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Guidance on teaching able mathematicians

The Key Stage 3 National Strategy supports secondary teachers in building on the improving standards in primary schools. Teachers have raised expectations for all pupils. This guidance is intended to help teachers provide for pupils who are more able at mathematics than most of their peers.

Identifying able pupils in mathematics

Able pupils are likely to absorb new ideas quickly, apply their skills confidently and may tackle problems using creative and original approaches. The list below, based on mathematics attainment target 1, identifies some of the characteristics of pupils who have a particular aptitude for mathematics. 
Problem solving

· They are quick to understand and apply knowledge and skills in creative and original ways.

•
They often take valid and unexpected shortcuts.

· They show persistence and flexibility when searching for solutions with a willingness to try different methods.

•
They are able to grasp the formal structure of a problem.

•
They apply their knowledge to new and unfamiliar contexts.

•
They work systematically and accurately.

Communicating

•
They communicate their reasoning and justify their methods.

•
They are fluent with symbolic representation.

•
They may see calculations as detail and less important than the problem as a whole.

Reasoning

•
They readily generalise patterns and relationships.

•
They reason logically and see flaws in arguments.

•
They ask questions that show clear understanding and curiosity.

•
They are adept at posing their own questions.

•
They make connections between the mathematics they have learnt.

•
They are able to reverse mathematical processes.

It is important not to stereotype pupils who may be particularly capable mathematicians. Ability will reveal itself in different ways and it would be most unlikely that any individual would display all of these characteristics.

High ability does not always result in high attainment. Some able pupils may fail to achieve because they are not stimulated or challenged in the classroom. Others may be inclined to conceal their ability because of social pressures and where a culture of celebrating success is not fostered. Schools need to think carefully about establishing an ethos which encourages pupils to test, demonstrate and relish their talents.

Throughout Key Stage 3 it is important for teachers to provide frequent opportunities for able pupils to show their potential. Pupils will reveal talents at different stages of maturity and often in relation to different aspects of the subject. Identification should be through using a wide range of evidence, much of which is likely to be informal. However, time and energy spent identifying able pupils should not be at the expense of making appropriate provision for their learning and encouraging all to aspire to the highest levels of achievement.

School organisation

Mathematics departments will help to shape whole-school policies towards more able pupils and will need to organise their own approaches to reflect these. In respect of such policies, schools should:

•
aim to implement them in a coordinated way;

•
have accessible systems for sharing identification and achievement data on pupils;

•
create opportunities for colleagues to share successful approaches;

•
seek out and collaborate with external agencies who are able to offer additional support.

Setting

In many schools pupils are taught in setted groups for much or all of their mathematics lessons in Key Stage 3. It is important to realise that within all sets some pupils will require work that extends them beyond the rest of the class. In top sets the spread of ability is likely to be at its greatest and the need for carefully differentiated planning is particularly important.

Acceleration

In some schools, whole teaching groups of more able pupils are accelerated through the curriculum. This might mean, for example, they successfully complete the Key Stage 3 programme of study by the end of Year 8. The extension objectives within the mathematics Framework’s Year 9 yearly teaching programme provide a bridge into higher level GCSE work. Accelerated groups can provide well for able pupils where there are sufficient numbers to constitute a teaching group. However, it is important that such arrangements feed into a coherent programme which secures pupils’ continued interest, success and engagement with mathematics throughout their school careers.

Teaching assistants

While it is increasingly common for teaching assistants to provide support for pupils in mathematics lessons, they are less often used to provide for the particular needs of the most able. In some schools, teaching assistants are used effectively to:

•
share a particular specialism or enthusiasm with a group of more able pupils;

· act as co-learner, supporting a group of more able pupils working independently of the teacher;

· work with the majority of a class, freeing the teacher to spend time in extended discussion with more able pupils.

Teaching assistants are likely to need careful selection and training if these aspects are to be part of their role.

Mathematics mentors

In some schools, adults or older students are recruited to act as mentors to support able pupils. This works best where mentors are carefully selected so that each pupil feels socially at ease with their mentor and is able to view them as providing a model to which they can aspire.

Planning from objectives

The Framework for teaching mathematics: Years 7, 8 and 9 provides a coherent basis for planning to teach almost all Key Stage 3 pupils. It secures coverage of the National Curriculum and is aligned to the statutory programmes of study.

Broadly, the yearly teaching programmes correspond to these National Curriculum levels:

•
Year 7 revises level 4 but is mainly level 5; 

•
Year 8 consolidates level 5 and introduces level 6; 

•
Year 9 revises level 5 but is mainly level 6;

•
Year 9 extension objectives are mainly level 7 with some at level 8.

Planning for all pupils should be based on clear learning objectives. The objectives within the yearly teaching programmes in the Framework should be used carefully to ensure that, where appropriate, able pupils cover  work:

•
in more depth (e.g. more detail and complexity) – extension;

•
to a broader range (e.g. more challenging contexts) – enrichment;

•
at a faster pace (e.g. tackling objectives earlier) – acceleration.

Teachers of able pupils should consider not only the levels of support and challenge but also the kinds of learning that are most suitable. Investigative approaches and opportunities to make comparisons and provide evaluative and critical comments are particularly important. Able pupils should have opportunities to set their own questions, explore their own approaches, interpret information, and reflect and speculate about the topic. They then need to apply these skills in independent work that encourages them to become confident and ambitious learners.

In general, by carefully integrating objectives linked to attainment target 1 into all units of work, teachers create rich opportunities for extending challenge to all pupils, including the most able.

Teaching strategies

Structured mathematics lessons provide opportunities for more able pupils to experience particular challenges and work focused at an appropriate level in each part of the lesson.

Oral and mental work should take a wide variety of forms. Where it involves oral questioning by the teacher, questions need to be planned carefully to ensure able pupils are engaged and challenged. This can be achieved through the use of open questions that can be answered at different levels (e.g. ‘Give me three different numbers whose product is 120’) or by the use of questions targeted at specific groups or individuals. When seeking oral responses from the class, it is important regularly to take some, but not all, answers from the most able.

Plenary sessions can provide a vital opportunity to assess, acknowledge and refocus the work of specific groups in the class. This is particularly useful where a group of more able pupils has reached a different point from the rest. For example, when pupils have been generating numerical sequences and exploring their patterns, all will be expected to offer generalisations while the most able will be invited to offer insights into why they work. The plenary is also an opportunity to consider whether homework tasks may need modifying to make them more appropriate for able pupils if this has not been planned in advance. 

In the main part of the lesson, you can match tasks to the needs of able pupils by:

•
starting pupils on a task at an appropriate level of difficulty;

•
using challenging questions to deepen thinking;

•
extending and opening up tasks.

Encourage pupils to take responsibility for working at a challenging and rewarding pitch. For example, where pupils are working through graded exercises for practice, encourage them to find the right level. The more able may be told: ‘Start at question 10; if it is too easy jump to 15; if it is too hard, go back to number 5’. With encouragement, they can become adept at finding the questions that will challenge them. Emphasise quality over quantity. Help pupils accept that tackling one challenging question is often more worthwhile than doing 20 routine ones.

Plan a series of probing questions that can be used with pupils who are ready to deepen their understanding of a topic. Build them into the departmental medium-term plans. Good prompts include:

•
Why is this true? 

•
When does this not work? 

•
Can you see another way of doing that? 

•
Can you think of a counter-example?

•
Write a paragraph explaining the idea for someone else.

An example of enrichment in a Year 7 class

Following work on tests of divisibility, a Year 7 class was given a homework task to write two different sorts of sentence illustrating their understanding of the following terms: multiple, factor, divisor, prime number, prime factor.

Using the evidence of the homework together with her prior knowledge of the class, the teacher identified a group who were clearly confident in understanding and using all the terms. In a subsequent lesson, she set this more able group the task of identifying all primes less than 100 and exploring patterns in their distribution. They were to prepare a two-minute presentation to the class on their findings as part of the plenary. Meanwhile, the teacher was doing some direct teaching with the remainder of the class, addressing uncertainties and misconceptions revealed in the homework.

At the end of the lesson, as part of the plenary, she briefly discussed international research on finding large primes and their role in modern cryptography. She gave all pupils a copy of an article on prime number distributions to be read for homework and provided a website address for those who wanted to explore the idea further.

Teaching approaches useful in matching tasks to pupils’ abilities

Most topics can be extended or opened up by using questions like:

•
What would happen if …?

•
If the answer was … what might the question have been?

•
Can you make up some more questions like that? 

· When might you use this method/idea/technique to solve a real-life problem? Collect some examples. 

•
Go to the library and see what more you can find out about …

For pupils who finish before their peers, occasionally involving them in a mentor or instructor role is valuable to them and the class:

•
Work as a pair and prepare to make a presentation to the class explaining …

•
Go and see if you can nudge X or Y who are stuck on …

Other sources of support and guidance for pupils

Within school, opportunities for able pupils to extend their mathematics may be provided through clubs and special events. These can provide useful opportunities for pupils of different ages to work together. In many schools, pupils are encouraged to enter competitions such as the National Mathematics Challenge run by the United Kingdom Mathematics Trust. These provide high levels of challenge for all abilities. Good school libraries and resource centres will have appealing material in the form of books, CD-ROMs and computer programs, for example, that extend main school topics and can be cross-referenced to schemes of work.

A number of websites provide mathematical puzzles and challenges that can be valuable in stimulating and harnessing pupils’ enthusiasm for the subject. Examples include:


www.nrich.maths.org

www.mathsnet.net

www.cut-the-knot.com

www.counton.co.uk
Many websites contain mathematical activities, models, challenges and competitions. The best provide valuable sources of stimulating material for use within or beyond the classroom.

QCA, through their World Class Arena, have developed a series of World Class Tests intended to motivate and assess the mathematical achievements of the top few percent of the ability range of pupils up to ages 9 and 13.

In many areas, local bodies such as the LEA or higher education institutions organise clubs or occasional events for gifted and talented pupils. These are useful for enabling particularly able mathematicians to work with pupils from other schools.

For teachers

The websites listed above as suitable for pupils can, of course, also provide teachers with useful ideas for classroom activities. In addition, several sites are more specifically geared towards teachers, for example: www.1000problems.com
Details of competitions run by the United Kingdom Mathematics Trust can be found at:

www.mathcomp.leeds.ac.uk 

A number of organisations support websites offering guidance on teaching more able or gifted and talented pupils. Those with sections specifically relating to mathematics include:


www.nc.uk.net/gt/mathematics 
run by QCA 


www.m-a.org.uk/tc/enrich.htm 
run by the Mathematical Association

World Class Arena is a focus for international work for very able pupils. The website is:

www.worldclassarena.org 

Excellence in Cities has established a website to disseminate good practice:

www.xcalibre.ac.uk

The Ofsted evaluation report Providing for gifted and talented pupils: an evaluation of Excellence in Cities and other grant-funded programmes (December 2001; ref: HMI 334) describes what is working and why in a large number of schools. This is available on the Ofsted website: www.ofsted.gov.uk
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