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Commentary on QCA’s draft proposal for AS/A Level Mathematics

Roger Porkess
It is essential that pupils have a broadly equal chance to achieve high grades in science and mathematics as they would in other subjects. Without this fewer pupils will choose to study science and mathematics at higher levels. The review is firm that arguments about the merits of ‘levelling up’ or ‘dumbing down’ are a distraction – if pupils generally find it more difficult to achieve high marks in science and mathematics, this needs to be corrected.









The Roberts Review, 2002

	At a meeting of the Post-16 Mathematics Advisory Group on April 12th 2002, members of the QCA mathematics team outlined their proposals for a new structure for AS and A Level Mathematics.

Members of the group asked for a written copy of the proposals, and for the opportunity to discuss them in some detail at the next meeting. This was agreed.

On April 25th, QCA sent two documents to members of the group.

Draft- Review of AS Mathematics, Revisions to GCE Mathematics criteria.

Draft- GCE Advanced Subsidiary (AS) and Advanced (A) Level Specifications.

The timing of this despatch, rather over a month before the next meeting of the group on May 27th, was helpful. It allowed time for the agendas of a number of forthcoming meetings to be adjusted so that the proposals could be given appropriate consideration.  

This document follows on from these discussions and summarises the concerns raised and the consensus views that emerged. Most of those present on these occasions were active teachers in schools or lecturers in colleges of Further Education.

It has two parts. The first deals with the issues of AS and A Level structure, the second with the draft subject criteria.




Part 1:  The Structure of AS/A Level Mathematics

Background

In September 2000 the first Year 12 students embarked on Curriculum 2000. By the summer of 2001 it had become clear that mathematics, across all syllabuses, had serious problems. The June examinations, and the subsequent AS certification, confirmed this. The failure rate was much higher than in other subjects. When students returned to their schools and colleges in September, about half dropped mathematics.

Common complaints from students were that mathematics was both harder than other subjects and required more work. Teachers complained that they did not have the time to teach the subject properly, to give due attention to those encountering difficulty, or to make it interesting. The phrase “sweat shop sixth forms” was coined.

The problems arose because of a combination of circumstances.

· The mathematics course was designed to be delivered as one of three subjects. At a late stage the surrounding curriculum was changed to 4 or 5 subjects in the first year. This meant less teaching and study time.

· The significance attached to the new AS meant that those who would previously have proceeded to A Level in two years, typically taking 2 modules in the first year and 4 in the second, were now pressured into taking 3 modules for AS in the first year.

· The subject was made harder with increased content, redefinition of some essential topics as assumed knowledge that could not be assessed, removal of formula books, restrictions on calculators and restrictions on re-sits.

· Consequently students were being asked to cover more content and meet the demands of a more severe assessment regime in less time.

QCA’s response to this situation was to advise government that there should be a re-write of AS/A Level mathematics at the first opportunity, i.e. for first teaching in September 2003. That date has now been delayed by one year to September 2004. Thus 4 cohorts of students will be unaffected by this rewrite.

The only action taken to improve their situation has been inserting an extra examination slot in November. However other pressures, particularly from timetabling and funding, mean that many students will be unable to benefit from this provision.

QCA did, however, convene a panel to redesign the mathematics curriculum at this level. The present draft proposals would seem to be based partly on their recommendations but also to include a fair amount of original input from QCA.

The proposed new structure for AS/A Level Mathematics

It has been said within QCA that the recommendations will involve only minor changes. This view has clearly been put to at least one government minister since, on April 10th , Ivan Lewis, Parliamentary Under-Secretary of State at the DFES, wrote to a fellow MP, in the context of mathematics:

The QCA is not proposing a complete overhaul of specifications. Instead, it is contemplating a careful adjustment that takes into account one complete cycle of the new examinations.

Despite these statements, the reality is that the recommendations would involve fundamental changes to both the structure and the philosophy of AS and A Levels in mathematics and related subjects. A level Mathematics would be changed almost beyond recognition.

· There would be an assumption that all students starting AS Mathematics have at least grade B at GCSE

· A Level Mathematics would consist of 4 pure modules and 2 applied modules. The balance between pure and applied would no longer be 50% of each.

· There would be a loss of content of one whole module, i.e. 1/6 of an A Level.

· There would be a loss of flexibility in the applied mathematics that an individual student could take.

· Two of the pure modules would be “No calculator”.

· The only certifications allowed would be AS and A Levels in Mathematics and Further Mathematics. It would not be possible to use statistics modules in mathematics to gain a Statistics AS or A Level. 

Given the magnitude of the proposed changes, it is immensely important that they are subject to proper debate and scrutiny. 

Whatever is done, we must be as certain as possible that it will improve the numbers of students taking mathematics, the quality of the experience that they receive and their long term learning. 

A 2-module AS

Before going on to look at the QCA  proposals in detail, it is worth noting that nearly all the problems associated with Curriculum 2000 would disappear if, in all subjects, AS (suitably renamed) were awarded on 2 modules with a further 4 for A level. 

A curriculum of 12 modules in each year would allow for genuine breadth in Year 12 (6 ( 2) and depth in Year 13 (3 ( 4). 

This would also, at a stroke, remove the major difficulties faced by mathematics. The QCA proposals require the loss of a module’s worth of content. This would not be necessary if this curriculum were adopted, although some thinning of existing modules would almost certainly be in order. (See Part 2 of this document which refers to the core material.) 

It is very disturbing that the established A Level structure is to be overturned when such a non-invasive solution is at hand. It is likely that other subjects would receive similar benefits from such a redefinition of the curriculum, allowing more time for the groundwork. It is just that it is always in mathematics that problems are most clearly focused.

A related worry is that since the 2-module AS across all subjects is so obviously better suited to the government’s aim of broadening students’ sixth form experience, common sense would suggest that at some point in the next few years, the then Secretary of State will decide that this is a sensible path to follow. 

There is real concern that we are about to have two complete rewrites of A Level Mathematics in quick succession, each requiring new suites of textbooks and other materials, with the second returning us to our original starting point.

The major areas of change

Six areas of major concern were outlined on the previous page. This section looks at each of these in turn. Solutions are available for all of these. Where they are easy, they are stated but in other cases considerable discussion would be required to build a consensus. It is not the purpose of this paper to prejudice possible solutions by pre-empting such discussion.

1.
There would be an assumption that all students starting AS Mathematics have at least grade B at GCSE.

Since all other subjects are accessible at AS to students with grade C at GCSE, this would be a public statement that mathematics is harder than other subjects.

We used to have over 100 000 students a year doing A level mathematics. After many years of decline the number had stabilised at 65 000. There was even hope that it had started to show a modest increase. That hope has been destroyed by Curriculum 2000; we will be lucky if there are 50 000 A Level students this summer, and anecdotal evidence suggests that this number will decrease in the next few years, so bad has the reputation of mathematics become.

Given the dire shortage of new mathematics teachers, it is critically important that we increase the pool of people from whom they can be recruited. Could we set a target of getting back to 100 000 people taking A level Mathematics, and give serious thought to the means of achieving it ? Making a public declaration that mathematics is harder than other subjects would certainly not be on the agenda.

2. A Level Mathematics would consist of 4 pure modules and 2 applied modules. The balance between pure and applied would no longer be 50% of each.

Only a small proportion of those taking A Level Mathematics go on to read mathematics at university. Rather more do engineering but the majority go on to take a whole variety of subjects. Many of these find the applied mathematics, and particularly the statistics, the most useful part of their A Level Mathematics. These students would be worse off were these changes to be implemented. However, there is no one to speak up for such a disparate group.

A common complaint among adults is “I never saw the point in maths at school”. Some of the present A Level courses set out to address it by including interesting and genuine applied mathematics. This is now under threat.

What are the arguments in favour of weighting the A Level towards pure mathematics ? There would seem to be three.

(i)
“Since students do different forms of applied mathematics, we don’t have a starting point for our university courses, so let us concentrate on the pure instead.”  

This argument depends upon the false premise that the sole purpose of A Level is to dovetail students into university courses. It ignores the possibility that students might benefit in much less specific ways.

(ii)

“It is in the pure mathematics that they learn about mathematical rigour.”

This second argument assumes that everyone learns in a particular way, one that is often associated in people’s minds with pure mathematics. It is just not so. People have different learning styles and motivation. There are many people who need to see some point in what they are doing before they learn successfully. 

(iii)        “You can’t learn applied mathematics successfully if you don’t have the pure

 mathematics to support it.”

This is a much more serious argument, and one that is crucially relevant to the present situation. However it can also be stated in terms of more advanced pure mathematics. It is very common for students to understand, say, parametric equations in Pure Mathematics 3, but to achieve little success because the work involves simple algebra.

We really need to be more specific about the pure mathematics that underlies students’ problems. The consensus of opinion is that it is basic algebra, things like factorisation, change of subject, manipulating non-linear expressions. 

If this really is where the problem lies, then we should be addressing it in the first AS module, and forcing the issue by including it in the assessment. Instead, at present much of it falls within the Assumed Knowledge which cannot be examined. My own belief is that this is the single most important thing we can do to raise the standard of students taking A Level Mathematics, and that 2 years on universities would see a marked improvement in their intake.

Returning to the loss of applied mathematics, the proposal would inevitably mean that the cross-curricular coherence built into existing A Level specifications would be lost. Students would meet mechanics topics in physics that would no longer be supported by their mathematics; similarly with the statistics in biology and geography. 

There are ways in which it could be possible to avoid the loss of balance implicit in the QCA proposals, but they will require vision and imagination.

3. There would be a loss of content of one whole module, i.e. 1/6 of an A Level.

It is almost certainly the case that some loss of content will be needed to restore parity with other subjects. However this could be achieved by thinning existing modules rather than by removing one altogether.

At the moment there would seem to be a suggestion in the air that we may not lose pure content but applied does not matter. May we instead accept that the present syllabus is too large and look at more balanced ways of reducing it ?

There are certainly pure topics that could be dropped without serious ill effects, including some of those that were introduced for Curriculum 2000. These are covered in our comments on the proposed subject core, in Part 2 of this document. 

Because of the existence of Further Mathematics it is possible to slim down the single A Level without any loss of content for the most talented students. It is, however, really important that Further Mathematics receives public encouragement from government sources.

4.
There would be a loss of flexibility in the applied mathematics that an individual student could take.

At present many A Level students follow a broad applied mathematics curriculum taking 2 modules from one strand and 1 from another. Under the QCA proposals this would be illegal because it would involve taking 4 AS modules, 2 pure and 2 applied.

Various suggestions are made in the proposals, all deeply unsatisfactory. A general applied module would just consist of disconnected fragments from the various strands; designating one strand as AS would prejudice against the others, making it impossible to pursue them even to level 2; you cannot do sensible modelling on no content. It is paradoxical that in the name of a broader overall curriculum students’ options within mathematics should be narrowed. That cannot be right.

There is an easy solution: that in mathematics modules are not defined as being AS or A2. All that is needed is for certifications to be allowed or disallowed (by QCA, at the time of approving specifications) according to the modules that are contained in them. The distinction between AS and A2 modules is totally artificial and not one that should be allowed to stand in the way of students’ breadth of study in mathematics. 

5.
Two of the pure modules would be “No calculator”.

The arguments against no-calculator modules were well rehearsed at the time that Curriculum 2000 was being set up, and as a consequence the idea was abandoned. It is hard to believe that this idea is once more being proposed, the more so given the exposure to mental methods that students will now have received up to Key Stage 4.

The main arguments against this proposal may be summarised as follows.

(i) “The proposal is based upon a misunderstanding of the nature of AS/A Level

 
        Mathematics”

Replacing scientific calculators with no calculators means that students lose access to a number of important functions that no one would expect them to calculate by hand, for example exponentials and trigonometric ratios. These surely are casualties of the proposal rather than its intended victims. Nonetheless their loss sets up a return to the days when questions were restricted to artificial special cases where the numbers worked out nicely, distorting and limiting students’ understanding of the mathematics.

Students would also lose access to the sort of calculations that are covered by the term “numeracy”. Those who consider this desirable have a fundamental misunderstanding as to what AS/A Level Mathematics is about. It is not an extension of primary school mathematics to include harder sums with longer numbers. Rather it deals with powerful and elegant ideas that give students access to new ways of looking at the world around them. Basic arithmetic is not a part of it.    

(ii)  “It will lead to bad syllabus design.”

The proposal would make it impossible to design good sequential modules. Topics would be placed in a module according to whether they were seen as “calculator” or “non-calculator” rather than according to their position in the logical development of the subject.

(iii) “It would restrict students experience of how some topics are used.”

There are actually very few topics which could be designated entirely “non-calculator”. In most cases doing so would limit the examination questions that could be set on them, and so mean that students would not meet some of their standard applications.

(iv) “Mathematics would inevitably become old-fashioned and unexciting.”

While other subjects set out to make themselves attractive and exciting, and succeed in doing so, it seems that there are those intent on making mathematics boring and old-fashioned. We need to go back to pre-school certificate days to find the last time that mathematics was seriously examined without calculating aids. If accepted this proposal could be guaranteed to turn even more students away from AS and A Level mathematics.

We believe that the case is much stronger for a return to unrestricted access to graphical calculators. The only counter-argument is that it may make it less easy to examine curve sketching, but we are well aware that it is possible for examiners to devise suitable questions. This would, of course, absolve QCA of the task of regulating scientific calculators.

6. The only certifications allowed would be AS and A Levels in Mathematics and Further Mathematics. It would not be possible to use statistics modules in mathematics to gain a Statistics AS or A Level. 

This proposal is a direct consequence of decisions about certification made by the examination boards and QCA at the time that Curriculum 2000 was being set up. They made it impossible to distinguish between two people with A Level Mathematics and AS Statistics.

Arthur has taken 6 modules. He has certificates for: 

A Level Mathematics from Pure Mathematics 1, 2 and 3, Statistics 1, 2 and 3

and

AS Statistics from Statistics 1, 2 and 3.

Bella has taken 9 modules. She has certificates for:

A Level Mathematics from Pure Mathematics 1, 2 and 3, Mechanics 1, 2 and 3 

and 

AS Statistics from Statistics 1, 2 and 3.

The problem is a trivial one. All it requires is a rule that a module may not be included in two certifications. That rule had been applied successfully for the previous 10 years.

Furthermore it is easy to ensure that it is complied with. All that is needed is for AS and A Level certificates to list the modules involved, a simple programming exercise for the examination boards. This would be a really good thing in any case in any case, providing end users with helpful information.

However there are two serious drawbacks to the QCA proposal.

(i)

Loss of the ability to regulate.

Under the QCA proposal examination boards would offer separate Statistics AS courses. Inevitably these would cover much the same material as the statistics modules in the mathematics suite. So a student could take statistics modules as part of A Level Mathematics and a separate AS Statistics, with different examination papers covering the same material. Thus the QCA proposals would not eliminate the problem, all they would do would be to make it impossible to regulate against it.

(ii) Unfairness

Look back at the examples of Arthur and Bella. Under the QCA proposals they would still both receive exactly the same certification as each other, but this time it would be A Level Mathematics. Bella would receive no recognition for the 3 extra modules she has done.

The reason for having a variety of certifications is to ensure that we can provide students with fair and just rewards for the work they have done, and so to encourage them to do more. The effect of the QCA proposal would be to deter students from learning more mathematics.

Conclusion

If these proposals were to be accepted, it is entirely predictable that there would be a further decline in the numbers taking AS and A level Mathematics, and as a consequence a further long term decline in the recruitment of mathematics teachers.

May we seriously set a target of 100 000 AS Mathematics students by 2008 ? I believe it is achievable, if we have sufficient will to win.

Roger Porkess

MEI Project Leader

   18/5/02

Commentary on QCA’s draft proposal for AS/A Level Mathematics

Part 2:  Subject criteria

The following comments are the result of discussion on the draft Subject Criteria for Mathematics, and represent the combined views of a considerable number of people.

In making these comments we are particularly conscious of the split between AS and A2 material, and for a number of reasons.

The first is that AS Mathematics should be no harder and no longer than AS in any other subject. It clearly is both harder and longer at the moment and so there needs to be a conscious redefinition of the line of demarcation. 

The situation is made opaque by assumptions about the amount of background knowledge which students have at the start of the AS course. A specification based on the subject criteria should represent the teaching course for most students. Currently this is not the case. It is common for teachers to take the best part of a term covering the Assumed Knowledge. Thus the real syllabus is considerably larger than the one that appears on paper but the assessment covers only the harder part of it. 

We believe that there should be a deliberate reduction in the amount of material assigned to the AS. At the same time much of what is now assumed knowledge should be incorporated into specifications, as it was from 1995 to 2000, and should be assessed 

In the draft new criteria, a number of topics have been moved from AS to A2. However we are not convinced that in all cases they are the right ones. 

In the existing specifications Pure Mathematics 2 has an indeterminate status, part AS and part A2. This had the advantage that it allowed syllabus writers to avoid fragmentation caused by the core splitting topics between AS and A2. They were able to put together material from both AS and A2 into coherent teaching and assessment packages. It seems unlikely that this will be possible with the next set of specifications. Consequently much more thought needs to be given to putting whole topics together, and avoiding having little bits of them isolated. The work on exponentials is a case in point; ex is in the AS core but exponential growth is in the A2. While that was also the case in the previous core, it did not really matter because both could be put together in Pure Mathematics 2.

We believe that it is also the case that the content of the full A level is greater than that in other subjects, and we recommend that certain of the topics that were brought in to the 1999 core as extras should be removed. All of these topics are peripheral. 

	Ref.
	Content
	Comment

	3.2


	Background knowledge


	The paragraph dealing with GCSE material rests on the twin assumptions that certain material is specifically GCSE and that students who have taken GCSE will know it. Neither is fully justified, and indeed the same assumptions are not made in other subjects. As currently worded this paragraph excludes testing many items on which students are notoriously weak, e.g. change of subject. Since this paragraph also contains the potentially disastrous grade B requirement. We suggest that its content be totally rewritten.

	(a)
	Volumes
	There seems to be no virtue in requiring AS/A Level students to memorise the formulae for the volumes of the cone and sphere, and we suggest these are deleted.

	(b)
	Circles
	The listed properties of the circle are all in Intermediate Tier GCSE and have little or no relevance to AS/A level and so we suggest they too be deleted.

	
	
	

	3.3
	Proof
	    

	(a)
	Arguments
	(

	(b)
	Language & symbols
	While fully in favour of the inclusion of proof, we would question whether the words “necessary” and, particularly, “sufficient” are appropriate requirements at this level.

	(c)
	Counter-example
	Disproof by counter-example could almost be in the assumed knowledge since it certainly something that students meet at GCSE. It seems quite inappropriate that is left to the A2 part of the core.

	
	Contradiction
	By contrast we would question the inclusion of proof by contradiction at all. The problem with this is that there are so few examples of its use at this level that it is something of a non-event.

	
	
	

	3.4
	Use of italics
	The document would be easier to understand if this paragraph preceded 3.3.

	
	
	

	3.4.1
	Algebra and functions
	

	(a)
	Indices
	(

	(b)
	Surds
	We would question whether rationalising the denominator is appropriate for the AS core. It could go into the A2 if the AS core looks overloaded.

	(c)
	Quadratics
	(

	(d)
	Simultaneous equations
	(


	(e)
	Inequalities
	There is an argument for making quadratic inequalities A2 but we do not feel very strongly about it.

	(f)
	Polynomials
	There are a number of points to make about this section.

The remainder theorem was introduced into the core for the first time at the last revision, and we would like to see it removed. It only gets used in questions designed to test it.

By contrast the factor theorem is genuinely useful at AS, for example in extended maximum and minimum problems. We recommend that it should remain in the AS and not be moved to A2. 

In the same vein we recommend that dividing a polynomial by a linear factor should be an AS requirement, but that general division be omitted totally. This is consistent with the requirements of 3.4.1(k) on partial fractions.

This section also includes “simplification of rational expressions”. We suggest that this is covered in 3.4.1(k) and so that it be deleted from here.

	(g)  
	Functions
	We noted that the geometrical effects of functions are placed in the AS core in 3.4.1(j), whereas the algebra is in the A2 and felt some unease. Perhaps this section could be worded so as to make it clear that the geometric interpretation of the algebra is also expected at A2.

We wondered whether it would be appropriate for the word “function” to be properly defined at AS since many students will have used it loosely at GCSE.

	(h)
	Curve sketching
	(

	(i)
	Modulus function
	(

	(j)
	Transformations
	We have already touched on this under 3.4.1(g). It needs to be clear that at AS the requirement is in terms of curve sketching and drawing but that more sophisticated uses will be needed at A2. We also felt that it would be better to omit “combinations of these transformations” at AS.

	(k)
	Rational functions 
	(

	
	
	

	3.4.2
	Co-ordinate Geometry
	

	(a)
	Straight lines
	(

	(b)
	Circles
	(

	(c)
	Parametric equations
	(

	
	
	


	3.4.3
	Sequences & series
	

	(a)

(b)

(c)
	Sequences

APs

GPs
	All of these (except the recurrence relation definition) have been placed in AS, and there would be no difficulty in setting suitable questions at that level. However, should the AS end up with too much content, we would be quite happy to see this material move to A2. Students have been doing sequences every year since Year 7 and this might be a time to put some clear blue water between GCSE and A Level.

As it is, the recurrence relation definition may prove hard to assess on its own in A2.

	(d)
	Binomial for n(
[image: image1.wmf]¥


	Fine but the superior notation nCr should also be here.

	(e)
	General binomial
	(

	
	
	

	3.4.4
	Trigonometry
	

	(a)
	Sine & cosine rules
	Fine. Welcome home !

	(b)
	Radians
	Fine except that we feel that small angle approximations should be here as well. You need radians to differentiate trig functions but you also need the small angle approximations for sin and cos.

	(c)
	sin, cos and tan
	(

	(d)
	sec etc, arcsin etc.
	We feel this is a messy item, or rather assortment of items.

The terms sec, cosec and cot are no more A2 than AS but putting them in A2 will make it almost impossible to assess them. So they should be in the AS. See also comments on 3.4.4(e) below.

Students have used the term arcsin for some time already, so what we want here is “Definitions of arcsin, …”. 

The next phrase “Their relationships to sine, …” would then become redundant.

The final sentence would stand.

	(e)
	Trig identities
	The first two identities are fine in AS. However placing their equivalent forms in A2 will make for very messy teaching and assessment. We would like to see all these put together.

	(f)
	Compound angle formulae etc.
	These are correctly placed here but we wonder if there is a case for slimming down the syllabus a little here.

	(g)
	Trig equations
	This is probably all right here but the word “simple” really needs exemplification.

	
	Missing
	We notice the absence of:

The formula for the area of a triangle, ½absinC 

and 

The exact trig ratios for special angles (eg 30o). 


	3.4.5
	Exponentials and logarithms
	

	(a)

(b)

(c)

(d)
	ex
Exponential growth & decay

ln(x)

Solving ax=b
	We feel very strongly that this whole section should be in A2 and not in AS. While it is possible just to tell students that the integral of 1/x is ln(x), to teach it satisfactorily requires considerable sophistication, far more than anything else in AS.

The proposed split of having ex in AS but exponential growth in A2 would serve only to fragment both teaching and assessment.

	
	
	

	3.4.6
	Differentiation
	

	(a)
	Basic ideas
	(

	(b)
	Derivatives of functions
	In accordance with earlier comments, the derivatives of exponentials and logarithms should be in A2 not in AS.

	(c) 
	Applications of differentiation
	(

	(d)
	Rules for differentiation
	(

	(e)
	Differentiation of parametric equations

Implicit differentiation


	Fine as far as parametric equations are concerned.

Implicit differentiation was in neither the 1983 core nor that of 1993. It was brought in as an extra topic in 1999. We recommend that it be deleted.

	(f)
	Differential equations
	(

	
	
	

	3.4.7
	Integration
	

	(a)
	Indefinite integration
	(

	(b)
	Integrals of functions
	In accordance with earlier comments, the derivatives of exponentials and 1/x should be in A2 not in AS.

	(c)
	Definite integrals
	(

	(d)
	Volumes of revolution
	This topic was not in the 1993 core but was introduced in 1999. We recommend it be deleted.

	(e)
	Integration by substitution & parts
	(

	(f)
	Use of partial fractions
	(

	(g)
	Solution of differential equations
	(

	
	
	


	3.4.8
	Numerical methods
	

	(a)
	Change of sign
	We believe this is misplaced in the AS core.

On the one hand students have been using trial and improvement for many years, so on a functional level there is no need to have it here at all.

However at AS/A level all numerical methods should be accompanied by appropriate consideration of errors. This is something that is manifestly missing from this section of the core. Once that is brought in, change of sign becomes a topic of A2 sophistication, to be taught and assessed alongside other numerical methods.

We recommend that this is either omitted or moved to A2.

We urge most strongly that some mention of errors is made in this section.

	(b)
	Iterative methods
	The term “approximate” is perhaps unfortunate here, “To the required level of accuracy” would be more appropriate.

	(c)
	Numerical integration
	We believe that the trapezium rule is misplaced at A2 and should instead be an AS topic. The object of teaching it is not to provide students with a means of numerical integration (it is not even a good method) but rather to build up their concepts of what integration is about. As such its right place is in the AS core alongside the start of integration.

The present wording does allow for a more sophisticated method which would probably be Simpson’s Rule. However to teach this properly, rather than just as a rule of thumb method, would add considerably to the time required by the syllabus.

We recommend that this topic be moved to AS.

	
	
	

	3.4.9
	Vectors
	

	(a)
	Vectors in 2- & 3-D
	(

	(b)
	Magnitude
	(

	(c)
	Operations on vectors
	(

	(d)
	Points & lines
	(

	(e)
	Scalar product
	(
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