-01
uses functions and relations to model, analyse and solve problems MAV-11-02
analyses and solves algebraic and graphical problems involving transformations of functions and relations MAV-11-03
Mathematics Advanced 11–12 Syllabus © NSW Education Standards Authority (NESA) for and on behalf of the Crown in right of the State of New South Wales, 2024.

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: _Toc211509050]Lesson sequence and details
[bookmark: _Toc211509051]Learning episode 1 – piecewise-defined functions
[bookmark: _Toc211509052]Teaching and learning activity
In this lesson, students learn about piecewise-defined functions and develop an understanding of continuity by interpreting graphs and solving equations to find domain boundaries.
[bookmark: _Toc211509053]Content
Piecewise-defined functions
· Interpret piecewise-defined functions, where the function is defined differently in different parts of the domain
· Graph piecewise-defined functions involving functions covered in the scope of the Mathematics Advanced course, test if they are even or odd, and determine the domain and range
· Define informally that a function is continuous at a point if the curve can be drawn through the point without lifting the pen off the paper
· Identify points where piecewise-defined functions and other functions are not continuous
· Define a discontinuity of a function informally as a point where the function is not continuous
Table 1 – lesson sequence and details
	Lesson details
	Required resources
	Registration, adjustments and evaluation notes

	Piecewise-defined functions
Duration: 1 lesson
Learning intention
To be able to interpret and construct piecewise-defined functions.
Success criteria
I can describe a piecewise-defined function.
I can identify the functions and domains that make up a piecewise-defined function. 
I can determine whether a piecewise-defined function is continuous or discontinuous at a given point.
I can construct the graph of a piecewise-defined function. 
	· Piecewise-defined functions PowerPoint 
· Appendix A, printed (one per student)
· Appendix B, printed (one per student) and an A3 copy (per group of 3 students)
· Appendix C, printed (one per pair)
	


[bookmark: _Toc112681291]

[bookmark: _Toc211509054]Learning episode 2 – absolute value
[bookmark: _Toc211509055]Teaching and learning activity
Students learn about absolute value functions, including their definition, piecewise-defined form, symmetry, domain and range. They graph functions, match them to piecewise-defined forms, and determine if different equations are equivalent using Amplify Classroom.
[bookmark: _Toc211509056]Content
Piecewise-defined functions
Graph piecewise-defined functions involving functions covered in the scope of the Mathematics Advanced course, test if they are even or odd, and determine the domain and range
Absolute value functions
· Define the absolute value  of a number , also known as the magnitude of , to be the distance from the origin to  on the number line
· Establish and use the piecewise definition 
· Show using numerical substitutions that  and use the result
· Graph the function , describe its symmetry, and identify its domain and range
· Graph  with and without graphing applications, and identify its symmetry, domain and range
Table 2 – lesson sequence and details
	Lesson details
	Required resources
	Registration, adjustments and evaluation notes

	Absolute value
Duration: 1 lesson
Learning intentions
To understand how absolute value functions can be represented as a piecewise-defined function.
To understand how symmetry, domain and range relate to absolute value functions.
Success criteria
I can draw an absolute value graph from its function.
I can write an absolute value function as a piecewise-defined function.
I can determine the axis of symmetry for an absolute value function. 
I can determine the domain and range of an absolute value function.
	· Absolute value PowerPoint 
· At least one digital device (per pair)
· Appendix A, printed (per student)
· Appendix B, printed (one per pair)
· Appendix C, printed (one per student) and an A3 copy (per group of 3 students)
· Appendix D, printed (one per pair)
	


[bookmark: _Toc211509057]Learning episode 3 – solving absolute value equations
[bookmark: _Toc211509058]Teaching and learning activity
Students learn to solve absolute value equations using both graphical and algebraic methods. They explain why such equations can have 2, one or no solutions and compare the efficiency and clarity of different approaches to solving such equations.
[bookmark: _Toc211509059]Content
Absolute value functions
· Solve absolute value equations of the form  algebraically and graphically


Table 3 – lesson sequence and details
	Lesson details
	Required resources
	Registration, adjustments and evaluation notes

	Solving absolute value equations
Duration: 1 lesson
Learning intention
· To be able to solve absolute value equations of the form .
Success criteria
· I can solve an absolute value equation graphically.
· I can solve an absolute value equation algebraically.
· I can solve an absolute value equation by considering the critical point.
· I can compare the different methods used to solve absolute value problems. 
	· Solving absolute value equations PowerPoint 
· Appendix A, printed (one per student)
· Appendix B, printed (one per group of 3)
	




[bookmark: _Toc211509060]Learning episode 4 – reflection
[bookmark: _Toc211509061]Teaching and learning activity
Students will use Amplify Classroom to explore the effects of replacing  with  and  with  in the equation of a graph. They will have an opportunity to practise sketching and writing equations of reflected graphs before applying their understanding to a piecewise defined function.
[bookmark: _Toc211509062]Content
Graph transformations
Establish using graphing applications that replacing  by  in the equation of a graph corresponds to the reflection of the graph in the -axis, and that replacing  by  corresponds to a reflection in the -axis 


Table 4 – lesson sequence and details
	Lesson details
	Required resources
	Registration, adjustments and evaluation notes

	Reflection
Duration: 1 lesson
Learning intention
To understand how to reflect a graph across the  and -axis.
Success criteria
· I can describe the effect on a graph when  is replaced with  or  is replaced with .
· I can reflect a graph along the appropriate axis.
· I can state the domain and range of a reflected equation. 
	· Reflection PowerPoint 
· At least one digital device (per pair)
· Appendix A, printed and cut out (one per pair)
· Appendix B, printed (one per pair)
	




[bookmark: _Toc211509063]Learning episode 5 – translations
[bookmark: _Toc211509064]Teaching and learning activity
Students learn about vertical and horizontal translations, connecting the transformation of the graphs to changes in their equations. 
[bookmark: _Toc211509065]Content
Graph transformations
· Establish using graphing applications that replacing  by  in the equation of a graph corresponds to a horizontal translation of a graph by , that replacing  by  corresponds to a vertical translation by , and recognise that the sign of  and  determines the direction of the translation.


Table 5 – lesson sequence and details
	Lesson details
	Required resources
	Registration, adjustments and evaluation notes

	Translations
Duration: 1 lesson
Learning intention
To understand how translations affect the position and equation of a graph. 
Success criteria
I can describe how a graph moves vertically and horizontally.
I can adjust an equation to represent a given vertical or horizontal translation. 
I can determine the horizontal and vertical translations of a graph from its equation. 
I can explain how the sign of  or  affect the direction of a translation, if is replaced with or  is replaced with 
	· Translations PowerPoint 
· At least one digital device (per pair)
· Appendix A, printed on A3 in colour (one per group of 3)
· Appendix B, printed (one per student) and an A3 copy (one per pair)
· A3 plastic sleeves (one per group)
	




[bookmark: _Toc211509066]Learning episode 6 – further circles
[bookmark: _Toc211509067]Teaching and learning activity
In this lesson, students learn how translating a circle affects its equation, graph and key features such as centre, radius, domain and range. They identify the relationship between completing the square, the equation of a circle and its graph.
[bookmark: _Toc211509068]Content
Graph transformations
· Use the principles of translations to identify the centre, radius, domain and range of graphs of circles in the form , where ,  and  are constants
· Find the centre and radius of circles of the form , where ,  and  are constants, by completing the squares
· Graph circles given their equations and find the equation of a circle from its graph


Table 6 – lesson sequence and details
	Lesson details
	Required resources
	Registration, adjustments and evaluation notes

	Further circles
Duration: 1 lesson
Learning intention
To understand how translating a circle changes its equation and graph. 
Success criteria
· I can explain how the values in the equation  represent a translation from the origin. 
· I can sketch a circle using the principles of translation and describe its domain and range. 
· I can determine the centre and radius of a circle from its equation, by completing the square.
	· Further circles PowerPoint 
· Digital device (optional)
· Appendix A, printed (one per pair)
· Appendix B, printed (one per student)
	




[bookmark: _Toc211509069]Learning episode 7 – further cubic functions
[bookmark: _Toc211509070]Teaching and learning activity
Students extend their understanding of cubic functions to include functions in the form  and apply their prior knowledge of roots to this function.
[bookmark: _Toc211509071]Content
Quadratic and cubic functions
· Recognise and graph cubic functions of the form  and , where , ,  and  are constants and 


Table 7  – lesson sequence and details
	Lesson details
	Required resources
	Registration, adjustments and evaluation notes

	Further cubic functions
Duration: 1 lesson
Learning intention
To be able to recognise and graph cubic functions of the form . 
Success criteria
I can identify the -intercepts from the factorised form of the cubic function.
I can graph a cubic function of the form 
I can write the equation of a cubic function when given the -intercepts.
I can describe and apply translations and reflections to cubic functions. 
	· At least one digital device (per pair)
· Graph paper, printed in A3 (one per group of 3)
· Appendix A, printed (one per student)
· Appendix B, printed on A3 colour (one per group of 3)
· Adhesive putty
	


[bookmark: _Toc211509072]Learning episode 8 – dilations (enlargements and reductions)
[bookmark: _Toc211509073]Teaching and learning activity
Students use graphing applications to explore function dilations through enlargements and reductions, before consolidating their understanding.
[bookmark: _Toc211509074]Content
Graph transformations
· Establish, using graphing applications, replacing  by  and replacing  by  in the equation of a graph corresponds to a dilation by a factor of , that is, an enlargement of the graph when  and a reduction of the graph when 


Table 8  – lesson sequence and details
	Lesson details
	Required resources
	Registration, adjustments and evaluation notes

	Dilations (enlargements and reductions)
Duration: 1 lesson
Learning intention
To be able to apply enlargements and reductions to functions by replacing both  by  and  by .
Success criteria
I can define the term ‘dilation’.
I can explain the effect on the graph when replacing  by  and  by  when .
I can explain the effect on the graph when replacing  by  and  by  when  . 
	· Dilations (enlargements and reductions) PowerPoint 
· At least one digital device (per pair)
· Appendix A, printed (one per student)
· Appendix B, printed (one per student)
· Appendix C, printed (one per student)
	




[bookmark: _Toc211509075]Learning episode 9 – dilations (horizontal and vertical)
[bookmark: _Toc211509076]Teaching and learning activity
Students will use graphing applications to investigate how applying dilations in either the horizontal or vertical direction modifies the curve before applying different dilation factors to equations.
[bookmark: _Toc211509077]Content
Graph transformations
· Describe a horizontal dilation as a stretch from the -axis and a vertical dilation as a stretch from the -axis
· Establish using graphing applications that replacing  by  in the equation of a graph corresponds to a horizontal dilation of a graph by a factor of , that replacing  by  corresponds to a vertical dilation by a factor of , and determine the effects on the graph when the magnitude of the dilation factor lies between 0 and 1


Table 9 – lesson sequence and details
	Lesson details
	Required resources
	Registration, adjustments and evaluation notes

	Dilations (horizontal and vertical)
Duration: 1 lesson
Learning intentions
To understand the notation of dilations.
To be able to sketch dilated curves.
Success criteria
I can use function notation to describe vertical and horizontal dilations of a graph.
I can explain and identify whether a dilation factor causes a stretch or a compression, depending on whether it's greater or less than 1.
I can sketch the key features of a function that has been horizontally dilated by a factor of .
I can sketch the key features of the graph  that has been vertically dilated by a factor of .
I can apply and sketch different vertical and horizontal dilations to the same function.
	Dilations (horizontal and vertical) PowerPoint 
At least one digital device (per pair)
Appendix A, printed (one per student) and an A3 copy, printed (per group of 3 students)
Graph paper, printed A3 (one per group)
A3 plastic sleeves (one per group)
Adhesive putty
	




[bookmark: _Toc211509078]Learning episode 10 – applying graphing transformations
[bookmark: _Toc211509079]Teaching and learning activity
In this lesson, students will examine the effects of multiple transformations on a function. They will use Amplify Classroom to identify when the order of transformations is important before practising sketching transformed functions and identifying the key features in their graphs.
[bookmark: _Toc211509080]Content
Graph transformations
· Apply reflections, translations and dilations to functions within the scope of the Mathematics Advanced course, excluding trigonometric functions, determine the function rule and the graph of the transformed function, the domain and range of the transformed graph, any intercepts, asymptotes and discontinuities where appropriate, and describe which transformations have been applied
· Recognise that the order in which individual transformations are applied to functions is important


Table 10 – lesson sequence and details
	Lesson details
	Required resources
	Registration, adjustments and evaluation notes

	Applying graphing transformations
Duration: 1–2 lessons
Learning intention
· To be able to recognise and apply transformations to functions.
Success criteria
· I can apply multiple transformations to graphs of functions.
· I can describe the key features of the transformed graph.
· I can identify the order and type of transformation applied to the equation of a graph.
	· Applying graphing transformations PowerPoint 
· At least one digital device (per pair)
· Appendix A, printed and cut out (one per group of 3)
· Appendix B, printed (one per group of 3)
· Graph paper, printed A3
· A3 plastic sleeve
· Adhesive putty
	




[bookmark: _Toc211509081]Learning episode 11 – direct variation
[bookmark: _Toc211509082]Teaching and learning activity
Students learn to recognise, model and analyse direct variation relationships of the form . They analyse how the constant  and the exponent  affect the relationship between 2 variables.
[bookmark: _Toc211509083]Content
Direct and inverse variation
· Develop models of the form , where  is a non-zero constant, from descriptions of situations in which one quantity varies directly with another
· Evaluate  in the equations  and , given one pair of values for the variables, and use the resulting formula to find other values of the variables
· Analyse and solve problems involving direct and inverse variation


Table 11  – lesson sequence and details
	Lesson details
	Required resources
	Registration, adjustments and evaluation notes

	Direct variation
Duration: 1 lesson
Learning intention
To understand how direct variation models of the form  represent proportional relationships.
Success criteria
I can identify direct variation models.
I can calculate the constant of variation  from given values of  and .
I can interpret and analyse graphs of direct variation to make connections between algebraic and graphical representations.
I can explain how  changes for different powers .
	· Direct variation PowerPoint 
· Appendix A, printed (one per pair)
· Appendix B, printed (one per student)
	


[bookmark: _Toc211509084]Learning episode 12 – inverse variation
[bookmark: _Toc211509085]Teaching and learning activity
Students develop understanding of inverse variation relationships by modelling contexts with equations in the form  and then . They use graphs to analyse how changes in  and  affect the shape and features of reciprocal functions and relate this to the context of the model.
[bookmark: _Toc211509086]Content
Direct and inverse variation
· Develop the model , where  is a non-zero constant, from descriptions of situations in which one quantity varies inversely with another
· Evaluate  in the equations  and , given one pair of values for the variables, and use the resulting formula to find other values of the variables
· Analyse and solve problems involving direct and inverse variation


Table 12 – lesson sequence and details
	Lesson details
	Required resources
	Registration, adjustments and evaluation notes

	Inverse variation
Duration: 1 lesson
Learning intention
To be able to solve problems when one quantity varies inversely with another.
Success criteria
I can develop an inverse variation model.
I can recognise the differences between direct and inverse variation.
I can connect the equation of an inverse variation relationship to its graph.
I can find an unknown  when given values for the dependent and independent variables in an inverse variation relationship.
I can solve problems involving inverse variation.
	· Inverse variation PowerPoint 
· Plastic syringe (per pair)
· Mini marshmallow (per pair)
· Appendix A (one per student)
· Appendix B, printed A3 (one per group)
· Appendix C, printed (one per group of 3)
· Graph paper, printed A3
· A3 plastic sleeves
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