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Scholarship: Calculus Performance Standard
Outcome description

The student will use combinations of techniques and concepts from calculus, algebra, trigonometry, and geometry to solve complex problems in unfamiliar or generalised situations.

Outstanding Performance - Performance Descriptor 1
In addition to meeting performance descriptor 2, below, the student will:

· independently develop an extended chain of reasoning

· show insight and flair when solving complex problems

· demonstrate a high level of conceptual understanding through their ability to generalise and think abstractly.
Performance Descriptor 2
The student will:

· devise and/or use models to solve complex problems

· select appropriate combinations of techniques and concepts to solve complex problems.

Performance Descriptor 3
The student will:

· apply appropriate technique(s) within complex problems.
Explanatory Notes

1 This standard is derived from Mathematics in the New Zealand Curriculum, Learning Media, Ministry of Education, 1992:

· achievement objectives pp. 86, 124, 164

· suggested learning experiences pp. 25, 27, 29, 87, 125, 165

· sample assessment activities pp. 88, 89, 126, 127, 166

· mathematical processes pp. 24, 26, 28.

2 Assessment will require the combination of techniques and concepts from more than one strand of the curriculum.

3 Assessment will include complex problems which:

· will require students to select their own methods of solution

· will not necessarily be structured into steps

· will require highly developed algebraic skills

· will require the perseverance to develop an extended chain of reasoning.

4 Problems may include unfamiliar situations which:

· are those which students would not be expected to have practised in normal classwork

· require innovative thinking.

5 Assessment will include generalised situations which:

· involve symbols rather than numbers

· require students to be confident in expressing abstract ideas symbolically

· could include either the derivation of a result unfamiliar to students at this level, or a proof of a standard theorem or formula.

6 Opportunities will be provided for the student to demonstrate independence by choosing a method of solution with minimal guidance.  There will also be opportunities for students to work through problems where guidance is provided as to a possible suitable method.
7 Insight and flair in complex problems will be demonstrated by the choice of the most efficient pathways and the presentation of concise and elegant solutions.

8 Assessment could involve any of the following mathematical content:

Differentiation

· functions could include polynomials, power functions, exponential, logarithmic, trigonometric, composite and parametric. 

· methods of differentiation could include chain rule, products and quotients, implicit and parametric.

· types of problems could include graph sketching (incorporating discontinuities, limits and critical points), rates of change including kinematics, applications of second order and higher derivatives, equations of tangents and normals, optimisation, and related rates of change.

Integration

· functions could include polynomials, power functions, exponential, logarithmic, trigonometric and rational.

· methods of integration could include algebraic substitutions, use of trigonometric formulae or numerical methods.

· types of problems could include areas or volumes of revolution.

Differential Equations

· types of problems could include the form y( = f(x) and y(( = f(x), cases with separable variables, and the form y( = ky.

Algebra 

· types of problem could include manipulation and graphical representation of complex numbers in both polar and rectangular form, the use and proof of the remainder and factor theorems, algebraic proofs, loci and binomial expansions.
· types of equation could include polynomial, surd, exponential, logarithmic and equations of the form zn = a or zn = rcis(, where n is a positive integer.

Conic Sections 

· relations could include circle, ellipse, parabola, and hyperbola.

Trigonometry 

· functions could include transformations of y=sinx, y=cosx and y=tanx, and their reciprocals.

· relationships between trigonometric functions could include reciprocal relations, Pythagorean identities, compound angle formulae, double angle formulae, and sum and product formulae.

· types of problems could include proving a conjecture, developing a formula, manipulating a complex trigonometric expression, and solving an equation.

9 Students will be expected to clearly communicate their solutions using precise, correct mathematical statements.

10 The use of appropriate technology is expected.
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