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Introduction

The VCE Mathematical Methods (CAS) Assessment Handbook 2006–2014 contains assessment information for both school-based assessment and the examinations in Mathematical Methods (CAS) and advice for teachers on how to construct assessment tasks. Advice on matters related to the administration of VCE assessment is published annually in the VCE and VCAL Administrative Handbook and monthly in the VCAA Bulletin VCE, VCAL and VET. Teachers must refer to these publications for current advice.

Units 1 and 2

In Mathematics the student’s level of achievement in Units 1 and 2 is a matter for school decision. Assessment of levels of achievement for these units will not be reported to the Victorian Curriculum and Assessment Authority (VCAA). Schools may choose to report levels of achievement using grades, descriptive statements or other indicators.

Units 3 and 4

The VCAA will supervise the assessment of all students undertaking Units 3 and 4.

In Mathematical Methods (CAS) the student’s level of achievement will be determined by School-assessed Coursework, and an end-of-year examination. The VCAA will report the student’s level of performance on each of three Graded Assessment components: Unit 3 School-assessed Coursework, Unit 4 School-assessed Coursework and the end-of-year examination as a grade from A+ to E or UG (ungraded).

This Assessment Handbook is published in online format only and provides advice specifically for Units 3 and 4.

Updates to the online assessment handbook are published in the VCAA Bulletin VCE, VCAL and VET.

Teachers are advised that there may be minor errors in the contents page due to software version differences.

Assessment

VCE assessment principles

Assessment is an integral part of teaching and learning that, at the senior secondary level:

· identifies opportunities for further learning

· describes student achievement

· articulates and maintains standards

· provides the basis for the award of a certificate.

As part of VCE studies, assessment tasks enable:

· the demonstration of the achievement of an outcome or set of outcomes

· judgment and reporting of a level of achievement on a task or collection of tasks for School-assessed Coursework, School-assessed Tasks or examinations.

Monitoring the results of VCE assessment also provides feedback that informs curriculum implementation, assessment design and curriculum review.

In each VCE study, teachers and schools determine the assessment tasks to be used at Units 1 and 2. In Units 3 and 4, specified assessment tasks are set.

At the Units 3 and 4 level of a VCE study, School-assessed Coursework, School-assessed Tasks and examinations provide assessment results that are used in the calculation of a student’s study score.

The following are the principles that underpin all VCE assessment practices. These are extracted from the VCAA Principles and guidelines for the development and review of VCE Studies.
VCE assessment will be valid

This means that it will enable judgments to be made about demonstration of the outcomes and levels of achievement on assessment tasks fairly, in a balanced way and without adverse effects on the curriculum or for the education system. The overarching concept of validity is elaborated as follows.

VCE assessment should be fair and reasonable

Assessment should be acceptable to stakeholders – including students, schools, government and the community. The system for assessing the progress and achievement of students must be accessible, effective, equitable, reasonable and transparent.

Assessment instruments should not assess learning that is outside the scope of a study design.

Each assessment instrument (for example, examination, assignment, test, project, practical, oral, performance, portfolio, presentation or observational schedule) should give students clear instructions. It should be administered under conditions (degree of supervision, access to resources, notice and duration) that are substantially the same for all students undertaking that assessment.

VCE assessment should be equitable

Assessment instruments should neither privilege nor disadvantage certain groups of students or exclude others on the basis of gender, culture, linguistic background, physical disability, socioeconomic status and geographical location.

Assessment instruments should be designed so that, under the same or similar conditions, they provide consistent information about student performance. This may be the case when, for example, alternatives are offered at the same time for assessment of an outcome (which could be based on a choice of context) or at a different time due to a student’s absence.

VCE assessment will be balanced

The set of assessment instruments used in a VCE study will be designed to provide a range of opportunities for a student to demonstrate in different contexts and modes the knowledge, skills, understanding and capacities set out in the curriculum. This assessment will also provide the opportunity for students to demonstrate different levels of achievement specified by suitable criteria, descriptors, rubrics or marking schemes.

Judgment about student level of achievement should be based on the results from a variety of practical and theoretical situations and contexts relevant to a study. Students may be required to respond in written, oral, performance, product, folio, multimedia or other suitable modes as applicable to the distinctive nature of a study or group of related studies.

VCE assessment will be efficient

The minimum number of assessments for teachers and assessors to make a robust judgment about each student’s progress and learning will be set out in the study design. Each assessment instrument must balance the demands of precision with those of efficiency. Assessment should not generate workload and/or stress that unduly diminish the performance of students under fair and reasonable circumstances.

School-assessed Coursework

School-assessed Coursework provides schools with the opportunity to make their own administrative arrangements for the internal assessment of their students.

School-assessed Coursework also provides teachers with the opportunity to:

· select from the range of designated assessment tasks in the study design

· develop and administer their own assessment program for their students

· monitor the progress and work of their students

· provide important feedback to the student

· gather information about the teaching program.

Students should know in advance how and when they are going to be assessed and the conditions under which they will be assessed.

Assessment tasks should be part of the teaching and learning program. For each assessment task students should be provided with:

· the type of assessment task and approximate date for completion

· the time allowed for the task

· the allocation of marks

· the nature of any materials they can utilise when completing the task

· the opportunity to demonstrate the highest level of performance.

Following an assessment task:

· teachers can use the performance of their students to evaluate the teaching and learning program

· a topic may need to be carefully revised again prior to the end of the unit to ensure students fully understand the key knowledge and key skills required in preparation for the examination.

Feedback provides students with important advice about which aspect or aspects of the key knowledge they need to learn and in which key skills they need more practice.

Authentication

Teachers should have in place strategies for ensuring that work submitted for assessment is the student’s own work. Where aspects of School-assessed Coursework tasks are completed outside class time teachers must monitor and record each student’s progress through to completion. This requires regular sightings of the work by the teacher and the keeping of records.

The teacher may consider it appropriate to ask the student to demonstrate his/her understanding of the task at the time of submission of the work. If any part or all of the work cannot be authenticated, then the matter should be dealt with as a breach of rules.

To reduce the possibility of authentication problems arising, or being difficult to resolve, the following strategies are useful:

· Ensure that a significant amount of classroom time is spent on the task so that the teacher is familiar with each student’s work and can regularly monitor and discuss aspects of the work with the student.

· Ensure that students document the specific stages of the development of work, starting with an early part of the task such as topic choice, list of resources and/or preliminary research.

· Filing of copies of each students work at given stages in its development.

· Regular rotation of topics from year to year to ensure that students are unable to use student work from the previous year.

· Where there is more than one class of a particular study in the school, the VCAA expects the school to apply internal moderation/cross-marking procedures to ensure consistency of assessment between teachers. Teachers are advised to apply the same approach to authentication and record-keeping, as cross-marking sometimes reveals possible breaches of authentication. Early liaison on topics, and sharing of draft student work between teachers, enables earlier identification of possible authentication problems and the implementation of appropriate action.

· Encourage students to acknowledge tutors, if they have them, and to discuss and show the work done with tutors. Ideally, liaison between the class teacher and the tutor can provide the maximum benefit for the student and ensure that the tutor is aware of the authentication requirements. Similar advice applies if students receive regular help from a family member.

Scope of tasks

Assessment tasks must be a part of the regular teaching and learning program and must not unduly add to the workload associated with that program. They must be completed mainly in class and within a limited timeframe. Where there is a range of options in assessment tasks, teachers must ensure that they are comparable in scope and demand. Teachers should select a variety of assessment tasks for their program to reflect the key knowledge and key skills being assessed and to provide for different learning styles.
Designing the assessment tasks

Designing an assessment task is an important part of the teaching, learning and assessment process. An assessment task needs to provide the opportunity for all students to demonstrate the highest level of performance on the outcomes. Teachers should design an assessment task that is representative of content from the areas of study and the key knowledge and key skills underpinning the outcomes. Performance descriptors for each outcome in Units 3 and 4, as well as criteria with mark allocations for the set of outcomes for a task, are provided to assist teachers in making a judgment about the student’s level of performance on the outcomes.

The following information presents one approach to developing an assessment task.

Making assessment part of teaching and learning

Step 1: Identify the key characteristics of each outcome and their relation to the components or aspects of an assessment task 

This involves:

· Listing the key knowledge and key skills that will be assessed by the outcomes for the task. These are stated in the study design but you may wish to reword them for student purposes.

· Developing the components or aspects of an assessment task in relation to the outcomes with respect to selected content from the areas of study. It is possible for students in the same class to undertake different tasks for each type (application, analysis, test); however, teachers must ensure that they are comparable in scope and demand.

Step 2: Examine the assessment advice

Consider the highest level of performance descriptors and clarify their meaning if you are unsure. Use the study design as your reference point. Remember the performance descriptors for each outcome identify the qualities or characteristics that you are looking for in a student response. Alternatively, consider the criteria with mark allocations and identify where aspects of these are likely to be evident in student responses to the task. This helps in the development of the task. It also helps clarify what needs to be taught as well as what needs to be included in the assessment task. It will assist students in understanding the expectations of the task.

Step 3: Determine teaching and learning activities

Identify the nature and sequence of teaching and learning activities which cover relevant content from the areas of study and key knowledge and key skills for the outcomes. It is important that a variety of learning opportunities are provided to cater for individual preferred learning styles. (Refer to the ‘Advice for teachers’ section of the study design for some specific examples of learning activities for each outcome.)

Step 4: Design the assessment task

· Use the prescribed tasks for Units 3 and 4 as applicable.
· The information in the stimulus should be relevant to the task and assist students in their response. 

· Check that the instructions are clear. Are they complete and unambiguous?

Conditions for the task

· It is important that students know what is expected of them in an assessment task. This means providing students with advice about content from the areas of study, and key knowledge and key skills for the outcomes to be assessed. This allows students to understand during the teaching and learning stage what they are expected to know or do.

· Students should be provided with the performance descriptors, criteria or others means by which their response will be assessed with respect to the outcomes.
· Students should be advised about the conditions under which they will be expected to do the task.
· Teachers can develop their own rules, consistent with school policies, about the material that can be brought into the room and the use of textbooks. Make sure that these rules are given to the students before the task is started and preferably in writing.
· One method of authentication is to collect the work at the end of each period and keep it in an individual plastic folder, workbook or folio.
Points to consider

When constructing a task you will need to consider the following:

· Does the task enable students to demonstrate the highest possible performance level? 

· Will students select the form of the response or will you select the form that the whole class will use?

· What is a suitable timeframe for the task to be completed? Where the task is going to be run over several lessons, will you divide the task into parts or collect students’ work at the end of each lesson? If your school has multiple mathematics classes and the task is designed to run over several lessons will you vary components or aspects of the task for each class?

· Does the task allow you to easily identify the key aspects of the response to be assessed?
Mathematical Methods (CAS) Assessment Advice and Further Resources

School-assessed Coursework

Teachers will provide to the Victorian Curriculum and Assessment Authority (VCAA) a score for each outcome in each of Units 3 and 4, which represents an assessment of the student’s achievement. The score must be based on the teacher’s assessment of the level of performance of each student on the outcomes for the unit specified in the study design. Teachers must use the prescribed tasks specified in the study design.

Assessment tasks should be a part of the regular teaching and learning program and should not add unduly to student workload. Assessment tasks should be completed mainly in class and within a limited timeframe. The overall assessment program for the unit should include a variety of assessment task formats, include provision for authentication of student work and take into account the overall workload for students.

In Mathematics each assessment task enables students to demonstrate performance of key knowledge and skills for more than one outcome. The following information provides teachers with two approaches to task design and assessment of the student’s level of performance on each outcome for the unit. Either approach is suitable for assessment in mathematics studies.

School-assessed Coursework for the outcomes in Unit 3 will contribute 20 per cent to the student’s study score for Mathematical Methods (CAS).
School-assessed Coursework for the outcomes in Unit 4 will contribute 14 per cent to the student’s study score for Mathematical Methods (CAS).
Performance descriptors
Performance descriptors provide holistic statements of achievement developed from the outcome statement and its key knowledge and key skills, as specified in the study design. They provide guidance for the setting and marking of assessment tasks.
Criteria with mark allocations with respect to outcomes for a task are also provided.
Unit 3

Tasks

In Unit 3 students complete an application task and two tests.

Description

A function and calculus application task based on content from the areas of study, with three components of increasing complexity:

· introduction of  a context through specific cases or examples

· consideration of general features of this context

· variation, or further specification, of assumptions or conditions involved in the context to focus on a particular feature related to the context

and

Two equally weighted tests that consist of an appropriate combination of multiple-choice, short answer and extended response items.

The outcomes are to be assessed across the application task and the two tests.

Designing the task

To assess Outcome 1, teachers should develop an application task and tests that allow the student to:

· demonstrate appropriate use of mathematical conventions, symbols and terminology

· define and explain key concepts

· demonstrate accurate use of mathematical skills and techniques.

To assess Outcome 2, teachers should ensure the application task allows students to:

· identify important information, variables and constraints

· apply mathematical ideas and content from the specified areas of study

· analyse and interpret results with consideration of limitations and constraints.

To assess Outcome 3, teachers should ensure that the application task and tests allow students to:

· appropriately select and effectively use technology
· apply technology to produce results and support analysis in problem-solving, investigative or modelling contexts.
Resources and scheduling

Schools may determine the conditions for the task including access to resources and notes. Students should be advised of the timeline and conditions under which the task is to be conducted.

Approach 1

Unit 3  Outcome 1

Define and explain key concepts as specified in the content from the areas of study, and apply a range of related mathematical routines and procedures. (Application task and tests.)
Performance descriptors

The following descriptors provide a guide to the levels of performance typically demonstrated within each range on the assessment task/s.

	MARK RANGE
	DESCRIPTOR: typical performance in each range

	25–30 marks
	Comprehensive and correct use of mathematical conventions, symbols and terminology in all formulations, presentations, manipulations, computations and descriptions. Thorough and relevant definition and explanation of key concepts with comprehensive identification of conditions or restrictions that apply in different contexts. Consistent application of accurate mathematical skills and techniques to obtain exact and approximate solutions.

	19–24 marks
	Consistent and correct use of mathematical conventions, symbols and terminology in most formulations, presentations, manipulations, computations and descriptions. Effective definition and explanation of key concepts with clear identification of conditions or restrictions that apply in different contexts. Application of accurate mathematical skills and techniques to usually obtain exact and approximate solutions.

	13–18 marks
	Correct use of mathematical conventions, symbols and terminology in some formulations, presentations, manipulations, computations and descriptions. Satisfactory definition and explanation of key concepts with identification of some conditions or restrictions that apply in different contexts. Mostly accurate application of mathematical skills and techniques to obtain exact or approximate solutions.

	7–12 marks
	Some correct use of mathematical conventions, symbols and terminology in a limited range of formulations, presentations, manipulations, computations and descriptions. Some definition and explanation of key concepts with some identification of conditions or restrictions that apply in different contexts. Some application of accurate mathematical skills and techniques to obtain exact or approximate solutions.

	1–6 marks
	Limited use of mathematical conventions, symbols and terminology in formulations, presentations, manipulations, computations and descriptions. Limited definition and explanation of key concepts with little or no identification of conditions or restrictions that apply in different contexts. Little use of accurate mathematical skills and techniques to obtain exact or approximate solutions.


Unit 3  Outcome 2

Apply mathematical processes in non-routine contexts, and analyse and discuss these applications of mathematics. (Application task.)
Performance descriptors

The following descriptors provide a guide to the levels of performance typically demonstrated within each range on the assessment task/s.

	MARK RANGE
	DESCRIPTOR: typical performance in each range

	17–20 marks
	Comprehensive and detailed identification of important information, variables and constraints with appropriate selection of values for development of the mathematics relevant to the task and context. Comprehensive and appropriate use of key mathematical ideas and approaches to solve problems. Thorough analysis and interpretation of results with comprehensive consideration of the validity and limitations of any models.


	13–16 marks
	Consistent identification of important information, variables and constraints with mostly appropriate selection of values for development of the mathematics relevant to the task and context. Well-developed use of key mathematical ideas and approaches to solve problems. Well-developed analysis and interpretation of results with developed consideration of the validity and limitations of any models.

	9–12 marks
	Satisfactory identification of important information, variables and constraints with some appropriate selection of values for development of the mathematics relevant to the task and context. Satisfactory and mostly correct use of key mathematical ideas and approaches to solve problems. Some analysis and interpretation of results with limited consideration of the validity and limitations of any models.

	5–8 marks
	Some identification of important information, variables and constraints with limited selection of values for development of the mathematics relevant to the task and context. Some use of key mathematical ideas and approaches to solve problems. Limited analysis and interpretation of results with little or no consideration of the validity and limitations of any models.

	1–4 marks
	Limited identification of important information, variables and constraints without selection of appropriate values for development of the mathematics relevant to the task and context.  Limited use of key mathematical ideas and approaches to solve problems. Little or no analysis and interpretation of results with little or no consideration of the validity and limitations of any models.


Unit 3  Outcome 3

Select and appropriately use a computer algebra system and other technology to develop mathematical ideas, produce results and carry out analysis in situations requiring problem-solving, modelling or investigative techniques or approaches. (Application task and tests.)
Performance descriptors

The following descriptors provide a guide to the levels of performance typically demonstrated within each range on the assessment task/s.

	MARK RANGE
	DESCRIPTOR: typical performance in each range

	9–10 marks
	Critical and appropriate selection of technology for efficient and systematic production of representations and solutions for given mathematical contexts. Skilled use of technology to enable thorough analysis and interpretation of functions and equations and the relationships between numerical, graphical and symbolic forms of functions and graphs.

	7–8 marks
	Considered and appropriate selection of technology for effective and systematic production of representations and solutions for given mathematical contexts. Effective use of technology to enable some detailed analysis and interpretation of functions and equations and the relationships between numerical, graphical and symbolic forms of functions and graphs.

	5–6 marks
	Appropriate selection of technology for production of representations and solutions for given mathematical contexts. Satisfactory use of technology to enable some analysis and interpretation of functions and equations and the relationships between numerical, graphical and symbolic forms of functions and graphs.

	3–4 marks
	Mostly appropriate selection of technology for production of representations and solutions for given mathematical contexts. Limited use of technology to enable some relevant analysis and interpretation of functions and equations and the relationships between numerical, graphical and symbolic forms of functions and graphs.

	1–2 marks
	Limited or inappropriate selection of technology for production of representations and solutions for given mathematical contexts. Little or no effective use of technology to enable limited analysis and interpretation of functions and equations and the relationships between numerical, graphical and symbolic forms of functions and graphs.


Approach 2

Contribution of the assessment tasks to each outcome

The student’s performance on each outcome for the unit is to be assessed using the assessment tasks according to the following weighting of marks.

	Unit 3
	Outcome 1
	Outcome 2
	Outcome 3

	Application task
	15
	20
	5

	Tests
	15
	0
	5


The following table provides a mark allocation for each outcome across the assessment tasks. Teachers may prefer to use this approach to task design and assessment of the student’s level of performance on each outcome.

	Outcome 1: 30 marks

	Appropriate use of mathematical conventions, symbols and terminology

Application of mathematical conventions in diagrams, tables and graphs, such as axes labels and conventions for asymptotes. Appropriate and accurate use of symbolic notation in defining mathematical terms or expressions, such as equations. Use of correct expressions in symbolic manipulation or computation in mathematical work. Use of correct terminology to specify relations and functions, such as domain, range and rule. Description of key features of functions and relations, such as asymptotes, coordinates for axial intercepts and stationary points.

	Application task
	3
	Tests
	3

	Definition and explanation of key concepts

Definition of mathematical concepts using appropriate phrases and symbolic expressions. Provision of examples which illustrate key concepts and explain their role in the development of related mathematics. Statement of conditions or restrictions which apply to the definition of a concept. Identification of key concepts in relation to each area of study and explanation of the use of these concepts in applying mathematics in different contexts.

	Application task
	6
	Tests
	6

	Accurate use of mathematical skills and techniques

Use of algebra and numerical values to evaluate expressions, substitute into formulas, construct tables, produce graphs and solve equations. Use of mathematical routines and procedures involving algebra, functions, coordinate geometry, calculus to obtain results and solve problems. Identification of domain and range of a function or relation and other key features using numerical, graphical and algebraic techniques, including approximate or exact specification of values.

	Application task
	6
	Tests
	6

	Outcome 2: 20 marks

	Identification of important information, variables and constraints

Identification of key characteristics of a problem, task or issue and statement of any assumptions underlying the use of relevant mathematics in the given context. Choice of suitable variables and constants for the development of mathematics related to various aspects of a given context. Specifications of constraints, such as domain and range constraints, related to aspects of a context. 

	Application task
	4

	Application of mathematical ideas and content from the specified areas of study

Demonstration of understanding of key mathematical content from one or more areas of study in relation to a given context. Use of specific and general formulations of concepts and mathematical content drawn from the areas of study to derive results for analysis in this context. Appropriate use of examples to illustrate the application of a mathematical process, or use of a counter-example to disprove a proposition or conjecture. Use of a variety of approaches to develop functions as models for data presented in tabular or graphical form. Use of algebra, coordinate geometry, derivatives and gradients to set up and solve problems.

	Application task
	8

	Analysis and interpretation of results

Analysis and interpretation of results obtained from examples or counter-examples to establish or refute general case propositions or conjectures related to a context for investigation. Generation of inferences from analysis to draw conclusions related to the context for investigation, and to verify or modify conjectures. Discussion of the validity and limitations of any models.

	Application task
	8


	Outcome 3: 10 marks

	Appropriate selection and effective use of technology

Relevant and appropriate selection and use of technology, or a function of the selected technology for the mathematical context being considered. Distinction between exact and approximate results produced by technology, and interpretation of these results to a required accuracy. Use of appropriate range and domain and other specifications which illustrate key features of the mathematics under consideration. 

	Application task
	2
	Tests
	2

	Application of technology

Use and interpretation of the relation between numerical, graphical and symbolic forms of information produced by technology about functions and equations and the corresponding features of those functions or equations.

Analysis of the relationship of the results from an application of technology to the nature of a particular mathematical question, problem or task. Use of tables of values, families of graphs or collections of other results produced using technology to support analysis in problem solving, investigative or modelling contexts. Production of results efficiently and systematically which identify examples or counter-examples which are clearly relevant to the task. 

	Application task
	3
	Tests
	3


Unit 4

Tasks

In Unit 4 students complete two analysis tasks with the three outcomes assessed across the tasks.

Description

Each analysis task is a short item of 2–4 hours duration over 1–2 days selected from

· an assignment where students have the opportunity to work on a broader range of problems in a given context;
or
· a short and focused investigation, challenging problem or modelling task;
or
· a set of application questions requiring extended response analysis in relation to a particular topic or topics
or
· item response analysis for a collection of multiple-choice questions, including analysis of item distractors and their relationship to conceptual, process or reasoning error.

The two analysis tasks are to be of a different type. One is to be related to the ‘Probability’ area of study.

Designing the task

To assess Outcome 1, teachers should develop analysis tasks allow the student to:

· demonstrate appropriate use of mathematical conventions, symbols and terminology

· define and explain  key concepts

· demonstrate accurate use of mathematical skills and techniques.

To assess Outcome 2, teachers should ensure that the analysis tasks that allow students to:

· identify important information, variables and constraints

· apply mathematical ideas and content from the specified areas of study

· analyse and interpret results with consideration of limitations and constraints.

To assess Outcome 3, teachers should ensure that the analysis tasks allow students to:

· appropriately select and effectively use technology
· apply technology to produce results and support analysis in problem-solving, investigative or modelling contexts.
Resources and scheduling

Schools may determine the conditions for the tasks including access to resources and notes. Students should be advised of the timelines and conditions under which the task is to be conducted.

Approach 1

Unit 4  Outcome 1

Define and explain key concepts as specified in the content from the areas of study, and apply a range of related mathematical routines and procedures. (Analysis tasks.)
Performance descriptors

The following descriptors provide a guide to the levels of performance typically demonstrated within each range on the assessment task/s.

	MARK RANGE
	DESCRIPTOR: typical performance in each range

	13–15 marks
	Comprehensive and correct use of mathematical conventions, symbols and terminology in all formulations, presentations, manipulations, computations and descriptions. Thorough and relevant definition and explanation of key concepts with comprehensive identification of conditions or restrictions that apply in different contexts. Consistent application of accurate mathematical skills and techniques to obtain exact and approximate solutions.

	10–12 marks
	Consistent and correct use of mathematical conventions, symbols and terminology in most formulations, presentations, manipulations, computations and descriptions. Effective definition and explanation of key concepts with clear identification of conditions or restrictions that apply in different contexts. Application of accurate mathematical skills and techniques to usually obtain exact and approximate solutions.

	7–9 marks
	Correct use of mathematical conventions, symbols and terminology in some formulations, presentations, manipulations, computations and descriptions. Satisfactory definition and explanation of key concepts with identification of some conditions or restrictions that apply in different contexts. Mostly accurate application of mathematical skills and techniques to obtain exact or approximate solutions.

	4–6 marks
	Some correct use of mathematical conventions, symbols and terminology in a limited range of formulations, presentations, manipulations, computations and descriptions. Some definition and explanation of key concepts with some identification of conditions or restrictions that apply in different contexts. Some application of accurate mathematical skills and techniques to obtain exact or approximate solutions.


	1–3 marks
	Limited use of mathematical conventions, symbols and terminology in formulations, presentations, manipulations, computations and descriptions. Limited definition and explanation of key concepts with little or no identification of conditions or restrictions that apply in different contexts. Little use of accurate mathematical skills and techniques to obtain exact or approximate solutions.


Unit 4  Outcome 2

Apply mathematical processes in non-routine contexts, and analyse and discuss these applications of mathematics. (Analysis tasks.)
Performance descriptors

The following descriptors provide a guide to the levels of performance typically demonstrated within each range on the assessment task/s.

	MARK RANGE
	DESCRIPTOR: typical performance in each range

	13–15 marks
	Comprehensive and detailed identification of important information, variables and constraints with appropriate selection of values for development of the mathematics relevant to the task and context. Comprehensive and appropriate use of key mathematical ideas and approaches to solve problems. Thorough analysis and interpretation of results with comprehensive consideration of the validity and limitations of any models.

	10–12 marks
	Consistent identification of important information, variables and constraints with mostly appropriate selection of values for development of the mathematics relevant to the task and context. Well-developed use of key mathematical ideas and approaches to solve problems. Well-developed analysis and interpretation of results with developed consideration of the validity and limitations of any models.

	7–9 marks
	Satisfactory identification of important information, variables and constraints with some appropriate selection of values for development of the mathematics relevant to the task and context. Satisfactory and mostly correct use of key mathematical ideas and approaches to solve problems. Some analysis and interpretation of results with limited consideration of the validity and limitations of any models.

	4–6 marks
	Some identification of important information, variables and constraints with limited selection of values for development of the mathematics relevant to the task and context. Some use of key mathematical ideas and approaches to solve problems. Limited analysis and interpretation of results with little or no consideration of the validity and limitations of any models.

	1–3 marks
	Limited identification of important information, variables and constraints without selection of appropriate values for development of the mathematics relevant to the task and context. Limited use of key mathematical ideas and approaches to solve problems. Little or no analysis and interpretation of results with little or no consideration of the validity and limitations of any models.


Unit 4  Outcome 3

Select and appropriately use a computer algebra system and other technology to develop mathematical ideas, produce results and carry out analysis in situations requiring problem-solving, modelling or investigative techniques or approaches. (Analysis tasks.)

Performance descriptors

The following descriptors provide a guide to the levels of performance typically demonstrated within each range on the assessment task/s.

	MARK RANGE
	DESCRIPTOR: typical performance in each range

	9–10 marks
	Critical and appropriate selection of technology for efficient and systematic production of representations and solutions for given mathematical contexts. Skilled use of technology to enable thorough analysis and interpretation of functions and equations and the relationships between numerical, graphical and symbolic forms of functions and graphs.

	7–8 marks
	Considered and appropriate selection of technology for effective and systematic production of representations and solutions for given mathematical contexts. Effective use of technology to enable some detailed analysis and interpretation of functions and equations and the relationships between numerical, graphical and symbolic forms of functions and graphs.

	5–6 marks
	Appropriate selection of technology for production of representations and solutions for given mathematical contexts. Satisfactory use of technology to enable some analysis and interpretation of functions and equations and the relationships between numerical, graphical and symbolic forms of functions and graphs.

	3–4 marks
	Mostly appropriate selection of technology for production of representations and solutions for given mathematical contexts. Limited use of technology to enable some relevant analysis and interpretation of functions and equations and the relationships between numerical, graphical and symbolic forms of functions and graphs.

	1–3 marks
	Limited or inappropriate selection of technology for production of representations and solutions for given mathematical contexts. Little or no effective use of technology to enable limited analysis and interpretation of functions and equations and the relationships between numerical, graphical and symbolic forms of functions and graphs.


Approach 2

Contribution of the assessment tasks to each outcome

The student’s performance on each outcome for the unit is to be assessed using the assessment tasks according to the following weighting of marks.
	Unit 4
	Outcome 1
	Outcome 2
	Outcome 3

	Analysis task 1
	7
	8
	5

	Analysis task 2
	8
	7
	5


The following table provides a mark allocation for each outcome across the two assessment tasks. Teachers may prefer to use this approach to task design and assessment of the student’s level of performance on each outcome.

	Outcome 1: 15 marks

	Appropriate use of mathematical conventions, symbols and terminology

Application of mathematical conventions in diagrams, tables and graphs, such as axes labels and conventions for asymptotes. Appropriate and accurate use of symbolic notation in defining mathematical terms or expressions, such as equations. Use of correct expressions in symbolic manipulation or computation in mathematical work. Use of correct terminology to specify relations and functions, such as domain, range and rule. Description of key features of functions and relations, such as asymptotes, coordinates for axial intercepts and stationary points.

	Analysis task 1
	2
	Analysis task 2
	2

	Definition and explanation of key concepts

Definition of mathematical concepts using appropriate phrases and symbolic expressions. Provision of examples which illustrate key concepts and explain their role in the development of related mathematics. Statement of conditions or restrictions which apply to the definition of a concept. Identification of key concepts in relation to each area of study and explanation of the use of these concepts in applying mathematics in different contexts.

	Analysis task 1
	3
	Analysis task 2
	2

	Accurate use of mathematical skills and techniques

Use of algebra and numerical values to evaluate expressions, substitute into formulas, construct tables, produce graphs and solve equations. Use of mathematical routines and procedures involving algebra, functions, coordinate geometry, calculus to obtain results and solve problems. Identification of domain and range of a function or relation and other key features using numerical, graphical and algebraic techniques, including approximate or exact specification of values.

	Analysis task 1
	3
	Analysis task 2
	3


	Outcome 2: 15 marks

	Identification of important information, variables and constraints

Identification of key characteristics of a problem, task or issue and statement of any assumptions underlying the use of relevant mathematics in the given context. Choice of suitable variables and constants for the development of mathematics related to various aspects of a given context. Specifications of constraints, such as domain and range constraints, related to aspects of a context. 

	Analysis task 1
	2
	Analysis task 2
	2

	Application of mathematical ideas and content from the specified areas of study

Demonstration of understanding of key mathematical content from one or more areas of study in relation to a given context. Use of specific and general formulations of concepts and mathematical content drawn from the areas of study to derive results for analysis in this context. Appropriate use of examples to illustrate the application of a mathematical process, or use of a counter-example to disprove a proposition or conjecture. Use of a variety of approaches to develop functions as models for data presented in tabular or graphical form. Use of algebra, coordinate geometry, derivatives and gradients to set up and solve problems.

	Analysis task 1
	2
	Analysis task 2
	3

	Analysis and interpretation of results

Analysis and interpretation of results obtained from examples or counter-examples to establish or refute general case propositions or conjectures related to a context for investigation. Generation of inferences from analysis to draw conclusions related to the context for investigation, and to verify or modify conjectures. Discussion of the validity and limitations of any models.

	Analysis task 1
	3
	Analysis task 2
	3


	Outcome 3: 10 marks

	Appropriate selection and effective use of technology

Relevant and appropriate selection and use of technology, or a function of the selected technology for the mathematical context being considered. Distinction between exact and approximate results produced by technology, and interpretation of these results to a required accuracy. Use of appropriate range and domain and other specifications which illustrate key features of the mathematics under consideration. 

	Analysis task 1
	2
	Analysis task 2
	2

	Application of technology

Use and interpretation of the relation between numerical, graphical and symbolic forms of information produced by technology about functions and equations and the corresponding features of those functions or equations.

Analysis of the relationship of the results from an application of technology to the nature of a particular mathematical question, problem or task. Use of tables of values, families of graphs or collections of other results produced using technology to support analysis in problem solving, investigative or modelling contexts. Production of results efficiently and systematically which identify examples or counter-examples which are clearly relevant to the task. 

	Analysis task 1
	3
	Analysis task 2
	3


Sample approaches to School-assessed Coursework

Unit 3

Sample application task: Cycling along the Yarra 

In this application task you will use a variety of functions to model sections of a bicycle track in order to assist the construction company which is planning to do the work.

The task has three components. Component 1: introduction of a context through specific cases. Component 2: consideration of general features. Component 3: variation of conditions and specifications relating to the context.

Component 1 

1.
Initially consider the problem of determining a quadratic function whose curve passes through three points. Suppose two of these points, A and B, have coordinates (1, 4) and (2, 2) respectively. The third point, C, has an x-value of 4 and is given as (4, k) where k is an arbitrary real constant. 

(i)
if k = 0, determine the function and sketchy it on a suitable domain. 

(ii) 
systematically vary k and explore the effect of k on the behaviour of the quadratic functions produced.

2.
C is determined to be (4, 1.5). Investigate cubic functions of the form. 
f(x) = ax3 + bx2 + cx + d which pass through the points A, B and C. Explore the effect of d on the behaviour of the cubic functions. Identify a value of d which gives a cubic function that closely matches the quadratic function which passes through the same three points. You will need to explain how you have measured ‘closely’ paying particular attention to domain.

3.
A fourth point D has coordinates (0, m). For different values of m find pairs of quadratic functions, the first pair containing points D, A and B and the second containing the points B and C. These two curves must be smoothly joined at B. Determine the effect of m on the behaviour of the curves produced.

Component 2 

4.
A new bicycle track is to be constructed along the Yarra River in Kew between two pedestrian bridges labelled A and B on the given map. On the north-south line these bridges are exactly 800 metres apart. The track is to follow the curves of the river by the boathouse kiosk, passing between the river and Smith Oval. The presence of the golf course prevents it being constructed on the Western side of the river. Explore how a model can be developed between the pedestrian bridges A and B using a series of smoothly joined quadratic functions. 

Component 3 

5.
Improve the fit of your bicycle track by using a combination of different polynomial functions.
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Students will need to be familiar with polynomials to degree 4; ‘smooth’ connection (i.e. gradients at a point); and preferably the area between curves (not essential, but useful to test ‘closeness’). 

The task would likely be scheduled in weeks eleven and twelve of semester 1. Parts 1 to 3 provide the background necessary to handle parts 4 and 5. Teachers may be best to give feedback on student progress prior to them attempting parts 4 and 5.

Different coordinates and dimensions may be distributed to classes that would be undertaking the investigation at different times. A common test can readily be prepared for authentication purposes. 

Marking the task

Details of the following marking scheme are published on pages 14–16.

	Outcome 1 – 15 marks

	Appropriate use of mathematical conventions, symbols and terminology
3 marks

Definition and explanation of key concepts
6 marks

Accurate use of mathematical skills and techniques
6 marks

	Outcome 2 – 20 marks

	Identification of important information, variables and constraints
4 marks

Application of mathematical ideas and content from the specified areas 
of study
8 marks

Analysis and interpretation of results
8 marks

	Outcome 3 – 5 marks

	Appropriate selection and effective use of technology
3 marks
Application of technology
2 marks

	Total
40 marks


Unit 4

Sample analysis task: A short and focused investigation, challenging problem or modelling task – probability.

Part 1: Simple Markov chains for wet/dry days

Use the Internet to gather 15 consecutive days of weather data during mid-winter for a particular city in order to complete this table:

City:

	Day
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15

	  Date
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Wet(W) Dry(D)?
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	


Note: It is important that you have at least 2 consecutive wet days and at least one dry day.

1.
i. 
How many days were listed as wet?

ii.
Using this data, what is the probability that any day at this time of year would be wet, W? State your answer as a simplified fraction.

2.
i. 
How many wet days followed a wet day?

ii.
Using this data, what is the probability that a wet day will follow a wet day at this time of year, WW? State your answer as a simplified fraction.

3.
i. 
How many wet days followed a dry day?

ii.
Using this data, what is the probability that a wet day will follow a dry day at this time of year, DW? State your answer as a simplified fraction.

4.
Based on your probabilities for any particular day being wet AND for a wet day following a wet day AND also for a wet day following a dry day, create a TREE DIAGRAM showing the probabilities of THREE days for wet or dry days at this time of year. Note: the third day does not depend on the first day. i.e. WDW = DDW = DW for the purpose of this exercise.

5.
Using your tree diagram, determine the probability that it could be:

i.
wet three days in a row

ii. dry three days in a row

iii. wet on two out of three days

iv. wet on day 2

v. wet on day 3

vi. wet on day 3, given that it was dry on day 1

vii. wet on day 3, given that it was dry on day 2.

6.
Investigate extending the tree diagram, or using matrix methods, to determine the long term probability of it being wet on any particular day in the future. For example, what is the probability that it will be wet on day 30?

Part 2: A temperature variation investigation – using a normal distribution

The following data is of the maximum daily temperatures for the first 3 weeks of July 2005 from Citytown.

	Day
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11

	Temp(T, (C)
	15.0
	16.2
	15.7
	13.7
	16.4
	18.1
	17.0
	13.7
	10.3
	15.1
	12.5

	Day
	12
	13
	14
	15
	16
	17
	18
	19
	20
	21

	Temp(T, (C)
	10.9
	11.8
	12.3
	13.2
	12.6
	13.9
	16.1
	16.4
	16.8
	16.0


1.
Determine the mean (µ) to 2 dp and standard deviation (
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) to 2 dp for the Temperatures.
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These values remain will remain fixed to 2 decimal places for all subsequent calculations.

2.
Use this information to sketch a normal distribution graph representing this data for the maximum temperatures. Make sure that you show µ and 
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clearly and that your domain extends one degree beyond 
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 in both directions.

3.
Assuming that the data for the decade can be reasonably approximated by this normal distribution, complete the following correct to 4 decimal places:

(a)
Pr(T < 15) = ……

(b)
Pr(T > 13) = ……

(c)
Pr(13 < T < 15) = ……

(d)
Pr(T < 15 | T > 13) =

(e)
Pr(T > 13 | T < 15) =

4.
Z represents the standard normal distribution with mean 0, and standard deviation 1. Change the temperatures to their equivalent Z values and determine the following probabilities correct to 3 decimal places. 

(a)
Pr(T < 15.2) = Pr(Z < …..   ) = ……

(b)
Pr(T > 13.4) = Pr(Z > …… ) = ……

(c)
Pr(14 > T ( 15 < T) = Pr( …… > Z ( ……. < Z ) = …….

Illustrate this last case with a diagram that shows both the T and Z distribution

5.
(a)
What is the probability that the temperature will be less than 14 degrees 

correct to 3 decimal places?

(b)
Using your result from 5(a), determine correct to 3 decimal places the probability that in a week (7 days):

i.
4 days will be less than 14 degrees

ii.
at least 3 days will be less than 14 degrees

iii.
exactly 4 days are less than 14 degrees, given that at least 3 days are less than 14 degrees.

(c)
What is the expected number of days less than 14 degrees in a week?

(d)
What is the most likely number of days that will be less than 14 degrees in a week?

6.
(a)
In the 1950s the weather patterns were slightly different in Citytown. 20% 



of maximum daily temperatures in July were less than 13 degrees, yet the 



mean temperature was 14.24 degrees.

What would the standard deviation for maximum temperatures in the 1950s be correct to 2 decimal places? Show all working/diagrams.

(b) In the 1980s the weather pattern for July was different again with 28% of daily maximum temperatures under 13 degrees and 74% of daily maximum temperatures under 16 degrees. 

What are the standard deviation and the mean for maximum temperatures in the 1980s correct to 2 decimal places?  Show all working/diagrams.

Marking the task

Details of the following marking scheme are published on pages 20 to 21.

	Outcome 1 – 7 marks

	Appropriate use of mathematical conventions, symbols and terminology
2 marks
Definition and explanation of key concepts
2 marks
Accurate use of mathematical skills and techniques
3 marks

	Outcome 2 – 8 marks

	Identification of important information, variables and constraints
2 marks
Application of mathematical ideas and content from the specified areas 
of study
3 marks
Analysis and interpretation of results
3 marks

	Outcome 3 – 5 marks

	Appropriate selection and effective use of technology
2 marks
Application of technology
3 marks

	Total
20 marks


Further Resources

Examinations
End-of-year written examinations

Description

Students are required to respond to a collection of short-answer and some extended-answer questions covering all areas of study in relation to Outcome 1. The task is designed to assess students’ knowledge of mathematical concepts, their skills in carrying out mathematical algorithms and their ability to apply concepts and skills in standard ways without the use of technology. 

All questions are compulsory.

Students will complete the examination using a structured answer booklet.

The examination will be set by a panel appointed by the Victorian Curriculum and Assessment Authority.

Conditions
The task will be completed under the following conditions:

•
Duration: one hour.

•
Date: end-of-year, on a date to be published annually by the Victorian Curriculum and Assessment Authority.

•
Victorian Curriculum and Assessment Authority examination rules will apply. Details of these rules are published annually in the VCE and VCAL Administrative Handbook.

•
No calculators, CAS or notes of any kind are permitted. A sheet of formulas will be provided with the examination.

•
The task will be marked by a panel appointed by the Victorian Curriculum and Assessment Authority.

Contribution to final assessment
The examination contributes 22 per cent to the study score.

Examination 2 

Description

Students are required to respond to a collection of multiple-choice questions and extended-answer questions covering all areas of study in relation to all three outcomes, with an emphasis on Outcome 2. Student access to an approved CAS will be assumed by the setting panel. 

The task is designed to assess students’ ability to understand and communicate mathematical ideas, and to interpret, analyse and solve both routine and non-routine problems. Students should attempt all of the multiple-choice questions in Part I of the examination and all of the extended-answer questions, involving multi-stage solutions of increasing complexity in Part II of the examination.

All questions are compulsory.

Students will complete the examination using a structured answer booklet.

The examination will be set by a panel appointed by the Victorian Curriculum and Assessment Authority.

Conditions
The task will be completed under the following conditions:

•
Duration: two hours.

•
Date: end-of-year, on a date to be published annually by the Victorian Curriculum and Assessment Authority.

•
Victorian Curriculum and Assessment Authority examination rules will apply. Details of these rules are published annually in the VCE and VCAL Administrative Handbook.

•
An approved CAS and one bound reference, text (which may be annotated) or lecture pad, may be brought into the examination. A sheet of formulas will be provided with the examination.

•
The task will be marked by a panel appointed by the Victorian Curriculum and Assessment Authority.

Contribution to final assessment
The examination contributes 44 per cent to the study score.

Further advice

The Victorian Curriculum and Assessment Authority publishes specifications for all VCE examinations on the Victorian Curriculum and Assessment Authority website. Examination specifications include details about the sections of the examination, their weighting, the question format/s and any other essential information. The specifications are published in the first year of implementation for the revised Units 3 and 4 sequence together with any sample materials.
VCE Examination Papers

Examination papers for all studies are published on the VCAA website.

Assessment Reports

The Assessment Reports are published on the VCAA website and provide teachers with feedback on the examination for Units 3 and 4.

Publications
Regular updates and study advice are published in the VCAA Bulletin VCE, VCAL and VET and on the VCAA website. Teachers should also refer to the following publications for assessment of VCE Mathematics:

VCE Mathematics Study Design 2006–2014
The course developed and delivered to students must be in accordance with the VCE Mathematics Study Design, accredited 2006–2014.

The ‘Advice for teachers’ section contains sample learning activities for Units 1 to 4 and suggested tasks.
VCAA VCE Mathematics Coursework Support Material CD-ROM 2005.
VCAA website

Teachers are advised to keep up-to-date with developments in VCE Mathematics by accessing the appropriate Mathematics study page on the VCAA website.
February 2012

VCAA, February 2012
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