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These notes contain the substance of a talk I gave at the London School of Economics and Political Science in February 2003, as part of a Popper Debate on ‘Educating The Scientist’.
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Introduction

   I have taught Physics at Mill Hill School for 25 years.  The school is independent.  Being not very academically selective, it is well down in the A-level league tables.  My teaching experience has therefore been limited, but perhaps not excessively so.

   I only know about school Physics, not Biology or Chemistry.  This paper therefore concerns educating the Physicist, not the “Scientist” – and just at secondary level.
   In the first part of the paper I rehearse the fairly familiar bad news: There is a catastrophic lack of experienced, enthusiastic, well-qualified, happy, specialist Physics teachers.  They are an endangered species in state schools.  Without them, potential physicists won’t get educated, whatever curricular literature lands in the departmental mailbox.  It is they that provide interest and inspiration, not the curriculum.

   In the second part I emphasise the good news: The presently available curricula have little wrong with them.  They are not perfect, but they provide a good framework.   They are easier than they were 25 years ago, but that is a good thing.  Some of the supposed ill effects of curricular change have actually been consequences of the lack of specialist teachers. 

   In the third part of the paper I support the sensible curricular direction in which our government is moving.

   In the last part of the paper I emphasise that with greater differentiation must go greater transferability; I suggest that far more transferability is actually possible than might appear if your view of what pupils actually know at 16+ and 18+ is based on reality, not on paper curricula.
Part 1: Our Lack Of Specialist Teachers

   The drastic lack of experienced, clever, enthusiastic, well-qualified, specialist, Physics teachers is damaging our ability to educate physicists.  You probably know this; but do you know just how bad it is?  The lack is specially in state schools – to which your children will go, or have gone, unless you are quite wealthy.  What follows is a staffing comparison between my school, and a state comprehensive school I know, which indicates how serious the situation is, and suggests why so many university physicists now come from independent schools:

Mill Hill School

All posts filled

All science teachers have degrees (3 have M.Phil or higher)

All A-level teachers have grade A at A-level, and good degrees

State school

No head of science & chemistry

The only qualified chemist is a supply teacher

The head of Physics is undergoing a competency review; he is working with NQT, and an unqualified South African

The teachers in charge of KS3 and GCSE have no higher tier or A-level experience

Potential teachers at the state school cannot afford to live in the area.  My latest physicist lives in school accommodation, or he couldn’t afford it either…

   Do we need to look much further to see why such a disproportionate number of successful applicants for Physics courses come from independent schools?  Look at the following statistics: 79% of independent school Physics teachers have a Physics degree, compared to 32% of teachers at state schools.

   Why is the country as a whole educating less physicists?  Partly, I suggest because so many physics lessons are dull.  And the central reason for this is surely the qualities of the teachers of these lessons.  It might not alarm you too much that 66% of those teaching GCSE Physics don’t have a relevant degree, though it does suggest that they may not be deeply committed to the subject.  But 30% of them don’t even have A-level.  This is stunning.  What do fifteen and sixteen year-old potential physicists make of being educated by teachers without A-level Physics!  In class, what answers can they possibly get to their inventive, probing, questions?  What do they feel when they realize that their teacher is having difficulty doing the problems in the text book, and past examinations?  Can we be surprised that that so many secondary school Physics lessons are, to quote from the chairman of the House of Commons select committee on science and technology, “a disaster - so boring they put young people off for life”?  Nearly one third of them are being taught by people who – whatever their other qualities - did not have enough interest, or enough ability, or both, to do A-level Physics.

   This truly disastrous lack of physics teachers is partially concealed by the ‘Science’ trick.  There are painfully few physicists, but there are quite healthy numbers of biologists

.  Suppose that we pretend ‘scientists’ can teach any science (presumably including Psychology and Archaeology, with a bit of training).  Then – Hey Presto! – suddenly our schools have got enough science teachers.  This is a cruel trick.  The teacher is outside their comfort zone; their lessons, inevitably based closely on the syllabus, are dull; they lack the web of linking knowledge and experience that a specialist enthusiasts calls upon during a lesson; they are caught out by unusual questions – especially those, showing unusual insight, that mark out the potential physicist; they lack (perhaps the worst thing of all) simple enthusiasm for Physics.  In a recent survey “love of the subject” hardly figured in the top reasons why teachers were teachers.
   Furthermore, the teacher of a potential physicist needs to be clever – not necessarily as clever as their pupil, because this can be compensated for by long experience, but at least within range.  To teach well you need to be able to read the mind of the pupil; you can’t read the mind of someone much cleverer than yourself.  This is why I have always wanted teachers in my department to have an A-grade in both GCSE and A-level Physics – this, after all, is the work that they are going to be teaching.  To have less is an insult to the intelligence of the pupils.  Yet the teacher trainees at Warwick University have A-level qualifications below the university’s average, typically Cs and Ds.

   I might perhaps remark that these comments are exactly in line with, for example, the conclusions of the recent report for the government by Sir Gareth Roberts.
   What is to be done?  Obviously we urgently need more enthusiastic, well-qualified, clever, Physics teachers.  The urgency arises because of the obvious vicious circle which diminishing numbers of first-class teachers cause.  Everyone knows this; the Institute of Physics, the Association for Science Education, and others, are working to achieve it.  Differential pay, paying off student loans, less lessons, smaller classes, setted classes, teacher assistants, better working conditions, sabbaticals, better advertising: all must be considered.

   However, this is not the main theme of this paper.  The lack of specialist teachers, disastrous as it is, is a well-worn theme.  I want instead to discuss – amongst other things - the mistake of ignoring its significance, and hence heaping educational blame on the innocent head of the curriculum.

Part 2: Our Good Curriculum

   My themes in this second part are:  firstly, the undoubted simplification of the curriculum over the last twenty five years
 is not something to deny or regret – it has been a good thing; secondly, there is little wrong with the present curriculum.

   How is this linked to the first part of this paper?  It is the increasing lack of specialist teachers that has been causing our problems, not changes in the curriculum.

   Are you really defending falling standards?

   Yes.  ‘Falling’ is here used metaphorically, to imply disapproval.  It has been absolutely right to make the courses and the examinations easier – to lower the standard of achievement required to achieve passes and high grades at 16+ and 18+. 

   Why is it good that the curriculum has become simpler, and that passes and higher grades have become easier to obtain?

   We want more young people to learn some Physics up to GCSE; we want more of them to stay on at school post-16.  The old O-level syllabuses were too difficult for more than around 10% of young people – and were likely to remain so.  They were also of doubtful relevance to a much greater proportion of the population, since they were designed neither to stimulate young people with the widely cultural aspects of Physics (Cosmology, Atomic Theory…), nor to give them much an impression of the characteristic methods of science (the search for truth, via overwhelming respect for evidence), but to prepare them for becoming physicists themselves.  If we define ‘easier’ to mean ‘able to be managed by a larger proportion of the population’, then present GCSE and A-level syllabuses and exams are indeed easier – and we should applaud it.
   Public honesty on this, however, may be not be the best policy.  I understand why public figures feel that they should say that “standards have not fallen”, when they know that they have; if I was in the public eye, I might well say the same.   I might even be reduced – sadly - to rubbishing people who claim otherwise, by disingenuously demanding that they produce their evidence for such an outrageous claim – knowing full well that they will be unable to do so
.  Truth is not automatically the overriding value; we would be naïve to think otherwise.  Nonetheless, in private we must of course recognise what is true, in order to create the best outcome for our society.

  Am I really both confirming, and even defending, the general dumbing-down there has been over the last 25 years?  No, of course not – because this is a verbal deception; everyone is against sin.  ‘Dumbing-down’ is an emotive word equivalent to ‘easier’ + ‘disapproval’; it is inconsistent to approve of it.  But I do approve of making Physics courses easier, and of making pass grades, and higher grades, easier to obtain.

   What are supposed to be the harmful effects of this simplification?

   Potential physicists are supposed to be put off by the unstimulatingly simple syllabus.  The rot is supposed to have set in with the introduction of the National Curriculum, when the syllabus was suddenly simplified so that everyone in the country could study it until they were sixteen.  Combined Science (Dual Award) is blamed.  This introduction can be correlated with the fall in numbers doing A-level Physics; a causal connection is proposed.  It is noted that state schools produce proportionally far less physicists than independent schools, and that state schools teach separate Physics (which is conjectured to be harder) far less than independent schools – and a causal connection is proposed. Surely this simplification – this watering down, and dumbing down – has made the diet available to talented young potential physicists so meagre that they increasingly lose interest?
   The existence of this effect is defended by distinguished experts
, but it seems to me to be unlikely.  Firstly, the fall in numbers choosing further study of Physics occurred in many other countries at around the same time; these other countries had not introduced simpler syllabuses; in the Republic of Ireland 11 000 in 1990 fell to 8 400 in 2001; Australia and Finland display the same effect
.  Secondly, I do not think that heads of departments in those independent schools, such as North London Collegiate School, which have chosen to teach all of their pupils Combined Science, are producing notably less physicists than those that teach some Separate Physics.  Thirdly, no teacher that I have spoken to so far thinks that this effect has occurred.  Less young people choose to do A-level – Yes – but we don’t think that this is a cause.  Well-taught Physics courses around the country – based on, but not limited by, the syllabuses available - are still stimulating for the most promising pupils.  The limits of the syllabus are not, as they have never been, the limits of teaching.  Less syllabus releases us.  Sspecialist, enthusiastic, teachers grab the opportunity, with good sets, to extend the lessons with stimulating material.  Differentiation in teaching - rightly sought by HMI and Ofsted inspectors – ensures that teachers use the syllabus as the core of their lessons, but not as the totality; whenever we have pupils who will benefit, we move beyond the syllabus, in familiar directions.  Often, of course, this involves teaching harder things which were in older syllabuses.  No specialist, competent, teacher says “Right, we’ve covered the syllabus, and I think you understand it, so that’s that.  There’s nothing else I’m going to do; we’ll just go backwards and forwards over it until we run out of time…”

   But if there are less of these teachers, then there is less of this kind of stimulation by differentiation.  Any syllabus, simple or complicated, is unstimulating in the hands of a non-specialist teacher.

   And anyway, there has always been a wide variety of available syllabuses, of different levels of difficulty; they existed before the National Curriculum, and they continued to exist.  There was a very large difference between CSE Physics and O-level; but there is an equal difference between the Physics component of Foundation Level Single Award Combined Science and Higher Level Separate Physics.  Nothing of importance has changed; it is a delusion to think that the introduction of the National Curriculum forced all curricula into a simplified strait-jacket.
   The same applies at A-level.  Certainly the syllabus have become easier.  Passes, and higher grades, have become easier to obtain.  Once again, I welcome this; why shouldn’t I?  In my school, after making sure that we have taught the core work that our pupils need to know and understand in order to prepare for the examinations, we teach other things, in the time that is available, and to match the abilities of the pupils.  The new Advancing Physics course gives pupils the opportunity to do extended projects on work of their own choosing; I know that some of these projects are very advanced.  The Advanced Extension Award paper – a replacement for S-level – is challenging.  In brief, there is no lack of opportunity for stimulation at A-level.

   Once again, if the teaching is unstimulating at this level, it will be the fault of the teachers, not the fault of the simplified core curriculum.

   But hasn’t too much of the mathematics been removed from the core?  Didn’t this attract potential physicists?

   Some mathematics has indeed been removed.  This was reasonable in a Physics course, because, as Richard Feynman always emphasised, the middle parts of complex derivations are ‘just mathematics’; the physics is the beginning and the end.  As an eexample of the kind of change that has happened, consider projectiles.  The curriculum concerning projectiles has been made easier.  20 years ago, the pupils had to be able to deal with a projectile fired at an angle.  They had to understand the principle of considering the motion in two components.  Then they had to set up equations for two component, using trigonometry, and then solve them simultaneously.  Perhaps 4/10 pupils managed it.  Now they need to understand the same principle, but they only have to set up and solve the resulting equations for vertical and horizontal projectiles, which are mathematically much simpler.  7/10 pupils manage it.  The remaining 4/10 come along to an Advanced Extension Class, where we do the projectile at an angle.  Nothing, it seems to me, has been lost; what has been gained is that more young people can learn about Physics, and achieve success at the end of the course.

   Notice that this simplification is therefore justifiable, but only in tandem with increased differentiation.

What about these severe problems with the curriculum for experimental coursework?
   They do not exist, at least for Physics.  The GCSE experimental coursework is marvellous, in the hands of a specialist.  The criteria are appropriate; the teacher is free to devise a very wide range of experiments; what he would always have regarded as simply a really good experimental account is – near enough – what now gets full marks in all the assessment strands.

   If this is true, why do many people, including, for example, our Institute of Physics, feel that nonetheless the criteria may have to be changed?  Because many teachers have interpreted the criteria so poorly, sticking to a few boring standard experiments (Hooke’s law; Ohm’s law), that have reduced the investigation to an operation with little or no educational value.  This is not the fault of the framework, but of its implementation.  Why?  Partly because of exam results pressure, but partly because these teachers have not made the effort to branch out into interesting investigations of the kind that the government always intended.  I suggest that the key reason for this failure is that so many teachers of physics classes are not specialist physicists.

   In our Government’s Response to Parliament’s Select Committee on Science and Technology Sixth Special Report we read: “Current requirements leave the choice of content for coursework to the teachers and students, so it is possible to engage in the kind of open-ended investigations quoted with approval in paragraph 78.  Despite this, the report has confirmed QCA's monitoring findings - that such opportunities are rarely taken up, as the majority of teachers usually rely on a small number of activities, which they repeat with all GCSE classes.”  My personal experience entirely supports this view.  There is nothing wrong with the coursework curriculum; teachers have made it boring.

   Hang on!    Didn’t the recent A-level marking crisis indicate serious problems with the curriculum?   Well, no, it didn’t.  There may be some reasons for making the change to a Baccalaureate, but this certainly was not one of them.  It was merely a serious mistake in grading of new courses; the panicky last-minute adjustments leaked out.  Changes to the system have now been made, and it will be business as usual (norm-referencing + criterion-referencing, leavened with a generous pinch of grade inflation).

Surely combining Biology, Chemistry, and Physics, in syllabuses has been disastrous?
   Combining Physics with Biology and Chemistry (Dual Award Science) hasn’t, in itself, put off potential physicists.  The Dual Award syllabus can be taught by 3 specialists; the Physics component (coyly called Sc4) can be taught by a physicist.

  Teaching all three subjects to all young people up to 16+ is good; previously Physics was frequently not even offered to 16+ in some girls schools.

   Combining the three sciences has, however, been damaging in two ways:

(1) The three subjects have sometimes blurred together into Integrated Science.  This integrated approach is too difficult to teach.  There are not sufficient specialist Chemistry and Physics teachers; there are even less teachers who can enthusiastically and knowledgeably teach all three sciences.  The pedagogical arguments for emphasising the links between the sciences are not sufficiently strong to outweigh this.
(2) Pretending that there are such things as ‘science teachers’, teaching ‘science’, has enabled us to minimise the lack of specialist Chemistry and Physics teachers.  As I have already mentioned, a school may have no qualified specialist physicist, and hardly any chemists, but if it has enough biologists, it can be described as “having sufficient science teachers”.  This is a very cruel trick to play on young people.

Part 3: Good Curriculum Developments

   Doesn’t our government have plans which will make our curricula worse?
   Not at all. The planned changes will make it even better.  For example. the new 21st Century Science GCSE course, being trialled in 2003, is going to be fine for educating a physicist - as long as it is taught by a specialist physicist, of course.  It encourages better differentiation, while encouraging parity of esteem
, by providing a framework for vocational study under the GCSE umbrella.  It enshrines the idea that we should not be trying to educate everyone in the country along the early stages of the route to becoming a physicist (‘producer’); we should instead be educating everyone in some of the great discoveries and methods of Physics, and in the relevance of some of these discoveries to their lives (‘consumer’).  {Horses for Courses; One size doesn’t fit all}  

   The present structure of the course comprises a reduced core of Physicsacy (Physics Literacy, Physics education), followed by either a General option (academic, theoretical, further Physics education, “suitable preparation for A-level”
) or an Applied option (vocational; training, “not suitable preparation for A-level”).

   In the core Physicsacy, we aim to educate everyone in:

(1) great discoveries (e.g. The solar system; the universe; atoms; )

(2) scientific attitude

(3) what affects daily lives (e.g. Radioactivity (nuclear power), Electromagnetism (mobile phones), Energy (resources and conservation).

   Then in the options, General includes Mechanics, Electricity, Waves, while Applied includes Communications, Transport, and the Environment.

Part 4: Maximising Differentiation and Transferability

   Our government is increasing differentiation, which is good.  However, this policy is controversial, because it increases classifying of young people at an early age.  To ameliorate this disadvantage we need to maximise transferability.

   Increasing differentiation is particularly sensitive in the special case of pupils who are steered away from education towards training; more academic education, we are clearly suggesting, would be wasted on them.  They are heading towards jobs of a relatively practical kind.  They are, to put it crassly, working class, and thick, and that is how they are going to stay.  The division between the Secondary Modern and the Grammar school, with selection on aptitude at 11+., was seen as an expression of this attitude.  Inability to then later transfer between such schools established a blanket classification.  The sensitivity was this way round because of a feeling that the division perpetuated a disadvantage.  Young people should have an equal opportunity to follow the academic path.

   The manifest unsoundness of mass selection at 11+ led to the sensible development of Comprehensive schools.  Transferability was thus ensured
.

   But then, in over-reaction to the simplistic classifications of the 11+, we decided that everyone, regardless of their different talents and interests, should be taught essentially the same type of academic syllabus; differentiation was foolishly abandoned; a single extensive core Physics curriculum with purely academic content was introduced for all – the National Curriculum.  Entitlement (opportunity) became “One Size Fit All” egalitarianism.

   Now our government recognises that while everyone is entitled to be educated as a physicist – quite rightly - everyone should not, beyond 14, be forced to be so educated
.  Differentiation means, as far as possible, teaching individuals for their special needs.  A young person with the talent and interest to become a physicist has a special need, just as a potential tennis player, violinist, and plumber, has – and a dyslexic, and a naughty pupil.  These all deserve to be taught by inspiring, skilful, specialists – and not to be lumped in with others with deeply different talents and interests, and then all taught the same things.

   If a young person, her teachers, and her parents, agree that by age fourteen she is showing considerably more interest and ability in hairdressing or plumbing than she is in a foreign language or general Physics, then they should be able to customize her studies to suit her.

  “ Are you seriously suggesting”, as Jeremy Paxman challenged the Junior education minister on Newsnight,” that you would consider it was OK for your daughter to give up French at 14, so that she could begin to study hairdressing?”

   Yes, that is indeed exactly what I am saying (as the minister was sadly not prepared to say – presumably in the grip of the prejudice that academic study is automatically preferable to vocational).

   Ah!  But suppose that after a couple of years she is completely fed up with hairdressing, finds the core Physicsacy part of the new Science course very interesting, has done the Applied option up to GCSE with considerable success, but now wants to study AS Physics and become an astrophysicist
.  It is too late!  She is doomed to a life of serfdom as a hairdresser.  Our new system has confirmed her as a member of the working class.
   This is a key point.  We must maximise differentiation, but we must also maximise transferability.  This is the way to negotiate a passage between the Scylla of egalitarianism and the Charybdis of elitism.  Doors mustn’t close.  Foundation courses and alternative courses for pupils with different backgrounds are perfectly workable.  The decades of successful evolution of the Classics courses at Oxford provide an excellent lesson in these possibilities: as the number of young people applying with knowledge of Latin and Greek reduced, the staff adapted the entry requirements, and the courses.   

   Bolder transferability at 16+ and 18+ is definitely possible.  In my school I have successfully taught a pupil – Palestinian, as it happens
 – who I accepted onto our A-level Physics course despite him never having studied any Physics.  People who, through spending too long, through no fault of theirs own, sitting at their desks studying sheets of paper, lose touch with reality; they get the impression that outside the sheets of paper there actually is a thing that corresponds to the ‘Through Curriculum’ – the beautiful sequence of study that has been steadily followed by a young person; they think that there is a brick-by-brick constructed building in the mind of the student, corresponding to the architects’ plans.  Each successive year the teacher and pupil climb a little higher up the ladders, to continue the mighty work of construction on the upper stories.  This, as every teacher knows, is fantasy. Young people and their teachers typically work on, from year to year, in a chaotic building site, more like the remains of the Roman Forums: fragments of various building survive, evidence of past, flawed, empires of knowledge; heroic arches, covered in inscriptions whose meaning is largely forgotten; slabs, partly buried, detached from their neighbours.  Each year, together, we try to construct a few more sections: sometimes we use pieces that we find around the site; sometimes we try to reconstruct sections of old building; sometimes we construct new pieces.  As we proceed, we occasionally hear, behind us, the crash as other buildings – poorly constructed, ravaged by time - finally collapse.

   Poetic flights of fancy aside: the new Applied option in 21st Century GCSE Science can perfectly well lead on to A-level.

Philip Thonemann
� Between 1993 and 2000 the number of applicants to teacher-training courses changed as follows:


o	Physics decreased by 70% (568 to 205)


o	 Biology increased by 10% 


o	Chemistry fell by 30%.





In 2000 there were 205 Physics and 900 Biology registrations.


� In the last year of O-levels, 26% of candidates got at least five passes.  10 years later, 45% got the five GCSE passes.  Teachers and pupils could not have improved this much.  Of course GCSE is easier than O-level.


� Any more than they could produce academic evidence that doing nothing except watch violent videos is in any way bad for you.


� Professor Smithers at Liverpool, for example.


� Scotland has not experienced this effect.  Might it be because most Scottish Physics lessons are taught by Physicists?


� The change is only a matter of words – of labels.  The substance is the same.  But labels matter.


� This is a mistake.  See the final part of this essay.


� This is a key argument for retaining comprehensive schools.


� Analogies are always dangerous, but the idea that everyone should, say, be forced to learn to play a music instrument up to the age of 16 would be equally unsound; while the idea that everyone should be forced to continue to study music as listener is not.


� With all the associated intellectual class implications…


� Khalid Dawas, who went on to obtain a place at Cambridge to study Medicine.  I wonder where he is now…
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