Some Advice for Secondary Schools on Provision for the most able in Mathematics

Effective provision for the most able in mathematics should ensure that students, whatever their age, are constantly provided with:
· challenging problems to solve;

· tasks which reinforce and deepen their understanding of standard curriculum topics;

· encouragement to see mathematics as a rich and exciting subject to explore and enthuse about.

These requirements are no different from the provision that is APPROPRIATE FOR ALL PUPILS, except that expectations about the level of mathematical knowledge and understanding should be very much higher for the top 10%. Whilst provision outside normal lessons and beyond the standard curriculum is valuable, the most important requirement is to ensure that there is suitably challenging provision within normal lessons.
There are three approaches to the problem of provision:

· Enrichment for added depth

· Enrichment for added breadth

· Acceleration

Enrichment for Added Depth

The most important aspect of provision is to strengthen able students' conceptual understanding of standard curriculum topics and to extend their ability to apply that knowledge by presenting them with challenging problems. This should take place in the context of their everyday classwork and homework by providing differentiated tasks and by providing tasks which are sufficiently open to allow for responses at different levels.

•   Start a new section of work by posing a problem to the class as a whole so that students can work on it for themselves before being told how to do it. This gives all students an opportunity to think for themselves and the ideas of those who get further can be used in subsequent class discussion.

•   The more demanding tasks in miscellaneous exercise and extension exercises in standard text books can often provide fruitful starting points if the problems are presented in an unstructured format.

•   When able students have mastered a new idea and have used it in a variety of ways, pose a problem which relates to the next stages in the topic without providing them with a formal method. For example, when they have been working on trigonometry with right angled triangles, ask them to try and find the angles in a triangle with sides of 5, 7 and 8 without at any point drawing attention to the cosine formula to avoid encroaching on future lesson material.
•  Open ended tasks offer great scope for able students to think for themselves and to deepen their understanding and knowledge.

•   Encourage able students to explain what they are doing carefully using correct mathematical language and constantly challenge them by asking the question 'why?'. For example, when considering a test for divisibility by 3 or 9 ask them to explain why it works and to try and to find a test for 11 by themselves.

•   Ask abler students to do alternate questions in routine parts of exercises so that they get on to more demanding questions more quickly.

•   Offer practice of routine skills in contexts which prompt further questions related to generalising and explaining patterns. For example, calculating 

, 
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 and so on gives plenty of practice in adding fractions, but the pattern in the results is interesting and invites explanation and further generalisation with fractions where the difference between numerator and denominator differs from one.

•   Challenge able students to do more demanding mental calculations which extend their mathematical understanding rather than just their ability to hold a lot of numbers in their heads simultaneously. Calculations that can be done using algebraic identities like the difference of two squares or which are aided by an awareness of factors are particularly relevant. Students should be encouraged to look for alternative ways of doing the same calculation.

•   Provide a class with a variety of questions to do on a topic, some easy and some more difficult, and let them choose which ones to do. Able students will often choose for themselves to go for the harder ones.

•   Always include one or two more demanding problems in homework tasks, besides offering consolidation of routine skills and standard problems to solve.

•   Frequently throw out ideas for students to pursue on their own at home - see if you can find some more examples like this; what else can you find out about Pythagoras; here is a nice puzzle for you to try at home; try exploring this with a spreadsheet or a program on your graphical calculator.

We would particularly recommend two sets of publications - one recent and one much older - and the NRICH website as sources of appropriate material for the top 10%:

•   Maths Challenge books 1,2,3

    Extension mathematics: year 7 alpha, year 8 beta, year 9 gamma
     Edited by Tony Gardiner and published by Oxford University Press.
     These books provide material linked to standard curriculum topics specifically designed to extend and deepen the understanding of able pupils.

•   School Mathematics Project Books 1 to 5

     Published by Cambridge University Press in the 1960s.

     The old 'hard back' SMP books have long been out of print, but are often to be found languishing in stock cupboards and department libraries. They are rich in ideas linked to many current curriculum topics and are ideal for able pupils.
•   The NRICH website at www.nrich.maths.org.uk is a particularly valuable source for able pupils. Click on the Curriculum Mapping link to be directed to activities directly referenced to the Key Stage 3 programme of study.

Enrichment for Added Breadth

There are many ways of providing enrichment for individuals outside the classroom by stimulating an interest in mathematics beyond the confines of standard curriculum topics. Able students should be made aware of the wide range of books on mathematics that are available and the great variety of material that is available on the internet. Some further suggestions will be found in the last section of this document. The NRICH website at www.nrich.maths.org.uk is a particularly valuable source for able pupils and publishes new investigations , problems and games, on a theme, each month.
Mathematical competitions are another valuable activity for the top 10%. Secondary teachers can find details of Mathematical Challenges on the website of the United Kingdom Mathematics Trust at www.ukmt.org.uk, and additional questions on the Scottish Mathematical Council website at  www.highlandbridge.co.uk/MC/.

The Mathematical Association hosts the Society of Young Mathematicians, SYMS, which is suitable for secondary aged pupils and has a website at www.syms.org.uk. Symmetry Plus magazine and Mathematical Pie both offer articles and puzzles which broaden understanding. Tarquin publishes ‘Circa’ for younger children at www.circamaths.co.uk.

Acceleration

Secondary schools often accelerate students in their top sets in that they may be working at one or two National Curriculum levels above those in other sets. Such moderate acceleration is entirely acceptable and appropriate when it forms part of a planned progression in mathematics through to the end of the sixth form. In very exceptional circumstances it may be appropriate for a pupil to work in a class with a higher age group, but only if careful thought has been given to mathematical progression through to the end of their school career.

It is unacceptable to accelerate students if they are not going to acquire a deep understanding of the material they are studying which goes beyond that necessary to achieve good examination results. There is a very real danger that such students do not continue with their study of mathematics at sixth form level, because the faster pace and narrower focus has put them off the subject or appears to have left them with little that is new because of superficial 'coverage'. The Mathematical Association has actively campaigned against government policies designed to encourage schools to accelerate more of their able students by entering them for GCSE in year 9 or even earlier.
Books about Mathematics

There are a wide range of books about mathematics other than standard text books. Look in the school library, the public library, book shops and on-line book shops such as www.amazon.co.uk.
Here are a few suggested authors and titles:
For younger students:

The Number Devil  by  Hans Magnus Enzensberger. Published by Granta Books.

Number Facts: Facts, Figures and Fiction  by Richard Phillips. Published by Cambridge University Press
Books by Brian Bolt, published by Cambridge University Press, are full of ideas and activities written for pupils, but with answers and commentary included. Here are some of his titles:
	•  Mathematical Activities

•  More Mathematical Activities
	•  101 Mathematical Projects

•  Mathematics meets Technology


Making polyhedra can be very rewarding and you can learn a lot of mathematics from such activity. These books, the first of which was written over 40 years ago, are all excellent and have enough ideas to keep anybody busy for a long time!
Mathematical Models  by M.Cundy and A.P.Rollett.   Published by Tarquin Publications
Polyhedron Models  by M.J.Wenninger.  Published by Cambridge University Press

Many books have been written for adults as a way of communicating mathematics to the non-specialist, but they are full of stimulating ideas which are accessible to many interested pupils and will often be found on the shelves in a public library. The following four authors have much to offer for able students:
	W.W.Sawyer
Mathematician's Delight

Vision in elementary mathematics

  (and other titles)

   Penguin
	Martin Gardner

Mathematical Puzzles and Diversions

Mathematical Carnival

  (and other titles)

Penguin

	Ian Stewart 

From Here to Infinity
Does God Play Dice?

   Oxford University Press
	Tony Gardiner
Mathematical Puzzling

Discovering Mathematics

Oxford University Press


Tarquin Books at www.tarquin-books.demon.co.uk/books/tarquinmathsmisa.html publish many books about mathematical topics as well as a variety of other useful resources.
Mathematical Web Sites

A rich variety of mathematical material can be found on the internet. Here are a few sites that offer interesting material for able students.

www.nrich.maths.org.uk   NRICH - mathematical enrichment material

www.mathsnet.net   Mathsnet

www.waldomaths.com    Waldo's Maths Pages
www.ronknott.com   Fibonacci - Ron Knott's fascinating site about the wonders of the Fibonacci sequence

www.simonsingh.com   Simon Singh's Web Site - codes, Fermat's last theorem and lots more of interest
www.agutie.homestead.com   Geometry from the Land of the Incas

www.softronix.com   Logo - to obtain a free copy of the software

www.geogebra.at   Geogebra - a free graph plotting and dynamic geometry package  

www.ies.co.jp/math/java   Manipula Maths with JAVA - a Japanese site
www.m-a.org.uk/links   The compendium of web sites on the Mathematical Association's web site
A Sample Secondary School Mathematics Department Policy: Gifted Students in Mathematics
This policy needs to be read in conjunction with the school policy on Gifted and Talented Students.
Characteristics of Gifted Mathematicians

Pupils show their special talents in mathematics in a range of ways and at varying points in their development. Pupils who are gifted in mathematics are likely to exhibit some of the following characteristics:
PRIVATE "TYPE=PICT;ALT=*"
•  learn and understand mathematical ideas quickly;

•  work systematically and accurately;

•  be more analytical;

•  think logically and see mathematical relationships;

•  make connections between the concepts they have learned;

•  identify patterns easily;

•  apply their knowledge to new or unfamiliar contexts;

•  communicate their reasoning and justify their methods;

•  ask questions that show clear understanding of, and curiosity about, mathematics;

•  take a creative approach to solving mathematical problems;

•  sustain their concentration throughout longer tasks and persist in seeking solutions;

•  be more adept at posing their own questions and pursuing lines of enquiry.

Often gifted mathematicians will become bored by routine practice of skills, and may then become disruptive or disaffected. In addition, they will sometimes have poor presentation skills. It is therefore essential that we do not judge books by covers. Often a child who can occasionally answer a more challenging question correctly, but who regularly gets ‘easy’ questions wrong, is actually gifted.

Some characteristics may not be apparent in ordinary mathematics lessons and formal testing alone is unlikely to be a sufficient basis for identification. Gifted students may often be identified by their response to enrichment and extension activities.

Provision

In year 7 it is sometimes possible for students to be set in half-year groups, 3 groups to the half year. In Years 8 to 11 Mathematics is usually set across the year in 6 sets. The top set will usually, but not necessarily (mistakes happen, and students develop at different rates), contain the most able mathematically, but a top set will still contain 25% of the ability range and teachers need to differentiate carefully within that (cf Setting Policy).
All schemes of work include specific ideas for enrichment and extension work, but class teachers need to be alert to the possibilities presented by responses in class, and seize opportunities to develop and stretch understanding, creativity and curiosity. This must form the backbone of provision for the most able, as for all students,  and applies not only to the top set in a year. Both classwork and homework are differentiated by task where appropriate; lessons must always be planned for the needs of the complete range of learners in the class.

In addition, the department provides a number of opportunities specifically for the most able:

Competitions

Entry to the National Maths Challenge competitions for some of year 7, top two sets in years 8, 10, 11 and top set in year 9, as well as most sixth from mathematicians provide stimulation but the benefit can be extended by using these problems as a resource for starters and at other opportunities: much of the benefit to students accrues during discussion in class or in small groups. A small number of particularly able students regularly go on to participate in further rounds. Other competitions are participated in as appropriate.

Courses

In Key Stage 4, the top two sets have the opportunity to study GCSE Statistics by participating in a once-a-week after-school lesson. The course followed is IT-based and very practical, and serves to enhance understanding of the Higher Level Mathematics GCSE Statistics component, as well as giving students a more informed background to AL Mathematics.
Advanced Level Further Mathematics is available as a fully-timetabled 4th subject at Advanced level. Students wishing to study mathematics-based subjects at good universities, as well as others, are encouraged to study this course. The most able are encouraged to work towards STEP or AEA papers, irrespective of whether those are required for university entrance.

Enrichment

The department provides enrichment lessons for the most able pupils in some year groups (depending on availability of staff, and other restraints). This would normally consist of 1 lesson per fortnight in a small group. The aim of the course is to deepen knowledge and understanding, not extend it further. This may achieved through some of the following means:

•  more challenging problems than they will usually encounter in class

•  explanation of historical contexts

•  questioning basic ideas (e.g. what is meant by ‘a number’?)

•  playing mathematical games which require thought and clear understanding
Extra-Curricular Opportunities

Sixth formers and others are encouraged to participate in master classes and other opportunities available, including occasional courses run by local universities. 
We do not as a department believe that acceleration out of the peer group is normally an appropriate provision for an able young mathematician.
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