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[bookmark: h.5d7r67a4do1q][bookmark: _THE_BOSTES_SYLLABUS][bookmark: _INTRODUCTION][bookmark: _Toc466222441]Introduction
[bookmark: h.dt3daoapfk42]Stage 6 Curriculum
NSW Education Standards Authority (NESA) Stage 6 syllabuses have been developed to provide students with opportunities to further develop skills which will assist in the next stage of their lives.

The purpose of Stage 6 syllabuses is to:
· develop a solid foundation of literacy and numeracy
· provide a curriculum structure which encourages students to complete secondary education at their highest possible level
· foster the intellectual, creative, ethical and social development of students, in particular relating to:
· application of knowledge, understanding, skills, values and attitudes in the fields of study they choose
· capacity to manage their own learning and to become flexible, independent thinkers, problem-solvers and decision-makers
· capacity to work collaboratively with others
· respect for the cultural diversity of Australian society
· desire to continue learning in formal or informal settings after school
· provide a flexible structure within which students can meet the challenges of and prepare for:
· further academic study, vocational training and employment
· changing workplaces, including an increasingly STEM-focused (Science, Technology, Engineering and Mathematics) workforce
· full and active participation as global citizens
· provide formal assessment and certification of students’ achievements
· promote the development of students’ values, identity and self-respect.

The Stage 6 syllabuses reflect the principles of the NESA K–10 Curriculum Framework and Statement of Equity Principles, the reforms of the NSW Government Stronger HSC Standards (2016), and nationally agreed educational goals. These syllabuses build on the continuum of learning developed in the K–10 syllabuses.

The syllabuses provide a set of broad learning outcomes that summarise the knowledge, understanding, skills, values and attitudes important for students to succeed in and beyond their schooling. In particular, the attainment of skills in literacy and numeracy needed for further study, employment and active participation in society are provided in the syllabuses in alignment with the Australian Core Skills Framework.

The Stage 6 syllabuses include the content of the Australian Curriculum and additional descriptions that clarify the scope and depth of learning in each subject.

NESA syllabuses support a standards-referenced approach to assessment by detailing the important knowledge, understanding, skills, values and attitudes students will develop and outlining clear standards of what students are expected to know and be able to do. The syllabuses take into account the diverse needs of all students and provide structures and processes by which teachers can provide continuity of study for all students.


[bookmark: h.c09j1g6yfwfd][bookmark: h.gehfdd4pjdua]Diversity of Learners
NSW Stage 6 syllabuses are inclusive of the learning needs of all students. Syllabuses accommodate teaching approaches that support student diversity including students with special education needs, gifted and talented students, and students learning English as an additional language or dialect (EAL/D). Students may have more than one learning need.
[bookmark: h.srbtbwrq3yxz]Students with Special Education Needs
All students are entitled to participate in and progress through the curriculum. Schools are required to provide additional support or adjustments to teaching, learning and assessment activities for some students with special education needs. Adjustments are measures or actions taken in relation to teaching, learning and assessment that enable a student with special education needs to access syllabus outcomes and content, and demonstrate achievement of outcomes.

Students with special education needs can access the outcomes and content from Stage 6 syllabuses in a range of ways. Students may engage with:
· Stage 6 syllabus outcomes and content with adjustments to teaching, learning and/or assessment activities; or
· selected Stage 6 Life Skills outcomes and content from one or more Stage 6 Life Skills syllabuses.

Decisions regarding curriculum options, including adjustments, should be made in the context of collaborative curriculum planning with the student, parent/carer and other significant individuals to ensure that decisions are appropriate for the learning needs and priorities of individual students.

Further information can be found in support materials for:
· Mathematics Extension 1
· Special education needs
· Life Skills.
Gifted and Talented Students
Gifted students have specific learning needs that may require adjustments to the pace, level and content of the curriculum. Differentiated educational opportunities assist in meeting the needs of gifted students.

Generally, gifted students demonstrate the following characteristics:
· the capacity to learn at faster rates
· the capacity to find and solve problems
· the capacity to make connections and manipulate abstract ideas.

There are different kinds and levels of giftedness. Gifted and talented students may also possess learning difficulties and/or disabilities that should be addressed when planning appropriate teaching, learning and assessment activities.


Curriculum strategies for gifted and talented students may include:
· differentiation: modifying the pace, level and content of teaching, learning and assessment activities
· acceleration: promoting a student to a level of study beyond their age group
· curriculum compacting: assessing a student’s current level of learning and addressing aspects of the curriculum that have not yet been mastered.

School decisions about appropriate strategies are generally collaborative and involve teachers, parents and students, with reference to documents and advice available from NESA and the education sectors.

Gifted and talented students may also benefit from individual planning to determine the curriculum options, as well as teaching, learning and assessment strategies, most suited to their needs and abilities.
[bookmark: h.1xklyiydj00m]Students Learning English as an Additional Language or Dialect (EAL/D)
Many students in Australian schools are learning English as an additional language or dialect (EAL/D). EAL/D students are those whose first language is a language or dialect other than Standard Australian English and who require additional support to assist them to develop English language proficiency.

EAL/D students come from diverse backgrounds and may include:
· overseas and Australian-born students whose first language is a language other than English, including creoles and related varieties
· Aboriginal and Torres Strait Islander students whose first language is Aboriginal English, including Kriol and related varieties.

EAL/D students enter Australian schools at different ages and stages of schooling and at different stages of English language learning. They have diverse talents and capabilities and a range of prior learning experiences and levels of literacy in their first language and in English. EAL/D students represent a significant and growing percentage of learners in NSW schools. For some, school is the only place they use Standard Australian English.

EAL/D students are simultaneously learning a new language and the knowledge, understanding and skills of the Mathematics Extension 1 Stage 6 Syllabus through that new language. They may require additional support, along with informed teaching that explicitly addresses their language needs.

The ESL scales and the English as an Additional Language or Dialect: Teacher Resource provide information about the English language development phases of EAL/D students. These materials and other resources can be used to support the specific needs of English language learners and to assist students to access syllabus outcomes and content.


[bookmark: h.9ex363rkapql][bookmark: _MATHEMATICS_EXTENSION_1][bookmark: _Toc466222442]Mathematics Extension 1 Key
The following codes and icons are used in the Mathematics Extension 1 Stage 6 Syllabus.
[bookmark: h.amwno06o060f]Outcome Coding
Syllabus outcomes have been coded in a consistent way. The code identifies the subject, Year and outcome number. For example:

[image: Q:\National Projects\Australian Curriculum\Senior Years Project\Final Syllabuses\Diagrams for final syllabuses\Diagrams  - Mathematics\16_11_29 Mathematics Extension 1 outcome code key.png]

	Outcome code
	Interpretation

	ME11-1
	Mathematics Extension, Year 11 – Outcome number 1

	ME12-4
	Mathematics Extension 1, Year 12 – Outcome number 4


[bookmark: h.8qpm7p8n14hd]Coding of Australian Curriculum Content
Australian Curriculum content descriptions included in the syllabus are identified by an Australian Curriculum code which appears in brackets at the end of each content description, for example:

Define and use the inverse trigonometric functions (ACMSM119)

[image: C:\Users\mackaway\Desktop\Mathematics Stage 6 diagrams for DSS\Mathematics Stage 6 diagrams for DSS\17_11_10 Mathematics Extension 1 AC code key.png]

Where a number of content descriptions are jointly represented, all description codes are included, eg (ACMMM001, ACMGM002, ACMSM003).


[bookmark: h.k2c2phvuyq7z]Coding of Applications and Modelling
The syllabus provides many opportunities for students to apply and further develop the knowledge, skills and understanding initially described in the Topics.

In considering various applications of mathematics, students will be required to construct and use mathematical models. Mathematical modelling gives structure to what we perceive and how we perceive it. In following a modelling process, students view a problem through their past experience, prior knowledge and areas of confidence. As a model emerges, it extends their thinking in new ways as well as enhancing what they have observed.

Modelling opportunities will involve a wide variety of approaches such as generating equations or formulae that describe the behaviour of an object, or alternatively displaying, analysing and interpreting data values from a real-life situation.

In the process of modelling, teachers should provide students with opportunities to make choices, state and question assumptions and make generalisations. Teachers can draw upon problems from a wide variety of sources to reinforce the skills developed, enhance students’ appreciation of mathematics and where appropriate, expand their use of technology.

Explicit application and modelling opportunities are identified within the syllabus by the code AAM.

For example: apply knowledge of graphical relationships to solve problems in practical and abstract contexts AAM [image: ] [image: ]


[bookmark: h.5kiae54lsa0]Learning Across the Curriculum Icons
Learning across the curriculum content, including cross-curriculum priorities, general capabilities and other areas identified as important learning for all students, is incorporated and identified by icons in the syllabus.

Cross-curriculum priorities
[image: ] 	Aboriginal and Torres Strait Islander histories and cultures
[image: ] 	Asia and Australia’s engagement with Asia
[image: Title: Sustainability icon] 	Sustainability

General capabilities
[image: ] 	Critical and creative thinking
[image: ] 	Ethical understanding
[image: ] 	Information and communication technology capability
[image: ] 	Intercultural understanding
[image: ] 	Literacy
[image: ] 	Numeracy
[image: ] 	Personal and social capability

Other learning across the curriculum areas
[image: ] 	Civics and citizenship
[image: ] 	Difference and diversity
[image: ] 	Work and enterprise


[bookmark: h.oi96g3d97uut][bookmark: _RATIONALE][bookmark: _Toc466222443]Rationale
Mathematics is the study of order, relation, pattern, uncertainty and generality and is underpinned by observation, logical reasoning and deduction. From its origin in counting and measuring, its development throughout history has been catalysed by its utility in explaining real-world phenomena and its inherent beauty. It has evolved in highly sophisticated ways to become the language now used to describe many aspects of the modern world.
Mathematics is an interconnected subject that involves understanding and reasoning about concepts and the relationships between those concepts. It provides a framework for thinking and a means of communication that is powerful, logical, concise and precise.
The Mathematics Stage 6 syllabuses are designed to offer opportunities for students to think mathematically. Mathematical thinking is supported by an atmosphere of questioning, communicating, reasoning and reflecting and is engendered by opportunities to generalise, challenge, find connections and think critically and creatively.

All Mathematics Stage 6 syllabuses provide opportunities for students to develop 21st-century knowledge, skills, understanding, values and attitudes. As part of this, in all courses students are encouraged to learn with the use of appropriate technology and make appropriate choices when selecting technologies as a support for mathematical activity.
The Mathematics Stage 6 courses, in particular Mathematics Advanced, Mathematics Extension 1 and Mathematics Extension 2, form a continuum to provide opportunities at progressively higher levels for students to acquire knowledge, skills and understanding  in relation to concepts within the area of mathematics that have applications in an increasing number of contexts. These concepts and applications are appropriate to the students’ continued experience of mathematics as a coherent, interrelated, interesting and intrinsically valuable study that forms the basis for future learning. The introductory concepts and techniques of differential and integral calculus form a strong basis of the courses, and are developed and used across the courses, through a range of applications.
Mathematics Extension 1 is focused on enabling students to develop a thorough understanding of and competence in further aspects of mathematics. The course provides opportunities to develop rigorous mathematical arguments and proofs, and to use mathematical models more extensively. Students of Mathematics Extension 1 will be able to develop an appreciation of the interconnected nature of mathematics, its beauty and its functionality.
Mathematics Extension 1 provides a basis for progression to further study in mathematics or related disciplines in which mathematics has a vital role at a tertiary level. An understanding and exploration of Mathematics Extension 1 is also advantageous for further studies in such areas as science, engineering, finance and economics.

[bookmark: h.obd2bxwet3qv][bookmark: _THE_PLACE_OF][bookmark: _Toc466222444]Mathematics in Stage 6
There are six Board-developed Mathematics courses of study for the Higher School Certificate: Mathematics Standard 1, Mathematics Standard 2, Mathematics Advanced, Mathematics 
Extension 1, Mathematics Extension 2 and Mathematics Life Skills.

Students of the Mathematics Standard 1 and Mathematics Standard 2 courses study a common 
Year 11 course, Mathematics Standard Year 11, leading to the Mathematics Standard 1 Year 12 and Mathematics Standard 2 Year 12 courses. Schools have flexibility in providing alternate approaches to Mathematics Standard in Year 11 to address material essential for Mathematics Standard 1 in 
Year 12. This material is denoted by the symbol . Students who follow the  pathway in Year 11 Mathematics Standard will only be eligible for the Mathematics Standard 1 course in Year 12.

Mathematics Advanced consists of the courses Mathematics Advanced Year 11 and Mathematics Advanced Year 12. Students studying one or both Extension courses must study both Mathematics Advanced Year 11 and Mathematics Extension Year 11 courses before undertaking the study of Mathematics Extension 1 Year 12, or both Mathematics Extension 1 Year 12 and Mathematics Extension 2 Year 12. An alternative approach is for students to study both Mathematics Advanced Year 11 and Mathematics Advanced Year 12 before undertaking the study of Mathematics Extension Year 11 and Mathematics Extension 1 Year 12, or both Mathematics Extension 1 Year 12 and Mathematics Extension 2 Year 12.

The Year 11 and Year 12 course components undertaken by students who study Mathematics Standard 1, Mathematics Standard 2, Mathematics Advanced, Mathematics Extension 1 or Mathematics Extension 2 are illustrated below.


Mathematics Standard 1 – Year 11 and Year 12 course components
[image: Q:\National Projects\Australian Curriculum\Senior Years Project\Final Syllabuses\Diagrams for final syllabuses\Diagrams  - Mathematics\01 mathematics-standard-1.png]
Mathematics Standard 1 or 2 – Year 11 and Year 12 course components
[image: Q:\National Projects\Australian Curriculum\Senior Years Project\Final Syllabuses\Diagrams for final syllabuses\Diagrams  - Mathematics\02 mathematics-standard-1or2.png]
Mathematics Advanced – Year 11 and Year 12 course components
[image: Q:\National Projects\Australian Curriculum\Senior Years Project\Final Syllabuses\Diagrams for final syllabuses\Diagrams  - Mathematics\03 mathematics-advanced.png]
Mathematics Extension 1 – Co-requisites + Year 11 and Year 12 course components
[image: Q:\National Projects\Australian Curriculum\Senior Years Project\Final Syllabuses\Diagrams for final syllabuses\Diagrams  - Mathematics\04 mathematics-extension1.png]
Mathematics Extension 2 – Co-requisites (Year 11 and Year 12 courses) + Year 12 course components
[image: Q:\National Projects\Australian Curriculum\Senior Years Project\Final Syllabuses\Diagrams for final syllabuses\Diagrams  - Mathematics\05 mathematics-extension2.png]

[bookmark: _Toc466222445]The Place of the Mathematics Extension 1 Stage 6 Syllabus in the K–12 Curriculum

[image: Q:\National Projects\Australian Curriculum\Senior Years Project\Final Syllabuses\Diagrams for final syllabuses\Diagrams  - Mathematics\17_03_24 Maths K-12.png]


[bookmark: h.bnmorqpxhkm5][bookmark: _AIM][bookmark: _Toc466222446]Building on Mathematics Learning in Stage 5
The outcomes and content in the Mathematics Extension 1 Stage 6 course are written with the assumption that students studying this course will have engaged with all substrands of Stage 5.1, Stage 5.2 and Stage 5.3, including the optional substrands of Polynomials, Logarithms, Functions and Other Graphs and Circle Geometry. Content in the NSW Mathematics K–10 Syllabus up 
to and including this level is also implicit in this syllabus. In a number of cases where content from Stage 5 is included it is in the context of review for clarity and completeness. Schools have the opportunity to review other areas of Stage 5 content as appropriate to meet the needs of students.


[bookmark: _Toc466222447]Aim
The study of Mathematics Extension 1 in Stage 6 enables students to extend their knowledge and understanding of what it means to work mathematically, develop their skills to reason logically, generalise and make connections, and enhance their understanding of how to communicate in a concise and systematic manner.


[bookmark: h.4qbl72j54t4h][bookmark: _OBJECTIVES][bookmark: _Toc466222448]Objectives
[bookmark: h.nln7zb9hf1pw]Knowledge, Skills and Understanding
Students:
· develop efficient strategies to solve problems using pattern recognition, generalisation, proof and modelling techniques
· develop the ability to use concepts and skills and apply complex techniques to the solution of problems and modelling in the areas of trigonometry, functions, calculus, proof, vectors and statistical analysis
· use technology effectively and apply critical thinking to recognise appropriate times for such use
· develop the ability to interpret, justify and communicate mathematics in a variety of forms.
[bookmark: h.chyfldasgkkd]Values and Attitudes
Students will value and appreciate:
· mathematics as an essential and relevant part of life, recognising that its development and use has been largely in response to human needs by societies all around the globe
· the importance of resilience and self-motivation in undertaking mathematical challenges and the importance of taking responsibility for their own learning and evaluation of their mathematical development.


[bookmark: h.2cyuj8qw99mg][bookmark: _OUTCOMES][bookmark: _Toc466222449]Outcomes
[bookmark: h.7azmi9sakyba]Table of Objectives and Outcomes – Continuum of Learning
All aspects of Working Mathematically, as described in this syllabus, are integral to the outcomes of the Mathematics Extension 1 Stage 6 course, in particular outcomes ME11-6, ME11-7, ME12-6 and ME12-7.

	Objective
Students:
· develop efficient strategies to solve problems using pattern recognition, generalisation, proof and modelling techniques

	Year 11 Mathematics Extension 1 outcomes
A student:
	Year 12 Mathematics Extension 1 outcomes
A student:

	ME11-1
uses algebraic and graphical concepts in the modelling and solving of problems involving functions and their inverses
	ME12-1
applies techniques involving proof or calculus to model and solve problems




	Objective
Students:
· develop the ability to use concepts and skills and apply complex techniques to the solution of problems and modelling in the areas of trigonometry, functions, calculus, proof, vectors and statistical analysis

	Year 11 Mathematics Extension 1 outcomes
A student:
	Year 12 Mathematics Extension 1 outcomes
A student:

	ME11-2
manipulates algebraic expressions and graphical functions to solve problems
	ME12-2
applies concepts and techniques involving vectors and projectiles to solve problems

	ME11-3
applies concepts and techniques of inverse trigonometric functions and simplifying expressions involving compound angles in the solution of problems
	ME12-3
applies advanced concepts and techniques in simplifying expressions involving compound angles and solving trigonometric equations

	ME11-4
applies understanding of the concept of a derivative in the solution of problems, including rates of change, exponential growth and decay and related rates of change
	ME12-4
uses calculus in the solution of applied problems, including differential equations and volumes of solids of revolution 

	ME11-5
uses concepts of permutations and combinations to solve problems involving counting or ordering
	ME12-5
applies appropriate statistical processes to present, analyse and interpret data



	Objective
Students:
· use technology effectively and apply critical thinking to recognise appropriate times for such use

	Year 11 Mathematics Extension 1 outcomes
A student:
	Year 12 Mathematics Extension 1 outcomes
A student:

	ME11-6
uses appropriate technology to investigate, organise and interpret information to solve problems in a range of contexts
	ME12-6
chooses and uses appropriate technology to solve problems in a range of contexts




	Objective
Students:
· develop the ability to interpret, justify and communicate mathematics in a variety of forms

	Year 11 Mathematics Extension 1 outcomes
A student:
	Year 12 Mathematics Extension 1 outcomes
A student:

	ME11-7
communicates making comprehensive use of mathematical language, notation, diagrams and graphs
	ME12-7
evaluates and justifies conclusions, communicating a position clearly in appropriate mathematical forms




[bookmark: h.10138ai1q1nm][bookmark: _COURSE_STRUCTURE_AND][bookmark: _Toc466222450]Year 11 Course Structure and Requirements
The course is organised in topics, with the topics divided into subtopics.

	Year 11 course
(60 hours)
	Mathematics Extension

	
	Topics
	Subtopics

	
	Functions
	ME-F1 Further Work with Functions
ME-F2 Polynomials

	
	Trigonometric Functions
	ME-T1 Inverse Trigonometric Functions
ME-T2 Further Trigonometric Identities

	
	Calculus
	ME-C1 Rates of Change

	
	Combinatorics
	ME-A1 Working with Combinatorics



For the Year 11 course:
· The Mathematics Advanced Year 11 course should be taught prior to or concurrently with this course.
· Students should experience content in the course in familiar and routine situations as well as unfamiliar situations.
· Students should be provided with regular opportunities involving the integration of technology to enrich the learning experience.


[bookmark: _Toc466222451]Year 12 Course Structure and Requirements
The course is organised in topics, with the topics divided into subtopics.

	Year 12 course
(60 hours)
	Mathematics Extension 1

	
	Topics
	Subtopics

	
	Proof
	ME-P1 Proof by Mathematical Induction

	
	Vectors
	ME-V1 Introduction to Vectors

	
	Trigonometric Functions
	ME-T3 Trigonometric Equations

	
	Calculus
	ME-C2 Further Calculus Skills
ME-C3 Applications of Calculus

	
	Statistical Analysis
	ME-S1 The Binomial Distribution



For the Year 12 course:
· The Mathematics Advanced Year 12 course should be taught prior to or concurrently with this course.
· The Mathematics Advanced Year 11 course is a prerequisite.
· Students should experience content in the course in familiar and routine situations as well as unfamiliar situations.
· Students should be provided with regular opportunities involving the integration of technology.

[bookmark: h.osxtfhse7ekn][bookmark: _ASSESSMENT][bookmark: _Toc466222452]Assessment and Reporting
Information about assessment in relation to the Mathematics Extension 1 syllabus is contained in Assessment and Reporting in Mathematics Extension 1 Stage 6. It outlines course-specific advice and requirements regarding:
· Year 11 and Year 12 school-based assessment requirements
· Year 11 and Year 12 mandatory components and weightings
· External assessment requirements including HSC examination specifications.

This information should be read in conjunction with requirements on the Assessment Certification Examination (ACE) website.

Additional advice is available in the Principles of Assessment for Stage 6.


[bookmark: h.u98nfl2gqg0t][bookmark: _CONTENT][bookmark: _Toc466222453]Content
Content defines what students are expected to know and do as they work towards syllabus outcomes. It provides the foundations for students to successfully progress to the next stage of schooling or post-school opportunities.
Teachers will make decisions about content regarding the sequence, emphasis and any adjustments required based on the needs, interests, abilities and prior learning of students.
Content in Stage 6 syllabuses defines learning expectations that may be assessed in Higher School Certificate examinations.
Organisation of Content
The following diagram provides an illustrative representation of elements of the course and their relationship. The Mathematics Extension 1 course includes all of the Mathematics Advanced content.

[image: Q:\National Projects\Australian Curriculum\Senior Years Project\Final Syllabuses\Diagrams for final syllabuses\Diagrams  - Mathematics\16_11_23 Math Extension 1 Organisation of Content.png]

[bookmark: h.na222wxcseno]Working Mathematically
Working Mathematically is integral to the learning process in mathematics. It provides students with the opportunity to engage in genuine mathematical activity and develop the skills to become flexible, critical and creative users of mathematics. In this syllabus, Working Mathematically builds on the skills developed in Stage 5, and encompasses six interrelated aspects which form the focus of the syllabus:
[image: Q:\National Projects\Australian Curriculum\Senior Years Project\Final Syllabuses\Diagrams for final syllabuses\Diagrams  - Mathematics\17_02_06 Working Mathematically.png]
These six aspects of Working Mathematically are embedded across the range of syllabus objectives, outcomes and topics. Teachers can extend students’ level of proficiency in Working Mathematically by creating opportunities for development through a range of teaching and learning activities.

The two key components of assessment are created from these aspects:
· Understanding, Fluency and Communicating
· Problem Solving, Reasoning and Justification

[bookmark: h.fv34dgx2rlhr]Learning Across the Curriculum
Learning across the curriculum content, including the cross-curriculum priorities and general capabilities, assists students to achieve the broad learning outcomes defined in the NESA Statement of Equity Principles, the Melbourne Declaration on Educational Goals for Young Australians (December 2008) and in the Australian Government’s Core Skills for Work Developmental Framework (2013).

Cross-curriculum priorities enable students to develop understanding about and address the contemporary issues they face.

The cross-curriculum priorities are:
· Aboriginal and Torres Strait Islander histories and cultures [image: ]
· Asia and Australia’s engagement with Asia [image: ]
· Sustainability [image: ]

General capabilities encompass the knowledge, skills, attitudes and behaviours to assist students to live and work successfully in the 21st century.

The general capabilities are:
· Critical and creative thinking [image: ]
· Ethical understanding [image: ]
· Information and communication technology capability [image: ]
· Intercultural understanding [image: ]
· Literacy [image: ]
· Numeracy [image: ]
· Personal and social capability [image: ]

NESA syllabuses include other areas identified as important learning for all students:
· Civics and citizenship [image: ]
· Difference and diversity [image: ]
· Work and enterprise [image: ]

Learning across the curriculum content is incorporated, and identified by icons, in the content of the Mathematics Extension 1 Stage 6 Syllabus in the following ways.
[bookmark: h.8bdmcwkl7r29]

Aboriginal and Torres Strait Islander Histories and Cultures [image: ]
Through application and modelling across the topics of the syllabus, students have the opportunity to experience the significance of mathematics in Aboriginal and Torres Strait Islander histories and cultures. Opportunities are provided to connect mathematics with Aboriginal and Torres Strait Islander Peoples’ cultural, linguistic and historical experiences. The narrative of the development of mathematics and its integration with cultural development can be explored in the context of some topics. Through the evaluation of statistical data where appropriate, students can deepen their understanding of the lives of Aboriginal and Torres Strait Islander Peoples.

[bookmark: h.6tke7ekqzg83]When planning and programming content relating to Aboriginal and Torres Strait Islander histories and cultures teachers are encouraged to:
· involve local Aboriginal communities and/or appropriate knowledge holders in determining suitable resources, or to use Aboriginal or Torres Strait Islander authored or endorsed publications
· read the Principles and Protocols relating to teaching and learning about Aboriginal and Torres Strait Islander histories and cultures and the involvement of local Aboriginal communities.
Asia and Australia’s Engagement with Asia [image: ]
Students have the opportunity to learn about the understandings and applications of mathematics in Asia and the way mathematicians from Asia continue to contribute to the ongoing development of mathematics. By drawing on knowledge of and examples from the Asia region, such as calculation, money, art, architecture, design and travel, students have the opportunity to develop mathematical understanding in fields such as numbers, patterns, measurement, symmetry and statistics. Through the evaluation of statistical data, students have the opportunity to examine issues pertinent to the Asia region.
[bookmark: h.y3bkykr2o141]Sustainability [image: ]
Mathematics provides a foundation for the exploration of issues of sustainability. Students have the opportunity to learn about the mathematics underlying topics in sustainability such as energy use and how to reduce consumption, alternative energy using solar cells and wind turbines, climate science and mathematical modelling. Through measurement and the reasoned use of data, students have the opportunity to measure and evaluate sustainability changes over time and develop a deeper appreciation of the world around them. Mathematical knowledge, skills and understanding are necessary to monitor and quantify both the impact of human activity on ecosystems and changes to conditions in the biosphere.
[bookmark: h.cm2mrl29odsl]Critical and Creative Thinking [image: ]
Critical and creative thinking are key to the development of mathematical understanding. Mathematical reasoning and logical thought are fundamental elements of critical and creative thinking. Students are encouraged to be critical thinkers when justifying their choice of a calculation strategy or identifying relevant questions during an investigation. They are encouraged to look for alternative ways to approach mathematical problems; for example identifying when a problem is similar to a previous one, drawing diagrams or simplifying a problem to control some variables. Students are encouraged to be creative in their approach to solving new problems, combining the skills and knowledge they have acquired in their study of a number of different topics, within a new context.


[bookmark: h.diddpnpbpgld]Ethical Understanding [image: ]
Mathematics makes a clear distinction between the deductions made from basic principles and their consequences in different circumstances. Students have opportunities to explore, develop and apply ethical understanding to mathematics in a range of contexts. Examples include: collecting, displaying and interpreting data; examining selective use of data by individuals and organisations; detecting and eliminating bias in the reporting of information; exploring the importance of fair comparison; and interrogating financial claims and sources.
[bookmark: h.6uc65kqtl8dj]Information and Communication Technology Capability [image: ]
Mathematics provides opportunities for students to develop their information and communication technology (ICT) capability when they investigate, create and communicate mathematical ideas and concepts using fast, automated, interactive and multimodal technologies. Students can use their ICT capability to perform calculations; draw graphs; collect, manage, analyse and interpret data; share and exchange information and ideas; and investigate and model concepts and relationships. Digital technologies, such as calculators, spreadsheets, dynamic geometry software, graphing software and computer algebra software, can engage students and promote understanding of key concepts.
[bookmark: h.72io5ndpjb4m]Intercultural Understanding [image: ]
Students have opportunities to understand that mathematical expressions use universal symbols, while mathematical knowledge has its origin in many cultures. Students are provided with opportunities to realise that proficiencies such as understanding, fluency, reasoning and problem-solving are not culture or language-specific, but that mathematical reasoning and understanding can find different expression in different cultures and languages. The curriculum provides contexts for exploring mathematical problems from a range of cultural perspectives and within diverse cultural contexts. Students can apply mathematical thinking to identify and resolve issues related to living with diversity.
[bookmark: h.r1aauz492h08]Literacy [image: ]
Literacy is used throughout mathematics to understand and interpret word problems and instructions containing particular language featured in mathematics. Students have the opportunity to learn the vocabulary associated with mathematics, including synonyms, technical terminology, passive voice and common words with specific meanings in a mathematical context. Literacy is used to pose and answer questions, engage in mathematical problem-solving and to discuss, produce and explain solutions. There are opportunities for students to develop the ability to create and interpret a range of media typical of mathematics, ranging from graphs to complex data displays.
[bookmark: h.dta06h5p4xmh]Numeracy [image: ]
Numeracy is embedded throughout the Mathematics Stage 6 syllabuses. It relates to a high proportion of the content descriptions across Years 11 and 12. Consequently, this particular general capability is not tagged in this syllabus.

Numeracy involves drawing on knowledge of particular contexts and circumstances in deciding when to use mathematics, choosing the mathematics to use and critically evaluating its use. To be numerate is to use mathematics effectively to meet the general demands of life at home, at work, and for participation in community and civic life. It is therefore important that the mathematics curriculum provides the opportunity to apply mathematical understanding and skills in context, in other learning areas and in real-world scenarios.

[bookmark: h.8btr3tc3ca0g]Personal and Social Capability [image: ]
Students are provided with opportunities to develop personal and social competence as they learn to understand and manage themselves, their relationships and their lives more effectively. Mathematics enhances the development of students’ personal and social capabilities by providing opportunities for initiative-taking, decision-making, communicating their processes and findings, and working independently and collaboratively in the mathematics classroom. Students have the opportunity to apply mathematical skills in a range of personal and social contexts. This may be through activities that relate learning to their own lives and communities, such as time management, budgeting and financial management, and understanding statistics in everyday contexts.
[bookmark: h.5qoko8gbimoy]Civics and Citizenship [image: ]
Mathematics has an important role in civics and citizenship education because it has the potential to help us understand our society and our role in shaping it. The role of mathematics in society has expanded significantly in recent decades as almost all aspects of modern-day life are now quantified. Through modelling reality using mathematics and then manipulating the mathematics in order to understand and/or predict reality, students have the opportunity to learn mathematical knowledge, skills and understanding that are essential for active participation in the world in which we live.
[bookmark: h.n9q131vy3i36]Difference and Diversity [image: ]
Students make sense of and construct mathematical ideas in different ways, drawing upon their own unique experiences in life and prior learning. By valuing students’ diversity of ideas, teachers foster students’ efficacy in learning mathematics.
[bookmark: h.cvx4vbty915k]Work and Enterprise [image: ]



Students have the opportunity to develop work and enterprise knowledge, skills and understanding through their study of mathematics in a work-related context. Students are encouraged to select and apply appropriate mathematical techniques and problem-solving strategies through work-related experiences in the Statistical analysis topics. This allows them to make informed financial decisions by selecting and analysing relevant information.
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[bookmark: h.5l7wi69qzqnz][bookmark: h.ihn8wt3qlaq0][bookmark: _MATHEMATICS_EXTENSION_1_1][bookmark: _Toc466222454]Mathematics Extension 1 Year 11 Course Content
[bookmark: h.tfqb1xv0d1to][bookmark: h.axs2k8qv3jhb][bookmark: h.krytxfralwme][bookmark: h.5j2rf9d8m7x2][bookmark: h.7xjnkhe9o2k5][bookmark: h.vbgsbyplc5gf]Year 11 Course Structure and Requirements
The course is organised in topics, with the topics divided into subtopics.

	Year 11 course
(60 hours)
	Mathematics Extension

	
	Topics
	Subtopics

	
	Functions
	ME-F1 Further Work with Functions
ME-F2 Polynomials

	
	Trigonometric Functions
	ME-T1 Inverse Trigonometric Functions
ME-T2 Further Trigonometric Identities

	
	Calculus
	ME-C1 Rates of Change

	
	Combinatorics
	ME-A1 Working with Combinatorics



For the Year 11 course:
· The Mathematics Advanced Year 11 course should be taught prior to or concurrently with this course.
· Students should experience content in the course in familiar and routine situations as well as unfamiliar situations.
· Students should be provided with regular opportunities involving the integration of technology to enrich the learning experience.


Topic: Functions
[bookmark: h.j3rubyg9nz88][bookmark: h.d7kynmfsvmeq][bookmark: h.mik99jlqciox][bookmark: h.bim855bc9g1m]Outcomes
A student:
· uses algebraic and graphical concepts in the modelling and solving of problems involving functions and their inverses ME11-1
· manipulates algebraic expressions and graphical functions to solve problems ME11-2
· uses appropriate technology to investigate, organise and interpret information to solve problems in a range of contexts ME11-6
· communicates making comprehensive use of mathematical language, notation, diagrams and graphs ME11-7
[bookmark: h.i1gqi19l45h4]Topic Focus
The topic Functions involves the use of both algebraic and graphical conventions and terminology to describe, interpret and model relationships of and between changing quantities. This topic provides the means to more fully understand the behaviour of functions, extending to include inequalities, absolute values and inverse functions.

A knowledge of functions enables students to discover connections between algebraic and graphical representations, to determine solutions of equations and to model theoretical or real-life situations involving algebra.

The study of functions is important in developing students’ ability to find, recognise and use connections, to communicate concisely and precisely, to use algebraic techniques and manipulations to describe and solve problems, and to predict future outcomes in areas such as finance, economics and weather.
[bookmark: h.9t9aonfd5kjy]Subtopics
ME-F1 Further Work with Functions
ME-F2 Polynomials


[bookmark: h.d3u3aqgv0hmr]Functions
[bookmark: h.ughmbmpsuq2]ME-F1 Further Work with Functions
[bookmark: h.jnpskgs11yoq]Outcomes
A student:
· uses algebraic and graphical concepts in the modelling and solving of problems involving functions and their inverses ME11-1
· manipulates algebraic expressions and graphical functions to solve problems ME11-2
· uses appropriate technology to investigate, organise and interpret information to solve problems in a range of contexts ME11-6
· communicates making comprehensive use of mathematical language, notation, diagrams and graphs ME11-7
[bookmark: h.eauk1kavhr0]Subtopic Focus
The principal focus of this subtopic is to further explore functions in a variety of contexts including: reciprocal and inverse functions, manipulating graphs of functions, and parametric representation of functions. The study of inequalities is an application of functions and enables students to express domains and ranges as inequalities.

Students develop proficiency in methods to identify solutions to equations both algebraically and graphically. The study of inverse functions is important in higher Mathematics and the calculus of these is studied later in the course. The study of parameters sets foundations for later work on projectiles.
[bookmark: h.xsa86dw4ibtl]Content
F1.1: Graphical relationships
Students:
· examine the relationship between the graph of  and the graph of  and hence sketch the graphs (ACMSM099) [image: ] [image: ]
· examine the relationship between the graph of  and the graphs of  and 
 and hence sketch the graphs [image: ] [image: ]
· examine the relationship between the graph of  and the graphs of and  and hence sketch the graphs (ACMSM099) [image: ] [image: ]
· examine the relationship between the graphs of  and  and the graphs of  and  and hence sketch the graphs [image: ] [image: ]
· apply knowledge of graphical relationships to solve problems in practical and abstract contexts AAM [image: ] [image: ]

F1.2: Inequalities
Students:
· solve quadratic inequalities using both algebraic and graphical techniques [image: ]
· solve inequalities involving rational expressions, including those with the unknown in the denominator [image: ]
· solve absolute value inequalities of the form , ,  and 

F1.3: Inverse functions
Students:
· define the inverse relation of a function  to be the relation obtained by reversing all the ordered pairs of the function
· examine and use the reflection property of the graph of a function and the graph of its inverse (ACMSM096) [image: ] [image: ]
· understand why the graph of the inverse relation is obtained by reflecting the graph of the function in the line 
· using the fact that this reflection exchanges horizontal and vertical lines, recognise that the horizontal line test can be used to determine whether the inverse relation of a function is again a function
· write the rule or rules for the inverse relation by exchanging  and  in the function rules, including any restrictions, and solve for , if possible
· when the inverse relation is a function, use the notation  and identify the relationships between the domains and ranges of  and 
· when the inverse relation is not a function, restrict the domain to obtain new functions that are one-to-one, and compare the effectiveness of different restrictions [image: ]
· solve problems based on the relationship between a function and its inverse function using algebraic or graphical techniques AAM [image: ] [image: ]

F1.4: Parametric form of a function or relation
Students:
· understand the concept of parametric representation and examine lines, parabolas and circles expressed in parametric form [image: ] [image: ]
· understand that linear and quadratic functions, and circles can be expressed in either parametric form or Cartesian form
· convert linear and quadratic functions, and circles from parametric form to Cartesian form and vice versa
· sketch linear and quadratic functions, and circles expressed in parametric form
[bookmark: h.2sbouehd64pk]

[bookmark: h.x9u7zi1haepp][bookmark: h.cyqwhijbnr38]Functions
[bookmark: h.qlckb7pyxe90]ME-F2 Polynomials
[bookmark: h.4pq0ypvtj31s]Outcomes
A student:
· uses algebraic and graphical concepts in the modelling and solving of problems involving functions and their inverses ME11-1
· manipulates algebraic expressions and graphical functions to solve problems ME11-2
· uses appropriate technology to investigate, organise and interpret information to solve problems in a range of contexts ME11-6
· communicates making comprehensive use of mathematical language, notation, diagrams and graphs ME11-7
[bookmark: h.krk5yt5ow6cx]Subtopic Focus
The principal focus of this subtopic is to explore the behaviour of polynomials algebraically, including the remainder and factor theorems, and sums and products of roots.

Students develop knowledge, skills and understanding to manipulate, analyse and solve polynomial equations. Polynomials are of fundamental importance in algebra and have many applications in higher mathematics. They are also significant in many other fields of study, including the sciences, engineering, finance and economics.
[bookmark: h.vxdowsthbbki]Content
F2.1: Remainder and factor theorems
Students:
· define a general polynomial in one variable, , of degree  with real coefficients to be the expression: , where 
· understand and use terminology relating to polynomials including degree, leading term, leading coefficient and constant term
· use division of polynomials to express  in the form  where  and  is a linear or quadratic divisor,  the quotient and  the remainder
· review the process of division with remainders for integers
· describe the process of division using the terms: dividend, divisor, quotient, remainder [image: ]
· prove and apply the factor theorem and the remainder theorem for polynomials and hence solve simple polynomial equations (ACMSM089, ACMSM091) [image: ]


F2.2: Sums and products of roots of polynomials
Students:
· solve problems using the relationships between the roots and coefficients of quadratic, cubic and quartic equations AAM [image: ]
· consider quadratic, cubic and quartic equations, and derive formulae as appropriate for the sums and products of roots in terms of the coefficients
· determine the multiplicity of a root of a polynomial equation [image: ]
· prove that if a polynomial equation of the form  has a root of multiplicity , then  has a root of multiplicity 
· graph a variety of polynomials and investigate the link between the root of a polynomial equation and the zero on the graph of the related polynomial function [image: ] [image: ] [image: ]
· examine the sign change of the function and shape of the graph either side of roots of varying multiplicity

[bookmark: h.3ywyqziwr2mz]Topic: Trigonometric Functions
[bookmark: h.7upfxjr777er]Outcomes
A student:
· uses algebraic and graphical concepts in the modelling and solving of problems involving functions and their inverses ME11-1
· applies concepts and techniques of inverse trigonometric functions and simplifying expressions involving compound angles in the solution of problems ME11-3
· uses appropriate technology to investigate, organise and interpret information to solve problems in a range of contexts ME11-6
· communicates making comprehensive use of mathematical language, notation, diagrams and graphs ME11-7
[bookmark: h.avhm0bv22rpj]Topic Focus
The topic Trigonometric Functions involves the study of periodic functions in geometric, algebraic, numerical and graphical representations. It extends to exploration and understanding of inverse trigonometric functions over restricted domains and their behaviour in both algebraic and graphical form.

A knowledge of trigonometric functions enables the solving of problems involving inverse trigonometric functions, and the modelling of the behaviour of naturally occurring periodic phenomena such as waves and signals to solve problems and to predict future outcomes.

The study of the graphs of trigonometric functions is important in developing students’ understanding of the connections between algebraic and graphical representations and how this can be applied to solve problems from theoretical or real-life scenarios and situations.
[bookmark: h.lwn8i5fcrrqq]Subtopics
ME-T1 Inverse Trigonometric Functions
ME-T2 Further Trigonometric Identities


[bookmark: h.cxsra05ww9pd]Trigonometric Functions
[bookmark: h.nv8pgq18061c]ME-T1 Inverse Trigonometric Functions
[bookmark: h.83iiu27zxif2]Outcomes
A student:
· uses algebraic and graphical concepts in the modelling and solving of problems involving functions and their inverses ME11-1
· applies concepts and techniques of inverse trigonometric functions and simplifying expressions involving compound angles in the solution of problems ME11-3
· uses appropriate technology to investigate, organise and interpret information to solve problems in a range of contexts ME11-6
· communicates making comprehensive use of mathematical language, notation, diagrams and graphs ME11-7
[bookmark: h.hz5izk4hnral]Subtopic Focus
The principal focus of this subtopic is for students to determine and to work with the inverse trigonometric functions.

Students explore inverse trigonometric functions which are important examples of inverse functions. They sketch the graphs of these functions and apply a range of properties to extend their knowledge and understanding of the connections between algebraic and geometrical representations of functions. This enables a deeper understanding of the nature of periodic functions, which are used as powerful modelling tools for any quantity that varies in a cyclical way.
[bookmark: h.aq4cn6a7nc08]Content
Students:
· define and use the inverse trigonometric functions (ACMSM119)
· understand and use the notation  and  for the inverse function of  when  (and similarly for  and and understand when each notation might be appropriate to avoid confusion with the reciprocal functions
· use the convention of restricting the domain of  to , so the inverse function exists. The inverse of this restricted sine function is defined by: ,  and 
· use the convention of restricting the domain of to  , so the inverse function exists. The inverse of this restricted cosine function is defined by:   and 
· use the convention of restricting the domain of  to  , so the inverse function exists. The inverse of this restricted tangent function is defined by: ,  is a real number and 
· classify inverse trigonometric functions as odd, even or neither odd nor even
· sketch graphs of the inverse trigonometric functions [image: ] [image: ]
· use the relationships  and  and
and  and  where appropriate, and state the values of  for which these relationships are valid


· prove and use the properties: , ,
 and 
· solve problems involving inverse trigonometric functions in a variety of abstract and practical situations AAM [image: ]

Trigonometric Functions
ME-T2 Further Trigonometric Identities
Outcomes
A student:
· uses algebraic and graphical concepts in the modelling and solving of problems involving functions and their inverses ME11-1
· applies concepts and techniques of inverse trigonometric functions and simplifying expressions involving compound angles in the solution of problems ME11-3
· uses appropriate technology to investigate, organise and interpret information to solve problems in a range of contexts ME11-6
· communicates making comprehensive use of mathematical language, notation, diagrams and graphs ME11-7
Subtopic Focus 
The principal focus of this subtopic is for students to define and work with trigonometric identities to both prove results and to manipulate expressions.

Students develop knowledge of how to manipulate trigonometric expressions to solve equations and to prove results. Trigonometric expressions and equations provide a powerful tool for modelling quantities that vary in a cyclical way such as tides, seasons, demand for resources, and alternating current. The solution of trigonometric equations may require the use of trigonometric identities.
Content
Students:
· derive and use the sum and difference expansions for the trigonometric functions ,  and  (ACMSM044)
· 
· 
· 
· derive and use the double angle formulae for ,  and (ACMSM044) [image: ]
· 	
· 	
		
		
· 	
· derive and use expressions for ,  and  in terms of  where  (the -formulae)
· 
· 
· 


· derive and use the formulae for trigonometric products as sums and differences for , ,  and  (ACMSM047) [image: ]
· 
· 
· 
· 
· 

Topic: Calculus
[bookmark: h.4gt2vkgaoz7b]Outcomes
A student:
· uses algebraic and graphical concepts in the modelling and solving of problems involving functions and their inverses ME11-1
· applies understanding of the concept of a derivative in the solution of problems, including rates of change, exponential growth and decay and related rates of change ME11-4
· uses appropriate technology to investigate, organise and interpret information to solve problems in a range of contexts ME11-6
· communicates making comprehensive use of mathematical language, notation, diagrams and graphs ME11-7
[bookmark: h.keyo145m0azy]Topic Focus
The topic Calculus involves the study of how things change and provides a framework for developing quantitative models of change and deducing their consequences. It involves the development of the connections between rates of change and related rates of change, the derivatives of functions and the manipulative skills necessary for the effective use of differential calculus.

The study of calculus is important in developing students’ knowledge and understanding of related rates of change and developing the capacity to operate with and model situations involving change, using algebraic and graphical techniques to describe and solve problems and to predict outcomes with relevance to, for example the physical, natural and medical sciences, commerce and the construction industry.
[bookmark: h.q23cr6g5dxcw]Subtopics
ME-C1 Rates of Change


[bookmark: h.6izt9g5wh3wi]Calculus
[bookmark: h.jqhw4qupm4mn]ME-C1 Rates of Change
[bookmark: h.d6pco6qdjeu7]Outcomes
A student:
· uses algebraic and graphical concepts in the modelling and solving of problems involving functions and their inverses ME11-1
· applies understanding of the concept of a derivative in the solution of problems, including rates of change, exponential growth and decay and related rates of change ME11-4
· uses appropriate technology to investigate, organise and interpret information to solve problems in a range of contexts ME11-6
· communicates making comprehensive use of mathematical language, notation, diagrams and graphs ME11-7
[bookmark: h.uc14q4qg56rz]Subtopic Focus
The principal focus of this subtopic is for students to solve problems involving the chain rule and differentiation of the exponential function, and understand how these concepts can be applied to the physical and natural sciences.

Students develop the ability to study motion problems in an abstract situation, which may in later studies be applied to large and small mechanical systems, from aeroplanes and satellites to miniature robotics. Students also study the mathematics of exponential growth and decay, two fundamental processes in the natural environment.
[bookmark: h.t4c3zh8dmek3]Content
C1.1: Rates of change with respect to time
Students:
· describe the rate of change of a physical quantity with respect to time as a derivative [image: ]
· investigate examples where the rate of change of some aspect of a given object with respect to time can be modelled using derivatives AAM
· use appropriate language to describe rates of change, for example ‘at rest’, ‘initially’, ‘change of direction’ and ‘increasing at an increasing rate’
· find and interpret the derivative , given a function in the form , for the amount of a physical quantity present at time 
· describe the rate of change with respect to time of the displacement of a particle moving along the -axis as a derivative  or 
· describe the rate of change with respect to time of the velocity of a particle moving along the 
-axis as a derivative  or 


C1.2: Exponential growth and decay
Students:
· construct, analyse and manipulate an exponential model of the form  to solve a practical growth or decay problem in various contexts (for example population growth, radioactive decay or depreciation) AAM [image: ] [image: ] [image: ]
· establish the simple growth model, , where  is the size of the physical quantity,  at time  and  is the growth constant
· verify (by substitution) that the function  satisfies the relationship , with  being the initial value of 
· sketch the curve  for positive and negative values of 
· recognise that this model states that the rate of change of a quantity varies directly with the size of the quantity at any instant
· establish the modified exponential model, , for dealing with problems such as ‘Newton’s Law of Cooling’ or an ecosystem with a natural ‘carrying capacity’ AAM [image: ] [image: ] [image: ]
· verify (by substitution) that a solution to the differential equation  is
, for an arbitrary constant , and  a fixed quantity, and that the solution is  in the case when 
· sketch the curve  for positive and negative values of 
· note that whenever , the quantity  tends to the limit  as , irrespective of the initial conditions
· recognise that this model states that the rate of change of a quantity varies directly with the difference in the size of the quantity and a fixed quantity at any instant
· solve problems involving situations that can be modelled using the exponential model or the modified exponential model and sketch graphs appropriate to such problems AAM [image: ]

C1.3: Related rates of change
Students:
· solve problems involving related rates of change as instances of the chain rule (ACMSM129) AAM [image: ]
· develop models of contexts where a rate of change of a function can be expressed as a rate of change of a composition of two functions, and to which the chain rule can be applied [image: ]


[bookmark: h.23wqzjgsg51c]Topic: Combinatorics
[bookmark: h.7dqoa723ez1k]Outcomes
A student:
· uses concepts of permutations and combinations to solve problems involving counting or ordering ME11-5
· uses appropriate technology to investigate, organise and interpret information to solve problems in a range of contexts ME11-6
· communicates making comprehensive use of mathematical language, notation, diagrams and graphs ME11-7
[bookmark: h.v9k2wbxdmndp]Topic Focus
The topic Combinatorics involves counting and ordering as well as exploring arrangements, patterns, symmetry and other methods to generalise and predict outcomes. The consideration of the expansion of , where  is a positive integer, draws together aspects of number theory and probability theory.

A knowledge of combinatorics is useful when considering situations and solving problems involving counting, sorting and arranging. Efficient counting methods have many applications and are used in the study of probability.

The study of combinatorics is important in developing students’ ability to generalise situations, to explore patterns and to ensure the consideration of all outcomes in situations such as the placement of people or objects, setting-up of surveys, jury or committee selection and design.
[bookmark: h.8s1tk0vzq7xy]Subtopics
ME-A1 Working with Combinatorics


[bookmark: h.uj2sres58nyp]Combinatorics
[bookmark: h.abdph8telplv]ME-A1 Working with Combinatorics
[bookmark: h.4g4q90tjvqz9]Outcomes
A student:
· uses concepts of permutations and combinations to solve problems involving counting or ordering ME11-5
· uses appropriate technology to investigate, organise and interpret information to solve problems in a range of contexts ME11-6
· communicates making comprehensive use of mathematical language, notation, diagrams and graphs ME11-7
[bookmark: h.969rd3n7g9lj]Subtopic Focus
The principal focus of this subtopic is to develop students’ understanding and proficiency with permutations and combinations and their relevance to the binomial coefficients.

Students develop proficiency in ordering and counting techniques in both restricted and unrestricted situations. The binomial expansion is introduced, Pascal’s triangle is constructed and related identities are proved. The material studied provides the basis for more advanced work, where the binomial expansion is extended to cases for rational values of , and applications in calculus are explored.
[bookmark: h.isg6e8meeaaw]Content
A1.1: Permutations and combinations
Students:
· list and count the number of ways an event can occur
· use the fundamental counting principle (also known as the multiplication principle)
· use factorial notation to describe and determine the number of ways  different items can be arranged in a line or a circle
· solve problems involving cases where some items are not distinct (excluding arrangements in a circle)
· solve simple problems and prove results using the pigeonhole principle (ACMSM006)
· understand that if there are  pigeonholes and  pigeons to go into them, then at least one pigeonhole must hold 2 or more pigeons
· generalise to: If  pigeons are sitting in  pigeonholes, where , then there is at least one pigeonhole with at least  pigeons in it
· prove the pigeonhole principle
· understand and use permutations to solve problems (ACMSM001) [image: ]
· understand and use the notation and the formula 
· solve problems involving permutations and restrictions with or without repeated objects (ACMSM004)
· understand and use combinations to solve problems (ACMSM007)
· understand and use the notations  and  and the formula  
(ACMMM045, ACMSM008)
· solve practical problems involving permutations and combinations, including those involving simple probability situations AAM [image: ]

A1.2: The binomial expansion and Pascal’s triangle
Students:
· expand  for small positive integers  (ACMMM046)
· note the pattern formed by the coefficients of  in the expansion of  and recognise links to Pascal’s triangle
· recognise the numbers  (also denoted) as binomial coefficients (ACMMM047)
· derive and use simple identities associated with Pascal’s triangle (ACMSM009)
· establish combinatorial proofs of the Pascal’s triangle relations;
 for ; and 


Year 11




*****
[bookmark: h.l9z5umhx0zee][bookmark: _MATHEMATICS_EXTENSION_1_2][bookmark: _Toc466222455]Mathematics Extension 1 Year 12 Course Content
[bookmark: h.w7e204pw6amn]Year 12 Course Structure and Requirements
The course is organised in topics, with the topics divided into subtopics.

	Year 12 course
(60 hours)
	Mathematics Extension 1

	
	Topics
	Subtopics

	
	Proof
	ME-P1 Proof by Mathematical Induction

	
	Vectors
	ME-V1 Introduction to Vectors

	
	Trigonometric Functions
	ME-T3 Trigonometric Equations

	
	Calculus
	ME-C2 Further Calculus Skills
ME-C3 Applications of Calculus

	
	Statistical Analysis
	ME-S1 The Binomial Distribution



For the Year 12 course:
· The Mathematics Advanced Year 12 course should be taught prior to or concurrently with this course.
· The Mathematics Advanced Year 11 course is a prerequisite.
· Students should experience content in the course in familiar and routine situations as well as unfamiliar situations.
· Students should be provided with regular opportunities involving the integration of technology.


Topic: Proof
Outcomes
A student:
· applies techniques involving proof or calculus to model and solve problems ME12-1
· chooses and uses appropriate technology to solve problems in a range of contexts ME12-6
· evaluates and justifies conclusions, communicating a position clearly in appropriate mathematical forms ME12-7
Topic Focus
The topic Proof involves the communication and justification of an argument for a mathematical statement in a clear, concise and precise manner.

A knowledge of proof enables a level of reasoning, justification and communication that is accurate, concise and precise.

The study of proof is important in developing students’ ability to reason, justify, communicate and critique mathematical arguments and statements necessary for problem-solving and generalising patterns.
Subtopics
ME-P1 Proof by Mathematical Induction


Proof
ME-P1 Proof by Mathematical Induction
Outcomes
A student:
· applies techniques involving proof or calculus to model and solve problems ME12-1
· chooses and uses appropriate technology to solve problems in a range of contexts ME12-6
· evaluates and justifies conclusions, communicating a position clearly in appropriate mathematical forms ME12-7
Subtopic Focus
The principal focus of this subtopic is to explore and to develop the use of the technique of proof by mathematical induction to prove results. Students are introduced to mathematical induction for a limited range of applications so that they have time to develop confidence in its use.

Students develop the use of formal mathematical language and argument to prove the validity of given situations using inductive reasoning. The logical sequence of steps in the proof technique needs to be understood and carefully justified, thus encouraging clear and concise communication which is useful both in further study of mathematics and in life.
Content
Students:
· understand the nature of inductive proof, including the ‘initial statement’ and the inductive step (ACMSM064)
· prove results using mathematical induction [image: ]
· prove results for sums, for example  for any positive integer  (ACMSM065)
· prove divisibility results, for example  is divisible by 8 for any positive integer  (ACMSM066)
· identify errors in false ‘proofs by induction’, such as cases where only one of the required two steps of a proof by induction is true, and understand that this means that the statement has not been proved
· recognise situations where proof by mathematical induction is not appropriate [image: ]


Topic: Vectors
Outcomes
A student:
· applies concepts and techniques involving vectors and projectiles to solve problems ME12-2
· chooses and uses appropriate technology to solve problems in a range of contexts ME12-6
· evaluates and justifies conclusions, communicating a position clearly in appropriate mathematical forms ME12-7
Topic Focus
The topic Vectors involves mathematical representation of a quantity with magnitude and direction and its geometrical depiction. This topic provides a modern language and approach to explore and explain a range of object behaviours in a variety of contexts from theoretical or real-life scenarios.

A knowledge of vectors enables the understanding of the behaviour of objects in two dimensions and ways in which this behaviour can be expressed, including the consideration of position, displacement and movement.

The study of vectors is important in developing students’ understanding of an object’s representation and behaviour in two dimensions using a variety of notations, and how to use these notations effectively to explore the geometry of a situation. Vectors are used in many fields of study, including engineering, structural analysis and navigation.
Subtopics
ME-V1 Introduction to Vectors


Vectors
ME-V1 Introduction to Vectors
Outcomes
A student:
· applies concepts and techniques involving vectors and projectiles to solve problems ME12-2
· chooses and uses appropriate technology to solve problems in a range of contexts ME12-6
· evaluates and justifies conclusions, communicating a position clearly in appropriate mathematical forms ME12-7
Subtopic Focus
The principal focus of this subtopic is to introduce the concept of vectors in two dimensions, use them to represent quantities with magnitude and direction, and understand that this representation can allow for the exploration of situations such as geometrical proofs.

Students develop an understanding of vector notations and how to manipulate vectors to allow geometrical situations to be explored further. The example of projectile motion as an application of vectors is then introduced. These concepts are explored further in the Mathematics Extension 2 course.
Content
V1.1: Introduction to vectors
Students:
· define a vector as a quantity having both magnitude and direction, and examine examples of vectors, including displacement and velocity (ACMSM010)
· explain the distinction between a position vector and a displacement (relative) vector [image: ] [image: ]
· define and use a variety of notations and representations for vectors in two dimensions (ACMSM014)
· 
use standard notations for vectors, for example: ,  and 
· represent vectors graphically in two dimensions as directed line segments
· 

define unit vectors as vectors of magnitude 1, and the standard two-dimensional perpendicular unit vectors  and 
· express and use vectors in two dimensions in a variety of forms, including component form, ordered pairs and column vector notation
· perform addition and subtraction of vectors and multiplication of a vector by a scalar algebraically and geometrically, and interpret these operations in geometric terms AAM [image: ] [image: ]
· graphically represent a scalar multiple of a vector (ACMSM012)
· use the triangle law and the parallelogram law to find the sum and difference of two vectors
· define and use addition and subtraction of vectors in component form (ACMSM017) [image: ]
· define and use multiplication by a scalar of a vector in component form (ACMSM018) [image: ] [image: ]


V1.2: Further operations with vectors
Students:
· 
define, calculate and use the magnitude of a vector in two dimensions and use the notation  for the magnitude of a vector  [image: ]
· 

prove that the magnitude of a vector, , can be found using: 
· identify the magnitude of a displacement vector  as being the distance between the points  and 
· 


convert a non-zero vector  into a unit vector  by dividing by its length: 
· define and use the direction of a vector in two dimensions
· 

define, calculate and use the scalar (dot) product of two vectors  and  AAM
· 

apply the scalar product, , to vectors expressed in component form, where
· 


use the expression for the scalar (dot) product,  where  is the angle between vectors  and  to solve problems
· 
demonstrate the equivalence,  and use this relationship to solve problems
· 
establish and use the formula 
· calculate the angle between two vectors using the scalar (dot) product of two vectors in two dimensions
· examine properties of parallel and perpendicular vectors and determine if two vectors are parallel or perpendicular (ACMSM021) [image: ] [image: ]
· define and use the projection of one vector onto another (ACMSM022)
· solve problems involving displacement, force and velocity involving vector concepts in two dimensions (ACMSM023) AAM
· prove geometric results and construct proofs involving vectors in two dimensions including but not limited to proving that: AAM [image: ]
· the diagonals of a parallelogram meet at right angles if and only if it is a rhombus (ACMSM039)
· the midpoints of the sides of a quadrilateral join to form a parallelogram (ACMSM040)
· the sum of the squares of the lengths of the diagonals of a parallelogram is equal to the sum of the squares of the lengths of the sides (ACMSM041)


V1.3: Projectile motion
Students:
· understand the concept of projectile motion, and model and analyse a projectile’s path assuming that: 
· the projectile is a point
· the force due to air resistance is negligible
· the only force acting on the projectile is the constant force due to gravity, assuming that the projectile is moving close to the Earth’s surface
· model the motion of a projectile as a particle moving with constant acceleration due to gravity and derive the equations of motion of a projectile AAM
· represent the motion of a projectile using vectors
· recognise that the horizontal and vertical components of the motion of a projectile can be represented by horizontal and vertical vectors
· derive the horizontal and vertical equations of motion of a projectile
· understand and explain the limitations of this projectile model
· use equations for horizontal and vertical components of velocity and displacement to solve problems on projectiles
· apply calculus to the equations of motion to solve problems involving projectiles (ACMSM115) AAM [image: ]


Topic: Trigonometric Functions
[bookmark: h.d7632i94oh2s]Outcomes
A student:
· applies advanced concepts and techniques in simplifying expressions involving compound angles and solving trigonometric equations ME12-3
· chooses and uses appropriate technology to solve problems in a range of contexts ME12-6
· evaluates and justifies conclusions, communicating a position clearly in appropriate mathematical forms ME12-7
[bookmark: h.b00nta4xla5x]Topic Focus
The topic Trigonometric Functions involves the study of periodic functions in geometric, algebraic, numerical and graphical representations. It extends to include the exploration of both algebraic and geometric methods to solve trigonometric problems.

A knowledge of trigonometric functions enables students to manipulate trigonometric expressions to prove identities and solve equations.

The study of trigonometric functions is important in developing students’ understanding of the connections between algebraic and graphical representations and how this can be applied to solve problems from theoretical or real-life scenarios, for example involving waves and signals.
[bookmark: h.21betfs3h5rh]Subtopics
ME-T3 Trigonometric Equations


[bookmark: h.5s6irkmmxz45]Trigonometric Functions
[bookmark: h.980q6vpz3jdz]ME-T3 Trigonometric Equations
[bookmark: h.sncivuy6xnk]Outcomes
A student:
· applies advanced concepts and techniques in simplifying expressions involving compound angles and solving trigonometric equations ME12-3
· chooses and uses appropriate technology to solve problems in a range of contexts ME12-6
· evaluates and justifies conclusions, communicating a position clearly in appropriate mathematical forms ME12-7
[bookmark: h.gcjlzgjm08bg]Subtopic Focus
The principal focus of this subtopic is to consolidate and extend students’ knowledge in relation to solving trigonometric equations and to apply this knowledge to practical situations.

Students develop complex algebraic manipulative skills and fluency in applying trigonometric knowledge to a variety of situations. Trigonometric expressions and equations provide a powerful tool for modelling quantities that vary in a cyclical way such as tides, seasons, demand for resources, and alternating current.
[bookmark: h.92vrmrhcsv3c]Content
Students:
· convert expressions of the form  to  or  and apply these to solve equations of the form , sketch graphs and solve related problems (ACMSM048) [image: ]
· solve trigonometric equations requiring factorising and/or the application of compound angle, double angle formulae or the -formulae
· prove and apply other trigonometric identities, for example  (ACMSM049)
· solve trigonometric equations and interpret solutions in context using technology or otherwise [image: ]
· 

[bookmark: h.n3x34jfa9nau]Topic: Calculus
[bookmark: h.dyb7vea2rm0c]Outcomes
A student:
· applies techniques involving proof or calculus to model and solve problems ME12-1
· uses calculus in the solution of applied problems, including differential equations and volumes of solids of revolution ME12-4
· chooses and uses appropriate technology to solve problems in a range of contexts ME12-6
· evaluates and justifies conclusions, communicating a position clearly in appropriate mathematical forms ME12-7
[bookmark: h.fcvpt32zbsyf]Topic Focus
The topic Calculus involves the study of how things change and provides a framework for developing quantitative models of change and deducing their consequences. It involves the development of analytic and numeric integration techniques and the use of these techniques in solving problems.

The study of calculus is important in developing students’ knowledge, understanding and capacity to operate with and model situations involving change, and to use algebraic and graphical techniques to describe and solve problems and to predict future outcomes with relevance to, for example science, engineering, finance, economics and the construction industry.
[bookmark: h.vdzmwlrgoknr]Subtopics
ME-C2 Further Calculus Skills
ME-C3 Applications of Calculus


[bookmark: h.6lwp6g2q9re3]Calculus
[bookmark: h.an58o3y0j5v]ME-C2 Further Calculus Skills
[bookmark: h.fwtf0lkg88aj]Outcomes
A student:
· applies techniques involving proof or calculus to model and solve problems ME12-1
· uses calculus in the solution of applied problems, including differential equations and volumes of solids of revolution ME12-4
· chooses and uses appropriate technology to solve problems in a range of contexts ME12-6
· evaluates and justifies conclusions, communicating a position clearly in appropriate mathematical forms ME12-7
[bookmark: h.ch6m18xpq53o]Subtopic Focus
The principal focus of this subtopic is to further develop students’ knowledge, skills and understanding relating to differentiation and integration techniques.

Students develop an awareness and understanding of the interconnectedness of topics across the syllabus, and the fluency that can be obtained in the use of calculus techniques. Later studies in mathematics place prime importance on familiarity and confidence in a variety of calculus techniques as these are used in many different fields.
[bookmark: h.myjodadfxrrw]Content
Students:
· find and evaluate indefinite and definite integrals using the method of integration by substitution, using a given substitution [image: ]
· change an integrand into an appropriate form using algebra
· prove and use the identities  and  to solve problems
· solve problems involving  and  [image: ]
· find derivatives of inverse functions by using the relationship 
· solve problems involving the derivatives of inverse trigonometric functions
· integrate expressions of the form  or  (ACMSM121)
[bookmark: h.kfssej1b2u46][bookmark: h.sook5cbdibk3][bookmark: h.nxwczqky3315][bookmark: h.y56jwjdzyhnr][bookmark: h.uk3ulob5xjg]

[bookmark: h.7812qz2yauk3]Calculus
[bookmark: h.dc9ajv467xs6]ME-C3 Applications of Calculus
[bookmark: h.fjm19wq8hlqf]Outcomes
A student:
· applies techniques involving proof or calculus to model and solve problems ME12-1
· uses calculus in the solution of applied problems, including differential equations and volumes of solids of revolution ME12-4
· chooses and uses appropriate technology to solve problems in a range of contexts ME12-6
· evaluates and justifies conclusions, communicating a position clearly in appropriate mathematical forms ME12-7
[bookmark: h.7fysj335idec]Subtopic Focus
The principal focus of this subtopic is to develop an understanding of applications of calculus in a practical context, including the more accessible kinds of differential equations and volumes of solids of revolution, to solve problems.

Students develop an awareness and understanding of the use of differential equations which arise when the rate of change in one quantity with respect to another can be expressed in mathematical form. The study of differential equations has important applications in science, engineering, finance, economics and broader applications in mathematics.
[bookmark: h.uvxm3n1v5hkd]Content
C3.1: Further area and volumes of solids of revolution
Students:
· calculate area of regions between curves determined by functions (ACMSM124)
· sketch, with and without the use of technology, the graph of a solid of revolution whose boundary is formed by rotating an arc of a function about the -axis or -axis AAM [image: ] [image: ]
· calculate the volume of a solid of revolution formed by rotating a region in the plane about the
-axis or -axis, with and without the use of technology (ACMSM125) AAM [image: ] [image: ]
· determine the volumes of solids of revolution that are formed by rotating the region between two curves about either the -axis or -axis in both real-life and abstract contexts AAM [image: ]


C3.2: Differential equations
Students:
· recognise that an equation involving a derivative is called a differential equation
· recognise that solutions to differential equations are functions and that these solutions may not be unique
· sketch the graph of a particular solution given a direction field and initial conditions
· form a direction field (slope field) from simple first-order differential equations
· recognise the shape of a direction field from several alternatives given the form of a differential equation, and vice versa
· sketch several possible solution curves on a given direction field
· solve simple first-order differential equations (ACMSM130)
· solve differential equations of the form 
· solve differential equations of the form 
· solve differential equations of the form  using separation of variables
· recognise the features of a first-order linear differential equation and that exponential growth and decay models are first-order linear differential equations, with known solutions
· model and solve differential equations including but not limited to the logistic equation that will arise in situations where rates are involved, for example in chemistry, biology and economics (ACMSM132) AAM [image: ]


[bookmark: h.sekfov7pex3f]Topic: Statistical Analysis
[bookmark: h.nfiou3tumt0a]Outcomes
A student:
· applies appropriate statistical processes to present, analyse and interpret data ME12-5
· chooses and uses appropriate technology to solve problems in a range of contexts ME12-6
· evaluates and justifies conclusions, communicating a position clearly in appropriate mathematical forms ME12-7
[bookmark: h.jtzvl1byoobr]Topic Focus
The topic Statistical Analysis involves the exploration, display and interpretation of data via modelling to identify and communicate key information.

A knowledge of statistical analysis enables careful interpretation of situations and an awareness of the contributing factors when presented with information by third parties, including its possible misrepresentation.

The study of statistical analysis is important in developing students’ ability to consider the level of reliability that can be applied to the analysis of current situations and to predict future outcomes. It supports the development of understanding of how conclusions drawn from data can be used to inform decisions made by groups such as scientific investigators, business people and policy-makers.
[bookmark: h.f8p09j1illxb]Subtopics
ME-S1 The Binomial Distribution


[bookmark: h.ue30gssr6pzi]Statistical Analysis
[bookmark: h.vjcmx3hc59m2]ME-S1 The Binomial Distribution
[bookmark: h.ihwp9ga45gbm]Outcomes
A student:
· applies appropriate statistical processes to present, analyse and interpret data ME12-5
· chooses and uses appropriate technology to solve problems in a range of contexts ME12-6
· evaluates and justifies conclusions, communicating a position clearly in appropriate mathematical forms ME12-7
[bookmark: h.k1rcnchx74df]Subtopic Focus
The principal focus of this subtopic is to develop an understanding of binomial random variables and their uses in modelling random processes involving chance and variation.

Students develop an understanding of binomial distributions and associated statistical analysis methods and their use in modelling binomial events. Binomial probabilities and the binomial distribution are used to model situations where only two outcomes are possible. The use of the binomial distribution and binomial probability has many applications, including medicine and genetics.
[bookmark: h.gvmw8qf0v5yn]Content
S1.1: Bernoulli and binomial distributions
Students:
· use a Bernoulli random variable as a model for two-outcome situations (ACMMM143)
· identify contexts suitable for modelling by Bernoulli random variables (ACMMM144)
· use Bernoulli random variables and their associated probabilities to solve practical problems (ACMMM146) AAM
· understand and apply the formulae for the mean, , and variance,
, of the Bernoulli distribution with parameter , and  defined as the number of successes (ACMMM145)
· understand the concepts of Bernoulli trials and the concept of a binomial random variable as the number of ‘successes’ in  independent Bernoulli trials, with the same probability of success  in each trial (ACMMM147)
· calculate the expected frequencies of the various possible outcomes from a series of Bernoulli trials
· use binomial distributions and their associated probabilities to solve practical problems (ACMMM150) AAM [image: ]
· identify contexts suitable for modelling by binomial random variables (ACMMM148)
· identify the binomial parameter  as the probability of success
· apply the formulae for probabilities  associated with the binomial distribution with parameters  and  and understand the meaning of  as the number of ways in which an outcome with  successes can occur [image: ]
· understand and apply the formulae for the mean, , and the variance,
 , of a binomial distribution with parameters  and 


S1.2: Normal approximation for the sample proportion
Students:
· use appropriate graphs to explore the behaviour of the sample proportion on collected or supplied data AAM
· understand the concept of the sample proportion  as a random variable whose value varies between samples (ACMMM174)
· explore the behaviour of the sample proportion using simulated data AAM
· examine the approximate normality of the distribution of  for large samples (ACMMM175)
· understand and use the normal approximation to the distribution of the sample proportion and its limitations AAM



Year 12

[bookmark: h.wob72bcbpau8][bookmark: _GLOSSARY][bookmark: _Toc466222456]Glossary
 This symbol indicates that a sample question that illustrates the term is included in the associated Topic Guidance.

	Glossary term
	Elaboration

	Aboriginal and Torres Strait Islander Peoples
	Aboriginal Peoples are the first peoples of Australia and are represented by over 250 language groups each associated with a particular Country or territory. Torres Strait Islander Peoples whose island territories to the north east of Australia were annexed by Queensland in 1879 are also Indigenous Australians and are represented by five cultural groups.

An Aboriginal and/or Torres Strait Islander person is someone who:
· is of Aboriginal and/or Torres Strait Islander descent
· identifies as an Aboriginal person and/or Torres Strait Islander person, and
· is accepted as such by the Aboriginal and/or Torres Strait Islander community in which they live.

	Bernoulli distribution 
	The Bernoulli distribution is the probability distribution of a random variable which takes the value 1 with ‘success’ probability , and the value 0 with ‘failure’ probability . The Bernoulli distribution is a special case of the binomial distribution, where .

	Bernoulli random variable
	A Bernoulli random variable has two possible values, namely 0 representing failure and 1 representing success. The parameter associated with such a random variable is the probability  of obtaining a 1.

	Bernoulli trial
	A Bernoulli trial is an experiment with only two possible outcomes, labelled ‘success’ and ‘failure’.

	binomial coefficient
	The coefficient of the term  in the expansion of  is called a binomial coefficient. It is written as  or  where  and is given by .

	binomial distribution 
	The binomial distribution with parameters  and  is the discrete probability distribution of the number of successes in a sequence of  independent Bernoulli trials, each of which yields success with probability .

	binomial expansion 
	A binomial expansion describes the algebraic expansion of powers of a binomial expression.

	binomial random variable 
	A binomial random variable  represents the number of successes in  independent Bernoulli trials. In each Bernoulli trial, the probability of success is  and the probability of failure is .

	column vector notation
	


A vector, , in two dimensions can be represented in column vector notation. For example the ordered pair  can be represented in column vector notation as .

	Combination 
	A combination is a selection of  distinct objects from  distinct objects, where order is not important. The number of such combinations is denoted by or , and is given by .

	component form of a vector
	




The component form of a vector, , expresses the vector in terms of unit vectors , a unit vector in the -direction, and , a unit vector in the -direction. For example the ordered vector pair  can be represented as .

	differential equation
	A differential equation is any equation containing the derivative of an unknown function.

	direction field
	A direction field (or slope field) is a graphical representation of the tangent lines to the solutions of a first-order differential equation.

	displacement vector
	A displacement vector represents the displacement from one point to another.

	factor theorem
	The factor theorem states that a polynomial  has a factor  if and only if , ie  is a root of the equation .

The factor theorem links the factors and zeros of a polynomial.

	factorial
	The product of the first  positive integers is called the factorial of  and is denoted by .
	.

By definition 

	fundamental counting principle
	The fundamental counting principle states that if one event has  possible outcomes and a second independent event has  possible outcomes, then there are a total of  possible outcomes for the two combined events.

	integrand
	An integrand is a function that is to be integrated.

	logistic equation 
	The logistic equation is the differential equation  where  are constants. Thus, if  or .

	mathematical induction 
	Mathematical induction is a method of mathematical proof used to prove statements involving the natural numbers.

Also known as proof by induction or inductive proof.

The principle of induction is an axiom and so cannot itself be proven.

	multiplicity of a root 
	Given a polynomial , if  and  is a positive integer, then the root  has multiplicity .

	parameter
	1. A parameter is a quantity that defines certain characteristics of a function or system. For example  is a parameter in 
2. A parameter can be a characteristic value of a situation. For example the time taken for a machine to produce a certain product.

	permutation 
	A permutation is an arrangement of  distinct objects taken from  distinct objects where order is important.

The number of such permutations is denoted by and is equal to:
	.

The number of permutations of  objects is . 

	position vector
	The position vector of a point  in the plane is the vector joining the origin to.

	remainder theorem
	The remainder theorem states that if a polynomial  is divided by
, the remainder is equal to .

	sample proportion
	The sample proportion  is the fraction of samples out of  Bernoulli trials which were successes , that is 

For large ,  has an approximately normal distribution.

	scalar
	A scalar is a quantity with magnitude but no direction.

	statement
	A statement is an assertion that can be true or false but not both.
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