
Mathematics Stage 4 (Year 8) – unit of learning
Exploring circles
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[bookmark: _Toc112681287][bookmark: _Toc187679464]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 2024b). 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: _Toc187679465]Overview
Description: this program of learning addresses content from the focus areas of Length and Area with a focus on circles. The lessons and sequences in this program of learning are designed to allow students to explore the terminology associated with circles, developing and using formulas for circumference and arc length, area of circles, sectors and composite figures, and applications to real life examples.
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 4 Unit 15 – exploring circles catalogue page.
[bookmark: _Toc112681290]

[bookmark: _Toc187679466]Outcomes
[bookmark: _Toc187679467]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
represents and operates with fractions, decimals and percentages to solve problems MA4-FRC-C-01
solves linear equations of up to 2 steps and quadratic equations of the form   MA4-EQU-C-01
applies knowledge of the perimeter of plane shapes and the circumference of circles to solve problems MA4-LEN-C-01
applies knowledge of area and composite area involving triangles, quadrilaterals and circles to solve problems MA4-ARE-C-01
The identified Life Skills outcomes that relate to this unit are MALS-PAT-01 – recognises and applies patterns in everyday contexts, MALS-LEN-01 – measures and uses length in everyday contexts and MALS-ARE-01 – measures and uses area 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: _Toc187679468]Lesson sequence and details
[bookmark: _Toc187679469]Learning episode 1 – diameter and circumference
[bookmark: _Toc187679470]Teaching and learning activity
Students create number patterns to explore the relationship between the length of the line of symmetry of a shape and its perimeter, leading to the development of an equation to find the circumference of a circle.
[bookmark: _Toc187679471]Syllabus content
· Identify and describe the relationship between circle features, including the radius, diameter, arc, chord, sector and segment of a circle, and a tangent to a circle
· Recognise that a linear relationship can be represented by a number pattern, an equation (or a rule using algebraic symbols), a table of values, a set of pairs of coordinates and a line graphed on a Cartesian plane and move flexibly between these representations

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

	Diameter and circumference 
Duration: 1 lesson
Learning intention
To understand the relationship between the diameter and circumference of a circle.
Success criteria
I can complete a table of values.
I can create an equation to represent the relationship between the length of the line of symmetry and perimeter of regular shapes.
I can define the terms ‘circumference’ and ‘diameter’.
I can estimate an equation to represent the relationship between diameter and circumference.
	· Digital device (one per pair)
· Appendix A and B, printed (one per group of 3)
· Ruler (one per group of 3)
· Optional: string (per group of 3)
	


[bookmark: _Toc112681291]

[bookmark: _Toc187679472]Learning episode 2 – irrational numbers
[bookmark: _Toc187679473]Teaching and learning activity
Students explore and discover irrational numbers such as  and .
[bookmark: _Toc187679474]Syllabus content
· Identify and define irrational numbers as numbers that cannot be written in the form  where  and  are integers and 
· Find approximations of irrational numbers using digital tools
· Locate the approximate position of irrational numbers on a number line
· Define  as the ratio of the circumference to the diameter of any circle

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

	Irrational numbers 
Duration: 1 lesson
Learning intention
To know what irrational numbers are.
Success criteria
I can define an irrational number.
I can approximate the size of an irrational number.
I can approximate where irrational numbers are on a number line.
	· Irrational numbers PowerPoint
· Appendices A and B, printed (one per pair)
· Class set of Appendix C, printed
· A4 plastic pocket (one per pair)
· Class set of calculators
	




[bookmark: _Toc187679475]Learning episode 3 – applying circumference formula
[bookmark: _Toc187679476]Teaching and learning activity
Students use bicycle mechanics to explore the relationship between circumference, diameter and radius, and apply the circumference formula.
[bookmark: _Toc187679477]Syllabus content
· Identify and describe the relationship between circle features, including the radius, diameter, arc, chord, sector and segment of a circle, and a tangent to a circle
· Verify that the number  is a constant and develop the formula for the circumference of a circle 
· Apply the formula for the circumference of a circle in terms of the diameter  or radius () to solve related problems 
· Solve problems involving linear equations, including those arising from substituting given values into formulas


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

	Applying circumference formula 
Duration: 1–2 lessons
Learning intention
To understand the formulas for calculating circumference.
Success criteria
I can define the terms ‘radius’ and ‘tangent’.
I can explain what  and  represent in the circumference formulas.
I can calculate circumference when given the diameter or radius of a circle.
	· Applying circumference formula PowerPoint
· Class set of Appendix A, printed
· Appendix B, printed (one per group of 3 students)
· Mini whiteboards and markers (per pair)
	




[bookmark: _Toc187679478]Learning episode 4 – arc length
[bookmark: _Toc187679479]Teaching and learning activity
Students explore arc lengths as a proportion of circumference to establish the arc length formula.
[bookmark: _Toc187679480]Syllabus content
· Establish the arc length formula where  is the arc length and θ is the angle subtended at the centre by the arc
· Solve problems by finding arc lengths and the perimeter of sectors, giving an exact answer in terms of  or an approximate answer
· Identify and describe the relationship between circle features, including the radius, diameter, arc, chord, sector and segment of a circle, and a tangent to a circle
· Solve problems involving linear equations, including those arising from substituting given values into formulas
· 

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

	Arc length 
Duration: 1 lesson
Learning intentions
To understand the connection between arc length and circumference.
To be able to solve problems involving arc length.
Success criteria
· I can explain what an arc is.
· I can explain where the formula for arc length comes from.
· I can calculate the arc length of a circle.
	· Arc length PowerPoint
· Digital device (one per pair) or Appendix A (one per pair with plastic sleeve and marker)
· Class set of Appendix B, printed
· Appendix C and D, printed A3 (one per group of 3 with plastic sleeve and adhesive putty)
	


[bookmark: _Toc187679481]
Learning episode 5 – perimeter of composite shapes
[bookmark: _Toc187679482]Teaching and learning activity
Students investigate the distance around different running track lanes before calculating which sporting field requires the most line markings.
[bookmark: _Toc187679483]Syllabus content
· Find the perimeter of quadrants, semicircles and simple composite figures consisting of 2 shapes in a variety of contexts, including using digital tools
· Solve problems involving linear equations, including those arising from substituting given values into formulas


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

	Perimeter of composite shapes 
Duration: 1 lesson
Learning intention
· To know how to calculate the perimeter of composite shapes involving circles.
Success criteria
· I can break up composite shapes into smaller, simpler shapes.
· I can calculate the arc length of a circle.
· I can calculate the perimeter of composite shapes.
	· Perimeter of composite shapes PowerPoint 
· Appendix A, printed (one per group of 3)
· Class set of Appendix B, printed
· Appendix C, printed (one of the 7 fields per group of 3)
	




[bookmark: _Toc187679484]Learning episode 6 – area of a circle
[bookmark: _Toc187679485]Teaching and learning activity
Students explore the relationship between the area of a circle and its radius. Students look at deals for different-sized pizzas and other real-life contexts.
[bookmark: _Toc187679486]Syllabus content
· Develop and apply the formula to find the area of a circle: , where  is the length of the radius
· Solve problems involving quadratic equations of the form , giving answers in exact form and as decimal approximations
· Solve quadratic equations arising from substitution into a formula


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

	Area of a circle 
Duration: 1 lesson
Learning intention
· To understand how to find the area of a circle.
Success criteria
· I can explain how the area of a circle formula is derived.
· I can calculate the area of a circle using the radius.
· I can calculate the area of a circle given the diameter.
· I can calculate the radius given the area of a circle.
	· Area of a circle PowerPoint
· Pair of compasses (per student)
· Appendices A and C, printed (one per pair)
· Class set of Appendix B, printed
· A4 square centimetre graph paper (one per pair)
· Scissors (one per pair)
· Mini whiteboard and marker (one per pair)
	




[bookmark: _Toc187679487]Learning episode 7 – area of a sector
[bookmark: _Toc187679488]Teaching and learning activity
Students look at fractional parts of a circle to develop the formula for area of a sector.
[bookmark: _Toc187679489]Syllabus content
· Explain how the area of a sector can be developed from the area of a circle 
· Find the area of quadrants, semicircles and sectors, and apply these formulas in the context of real-life problems
· Identify and describe the relationship between circle features, including the radius, diameter, arc, chord, sector and segment of a circle, and a tangent to a circle
· Solve problems involving quadratic equations of the form , giving answers in exact form and as decimal approximations
· Solve quadratic equations arising from substitution into a formula


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

	Area of a sector 
Duration: 1–2 lessons
Learning intention
· To understand how to calculate the area of a sector.
Success criteria
· I can recognise and define a sector.
· I can use the angle in the sector to find the fraction of the circle.
· I can calculate the area of a sector using the fraction of the circle and the area of the circle.
	· Area of a sector PowerPoint
· Appendix A, printed (one per student) or blank A4 paper and a pair of compasses
· Mini whiteboard and marker (one per pair)
· Class set of Appendix B, printed
· Appendix C, A3 printed (one per group of 3)
· Appendix D, printed (one per pair)
	




[bookmark: _Toc187679490]Learning episode 8 – area of composite shapes
[bookmark: _Toc187679491]Teaching and learning activity
Students consider real-life scenarios where they need to calculate the area of composite shapes that include circles.
[bookmark: _Toc187679492]Syllabus content
· Calculate the areas of composite shapes involving quadrants, semicircles and sectors to solve problems
· Find the area of quadrants, semicircles and sectors, and apply these formulas in the context of real-life problems
· Identify and describe the relationship between circle features, including the radius, diameter, arc, chord, sector and segment of a circle, and a tangent to a circle
· Solve problems involving quadratic equations of the form , giving answers in exact form and as decimal approximations
· Solve quadratic equations arising from substitution into a formula
· Solve problems involving linear equations, including those arising from substituting given values into formulas
· 

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

	Area of composite shapes 
Duration: 1–2 lessons
Learning intention
· To be able to calculate the area of composite shapes.
Success criteria
· I can recognise basic shapes within a composite shape, including circles and sectors.
· I can substitute into area formulas of different shapes.
· I can add or subtract areas to find the area of a composite shape.
· I can explain how to calculate the area of a composite shape.
	· Area of composite shapes PowerPoint
· Class set of Appendix A and C, printed
· Appendix B, printed (one per group of 3)
· Mini whiteboards and markers (per pair)
	


[bookmark: _Toc187679493]
Learning episode 9 – solving problems with circles
[bookmark: _Toc187679494]Teaching and learning activity
Students use different techniques to solve problems related to the circumference and area of a circle and the arc length and area of a sector.
[bookmark: _Toc187679495]Syllabus content
· Find the perimeter of quadrants, semicircles and simple composite figures consisting of 2 shapes in a variety of contexts, including using digital tools
· Calculate the areas of composite shapes involving quadrants, semicircles and sectors to solve problems

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

	Solving problems with circles
Duration: 1–2 lessons
Learning intention
· To be able to use reasoning to justify statements about circles.
Success criteria
· I can calculate and compare the area and circumference of a circle.
· I can represent relationships visually on a graph.
· I can select an appropriate problem-solving strategy.
	· Solving problems with circles PowerPoint
· Class set of Appendix A, printed
· Appendix B, printed and cut into cards (per group of 3)
· Class set of A4 square centimetre graph paper
· Adhesive putty
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