MATHEMATICS

These subject guidelines should be read in conjunction with the IB extended essay general guidelines.

Introduction

An extended essay in mathematics enables candidates to demonstrate an appreciation of any aspect of the subject, whether it be:



· the applicability of mathematics to solve real and abstract problems

· the beauty of mathematics as in, for instance, geometry or fractal theory

· the elegance of mathematics in the proving of theorems as in, for example, number          theory

· the origin and subsequent development of a branch of mathematics over a period of time, whether it be measured in tens, hundreds or thousands of years

· the links between different branches of mathematics and the powerful structures that

enable many seemingly different problems to be solved by a single theory

· the way that a branch of mathematics has been born, or has flourished, as a result of

technology.

These are just some of the many different ways that mathematics is both enjoyable and useful.

Choice of Topic

The extended essay may be written on any topic which has a mathematical focus and need not be confined to the theory of mathematics itself.

Candidates may choose mathematical topics from fields such as engineering, the sciences, or the social sciences as well as from pure mathematics. Statistical analyses of experimental

results taken from other subject areas are also acceptable provided that they focus on the

modelling process and discuss the limitations of the results; such essays should not include

much non-mathematical detail. A topic selected from the history of mathematics may also be

appropriate provided that a clear line of mathematical development is demonstrated.

Concentration on the personal intrigues or lives of mathematicians is irrelevant and is unlikely to score on the subject assessment criteria.

It should be noted that the general assessment criteria give credit for the approach, analysis/

interpretation and argument/evaluation applied to an appropriate research question.

Candidates should avoid choosing a topic that gives rise to a trivial research question or one

that is not sufficiently focused to allow appropriate treatment within the word limit.

Candidates will normally be expected either to extend their knowledge beyond higher level,

or apply at least higher level techniques to modelling in an appropriately chosen topic.

Examples of inappropriate topics might be:

the duodecimal system

taxi-cab geometry

artificial intelligence.

The last of these examples is inappropriate in two ways: it is a topic more suited to computer

science or physics and, more importantly, covers an area too great for treatment in an

extended essay.

The following examples of titles for mathematics extended essays are intended as guidance

only. The pairings illustrate that focused topics (indicated by the first title) should be encouraged rather than broad topics (indicated by the second title).

Prime numbers in cryptography is better than Prime numbers.

The Hausdorff dimension of fractal sets is better than Fractals.

Continued fractions in birth-death processes is better than Continued fractions.

The proof of the law of quadratic reciprocity is better than C F Gauss: the mathematician.

The conditions under which the Newton-Raphson method fails is better than Iterative methods.

Using graph theory to minimize cost is better than Graph theory.

Treatment of the Topic

Whatever the title of the extended essay, candidates must apply good mathematical practice

that is relevant to the chosen topic. Data must be analysed using appropriate techniques,

arguments correctly reasoned, situations modelled using correct methodology, problems

clearly stated and techniques at the correct level of sophistication applied to their solution.

There must be sufficient explanation and commentary throughout the extended essay to

ensure that the reader does not lose sight of the purpose of the essay in a mass of

mathematical symbols, formulae and analysis.

The unique disciplines of mathematics must be respected throughout. Graphs and diagrams

are often important and should be incorporated in the body of the essay, not relegated to an

appendix. Lengthy printouts, tables of results and computer programs, however, should not be allowed to interrupt the development of the essay and should appear separately as footnotes or in an appendix. Proofs of key results may be included but proofs of standard results should either be omitted or, if they illustrate an important point, be included in an appendix.

Word count is seldom an important factor in a good mathematical essay. Concise, elegant

mathematics supported by graphs, diagrams and important proofs that do not interrupt the

development of the essay are encouraged. Clearly a word total in excess of 4000 will be

penalized under general assessment criterion G, but there is no recommended minimum

number of words. Mastery of appropriate concepts and a facility to present these in an

effective way using mathematical means should be the aim.

J Assessment Criteria

Mathematical principles and/or terminology 
Achievement level

0Little or no evidence of mathematical principles and/or terminology is present.

1Relevant mathematical principles and/or terminology feature but only at an elementary

level.

2Relevant mathematical principles and/or terminology feature but are given only limited

emphasis.

3Significant use is made throughout of relevant mathematical principles and terminology.

4Relevant mathematical principles and terminology which demonstrate insight are

employed effectively throughout.

K Mathematical methods and/or sources 
Achievement level

0The mathematical methods and/or sources employed have little or no relevance to the

research question.

1The mathematical methods and/or sources employed are appropriate to the research

question but are of an elementary nature.

2The mathematical methods and/or sources employed are appropriate and not of an

elementary nature, but are not sufficiently sophisticated to allow the research question

to be fully investigated.

3Appropriate mathematical methods and/or sources are employed but are subject to some

fundamental errors or omissions.

4Appropriate mathematical methods and/or sources are employed effectively and

correctly throughout the essay.

L Mathematical reasoning and communication 
Achievement level

0Little or no mathematical reasoning is applied to the research question.

1Limited use is made of mathematical reasoning to pose and/or solve problems relevant

to the research question.

2Confident use is made of mathematical reasoning to pose and/or solve problems

relevant to the research question, but there is little or no evidence of reflective thought.

3Confident use is made of mathematical reasoning to pose and/or solve problems

relevant to the research question, and there is clear evidence of reflective thought.

4Confident use is made of mathematical reasoning to pose and/or solve problems

relevant to the research question, and there is clear evidence of reflective thought with

appropriate attempts at mathematical communication.

